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PREFACE 

It is flVe years since the fmt edition of Clínica! Aspects of Immunology appeared 
and it is sad that we no longer have with us Carl Prausnitz, who cracked the 
bottle of champagne over our bows as the book Ieft the press. He died a few 
days before the book appeared. We have also been greatly saddened by the 
deaths of three of our contributors: George Payling Wright, John Squire and 
W. Weiner. Payling Wright's chapter (r6) has been reprinted from the first 
edition: Squire's (19) has been revised and brought up to date by his collaborator 
John Soothill: while the fully revised Chapter 28, which indudes so much 
important recent work, was the last piece of writing which Dr W einer com
pleted before his death. The other chapters from previous contributors have 
without exception been either entirely re-written or very extensively revised. 
The subject of Bruce Cruickshank's chapter has been divided up into three 
new ones: his manifold responsibilities in the Chair of Pathology at Salisbury, 
Rhodesia, unfortunately made it impossible for him to contribute to this 
edition. 

In the period since the first edition there has been no evidence uf a slackening 
of ímpetus or loss of vitality or significance of immunology in either dinical 
medicine or general biological research. This is refiected to sorne extent in the 
need to introduce fourteen new chapters into the present edition: there could 
well have been more. 

A very comprehensive chapter (3) on immunodiagnostic aids in fungal 
diseases has been contributed by Longbottom, Murray and Pepys; much of 
this information is difficult to find elsewhere. The immuno-assay of hormones 
has now reached the importance of requiring a chapter (ro) to itself; Hales has 
made many contributions to this field and it is certain that these methods will 
become increasingly refined and with wider application. 

The immunoglobulins (Chapter r3) also have now graduated to a chapter 
for themselves and have been dealt with by Rowe, an expert from a leading 
school in this field. The difficult task of writing on the biology of the allergic 
response (Chapter r r) has been undertaken by Miller. 

Another chapter ( I 8) has been introduced on the allergic response in malignant 
disease written as a collaborative effort by a leading experimental laboratory 
worker, Alexander, anda physician, Hamilton-Fairley, who deals with patients 
affiicted with these diseases. Such a combination ensures a dear and practica! 

XVll 



XVlll PREFACE 

exposition of the present position. There is no doubt now about the cxistcncc 
of tumour specific antigens and of there being an allergic response mountcd 
against them; the problem is how best to exploit it so that it may be effcctivc 
in destroying cancerous cells ín sítu. 

Hormone resistance (Chapter 25) as met in clinical medicine, has been dcalt 
with by Devlin, anda new chapter (30) on rheumatic fever writtcn by Glynn. 

Many of the auto-allergic diseases have been dealt with in new chaptcrs 
devoted to particular body organs: e.g. the kidney (Chapter 34) by Hardwickc: 
muscle (Chapter 37) by Housley: stomach (Chapter 38) by Chanarin: 
ileum and colon (Chapter 39) by Truelove and Wright: brain and the nervous 
system (Chapter 40) by Field: liver, pancreas, adrenal and prostrate (Chaptcr 
41) by Anderson: and the testes (Chapter 42) by Rümke. In addition 
Worlledge now collaborates with Dacie (Chapter 29): Morrison Smith with 
Gell (Chapter 24): Kaplan with Perkins (Chapter 45) and Weitz with Manson
Bahr (Chapter 46). All these contributors are acknowledged specialists in thcir 
fields. 

A general introductory chapter (21) on auto-allergy, giving overall conccpts 
for its genesis, has been written by Lachmann. Another general chaptcr (15) 
formulating the interplay of non-specific factors and specific allergic reactants 
in mechanisms of immunity is presented by Coombs and Smith. Finally, to 
enforce our intention that the book should be equally useful to those dealing 
with problems of veterinary medicine a chapter (48) by Sterne and Batty 
dealing with immuno-prophylaxis and -therapy in veterinary medicine has 
also been added. Many of the other chapters are equally relevant to problems 
of diseases of domestic animals. 

Besides mentioning these new chapters and thanking these new contributors, 
we must make abundantly clear the debt of gratitude we owe to old friends
those authors who have contributed to both editions and who have been 
ready to undertake the burden of re-writing or revising their chapters for this 
second edition. 

For this edition, the indexing was undertaken by Harry Amos, Robin Hastíe 
and Ian Tizard with the assistance of Jennifer Biggar, who has also done mnch 
ofthe proof correcting, and we are most gratefnl to them; also to B.W.Gurner 
for many of the old and sorne of the new illustrative diagrams. 

Once again we are delighted to say that there have been no clouds to over
shadow the happy relationship with our publishers. 

P.G.H.G. 
R.R.A.C. 



FOREWORD TO FIRST EDITION 

It is a great privilege to write a foreword to this remarkablc book, and I am 
very grateful to Professor Gell and Dr Coombs for entrusting me with this 
task. The past decades have been so rich in valuable research and new ideas on 
immunity and allergy rhat there is a great and growing need for a compre
hensive and authoritative survey of present-day knowledge of this vast and 
complex field. How spectacular the advance in this branch of medica! science 
has been might perhaps be best envisaged if we imagine the plight of an 
experienced bacteriologist of the 'nineties' of last century, who had followed 
and participated in the fundamental work of the Pasteur-Koch-Ehrlich era, but 
at the turn of the century was overcome by profound sleep, only to awaken
a modern Rip van Winkle-in these days. He had been familiar with the 
bacteria! agents of disease, with vaccine prophylaxis, antitoxins, bacteriolysins, 
cytolysins, agglutinins, precipitins, and, in the tuberculin test, with a single facet 
of the yet uncharted domain of allergy. But that was his limit. What faced him 
in his new life must be overwhelming. 

The electron microscope had revealed within the formless bacteria! bodies 
nuclear matter and other structural details. The viruses had been discovered as 
important causes of infection, they had been made visible and the study of their 
life cycle had added fresh mysteries. The antibodies, which in the past had 
been regarded as somewhat enigmatic substances demonstrable only by their 
biological effects, were now being studied by a very different group of scientists 
using all the newly discovered methods of physical and biological chemistry. 

The ultracentrifuge, chromatography, gel diffusion, electrophoresis, immuno
electrophoresis, the fluorescent antibody technique and the isotopes had given 
a deep insight into the constitution of the antigens and antibodies, on the role 
of the gamma-globulins and the cells producing them. New theories had been 
evolved on the production of the antibodies. Almost one could hope that in 
not too distant a future analysis of the antibodies might lead to their artificial 
synthesis. New domains had been opened up by the discoveries in the fields of 
allergy, immune tolerance and auto-immunity, or, as it is better named, 
auto-allergy. 

This development has not always been easy to follow in all its ramifications 
by scientists who had lived with, followed up and taken part in investigating 
these manifold and complex problems, so diverse and yet so closely inter-locked. 

XIX 



XX FOREWORD 

To collect this knowledge and to present it clearly and critically, in a form 
intelligible to the beginner, informative and helpful to the expcrienccd invcsti
gator, is the object of this book. The editors, Professor Gell and Dr Coombs, 
together with their severa! contributors whose names are well known for thcir 
important researches on these subjects, are to be congratulated on the fruit of 
their labours. They have earned a great debt of gratitude from all who work 
in this field. 

What emerges is a comprehensive and detailed picture of the el ose conncxion 
between Immunity and Allergy. The first Section of the book deals with thc 
methods of diagnosis and includes a chapter on blood transfusion scrology. 
In the second Section the physiological systems operating in the allergic 
state are discussed. This leads to the third Section devoted to the relations 
between the allergic state and immunity, and thence to the important fourth 
Section on the allergic state as responsible fol' hypersensitivity and clínica! 
disease. The opening chapter by Dr Coombs and Professor Gell is a masterly 
presentation of the different forros and aspects of the allergic state and thus 
forros the foundation for the subsequent chapters. In this Section much work 
of the highest importance is discussed on that most mysterious group of diseases 
due to auto-allergy. The fifth Section deals with the practica! application of 
present knowledge to prophylaxis. 

It may confidently be hoped that this excellent book will prove of great and 
lasting value to the research worker and the clinician, to the student and the 
experienced investigator. Its clear formulation and critica! presentation will be 
very helpful to the reader. By taking every opportunity of pointing out the 
many unsolved problems it will stimulate research in this exciting field of 
medica! study. 

May it prosper, succeed and find the many friends it so well deserves! 
CARL PRAUSNITZ 



INTRODUCTOR Y CHAPTER 

P.G.H.GELL & R.R.A.CooMBS 

T:ERMINOLOGY 

TEACHING OF IMMUNOLOGY IN THE MEDICAL CURRICULUM 

ALLERGIC REACTIONS AS A fACTOR IN MICROBIAL PATHOGENICITY 

IMMUNOSUPPRESSION 

CoNcLusroN 

We use this introductory chapter, as in the first edition of this book, to refer to 
sorne developing but still incompletely defined aspects of Immunology. Most 
of the lines of work discussed then ha ve now been elaborated into chapters of 
their own; for this and for other reasons this second edition is longer by sorne 
6o% than the first and is now quite unsuitable for reading in the bath. Reluctant 
though we be to add to the Information Explosion, this has been forced upon 
us through our aim of covering the whole subjeét in its dinical aspects and of 
giving sorne prospective indication at least of its future lines of growth. Immu
nology has certainly been booming and is now an O.K. subject second only 
to the study of The Code. Nowadays one is hardly surprised to see advertise
ments for Professors of Byzantine History 'with an intcrcst in Molecular 
Biology andjor Immunology'; while even Scoutmasters or Town Clcrks are 
thought ill-equipped for their jobs without the capacity to discuss those magic 
Triplets or to deprecate the prevalence of forbidden Clones. In-groups spawn 
Inner Gronps, while the Out-Groups howllike wolves in the wilderness: pity 
the poor Ishmael who still confuses Antibody with Anti-matter. 

TERMINOLOGY 

This adolescent science ofimmunology, however-like a schooi-boy burdened 
with a surname too readily adaptable to humorous or obscene variants-remains 
shackled to a tenninology which though seidom actUaily improper is apt to 
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XXll CLINICAL ASPECTS OF IMMUNOLOGY 

confuse rather than define thought. Though the editors havc no ~uubition
... to bear through snow and ice 
A banner with this strange device 
'Allergology !' 

-yet we feel all the more convinced of the rationality of and the need for 
the terminology we advocated in the first edition, in spite of thc rductance of 
many distinguished workers to adopt it. Sorne comments on this are madc in 
Chapter 20, but we may add here a little glossary of sorne usagcs wc like to 
hate, and our modifications of them. 
Immunology: too late to change this word: we shall have to lcarn to think 
straight in spite of it. 
Immunized: MEANING: 'made immune' 'protected against'. USAGE: subjectcd 
to any antigenic stimulus except one producing tolerance: bad and confusing 
usage but probably too late to change it. 
We should like to emphasize the operational distinction between the Allergic 
state and the Allergic reaction. The allergic reaction is that of, e.g. a patient whosc 
eyes and nose are swollen and dripping in the pollen season: but he is still in an 
allergic state when he is symptomless at Christmas. (The popular usage is 
correct here: someone may claim to be allergic to sports cars or girls with red 
hair even when these objects are not around.) Similarly an animal in 'latent 
immunity' between a primary and a secondary stimulus is in an allergic state, 
though producing no detectable antibody. So we tan define-The Allergic 
State: a state of specifically altered potential reactivity toa particular chemically 
definable substance, and-An allergen (or antigen): a substance capable of 
provoking the allergic state '(allergenic'). · 
An immunogen: an allergen when used to elicit protection against something 
(i.e. a purely operational word). 
The use of the word antigen for substances used in vitro to react with antibodies 
remains quite clear and precise. 
Auto-ímmune: MEANING: that the subject is satisfactorily protected against 
his own cells or constitucnt macromolecules: USAGE: that the subject is not 
protected from but is indeed (probably) 'attacked' by his own cells or antibody 
products. BAD USAGE: discard. 
Hypersensitíve: a loose but useful word meaning that the subject is more 
sensitive than one would expect: a GreekfLatin hybrid, supersensitive is correct 
(as employed by the late Carl Prausnitz: Appendix A, B) but seldom used: 
Not equivalent to 'allergic' in our usage, which includes hyposensitivity also. 
Auto-allergic: MEANING: the subject's response to 'self' constituents is altered. 
USAGE: generally that the subject's cells react against, or produce antibodies 
which react against 'self'-components. 
Allergy, allergíst, allergíc reaction: MEANINGS: defined by von Pirquet who 
introduced the words, see Chapter 20 and Appendix A. USAGE: so varied and 
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inconsistent at present that the words actively hinder understanding, but 
broadly equivalent to 'hypersensitivity', etc. BAD usAGE: we recommend a 
return to the use of von Pirquet as meaning broadly 'altered in reactivity'. 
Allergized: RECOMMENDED USAGE: speciftcally changed in sorne way; 
includes 'antibody-producing', 'hypersensitive', 'tolerant', 'immune', etc. 

We do not wish to be fanatic on this question nor to proselytize, but we feel 
fairly convinc~d ourselves that in time the rationality of the terminology we 
have tried to introduce in this book will speak for itself, for its consistency 
makes these complicated interactions more comprehensible to physicians and 
students. W e ha ve asked those contributing chapters to this book to use it 
unless they felt strongly against it, as was the case with the contributors of 
Chapter II and of Chapter 35· 

TEACHING OF IMMUNOLOGY IN THE 
MEDICAL CuRRICULUM 

An event of considerable signiftcance in the last ftve years has been the concern 
of the W orld Health Organization, not only for research in lmmunology and 
early exploitation of this in disease prevention, but also in the teaching of the 
subject in the medical currículum. This concern did not arise primarily in 
connection with the under-developed countries alone, but because the present 
position as regards teaching seemed unsatisfactory in many universities and 
medical schools throughout the world, especially in the light of the rapidly 
changing relationship of Immunology to medicine. 

The recommendation of an expert committee (W orld Health Organization, 
1967) was for an obligatory minimal basic course of about ten lectures with 
practica! classes, towards the end of the pre-clinical studies. This course should 
be the responsibility of a group of immunologists constituting a distinct unit 
or sub-department within the framework of the medical school or university. 
The importance of continuing the teaching of immunology into the clinical 
years was stressed and ways in which this might be done were suggested. 
More advanced scientiftc teaching of the subject in elective undergraduate 
courses and as postgraduate courses was considered essential as an introduction 
for postgraduate research. 

Such teaching is already available in sorne universities and medical schools 
but is still deficient in all too many. The report could be very helpful to Deans 
of medical schools having to allocate teaching periods. 

ALLERGIC REACTIONS AS A fACTOR IN 
MICROBIAL PATHOGENICITY 

W e had hoped to ha ve had another chapter in Section IV of this edition on 
'Allergic reactions as a factor in microbial pathogenicity', but a proper exposition 
was obviously going to take more time than we could find, so we have had to 
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leave such a chapter to a future edition. Nevertheless, we feel we should draw 
the attention of those of our readers who bother to read introductions to this 
important aspect of disease. 

When considering microbial pathogenicity, it is only too easy to confine onc' s 
attention to toxins, aggressins and other virulence factors of the micro-organism. 
In the majority of instances the individual allergic responses mountcd against 
these substances and their consequent reactions do indeed act, in a true sensc, 
as reactions of immunity and produce immunity. However, similar allcrgic 
responses with their consequent reactions may be mounted against antigcnic 
products of infecting micro-organisms which otherwise are quite non-toxic 
and only become pathogenic by virtue of initiating allergic reactions rcsulting 
in tissue damage by mechanisms Types I-IV (see Chapter 20). Tuberculosis, 
where no defmite toxic principie of the tubercle bacillus is known, has long 
been adduced as an example of this, but the pathogenesis of many other diseascs 
may be considered in this context. 

Thus we have the situation that a micro-organism may be non-pathogenic 
in an animal which has not mounted an allergic reaction to particular microbial 
antigens, or which is unable to do so (e.g. a tolerant animal, or an animal in 
which the allergic response has been damped down by X-irradiation, or an 
animal raised germ-free which has not been previously sensitized by cross
reacting microbial antigens) but is pathogenic-almost 'passively' so-in the 
allergized host. It is not our intention to treat this thesis in depth here, but 
sorne examples may be sufficient to stimulate further thought along these lines. 
Although intimate specialist knowledge of all forms of these diseases is required 
for full understanding, it seems to us that the situation is not so complicated if 
the allergic mechanisms underlying immunity and clinical hypersensitivity in 
such diseases are viewed as set out in this book. 

Matsumura (1963) having assured himself that the symptomatology and 
pathogenesis of gastro-duodenal ascariasis in man depended on an allergic 
reaction and not on a so-called ascaris toxin, paid attention to the pathogenic 
mechanisms of bacilliary dysentery due to S h. jlexneri in man and laboratory 
animals (Matsumura 1962). It had been known that Sh. jlexneri was not patho
genic for normal rabbits or guinea-pigs. However, if these ~nimals were first 
sensitized, or allergized, by colonic infusion with E. colí 0-13 which has a 
common antigen with Sh. fiexneri, then they became susceptible on oral 
ingestion of Sh. jlexneri to an infection with the typical symptomatology of 
human dysentery. Matsumura considers that the allergic reactions play an 
essential role in the presentation of the human disease. 

The similarity between the clinical signs of the acute form of fowl typhoid 
and anaphylactic shock in birds (e.g. respiratory embarrassment, cyanosis of 
the wattle and diarrhoea) drew the attention of Buxton and his colleagues 
(Buxton & Allan 1963; Buxton & Davies, 1963) to the role of allergic reactions 
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in the pathogenesis and symptomatology of Salm. gallinarum infection in 
birds. Rather than resulting from toxaemia it seemed that the marufestations 
of the disease could be explained to a large extent by allergic reactions. These 
workers present evidence that the haemolytic anaemia results from adsorption 
of bacteria! polysaccharide on to the red cells, rendering them reactive with 
polysaccharide antibody (see Chapter zo); while white cells could be shown 
to be passively sensitized with antibody rendering them susceptible to an 
allergic reaction (possibly Type 1) with polysaccharide antigen. Similar factors 
are suggested as being operative in other salmonella infections including Salm. 
typhi infections in man. 

Likewise, Thomlinson & Buxton (1963) have discussed and produced 
suggestive evidence that oedema disease and gastroenteritis in young pigs 
associated with E. coli infection are again not toxaemias. They suggest that the 
clinical signs and lesions result from a form of anaphylactic reaction set off by 
rapid absorption oflarge amounts of polysaccharide antigen produced by rapid 
growth of E. colí in the gut of previously sensitized allÍmals, a mechanism 
analogous to a 'Herxheimer reaction'. 

It should also be remembered that in lobar pneumonia in man due to Str. 
pneumoniae no toxic factor has so far been isolated; many of the observed facts 
and experimental fmdings suggest that the pneumonic effusion and lesions can 
best be explained in terms of allergic reactions involving the microbial products. 
Heffron (1939) gathers together much of the experimental work on this thesis. 
In this context it is pertinent to bear in mind the evidence and arguments which 
have been put forward suggesting that many of the activities of endotoxin are 
attributable to delayed type cellular allergic reactions rather than to any direct 
toxicity of the substance itself. For a discussion, see Stetson ( 19 59) and Schaedler 
& Dubos (1961). 

Virus diseases also need to be considered from this aspect. Infection with the 
virus of lymphocytic choriomeningitis produces minimal lesions in mice 
rendered tolerant by intra-uterine infection or with their allergic response 
damped down by other means, whilst infection in allergically (immunologically) 
competent animals results in brain damage and typical disease (Hotchin, 1962). 
Webb & Gordon Smith (1966) from their own observations on encephalitis
producing neurotropic viruses also consider that an antibody reaction against 
viral antigens may be. responsible for clinical encephalitis in man. Experimental 
evidence in mice indicares that injury dueto the virus in X-irradiated animals 
is slight, the virus being within the neurones, while if antibody is also present 
at a particular time after the virus has disseminated, then the brain lesions 
are more inflammatory with the oedema and inftltration leading to pressure and 
neurological manifestations. 

A final example is taken from protozoal diseases. The pathogenetic mechan
isms in trypanosomiasis have for long been far from clear, yet with the vast 
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amounts of protozoal antigen detectable in the circulation as exo-antigen 
(Weitz, r96o) and the high levels of circulating antibody directcd against thc 
sequence of variant antigens, the state is set for sorne serum-sickness-like syn
drome. In investigating the pathogenesis of T. Brucei infection in the rabbit, 
Goodwin & Hook (r968) describe the lesions as chronic angeitis and compurc 
these lesions, their physiopharmacology and the clinical signs they produce, 
with the chronic anaphylactic cachexia described in rabbits by Arthus in 1903. 

These are perhaps sufficient examples to illustrate the important role thc 
allergic reactions may play in the pathogenesis of infective diseases and in thcir 
clinical presentation. Too often the lesions and disease picture are ascribed 
in toto to toxic properties of the micro-organisms. 

IMMUNOSUPPRESSION 

There are a few situations in which it is desirable to alter allergic rcactivity 
from an active to a tolerant state. These are, firstly, situations where such 
responses are damaging, and secondly those where normally functioning 
allergic responses interfere with organ replacement therapy. In such situations 
before interference is attempted one would like to have answers to two 
questions-first, is the allergic response we are suppressing really part of the 
causation of the disease and not a result of it? and secondly, what antigen or 
antigens are crucially involved? 

In damaging allergic responses the answer to the first is often very difficult 
while that to the second is either known or readily amenable to experiment: 
in homografting, the reverse holds-we can be reasonably certain that part or 
all of graft rejection is immunologically determined, but the nature of the 
antigens involved is highly complex. 

There are a number of ways in which such deviations and suppressions of 
allergic reactivity can be carried out, not all of which have been applied yet 
to human disease or therapy. 
(a) Feed-back inhibition: Here we make use of the principie that the presence of 
small amounts of IgG antibody tends to depress the primary response to the 
relevant antigen. This is probably the mechanism by which Rhesus sensitization 
(iso-allergic) can be suppressed by the administration of very small amounts of 
anti-Rh antibody (cf. Chapter 28). Whether the antibody itself oran antigen
antibody complex is the active agent is still being investigated. Such a mechanism 
might be exploited in other situations, but has the disadvantage that it applies 
mainly to the primary response, and therefore can only be used prophylactically. 
(b) 'Immune' deviation: Another mechanism worth considering is that of 
'immune' deviation. There are methods being developed by which either 
antibody production or delayed sensitivity can be 'favoured' (cf. Asherson I967). 
If one type of reactivity is crucial in causing damage, one might develop means 
to favour the other, which might indeed be protective. 
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(e) Speci.fic tolerance: The third mechanism is the production of specific tolerance. 
In auto-allergy, it appears to be just this protective mechanism of tolerance 
which has broken down, so on the face of it one would not expect much hope 
here: but the demonstration by Mitchison (se(; Dresser & Mitchison, 1968) of 
two zones of tolerance (in the adult mouse), high-dose and low dose (of which 
the latter is probably the 'natural' mechanism) might give a loophole. This is 
even more relevant to the homograft situation, where the production of 
specific tolerance to the genetic products of the proposed donor is almost 
certainly the ultimate answer. But for this we shall need much more study of 
the actual antigens in volved in homograft rejection in man, and of the mechan
ism of rejection. 
(d) Damage to the lympho-reticular system: The methods which are at present 
practica! and in use for immunosuppression are essentially 'blunderbuss': 
namely the production of gross damage to the response of the whole lymphoid 
system by radiation, anti-metabolites or steroids on the one hand, and by 
anti-lymphocyte antisera (ALS) on the other. The sooner we can avoid the 
use of such dangerous methods as radiations and anti-mitotic agents the happier 
everyone will be: but ALS is a rather different matter. Here we may in time 
ha ve sorne control of the particular population of lymphocytes or particular 
allergic response which is affected: at present it is becoming clear that the 
effects of ALS are multiple, and variable from situation to situation, and indeed 
from serum to serum. The sorting out of the antigens and effects involved is 
going on actively, and one may hope that by the next edition of this book, a 
chapter of practica! information and advice to clinicians on the whole subject 
of immunosuppression may be appropriate. 

In the meantime, comprehensive reviews of immunosuppressive drugs are 
given by Schwartz (1965) and Gabrielsen & Good (1967) and the subject was 
discussed in a recent Symposium (1967). For current work and ideas on ALS 
the reader is referred to the Ciba Foundatiott Study Group No. 29 (W olstenholme 
and O'Connor, Eds., 1967) and for clinical management, Calne (1967), among 
others. 

CONCLUSION 

Of the two main branches of academic immunology, Immunochemistry and 
Immunobiology, the 'growing-point' of the first is the genetics and molecular 
biology of antibody synthesis, and of the second, the analysis of all aspects
ontogenetic, phylogenetic and individual-o[ the allergic response of cells. 
In considering this more generally as a biological process, however, with 
special reference to what Burnet has called 'the Integrity of the Body', ideas 
which have be<m in the air for sorne years are becoming increasingly important 
and apposite. Widening knowledge of auto-allergy has emphasized the two
edged nature of the allergic response, and has made possible for the first time 
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a 'holistic' approach to disease as a balance between helpful and damaging 
effects, not all the damaging ones being due to extrinsic agents. It seems indecd 
that vertebrate evolution has encapsulated a defence mechanism which is still far 
from ideal; and makes more and more attractive the theory that, in long-livcd 
animals subjected to a constant level of mutagenic irradiation from outside and 
gene-replication errors from within, the overriding demand on defcncc is 
protection against harmful mutants. In addition such defences are possibly 
needed against invasion of the genome itself by cpisomal agents dcrivcd from 
rnicro-organisms. The promiscuity of the nuclcus, if one may use the metaphor, 
once genetic material has succeedcd in entering the cell, is vividly illustratcd 
by the cell-hybridization experiments of Harris and his collaborators (Harris 
et al. 1966); and it is understandable that such nymphomaniac cells and their 
bastard offspring should have to be sternly excised from the body politic, 
'never to darken our doors again'. 
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CHAPTER I 

DIAGNOSTIC AND ANALYTICAL 
IN VITRO METHODS 

R.R.A.COOM.BS & P.G.H.GELL 

INTR,ODUCTION 

RAISING OF ANTISERA 

PRECIPITATION TEsTs ANo THEIR MoDIFICATIONs 

Quantitative precipitin reaction: Gel-diffusion tests: lmmuno-electro
phoresis: Fluorescent antibody techniques: reactions using radio
active labelling 

AGGLUTINATION TESTS AND THEIR MODIFICATIONS 

Simple (direct) agglutination tests: Antiglobulin test: Antiglobulin 
consumption test: Passive agglutination tests: Passive haemagglutina
tion with protein antigens: Rose-Waaler test: Passive haemagglutina
tion with pólysaccharide antigens: Red celllinked antigen-antiglobulin 
reaction: Mixed agglutination reaction: Mixed antiglobulin reaction 

NEUTRALIZATION .BY ANTI.BODY OF 

BIOLOGICALLY-ACTIVE MüLECULES AND VIRUSES 

SEROLOGICAL TESTS INVOLVING SERUM COMPLEMENT 

Immune haemolysis: Haemolytic complement flxation test: Direct 
conglutination reaction: Conglutinating complement absorption test: 
Cytotoxic or cytolytic tests: Immobilization tests: Immune adherence: 
Opsono-phagocytic tests 

REACTIONS IN VITRO OF ACTIVELY ALLERGIZED 

CELLS AND RELATED PHENOMENA 

Demonstration of antibody-producing cells by immuno-f!uorescence: 
Demonstration of antibody-producing cells by 'plaquing' techniques: 
Blast transformation and stimulation of lymphocytes to mitosis: 
Mixed lymphocyte-culture reactions: Delayed allergy, migration in
hibition tests 

REACTIONS IN VITRO AND IN EXPERIMENTAL 

ANIMALS, OF PASSIVELY ALLERGIZED CELLS 

Schultz-Dale and passive cutaneous anaphylaxis reactions in the guinea
pig: Laboratory procedures now available for the detection of human 
reagin: Detection of non-reaginic macrophage-cytophilic antibody 
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INTRODUCTION 

It is our aim in this chapter to set out without specialist or technical jargon the 
basis of the various diagnostic and analytical methods in immunological 
laboratory practice today. The principies only will be discussed and for all but 
the minimum of tcchnical details the reader will be referred to other sources. 

Most of the present-day serological methods are evolutions and refinements 
of the classical reactions well known to all students of medicine, namely, 
precipitation, agglutination, neutralization of toxins and complement fixation. 
New developments are especially concerned with cellular interactions which are 
becoming more amenable to examination Íll vitro. Serology is the science of 
the serum reactions, while immunology deals with all 'immune' or 'allergic' 
reactions; thus the repertoire of immunological methGds is greater. 

DEMONSTRATION OF ANTIGENS 

The fact that a substance is antigenic is a casual property of its size and structure 
(see Maurer 1964) though a convenient one for the investigator; it is present in 
the cell or body fluids for quite other reasons, as a structural part of a dynamic 
living and changing system. 

It is essential, whenlookingfor antigens in biological materials, to adapt one's 
method of investigation according to the site of the antígen-as for example 
the nuclear components within the cell, or the blood group antigens on its 
surface, or the serum proteins free in the body fluids. Technically, the demonstra
tion of cell-surface antigens is simple only if the cells are suspensible and can be 
specifically agglutinated: it is difficult to obtain a stable suspension of most 
tissue cells, so a more elaborate method such as mixed agglutination must be 
used. Antigens within the cell are even more tricky to deal with: here non
denaturing extraction methods, or, more recently, cell smears or sections treated 
with fluorescent antibody have to be used. With all these, and especially with 
antigens in solution, we have the problem of diversity of antigens and of 
antibodies: and techniques such as immuno-electrophoresis have been devised to 
demonstrate whether or not we are dealing with a single antigen-antibody 
system, or with many. 

DETECTION OF THE ALLERGIC RESPONSE OF 

THE HosT 

Before we can measure Jully the allergic or 'immune' responses and their effects, 
either protective or damaging, on the host, we still need further insight into 
the relationship (see Chapters II and 12) between antibody production and the 
cellular responses which are measnred in delayed sensitivity (not dependent 
on humoral antibody). The latter responses enter into diagnostic work in the 
form of empirically used skin tests such as the tuberculin reaétion, but are not, as 
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yet, amenable to in vitro testíng althongh developments in this area are to be 
expected in the next few years (see later section on 'Reactions in vitro of actively 
allergized cells', p. 39). 

Measurement of humoral antibody also requires a full appreciation of the 
recently recognised distinct immunoglobulin classes of y globulin and of 
the further heterogeneity within these classes (see Chapter 13). Antibodies of 
these different molecular classes and sub-classes have different biological 
properties (an end to the Unitarian Hypothesis! Zinsser 1921) and so it may be 
appreciated that different immunological tests may be needed for the detection 
and titration of antibodies of these different molecular species. For instance 
certain immunoglobulins do not fix complement, others do not passively 
sensitize tissues for an anaphylactic reaction, while again some (e.g. IgM) are 
much better at producing agglutination than others (e.g. IgG). Antibodies, 
which at appropriate concentrations fail to precipitate with antigen or to 
produce agglutination, have been called 'incomplete' and require special 
procedures for detection. 

Since the previous edition considerable progress has taken place in the in vitro 
measure of human reagin and these tests are discussed in a la ter section of this 
chapter. 

In the remainder of this chapter each immunological test is briefly discussed 
and, as in most tests for antigens good high-titred and specific reagents are 
indispensable, a small section is devoted to the production of antisera. In what 
follows the space devoted to any reaction is in no way proportional to the 
importance of the test as little will be said about the well-known and much 
worked-over methods. 

RAISING OF ANTISERA 

In thc laboratory antisera are normally made in the rabbit: for large-scale 
commercial purposes the horse is used. In arder to raise antibodies against 
rabbit proteins, and for other special pnrposes, the sheep or goat, the fowl and 
the guinea-pig have also been used. In general, the more remate the species 
used from that supplying the antigen, the greater the antigenic stimulus: the 
more closely the species are related the higher the specificity of the antibodies 
obtained. Within species, antibodies can sometimes be obtained between 
genetically di verse individuals, e.g. blood group iso-antibodies and iso-antibodies 
to the 'allotypic y-globulins' of the rabbit. 

SELECTION OF ANTIGEN 

For most purposes it is best to use as pure a preparation of antigen as possible, 
and it is always desirable to know what antigen-antibody systems are present: 
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for instance 'anti-human globulin' antisera which contain antibodies against 
a multitude of serum proteins, such as components of complement, may lead to 
extremely misleading conclusions if used uncritically. 

UsE OF ADJUVANTS 
The use of'adjuvants' to improve the antibody response has much simplified the 
process of raising antisera, both by saving time and by 'ironing out' differenccs 
in response between individual animals: so that, with a reasonably uniform 
strain of animals, and with a reasonably powerful antigen, nine out often animals 
in a group will respond with antisera of good and equal potency. Several types 
of adjuvant are used: that most often used in the laboratory is a variant of the 
one described by Freund and Macdermott (see Freund 1947, 1951; and 
below): it is probably the most efficient, at least in rabbits, if antigen is in reason
ably good supply. The use of alum-precipitatcd antigen intravenously (see 
Kabat 1961) is effective and rather more economical of materials. 

If very small amounts of antigen only are available, the technique described 
by Newbould (1965) of direct injection into the lymph nades, is extremely 
effective. This has been adopted for use with precipitation lines cut out of agar 
and emulsified in complete adjuvant (Smith, Gallop & Tozer 1964; Goudie, 
Horne & Wilkinson 1966). 

In man alum precipitated antigens (APT) have been used for many years: 
more effective adjuvants, in particular various emulsions, are being worked with 
but occasionally produce distressing chronic reactions (see Pearson 1965). 
White (1968) discusses the theoretical aspects of adjuvant action. 

COURSE OF lNJECTIONS 
Many different courses may be used according to circumstances and thc whim 
of individuals. Courses which ha ve been found effective by the authors are: 

Rabbit 
The material required for the Freund's adjuvant preparation is obtainable from 
Difco (British agents: Baird & Tatlock) in complete and incomplete (without 
mycobacteria) forms. 

It may also be made up from its components: 

BAYOL F or 55 (Esso Ltd.) 
ARLACEL A (Honeywell and Stein Ltd.) 
Killed dried tubercle bacilli or Myc. butyrícum (Difco) 

I7 parts 
3 parts 

0.5 to r.o mg per 
ml (or more) 

Equal volumes of adjuvant and of aqueous antigen solution are emulsified 
together. The final product must be a true water-in-oil emulsion; a drop 



DIAGNOSTIC ANO ANALYTICAL METHOD S 7 

should not spread on water. lncomplete emulsification very much reduces the 
efficiency of the method. 

For immunization of rabbits, injections of r-2 ml of such emulsions containing 
up to ro mg of antigen (as little as ro Jf.g is sometimes effective) are made intra
muscularly. A second similar injection may be made 2-24 weeks later and 
repeated if required. Adjuvant administration may be followed by a short 
intravenous course of antigen in solution: this should be preceded by a single 
subcutaneous injection to guard against anaphylaxis. The animals must also be 
watched carefully after each intravenous injection for any sign of respiratory 
distress: should this occur the course should be terminated. Up to So ml of 
blood may be taken (from a large rabbit) 5-8 days later. A longer gap (up to 
12 weeks) may be left between injection and bleeding after immunization with 
adjuvant alone. 

Sheep and goats 
These are very susceptible to anaphylaxis and sometimes develop severe lesions 
after subcutaneous use ofFreund's adjuvant. Three to five intramuscular injec
tions in Freund's complete adjuvant, at monthly intervals, are safe and effective. 

Fowl 
Intravenous immunization is good but difficult owing to the fragility of the 
veins. Three to five injections in complete adjuvant into the pectoral muscles 
have been found to work well. 

Guínea-pig 
This animal, contrary to the general impression, can produce excellent precipi
tating antisera, though there is much individual variation and it is of course 
highly susceptible to anaphylactic death. A cottrSe which has been found 
effective with rabbit proteins consists of two subcutaneous injections in adjuvant 
2-4 weeks apart (ro-roo Jf.g of antigen per dose) followed by intradermal 
injections twice weekly of roo Jf.g in saline. The course is complete when the 
animal shows a strong local Arthus reaction with haemorrhage and necrosis: 
it can be bled out 2-5 days la ter. 

CHARACTERIZATION OF ANTISERA 

Immuno-electrophoresis (see below) is the most convenient qualitative method 
for characterizing antisera to soluble antígens. The antíserum should be run 
both against the purified antigen used for immunizatíon and against two or 
thi:ee widely spaced dilutíons (undiluted, x 5 and x 25) of the crude material 
(e.g. whole serum) from which the purífied antigen was derived, in order to 
show up any 'contaminatíng' antigen-antíbody systems. 
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PRECIPITA TION TESTS AND THEIR 
MODIFICA TI ONS 

Soluble antigen when mixed with homologous antiserum forms a precipitate 
which may be secn and measured. It is one of the classical serological reactions 
(Kraus 1897). 

In the flocculation test varying dilutions of antigen are mixcd with a constant 
dilution of antiserum. Somctimes, especially with toxin-antitoxin reactions, it is 
the antigen which is kept constant. The interaction is shown by a cloudiness 
becoming a flocculation with time. Precipitation is inhibited by excess antigen 
and with sorne antisera by excess antibody. Thc test is often employed for a 
qualitative di:fferentiation only, but a semi-quantitative estimation can be 
obtained by measuring the degree of opacity with a nephelometer (Boyden 
1954) or by measuring the volume of the precipitate with arbitrary dosages 
of antigen (Nuttall 1904). For a truly quantitative measure of the amount of 
antibody or antigen in a solution see the quantitative precipitin reaction dis
cussed later. Another indirect and semi-quantitative method of estimating the 
amount of either reactant is the so-called optimal proportions method of 
Dean & W ebb (1926) which depends on noting the first tu be of a series to 
flocculate. 

A useful but simply qualitative method is the interfacial or ring technique 
(Ascoli 1902) where a drop or two of antigen is layered with care above a 
similar volume of undiluted antiserum. In a positive reaction a ring of precipi
tate forms at the interface. Trouble is nnlikely to arise dueto zoncs ofinhibition 
as the reactants diffuse into each other until they achieve the ratio optimal for 
precipitation. 

The precipitin test is very sensitive for the detection of antigen, but not for 
antibody. The advantage of the interfacial test is its extreme simplicity and the 
small quantity of reagents needed. Fairly strong antisera are required and both 
the antigen preparations and antisera need to be clear. Oblique illumination 
with a black background is essential for reading the tests. 

Although the more recent modiflcations of the reaction using an agar-gel 
matrix ha ve largely superseded these ordinary precipitin tests thcy still ha ve their 
uses today; for instance, in grouping streptococcal extracts (Lancefleld 1933), in 
urine precipitin tests (see Chapter 6), in forensic work on the identiflcation of 
blood, flesh and milk (see Chapter 9) following the classical work of Nuttall 
(1904), also in establishing the feeding hosts of blood-sucking arthropods 
(Weitz 1960) and in tests for C-reactive protein in blood (sec below). 

TESTS FOR C-REACTIVE PROTEIN 

e-reactive protein is a protein not normally to be found in the circulating plasma 
of man but appears in the blood fluid early in the course of many infections, 
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following inflammatory conditions or where there is tissue damage or necrosis 
(Raffel 1961). Its presence in the scrum of a patient may be shown by: 

(a) an interfacial precipitin test using an antiscrum made in a rabbit to human 
C-reactive protein. Such antisera are available commercially. This is largely 
superseded by more quantitative methods, for instance: 

(b) a double diffusion agar-gel precipitation test (see below). 
(e) the latex fixation test (see below; Singer et al 1957). 

It is called C-reactive protein because in the presence of Ca+ + it reacts and 
precipita tes with C-substance, a polysaccharide derived from the pneumococcus 
and indecd this is how it was first discovcred (Tillet & Francis 1930). 

The origin and function of this protein are obscure but clinically its 
appearance in the serum indicates that an inflammatory reaction is going on 
somewhere in the body. It forms one of the 'acute phase proteins' and its 
estimation is particular! y valuable as an objective and quantitative measure of 
'illness' in, for example, clinical trials. 

QUANTITATIVE PRECIPITIN REACTION 

None of the precipitin tests discussed so far can be considered quantitative in the 
chemical sense and although admirably suited for diagnostic and much other 
investigative work they fall far short of the needs of the immunochemist. 

The amount of antibody in a serum can be determined with an error of about 
s% by the quantitative precipitin technique, developed by Heidelberger and 
Kcndall in the 1930s. The method involves determination of the protein, by the 
micro-Kjeldahl procedure, in the precipitate after complete precipitation of 
antibody in the zone of slight antigen excess as found in a preliminary titration. 
Knowing the amount of antigen addcd, the amount of antibody can be calcu
lated. A comprehensive discussion of the method with full technical details is 
given by Kabat & Mayer (1961). 

This procedure has formed the basis for much of the experimental immuno
chemical research for which strictly quantitative results have been necessary. It 
is essentially a research procedure and not often called for in diagnostic serology. 

GEL-DIFFUSION TESTS 

Gel diffusion is rapidly becoming the method of choice in dealing with soluble 
antigens and precipitating antibodies when qualitative .or semi-quantitative 
results are needed. It may be used: 

(a) As a slightly slower substitute for the interfacial 'ring' test, especially when 
the reagents are cloudy: it is also less apt to give 'false positives'. 
(b) As a method for demonstrating multiplicity of antigen-antibody systems: for 
this purpose it is less satisfactory, though quicker and more economical of 
reagents than immuno-electrophoresis (see below). 
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(e) As a method for comparing crude antigen mixtures one with anothcr, in 
order to detect antigens which they possess in common: and for following the 
chemical fractionation of particular antigens. 
(d) As a qualitative method for demonstratíng the cross reactivity of related but 
not identical antígens. 
(e) As a quantitative method for the estímation of particular antigens, using 
'monospecific' or absorbed antisera. 
(J) As a method for detennining diffusion constants and hence approximate 
molecular weíghts, of antigenic proteins (Allison & Humphrey 1959, 196o). 

For a general review of such methods see Grant (1964). 

QuALITATIVE UsE oF SIMPLE GEL DrFFUSION 

These may be single diffusion (Oudin 1946) in which antigen and antibody 
diffuse directly into one another; double-diffusion tube tests (Oakley & Ful
thorpe 1953; Preer 1956) in which a blank volume of gel, into which diffusion 
occurs from both reagents, is interposed betwcen the two; and double-diffusíon 
plate tests (Elek 1948, 1949; Ouchterlony 1948, 1949) in which the reagents 
diffuse towards one another in a thin layer of gel in a Petri dish, on a lantem 
slíde, etc., usually from holes cut in the gel-in the last case antígens may be 
allowed to diffuse from growing bacteria! colonies or smears, towards a hole or 
trough contaíning antibody. Almost every month some new variant of these 
basic tests is published, specially adapted for particular purposes (see the book by 
Crowle 1961). 

Medí u m 
Agar, gelatin, cellulose acetate, silica gel, acrylamides and other substances 
have been used as the supporting medium. For most purposes, agar is the 
simplest to use and the most readily available. A clean, clear agar of good gel 
strength is essential: a New Zealand agar at o.8-I/o, in saline, or buffered 
saline, has been found satisfactory. 

Method 
For almost all purposes some vanat10n of the Elek-Ouchterlony double
diffusion plate test is the simplest to use and the most versatile. 

In principie, the nearer the holes are together the quicker and more sensitive 
the test, but the harder it is to distínguish multiple lines: round holes cut with a 
cork-borer, 2-15 mm apart, are in general satisfactory. The arrangement of 
the wells depends upon the system being investigated, though a set of six 
surrounding a central well is a convenient standard pattem. The nearer to the 
optimal ratio the mutual concentrations of the reagents are, the sharper the lines: 
íf one or other is in gross excess the blurred lines produced may be misleading or 
even apparently absent. When the reactions are carried out on lantem plates 
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the resultant plate may be thoroughly washed, stained with Ponceau red, 
Azocarmine, Chlorazol black, W ool black, or other suitable dye, and dried 
down as a permanent preparation. 

:A.pplications 
The most useful applications of the plate diffusion tests, apart from the mere 
demonstration of an antigen-antibody reaction, make use of the 'reaction of 
identity'. If antigen from two contiguous wells diffuses towards antibody, 
the lines of precipitate which they form will fuse perfectly at the angular 
junction between them if the antigens in each well are identical (Fig. I.ra). 
The converse also holds: if saya rabbit antiserum anda sheep antiserum both 
directed against ovalbumin diffuse towards an ovalbumin antigen, a 'reaction of 
identity' is shown by their respective lines (Fig. I.Ib). Even if the shared com
ponent is an antigen in one system andan antibody in another (Fig. I.rc) fusion 
can occur. 

d e 

e 

e 
~ e e 

FrG. I.I. Simple gel-diffusion reactions 

a. 1. Anti-A antiserum 
2. Antigen A: Prep. 1 
3. Antigen A: Prep. II 

c. 7. Rabbit anti-A antiserum 
8. Sheep anti-Rabbit y-globulin 
9. Antigen A 

e. 13. Anti-A antiserum 
14. Antigen A' 
15. Antigen A 

b. 4· Rabbit anti-A antiserum 
5· Sheep anti-A antiserum 
6. Antigen A 

d. ro. Anti-(A + B) antiserum 
I 1. Antigen A 
12. Antigen B 

f. 16. Anti-(A + B + C) antiserum 
17. Antigen (A+B) 
18. Antigen (B+C) 

(Note: A, B and C have no reference to blood group fuctors) 

Lines which do not fuse but cross without any apparent decrease in intensity 
show the 'reaction of non-identity' (Fig. I.I d): while lines which show a 'spur' 
(Fig. I.Ie) indicate 'cross reaction', i.e. sorne of the antibodies in the antiserum 
will react with antigen A' as well as with the homologous antigen A, but others, 
more specifically adapted, will not, and will therefore diffuse through the A' 
diffusion-front to react with that of A. Altematively, there may be sorne 
determinant si tes which are identical on A and A', but A may possess other 
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determinants which are entirely lacking in A'. These two quite different types 
of cross reaction cannot be distinguished by gel diffusion. 

Appearances of this sort must always be viewed critically. It cannot be 
absolutely certain for instance that the picture in Fig. I.Ie is not due to the 
presence of two distinct antigens in A, only one of which is identically present in 
A': nor can the picture in Fig. r.rd exclude the occurrcnce of a very minor 
cross reaction between the two antigens. 

IMMUNO-ELECTROPHORESIS 

This technique was first described by Grabar & Williams (1955) and is reviewed 
by Grabar & Burtin (1964). It is of value (a) for 'screening' antisera to demon
strate multiple antigen-antibody systems, (b) for characterizing in a preliminary 
way tmknown antigens, e.g. in plasma, or bacteria! extracts, (e) for demon
strating subtle abnormalities in proteins such as the myeloma globulins, as 
compared with 'normal' y-globulin, with which they cross react. There are 
many other potential applications. 

2 la 3 

~o·· •• A 

B -----
e 

FIG. r.2. Diagrammatic illustration of the process of immuno-electrophoresis. 

A: Distribution of protein spots in gel following electrophoresis. 
I, ra: Proteins ofbroad charge distribution; 
2: Two different overlapping proteins; 
3: Protein in high concentration against which there is Iittle antibody. 

B: Areas of precipitates which form when diffusing antibody meets antigen. 
C: Trough containing 'polyvalent' antiserum. 

The method entails a preliminary linear electrophoretic separation in agar of 
the components of a complcx antigenic mixture such as human serum: anti
serum is then diffused towards them from a parallel trough cut in the agar. 
Ares of precipitate form where the diffusing antibody meets the separated blobs 
of antigen (Fig. 1.2). Sorne simplifications and microvariations of the original 
method have been published (cf. Crowle 1961). The apparatus may be simply 
adapted in the laboratory from the equipment used for routine paper electro
phoresis. 

QuANTITATIVE UsEs oF GEL DIFFUSION 

It is not difiicult to adapt the gel-diffusion techniques to give quantitative 
measurements, potentially of very great use in clinical pathology. 

Such methods, if they are to be of value for routine clínica! use (a) should be 
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simple and quick, (b) should be of sufficient accuracy and sensitivity for the 
purpose required: the sensitivity should be definable as the mínimum amount of 
antigen estimable quantitatively, and the accuracy as the 'coefficient of variation' 
(or other suitable statistical parameter), using the method on a number of 
different antigen-antibody systems, since both sensitivity and accuracy vary 
with individual antisera, (e) the method should be economical of antiserum 
and antigen, and (d) should incorporate the necessary control. 

Quantitative tests fulfilling some or all of these conditions ha ve been pub
lished by Oudin (1953), Augustin & Hayward (1955), Gell (1957), Feinberg 
(1958), Wright (1959) and Darcy (1960). Soothill (1962) gives a full analysis of 
one of these techniques, with details of antisera, estimation of coefficients of 
variation for a number of·human plasma protein-antibody systems, and refer
ences to the use of the test in clinical investigations. The method of Fahey & 
McKelvey (1965) in which a small amount of antiserum is incorporated in the 
phte and the width of the diffusion zone of antigen is measured, is simple and 
capable of great accuracy and sensitivity. The method of Wright (1959) is 
useful for comparative estimations of antigens when only multi-specific antisera 
are available. 

fLUORESCENT ANTIBODY TECHNIQUES 

Antibodies can be made fluorescent by chemically attaching to them a fluo
rescent dye, the most generally used being the isocyanate or isothiocyanate of 
fluorescein itself-a technique introduced by Coons and his co-workers (Coons 
& Kaplan 1950; Coons 1956). Other fluorochromes have also been used, of 
which the most useful is the red-fluorescing Lissamine Rhodamine (Chadwick, 
McEntegart & Nairn 1958). The method and applications ha ve been reviewed by 
Nairn (1964). 

Such fluorescent antibodies can be used to demonstrate specifically both 
antigen and antibody in tissues, cell suspensions or cell smears, when these are 
examined under ultraviolet light. 

DEMONSTRATION OF ANTIGEN 

Intrinsic tissue antigens such as basement membrane may be made fluorescent in 
sections by treating them with a specific fluorescent antibody. So may y
globulins, for example, trapped in tissues owing to a local auto-allergic reaction. 
Such antibody may in fact be used as a specific stain for any antígen-as long 
as the original antiserum is specific and non-specific adsorption can be excluded 
(see Fig. I.J). Applications of this principle are innumerable, many of which 
are described in later chapters. Pathogenic bacteria may similarly be identified in 
direct smears from throat or faeces by the use of the appropriate antisera, and 
also viruses in and around cells (see Chapters 2, 4 and 5). 

A modification of this direct method, which is simpler and more sensitive, 
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is generally used nowadays, and is known as the indirect technique (see Fig. 1 .4). 
Here, instead of making each specific (rabbit) antiserum fluorescent, the native 
antiserum is applied to the section, washed off, and then a fluorescent anti-rabbit 
y-globulin antiserum, raised in the goat, fowl or guinea-pig, is applied to stain 
the si tes where rabbit antibody has attached itself in the first stage. This has two 

Direct fluorescent Sandwich test 
antibody test 

(for specific ontibody- producing cells) 
( for nucleor ontigen ond ontibody) 

Nuclealed cells Single cell 
on slide producing anlibody r=-J'tiDW! 

1 -(Wl lo egg albumin 

Trealed wilh Trealed wilh 

1 

fluorescenl nup·f'IJHI specific anligen 
1o o0o1~~fooo1 

nuclear anlibody 1 1 1 1 o ( egg albumin) 1 

Washed --~ IU Washed 
1 ,-~¡ 1 1 1 1 

1 1 1 

Trealed wilh 
Key 

fluorescenl . . .... " 

~ F'luorescenl· nuclear anlibody anlibody • 'í '\'-lo<::>. 11 'í 
1 

1 ¡-~ 

• lo egg albumin 
Fluorescenl globulin 

• Anlibody in cell lo egg albumin 

o Egg ·a[bumin 
Woshed -~tu-1 ~~~ -~¡ 1 • Fluorescent onlibody to egg albumin 1 

FIG. 1.3. Direct fluorescent antibody test and 'sandwich test' for staining anti
body-producing cells. 

advantages: firstly, a single preparation of fluorescent serum can be used for a 
variety of tests; and secondly, since round about ten times as much rabbit y
globulin antibody by weight becomes attached as there is antigen in the section 
(in consequence of the usual ratio of antigen to antibody in an immune precipi
tate), sensitivity is increased by this factor so that much brighter staining results. 

1 

1 

1 

1 
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test ( for nuclear antibody) (by nuclear antibody) 

using fluorescent antigtobulin with fluorescent anti- c'3 
Section cantaining Seclion containing 
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nucleated cells 

1-1-1 1-1-1 nucteoted cells 1-1-1 
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normal human serum normal human serum 
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FrG. 1.4. Indirect fluorescent antibody test and detection of complement fixation with fluorescentanti-C'3. 
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Extreme care, however, must be used to include all possible controls, as non
specific staining is very easy to obtain. 

DEMONSTRATION OF ANTIBODY 

The presence of antibodies to tissue components in human auto-allergic sera 
can be demonstrated with a high degree of sensitivity by the 'indirect' test. A 
section (usually of normal tissue) is treated first with the suspect serum and then 
with an anti-human IgG antiserum (raised in rabbit, goat, horse or sheep) which 
has been made fluorescent (cf. Fig. 1.4). Alternatively, if the reaction between 
the suspect serum and the tissue is carried out in the presence of complement, 
a fluorescent anti-complement (anti-,81c) antiserum gives a very sensitive test 
of combination. For the preparation of such an antiserum see Mardiney & 
Müller-Eberhard (1965). 

DEMONSTRATION OF ANTIBODY-FORMING CELLS 

Antibody forming cells can be elegantly demonstrated (see Chapter 12) by this 
kind of technique. The production of y-globulin by cells can be shown by 
the methods described above: but specific antibody can be shown by what is 
called the 'sandwich' technique (see Fig. 1.3). Here the cells are first treated with 
the antigen, and then the free valencies of the antigen are used to combine a 
fluorescent specific antiserum. 

Theoretically the sensitivity of both sorts of method can be multiplied 
indefinitely by piling on say rabbit anti-goat and goat anti-rabbit antibody 
alternately, on the principie of one of those excellent Danish sandwiches which 
constitute a satisfying meal in themselves. 

REACTIONS USING RADIO-ACTIVE LABELLING 

A technique for measuring very small amounts of antigen and antibody oflow 
avidity, is supplied by the use of the methods described by Farr (1958). He made 
use of the fact that many antigens are not precipitated by a salt concentration 
(anunonium or sodium sulphate, etc.) which will bring down all antibody 
globulins quantitatively. If such an antigen, radioactively labelled, is added toan 
antiserum, however weak, and the mixture treated with half-saturated am
monium sulphate, the precipitate of globulins will contain no labelunless there 
is sorne specific antibody present to bind it. The amount of radioactivity bound 
can be used to quantitate the amount of antibody present. This method can be 
generalized for all antigens, if the precipitation is made not with salts, but with 
a specific antiserum against the IgG examined: it can be very sensitive indeed, 
and, with suitable precautions, highly quantitative (Mitchison 1964). A similar 
method was used by Ishizaka et al (1966) to show the presence of antibody 
activity in IgE. Some techniques used in immunoassay depend upon the 
competition by (unlabelled) antigen in a 'test' sample with radio-labelledantigen 
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for antibody: thc unbound antigen is separated by physical methods, e.g. 
electrophoresis, and its radioactivity, with suitable corrections, can be used as a 
measure of the amount of antigen in the test sample (see Chapter w). 

AGGLUTINATION TESTS AND THEIR 
MODIFICA TIONS 

SIMPLE (DIRECT) AGGLUTINATION TESTS 

This is one of the classical serological rcactions, involving the dumping of a cell 
suspension by specific antibody and has the advantage of simplicity of execution. 
According to thc Lattice theory the aggregation is brought about by antibody 
moleculcs with two or more combining receptors linking across from cell to 
cell (see Fig. J.5). 

(i) (ii) 

~ 
':/ 

Removed 
by 

enzyme 

treatment 

(a) 
(¡jj) 

( b) 
(iv) 

Frc. 1.5. Lattice hypothesis of agglutination and agglutination of enzyme-treated 
cells by incomplete antibodies. 

(a) Antibodies with two or more combiuing receptors linking across from antigens 
on one cell to those on another. Agglutination only possible with antigens clase 
to the cell surface. 

(h) Removal of certain structurcs on the cell surfacc by enzyme treatment rendering 
the cells agglutinable by incomplete antibodies. 

(i) Agglutination of cells by complete antibodies. 
(ii) Inability of incomplcte antibodies (possibly smaller molecules) to agglutin

ate cells. 
(iii) Removal of certain structures on cell surface by enzyme treatment. 
(iv) These cells now agglutinable by incomplete antibodies. 

Certain requirements are necessary in order to carry out an agglutination test. 
First, one must have a stable cell suspension. It is also obvious that a reaction is 
only possible with antigens at or close to the cell surface (sce Fig. r .5). Special 
modifications are required to demonstrate 'incomplete' antibodies which by 
accepted definition fail to produce agglutination under conditions where 
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comparable agglutínating antibodies (or agglutinins) do. With Rh blood group 
antibodies and human brucella antibodies the agglutinins are IgM while thc 
'incomplete' antibodies are of thc smaller IgG and IgA molecular species. 

One has always to bear in mind the possibility of prozoncs ofinhibition with 
the more concentrated serum dilutions. Possible causes of prozones are excess 
of antibody, admixture of incomplete antibodies or complement interfering 
with lattice formation. 

The test is performed by mixing dilutions of antiserum with the cell sttspcn
sion. Antibody combines very rapidly with the antigens but no agglutination 
occurs until the cells come into contact. There are an immense number of 
diagnostic applications, either using a standard cell suspension to examine sera 
for antibodies, such as salmonella or brucclla antibodies, or using standard 
antisera, to idcntify cell suspensions, for instance, typing within the streptococcal 
groups and blood grouping. The tests may be performed in tubes or on a slide. 

AGGLUTINATION OF CILlA OR fLAGELLA OF 

LIVING CELLS CAUSING IMMOBILIZATION 

The sticking together, by what is essentially agglutination, of the flagella (H 
antigens) of bacteria curtails the free movement of these organisms. Owing to 
the small size of thcse organisms the noticeable effect to the naked eye is simply 
that of a loose agglutination of the suspcnsion. However, thc actual immobiliza
tion itselfhas bccn used by Nossal (I96o) as a delicate means of showing antibody 
production in vitro by single cells derived from an immunized animal. 

With much larger unicellular organisms such as the protozoa Paramecium 
aurelia (Beale 1954) or Trichomonas Joetus (Kcrr & Robertson 1941) it is the 
immobilization of the organism which is obvious to the eye, reflecting as it 
does the agglutination of the cilia or flagella. 

In other so-called immobilization tests, i.e. the Treponema pallidum immobiliza
tion test (sce later), the underlying process is a cytotoxic one involving cell 
membrane antigens and for which complement is necessary. In such cases the 
immobilization is not caused by agglutination of appendages. 

AGGLUTINATION TESTS IN MEDIA OF 

HIGH VISCOSITY 

For reasons not understood, as yet, (but see Pollack, 1965) sorne incomplete 
antibodies which fail to produce agglutination of red cells in saline or dilutions 
of serum in saline, will do so if this medium is replaced by one ofhigh viscosity 
such as neat serum, 15-30:% bovine serum albumin, a mixture of bovine serum 
albumin and undiluted human serum, dextran or polyvinyl-pyrrolidone. 

For the application of such testing procedures to blood grouping serology 
the reader is referred to Jandl & Castle (1956) and Stratton & Renton (1967). 
These testing procedurcs are important for measuring the H-2 transplantation 
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antigens on mouse red cells (Stimpfling 1961) and have been used in bacterial 
agglutination tests (Griffitts 1947) but with little practical importance. 

AGGLUTINATION OF ENZYME-TREATED CELLS 

It was discovered by Morton& Pickles (1947, 1951) that treatment ofhuman red 
cells with certain enzymes rendered the cells directly agglutinable by incom
plete rhesus (D) antibody, and that such enzyme-treated cells did not clump in 
the absence of antibody. Many crude and pure proteolytic enzyme preparations 
have since been investigated, namely, trypsin, papain, flcin and bromelin and 
found to be satisfactory for this purpose. In fact the procedure has become a 
standard one in blood grouping laboratories for the detcction of many of the 
incomplete antibodies. 

In performing the test the cell suspension is fmt treated with the enzyme 
preparation and is then washed before being added to the serum. The test is 
read for agglutination in the usual way. Details for performing these tests may 
be had from any book on practical blood grouping procedures (Stratton & 
Renton 1967; Dunsford & Bowley 1955; Boorman & Dodd 1966). 

The agglutinating Rh antibody is an IgM antibody and the 'incomplete' 
antibody has been found to be IgG; there is probably no other special 
characteristic responsible for its 'incompletcness' other than the combination of 
the fact of it being IgG (smaller molecular weight and structural characteristics) 
and the particular situation of the corresponding antigen sites on the red cell 
membrane (see Fig. 1.5). The proteolytic enzymes probably act by hydrolysing 
mucopeptides on the membrane and relcasing into the medium glyco-peptides 
which, when present as structural components of the cell membrane, prevent 
the close apposition necessary for the bonding of the cells together by the 
smaller bivalent IgG antibody molecules. 

Very little work has been done with suspensions of cells other than blood 
cells but there seems to be no reason why its potentialities should not be extended 
to bacterial agglutination. The procedure cannot be used for all red cell antigen
antibody systems as sorne antigens are destroyed or digested off the red cell 
membrane by enzyme treatment (see Morton 1962). 

ANTIGLOBULIN TEsT (ALSo CALLED CooMBS TEsT) 

The principle of this reaction was fmt described in 1908 by Moreschi but was 
independently rediscovered and developed as a method for demonstrating 
incomplete antibodies to red cell antigens by Coombs, Mourant & Race (1945). 

Incomplete antibodies, like complete antibodies, are serum y-globulins. As 
already mentioned incomplete Rh antibody is an IgG molecule as opposed to the 
agglutinin which is IgM. lt is likely that more red cell incomplete antibodies 
will be found to be IgG or IgA as was also found to be the case with brucella 
incomplete antibodies (Kerr et al 1967). These incomplete antibodies fail to 
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produce agglutination of a saline suspension of homologous red cells but 
nevertheless do combine fmnly with the antigens on the red cells. The specific
ally adsorbed y-globulin antibodies remain firmly attachcd to the cell membranc 
if the cells are washed in saline to remove the unadsorbed serum proteins. 
Such washed cells with combined antibody y-globulin, may then be agglutinatcd 
by addition of a rabbit anti-human y-globulin serum, a serum which does not 
react with red cells devoid of combined antibody globulin (see Fig. 1.6). With 
recent characterization of the antigenic specificity of the different immuno
globulins, antiglobulin sera may be prepared speci±l.c and sclective for the 
different classes of immunoglobulin and antiglobulin sera can be tested for thcir 
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Frc. r .6. Antiglobulin test for the detection of incomplete antibodies. 

polyvalency. Somc antibodies remain combined with red cell antigens tmder 
in vitro conclitions only if complement components are present and adsorbed. 
In these circumstances an antiglobulin reagent reactive with the complement 
component C' 3 (i.e. f31c globulin) has been found to be useful. 

The antiglobulin test is simply a serological method of showing globuliu 
firmly attachcd to cells. The procedure used to examine a serum for antibody is 
ca1led the indirect test, while the shortcr procedure, as used in haemolytic disease 
of the newborn or in acquired haemolytic anaemia, of testing" cells taken from 
the patient with antiglobulin serum, is called the dírect test. 

The test has perhaps found its greatest application in the diagnosis ofhaemo
lytic disease of the newborn in man and animals, in blood grouping work and 
as an aid in investigating acquired haemolytic anaernia. It may, however, also 
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be used for the detection of non-agglutinating bacterial antibodies and recently 
the reaction has proved of special value in cases of chronic brucellosis (Kerr et al 
1966). The antiglobulin reaction is also an essentíal component of the red cell
linked-antigen-antiglobulin reaction (see la ter), and the principle is incorporated 
in the indirect fluorescent antibody procedure of Coons. Experimental studies 
with the reaction are discussed by Coombs & Roberts (1959) and useful teclmical 
experience in the performance of routine tests is gathered together by Dunsford 
& Grant (1959) in theír book The Antiglobulin (Coombs) Test. Recently a Sub
Committee of the Blood Transfusion Research Committee of the Medical 
Research Council (M.R.C., 1966) reported on the production in large animals of 
specific anti-IgG antisera for use in this test. 

INHIBITION OF ANTIGLOBULIN AND ANTIGLOBULIN 

CONSUMPTION TEST 

In the early days of the antiglobulin test it was shown that the reaction between 
antiglobulin serum and red cells sensitized with the Rh (D) incomplete antibody 
could be inhibited by y-globulin in solntíon (Fig. 1.7). This finding confirmed 
that the mechanism of the antiglobulin reaction was as envisaged (Coombs & 
Mourant 1947). 

The specific nature of thís inhibition has been utilized as a means of determin
ing the species-specificity of y-globulin in fresh serum samples, in blood stains 
and in ancient cadaver material. The method is considered to have advantages 
over the direct precipitin technique for forensic investigations (see Wiener, 
Hyman & Handman 1949; Anderson 1954; and Allison & Morton 1953). 
Further experience in applying this procedure in the identification of blood 
stains for forensic purposes is reported by Dodinval (1957). This specific 
inhibition test may also be applied as a semi-quantitative procedure for esti
mating the level of y-globulin in serum (Wiener 1955). Grubb (1956) could 
show an inhibition with as little as O.IJ.lg y-globulin. 

Although involving, in the second stage of the test, this same principle
namely specific inhibition of the action of anti-y-globulin sera on red cells 
sensitized with incomplete Rh antibody-the test which has been called the 
'antiglobulin consumption test' has really hada birth and following ofits own. 
The two workers mainly concemed in the development and elaboration of the 
method were Moulinier and Steffen. The 'antiglobulin consumption test' 
offers a way of demonstrating antibody sensitization, or more properly globulin 
adsorption, on celh such as leucocytes and platelets and even lyophilized tissue 
homogenates which may be unsuitable for testing by other means. The testing 
procedure may be outlined very briejly: Suspensions of cells are, on the one hand, 
treated with normal serum and, on the other hand, with the serum under in
vestigation. After allowing time for antibody combination the cells are well 
washed to remove allunadsorbed serum protein. At this stage there are different 



22 CLINICAL ASPECTS OF IMMUNOLOGY 

proccdures which may be used. In one, aliquots of one or the other washed 
suspensions are added to each serum dilution of antiglobulin serum with the idea 
that adsorbed globulin will combine with and neutralize the antiglobulin. After 
an incubation period the tu bes are centrifuged and the clear supernatant tested for 
unneutralized antiglobulin by adding Rh-positive cells sensitized with incom
plete antibody. Consumption ofthe antiglobulin shows that globulin was present 
in or on the absorbing tissue suspension and, depending on the circumstances, 
the consumption may be interpretcd as indicating antibody sensitization of the 
tissue cells (see Fig. 1.7). 
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It cannot be emphasized too strongly that, as in the antiglobulin test itself, 
the test is a measure of y-globulin (if the final indicator cells carry only the y
globulin Rh antibody), in or on the tissue cells, and even more care and reserve 
is needed in interpreting the results with the consumption test, as the test is 
performed on tissue cells often damaged and under any but physiological 
conditions. 

For the procedure of testing recommended by Moulinier (see Moulinier 1956; 
and Dausset & Brecy 1958) and for a general review of the applications the 
paper by Steffen (r96o) may be consulted. The most promising application of 
the method has been in testing human sera for platelct and leucocyte iso- or 
auto-antibodies and perhaps the most outstanding finding has been in idiopathic 
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thrombocytopenia where the serttm is found to give a strong indirect anti
globulin consumption test with normal platelets of any healthy donor. 

Dausset has been a keen advocate of thc test and together with Colombani 
(Dausset & Colombani 1964) has written up a full account of the technical 
procedure. 

PASSIVE AGGLUTINATION TESTS-AGGLUTINATION 

TESTS USING CELLS OR PARTICLES AS PASSIVE 

CARRIERS OF SOLUBLE ANTIGENS 

The essential difference between a precipitation and an agglutination reaction is 
the state of dispersion of the antigen. In the former case the molecules are free 
in solution and in the latter they are fixed on a surface as on the membranc of a 
ce!!. This difference, however, has a profound effect on the sensitivity of the 
reaction in detecting antibody; agglutination being far more sensitive. 

Already in 1927, Jones showcd that a precipitin reaction could be transformed 
into one of agglutination by simply adsorbing the protein antigen on to collo
dion particles and washing the partid es free of excess uncombined antigen before 
adding the antiserum. In 1940 Cannon and Marshall further developed this 
'collodion particle technique' and suggested its application as a routine sero
logical procedure. Unfortunately, however, collodion suspensions were found 
by many workers to be too unstable for routine use and the method was not 
further developcd. 

In more recent years, however, with the grcat resurgencc of interest in 
immunological problems the need for a reliable 'coated particle technique' was 
soon realized (Boyden 195 1). Methods were needed for detecting antibodies to 
isolated protein and polysaccharide antigens in amounts too small to be shown 
by precipitin tests. 

In the development of such a technique there are certain important points to 
be taken into consideration in the selection of the cells, or particles to act as the 
carrier. 

(1) Cells or particles are needed to which antigens of different chemical nature, 
i.e. protein, polysaccharide or simple chemical may be firmly adsorbcd or 
chemically linked. The antigenic determinants must remain free to react with 
antibody. 

(2) The cells or particles should form stable and agglutinable snspensions. 
They should be easily deposited by light centrifugation and capable of being 
shaken up again to an even snspension. This is essential for washing the cells or 
particles free of excess unabsorbed antigen. 

In this connection the red cell itself takes a lot ofbeating as a 'carrier' particle, 
and, as will be seen below, it has in fact been used to great satisfaction in passive 
agglutination tests-in this case the tests being called 'passive haemagglutination 
tests'. 
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A great advantage is gained if the antigen-coated particles or cells once pre
pared can be kept over a period for continua! testing. Here the non-cellular 
particles have an advantage although red cells with adsorbed antigens can be 
stabilized with formalin. 

(3) As a further refinement to which many of the methods do not aspire, 
failing to get agglutination of the antigen-coated particle, it would be very 
valuable to be able to proceed the one stage further, as in the antiglobulin test 
and to look for adsorption of incomplete or non-precipitating antibody to 
the coating antigen by an antiglobulin serum. This is only possible if the antigen
coated particle does not adsorb y-globulin non-specifically, a requiremcnt met 
with polysaccharidc-treated red cells and in the case of protein antigens, with 
the 'red celllinked-antigen-antiglobulin reaction' (see later). 

BENTONITE fLOCCULATION TEST 

A carrier which is being used today in passive agglutination tests is bentonite, 
which is a type of silicaceous earth mined at Wyoming, U.S.A. The particles 
after being washed and sdected for size appear to adsorb most classes of antigen
proteins, carbohydrates and even DNA. If desired the coated particles may be 
stained with methylene blue and stabilized with a surface-active agent such as 
Tween So. The flocculation of such particles by antiserum may be performed on 
a slide. 

The method was first used by Bozicevich et al (1951) to detect antibodies in 
trichinosis and in 1958 Bozicevich et al applied the method to the demonstration 
of rheumatoid factor. Since then, the method has also been used to detect anti
bodies to DNA-protein and to DNA itself in patients with systemic lupus ery
thematosus (Bozicevich, Nasou & Kayhoe 1960). DNA may also be absorbed 
on to formalin-treated red cells (Lawlis 1958) but apparently not on to tanned 
red cells. 

An advantage claimed for the bentonite flocculation test is that once the 
particles with adsorbed antigen have been prepared, they are stable and may be 
kept for 3-6 months for routine testing. 

It seems likely that this method will receive wide application but it would be 
the writers' guess that the method has not the sensitivity of the passive haemag
glutination tests and also that use of an antiglobulin technique for incomplete 
antibodies would be precluded. 

LATEX FIXATION TEST 

In this test, the carrier particle is the perfectly spherical artificial polymer
polystyrene latex. Antigens, which apparently may be protein or polysac
charide (Kabat 1961) adsorb to the surface allowing the particles to be clumped 
by homologous antibody. 

In performing the test the treated particles are often not washed free of excess 
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antigcn before adding the antiserum. In the reaction between adsorbed immuno
globulin G and rheumatoid factor washing is unnecessary as the reacting 
determinants of the adsorbed IgG are probably only developed or unmasked as a 
result of the adsorption. In other antigen-antibody systems presence of free 
antigen probably means that the mechanism by which the particles are clumped 
is not purely one of agglutination but may involve other principies such as that 
of co-agglutination. Where the antigen-treated particles are washed free of excess 
unabsorbed antigen the reaction may be conceived of as one of simple passive 
agglutination. 

Originally the test received most attention as a method for demonstrating 
rheumatoid factor (Singer & Plotz 1956; Plotz & Singer 1956; Greenbury 1960). 
Also its application to the demonstration of C-reactive protein has already been 
mentioned. In Chapters 3 and 6 references are made to recent applications of this 
latex passive agglutination test in histoplasmosis, cryptococcosis, Farmer's lung, 
trichinosis and hydatid disease. 

Standard antisera are available commercially for agglutination of latex 
particles coated with purified human chorionic gonadotrophin and human 
urine may be tested for chorionic gonadotrophin by an inhibition procedure. 
This is used as a diagnostic test for pregnancy. 

PASSIVE HAEMAGGLUTINATION TEST USING 

PROTEIN ANTIGENS ADSORBED ON 

TANNIC Acm-TREATED RED CELLS 

(BoYDEN's TEsT) 

This test was developed by Boyden (1951) and involves the adsorption of protein 
antigens on to red cells which have been mildly treated with tannic acid. 
Proteins are not adsorbed on to untreated red cells. The antigen-coated tanned 
red cclls are agglutinated by extremcly small amounts ofhomologous antibody. 
Boyden's test has had extensive applications in both experimental work with 
protein antigens andas a diagnostic test in the examination of sera for antitoxins, 
for antibodies to bacteria! and protozoal proteins, or again for antibodies to 
soluble protein antigens in patients with auto-allergic diseases. Stavitsky & 
Arquilla (1958) discuss very fully all technical and theoretical considerations 
and refer to many of these diagnostic applications. 

Unfortunately an antiglobulin procedure cannot be u sed at the end of the test 
to exclude, in the absence of agglutination, the presence ofirÍcomplete antibodies. 
This procedure is precluded because although the antigen-coated cells are 
agglutinated only by specif1c antibody globulin, nou-specific globulin is also 
adsorbed even from a normal serum containing no specific antibody. An 
attempt to overcome this difficulty has been made by Mathews (1959). 

An inhibition reaction permits a semi-quantitative estimation of a protein 
antigen and has been found very useful in showing, for instance, the specificity 
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of pollen extracts of diffcrent grasses (Gosselin et al 1953), the species specificity 
of blood engorged by blood-sucking arthropods (Weitz 1960) and for this 
reason it has found application in the forensic identification of blood stains 
(Ducos 1958). 

Fulthorpe et al (1961) report a bctter quantitation with the passive hacmag
glutination test if the direct test is performed in the presence of a constant 
amount of free antigen (i.e. I pg). The results are expressed in milli-units of 
antibody; I milli-unit being defined as the amount of antibody in I ml of 
serum which would just give clear-cut agglutination of the antigen-coated cells 
in the presence ofi pg of free antigen. According to these authors this is a much 
more precise method of measuring the antibody content of different sera and is 
less open to day-to-day variation. 

For routine diagnostic work thc antigen-coatcd red cells may be treated with 
formalin which allows them to be kept for long periods, thus considerably 
shortening the time necessary for the performance of the test. Red cells coatcd 
with tetanus toxoid (Fulthorpe 1957) and with thyroglobulin (Fulthorpe et al 
1961) have been treated and preserved in this way for routine testing. A test 
system for hydatid disease has also been prepared in this way (see Chapter 6). 

Not all red cells have thc same agglutinability. The human red cell is the most 
agglutinable carrier, but cells of other species may also be used although the 
reaction is a little less sensitive; sheep red cells are perhaps the most commonly used. 

PASSIVE HAEMAGGLUTINATJON TEST 
WITH PROTEIN ANTIGEN LINKED TO RED 
CELLS BY CovALENT CHEMICAL BoNDING 

In these procedures protein antigen is coupled chcmically by covalent bonds to 
protein molecules of the red cell membrane. The first and perhaps most success
ful cross-linking agent used was bis-diazotized-benzidine (BDB) which was used 
in experimental studies by Pressman, Campbcll & Pauling (1942). The method 
was developed and standardized as a laboratory test by Stavitsky & Arquilla 
(1955, 1958). Gordon, Rose & Sehon (1958) have published a very satisfactory 
recipe for performing this test. 

The BDB method has similar applications to those of Boydcn's test just 
described. These chemically coupled cells usually undergo lysis within 24 hr. 
The cell membrane must be damaged to some dcgree as there is a non-specific 
adsorption of y-globulin from normal sera or other globulin containing fl.uids 
such as colostrum and this compromises to a degree the employment of a fmal 
antiglobulin stage as a test for combination of non-agglutinating antibody. 
The possibility of coupling the protein antigen to formalin-trcated red cells 
(Cole & Farrell 1955, Csizmas 1960) is worth further investigation although it is 
likely that this, in turn, would again preclude any subsequent use of an anti
globulin test. 
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The use oftoluene 2.4 diisocyanate(Schick& Singer 1961) as acoupling agent 
has a certain advantage since a two stage procedure can be used, and Friedmann, 
Hunter & Coombs (1967) found there was less non-specific absorption of y
globulin from normal sera on to the coupled cells than in the case of BDB 
antigen coupled cells. However, the method is much more time consuming 
and expensive of antigen. 

Johnson, Brenner & Hill (1966) report experience with a water soluble 
carbodiimide as a coupling agent. They considered it produced less damage to 
the cell membrane, thus leaving the red cell more with its normal stability. 

RosE-W AALER TEsT 

This is essentially a passive haemagglutination test using red cells (usually sheep) 
sensitized with a sub-agglutinating dose of rabbit anti-sheep red cell antibody 
(or other antibody), as a cell carrying immm:wglobulin G to demonstrate the 
'rheumatoid factor' (RF, see Chapter 31) in serum. This rheumatoid factor, 
a 19S immunoglobulin M, which is to be found in the serum of most 
patients with rheumatoid arthritis and sometimes in other 'collagen diseases', 
has the property of combining with fixed 7S immunoglobulin G (rabbit or 
human) and producing agglutination of the cell-substrate complex. 

Besides the o bvious interest as to the role of this factor in rheumatoid arthritis, 
its demonstration in serum has been very helpful diagnostically. The test is 
named from the work ofRose et al (1948) and Waalcr (1940) who first observed 
the phenomenon empirically. A comparison of this test and other reactions in 
rheumatoid arthritis has been made by Greenbury (1960). 

PASSIVE HAEMAGGLUTINATION TESTS WITH 
POLYSACCHARIDE ANTIGENS ADSORBED BY 

NATURAL BONDING ON TO RED CELLS 
(PASSIVE HAEMAGGLUTINATION TESTS WITH 

POLYSACCHARIDE ANTIGENS) 

Many bacteria! polysaccharides will combine finnly with a washed suspension 
of red cells without any special treatment and such cells after washing may be 
agglutinated by antibodies to the attached polysaccharide. The phenom.enon 
was first described by Keogh, North & Warburton (1947) and has since fonned 
the basis for a very valuable diagnostic test. 

Using the very agglutinable red cell as carrier endows the test with very grcat 
sensitivity; antibody titres usually being greater than those obtained against 
the original bacteria from which the polysaccharide has been extracted. The 
procedure makes it possible to test antibodies against an antigen which is 
located on the inside of a bacterium by an agglutination test. Again, sorne 
bacteria cannot themselves be used in agglutination tests beca use they form only 
unstable suspensions. Tlús procedure gets over the difficulty as far as the 
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polysaccharide antigens are concerned. Also more than one polysaccharide can 
be adsorbed on to the same cell suspension and so it is possible, in the single 
test, to screen a serum for several antibodies. 

Added to these considerations is the advantage of the extreme simplicity of 
the method. The red cells are simply mixed with a solution of crude or purificd 
polysaccharide (see Kabat 1961) at 37aC or at room temperaturc, washed free 
of uncombined material and added to dilutions of the serum to be tested. 

As no damage is done to the red cells in effecting the coupling it is possiblc 
to extend the scope of thc test with a final antiglobulin stage to show up any 
non-agglutinating or incomplete antibodies to thc polysaccharide (see Hall & 

Manion 1951; Haberman 1955; Poppe 1959; Sindo 1960). 
In most cases, but depending on the red cell used as carrier, haemolysis may 

be obtained if complement is also added (see test for Chagas's disease, Chapter 5). 
As in most of these passive haemagglutination tests, an inhibition test is possiblc. 
This is a very sensitivc method of showing small traces of bacteria! polysac
charide and diagnostic use has been made of the procedure to demonstrate 
antigcn in the cerebrospinal fluid of patients with Haemophilus itifluenzae 
meningitis (Warburton, Keogh& Williams 1949) and rickettsial antigen in urinc 
of scrub typhus patients (O'Connor & MacDonald 1950). 

Dysentery, salmonellosis and Escheríchia coli infections in children are clinical 
conditions for which the procedure has been found of value in demonstrating 
serum antibodics. The Middlebrook & Dubas (1948) test for antibodies in 
tuberculous patients reacting with tuberculin-treated red cells and the test 
described by Boyden (1950) for detecting antibodies to mallcin, are further 
examples of this procedure. For an extensive review the reader is referred to 
Neter (1956). 

RED CELL LINKED-ANTIGEN ANTIGLOBULIN REACTION 

This reaction was introduced in prototype by Coombs, Howard & Mynors 
(1953) and Coombs & Fiset (1954). Its purposc was to supply a passive haemag
glutination method which was capable of measuring both 'complete' (precipitat
ing) and 'incomplete' (non-precipitating) antibodies to any soluble protein 
antigen. 

The essential idea was to fix antigen to the red cell surface without damage to 
the cell and so avoid subsequent absorption of globulin non-specifically from 
the serum to be examined. This was achieved by chemical coupling of the pro
tein antigen to molecules of rabbit non-agglutinating sheep red cell antibody. 
Exposure of sheep red cells to this reagent results in adsorption of this sheep cell 
antibody-protein-antigen dimer (complex of two molecules) to the ccll surface. 
This red cell-protein antigen unit, after being washed, is stablc in suspension 
and may be agglutinatcd by antibodies to the attached protcin antigen. Also, as 
globulin, other than spccif1c antibody to the protein antigen, is not adsorbed 
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from the serum under examination there is no obstacle to the further employ
ment of a rabbit antiglobulin serum to detect adsorption ofincomplete antibody 
to the attached protcin antigen. 

In further studies Steele & Coombs (1964) conflrmed an earlier observation 
that photo-oxidation removed the agglutinating capacity of red cell rabbit 
antibodies and at the same time conjugated them to admixed protein antigens 
(see Fig. r.8). Red cells treated with antibody-linked-milk protein reagents have 
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solution adsorb the antigen-linked antibody on to their membrane. These stable 
cells are then used to test sera for antibodies to the coupled protein antigen. 

been used to examine human infant sera for agglutinating and non-agglutinating 
antibodies to milk proteins. Incomplete antibodies could be demonstrated in 
many sera. 

With the feasibility of preparing antiglobulin sera speciflc for each immuno
globulin dass of human y-globulin it is possible al so to identify the immuno
globulin class of the reacting antibodies (Coombs et al 1965; see also Fíg. r.8). 
It will be of great interest to see if human reaginic antibody of the IgE dass 
can be measured by this procedure. 
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The method would seem to have great potentiality as immunologists are ill
equipped with sensitive methods for detecting incomplete or non-agglutinating 
antibodies to soluble protein antigens. Use of the red cell as carrier assures thc 
sensitivity of the reaction and the reagents for carrying the antigen on to the 
cell membrane once prepared are stable and can be stored for long periods at 
-20°C. 

The serum of one particular child with Aldrich's syndrome was testcd against 
casein and the passive haemagglutinating titre was 32 but there was a non
agglutinating IgG titre of 32,000 and a non-agglntinating IgA titre of 128,ooo. 

Investigations are currently in progress {Hunter, Feinstein & Coombs r967) 
to improve the manufacture of coupled antigen reagents. 

MIXED AGGLUTINATION REACTION 

Mixed agglutination is the formation of mixed aggregates of two different cell 
types by antibody reacting with similar antigenic determinants occurring on the 
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FIG. I.9, Mixed agglutination reaction: for the detection ofblood group A antigen 
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two different cells. The antibody molecule makes a specific link bonding the 
two types of cell together. Using this principle Coombs, Bedford & Rouillard 
{1956) devised a serological test to show the presence of the A antigen on isolated 
skin epidermal cells, a demonstration which could be difficult by other methods. 

The test which is shown schematically in Fig. I.9 makes it possible to reveal 
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the presence of antigens on cells which are unsuited for use in ordinary aggluti
nation tests. For instance, many tissue cells aggregate spontaneously or non
speciflcally or have shapes and sizes too irregular to give an agglutinable 
suspension. The second cell type used in the test forms the indicator cell and is 
chosen as one possessing the antigen under investigation and as one showing no 
natural affinity towards the cell under study. In most reports up to the present 
the indicator cell has been a red cell, but this need not be so. Franks and Gumer 
(1965) have used lymphocytes, Hagiwara (1962) antigen adsorbed on latex 
partid es and we ourselves (Balmforth, Partridge & Coombs, unpublished) ha ve 
used protein antigens coupled to red cells by bis-diazotized benzidine. The test 
is read by examining the cells under the microscope so the actual cells may be 
idcntifled. Clumping of the cells being studied is immaterial, the criterion 
of a positive reaction is simply the occurrence of mixed agglutination (see Plate 
r.r, facing p. 32). 

A more detailed accmmt of the reactíon is given by Coombs (r964) where 
mention is made of applications such as the demonstration of blood group 
antigens on white blood cells and other tissue cells, idcntiflcation of the species 
of origin of cells growing in culture (Coombs, Daniel, Gumer & Kelus 1961) 
and the forensic identiflcation of blood stains (Coombs & Dodd 1961; sce also 
Chapter 9). Using this procedure Ka y & Wallace (1961) showed the loss of the 
A antigen on malignant cells. The reaction has also been used by Edwards, 
Ferguson & Coombs (1964) in the examination of human spermatozoa for 
blood group antigens, whilst by its means Franks and Dawson (r966) have been 
able to show variation in the expression of the A and B antigens within clones 
of cells growing on glass (see Plate 1.1c). 

MIXED ANTIGLOBULIN REACTION 

The mixed agglutination reaction just described is a method of demonstrating 
antigens on cell surfaces while the mixed antiglobulin reaction is a means of 
demonstrating the active sensitization of cell surfaces by antibody. No knowledge 
of the antigen is required in arder to perform the reaction. In essence all the 
reaction purports to do is to demonstrate antibody globulin adsorbed on a cell 
membrane as in the ordinary antiglobulin test. Unlike this latter test, however, 
the mixed antiglobulin reaction can be performed on cells which, by nature 
clump spontaneously, for a positive result is shown by the formation of mixed 
aggregates of the cells being studied and the sensitized indicator cells. Clumping 
of the cells under study amongst themselves is immaterial. The rationale of the 
method is set out simply in Fig. r.ro. The indicator cells may be red cells 
sensitized with non-agglutinating antibody or red cells with y-globulin linked 
to the cells chemically or after treating the cells mildly with tannic acid (Barran, 
Milgrom, Karzon & Witebsky 1963). Instead of adding free antiglobulin, 
some investigators (Fagraeus & Espmark 1961; Barran et al 1963) add this 
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already attachcd to thc indicator cclls. Again cclls may be tcsted in suspcnsion 
or attachcd to glass. 

The mixed antiglobulin rcaction was used originally (Coombs, Marks & 
Bedford 1956) in the examination ofhuman sera for iso-antibodies to leucocytcs 
and platelets (see also Garrett, Giles, Coombs & Gumer 1960). These antibodics 
were also shown to react with HeLa cells (Chalmers, Coombs, Gumer & Daussct 
1959). Thc potentialities of the method in the study of species-specific antigcns 
on the membrane of tissue cclls growing as monolayers has been exploited by 
Espmark & Fagraeus (1962, 1965) and by Milgrom et al (r964). Similarly, 
Abeyounis, Milgrom & Witebsky (1964) have uscd the method in experimcnts 
on homografted mice to show H-2 antibodies reacting with cell monolaycr 

,------~-1·-~-·--Cell suspension 

unsensitized 

Ce!! ---
suspensions · · 

treated with 0 0 ... ·.··. ant~sera ond V V 
washed · 

----~~~-

Erythrocytes Cell suspension 
sensitized with 
· human 

antibody • 

sensifized with 
human anfibody 

or --¡-globulin 

FIG. r.Io. Mixed antiglobulin reaction: for the detection of human antibody on 
tissue cells. 

cultures. Then for organ-specific antigens, Sell et al (1968) have successfully 
used the reaction to show the presence of such antigens on the cellmembranes 
of disaggrcgated human liver and kidney cells and mucosal cells of stomach and 
colon. 

Fagraeus and Espmark (1961) report on what is essentially a mixed anti
globulin reaction (they name it mixed haemadsorption) to show antibody 
combining with vaccinia and measles virus infected monkey kidney cells in 
monolayer culture. Barron et al (1963) adapted the procedure as a measure for 
measles antibody in human sera. These studies were extended and further 
elaborated by Fagraeus, Espmark&Jonsson (1965). In a quite different area again 
Styles, Dodd & Coombs (1963) found a forensic application for the reaction in 
thc identification of human blood stains (see Chapter 9). 



(a) 

(b) 

(e) 

i'LATE r. r. Mixed Agglutination Reaction. 
Mixed agglutination reaction identifying the species of origin of cultured cells (see 
C:oombs, Daniel, Gurner & Kelus, 1961). (a) negative reaction, (b) positive reaction, 
(<) mixed agglutination reaction on a clone of cells growing as a monolayer on 
glass. Positively- and negativcly-reacting cells within the one clone (taken with 
permissionfromFranks&Dawson 1966). facing p. 32 



(a) 

PLATE r.2. Specific degranulation of isolated mast cells by antigen. 
Mast cells pointed with arrow in (a) prepared from the peritoneal cavity of rats 
injected with Nippostrongylus braziliensis, degranulated, (b) in the presence of an 
antigenic extraer of N. braziliensis. Phase-contrast microscopy. Experiments of 
Hogarth-Scott & Coombs 1967. facing p. 33 
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The method is slightly complicated to perform but makes it possible to detect 
antibody rcacting with living or dead tissue cells. 

NEUTRALIZATION BY ANTIBODY OF 
BIOLOGICALLY ACTIVE MOLECULES AND 

VIRUSES 

Bacteria! toxins may be considered as soluble bacteria! antigens (Oakley 1954) 
but besides their antigenicity they possess a biological activity or toxicity which 
an antibody (antitoxin) may be expected, and for clinical reasons is required, to 
neutralize. In 1954 Pope reviewed the progress since the time of Ehrlich in the 
work on diphtheria toxin and its antitoxin. 

In the analysis of crude toxin preparations gel-diffusion tests are now proving 
of great value (Ouchterlony 1958). At each stage in the purif1cation the number 
of reacting systems can be revealed and correlated with the biological activity. 
J>assive haemagglutination procedures are also being harnessed for the measure
ment of both toxoid and antitoxin (Fulthorpe 1958, 1959, 1962). 

Ncutralization tests, as already mentioned, still of course provide the fmal 
criterion for a protective antiserum, as these tests actually measure the property 
of thc scrum with which one is concerned. The test may involve protection 
against the lethal action of the toxin in Inice or guinea-pigs or neutralization of a 
local action of the toxin in the skin-an example of which is seen in the Schick 
test. For details on the performance of these tests see Parish (1958). Recommended 
international standards for different antitoxins are set down by the World 
Hcalth Organization and most national standards are based on these (see 
Chapter 49). 

'N L'utralization tests' are of course frequently used in virological investigations 
(sce Chapter 4) using either protection in the whole animal or inhibition of 
plaque formation in either chick embryo membranes or in cell culture (Tyrrell 
1964; Porterfield 1964). 

The ncutralizing activity of antitoxins is an important and special illustration 
of antibody activity against biologically active molecules in general. Further 
examplcs are afforded by antibodies directed against enzymes (see Cinader 1963), 
hormones (see Chapters 10 and 25) and organizers or inducers (Levi-Montalcini 
1964). Thc rclatively low association constant for the interaction of antibody 
and low molecular weight hapten as compared to that existing between 
thc same hapten acting pharmacologically on a cell receptor predudes any 
succcssful role for antibody in protection against or neutralization of low 
molecular weight pharmacologically active substances. It may be remembered 
that at one time it was thought that an antibody directed against histamine 
might atl(ml somc protection to atopic subjects (Fell, Rodney & Marshall 1943). 
Similarly an antibody reacting with adrenalin gave no protection against the 
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pharmacological action of the drug (W ent & Kesztyüs 1939; Kesztyüs & W ent 
1941). 

SEROLOGICAL TESTS INVOLVING SERUM 
COMPLEMENT 

Complement, occurring naturally in the serum of man :md all animals, must 
fulfil some physiological role. The present status and recent developments in 
our knowledge of this substance are discussed in Chapter 14. Besides the 
significance due to its natural role in the body it is also important as a reagent 
in diagnostic tests. This has been so since 1901 when the experiments ofBordet 
and Gengou suggested the complement fixation test which has, over the years, 
played such a major part in diagnostic serology. 

Two very obvious and distinctive in vitro manifestations of complemcnt 
activity are firstly the haemolysis of red cells sensitized with antibody (called 
haemolysin for this function) and secondly, conglutination (massive aggregation) 
of red cells sensitizcd with antibody in the presence of conglutinin. Built around 
these two properties of complementare four serological tests described below. 

Besides these four reactions further tests derive from the participation of 
complement in opsonization and in the phenomenon of immune adherence. 
Lastly, with the realization of the possible role of complement in the develop
ment oflcsions in the body in certain diseased states, increasing attention is being 
paid to in vitro cytotoxic or cytolytic tests on cells other than red blood cells. 

lMMUNE HAEMOL YSIS 

This is the name given to the haemolysis of red cells by the combined action of 
complement and red cell antibodies. Most of the studies on complement itself 
have been made on this model (see Chapter 14). It is well suited for kinetic 
studies for the liberation of haemoglobin, which can be estimated spectro
scopically, gives an exact measure of the extent of the reaction at any given time. 

The main interest in the reaction for the diagnostic laboratory is in its use in 
the indicator system of the haemolytic complement fixation test and in the 
standardization of the reagents for that test (see next section). 

Greater interest is now being taken in the level of serum complement in 
different diseases and the laboratory may be requested to undertake such 
measurements. In such cases antibody (haemolysin) is held constant and the 
serum titrated for complement activity. The reverse of this is scen if the haemo
lysin activity of the Forssman or Paul-BU1111ell antibodies are to be measured; 
in the former case on sheep cells and in the latter case on ox red cells (Mason 
1951). Demonstration of the haemolysin activity of the human anti-A iso
antibody, as opposed to its agglutinating activity, is another example of this 
reaction (Mollison 1967). 
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Red cells carrying adsorbed polysaccharides, as in passive haemagglutination 
tests, are not only agglutinated by the corresponding antibody to the poly
saccharide but are also lysed if complement is present (for a review see Neter 
1956). 

HAEMOLYTIC COMPLEMENT fiXATION TEST 

In principie this test is still the same as that described in 1901 by Bordet & Gengou. 
If a standard dose of complement is added to a mixture of antigen and corres
ponding antibody it is absorbed by the antigen-antibody complexes. This 
removal of the free complement is made evident in a second stage of the test by 
adding a mixture of red cells and corresponding haemolysin. Failure of these 
red cells to lyse indicates that a specific antigen-antibody reaction occnrred in 
the fmt stage of the test. 

The principies underlying the test are very simple but literally thousands of 
papers and many books have been written about the technical details and it 
should be stressed that both knowledge and cxperience are required in the design 
of tests and in the interpretation of results. In setting up a complement fixation 
test it is important to consider the 'fixability' of the complement selected (i.e. 
which species) by the antibodies under test and not simply by the antibody 
sensitized red cells of the indicator system (Hoet, Blomfield & Coombs 1954). 

Despite the encroachment of passive agglutination procedurcs in investigations 
which used to be done by the complement fixation test, this latter reaction is 
still of great value as will be appreciated from Chapters 2-5. It can be used with 
all types of antigens, soluble or particulate, protein, carbohydrate or lipid. 
It is specially of value with lipid antigens. Again it is well suited for tests where 
the antigen is in a far from pure state, for instance virus-containing tissue extracts. 
For this reason it is frequently used in epidemiological surveys with this sort of 
antigen. 

The Wassermann reaction is a complement fixation test which, besides its 
diagnostic importance, is interesting in that it uses, as antigen, a lipid extracted 
from normal tissues against which there is an antibody in the serum of syphili
tics. For the use of complement fixation tests in auto-'immune' disease (AICF 
tests) see Chapter 32· 

Technical developments in the complement fixation test involve adaptation 
to micro-techniques using plastic plates instead of tu bes or to automation using 
equipment such as the Auto-Analyser (Irvine 1966; Gaillon et al 1967). 

Complement fixation may also be demonstrated on 'tissue sections using a 
fluorescein-tagged anti-firc serum (see section on Fluorescent Antibody Tech
niques). 

DIRECT CONGLUTINATION REACTION 

The complement in the serum of sorne species of animals is not haemolytic 
but may nevertheless be shown by its property of producing massive aggrega-
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tion (conglutination) of sensitized red ce!ls in the presencc of conglutinin, the 
heat-stable factor present normally in bovine serum. This model system gives 
another forum for the more esoteric studies on complement itself. 

Although the direct conglutination reaction has in the past been used to 
enhance the activity of weakly agglutinating bacteria! antibodies it has little 
application for this purpose at the present time. lts importance in serodiagnosis 
today, lies in its use in the indicator system of the conglutinating complcment 
absorption test (see next section) and in the measurement of the interesting 
substances conglutinin and the immuno-conglutinins. 

The serology of conglutination and experimental work on the stimulation 
and activities of immuno-conglutinin formed the subject of a monograph by 
Coombs, Coombs & Ingram (r96r). New work since then on conglutinin, the 
complement components involved in conglutination and the specificities of 
immuno-conglutinin is mainly dueto Lachmann and has recently becn reviewcd 
by him (Lachmann 1967). 

CoNGLUTINATING CoMPLEMENT ABSORPTION TEsT (ccAT) 

The fact that complement is an essential component for conglutination allows 
a complement absorption test to be set up in an analogous manner.to the more 
familiar haemolytic complement fixation test. The CCAT differs, however, in that 
conglutinating complements are used, as well as the appropriate conglutinating 
indicator system. 

The significance of the reaction lies in the fact that it allows a wide range of 
complements to be used, which is important because Blomfield, Coombs & 

Hole (1949) showed that antibodies in the sera of certain species of animals could 
be demonstrated by complement fixation only if ccrtain conglutinating com
plement were used. 

The full details for performing these tests are given by Coombs, Coombs & 

Ingram (r96r). 

CYTOTOXIC OR CYTOLYTIC TESTS 
(MEDIATED BY ANTIBODY AND COMPLEMENT) 

Haemolysis of red cells and bacteriolysis or bactericida! action (see Muschel 1965) 
by antibody and complement are special examples of cytolytic tests but becausc 
of the distinctive nature of the cells in volved they are usually trcated and dis
cussed separately. 

To get lysis of antibody-sensitized susceptible bacteria it seems that the lesion 
produced by complement alone is not sufficient to breach the cell wall and 
plasma membrane, and that the concerted action of lysozyme acting on a 
mucopeptide substrate is also required to effect this (Wardlaw 1962). There are 
also other special categories but, in general, cytotoxic or cytolytic tests refer to 
the reaction of antibody and complement on other somatic cells of the body or 
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even on unicellular protozoa (Le Page 1968). The words cytolytic and cytotoxic 
are often used synonymously although this is, strictly speaking, incorrect. A 
toxic effect may be produced on a cell without 'lysis' or damage of the mem
brane resulting inleakage of cytoplasmic material. Whatever the damage to the 
living cells the nature of the injury requires special and careful study and cannot 
be observed so simply as with leakage of haemoglobin from red cells. As an 
illustration the reader is referred to the elegant studies of Goldberg & Green 
(1959); Green, Fleischer, Barrow & Goldberg (1959) and Green, Barrow & 
Goldberg (1959) on the cytotoxic action of antibody and complement on ascites 
tumour cells. 

Disregarding processes quite divorced from immunology there are in all 
probability quite a few types of antigen-antibody reactions capable of damaging 
or disrupting the membrane of tissue cells and so it is important that the designa
tion cytotoxic or cytolytic be qualified to indicate the mechanism in rnind. 

Although studies on immune cytolysis go back to the very early days of 
immunology (see Kolmer 1924a) these were not very fruitful because of the 
difficulty of isolating pure cell suspensions to work on and the crudity of the 
teclmiques used. That cells growing in tissue culture might be useful in cytotoxic 
studies was suggested by Lambert & Harres (1911) but it is only in recent years 
that the method has received proper analysis (Ross & Lepow 1960; Lepow & 
Ross 1960). Boyse, Old and Thomas (1962) described a simple procedure 
for cytotoxic tests in relation to transplantation research. Cultured cells for use 
in such tests may be preserved in special media over liquid nitrogen (Spooner 
1965) anda rnicro-titration cytolytic test using such cells is described by Spooner, 
Bowden & Carpenter (1965). Viability of cells following a reaction may be 
judged by their appearance under phase-contrast microscopy or by virtue of the 
property of living cells to exclude certain dyes such as trypan blue or eosin. 
Tcrasaki et al (1965) have evaluated the use of a cytotoxic test on lymphocytes 
as a means of sero-typing tissues previous to homo-transplantation in man. 
For the relevance of model cytotoxic tests to mechanisms of allergic tissue 
damage in the body, the reader is referred to the section on Type li reactions 
dcscribed in Chapter 20. Chapters 17 and 18 on the allergic responses to trans
plantation and to tumours are also relevant. 

lMMOBIL1ZATION TESTS 

(MEDIATED BY ANTIBODY AND CoMPLEMENT) 

As has already been discussed it is possible with certain organisms to produce 
immobilization with antibody alone due to simple agglutination of the cilia 
or flagella. In other cases as in the immobilization of active Treponema pallidum 
thc process is a cytotoxic one for which complement is also necessary. 

This effect of antibody and complement on treponema has proved most 
useful and forms the basis of the Treponema pallidum immobilization test (TPr) 
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which, despite the difficulties of setting up the reaction, has achieved a definite 
place in the routine serological diagnosis of syphilis. It has the great advantage 
that it measures antibodies to the causa ti ve treponema and not just an antibody 
to a normal tissue component as is measured in the W assermann reaction. 
Details for performance of the TPI test are given by Nelson & Mayer (1949) 
and in a U.S. Public Health Service Publication (1959). 

IMMUNE ADHERENCE 

Aggregates of antibody and soluble antigen or bacteria sensitized with antibody 
have the property, in the presence of complement, of adhering to the red cells 
of primates (Nelson 1953) and this forms the basis of the immune adherence test. 
The reaction has its roots in the previously described red cell adhesion test for 
trypanosomiasis (Duke & Wallace 1930; Wormall 1933) and in the even older 
'Rieckenberg reaction' (1917). 

The method may be used as a sensitive test for antibody. In tests with bacteria 
these may be seen tmder the microscope adhering to the red cells. With soluble 
antigen-antibody complexes the red cells become clumped (Turk 1964). The 
reaction is proving very valuable in revealing antigenic deterrninants on the 
membrane of tissue cells. A positive reaction is shown by adherence of red cells 
to the tissue cells in question. Sell & Spooner (1966) find it very sensitive and 
easy to perform. 

A full treatment on the reaction itselfis given by Nelson (1963) and by Nelson 
& Uhlenbruck (1967). 

ÜPSONO-PHAGOCYTIC TESTS 

It is many years since measurements of the opsonizing property or opsonic index 
(Wright & Douglas 1903; 1904) of a blood sample or serum were tmdertaken 
in routine investigational work (see Kolmer, 1924b) despite the sound rationale 
of the method. The difficulties arise from there being so many variables in the 
test-the bacteria! suspension, the antibody, complement and the phagocytes 
and perhaps, above all, from the subjective element in reading the test. 

For experimental work, however, it has importance as an in vítro model for 
the functioning of the RE system (Maale 1946). Clearance from the blood of 
intravenously injected colloidal suspensions or bacteria by phagocytosis may 
be used as a measure of reticulo-endothelial function (see Chapter 12). Likewise 
a shortened survival time of transfused red cells indicating heightened removal 
of the red cells by the reticulo-endothelial system may be an indication of 
incompatibility even if no antibody is demonstrable by in vítro serological 
methods (Mollison 1967). 

The bactericida! test used by Lancefield (1957) to measure type-specifrc 
streptococcal antibodies is really an opsono-phagocytic test. 

The LE cell reaction, which is a serological test for the auto-antibody to 
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nuclear desoxyribonucleo-protein in patients with lupus crythematosus (see 
Chapter 32) is, of cotme, another examplc of an opsono-phagocytic test 
although a further process is also involved and is responsible for the alteration 
in the texture of the ingested nuclear material. Dacie (1956) describes a tcch
nique for the direct test on the whole blood of a patient and an indirect test 
for antibody in a patient's serum is described by Lachmann (1961). 

A much fuller discussion of opsonins and phagocytosis in relation to immunity 
is given in Chapter 15. For the role of complement see Chapter 14. 

REACTIONS IN VITRO OF ACTIVEL Y ALLERGIZED 
CELLS AND RELATED PHENOMENA 

DEMONSTRATION OF ANTIBODY-PRODUCING CELLS 
BY lMMUNO-fLUORESCENCE 

Plasma cells synthesizing speciftc antibody are actively allergized cells (see 
Fig. 15.1) and these may be shown in a tissue section by the immuno fluorescence 
'sandwich technique' (see section on Fluorescent antibody techniques and Fig. 
1.3)· 

DEMONSTRATION OF ANTIBODY-PRODUCING CELLS 
BY 'PLAQUING' TECHNIQUES 

Jeme, Nordin&Henry(1963) and Ingraham&Bussard (r964) described methods 
by which single cells producing haemolytic antibodies for erythrocytcs could 
be identifted; whcn mixed with the appropriate erythrocytes in agar or gum, 
zones of lysis are demonstrable around them, after short incubation, in the 
presence of complement. Macroglobulin antibodies are most readily demon
strable, though methods have been described (Dresser & Wortis 1965; Sterzl & 
Riha 1965) by which 7S IgG antibodies can also be shown. Theoretically 
production of any antibody which can be used in a haemolytic system can be 
shown by such methods, though they have been most successful with ordinary 
haemolysins. 

BLAST TRANSFORMATION AND STIMULATION OF 
LYMPHOCYTES TO MITOSIS 

It is well known that immunization of an animalleads to enlargement of its 
lymph nodes, i.e. the reaction to antigen involves cell proliferation. Similarly if 
antigen is mixed in vitro with lymph node cells from an immunized animal, 
proliferation occurs, best measurcd by thc uptakc of radioactive thymidinc into 
DNA (Dutton & Eady 1964). 

'Ccll transformation' or 'Lymphocytc-blast-transformation' is simply a 
spccial case of this phenomenon applied to a cell population, namely the blood 
leucocytes, which is constant in its cellular composition, and not initially in a 
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state of proliferation; this gives the advantages of easy accessibility ;md neg
ligible numbers of proliferating cells in control populations, so that morpho
logical criteria as well as those of DNA synthesis can be applied. The whole 
phenomenon seemed initally mysterious and novel simply because the first 
observations were on the non-specific transforming powers of various vegetable 
extracts (lectins, poke-weed extract, etc.): there is no good reason to suppose 
that these are in any way involved with allergic processes, though the final 
common pathway, blast transformation leading to mitosis, is the same for 
phytohaemagglutinin (PHA, a lectin) stimulation as for sti.mulation by antigen. 
The phenomenon is of clinical interest for several reasons: 

(1) in immunological deficiency syndromes the 'transformability' of the cells, 
by PHA or antigen, may be affected (see Chapter 19). 

(2) in a few cases the peripheral lymphocytes of man (but not usually of 
experimental animals) can show a specific response to some antigens, in particu
lar tuberculins, as measured by a significant percentage of'blasts' anda thymidine 
uptake markedly above background (Pearman, Lycette & Fitzgerald 1963; 
Elves, Roath & Israels 1963). The significance of this is still obscure; it is by no 
means established as originally claimed, that the transformed cells go on to 
produce antibody. 

(3) The mere fact that a very high percentage (up to So%) of normal blood 
lymphoid cells, of which the bulk are smalllymphocytes, can rapidly prolifera te, 
reinforces the modern concepts of the versatility of this cell. 

(4) PHA stimulation is a splendid method for getting chromosome preparations 
in man-a technique at present irrelevant to immunology but which started up 
interest in the in vítro techniques as such. 

Cells of all animal species so far tested can be 'transformed' under snitable 
cultural conditions: these, especially for cells of small animals are fairly exacting 
and have been fully described by Knight et al (r965). Unless directions for 
manipulation, cell numbers, dimensions of vessels, etc., are followed fairly 
exactly results may be negative, since undefined contiguity relations between 
cells certainly play some part. Much new work on PHA transformation is 
reviewed in the monograph edited by Elves (r966). 

Anti-lymphocyte iso-antisera raised in rabbits have a 'transforming' effect in 
vitro which is often evident at higher dilution than their cytotoxic activity (Ling 
1967): it is not known yet whether this phenomenon is general. The striking 
in vivo immunosuppressive activity of anti-lymphocyte sera is considered in 
Chapter 17. 

M1XED LYMPHOCYTE-CULTURE REACTIONS 

Lymphoid cells both in vivo and in vitro react directly, i.e. as if 'pre-sensitized', 
to the contiguity of cells of a different genotype. Strictly since it is a property of 
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normal cells this is not an allergic reaction at all: but its relevance to allergic 
reactivity particularly to homograft reactivity is so great that its proponents 
(Brent, Brown & Medawar 1962) and nearly everyone else, treat itas if it were. 
In vivo, injection of fairly large numbers oflymphoid cells of a foreign genotype 
intradermally leads to a reaction (called the normallymphocyte transfer (NLT) 
reaction) which macroscopically looks like a typical 'delayed' (Type IV) re
action. It is too early to classify it as such, however, since there is no doubt that 
the reactivity is mediated by the donor cells and not by those of the host (for 
discussion and references see Brent & Medawar (1967) and Chapter 17). The 
mechanism has not yet been elucidated. 

In vitro, under the same cultural conditions as 'blast transformation' by PHA, 
etc., mixed blood lymphocyte reactions between humans are often demon
strable by transformation and thymidine uptake (Bain, Vas & Lowenstein 1964) 
though those between laboratory animals of the same species are sometimes no t. 
Between species technical difficulties arise since heterospeciflc sera tend to be 
toxic: where cultural conditions can be made satisfactory, mixed cell reactivity 
is evident. 

DELAYED ALLERGY: M1GRATION-INH1B1TION TEsTs 

The laboratory still has little to offer asan in vitro measure of the cell allergization 
underlying delayed hypersensitivity. However certain experimental systems, 
e.g. that involving 'blast' stimulation by antigen (Oppenheim, Wolstencroft 
& Gell 1966), reaction ofimmuno-cyto-adhesion (Nota et al 1964) and inhibition 
by antigen of macrophage migration from capillary tubes (David et al 1964) 
are promising if they can be flrmly correlated with the delayed hypersensitivity 
state and are not mediated by irrelevant antibodies, of special type and in low 
concentration. 

Most infonnation is available on the macrophage-inhibition test, which 
appears to depend upon the presence of allergized lymphocytes in ilie mixed 
peritoneal cell exudates used (see discussion by Dumonde 1967) and from which 
a substance is released on contact with antigen which affects the mobility of 
macrophages. 

REACTIONS IN VITRO, AND IN EXPERIMENTAL 
ANIMALS, OF PASSIVELY ALLERGIZED CELLS 

Allergic tissue reactions in the skin involving both actively allergized (delayed 
hypersensitivity) or passively allergized cells (immediate reactions) have long 
been used diagnostically (see Chapter 7) in the patient himself or in sorne cases 
the serum of the patient may be tested by passive transfer (Prausnitz-Küstner 
test) in the skin of a test subject. 

e* 
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In the laboratory, antibodies mediating immediate or anaphylactic hyper
sensitivity are mainly studied by the Schultz-Dale reaction and passive cutaneous 
anaphylaxis which are briefly discussed below. 

ScHULTz-DALE REACTION IN THE GuiNEA-PIG 
Anaphylactic antibody in the guinea-pig has for long been studied and character
ized as regards its activity by the Schultz-Dale reaction (Dale 1913). The uterus 
or terminal ileum is removed from an actively or passively sensitized guinea-pig 
andits contraction measured after addition of the corresponding antigen. Antigen 
acting on the sensitized tissue liberates histamine and other pharmacologically 
active substances which initiate the muscle contraction. Coulson (1953) discusses 
and illustrates the usefulness of the technique in general investigational work. 
Gut or uterus from a normal animal may be passively sensitized in vitro (Hartley 
1951; Halpern et al 1959). This allows a titration of the antibody to be made. 

PASSIVE CUTANEOUS ANAPHYLAXIS IN THE 
GUINEA-PIG 
Guinea-pig anaphylactic antibody can also be measured by its ability to sensitize 
local arcas of guinea-pig skin in the reaction of passive cutaneous anaphylaxis 
(PcA-Ovary 1964). Serum dilutions in 0.1 ml are injected intradermally into an 
arca of skin clipped free ofhair and after 4-24 hr antigen, together with a dye 
such as Geigy blue, Evans blue or Pontamine blue, is injected intravenously. 
Convenient quantities to use are r mg of antigen plus 2.5 mg dye in a total 
volume of 0.5 to r.o ml. Although no whealing is visible, the sites of reaction 
are shown by escape of dye from the dilated and affected small vessels and 
these show up as blue areas. These can be seen more distinctly and measured 
more accurately by fmt killing the animal, then stripping the skin and measuring 
the blue area on the underside. 

The guinea-pig seems somewhat unusual as regards its antibody giving this 
reaction and this is discussed by Ovary (1964) and Bloch (1967). In other species, 
such as the rat and rabbit, only the homologous reagin-like antibody gives a 
sátisfactory PCA reaction in the skin of the corresponding species. Thus although 
rabbit IgG antibody will give a PCA reaction in guinea-pig skin, in rabbit skin 
only the reagin-like rabbit antibody willlocalize and give this reaction. 

AcTivE CuTANEous ANAPHYLAxrs 
An animal actively sensitized to an antigen will react to the intradermal injection 
of minute amounts of that antigen by histamine release: the reaction is demon
strable by the previous injection of blue dye as above. Care must be taken 
however that non-specific reactions due to the trauma of the injection are 
properly controlled. 
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Of particular intcrest clinically, is the fact that human reagin cannot be measured 
by a PCA reaction in guinea-pig skin. However this antibody can be demon
strated with a PCA reaction performed in the skin of non-human primates. 
This leads us on to important recent work on laboratory methods for the detec
tion ofhuman reagin. 

LABORATORY PROCEDURES NOW AVAILABLE FOR 
THE DETECTION OF HUMAN REAGIN 

PAssrvE CuTANEOUS ANAPHYLAXIS REACTION 
IN THE SKIN OF NON-HUMAN PRIMATES 
Layton showed that human reaginic antibody localized in the skin of non-human 
primates allowing the human reagin to be demonstrated and titrated in passive 
transfer tests in skin other than human. Details for the performance of the test 
are given by Layton and his colleagues (1963). It is very valuable to have this 
reliable method (Rose et al 1964) as a measure of reaginic activity in human 
serum because of the understandable reluctance in many countries to perform 
the Prausnitz-Küstner reaction with the attendant danger of infecting the test
subject with serum hepatitis. Limiting aspects are that few laboratories have 
monkeys available for testing, their cost and the dangers associated with working 
with primates, e.g. infection with B virus-Herpes virus simiae (Hartley 1966). 
Also, in our own experience, occasional baboons are found to be refractory 
test subjects and the undoubted fact that if many sera are tested at the one time, 
thus increasing the amount ofhuman serum injected, then the animal cannot be 
relied on to serve for repeated tests at intervals, since it becomes refractory. 
This is due in all probability to antibody being produced to sorne of the human 
serum proteins injected. 

SCHULTZ-DALE REACTION USING INVITRO 

PASSIVE SENSITIZATION OF MüNKEY ILEUM 
OR HUMAN APPENDIX 
Following the observations by Layton and his colleagues that the tissue cells 
of non-human primates may be passively sensitized or passively allergized by 
human reaginic antibody, Arbesman, Girard & Rose (1964) showed that 
human reagin could be demonstrated and titrated by the Schultz-Dale reaction 
if monkey ileum was used instead of that of the guinea-pig. This method again 
is limited to places where monkeys are being regularly killed to supply fresh 
strips of ileum. Chopra et al (1966) have used with success strips of human 
appendix instead of monkey ileum. 

A chain made of bronchial rings from an atopic patient was shown by 
Schild et al (1951) to contract on addition of allergen, and this could be done 
presumably following passive sensitization in vítro although today this would 
have little of advantage to offer in the way of a routine test. 
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MAST CELL OR BASOPHIL DEGRANULATION 

Antigen added to tissues containing mast cclls from anaphylactically sensitive 
guinea-pigs (Humphrey & Mota 1959) orto isolated mast cells from sensitized 
rats (see Plate 1.2, facing p. 33) causes degranulation of these cells. In man this 
could form the basis of a test for sensitization by reaginic and possibly other tissue 
sensitizing antibody if an objective measure ofblood basophil degranulation could 
be established. Shelley & Juhlin ( 1961) claimed to have achieved this, and again 
in 1962 Shelley described an 'indirect basophil degranulation test' which he stated 
allowed a serum to be examined for antibody capable of passively sensitizing 
basophils from a normal individual or even from a rabbit. The experience of 
other investigators has not been so successful although the principie of the method 
is sound, especially if human basophils are used. A great difficulty is the low 
percentage of basophils in the blood leucocytes. 

LIBERATION OF HISTAMINE AND OTHER MUSCLE

CONTRACTING MEDIATORS FROM SENSITIZED 

CELLS OR TrssuEs OF MAN HrMSELF 

Lung 
Schild el al (1951) showed that on addition of allergen, histamine was released 
from a chopped lung removed at operation from an atopic subject. This may 
also be achieved after passive sensitization of lung tissue in vitro (O'Sullivan & 
Augustin 1966). Fresh human lung is frequently available these days following 
surgicallobectomy. 

Blood cells 
Katz & Cohen (1941) showed that histamine was released from blood cells (white 
cells) into the plasma on addition of allergen to whole blood of hay fever 
patients. Using either a biological assay of histamine (and other active sub
stances) or a microchemical procedure (Lowry et al 1954) this phenomenon 
could form the basis for a reliable investigative procedure (Noah 1964; v. 
Arsdel et al 1958; Lichtenstein & Osler 1964). Hastíe (1968) using his own 
modifications demonstrates the constancy of the method and a defmite correla
tion with basophil involvement. 

The difficulties still to be overcome befare a satisfactory 'passive sensitization 
reaction' can be set up to test for reaginic antibodies in a serum sample are 
illustrated in a paper by Levy & Osler (1966). 

DounLE LAYER LEucocYTE AcGLUTINATION 

REACTION 

In 1964 Ridges & Augustin reponed a 'double layer leucocyte agglutination 
reaction' which according to them measured reagin (see also Fitzpatrick et al 
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1967). In this reaction human leucocytes (polymorphonuclear) passively 
sensitized with reagin in the body or in vitro and reacted on by the specific pollen 
allergen are agglutinated by a rabbit anti-pollen serum. Appraisal from other 
laboratories is still awaited. As with tests based on degranulation of mast cells 
a reaction such as this is sound enough in principle but the technical difficulties 
are great. 

RED CELL LINKED-ANTIGEN ANTIGLOBULIN REACTION 

If reagin is proved finally to be IgE as now seems likely (Ishizaka, Ishizaka & 
Hornbrook 1966) then its detection in serum may be possible by the red cell 
linked antigen-antiglobulin reaction (see above and Coombs et al 1965) using 
a specific anti-IgE serum when such a serum becomes available.* 

DETECTION OF NON-REAGINIC MACROPHAGE-

CYTOPHILIC ANTIBODY 

Besides reagins other cytophilic antibodies are known (see Nelson & Boyden 
1967). The macrophage-cytophilic antibody, especially that produced in 
guinea-pigs, can be visualized as it passively sensitizes the cell membrane of the 
macrophage by adherence of antigen-carrying red cells (Boyden 1964) in a 
rosette-forming-reaction (Jorras et al 1965). Unlike the case with reagin the 
significant role of this antibody is still to be determined. 
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CHAPTER 2 

DIAGNOSIS OF BACTERIAL DISEASES 

R.KNOX 

INTRODUCTION 

IDENTIFICATION OF PATHOGENIC BACTERIA 

Direct Microscopy: Examination of Cultures 

ANTIBODY RESPONSE IN INDIVIDUALS 

CoNcL usiONS 

INTRODUCTION 

Historically microbiology and immunology have grown up side by side and 
each has owed much to the development of the other. From start to finish the 
course of an infection in the individual host depends very much on the types of 
defence that the body can muster against infection and on the speed with which 
these can become effective, while the course of epidemics is largely determined 
by the immune state of the community as a whole. Considered as a subject in 
its own right, immunology of course covers a far wider field than its micro
biological aspects; and antimicrobial mechanisms of immunity can be regarded 
as special examples of immunological principies which run through the whole 
ofbiology. 

Here we are concerned with the application of immunological principies and 
methods in the diagnosis of bacteria! diseases. Of all the methods used in the 
identif1cation of pathogenic bacteria, some of the most precise and reliable 
are those which make use of their antigenic properties. These methods are used 
for two main purposes-for the identification of infective organisms and 
for measuring the response of the host in terms of antibodies of different kinds. 
Where for various reasons it has not been possible to isolate the causal organism 
directly during the acute phase of the disease, the only method of making a 
laboratory diagnosis may be by immunological methods, such as the examina
tion of the serum for antibodies. But although this method of diagnosing 
microbial infections, both viral and bacteria!, is often highly reliable and 
practically very useful, the evidence it provides is always indirect, since it tells 
us only that the patient or host has developed antibodies of a certain kind. 
If there has been a history of immunization by vaccines or toxoids then the 
presence of antibodies is certainly not reliable evidence of actual infection unless 
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there is a significant change in titre in consccutive blood samples. In the Widal 
reaction for the enteric fevers the possession of agglutinating antibodies to 
Salmonclla typhi or other salmonellae may merely indicate that an individual 
has received prophylactic inoculations in the past. A positive Mantoux reaction 
may be the result of BCG vaccination not of experience of tuberculosis. A negative 
Schick test may be due to active immunization with diphtheria toxoid and not 
exposure to the diphtheria bacillus. But so long as we are aware of these limita
tions, the examination of samples of serum for antibodies can be of great 
value in the diagnosis of bacteria! infections both in individuals and in groups. 

IDENTIFICATION OF PATHOGENIC BACTERIA 

In the identification of pathogenic bacteria the main methods used are direct 
microscopy, isolation by appropriate methods of culture, investigation of pure 
cultures so obtained for their growth characteristics, their biochernical reactions, 
their antigenic structure and their susceptibility or resistance to antibiotics and 
other agents, and finally, if necessary, demonstration of their virulence or 
pathogenicity to laboratory animals or to other hosts including man. 

DrRECT MrcRoscOPY 

Direct microscopy is of limited value but in a few infections may save many 
valuable hours or days. Examples of infections wlúch can be diagnosed in this 
way are tuberculosis of the lungs, where a properly controlled examination of 
sputum can be relicd u pon to make a diagnosis, Vincent' s angina, revealed by 
the presence of the characteristic fusiform bacilli and spirilla in stained smears of a 
swab from the mouth or throat, gonorrhoea and meningococcal meningitis, 
where intracellular Gram-negativc diplococci can be recognized in appropriatc 
specimens, and actinomycosis, in which sulphur granules in pus can be seen by 
the naked eye and the microscopic appearances are characteristic. 

In sorne ir{fections immunological methods can be useful even at this level of 
direct microscopy, before isolation of micro-organisms by culture. In pneumo
coccal pneumonia pathogenic pncumococci can be identified by the capsular 
swelling reaction which occurs when a type-specific antiserum is added to a 
fresh specimen of sputum. In the days when the identif1cation of the type of 
pneumococcus was regarded as essential, sincc the only method of specific 
trcatment known was the use of type-specific anti-pneumococcal serum, this 
method of direct 'immuno-microscopy' enabled treatment to be started without 
dclay. 

FLUORESCENT ANTIBODY TECHNIQUES 

The development of fluorescent antibody techniqucs has now madc it possiblc 
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to apply immunological methods in the direct identification of many species of 
pathogenic organisms in pathological specimens (see Chapter 1). Several 
methods have been used for detecting the union of antigen with antibody by 
fluorescent techniques. Coons and his colleagues originally used the direct 
method in which the specific antibody, conjugated with a fluorescent dye, 
reacts with the antigen. But this method has sorne disadvantages. For each 
antigen that may be looked for a specific fluorescent antibody has to be pre
pared. For many purposes an indirect method is better. In this the antigen or 
material containing it is first treated with specific unlabelled antibody prepared 
perhaps in a rabbit. The complex resulting from the union of antigen and anti
body is then made to fluoresce by adding to it specific fluorescent anti-rabbit 
globulin prepared in a goat or other species of animal. In this way a single 
fluorescent antiglobulin antibody can be used to detect any number of specific 
reactions occurring between unlabelled antibodies and their corresponding 
antigens. Another indirect method makes use of fluorescein-labelled anti
complement as an indicator of the formation of a specific antigen-antibody 
complex. The literature has been well reviewed by Cherry & Moody (1965) who 
give a balanced account of the most important diagnostic applications of im
munofluorescence. Among these are the identification of Group A streptococci, 
of enteropathogenic E. colí serogroups and of Neisseria gonorrhoeae, but many 
other applications have sometimes proved successful. In practice there are many 
difficulties in the technique and false positive results may be obtained because of 
non-specific staining and for other technical reasons. But the advocates of the 
method are convinced that when these technical difficulties have been overcome 
the method will prove to be of increasing value in diagnostic microbiology, 
both for the rapid detection of bacteria or viruses in clinical specimens and, in 
certain cases, for example in the fluorescent treponema! antibody test, in 
detection of antibody in patients' sera. 

EXAMINATION OF CULTURES 

With most bacteria! infections a diagnosis cannot be made by direct microscopy 
alone and it is necessary to wait for the results of cultures. The causal organisms 
can often be identified by the appearance of the colonies on solid media, their 
other growth characteristics, their biochemical reactions and their sensitivity 
to antibiotics and other agents. Staphylococcus pyogenes for example is regarded 
as being adequately identified if the colonies and microscopic morphology are 
typical and if the coagulase reaction is positive. Tubercle bacilli are identified in 
culture by their characteristic morphology, by the appearance of the colonies, 
and if necessary by the results of inoculating into experimental animals. But in 
many infections the most precise and reliable method of identification is by 
means of antigenic analysis. The methods used vary in different bacteria! genera 
and species. 
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PRECIPITATION AND TOXIN-ANTITOXIN REACTIONS 

In some cases precipitation reactions are used. An extract prepared from the 
culture under investigation is mixed with antiserum containing known anti
bodies, and homologous organisms are identified by the formation of a specific 
precipitare with the appropriate antiserum. This method is used for example in 
the Lancefield method of grouping fJ-haemolytic streptococci which fall into 
a number of serological groups (A, B, C, D, G, etc.) and are distinguished by the 
possession of different carbohydrates. Specific precipitation reactions are also 
used in the further subdivision of fJ-haemolytic streptococci into specific types. 
Antisera are prepared against different serological types and these sera when 
mixed with extracts prepared from the homologous type containing the type
specific M protein give a specific precipitin reaction. This method can be used in 
addition to the agglutination method of Griffith. 

Precipitation reactions are also used in agar media by taking advantage of the 
fact that an antigen diffusing from one site on an agar plate and an antibody 
diffusing from an adjacent si te interact at sorne point between their si tes of origin 
with the production of a thin white line due to the formation of a specific 
antigen-antibody precipitare (Ouchterlony 1948, 1949; Elek 1949). These 
techniques have been used for the identification of many different types of 
antigen and antibody in bacteriology. The toxigenicity of strains of Coryne
bacterium diphtheriae can be well demonstrated by observing the precipitare 
formed when toxin diffusing from a growing culture meets antitoxin diffusing 
from a reservoir in the medium. It has been claimed that this method reliably 
distinguishes toxigenic from non-toxigenic strains of C. diphtheríae and com
parison of the method with conventional tests of toxigenicity in guinea-pigs 
is said to give good agreement. Similar methods have also been used for the 
demonstration of the production of toxins by strains of staphylococci. The size, 
position, shape and the angle of the diffusion lines are affected by a number of 
factors. Quantitative interpretation of results is full of difficulties but in principie 
the method is extremely valuable and it gives useful qualitative information 
about the antigenic composition of micro-organisms from which diffusible 
antigens can be obtained. 

Mention should be made here of three other ways in which the specificity 
of toxin-antitoxin reactions can be used in the identification of pathogenic 
micro-organisms. (r) In the identification of Clostridíum welchíi the reaction 
dcscribed by Nagler (1939) is used. In a modification of Nagler's original test, 
material suspected of containing Cl. welchii is inoculated on to an agar plate 
containing human serum. The oc-toxin of Cl. welchii, which is lecithinase, splits 
lecithin present in human serum into phosphoryl choline and a diglyceride 
with a resulting opacity in the neighbourhood of the bacteria! colonies. That 
this is specifically due to the oc-toxin can be demonstrated by inoculating half 
of the surface of the plate with antitoxin which specifically neutralizes the 
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effects of the toxin. The reaction is interesting since the toxin is an euzyme 
whose substrate is ktiown. 

(2) Antitoxins may also be used in the identification of pathogenic micro
organisms in association with tests of pathogenicity to laboratory animals. 
Corynebacteria resembling C. diphtheriae may or may not be toxigenic strains. 
Generally, if they are gravis or intermedius in type, they are likely to be toxigenic, 
but a fairly high proportion of mitis strains may be avirulent and for atypical 
strains also virulence tests are necessary. The organisms are injected into guinea
pigs. Two animals of approximately equal size are used and one of them is 
injected with diphtheria antitoxin. The unprotected pig will die with haemor
rhages in the suprarenals and other characteristic features of diphtheritic toxaema 
in guinea-pigs but the other animal will be protected by the antitoxin. Sometimes 
an intradermal test is used in determining the toxigenicity of C. diphtheriae. 
Suspensions of severa! different strains can thus be inoculated into the skin 
of two guinea-pigs one of which is protected with antitoxin. Other toxin
producing organisms such as clostridia can also be identified by injection of 
suspensions into mice or guinea-pigs. In each case one of a pair is protected by 
specific antitoxin. 

(3) Intradermal tests are widely used in man for clinical and epidemiological 
purposes but in general it cannot be said that they are directly useful for the 
identification of pathogenic organisms. But the Schultz-Charlton reaction has 
sometimes been used to prove that an erythematous rash is due to the erythro
genic toxin of Streptococcus pyogenes. In this test a small quantity of antitoxin 
to the toxin of the haemolytic streptococcus injected into the skin gives blanch
ing of the red rash. 

AGGLUTINATION REACTIONS 

The specific agglutination of bacteria! suspensions by homologous antisera is 
perhaps the most widely used of all immunological methods in the identification 
of pathogenic bacteria. Slide or tube agglutination tests may be used. Slide 
agglutination is useful in the identification of members of the salmonella and 
shigella group, in the typing of P-haemolytic streptococci and in the identifica
tion of meningococci and of Bordetella pertussis. A suspension of micro-organisms 
is placed on a glass slide and mixed with the appropriate antisera. Clumping is 
observed by naked eye or with a low-power lens. If the sera are suitably diluted 
so that non-specific reactions are eliminated the method can be made highly 
specific and reliable. However, when slide agglutination tests are carried out on 
colonies growing on selective media such as deoxycholate citrate, brilliant 
green or Wilson and Blair agar or even sometimes on MacConkey agar, both 
positive and negative results must be interpreted with caution and careful 
controls are necessary. But in dealing with an epidemic in which large numbers 
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of specimens may have to be cxamined and rapid results are requircd the intelli
gent use of slide agglutination reactions often makes it possible to identify 
and eliminate dangerous carriers at the earliest possible moment. The pneumo
coccal capsular swelling reaction already mentioned in connection with direct 
examination of smears of sputum can also be used with pure cultures, though 
pneumococci may quickly lose their capsules in sub-culture, and more generally 
in identifying pneumococcal types slide agglutination reactions can be employed. 
Now that sulphonamides and antibiotics are available for the treatment of 
pneumococcal infections typing of pneumococci has lost most of its clinical and 
epidemiological importance. Slide agglutination is still used in the typing of 
fJ-haemolytic streptococci. The antigens concerned are mainly the T antigens, 
whereas the precipitation reaction detects the M antigen which seems to be 
more important in deterrnining the virulence of strains. Agglutination reactions 
can also be used in dividing staphylococci into three main serological groups, 
though for epidemiological purposes it is usually thought that the method of 
bacteriophage typing gives more useful information than serological typing of 
staphylococci. Slide agglutination reactions are useful in the bacteriological 
diagnosis of whooping cough and Bord. pertussis can be distinguished from the 
rare Bord. parapertussis. Meningococci too can be identified by slide agglutina
tion with anti-meningococcal sera and in epidemic times it has been useful to 
divide them into groups and types. 

The results of slide agglutination tests especially in the salmonella and shigella 
group must be confirmed by tu be agglutination tests. In principie of course these 
are simple. A suspension of the organisms under investigation is mixed with a 
suitable volume of the appropriate antisera of which a number of dilutions are 
made ranging from about r in 25 to about r in 2500 or higher. Each tube in 
the series now contains a constant volume of bacteria! suspension and falling 
dilutions of antiserum. The sera containing known antibodies are initially 
adjusted so that a r in 250 dilution produces standard agglutination of the homo
logous organism. Thus typhi will be agglutinated to a titre of r in 250 

by an antiserum containing typhi H antibody and also by one containing 
typhi O antibody. By using properly selected antisera containing anti
bodies against known antigenic components of different groups of salmonellae 
it is usually possible to arrive fairly rapidly at a correct identification of the 
different salmonella types. Severa! hundred of these types are known but they 
fall into a comparatively small number of main groups characterized by the 
possession of common somatic or O antigens. They are further characterized 
by their H or flagellar antigens which can exist in two phases, phase r (specific, 
'type' phase) or phase 2 (non-specific, 'group' phase). Quite frequently salmon
ellae when first isolated may be in the non-specific phase and since the flagellar 
antigcns of organisms in the group phase are fairly widely shared among many 
diffcrent members ofthe salmonella group it is not easy to identify the salmonella 
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unless it can be prevailed upon to change into the specific phase. This can be 
done by means of the ingenious technique described by Craigie in which thc 
culture under investigation is inoculated through a small tube embedded in a 
test tube containing sloppy agar and also antiserum to the non-speciftc H anti
gens. Organisms in the non-speciftc phase are agglutinated and trapped by the 
antiserum and the small number of organisms in the speciftc phase are able to 
swim through the sloppy agar and appear outside the inner tube on the surface 
of the medium in the test-tube. Once salmonellae have been obtained in the 
specific phase it is comparatively easy then to identify their specific H antigens. 
In sorne salmonellae the Vi antigen is also important, especially in typhi. 
There has been a good deal of variation in the methods by which these different 
tests are carried out and in the temperatures and in the type of tubes used. 
H agglutination tests are usually carried out in the conventional narrow Widal 
tube with rounded (not conical) bottoms, but the Vi and O tests are usually 
carried out in wider tubes and the characteristic agglutination is observed by 
holding the tu be over a mirror so that the pattern of the deposit at the bottom 
of the tu be can be clearly seen. The temperature used for the tests should be the 
lowest consistent with obtaining a rapid result; if the temperature is too high, 
the antigens or antibodies involved may be damaged or destroyed. Vi and O 
agglutinations are usually carried out at 37°, H agglutinations nsually at 50°. 

The same principies as those used in the identiftcation of salmonellae are used 
for identifying entero-pathogenic Estheríchia colí now known to be responsible 
for many cases of acute gastro-enteritis in infants. The serological classiftcation 
of E. colí involves identiftcation of soma tic O, surface K and flagellar H antigens. 
The techniques and sorne of the difficulties are well discussed by Taylor (1960). It 
has already been mentioned thatfluorescent antibody techniques ha ve been useful 
in this group of organisms and in so me series good correlation has been obtained 
between the positive results given by fluorescent antibody techniques and other 
serological methods ofidentifying pathogenic E. coli of types O 111, O 55, O 26 
and others. 

It is thus · possible by serological methods to identify many bacteria! species 
with considerable precision. But often, especially in the investigation of 
epidemics, even more reftned methods have to be used-such as typing by 
means of bacteriophages or colicins (bacteriocins). Bacteriophages have been 
extensively used particularly in typing S. typhí and staphylococci. In S. typhí 
use is made of the fact that certain specially adapted bacteriophages speciftcally 
attack different types of S. typhi containing Vi antigen. Thus the method, though 
not itself a serological technique, has an immunological basis. Strains of S. typhi 
without Vi antigen cannot be typed by Vi phages but, if they do possess Vi 
antigen, then bacteriophages can be used to differentiate strains indistinguishable 
by serological methods. Phage typing is thus a highly sensitive tool for the 
epidemiologist. 
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ANTIBODY RESPONSE IN INDIVIDUALS 

In paticnts who havc suffered from an infectious disease it may be impossible 
to isolate the causal organisms. In such cases scrological methods are often 
essential for making a diagnosis. 

AGGLUTINATION REACTIONS 

The most commonly used serological reaction is the agglutination or Widal 
reaction in which the patient's serum is mixed in falling dilutions with a suspen
sion of various organisms suspected of causing the infection. The diseases in 
which this technique is especially useful are suspected salmonella infections, 
brucellosis, tularaemia, leptospirosis and typhus fever. In all these conditions 
the development ofhigh titre antibodies in a patient' s serum may under properly 
controlled conditions be highly suspicious or diagnostic. In sorne infections 
such as bacillary dysentery it is unusual for such high ti tres to be rcachcd and in 
general the development of agglutinating antibodies in the patient's scrum is not 
of much value in the diagnosis of bacillary dysentery. In a suspccted case of 
cnteric fever the patient's serum-is tested against suitably prepared suspensions of 
S. typhi and paratyphi A, B, C and possibly other members of the salmonella 
group. H and O suspcnsions of these organisms are prepared and the titre to 
which the agglutination occurs gives a rough measure of the antibody content of 
the serum. In dear-cut cases a retrospective diagnosis can easily be made; for 
example a patient who has a febrile illness suggestive of typhoid fever and who 
3 or 4 weeks later is found to ha ve a titre of I in 500 toS. typhi H and toS. typhi 
O has almost certainly suffered from an attack of typhoid fever. The situation 
is greatly complicated if there ha ve been any previous inoculations of typhoid 
or paratyphoid vaccine and the interpretation of agglutination reactions in such 
inoculated individuals is difficult. In any case unless very high ti tres are obtained 
it is usually unwise to rely on a single Widal examination and much more 
valuable information is given by examining two or three samples of serum taken 
at intervals and observing whether there is a rise or fall in the titre of antibodies 
to the suspected organisms. In the search for temporary or chronic carriers of 
S. typhi, repeated tests for Vi antibodies may be of great value. 

In some agglutination reactions difliculties arise owing to the phenomenon 
known as prozone. Here agglutination may not occur in the highest concentra
tions of serum but only starts when the serum is quite highly diluted. This is 
thought to be due to the blocking effect of the presence of excess antibody in the 
scrum or to the presence of incomplete antibodies or to complement in high 
concentration. It is particularly apt to occur in brucellosis and therefore the 
scrum dilutions must be carried down to at least I in 2500 in any suspected case 
ofbrucella infection. Interpretation of these agglutination reactions is not always 
casy and due attention must be paid to the patient's occupation, since those who 
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habitually handlc brucclla-infcctcd milk or herds consistently show rather 
higher antibody titres than the general population. Agglutination reactions 
are sometimes especially useful in brucellosis beca use of the difficulty of isolating 
the causal organisms. But, of course, the most direct method of diagnosis is to 
isolate the causal organism from the blood, inject it into guinea-pigs and if 
necessary investigare the agglutinins in the guinea-pig sera against known 
brucella suspensions. Brucella agglutinins may also be looked for in samples of 
milk and this is sometimes a useful method of detecting the presence ofbrucello
sis in a herd. 

In sorne conditions in which for one reason or another there is nota high titre 
of antibodies in the patient' s serum the passive haemagglutination method greatly 
increases the chances of detecting antibody (see Chapter 1). In this a suspension 
of organisms of the serological type required is boiled to extract sufficient 
antigen; the supematant fluid obtained after centrifugation is then treated with 
red blood cells from man or sheep and after allowing these to react in a water 
bath for 30 minutes the serum tmder investigation is added. If antibodies are 
present then the red cells will be agglutinated because of the antigen adsorbed 
on to them. It is possible that a similar technique used in the investigation of 
serum from patients with dysentery might greatly increase the sensitivity with 
which antibodies can be detected. 

The antiglobulin reaction which has been used so effectively in the identifica
tion of red blood cell antigens and their antibodies is sometimes useful for 
detecting antibacterial antibodies. Bacteria or red cells treated with extracts of 
salmonellae, shigellae or brucellae are mixed with the patient's serum, washed 
and subsequently exposed toan anti-human globulin serum prepared in a rabbit. 
Agglutination may sometimes be demonstrated by this technique when direct 
agglutination tests are doubtful or negative (Kerr et al 1966). 

In the diagnosis of typhus fever two types of agglutination test can be carried 
out. It is now possible to use rickettsial suspensiohs which make it possible to 
distinguish between the different types of rickettsia but before these were avail
able it was found that the serum of patients suffering from typhus fever gave a 
positive agglutination with suspensions of differcnt strains of Proteus known as 
Proteus X19, XK, and Xz-presumably due to the sharing of sorne common 
antigen between these Proteus strains and rickettsiae. The reaction, although 
empirical, is reasonably specific and reliable. 

In tuberculosis measurement of antibodics in the patient' s serum is on the 
whole of little diagnostic value. At one time it was thought that the haemag
glutination test of Middlebrook and Dubos would be useful, since antiscra 
from patients with tuberculosis werc fotmd to agglutinate red cells treated with 
tuberculin or with polysaccharide from tubercle bacilli. But in general humoral 
antibodics do not seem to play an important part in the developmcnt of im
munity to tuberculosis and the most useful immunological test is the Mantoux 



DIAGNOSIS OF BACTERIAL DISEASES 

test or variants of it. But this test is not of immediate value in diagnosing tuber
culosis infection but merely as evidence that the individual has been exposed to 
cubercle bacilli at sorne time either in the form of the disease or in the form of 
active immunization with BCG. 

A number of other agglutination reactions of a more ill-defined kind are 
used in severa! infections of doubtful or unknown aetiology. These are mainly 
non-bacteria!, for example the Paul-Bunnell reaction for glandular fever, the 
test for cold agglutinins in primary atypical pneumonia possibly of viral origin 
and the agglutination of streptococcus MG suspensions also in primary atypical 
pneumonia. In practice these reactions are of great value and interest although 
the determining cause of the specificity is stillunknown. 

PRECIPITA TION TESTS 
SpecifiC precipitation reactions are not commonly used in the detection of 
antibodies in human sera, since generally otber more sensitive serological 
methods are available. An important exception to this is the Kahn test used in 
the diagnosis of syphilis. In theory, treponema! antigen should give a specific 
precipitate when mixed under suitable conditions with antibody-containing 
serum of patients. In practice, as in the W assermann reaction, the antigen used is 
not treponema! antigen at all but material prepared from normal heart muscle. 
In the usual test a constant volume of undiluted patient's serum is mixed with 
different proportions of Kahn antigen and the strength of the positive reaction 
is judged by the size of the floccules formed and the number of tu bes in which 
flocculation occurs. The test may be carried out on serum or on cerebrospinal 
fluid, though, according to Stokes (r96o), in cerebrospinal fluid the Wassermann 
reaction is more reliable. 

CüMPLEMENT FIXATION TESTS 
The most important example of the complement fixation reaction in bacteriology 
is the W assermann test used in the diagnosis of syphilis. Here as in the Kahn test 
the antigen used is not treponema! antigen but extract of normal heart muscle 
and what is me~sured appears to be an auto-antibody toa normal tissue compon
ent and notan antibody to the treponemata. The fact remains that the tests work 
and provided that sufficient precautions are taken are extremely reliable in 
practice. In principie the complement ftxation reaction is simple. The serum to be 
tested (previously heated to destroy complement) is mixeq with antigen in the 
presence of added guinea-pig complement. If the serum contains a syphilitic 
antibody and an antigen-antibody reaction occurs then the complement is fixed 
in the process. The presence or absence of complement can then be detected 
by adding the second system containing an antigen and antibody which will 
rcact only in the presence of free complement. The system commonly used is 
one consisting of sheep's red cells sensitized with specific haemolytic serum 

D 
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prepared in a rabbit. Thus, if complement is fixed as the result of a combination 
between the Wassermann antigen and the antibody present in the patient's 
serum no complement is left over for the haemolytic system, and so no haemo
lysis occurs. If on the other hand the patient's serum contains no syphilitic 
antibody, then the complement is not fixed in the first reaction and is free to 
take part in the second reaction and so haemolysis occurs. In practice elaborate 
controls are necessary since the amount of complement must clearly be suitably 
adjusted, while all the reagents must be carefully standardized. 

Complement fixation reactions are used in a number of other diseases but not 
very frequently. Gonococcal complement fixations have been widely used but 
there seems to be considerable doubt as to their actual value and reliability. 
Apart from the Wassermann reaction it is probably true to say that complement 
fixation reactions are of much less value in the diagnosis of bacteria! diseases 
than they ha ve proved to be in many virus infections. For details of both these 
techniques Stokes (196o) should be consulted. 

ÜTHER SEROLOGICAL TESTS FOR SYPHILIS 

The Wassermann and Kahn reactions, despite their great value, are not quite 
as specific as is desirable in a disease so important as syphilis. Recently severa! 
other tests have been introduced in wlúch the antigens used are derived from 
treponemata-either from pathogenic strains of Treponema pallidum maintained 
in animals or from cultivated non-pathogenic strains of uncertain pedigree. 
It is generally believed that in patients with syphilis severa! different antibodies 
can be demonstrated. One of these presumably corresponds to the antigen present 
in normal heart muscle and is the one detected in the Wassermann and Kahn 
reactions. But it is probable that others are detected in the various tests with 
treponema! antigens such as the treponema! immobilization test of Nelson 
& Mayer (1949) and the fluorescent antibody test of Deacon, Falcone & Harris 
(1957). Other tests for detecting anti-treponemal antibodies in human sera have 
been described such as the adherence and agglutination tests-all of which use 
preparations of treponemata as antigens, but the general view is that the im
mobilization test and the fluorescent antibody test are the most sensitive and 
specific (Sequeira 196o; Wilkinson 1961). 

SERUM REACTIONS IN 'RHEUMATIC' DISEASES 

In the diagnosis of conditions such as the connective tissue diseases including 
acute rheumatism and rheumatoid arthritis there are a number of tests involving 
examination of the serum for antibodies or antibody-like substances of an 
antibacterial nature. The anti-streptolysin O test makes use of the fact that the 
serum of patients who ha ve had infections with ,8-haemolytic streptococci may 
contain antibodies which inhibit the haemolysis of suitable red blood cells by 
,8-haemolytic streptococci. To give reliable results the test must be carefully 
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standardized, and Johnson (1955) recommends that all tests on patient's sera 
should be carried out by reference to a globulin of known anti-streptolysin 
content. Using this techniqueJohnson regards titres ofbelow 200 units per ml as 
being within normal limits and those of 200 units or above as being raised. 
It is generally accepted that rheumatic fever is a manifestation of or at least a 
sequel to infection with group A haemolytic streptococci, and the anti-strepto
lysin O titre is raised in a high proportion of patients with active rheumatic 
disease. But, as Bywaters & Scott (r96o) point out, a raised anti-streptolysin 
titre occurs in uncomplicated infections of streptococcal origin and is therefore 
not specifically diagnostic of rheumatic fever. A similar test for anti-staphyl
ococcal haemolysin (Lack 1957) has also been used in cases of osteomyelitis. 

The test for e-reactive protein is another test used as an aid in the diagnosis 
of a number of inflammatory diseases. Originally it was found by Tillet & 

Francis (1930) that the serum of patients with pneumonia gave a precipitin 
rcaction with the e polysaccharide of the pneumococcus but it was la ter found 
that the protein responsible for this reaction, though specific in the sense that it 
rcacts with e polysaccharide of the pneumococcus, is not a true antibody. lt is 
now known to be a ,8-globulin and requires the presence of calcium ions for its 
rcaction with e polysaccharide (Bywaters & Scott 1960; Hedlund 1961). The 
C-reactive protein test gives a good indication of the activity of a number of 
processes mostly of an inflammatory nature such as rheumatic fever, rheumatoid 
diseases and others; but it is also positive where there has been extensive tissue 
damage as in recent myocardial infarction and even in sorne cases of malignant 
disease. It is regarded as perhaps being a more sensitive index of rheumatic 
activity than the erythrocyte sedimentation rate, which, though it often 
indicates activity of an infective process cannot, of course, be described as a 
scrological reaction. 

eoNeLUSIONS 

An attempt has been made hcre to give a broad outline of the value of immuno
logical methods in the identification of pathogenic bacteria and in the diagnosis 
of bacterial diseases. Both in the direct examination of bacteria! cultures and 
in the more indirect method of examining the serum of patients or others for 
antibodies it is clear that the value of serological methods depends on their 
high degree of specificity and it is precisely because serological me~hods are so 
spccific that they are of value in diagnosis, not only for clinical purposes but 
also in the control and investigation of epidemics. Striking examples of such 
spccificity are found in the salmonella group of organisms where by elaborate 
n1cthods of serological analysis it is possible to show that even strains whose major 
antigenic components are identical may differ in minor antigenic components, 
which, however, may be of great importance from the epiderniological point of 
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view. The antigenic pattern of any bacteria! species may be regarded as the 
finger-prints by which they can be accurately traced and their spread through 
the community followed in the greatest detail. The rarer the type and the more 
finely types can be subdivided, the greater is the value of this method in epi
demiology. This aspect ofbacteriology has perhaps become even more import
ant since the general introduction of chemotherapeutic drugs and antibiotics, 
since any given bacteria! species exposed to such drugs may be capable of 
retaliating by the selection of resistant mutants. When this occurs it is not always 
easy to say whether the resistant survivors are in fact mutants of the originally 
drug-sensitive population or whether they represent organisms of another 
race or of another strain which have found their way as it were into the vacuum 
created by the destruction of the originally drug-sensitive population. The study 
of the antigenic structure of these strains, therefore, is of the greatest importance. 
With sorne organisms, notably S. typhi and staphylococci, phage typing gives 
even greater accuracy than antigenic structure-though in many species of 
rnicro-organism phage type and antigenic structure are closely related (Oeding 
rg6o). In general, these are more stable characters than the antibiotic sensitivity 
pattern, since this, by its very nature, is bound to be much more sensitive to the 
factors of adaptation and selection. 

One of the difficulties in being certain whether a given type of infecting 
organism is or is not being replaced by another is the obvious difficulty of 
sampling. In general we assume that if a patient is infected with a pathogenic 
micro-organism the causal organism is present in pure culture. For example, 
typhoid fever is usually caused by a single strain of Salmonella typhi, staphyl
ococcal septicaemia by a single strain of Staphylococcus pyogenes and tuberculosis 
by a single strain of Mycobacteríum tuberculosis. When such cultures are isolated 
from clinical specimens it is of course essential to obtain pure cultures both for 
identification and for epidemiological purposes. This is usually done by picking 
single colonies from culture p!ates and if necessary repeating the process and 
finally carrying out the appropriate biochemical, serological and other tests on 
the progeny of a single colony. But in cases where there is reason to believe that 
there may be mixed infections or there may even be a number of organisms to 
be investigated as for example in the examination of dust and air samples and 
water supplies or sewage, or even in nasal carriers of staphylococci or strepto
cocci or diphtheria bacilli, it then beco mes obvious that our accepted methods for 
identifying pathogenic organisms can be seriously deficient. If single colonies 
are picked from a primary culture plate, there is no guarantee that the colony 
picked is representa ti ve of the rest of the culture. If a general sweep is taken 
there is no guarantee that the culture is pure. Even if severa! colonies are picked 
there is no guarantee that other species which may be present in quite high 
proportions may not be missed. It is known that the faeces of normal individuals 
contain many different races of coliform organisms and that the serological 
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types are far from constant from one day to another. Similarly if the faeces of 
salmonella carriers are examined carefully it may sometimes be found that not 
one but severa! different types are present, and, as has been mentioned already, 
in samples of food such as dried egg, in air, in water and in sewage, many 
different varieties of pathogenic micro-organisms may be present. Some of 
these may be closely similar to each other in colonial form and therefore 
cannot be recognized easily. The most hopeful way of dealing with this kind 
of problem is to develop the replica plating method of Lederberg & Lederberg 
(1952) as suggested by Runnels & Wilson (r96o). In certain cases this method 
would be particularly useful if the master plate used were in fact the primary 
plate obtained by direct plating of pathological material or other material under 
investigation. If properly spaced colonies are obtained then these can be repli
cated on to a variety of media, so that it is possible to tell at a glance what 
proportion of the colonies resulting are similar to each other in biochemical 
characteristics and, if suitable techniques can be devised, in antigenic structure. 
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INTRODUCTION 

DrAGNOSTIC METHODS 

Fungal antigens; Standardization of antigens: Cross-reactions: Non
speciflc factors: Nature of fungal antibodies 

FuNGAL DrsEASES 

Aspergillosis: Candidiasis: Cryptococcosis: Coccidioidomycosis: 
Histoplasmosis: North American Blastomycosis: Paracoccidioidomy
cosis (South American Blastomycosis): Sporotrichosis: Chromomy
cosis: Mycetoma: Dermatomycosis: Farmer's Lung: Miscellaneous
Mucormycosis, Geotrichosis 

INTRODUCTION 

l~ungi may stimulate different immunological responses in man. They can act 
solcly as sources of allergen, causing rhinitis and asthma, in which reaginic 
antibody is responsible; for example, the spores of Alternaría sp., Aspergillus sp., 
Cladosporíum sp. and species of other genera. They may also be responsible 
tor the appearance of precipitins as well as reagins where there is growth of the 
fungus without tissue invasion, and in these patients the asthma becomes com
plicated by allergic pulmonary inflltrations as, for example, withAspergillus jilmi
gatus and perhaps Candída albicans. The truly pathogenic fungi, which invade the 
tissues, may lead to the appearance of a variety of antibodies, (reagins, precipitins, 
agglutinins, complement flxing) or speciflcally reacting cells and appropriate 
hypersensitivity reactions may therefore be elicited. The relationship of these 
rcactions to any increased resistance is, however, not clearly understood. It is 
convenient to deal with the fungi individually where possible, since they may 
play different roles in varying circumstances. 

Variation in the morphological and biochemical characteristics of fungi is 
g<wcrned by many different inherent, acquired and environmental factors, all of 
which may influence antigenicity. The parasitic phase of growth is often of a 
spccialized form commonly showing morphological simpliflcation, whereas the 
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saprophytic and hence cultural phasc may include a variety of vegetative and 
fruiting structures. These, together with differences in stages of development 
and maturity in both phases, may result in antigenic differences, as for example, 
between the yeast and mycelial phases of Hístoplasma capsulatum and Blastomyces 
dermatitídis (Kaufman & Kaplan 1963) and in the capacity of antigens of Cocci
dioides immitis at one stage in development to induce immunity, whereas the anti
gens at another stage do not protect against inhalation of vcgetative spores 
(Campbell 1965). Genetic factors are also responsible for variation in fungi, 
either through alternation of sexual and asexual stages or by exchange of nuclear 
material following the fusion ofhyphae of different strains, and variations may 
also occur by spontaneous or induced mutation. 

The polymorphism of fungi, which has been most extensively studied from 
the point of view of their structure, complicates the morphological basis on 
which they are traditionally identified. Such variations in morphology and in 
biochemical behaviour which often complicate the task of accurate identifica
tion, may also produce variation in antigenicity. This is clearly important when 
fungal diseases are studied serologically. Taxonomists do not as a rule use 
serological methods in classifying fungi, and therefore named strains from 
culture collections do not claim to resemble one another in this respect. That 
there are strains of fungi, identical in most respects, which do not give rise to 
identical antigens has been well established for a number of species in several 
genera, for example H. capsulatum (Schubert & Ajello 1957), B. dermatítidis 
(Abernathy & Heiner 1961) and Candida albicans (Hasenclever 1965). 

Cultural conditions and the nature of the tissues invaded may profoundly 
influence the morphology and physiology of pathogenic fungi. The age of the 
culture and the conditions for growth have been shown, for example, to affect 
the antigens produced by Aspcrgillus Jumígatus (Longbottom & Pepys 1964), and 
by Coccidíoides immitís (Rowe, Landau & Newcomer 1965), and antigenic 
differences have also been noted even under apparently identical cultural con
ditions. Furthermore, even minor differences in extraction procedure can affect 
the composition of the extract. All these factors make it difficult to produce 
successive identical batches of fungal antigen, and, with few absolute or relativc 
standards for comparison, each worker is left to his own clcvices. 

The major problems of antigen standardization are due, on one hand, to the 
multiplicity of antigens of varying specificity and potcncy and the presence of 
differing amounts of non-antigenic material in the commonly used crude 
extracts, and on the other hand to the different individual pattcrns of antibody 
response in exposed subjects, for example, in atopic and non-atopic subjects 
toA. Jumígatus (see Chapters 7 and 36). The assessment of the relative importance 
of the antigens and their better chemical characterization are needed for effective 
rcsolution of these problems. 

In spite of these difficulties, mycoses are comparable to other microbial 
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diseases in terms of the serological diagnostic procedures available and their 
accuracy. Serological tests are particularly valuable where the agent isolated 
may be either a chance contaminant or a pathogen. 

DIAGNOSTIC METHODS 

A laboratory diagnosis of fungal disease may be made by three complementary 
methods: 

DIRECT MICROSCOPIC ExAMINATION 

The causal organism may be demonstrated in fresh preparations of exudates or 
secretions or in histological sections of fixed material. Special staining, such as by 
periodic-Schiff stain or silver impregnation, may be of help and, increasingly 
in recent years, specific staining with fluorescent antibody techniques. The pres
ence of an habitual pathogen such as Coccidioides immitis in pus, spntum or tissue, 
or of Cryptococcus neojormans in cerebrospinal fluid is reasonably conclusive 
evidence of disease. On the other hand the demonstration of Candida or Asper
gillus species in sputum may not in itself be of consequence, though their 
presence in normally sterile tissue such as brain or kidney is significant. Whilst 
in many instances the rnicroscopic appearance of the fungus may be sufficiently 
characteristic for firm idcntification, a final decision is generally made by isola
tion of the fungus in pure culture. 

ISOLATION OF CAUSAL ÜRGANISM 

The diagnosis may be made if an habitual pathogen is isolated but, as often 
happcns in medica! mycology, the organism may lead a duallife varying be
tween saprophytism and parasitism. In such cases confirmation must be sought 
clscwhcre, commonly either by demonstrating the organism in situ in a normally 
sterile tissue or by immunological methods. 

IMMUNOLOGICAL METHODS CoNSISTING OF 

SEROLOGICAL AND SKIN TESTS 

These provide information on diagnosis, epidemiology and prognosis. The 
immunological procedures adopted with the appropriatc fungal antigens are 
like those in other discases. In general the presence of antibodies is evidence of 
past or present disease caused by the fungus, or of considerable contact with it. 
The chief example is the demonstration of antibodies. to Candída species, 
principally C. albícans. Most adults possess agglutinins and the great majority 
give delayed, Type IV, skin test reactions, whereas neonates usually do not ha ve 
such agglutinins (Winner I955), and their appearance later in life is attributed to 
oral, intestinal and vaginal exposure to C. albicans. High titres of agglutinating 
and precipitating antibody to C. albicans may indeed be present in rabbits fed 
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on live cultures and remaining in excellent health (Murray, unpublished). 
Fungal disease may, however, be present in the absence of a consistently 
demonstrable antibody response. 

DIAGNOSIS 

Serological tests 
Tests on the serum are diagnostic in certain diseases and will be discussed in 
relation to them. In general, however, precipitin tests are usually indicative 
of active disease, often of relatively recent onset; complement-fixation tests 
also usually indicate active disease but the responsible antibodies tend to be 
slower to appear and to disappear than the precipitins, the titre being frequently 
approximately proportional to the degree of infection. 

A variety of fluorescent antibody tests are among the other serological methods 
which are now being applied for diagnosis. 

Skin tests 
The analysis of the different types ofhypersensitivity reaction to fungal antigens, 
as indeed to other antigens as well, is becoming increasingly important. For 
example, Type 1 reactions are given in atopic patients with rhinitis and asthma; 
Types 1 and III reactions are given in patients with asthma and pulmonary 
eosinophilia caused by A. Jumígatus, and Type IV reactions to histoplasmin and 
coccidioidin in infected subjects. Much more information is needed on correla
tions of the same type concerning skin test reactions to fungi in general with 
the serological fmdings and in particular with the clinical manifestations (see 
Chapter 7). 

Epidemiology 
Immunological tests have been applied to the study of the distribution of 
histoplasmosis and coccidioidomycosis, and the same procedures, where 
appropriate, should be used for other diseases. Serological tests consisting 
mainly of complement-f1xation and precipitin tests ha ve been very useful. Skin 
tests giving Type IV, delayed, reactions have shown, contrary to what was 
previously thought, that these two diseases are common and rarely fatal. 

Prognosis 
Adequate, accurate information is available mainly for histoplasmosis and 
coccidioidomycosis both of which have a long history of immunological 
investigation. In histoplasmosis, for example, a positive precipitin test suggests 
that the infection has been recently acquired, although the positive reaction 
may persist for 8 months or longer. A high and rising titre in the complement
fixation test indicates that the disease is widespread or that the patient's resistance 
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is poor, whilst a low or falling titre is frequently a favourable sign. A positive 
skin test reaction indicates past infection and immunity or present infection 
which the patient is resisting well. A change of skin test reaction from positive 
to negative during the course of the disease is an unfavourable sign, though this 
may be due to the physiological effects of severe illness on the skin test reaction 
(see Chapter 7 on the tuberculin skin test), rather than, or as well as, altered 
immunological reactivity of the subject. 

The intensity of the precipitin reaction may be important as, for example, in 
pulmonary aspergillosis. Thus in patients with aspergilloma, surgical removal 
or expectoration of the aspergilloma is followed by a rapid decrease, often to 
negativity, of the previously intense reaction. In allergic subjects, on the other 
hand, weak precipitinreactions may be associated with the more in tense Type III 
skin reactions, although it is not known if the pulmonary inf1ltrations thought 
to be mediated by Type III reactions as well have the same correlation. In 
farmer's lung, in which the higher the precipitin titre the greater the clinical 
sensitivity and severity of disease, avoidance of Micropolyspora Jaeni leads to 
a decrease in the precipitin reaction. 

The possibility of enhancing resistance and perhaps preventing disease by 
active immunization has been shown to exist in experimental animals treated 
by injection of the killed spherules and endospores of Coccidioides immitis (Levine, 
Miller & Smith 1962; Levine, Kong & Smith 1965; Levine & Kong 1965). 
Better understanding of the immunopathology of fungal disease will improve 
their diagnostic and prophylactic management. 

fUNGAL ANTIGENS 

The many factors responsible for the variable antigenic content of fungal 
extracts have been discussed. Two main types of antigen have been in general 
use. 

1. Fungal particles. These consist of whole cells or spores, e.g. yeast phase of 
dimorphic fungi, or of homogenized mycelium, which must be obtained in 
homogeneous suspensions for use in direct agglutination and complement 
f1xation tests. 

2. Soluble antigens extracted from mycelium and culture media. The mycelial 
antigens such as cell sap, lysates and extracts of cell walls and cytoplasm consist 
of mainly protein or polysaccharide components. Simple extraction of defatted 
mycelium with carbol-saline is a standard and effective tnethod for obtaining 
useful extracts. Culture filtra tes are usnally good sources of antigen, e.g. cocci
dioidin, histoplasmin and blastomycin. Antigenic fractions have been extracted 
by a wide variety of chemical procedures (Pepys & Longbottom 1967). 

Mnch attention has been given to polysaccharide type antigens, often present 
in large amounts in fungi, although most of them ha ve contained small qnantities 
of firmly bound nitrogen. It seems that much of the cross-reactivity, sometimes 
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found between taxonomically unrelated species, may be due to the chemical 
similarities which exist between these polysaccharides (see Chapter 3 7). Protein 
antigens may be very important, for examplc in A. Jumigatus, being responsible 
for most of the precipitin and skin test reactions and showing greater spccificity 
(Longbottom 1964). 

STANDARDIZATION OF ANTIGENS 

The fungal antigens most frequently used are complex mixtures and it is difficult 
to obtain comparable preparations even under carefully controlled conditions 
(Campbell 1965). For standardization, comparative skin and serological tests 
are needed of each new preparation and since different antigen-antibody systems 
are often involved thc responsible antigens are likely to be different. 

There is an urgent need for standardization of fungal antigens. It should, 
however, be noted that differences, however slight, in the methods of testing in 
different laboratories may give varying results even where the same antigens are 
used, such as those available commcrcially, for tests in histoplasmosis and cocci
dioidomycosis (Smith, et al 1957) and in aspergillosis. For comparative purposcs 
test conditions need to be controlled, for example the ratio of antigen and 
antibody, temperature and duration of the test, and other factors which may 
influence the sensitivity ofthe test (Kaufman 1966). 

CROSS-REACTIONS 

These may be marked and extensive, for example, with antigens from specics of 
Hístoplasma, Coccídioídes and Blastomyces. As with mycobacterial antigens, 
cross-reactivity, for example, to skin tests with fungal antigens, has made it 
necessary to base assessments on patterns of cross-reactivity rather than on a 
specific reactivity to any one antigen (Campbell 1965). 

NüN-SPECIFIC FACTORS 

There are a number of reasons why many of the crude, complex fungal antigens 
may be unsuitable for serological tests. Thcy may contain components which are 
haemolytic, haemagglutinating, or anticomplementary, whilst others are rich 
in enzymes, especially proteolytic, which may cause interference. Problems 
may also arise from the presence of media constituents. 

An important possible source of diagnostic error is the presence in the genus 
Aspergíllus and the dermatophytes, as well as in other unrelated sources such as 
nematode parasites, of substances similar to pncumococcal C-substance (see 
Chapter 36) in that they give precipitation reactions with C-reactive protein. 
Although such reactions in agar gel may look like true antigen-antibody 
reactions, the C-substance reaction with C-reactive protein is depcndent upon 
calcium and can be prevented by incorporating a citrate buffer in the agar, when 
only the genuine precipitin reaction will develop (Longbottom & Pepys 1964). 
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These fmdings are ofimportance in the critica! assessment of reports of precipitin 
reactions to ftmgal antigens in sorne investigations in which the presence in 
the sernm at the same time of C-reactive protein and specific precipitins was 
known (Fava Netto, Ferri & Lacaz 1959; Longbottom & Pepys 1964). The 
transitory presence of precipitation reactions, often found to have appeared 
and disappeared early, should also be re-examined for the same reason since 
it is likely that C-substance-like materials may be present in many other fungal 
cxtracts. 

NATURE OF FUNGAL ANTIBODIES 

Attempts have been made to identify the immunoglobulins produced in 
response to fungal antigens and all three classes IgG, IgM and IgA have been 
reported. ·Precipitins and reagins were separated in the serum of a patient with 
pulmonary allergic aspergillosis (Hayward, Augustin & Longbottom 1960) and 
further work showed that the precipitins in aspergilloma patients appeared to be 
IgG, mostly with nmltiple ares occurring in the slow y2 mobility range but in 
some sera one are extending into the faster y1 range (Longbottom 1964). 
Similar results were reported using both immuno-electrophoretic and radio
active tracer techniques (Tran van Ky, Havez, Biguet & Leys 1966; Biguet 
& Tran van K y 1966) although sorne 4/9 sera from aspergilloma patients were 
also shown to contain IgM and I/9 sera IgA antibodies. In the sera of patients 
with coccidioidomycosis the complement fixing antibodies appeared to be IgG 
whereas the precipitins were IgM globulins (Pappagianis, Lindsey, Srnith & 

Saito 1965; Sawaki ct al 1966) and similarly the precipitins in patients with 
candidiasis were also associated with IgM globulins (Taschdjian et al 1964). 

FUNGAL DISEASES 

AsPERGILLosrs 

Fungi of the genus Aspergillus are filamentous, and produce spores which readily 
become airborne. Aspergillus species are ubiquitous and are commonly found in 
soil and decaying vegetable matter. Their ability to grow on many substrates 
under a wide range of environmental conditions and, in particular, those of the 
living body may account, especially in the case of Aspergillus Jumigatus, for their 
capacity to produce disease in man. Whilst there are reports of infection in 
almost every organ in the body (Austwick 1965), the respiratory tract is the 
most important (see Chapter 36). Briefly, A. Jumigatus may act as an allergen, 
mediating Type I reactions in the bronchi and causing asthma; it may mediate 
Types I and III reactions in atopic subjects causing asthma and pulmonary 
cosinophilia; it may grow saprophytically in damaged arcas oflung producing 
the aspergillus mycetoma or aspergilloma; and it may, in patients wirh reticulo
cndothelial disease, invade the tissues of the body. 
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Precipitating antibodies against aspergillus antigens were fmt reported in 
three patients with respiratory disease by Vallery-Radot and Giroud ( 1928) 
using the ring precipitin test. The clinical significance in asthma, pulmonary 
eosinophilia and aspergilloma of the immunological changes induced by A. 
Jumígatus and notably the importance of the precipitins were determined using 
agar gel double diffusion tests (Pepys, Riddell, Citron, Clayton & Short 
1959). 

Detailed study of factors inBuencing growth and production of antigens by 
A. Jumigatus showed that mycelial extracts (cell saps) are a richer source of anti
gens than culture filtrates, although the latter are a very good source of antigens 
(Longbottom 1964; Longbottom & Pepys 1964). Surface culture at 37oC on 
Sabouraud liquid medium gave slightly better yields of antigen than in Czapek
Dox medium, and culture for 3 to 5 weeks was optimal. As with other fungi, 
antigen production varied frorn batch to batch even under constant cultural 
conditions, and similar antigenic variations occurred between different strains. 
Ideally a series of different extracts are needed to obtain the rnaxirnurn nurnber of 
positive reactions. The most effective method for obtaining purer antigens was 
found to be salt precipitation followed by filtration through Sephadex G-25 
to remove inorganic ions. In this way a highly antigenic protein precipitate 
was separated from the other, mainly polysaccharide, components (Longbottom 
1964). 

Two sorts of specif1c antigen-antibody precipitation reactions were observed 
in agar gel, consisting of sharply defined ares regarded as 'R' or rabbit type, due 
to protein or glycoprotein antigens, anda contrasting diffuse broad precipitation 
are of the 'H' or horse type due to polysaccharide-type antigens. Both reactions 
were due to IgG immunoglobulin, the 'R' reactions usually being multiple 
and more important for diagnosis, the 'H' reaction occurring infrequently and 
usually in association with 'R' reactions. The 'H' reaction is obtained with those 
sera which show extensive cross-reactions with extracts of species of other 
fungal genera (Pepys, Riddell & Clayton 1959; Longbottom, Augustin & 
Hayward 1960; Feinberg & Temple 1963). This cross-reactivity was attributed 
to relative structural sirnilarities of the polysaccharide antigens. By comparison 
the 'R' reactions were more species-specific, showing only lirnited cross-reactivity 
within the genus Aspergillus (Longbottom 1964). 

A third, strictly speaking non-immunological precipitation reaction, an 
important possible source of diagnostic error, occurs between substances in thc 
fungal extracts which behave like pneumococcal C-substance and precipitate 
with C-reactive protein (Plate 3.1). This reaction, which has a characteristic 
appearance in the agar-gel tests, can be inhibited by incorporation of citrate 
buffer in the agar. The reaction with C-reactive protein was found to depend 
upon the peptide moiety of a somatic glyco (glucogalactomannan) peptide in 
extracts of A.Jumígatus (Longbottom 1964), and was produced also by a galacto-
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mannan pepride of Trichophyton mmtagrophytes prepared by Barker, Cruick
shank, Morris & Wood (r962), as well as with crude extracts of other Aspergillus 
species and of T. rubrum and Epidermophyton floccosum ( see al so Dermatomycoses). 
The capacity of all these C-substance-like extracts to give Type 1 skin test 
reactions in patients with aspergillus sensitivity was attributed to their peptide 
moiety and has been discussed (see Chapter 36), whereas the polysaccharide 
moiety of these substances was responsible for 'H' type antigen-antibody 
precipitation reactions. 

The demonstration of the precipitating antibodies is of diagnostic value in 
patients with pulmonary disease caused by A. Jumigatus and in the infrequent 
infection with other members of the genus (see Chapter 36). lmmuno-electro
phoretic tests are helpful in grading the intensity of the reactions according to 
the number of ares (Longbottom & Pepys r964). Passive haemagglutination tests 
ha ve not proved useful beca use of the presence in the extracts of spontaneous 
haemolysins, haemagglutinins andfor anti-complementary factors (Longbottom 
I964), though latex agglutination tests may be more satisfactory (Murray, 
unpublished). Determination of antibody titres would be helpful, but is compli
cated by the multiplicity of the antigen-antibody systems involved. 

In agar gel precipitin tests with extracts of A. Jumigatus negative reactions 
were obtained in normal subjects and positive reactions of weak intensity (one 
to four ares) in 9% of patients with uncomplicated asthma and in 63% of 
patients with asthma and pulmonary eosinophilia (Longbottom & Pepys I964). 
In the latter group, concentration of the serum or of the immunoglobulins raised 
the total of positive reactions to 93% (see Chapter 36), whilst negative reactions 
were given by normal sera concentrated in the same way for control purposes. 
Skin tests in these patients gave dual reactions, consisting ofType 1 followed by 
Type III responses (see Chapters 7 and 37). Therefore a very close correlation 
exists between asthma and pulmonary eosinophilia, dual skin reactions and the 
presence of precipitins against A. Jumigatus. Only a small proportion of patients 
in the United Kingdom with asthma and pulmonary eosinophilia fail to give 
these reactions, and in the patients with aspergillus allergy it is unusual for dual 
reactions to be obtained in the absence of precipitins. 

In patients with aspergilloma, precipitins against extracts of A. Jumigatus are 
of high diagnostic value (Longbottom & Pepys r964; Drouhet, el al I963; 
Gernez-Rieux el al r963). Almost all patients with proven aspergilloma have 
given strong precipitation reactions with multiple ares, up' to fifteen on occasion 
(Plate 3 .2). Specific reactions ha ve also been obtained to other Aspergillus species, 
such as A. jlavus, A. niger andA. nidulans, where these have been responsible 
(Longbottom, Pepys & Temple-Clive r964) though cross-reactions have occur
red and in one case a positive reaction to A. Jumigatus was obtained with the 
serum of a patient with an A. nidulans aspergilloma (Helluy et al r963). The 
precipitin test rapidly becomes weaker and even negative in these patients if 
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the aspcrgilloma is removed or if it dies and is expectorated. Also in a patient 
with aspergillosis involving bone, specific precipitins to A. nidula11s have been 
found (Redmond, et al 1965). 

In a report on aspergillus precipitins (Feinberg & Temple 1963) the reactions 
obtained with the sera of asthmatic patients, who were not further classified, 
appeared to be those of the widely cross-reacting H-type, the clinical significance 
of which has not been determined. In another survey (Campbcll & Clayton 
1964) precipitins toA. Jumigatus were reported in 69%, and positive immediate 
(Type I) skin reactions in 99%, of patients with allergic aspergillosis, of whom 
88% had pulmonary infiltrations. The conclusion was drawn that the prccipitins 
were immunologically unimportant, being merely evidence of active or recent 
infection. However, a better understanding of the possible role of the precipitins 
in allergic subjects can be obtained by comparison of their low incidence in 
patients with uncomplicated asthma (a comparison not made by the abovc 
authors) and their high incidencc in patients with asthma and pulmonary 
eosinophilia. 

In infection withA.Jumigatus, usually associated with colonization of damaged 
lung, precipitins are indeed present, but the very strong and highly statistically 
significant correlation between thc appearance of pulmonary infiltrations in 
asthmatic subjects, and the presence together of reagins as well as precipitins, 
and the production of dual skin test reactions indicates that these antibodies are 
of pathogenetic importancc. 

CANDIDIASIS 

Candidiasis is the term commonly applicd to all aspects of infections caused by 
species of Gandida. These occur most frequently in skin, nail and mucous 
surfaccs, but no tissue is immune. On occasion a septicemia may be produced 
and with the introduction of cardiac catheterization and open heart surgery, 
candida endocarditis is now a well recognized entity. The nature of the antibody 
response may depend on the depth and si te of the infection. 

A number of tests ha ve been investigated in the past, generally with disappoint
ing or inconclusive results. However, as a means of classifying and identifying 
Gandida spccies, immunological methods have bccn widely and successfully 
applied. 

The great frequency of positivc skin tests in healthy individuals makes it 
difficult to assess their diagnostic significance, although all types of reaction, 
whether immediate or delayed, ha ve been regarded as specific and due probably 
to the early and repeated contacts of man with this organism (Sclafer & Hewitt 
1960). In a recent report (Holti 1966) the incidence of delayed Type IV hyper
sensitivity reactions in humans without any evidence of clinical infection was 
shown to increase markedly with age, i.e. 14% in an II-20 year age group, to 
83% in the 50 year and over age group. Immediate, Type I, hypersensitivity 
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reactions were much less common, preliminary studies suggesting an incidence 
of IO to 15/';; in the adult population. 

Sorne workers have attempted complement fixation tests (Peck et al 1955; 
Rimbaud et al 1960) but the procedure has not been developed zs a test of practi
ca! value. The same is true ofhaemagglutination (Goldin 1957). 

Agglutinins to C. albicans in human sera were fmt reported in 1937 (Todd) 
and were reviewed by Winncr in 1955, who found that agglutination titres of 
1jr6 or higher were obtained with the sera of 20~~ ofhealthy males, of 26/';; of 
healthy fcmales but only 3 .6/';; of neonates; in a parallel series of patients with 
superficial candidiasis the comparable figures were males 39/';; and females 
40/o. In all groups, individual titres ranged from less than r/r6 to rj128 or 
higher, but it has also been shown that the mean titre is higher in infected than in 
healthy individuals although a low titre did not exclude infection (Comaish, 
Gibson & Green 1963). High agglutination titres have been noted in three cases 
of idiopathic hypoparathyroidism associated with moniliasis (Sjoberg 1966). 

There is sorne evidence that children are born free of antibodies to C. albicans 
(Winner 1955; Brody & Finch 1960), that these develop quite rapidly, presum
ably because of commensal contact, and that their level, as determined by 
an immune-adherence test, is not affected by the presence of lymphomas, 
lcukemias and similar disorders with which an increascd incidence of dissemi
nated monilial infections is associated (Brody & Finch 1960). 

Precipitin tests in man have been made with oidiomycin or culture filtrate 
(metabolic) extracts, cytoplasmic extracts from sonically disrupted cells (Tasch
djian ct al 1964; Taschdjian, Kozinn & Caroline 1964), and crude ccll wall 
polysaccharide extracts prcpared by extraction with phenol (Akiba, Iwata & 
Inouya 1957), /)-naphthol (Elinov & Zaikina 1959), and formamide (Stallybrass 
1964a) anda purified mannan (Chew &Theus 1967; Pepys et al 1967). Precipitin 
reactions, chiefl.y to the polysaccharide antigens, in ring and agar gel tests have 
earned the reputation of being positive only in heavily infected patients with 
cxtensive superficial or deep-seated systemic candidiasis (Akiba et al 1957; 
Elinov & Zaikina 1959; Taschdjian et al 1964; and Stallybrass 1964). Thcse 
fmdings must howevcr be re-examined. 

In double-diffusion tests, with mannan A (Chew & Theus 1967) on uncon
centrated serum, reactions were given by 3% of the normal sera and by ro% of 
heavily infected subjects, whereas tests with conccntrated immunoglobulins 
gave positive reactions in 30/';; of the normals. In very sensttive double-diffusion 
tests of concentrated immunoglobulins (fifteenfold) in capillary (Preer) tubes 
containing a mixture of agar-gel and the mannan A, they obtained positive 
reactions in all the normal sera tested. 

By contrast, Pepys et al (1967) have found in double-diffusion tests, as used by 
Longbottom & Pepys (1964), that reactions to the mannan A were obtaincd in 
about equal numbers of unconcentrated sera and of the remaining sera after 
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threefold concentration, in a total of 18% of healthy subjects, 22% of non
asthmatic patients with respiratory disease, 55% of asthmatics and 72% of 
asthmatics with pulmonary infiltrations, that is with pulmonary eosinophilia 
(see Chapter 36). 

The varying results are probably due to technical differences. Pepys et al 
(1967) found that the mannan A at 10 mg/rnl gave reactions in double-diffusion 
tests with 3 out of 8 sera which had given positive reactions to a concentration 
of r mg/ml. The precipitation are of the mannan A reaction was of the fuzzy 
'H' type which is readily soluble in excess antigen. The sera ofheavily infected 
subjects would be expected to contain more antibodies and therefore be capable 
of giving a visible reaction with high concentrations of antigen. Only little, if 
any, information is given in the other reports on the antigen concentrations 
used for the double-diffusion tests. 

Cross-reactions in one-quarter of the positive reactions to the mannans of 
C. albicans group A were given by the mannans of C. albicans group B (Pepys 
et al 1967), as reported in experimental animals by Hasenclever (1965). C. albicans 
group A has been cultured more frequently in man than group B. Precipitins 
against protein antigens contained in the culture filtrate of C. albicans group A 
were found in about one-third of the sera which had mannan A precipitins as 
well. It was rare for a serum to react to the protein antigen only. 

The double-diffusion test employed by Pepys et al (r967) would appear to 
measure signifrcant levels of precipitating antibody as shown by skin and inhala
tíon tests. Of twenty-two subjects giving positive precipitin reactions, seventeen 
gave Type III, Arthus, reactions to intracutaneous tests with mannan A, com
pared with four out of twenty-eight giving negative reactions. A single intra
cutaneous test of o.or-0.02 m! of mannan A ro mg/ml resulted in all subjects 
tested, whether normal, asthmatic or non-asthmatic, in the appearance after 
severa! days to 3 weeks of precipitin reactíons or of stronger reactions (see 
Chapter 7). In view of the report by Chew & Theus (r967) of precipitins in all 
subjects, this appearance of precipitins must be regarded as a secondary 
response. 

On repetition of the skin test with the mannan A after r week, both stronger 
Type III reactions were produced and the number of reactions increased, for 
example from two up to five out of ten subjects tested. The mannan A is clearly 
an antigen of remarkable potency. Care must be taken in assessing the serological 
and skin test fmdings in previously tested subjects. Inhalation tests with the 
culture filtrate extract provoked, in six out of ten subjects, febrile reactions 
appearing after about 6 hr and accompanied by a leucocytosis and blood 
eosinophilia within 24 hours. In two out of three subjects, an immediate was 
followed by a late asthmatic reaction, and one other subject gave a late reaction 
only. The mannan Agave, in one ofthree subjects, immediate asthma onlyto the 
frrst, and only late asthma to a repeat test. Of the six patients giving reactions, fi ve 
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had precipitins against protein antigens present in the culture filtrate extract. 
There were no precipitins against the protein antigens in the four non-reactors. 

A possible relationship of the precipitins to disease is suggested by the findings 
in patients with asthma and pulmonary eosinophilia which in the U.K. is 
commonly dueto A.jumigatus (see Chapter 36). In eleven selected patients who 
had no precipitins against A. Jumígatus, 9 had C. albicans mannan A precipitins. 
In seventeen with precipitins against both polysaccharide and protein antigens of 
A. Jumigatus, all had mannan A precipitins. No cross-reactions were found be
tween the C. albícans mannan A andA. Jumígatus polysaccharide antigens. In the 
A. Jumigatus polysaccharide the reacting determinant has been found to be 
galactose (Longbottom 1964), which is not present in the mannan A. The pres
ence of precipitins against the polysaccharides ofboth fungi may be evidence of 
infection by both of them, or it may be that sorne subjects are particularly 
sensitive to polysaccharide antigens. In nine who had precipitins only against 
the protein antigens of A. Jumigatus, none had precipitins against the mannan 
A. 

Thus there is evidence that precipitins against C. albicans are common in man, 
that they may participate in tissue-damaging reactions of the Arthus, Type III, 
and that they may be related to allergic pulmonary infiltrations in man. It 
would be surprising if the potency of the mannans and the frequent presence of 
C. albicans in other organs as well as the respiratory tract were not related to 
disease processes in these organs. 

Immunological methods have been extensively used for taxonomic studies 
of the genus Gandida (see Hasenclever 1965). Agglutination inhibition tests have 
shown that there are two groups, A and B, of C. albicans, group A being closely 
related antigenically to C. tropícalis and group B to C. stellatoidea. C. albicans 
group A and C. tropicalis contain one antigen not present in similar extracts of 
the group B yeast-cells (Summers, Grollman& Hasenclever 1964). Close, though 
not identical, antigenic relationships of the two groups ha ve recently been con
finned (Murray & Buckley 1966). The slight discrepancies of these results with 
those obtained in the past may be due to the use of disintegrated yeast cells for 
absorption of sera rather than intact cells which led to comparison of surface 
antigens only. 

Quantitative precipitin and agar gel diffusion tests with cell-wall polysac
charides ha ve confirmed the presence of groups A and B of C. albicans (Hasen
clever & Mitchell 1964a and b; Summers, Grollman 8¡: Hasenclever 1964; 
and Stallybrass 1964a). Antigenic and chemical similarities have been shown 
between the Gandida cell-wall polysaccharides, in particular of the isolated 
mannans, and extracts of species of Saccharomyces, Hansenula, Torulopsis and 
Cryptococcus. Specific thermolabile antigens in the cytoplasm of certain species 
of Gandida have also been reported (Kemp & Solotorovsky 1964; Stallybrass 
1964a, 1965) and the antigenicity of C. albícans has been extensively studied by 
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immuno-electrophoretic methods (Tran van K y, Biguet & Andrieu 1963; 
Biguet et al 1965). 

Fluorescent antibody tests have been applied to the differentiation of the 
Gandida species (Gordon 1958a and b) and also to demonstrate that cell-wall 
material becomes incorporated into the walls of daughter cells and hyphae 
(Goos & Summers 1964). Using an indirect fl.uorescent antibody technique, the 
sandwich method ofVogel & Padula (1958), patients suffering from candidiasis 
were shown to have titres greater than 1/16 whereas carriers had titres up to 
1/16 and controls up to 1/8 (Lehner 1966). Investigation of saliva by the same 
method produced parallel results, a titre of r: 1 or above being indica ti ve of 
clinical disease (Lehner 1965). 

There do not appear to be marked differences in the pathogenicity of the 
groups A and B of C. albicans, although there are differences between individual 
strains of the organisms concerned (Hasenclever 1961, Isenberg et al 1963). 
The majority (68-75%) of human isolates belong to group A (Hascnclevcr & 
Mitchell 1963a; Stallybrass 1964b). 

Immunization of experimental animals against C. albicans has not met with 
much success (Winner 1956), though some degrec of protection has been ob
served in mice (Mourad & Friedman 1961; Hasenclever & Mitchell 1963 b). 
Whilst there is general agreement that the human antibodies are no measure of 
resistance, it has been found that normal human serum inhibits the growth of 
C. albicans in vitro (Roth & Goldstein 1961). 

CRYPTOCOCCOSIS 

The causal organism of cryptococcosis, Cryptococcus neoformans, is quite widely 
distributed in nature but overt disease itselfis relatively infrequent. It may attack 
skin, subcutaneous tissues, lung or brain, though it is best known for its effect 
on the latter. C. neoformans is an imperfect yeast with no tendency to form 
hyphae or pseudohyphae and most strains, at least in vivo, possess a thick poly
saccharide capsule (Einbinder, Benham & Nelson 1954) which, according to 
sorne, has the power of inhibiting phagocytosis (Drouhet & Segretain 1950). 
The organism has been divided into a number of serotypes, gcnerally three or 
four, by means of agglutination and precipitation reactions (Evans 1949, 1950). 
The capsular polysaccharides have been studied as antigens (Evans & Kessel 
1951; Evans & Theriault 1953) and cross-reactivity demonstrated between them 
and the polysaccharides of Gandida albicans, Saccharolnyces cerevisiae, tricho
phytin and gum tragacanth (Evans, Sorenson & Walls 1953) and also between 
C. neoformans Type A capsular polysaccharide and polysaccharidcs of Typc II 
and XIV pneumococci (Rebers et al 1958). Most workers have experienced 
difficulties in producing good antisera to Cryptococcus species and it has been 
reported that the weakly encapsulated strains do best in this respect (Neill, 
Abrams & Kapros 1950) but opinions differ (Seeliger 1960). Slide agglutination 
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methods have been recommendcd for rapid identiftcation of species of this 
genus (Tsuchiya, Kawakita & Udagawa 1963). 

Serological diagnosis of cryptococcosis has not, as yet, been developed to 
the leve! of routine reliability. Whilst the classical methods of agglutination, 
precipitation and complement fixation have failed, severa! other serological 
tests, with sorne degree of success, have now been reported. 

The presence of cryptococcal antigens in the spinal fluid, blood and urine of a 
patient with cryptococcal meningitis has been demonstrated by both precipitin 
and complement fixation tests using C. neoformans antisera. Absorption of the 
antiserum with purified capsular polysaccharide inhibited the reaction (Neill, 
Sugg & McCauley 1951). Similar results in two further patients with meningitis 
have been reported (Anderson & Beech 1958). More recently a slide test with 
antibody-coated latex particles was employed to detect antigens in the serum or 
spinal fluid (Bloomfield, Gordon & Elmendorf1963; Gordon & Vedder 1966). 
Antigens were found, sometimes in high titre in initial specimens of cerebro
spinal fluid from proven cases and the method appeared to have adequate 
specificity and prognostic as well as diagnostic value. Latex particle agglutina
tion with antigen sensitized particles has also been used successfully to detect 
C. neoformans antibodies (Gordon & Vedder 1966). Similarly, significant titres 
of serum antibodies ha ve been reported in a passive haemagglutination method 
with human type O red blood cells coated with crude C. neoformans A capsular 
polysaccharide (Pollock & Ward 1962). 

Both direct and indirect fluorescent antibody techniques have been applied 
to the study of cryptococcal infections. The direct test (Marshall et al 1961) is 
useful to identify C. neoformans cells irrespective Of their degree of encapsulation, 
and also to detect the presence of cryptococcal polysaccharide lining the 
bronchial epithelium, in alveolar exuda te and within macrophages participating 
in the granulomatous reaction (Kase& Marshall 1960). However, cross-reactions 
with severa! Candída species have recently been reported (Kaufman & Blumer 
1965). 

In the indirect method of fluorescent-antibody staining, heat-kil!ed C. 
neoformans cells are fixed on a slide and covered with heat-inactivated patient's 
serum. After incubation the slide is washed and the preparation is covered with a 
fluorescein labelled anti-human globulin (Coombs reagent) serum to detect the 
fixed serum antibodies. By this method cryptococcal antibodies were demon
strated in seven out of eight proven cases, but sorne false pdsitive reactions were 
obtained with sera containing agglutinins to C. albícans (Vogel & Padula 1958; 
Vogel, Sellers & Woodward 1961). Positive reactions to this test have been 
reported in 18/23 patients with proven disease, and negative results with six 
control sera (Kaufman 1966). 

Delayed skin reactions ha ve been elicited in guinea-pigs sensitized with minute 
amounts of purified protein from C. neoformans (Salvin & Smith 1961). Most 
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patients who have recovered from the disease give delayed reactions to extracts 
of C. neoformans, but reactions are obtained in other subjects as well, and the 
value of the test has not yet been determined (Bennett, Hasenclever & Baum 
1965). 

Most mammals seem to have a fairly high degree of innate resistance to 
cryptococcosis and the relatively high incidence of this disease in people with 
disorders of the reticulo-endothelial system suggests a humoral explanation. 
It has been observed that titres of properdin drop very rapidly in experimentally 
infected mice (Gadebusch 1961), and that an increased resistance has been con
ferred on mice by injection with formalin killed cells (Abrahams & Gilleran 
1960). 

Co CCIDIOID OMYCO SIS 

The causal organism of coccidioidomycosis, Coccidioides immitis, is a dimophic 
fungus of somewhat uncertain affinities but probably belonging to the Phyco
mycetes. It adopts a f1lamentous form in soil where it divides into numerous 
small arthrospores which, when inhaled, produce the disease. In mammalian 
tissue the fungus grows into a thick-walled spherule, rather like a sporangium, 
containing numerous endospores. The clinical manifestations of coccidio
idomycosis are variable, and laboratory confirmation can often be given by 
cultural and microscopic means, though immunological tests play a vital part 
in diagnosis, prognosis and epidemiology. 

The three most valuable tests are the skin test, the complement f1xation test 
and the precipitin test. Coccidioidin, which is obtained from a pool of culture 
filtra tes of 10 strains of C. immitis grown under carefully standardized conditions, 
is the antigen most frequently used in all these tests (Smith et al 1948), though 
other extracts have been successfully tested (Huppert & Bailey 1965a and b). 
After the appearance of symptoms due to C. immítís the fmt test to become 
positive is the skin test (Type IV), generally within 2 to 20 days (So% within a 
week), followed by the precipitin test (so% in the fmt week and up to 90/;; 
by the third week). The skin test normally remains positive indefmitely, but 
the precipitin test becomes negative sorne 12 to 16 weeks after infection. A 
positive complement fixation test may appear during the first 3 months, but as 
it is a measure of the severity of infection it may remain negative throughout the 
di sea se. 

Apart from its value in epidemiology, the co:.:cidioidin skin test, a typical 
delayed hypersensitivity response, is of great diagnostic value, and it becomes 
positive sooner than the other tests. Positive serological tests were not obtained 
in patients with primary coccidioidomycosis or with impending dissemination 
in the absence of a positive skin test (Smith et al 1950; Smith, Saito & Simons 
1956). The limitations of the test are that it remains positive indefmitely after an 
attack of the disease, overt or subclinical, and may become negative in the 
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disseminated disease. Coccidioidin skin testing does not seem to elicit humoral 
antibodies, though positive skin test sensitivity may be induced thereby 
(Walraff, Snow & Wilson 1965) anda correlation has been found between the 
N content of the coccidioidin and its skin reactivity (Walraff & Wilson 1965). 

Results with complement fixation tests have been rather variable, varying 
from 56% positive (Smith et al 1950; Smith et al 1956) to roo% (Walraff et al 
1965) in proven cases. On the whole the best results ensue from micro- or semi
micro-tcchniques with careful attention to end-points and complement dose. 
High complement fixing titres seem to indicate disseminated disease, but the 
significance oflow titres is not clear. Most workers have emphasized that titres 
as low as r/2 or I/4 can be significant (Smith et al 1950, 1956), but such titres have 
occasionally been obtained in patients known not to have coccidioidomycosis 
(Schubert & Hampson 1962; Huppert & Bailey 1963). A low titre of this order 
can only be regarded as presumptive evidence of coccidioidomycosis, and 
confirmation is needed from clinical and mycological studies. Negative sero
logical tests do not exclude the disease. 

Since precipitin tests are considered best for detecting primary coccidioido
mycosis at a relatively early stage, and complement fixation tests for detecting 
disseminated disease, a combination ofboth tests is better than either alone. In a 
study of 3219 patients with uncomplicated primary coccidioidomycosis, 56% 
gave positive complement fixation tests and 78% positive precipitin tests, but 
no fewer than 90% were positive by one test or the other (Smith et al 1950). 
Cross-reactions occur with histoplasmosis and blastomycosis, but seldom 
present any problem (Campbell & Binkley 1953). 

lmmunodiffusion tests have now been described which correlate well both 
with complement fixation tests when a concentrated (tenfold) culture filtrate 
antigen is used, and with tube precipitin tests when a toluene lysate antigen is 
uscd (Huppert & Bailey, 1963, 1965a and b). Since these diffusion tests give 
results quickly and are easily performed in any laboratory, they are potentially 
very valuable and may help to overcome technical laboratory discrepancies 
which were reported with the other tests (Srnith et al 1957). 

Recent findings indicate that a fluorescent antibody inhibition test can also 
be used for the rapid detection of antibodies to C. immitis. In these tests use 
was made of a conjugate specific for the tissue form of C. immítís prepared from 
the serum of rabbits either infected by the fungus or immunized with killed 
arthrospores (Ka plan & Clifford 1964). The procedure involved the comparison 
of intensity of staining of endospores of C. immítis formed in vivo in mice, by 
covering heat-fixed smears of infected mouse lung tissue with a mixture of 
conjugate and patient's serum, and assessing thc intensity of resulting fluores
cence. Results very closely paralleled those of complement fixation tests and, 
although in a much more limited number of sera, tube precipitin tests (Ka plan 
et al 1966). 
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Coccidioidomycosis is the only fungal disease in which real progress towards a 
practical vaccine has been made. Earlier experiments with killed arthrospore 
suspensions as vaccines were not particularly successful (Converse et al 1962), 
but la ter developments using suspensions ofkilled spherule walls and endospores 
ha ve conferred a high level of immunity in mice and monkeys (Levine, Miller & 

Smith 1962; Levine, Kong & Smith 1965; Levine & Kong 1965). The use of a 
viable vaccine is also being investigated (Converse 1965). 

The antigens and antigenic production of C. ímmitis ha ve also been extensively 
studied (Rowe, Newcomer & Wright 1963; Rowe, Newcomer & Landau 1963; 
Rowe et al 1965; Pappagianis et al 1961). 

H1STOPLASMosrs 

Two forms of histoplasmosis exist-one caused by the small celled Histoplasma 
capsulatum and the other by the large celled Hístoplasma duboisíi. It is very 
doubtful whether Hístoplasma Jarcíminosum of Equidae belongs to this genus at 
all. Small cell histoplasmosis is widely distributed in the Americas, Africa and 
Asia, whereas the large cell variety has not so far been recorded outside Africa. 

Both H. capsulatum and H. duboisii are dimorphic fungi, filamentous in the 
vegetative state and yeast-like in the parasitic phase in mammalian tissues. The 
two fungi are virtually identical in both phases in vitro and frequently also in 
experimental animal infections. In man, however, the yeast phasc of H. cap
sulatum is of the order of 1-411 whereas that of H. duboisii is 1ü-15f1· The principal 
reasons for regarding them as different species are that the diseases produced are 
different, that thc parasites in man differ greatly in size and that there are certain 
subtle serological differences between them. Very little is known about the 
serology of H. duboisii infections in man but H. capsulatum has been extensively 
studied for many years. 

Very many tests have been recommended for the diagnosis ofhistoplasmosis, 
e.g. skin tests, complement fixation tests, precipitin tests, latex and other aggluti
nation tests, agglutination tests of particles of the causal organism and f!uorescent 
antibody tests. Reviews of sorne of these tests have recently been published 
(Schubert & Wiggins 1963; Mays, Hawkins & Kuhn 1964). The only tests that 
are in regular diagnostic use at prescnt are skin tests, precipitin tests and comple
ment frxation tests, though a latex agglutination test probably deserves a place 
in routine laboratory practice. 

In small cell histoplasmosis, antibodies make their appearance in the order and 
at about the times already quoted for coccidioidomycosis. Also, the skin test 
again remains positive indefmitely, the precipitin test is relatively short lived and 
the titre of complement fixing antibodies is approximately proportional to the 
degree of infection. The latter may never become positive or may become 
transiently positive or may persist for many months. 

Histoplasmin is used for skin testing, giving typical delaycd hypersensitivity 
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reactions of the tuberculin type. A positive response indica tes that thc patient has 
or has had histoplasmosis and a negative response can mean that there is no 
infection, that the infection is very reccnt, or that the patient is in a state of 
anergy. The histoplasmin skin test suffers from the same limitations as coc
cidioidin skin testing, and in addition the test itself is capable of provoking the 
appearance of circulating antibodies (McDearman & Y oung 1960; Ni cholas et al 
1961; Campbell & Hill 1964). The foregoing remarks on skin tests apply only to 
small cell histoplasmosis as the information available on H. duboisii infections is 
very scant. One of the authors' (I.G.M.) impression with regard to the latter is 
that histoplasmin skin tests are generally negative and that this disease behaves 
more like B. dermatitidis infections than H. capsulatum infections. 

Complement fixation tests may be carried out with histoplasmin or suspen
sions of the yeast phase cells as antigen, the two tests being complementary to 
one another, since sera from culturally confirmed cases of histoplasmosis may 
react with only one of these antigens (Hill & Campbell 1956; Campbell 1960). 
Complement fixation tests are a highly reliable guide and ti tres of 1/8 or greater 
are commonly regarded as presumptive evidence of histoplasmosis, with the 
proviso that histoplasmin skin tests themselves may provoke titres as high as, or 
greater than, this and these may persist for many months. Positive tests with 
titres ranging from 1/8 to 1/32 have also been reported in cases of tuberculosis 
(Mays, Hawkins & Kuhn 1964) but these were usually transient. In one of the 
authors' (I.G.M.) experience the histoplasmin complement fixation test is 
positive in at least sorne cases of large cell histoplasmosis. 

The latex agglutination test is, relatively speaking, a newcomer (Saslaw & 
Carlisle 1958) and successor to the collodion agglutination test, but its simplicity 
is attractive anda commercial antigen suspension, rcasonably specific and stable, 
is available (Hill & Campbell 1962). It appears to have the same order of sen
sitivity as the precipitin test, a titrc of 1/32 or greater being considered very 
significant with very few false positives, and it sometimes succeeds where other 
tests fail, being particularly useful with anticomplementary sera. The antibodies 
mediating this test do not seem to persist for as long as those responsible for 
complement fixation, but frequently appear earlier (Bennett 1966). 

Heiner (1958) described the use of precipitin tests in agar gel with concentrated 
histoplasmin and pointed out that both specific and non-specific precipitates 
occur, the so-called H and M bands. Both were found in the sera of patients 
with active histoplasmosis, although the latter was also observed to develop in 
sensitive patients, without active or current disease, as a result of histoplasmin 
skin testing. Nevertheless the M band is regarded as the most significant, 
since the sera of patients with proven histoplasmosis may contain only this band 
(Wiggins & Schubert 1965). In the absence of a recent skin test, the M band may, 
therefore, be an early indication of disease, appearing before the H band and 
disappearing more slowly (Kaufman 1966). Heincr also described a C band 
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which was not specific for H. capsulatum but cross-reacted with other fungi. The 
pattem of precipitating antibodies is, however, even more complex as up to 
eight bands were found to occur with human sera using an acetone-precipitated 
fraction of mycelial broth (Klite 1965), and histoplasmosis was present in subjects 
whose sera gave minimally positive or even negative tests, but here too the 
M band occurred more frequently. The H and M components which have been 
separated on DEAE-cellulose (Green, De Lalla & Tompkins 1960) are also present 
in the broth from yeast-phase cultures, but these were shown to contain an 
additional antigen for sorne patients (Tompkins 1965). Nothing is known ofthe 
pattem of precipitating antibodies in large cell histoplasmosis. 

Immunofluorescence tests have proved useful in severa! ways. Antigenic 
relationships have been revealed between both phases of H. capsulatum and B. 
dermatitidís (Kaufman & Kaplan 1963) and also between the mycelial phase 
of H. capsulatum and severa! morphologically similar species of Sepedonium and 
Chrysosporíum (Kaufman & Brandt 1964). By various absorptions of fluorescein
labelled rabbit anti-H. capsulatum globulins, e.g. twice with B. dermatitidis or 
twice with C. ímmítís antigens, a conjugate specific for yeast phase H. capsulatum 
could be prepared (Kaufman & Kaplan 1961). These reagents have been used to 
identify H. capsulatum in the sputum, with an 88% correlation with cultural 
methods, as well as in sorne specimens culturally negative although from patients 
with proven histoplasmosis (Lynch & Plexico 1962). Other similar reports 
(Carski, Cozad & Larsh 1962) also indica te the existence of sorne cross-reactions, 
e.g. with C. albicans which may be eliminated by absorption techniques. 

Fluorescent antibody inhibition tests in which the reaction of specific labelled 
fungal antisera with the fungal antigens is blocked by the reaction of specific 
antibodies in the test serum, have proved to be simple and effective for the rapid 
detection of yeast-phase antibody and in the differentiation from other sero
logically related mycotic infections. The method consists of adding the con
jugated antiserum together with the patients serum to heat-fixed smears of 
formalin-killed, 7-day-old yeast-phase cultures of H. capsulatum. Positive 
fluorescence inhibition reactions were given with 26/30 sera containing CF
antibodies to the yeast phase and with 2/II sera containing CF-antibodies against 
histoplasmin only, whereas 16/30 of the former and 9/II of the latter sera gave 
positive reactions with histoplasmin in agar gel tests. Although the complement 
fixation test was best for showing antibodies against both histoplasmin and 
yeast-phase antigens, of the sera giving complement fixation titres of 1/8 or 
more, 87% gave positive fluorescence tests and 53% positive agar gel tests 
(Kaufman, Schubert & Kaplan 1962). Similar comparative results have been 
reported (Shipe, Williams & Vann 1963 ). These tests were especially valuable for 
detecting antibodies in anticomplementary sera from patients with histoplas
mosis, giving a 97% agreement in patients whose subsequent sera gave comple
ment fixation reactions (Kaufman, Brand & McLaughlin 1965). 
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Fluorcscent antibody methods have been employed to differentiate between 
H. capsulatum and H. duboisií. An absorbed conjugate of antiserum to the yeast 
phase of H. capsulatum gave specific homologous reactions and did not react 
with the yeast phase of H. duboisii (Pine, Kaufman & Boone 1964}. 

Attempts to produce immunity to histoplasmosis have been limited and not 
very successful. An attack of the disease is known to confer a very high degree 
of resistance but to date no stable avirulent strains have been produced and the 
killed products do not form satisfactory vaccines. A small measure of success 
has been reported in experiments with mice (Knight, Hill & Marcus 1959; Hill 
& Marcus 1959). 

NüRTH AMERICAN BLASTOMYCOSIS 

The causal organism ofNorth American blastomycosis or Gilchrist's disease is a 
dimorphic fungus, first recorded in the Americas but now known also to occur 
in tropical Africa, known as Blastomyces dermatitidis. The mycelial phase is seen 
on laboratory media at lowcr temperatures (ca. 26°C) as a filamentous fungus 
reproducing by conidia; no perfect state is known. The yeast phase occurs on 
certain laboratory media at higher temperatures, e.g. blood agar at 35-37°C, 
and in mammalian tissues. From these two phases four basic antigens have been 
used, viz. culture filtra tes of a broth supporting the mycelial phase (blastomycin), 
cxtracts of mycelium, suspensions of yeast-phase cells and extracts of yeast-phase 
cells. 

As well as antigenic differences occurring, as might be expected, between 
mycelial and yeast-phase antigens of B. dermatitidis, there are many reports of 
antigenic cross-reactivity between antigens of both phases and corresponding 
antigens of other somewhat similar fungi, in particular Histoplasma capsulatum 
and Coccidioides immitis. Fluorescent antibody techniques have demonstrated 
antigenic overlap with H. capsulatum (Kaufman & Kaplan 1963), C. immitis 
(Kaplan & Clifford 1964), and Paracoccídíoídes brasilíensis (Silva & Kaplan 1965). 
However, by various absorption procedures of fluorescein-labelled rabbit 
globulins against B. dermatitidis which initially stained both yeast and mycelial 
phases of the homologous and other heterologous fungi, a conjuga te was o btained 
specific for the yeast phase of B. dermatítidis in cultures and clinical material 
(Ka plan & Kaufman 1963). 

Although such experimental studies ofB. dermatitidis have been useful, from a 
diagnostic point of view serological results have proved rather disappointing, 
due both to the relatively large percentage of negative reactions in the tests 
attempted and to the incidence of cross-reactions with the sera of patients with 
histoplasmosis and coccidioidomycosis. 

Skin tests with blastomycin as antigen have frequently been associated with 
histoplasmin reactivity. However, in patients known to have blastomycosis 
these have been regarded as useless (Balows 1963) although positive reactions 
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have been reported in some 41% of cases (Veterans Administration co-operative 
study, Busey 1964). On the other hand skin tests in similar patients using a heat
killed yeast-phase vaccine were regarded as more satisfactory, giving positive 
reactions in 84% of active cases (Balows 1963) and in 3 5-3 8% of those who had 
recovered (Kaufman 1966). 

The complement fixation test is in a similarly unsatisfactory state, typical 
results consistent with confirmed diagnosis being obtained in 46% of tests with 
blastomycin (Busey 1964) and 38% with yeast-phase antigens (Kaufman 1966). 
In eighty-six patients, only some zo% had both skin and complement fixation 
tests positive and in 36% both tests failed to elicit an immunological reaction. 
Apparently better results have been obtained (Martín 1953) using an antigen 
from sonically disrupted, washed yeast-phase cells of B. dermatitidis in that 71% 
of the sera from affected patients gave positive complement fixation tests but 
73% of the sera also fixed complement in the presence of sonically treated yeast
phase cells of H. capsulatum. Furthermore, false positive complement fixation 
tests occurred with sera from patients with histoplasmosis, coccidioidomycosis, 
phycomycosis, tuberculosis, sarcoidosis and malignant diseases (Kaufman 1966). 

In agar gel diffusion tests, using concentrated soluble antigens derived from 
mycelial growth, precipitins were present in the sera of fourteen out of twenty
two patients with blastomycosis. Although cross-reactions occurred with sera 
of patients with coccidioidomycosis and histoplasmosis these heterologous 
reactions could easily be distinguished from the specific reaction (Abernathy & 
Heiner 1961). The precipitin test is regarded as more specific though probably 
less sensitive than the complement fixation test and therefore both tests are 
recommended when blastomycosis is suspected. 

p ARACOCCIDIOIDOMYCOSIS OR 

SüUTH AMERICAN BLASTOMYCOSIS 

The causal organism Paracoccidioides brasiliensis (Blastomyces brasílíensis) is a 
dimorphic fungus displaying a filamentous morphology under most conditions 
but a yeast-like morphology in mammalian tissue and under certain cultural 
conditions. Thc disease is chronic and commonly manifests itself as a granulo
matous condition of skin, mucous membranes, lymph nodes and interna! 
organs. Clinical relapses are relatively frequent. 

Immunological investigations in this disease, mainly reported by a group of 
workers in Brazil, indicate that skin tests in general have proved unsatisfactory 
but that precipitin and complement fixation tests are more valuable for diagnosis 
(Fava Netto 1965). 

Skin tests with a wide variety of culture filtrate and cellular antigens have 
produced discordant results. However, a polysaccharide antigen (Fava Netto 
1955), gave positive results in 87% of patients with conf!rmed disease, but there 
was also a high positivity rate among relatives of the patients (Fava Netto & 
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Raphael 1961). These tests, in the patients with disease, resulted in a subacute 
inflammation lasting for 7 days, with granuloma formation after 10-15 days. 
In biopsy specimens small granulomas of foreign body type were seen beneath 
the epithelium and considered to be formed in response to a primary collagen 
alteration. Fibrinoid damage of collagen was also seen at 4 days. In the control 
group of uninfected subjects the initial inflammation was less marked, and 
decreased after 48 hours without granuloma formation (De Brito et al 1961). 
Although positive tests may be expected in clinically well people living in 
endemic areas, the test is valuable for a rapid differentiation between this 
disease, cutaneous leishmaniasis and sporotrichosis. 

The complement ftxation test has been practised with varying results for 
many years (Moses 1916; Fava Netto 1955; Lacaz et al 1959). Most workers 
report that the highest titres occur in disseminated disease and low or negative 
results in localized disease (Fava Netto 1965). Using a combination of precipitin 
and complement ftxation tests, antibodies were demonstrated iri 98.4% of 
patients, the precipitins being the first to appear and to disappear, whereas the 
complement ftxing antibodies persisted for a longer time although with de
creased titres in cured patients (Fava Netto 1961). The polysaccharide antigen 
was used satisfactorily for both these tests (Fava Netto 1961), but it did not 
diffuse well in agar (Lacaz et al 1959). In a study of ftve different antigenic 
preparations of P. brasiliensis, specific complement-fixing antibodies were 
demonstrated in the sera of patients with confirmed disease with all five antigens 
and in a comparative assay with a soluble antigen from yeast phase of H. 
capsulatum, using the sera of fifteen patients suffering from South American 
blastomycosis and two patients with histoplasmosis, cross-reactions were 
observed but higher titres were always recorded with homogolous antigens 
(Maekelt 1960). 

Only recently described, and likely to prove the most useful test, is an agar gel 
precipitin test using a (tenfold) concentrated culture filtra te of the yeast phase of 
growth as antigen (Restrepo 1966). This test was positive in 89%, i.e. sixteen out 
of eigh te en pa ti en ts wi th active disease, and nega ti ve in three pa ti en ts clinicall y re
covered and also negative in cases of North American blastomycosis, histoplas
mosis, coccidioidomycosis, sporotrichosis, tuberculosis and healthy individuals. 

In fluorescent antibody studies it has been shown that P. brasilíensis cross
reacts with B. dermatitidis, H. capsulatum, C. immitis, S. schenckii and H. duboísii. 
By multiple absorptions a reagent specific for yeast phase ·of P. brasiliensis was 
produced and used to demonstrate the fungus in the sputum of three cases of 
pulmonary South American blastomycosis (Silva & Kaplan 1965). 

SPOROTRICHOSIS 

Sporotrichosis is a comparatively rare chronic infection caused by Sporotrichum 
(Sporothrix) schenckii which is a dimorphic fungus, filamentous in the vegetative 



94 CLINICAL ASPECTS OF IMMUNOLOGY 

state and yeast-like in mammalian tissues and under certain conditions of 
culture. Most commonly the dise.1se presents as a lymphangitis and lympha
denitis with a tendency to cutaneous ulceration. This disease, though chronic, is 
not usually progressive. More rarely dissemination may occur, sometimes to 
lung, sometimes to other tissues. 

Most of the usual tests have been employed by one worker or anothcr 
(Norden 1951), but the skin test is the one regarded as being of diagnostic value, 
although it does not necessarily indicate actual disease or the severity of the 
disease. Generally speaking, the serological tests are only positive in disseminated 
cases and in these rare cases complement fixation and agglutination tests may 
be of the greatest value (Post et al 1958; Scott, Peasley & Crymes 1961). In one 
patient with pulmonary sporotrichosis positive complement fixation tests were 
obtained with histoplasmin and blastomycin but with much lower ti tres than to 
the homologous antigen (Post et al 1958). 

In the much commoner lymphatic variety the skin test is the most useful and 
this has been extensively reported on from Brazil (Pereira et al 1962; Silva et al 
1963; Wernsdorfer et al 1963). These papers indicate that a positive sporo
trichin skin test is almost invariably a sign of infection with S. schenckíi, either 
past or present, possibly unrecognized since positive reactions were obtained 
in 6-24/,; of subjects in endemic areas compared with o% (o/55) in a non
endemic area. Similar reports have appeared from America suggesting that 
positives may be expected in 11-30/,; ofhealthy individuals (Schneidau, Lamar 
& Hairston 1964) the higher percentage being obtained in groups of nursery 
gardeners more likely to be exposed to the organism. Skin tests with poly
saccharides, rather than a concentrated culture filtrate extract, may be more 
specific since there was a low incidence of positive reactions (Gonzales-Ochoa & 

Soto-Figueroa 194 7). N evertheless, the test is useful in the differential diagnosis 
of cutaneous leichmaniasis. 

In an attempt to find a reliable diagnostic serological test a variety of antigen 
preparations was compared in precipitin complement fixation and agglutination 
tests with sera from eleven patients with sporotrichosis (Norden 1951). The 
most specific antigens were prepared from yeast-phase cells either by auto
claving or by grinding acetone treated cells, and of the tests the precipitin test 
appeared most useful. 

Direct fluorescent antibody methods have proved to be of value in detecting 
S. schenckii cells in lesion exudates of patients suspected of sporotrichosis, e.g. 
in twenty-four out of twenty-seven patients (89/,;) for whom positive cultures 
were obtained, and in one patient culturally negative but skin test positive 
(Kaplan & Gonzales-Ochoa 1963). Furthermore, homologous S. schenckii 
fluorescein labelled antisera stained both yeast and mycelial phase cultures of 
eight different strains and showed no cross-reactivity with heterologous species 
(Kunz 1959; Kaplan & Ivens 1960) and even the detritus of disintegrated or 
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phagocytized elements of the fungus gave speciftc staining. This technique is 
thcrefore recommended as a rapid and useful procedure. 

The homogenicity of the S. schenckii species has also been studied by agglutina
tion (Lurie 1948) and agar gel methods (Kaden 1957) conftrming the antigenic 
similarity between pigmented and unpigmented strains. However, serological 
cross-reactions have been demonstrated between the speciftc capsular poly
saccharide of S. schenckii and similar antigens from a number of strains of 
pneumococci (Neill, Castillo & Pinkes 1955). 

CHROMOMYCOSIS AND CLADOSPORIOSIS 

A range of fungi relegated to genera such as Phialophora, Fonsecaea and Clado
sporium have been identifted as causes of chromomycosis. The nomendature of 
these organisms is at present in a state of confusion; they all belong to the Demati
aceae and are differentiated by variations in spore formation, but whatever the 
true nature of the causal organism the tissue appearances are identical. The 
classical histological appearance is of a small cluster of ovoid, brown bodies in a 
zone of tissue reaction. The clinical picture is usually fairly striking, but con
fusion can arise with cutaneous leishmaniasis and sporotrichosis. The diagnosis 
is normally conftrmed by culturing the organism and microscopically demon
strating it in tissue. 

The earliest reports on the serological investigations of chromomycosis were 
those of failures. Montpellier & Catanei (1927) were unsuccessful in attempts to 
agglutinate the spores of Phialophora (Hormodendron) pedrosoi with the sera from 
thcir patients, and complement ftxation reactions using suspensions of ground 
mycelium (Meriin 1930, 1932) were regarded as non-speciftc owing toa variety 
of cross-reactions. Precipitin tests (Costello, De Feo & Littman 1959) with 
saline extracts as antigens have also failed. However, successful speciftc comple
ment ftxation tests were demonstrated (Baliña et al 193 2; Martín, Baker & 

Conant 1936) and the titres were found to diminish with clinical improve
mcnt. 

More recently, in a group of thirteen patients known to be infected with 
J>hialophora pedrosoi, twelve were found to have precipitins to extracts prepared 
by ultrasonic destruction of the cells; eight of the twelve also reacted with 
antigens of P. compacta and two with those of P. verrucosa (Buckley & Murray 
1 966). The cross-reactions are in keeping with the presumed relationships 
bctween these three fungi. The sera of the same thirteen patients contained no 
detectable antibodies toa wide range of other fungi including eight Cladosporium 
spccies and two other Phialophora species. 

Attempts to classify the organisms that cause chromomycosis and related fungi 
havc bcen made with precipitation and agglutination tests (Seeliger, Lacaz & 
Ulson 1959) and with fluorescent antibody tests (Al-Doory & Gordon 1963; 
(;ordon & Al-Doory 1965), but there is as yet no general agreement onnomen-
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clature, though the work to date has shown that the serological tests are useful 
tools. 

Cerebral cladosporiosis is a rather rare disease usually attributed to Clado
sporium trichoides, a fungus unquestionably related to, but distinct from, sorne of 
those that cause chromomycosis. Nothing is known of the patients' serological 
responses. 

MYCETOMA 

A mycetoma is a granulomatous lesion of fungal or aerobic actinomycctc 
origin, on the skin overlying which may be scattered healed and discharging 
sinuses. It is customary to subdivide mycetomata into two groups based on the 
nature of the causal organism: 

(a) Maduromycetoma caused by severa! true fungi, e.g. species of Madurella and 
Allescheria. 
(b) Actinomycetoma caused by severa! aerobic actinomycetes, e.g. Nocardía and 
Streptomyces species. 

Thus, in this section, a disease caused by a variety of fungi and actinomycetes 
will be discussed, rather than diseases produced by specific fungi, as in the other 
sections. 

A fully developed mycetoma can be diagnosed by its appearances, but early 
closed lesions present difficulties. Since for most of them the only effective 
treatment is surgery, the sooner the diagnosis is established the better the result 
and the less the chance of recurrence. This can be achieved early by cultural 
and histopathological means but such procedures require a biopsy. The serology 
of mycetoma is in an experimental stage, but a number of promising results 
have been reported. 

Specific agglutinins, precipitins and complement-fixing antibodies, together 
with skin sensitivity to Alleschería boydíi (Monosporium apiospermum) have been 
reported in a single patient (Seeliger 1956). No overlapping was found with other 
causes of maduromycosis although in complement fixation tests, cross-reactions 
occurred with antigens from the genus Tríchophyton. More recently specific 
precipitins ha ve been demonstrated in a similar case (Baxter, Murray & Taylor 
1966). Using agar gel diffusion methods specific precipitating antibodies were 
demonstrated in fourteen sera from patients with actinomycetoma caused by 
Streptomyces somaliensis, S. madurae and S. pelletíerií and nine with maduromyce
toma due to Madurella mycetomí. Although there was a tendency for the sera 
of the former to react with one or more of the Streptomyces antigens, there was 
no cross-reactivity between the two groups (Mahgoub 1964) andas yet it is not 
known at what stage in the disease the precipitins develop. Skin tests with 
appropriate antigens proved of sorne value in patients with actinomycetoma 
but those with maduromycetoma f:1iled to react (Murray & Moghraby 1964). 

It has been claimed (Zamora, Bojalil & Bastarrachea 1963) that two types of 



PLATE 3.1. Double diffusion tests with serum from patient with allergic aspergillo
sis (No. r) and serum from patient with lung carcinoma (No. 2). 

Antigens: (r) T. mrntagrophytes galactomannan peptide (2) E. _floccosum, (3) A. 
fumigatus, (4) A.fumigatus glycopeptide, (5) T. rubrum, (6) A.fumigatus. 

Note: Serum r, speciftc precipitation reactions to A.fumigatus and, curving round 
the central serum well, a C-substance[C-reactive protein reaction (marked by 
arrow). 

Sentm 2, the C-substance[C-reactive protein reaction only. (The arrows point 
to the C-protein line.) 

Taken from LONGBOTTOM, JoAN L. & PEPYS J. (r964).]. Path. Bact. 88, 141. 

PLATE 3.2. Immunoelectrophoresis test of serum from patient with aspergilloma 
against extracrs of 3 strains ofA.fumigatis. facing p. 96 



Grade 3 
Micropolyspora sp. 

(T. polyspora) 

MouldyhayV5 

Grade 2 

Mouldy hay V 5 

Grade I 

Mícropolyspora sp. 
(T. polyspora) 

Non-specific 
reaction: 

MouldyhayV17 

Farmer's lung 
serum (1) 

Farmer's lung 
serum (2) 

Farmer's lung 
serum (3) 

Normal 
urban serum 

PLATE 3-3. Reactions to FUI antigens on immuno-electrophoresis 
Taken from PEPYS J. & JENKINS P.A. (1965) Tlwrax 20, 21. 

facing p. 97 
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immunologically active polysaccharides ha ve bcen isolated from the cell-extracts 
of both Nocardia brasiliensis and N. asteroides, although Mahgoub (1965) failed 
to conf1rm this. One of the polysaccharidcs from each of these two species 
contained arabinose, galactose and mannose, in different molar ratios and these 
polysaccharide~ were found to be species-specific, whereas the other poly
saccharides were identical, containing similar molar ratios of arabinose and 
galactose, and beca use of their cross-reactions with heterologous sera these were 
regarded as group-specific. In agar gel tests the purified species-specific poly
saccharide from N. brasilicnsis gave specific precipitin reactions with the sera 
of patients with nocardial mycetoma whcreas thc group-specific polysaccharide 
was shown to react as well, with sera from patients with acute tuberculosis and 
leprosy (Bojalil & Zamora 1963; Estrada-Parra, Zamora & Bojalil 1965). In 
skin tests on patients with mycetoma caused by N. brasiliensís, specific positive 
(Type IV) reactions were obtained using purified protein antigens (Bojalil & 
Zamora 1963) although earlier workers claimcd similarly specific reactions with 
an antigcnic carbohydrate fraction (Gonzalez-Ochoa & Baranda 1953). 

Actinomycosis is caused by anaerobic or micro-aerophiic spores of Actinomyces 
and is generally excluded from the classicalmycetoma because the organisms are 
anaerobic and because a wider range of tissues may be affected. Actinomyces 
bovis and israelii have been found to be closer to the anaerobic corynebacteria 
than to Nocardia spp. (Slack, Winger & Moore 1961) and to differ from Nocardia 
in cell wall constitution (Cummins 1962). Diagnosis of actinomycosis is by 
demonstrating the organism; serological tests having little or no value, though 
they are of use for taxonomic reasons. 

DERMATOMYCOSES 

Fungi of the dermatophyte group, which includes thc genera Trichophyton, 
Epider111ophyton and Microsporum, invade only the superficial skin, hair or nails and 
not thc dccper tissues or interna! organs, tending therefore to thrive in keratin
ized arcas and not in active celllayers. Perhaps because of this superficial nature 
of the disease, circulating antibodies to appropriate fungal antigens ha ve not been 
demonstrated in the sera of patients with dermatomycoses. 

Skin tests, however, may prove helpful, the trichophytin test being regarded 
as similar to the tuberculin test although there is less evidence of a correlation 
betwccn the test and present or past infection than in the case of the tuberculin 
test. Inunediate reactions may also occur in infected patients; although this type 
of rcaction has frequently been observcd in atopic patients as well (Jillson & 
Huppcrt 1949; Wood & Cruickshank 1962) and therefore cannot be regarded as 
an indcx of infection. Intense oedematous reactions (probably Type III) have 
alsq bccn noted in some patients (Jillson & Huppert 1949). In a survey of skin 
reactivity to trichophytin, 40% of patients with infection gave immediate Type 
I, and 71% gave delayed Type IV, reactions as compared with 19% and 3 8% 

E 
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respectively in a control group (Wood & Cruickshank 1962). Strongly positive 
delayed reactions are generally associated with the presence of deep inflamma
tory lesions in the patients (Neves 1962). 

Methods for preparation of trichophytin for skin testing have varied with 
regard to the organism used, the culture medium, the mode of extraction and the 
standardization, but it usually consists of a crude water soluble extract of 
mycelium. Active fractions isolated have proved to be nitrogen containing 
polysaccharides, e.g. from T. purpureum (Thompson 1942) and from T. menta
grophytes (Barker & Trotter 1960; Codner et al 1961; and lto 1965); a galacto
mannan peptide being isolated when the latter fungus was grown in submerged 
culture and a glucomannan peptide when grown in surface culture (Barker et al 
1962). The galactomannan peptide has been shown to share many of the immuno
logical characteristics of a glycopeptide isolated from A. Jumigatus, in particular 
the production of immediate skin reactions in patients sensitive to A.jumigatus; 
a possible explanation for the trichophytin sensitivity found in atopic patients 
many of whom are allergic to Aspergillus antigens (Longbottom & Pepys 
1964). These glycopeptides, like other dermatophyte extracts, also combine 
with C-reactive protein (Longbottom & Pepys 1964; Longbottom 1964) (see 
also Plate 3-J, facing p. 96). 

Immunofluorescence tests, by the sandwich method, have failed to demon
strate specific antibodies to T. mentagrophytes in the sera of infected patients since 
all sera reacted; these reactions being inhibited by absorption of the sera with 
related and unrelated organisms (Walzer & Einbinder 1962). 

Antigenic studies by agar gel diffusion and immuno-electrophoresis have 
shown that much cross-antigenicity, as might be expected, exists between 
species of the dcrmatophyte genera (Biguet, Andrieu & Tran van K y 1961). 

fARMER's LUNG 

Farmer's lung is a pulmonary hypersensitivity disease caused by the inhalation 
of the dust of mouldy overheated hay or other vegetable produce, with symp
toms and signs attributable to a reaction in the most peripheral part of the 
broncho-pulmonary tract (see Chapter 36). lt was registered in the United 
Kingdom asan industrial disease in 1965 (H.M.S.O. CI1111d. 2403). In the acute 
stages miliary infiltrations are seen on X-ray of the lungs due to cellular, 
granulomatous infiltration of the alveoli, and diffuse fibrosís of the lungs may 
result (Campbell 1932; Fuller 1953; Staines & Forman 1961; Dickie & Rankin 
1958; Rankin et al 1962; Emanuel et al 1964). 

Earlier reports suggested that farmer's lung was a bronchomycosís and many 
fungi were suspected for experimental reasons or because they were cultured 
from the sputum of exposed subjects. These included species of Penicillium, 
Aspcrgillus, Mucor and Candida (Fawcitt 1936, 193 8a and b; Williams & Mulhall 
1956; Pickworth 1961; Torncll 1946; Bexall & Edfeld 1949; Zettergren 1950; 
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Mann & Miall 1952; Soucheray 1954). However, Studdert (1953) pointed out 
that the explosive onset, rapid improvement on avoidance of the dust and the 
radiological findings were unlike any true fungous disease. N o evidence of 
invasion oflung tissue of affccted subjects was found by Fuller (1953) and Bishop, 
Mclnick & Raine (1963). 

In 1962 Pepys et al demonstrated precipitins in the sera of patients with 
fanncr's lung against extracts of mouldy hay, and showed that these antibodies 
wcre directed against both fungal and additional antigens. Absorption of the 
sera with fungal antigens and extracts of good hay showed that the additional 
antigens appeared in the hay that had become mouldy and which had been 
responsible for attacks of farmer' s lung. These findings ha ve been confirmed by 
other workers (Kobayashi et al 1963; Bishop, Melnick & Raine 1963) and by 
experiments on animals reared on mouldy litter (Parish 1961, 1963). These 
f.umer's lung hay, or FLH, antigens were at first thought to be degradation 
products ofhay resulting from fungal and bacteria! growth, however, the most 
important source of the FLH antigens has since been found to be the thermo
philic actinomycete, Micropolyspora Jaeni ( Thermopolyspora polyspora) and to a 
lcsser extent Thermoactinomyces (Micromonospora) vulgaris. These organisms grow 
wcll at the temperaturcs of 40-60°C resulting from the florid bacteria! and fungal 
growth (Pepys et al 1963; Gregory et al 1964; Festenstein et al 1965; Pepys & 
Jcnkins 1965; Rankin et al 1965; Davies & Yull 1966; LaBerge & Stahmann 
r966a and b). 

Wenzel et al (1964) have cultured M. Jaeni from lung biopsy specimens 
of affected subjects but, since these organisms have also been cultured from the 
sputum of exposed but unaffected subjects, this finding is not necessarily decisive, 
particularly in view of the vast numbers of spores of Micropolyspora present 
in the dust of mouldy hay (Lacey & Lacey 1964). 

Double diffusion testing in agar gel has been the most commonly used sero
logical test. Antigens have been prepared by extracting defatted mouldy hay 
and cultures of M. Jaeni in carbal saline (Pepys & Jenkins 1965). In 205 
patients, positive reactions to mouldy hay extract were obtained in 91/;; and to 
M. Jaeni in 85/;;. Minar antigenic differences have been found in extracts 
prepared from cultures on nutrient media and on hay; extracts of the latter being 
more potent (Jenkins 1964). In previous studies limited precipitation reactions 
against extracts of mouldy hay were given by the sera of patients with sar
coidosis (32%) and by sera from asthmatic (12/;;) and apparentlynormal subjects 
(7%) (Pepys et al 1962). These reactions were not dueto the FLH antigens of M. 
faeni since no precipitins were found against the latter in tests, on the above 
sera and on large numbers of subjects not exposed to mouldy hay. By contrast, 
of 122 farmers exposed to mouldy hay, and in whom a diagnosis of farmer's 
lung was not made, 17/;; had precipitins against Micropolyspora antigens. 

Whilst the double diffusion test is slightly more sensitive than the immuno-
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electrophoretic test, the latter is more discriminating, giving better evidence of 
the speciftc reactions to the FLH antigens (Pepys & Jenkins 1965). eharacteristic 
precipitin ares are given in three main regions, termed A, B and e, in tests of 
farmer's lung sera against extracts of M.faeni (see Plate 3.3, facing p. 97). Other 
ares are frequently present, sorne in the e-region due to a Mucor sp. antigen, 
and further analysis of these reactions is nceded. 

Grading of the intensity of the precipitin reactions in tcrms of these ares has 
shown that the higher thc grade the more frequent and scvere the attacks. FLH 

precipitin reactions have also been reported by Jenkins & Pepys (r965) in 71/;; 
of cattle suffering from a pulmonary disease of the fog-fever group, due to 
feeding on mouldy hay. 

More recently a latex particle agglutination test has been developed which 
gives results comparable to those obtained by double-diffusion tests, the two 
tests together however giving positive rcsults in about 95/o of cases due to 
mouldy hay (Murray & Pepys 1967). 

Treatment of extracts of cultures of M. Jaeni by the addition of trichloro
acetic acid leads to the precipitation of a predominantly protein fraction, 
corresponding with antigens A and B, and leaves, in the supernatant, a 
predominantly polysaccharide fraction, corresponding with e antigen. 
The trichloroacetic acid extract of mouldy hay prepared by Kobayashi et al 
(1963) consisted predominantly of the e antigen, and gave positive reactions 
only with the sera of affectcd subjects and not of controls. Reactions to the e 
antigen were obtained by Pepys & Jenkins (1965) in only about one-half of 
affected cases, consisting chiefly of the most strongly reacting sera, which in turn 
tend to be obtained from the most scverely affected patients. This would give an 
impression of apparently greater specificity of the trichloroacetic acid extract as 
reported by Kobayashi et al (1963) and LaBerge & Stahmann (r966a). 

Further investigations by LaBerge & Stahmann (1966b) of antigens from 
cultures of M. Jaení (T. polyspora) treated by trichloroacetic acid has shown the 
presence of antigens labelled A, B and e as well as others. These antigenic 
glycopeptide fractions were fonnd to be composed primarily of polysaccharides 
containing galactose, arabinose and glucosamine. The 'A' and 'B' components 
of the trichloroacetic acid soluble e-antigen of LaBerge & Stahmann (1966) 
and Kobayashi et al (r963) do not correspond to the predominantly protein 
and faster-moving A and B antigens initially described by Pepys & Jenkins 
(r965), which in immuno-electrophoresis tests give more crescentic and well 
defined ares which lie nearer to the anode. 

In patients with farmer' s lung dueto other mouldy vegetable dusts rather than 
hay, FLH precipitin reactions were obtained in one-half (Pepys & Jenkins 1965). 

eonsideration must be given to the possibility that other thermophilic 
actinomycetes, other micro-organismal flora, and indeed any of the sources of 
organic antigen in mouldy hay, may be the sources of antigen in those cases 
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whcrc the HH antigens of M. Jaeni do not appcar to be the main or sole cause. 
In thc disease called maple-bark pncumonitis, resembling farmer's lung and 

duc to thc inhalation of the spores of Cryptostroma (Coniosporium) corticale, 
prccipitins have been reported and also positive immediate and more slowly 
dl·vcloping skin test reactions wcre obtained (Emanuel, Wenzel & Lawton 1966). 

MISCELLANEOUS FUNGAL INFECTIONS 

Systcmic infections in man with the Zygomycete order of the Phycomycetes 
are rclatively rare, and little is known of the immunological findings. Positive 
~kin and complement fixation tests to extracts of autoclaved mycelium of 
J~hizopus arrhizus have been reported (Blank et al 1962). It should, however, be 
notcd that precipitins against extracts of the l\1ucor sp. are common in farmers 
suffcring from farmer's lung or exposed mouldy hay, in whom there is no 
cvidcncc of infection (Pepys et al 1962). There is no serological information on 
~ubcutancous phycomycosis which occurs quite commonly. 

Infcctions with Geotrichum candidum are also rare, and here too in one patient 
~uff(:ring from late onset asthma, positive skin and agglutinin tests witli rising 
titrcs wcrc obtained and the fungus was cultured from thc sputum (Ross, Reid 
tO..:. Spcirs 1966). 
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CHAPTER 4 

DIAGNOSIS OF VIRUS DISEASES 

F.O.MACCALLUM 

INTRODUCTION 

DIAGNOSTIC METHODS IN GENERAL 
Complement fixation test: Complement fixation inhibition test: 
Conglutinating Complement Absorption test: Agglutination and 
precipitation reactions: Double diffusion agar tests: Neutralization tests: 
Haemagglutination and Haemagglutination inhibition test: Immuno
fluorescent staining: Skin tests. 

DIAGNOSTIC METHODS FOR INDIVIDUAL VIRUS DISEASES 
Q fever: Psittacosis-LGV-Trachoma: Mycoplasma pneumoniae 
(Eaton Agent): Pox viruses (Vaccinia, Variola, Cowpox): Varicella
Zoster: Herpes Simplex: Influenza A, B and C: Mumps: Para-Influenza 
Viruses: Adenoviruses: Meas! es: Rubella: Arthropod-borne Viruses 
(arboviruses): Poliomyelitis: Coxsackieviruses: Echoviruses. 

INTRODUCTION 

The immunological methods that may be used for the diagnosis of virus 
infections are the same as those used in tests for infections with other organisms, 
but the relative 'importance' of the different types of diagnostic test varies 
with different viruses. The bedsonia group of agents, psittacosisjornithosis, 
lymphogranuloma venereum (Lcv) and trachomajinclusion conjunctivitis, 
and Mycoplasma pneumoniae are included with the viruses in this section. 
The tests, arranged in order of general usefulness, are complement fixation 
(direct and indirect), haemagglutination and haemagglutination inhibition, 
haemadsorption and haemadsorption inhibition, neutralization of infection, 
agglutination and precipitation (gel diffusion), immunofluorescent staining and 
skin tests. In most of the serological tests performed in virology one is testing for 
the appearance of a rise in antibody sorne days after thc onset of illness but when 
a high titre of antigen is present in blood or tissues at an early stage as in variola, 
trachoma and influenza, one may test for the presence of antigen in blood or 
tissues of the patient using specific antibody-containing serum, with complement 
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fixation, gel diffusion or immunofluorescence. Similar use of antibody is made 
to detect the presence of virus (antigen) in tissues of infected animals and fertile 
cggs or in tiss u e cultures. 

DIAGNOSTIC METHODS IN GENERAL 

CoMPLEMENT FIXATION TEsT ( cFT) 

Complement-fixing antibodies are probably formed in al1 virus infections 
and may be of two kinds, either reacting with the antigens in the virus particle 
itself or with so-ca1led 'soluble' (S) antigens which are usually a non-infectious 
form of virus in the early stage of its development, and may be obtained free 
of virus. Antibodies to soluble antigen are usually only detectable for a relatively 
short period after active infection and are not produced by injection of a prepara
tion of non-replicating (inactivated) virus unless it contains a large amount of 
'S' antigen. In the case of a virus in which there are severa! types or subtypes 
the virus particle antigen and its antibody are type or subtype specific, whereas 
the soluble antigen is only group specific, for example there is a soluble antigen 
common to all viruses of the influenza A group (A. AI, Az) anda virus particle 
CF antigen specific for the subtypes found in 1933-46, I946-55 and 1957 on
wards. However, the type specificity of the virus antigens can usua11y be altered 
or degraded by chemical or heat treatment, for example type-specific CF anti
body can be detected in patients with poliovirus infection if a live virus antigen 
is used but if this is heated or irradiated with ultraviolet light to kili the virus the 
antigen becomes degraded and cross-reactions between types occur. 

There are also common complement-fixing antigens among certain groups 
of viruses which may be otherwise differentiated by neutralizing antibody, or 
other tests, for example between the polioviruses and certain coxsackie and 
cchoviruses, groups of arthropod-borne viruses, and members of the psittacosis
LGV group. The strength or titre of the antibody produced and detected varíes 
from virus to virus, as a rcsult of the system of the body which is affected, the 
mcchanism of replication of the virus and of cotlrSe the titre and structure of the 
antigen used to detect the antibody. The strength and duration of response will, 
to sorne extent, depend on the duration of the infection, being of very high 
titre and persistent (9 months to severa! years) in certain presumed latent infec
tions as with the psittacosis-LGV group, in chronic Q fever.and for the duration 
of life in herpes simplex, and low and of short duration (up to 9 months) in 
localizing skin infections, as in intradermal inoculation of vaccinia virus or in 
npper respiratory tract infections. The specificity, among members of certain 
inter-related groups such as the arthropod-borne viruses, will also be depen:lent 
on the number of infections with members of the group which the patient has 
had, e.g. an attack of ye11ow fever produces only ye1low fever antibody, but 
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later infection with another member of the same group B, for example St 
Louis encephalitis virus, will produce antibody to this and also stimulate a rise 
in antibody to yellow fever, and possibly othcr members of the group. In 
certain patients and species of animals and birds, with psittacosis-ornithosis 
infections, in which antibiotics may ha ve been used in the treatment, the forma
tion of antibody may be interfered with or delayed. In fact in the psittacosis
ornithosis gronp, particularly in avían infections, ordinary or direct CF-antibody 
is frequently not detectable, but a non-complement-fixing antibody is present 
which is capable ofinterfering with the combination of the antigen anda specific 
complement-fixing antibody in the scrum of sorne other mammalian species. 
This is measured by the indirect CF or CF inhibition test (Rice 1948) (see 
below). 

The antigens used to detect virus antibodies may be prepared from tissues 
of human patients, infected animals or chick embryos, or from fluid and cells 
of infected tissue cultures. The tendency for antibodies to normal or damaged 
tissues to be present in human and animal sera following certain diseases and 
the relatively low titre of most antigens preparcd from the infected tissues of 
these two hosts limits their use as antigens. Those viruses which grow well in 
chick embryo produce antigens ofhigher titre though the problem of reaction 
between purely tissue antigens and antibodies to them in the serum still has to 
be contended with, but less frequently in sera which ha ve been recently collected 
under sterile conditions and heated at 56-6o°C for 20-30 min before use. Tissue 
culture antigens ha ve a tendency to fewer non-specific reactions and are available 
for a large number of viruses which will not grow in animals or chick embryos. 

The basic principles of the test (see Chapter 1) are those described originally by 
Bordet but various modifications have been introduced mainly to increase the 
sensitivity of the test bccause of the weak antigens which have been available. 
It is of historical interest that the first tests for complement fixation with a pox 
virus were reported by Jobling in 1906 using vaccinia at much the same time that 
Wassermann and his colleagues were developing the basic technique of the CF 
test for syphilis. Sorne of the methods introduced are quite satisfactory for 
routine clinical diagnosis of virus infections where thc aim is to demonstrate a 
rising titre during convalescence by comparing a senun taken in the acute stage 
of the illness with one taken usually 10-21 days after the onset of illness-the 
interval depending on the particular virus and type of antibody being investi
gated. Most of the tests were designed originally to use 0.2 ml amounts each of 
serum, antigen and complement, and 0.4 ml of sensitized sheep r.b.c. in small 
test tubes in a water-bath, but these extravagant quantities were reduced by 
many laboratories sorne years ago by the introduction of unit volumes of 0.1 ml 
amounts in the cups of plastic trays first devised for haemagglutination tests for 
influenza and of 0.02 ml in drops on flat plastic plates (Fulton & Dumbell 1949) 
placed in special chambers or boxes during incubation to prevent evaporation. 
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The test in cups of plastic trays is less refined than that of Fulton and Dumbell 
but is capable of being used very rapidly on a large scale in routine diagnostic 
laboratories. A unit volume of o.o2 ml in cups of trays has recently been used 
more widely by the application of the Takatsy teclmique with platinum loops 
instead of pipettes to make dilutions in situ. 

In routine diagnosis either of two methods of the fmt stage of the reaction 
between antigen, antibody and complement may be used. In the usual test for 
antibodies in a patient' s serum against a number of virus antigens many virus 
antigens combine with their antibody to bind complement adequately after 
incubation for r-2 hr at 37oC but this is not true for all antigens or the antibodies 
in many children' s sera where it is necessary for the first stage of the reaction 
to be allowed to occur slowly at 4°C for r6-r8 hr (overnight). The main 
difficulty arising out of this test is that any anticomplementary activity of the 
patient's serum is also increased during this prolonged fixation. Where alterna
tive periods are possible, a laboratory will use whichever method fits most 
readily into its administration. 

The amount or dose of antigen used to test against the 'unknown' serum is 
determined by tests against known positive human or animal sera. Where 
human sera are being examined this dose is best determined against a human 
serum because the optimum dose to use may be different from that obtained 
against an immune or hyperimmune animal serum. However, not al! human 
sera ha ve the same optimum with a given antigen and more detailed tests may be 
necessary in special cases. 

Blood should be collected with a clean, dry, sterile syringe and needle, 
but if a syringe freshly sterilized by boiling is used it should be rinsed with 
sterile normal saline. The blood should be delivered into a clean, dry, sterile 
bottle (no anticoagulant), with a screw-on lid and washer, and not into tubes 
with cork bungs or cotton wool plugs. If these precautions are not taken the 
serum is likely to be rendered anticomplementary and useless. Occasionally 
the serum of an individual possesses anticomplementary activity due to some 
unknown inherent factor; this may be related to certain auto-allergic reactions. 
It may be possible to convert anticomplementary sera to a usable state by heating 
at 56°C for 30 min or 6o°C for 20 min, or by absorption with complement, or 
with mouse liver powder. 

The test consists of five variables and is subject to error if not performed 
carefully. Even when a single antigen and ostensibly the. same technique are 
used two-fold differences in titre on either side of the expected titre of the 
standard serum may be obtained by different workers. Even the same individual 
may obtain two-fold differences with the same materials on different days. Thus 
in practically every instance one must be able to show at least a four-fold rise 
in antibody titre between the serum taken in the acute stage of the disease 
(preferably not later than the 5th day after onset) and that collected in 
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convalescnce (12th-42nd day) before one can consider the rcsult'positive'. The 
time of the first appearance of CF antibody varíes with different viruses and also 
depends on whether or not the illness is a primary infection in some group 
where there are a number of antigenically related viruses. In the latter a more 
rapid rise may be expected in second infections. CF antibody will seldom be 
detected before the 10th day (it is found early in influenza and mumps) but is 
usually present by the 21st day. The time at which a peak titre is reached and 
maintained also varíes in infection with different viruses and in different 
patients but a serum taken before the 6th week will almost certainly show a 
four-fold or greater rise. Most CF antibodies to soluble antigen will have fallen 
to a low level or have disappeared by 6-9 months but antibodies to some virus 
particle antigens may be detected for r2-r8 months or longer. Examination of a 
single specimen of serum in convalescence is rarely justified unless (r) one sus
pccts that infection has occurred with some virus, rickettsia or bedsonia not 
normally present in the arca or (2) the patient, already convalescent, is possibly 
the first case preceding a wave of similar illness in the community. In the latter 
situation the result of a CF test on the index case or cases may indicate the virus 
possibly responsible for the current cases, and be a guide to the methods of 
isolation and serological tests to be used on them. 

The deficiency in the value of these tests from the standpoint of the clinician 
is that as a rule not cven a presumptive or speculative diagnosis can be hazarded 
from the result of a CF test on blood taken less than ro days from the onset of 
illness, and a pair of sera are really essential. By the time these are collected and 
examined the patient has usually recovered or died. 

However, in the case of variola in the viraemic stage up to and inclusive 
of the rst da y of rash, particularly in a previously unvaccinated patient, there 
may be sufficicnt virus (antigen) in the blood to act as antigen which may be 
detected in a CF test with high titre positive serum. The development of high 
titre positive sera against other viruses may make diagnosis in the viraemic stage 
a possibility, particularly in known contacts, and needs further exploration. 

The unusual circumstances often attending a variola infection as compared 
with other virus infections also introduces another possible method of early 
serological presumptive diagnosis. A number of cases of mild variola major, in 
which skin lesions are absent or scant but pneumonia may be present, are 
difficult to diagnose but capable of transmitting severe disease to others. In 
an infected unvaccinated person CF antibody would not be detectable before the 
wth day of illness. However, in a person vaccinated 6 months to IO years 
previously, an accelcrated response may occur and the detection of CF antibody 
within the rst week of illness would be diagnostic even without a rash. The 
same type of accelerated response may be seen in zoster or possibly in successive 
infections with different typcs in a group of related viruses which have a com
mon CF antigen but do not give cross-protection, e.g. in adenoviruses. 
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CüMPLEMENT FIXATION lNHIBITION TEST 

Rice (1948) observed that the sera of certain avían and mammalian species exert 
a specific inhibitory effect in complement fixation test systems. The indirect CF 

or complement fixation inhibition tesr was developed to detect and measure 
this inhibitory or blocking amibody which is unable to fix guinea-pig comple
ment but can combine with the specific antigen. This combination or union 
can be detected by the addition of a specific indicator antibody which will 
fix complement in the presence of specific antigen. If the serum being tested 
contains inhibiting antibody it will combine with the antigen so that the specific 
antibody in the indicator (positive) serum has no antigen with which to combine 
and, as complement will not then be fixed, the red blood cells will be haemolysed. 
Tbis is a positive result in contrast to the direct complement fixation test where 
a positive is shown by no haemolysis. The only human infection in which this 
test has been of much value is psittacosis-ornithosis although Terzin (1958) 
has indicated additional possibilities. Further investigations may show it to 
be of value in infections with sorne entero and other recently isolated viruses. 
In ornithosis the indicator antibody is obtained from naturally infected human 
patients or pigeons. 

Sera which are anticomplementary even after inactivation by heat (58-59°C 
for 30 rnin) or other means cannot be used in this test. As in all other diagnostic 
serological tests in virology, paired sera must be examined. If a suspected case of 
psittacosis-ornithosis does not react in the direct test it should be tested in the 
indirect test. 

CüNGLUTINATING CüMPLEMENT ABSORPTION TEST 

As discussed in Chapter 1, this test is comparable with the haemolytic comple
ment fixation test but is based on another property of complement, namely 
conglutination, instead of haemolysis. The value of the test lies in the fact that 
complements other than that of the guinea-pig may be used and these may, in 
certain circumstances, be more sensitive in demonstrating antibody-antigen 
interaction. 

Despite this greater sensitivity the test is more in volved and more prone to the 
influence of anticomplementary factors which puts it at a disadvantage. 

The test has been used in Q fever, psittacosis, vaccinia and influenza, but has 
not been found to have any practica! advantage over qther tests which are 
simpler. 

AGGLUTINATION AND PRECIPITATION REACTIONS 

These tests have received relatively littlc attention from virologists because of 
physical difficulties due to the small size of the virnses and lack of virus suspen
sions of sufficiently high titre. 
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Agglutination refers to the aggregation produced by the dumping of 
relatively large particles such as virus elementary bodies, which can be seen 
under the ordinary light microscope, as with psittacosis and vaccinia. On the 
other hand precipitation usually describes those reactions in which the aggrega
ting material comes out of solution, for examplc the soluble antigens of vaccinia, 
varicella, herpes simplex and influenza. 

The soluble antigens of a rickettsia or large virus may be as large as a small 
virus elementary body so that absolute differentiation of the type of reaction 
on the bases of particle size is not always possible. 

A third term, flocculation, is used to describe aggregation of large particles 
and soluble antigens together in a single reaction. This reaction is exemplified 
by what happens when specific immune serum is mixed with vaccinia, influenza 
or polio virus under the appropriate conditions. These viruses also fix comple
ment but as complement fixation requires less antigcn, not all complement
fixing viruses necessarily cause flocculation. 

Agglutination reactions may be uscd with rickettsia and some of the large 
viruses but in practice are only used in typhus and Q fever. However, consider
able use has been made of this test in the past in studies of the antigenic structure 
of vaccinia. The same can be said of precipitin tests in the liquid state. Detection 
of precipitation in solid agar is described below. 

Coating of collodion particles with small viruses has been investigated in 
agglutination tests with one or two viruses but the method has not come into 
general use. 

DounLE DrFFUSION AGAR TEsTs 

In this type of reaction (see Chapter r) antigen in suspension and antibody in 
serum are allowed to diffuse slowly through semi-solid agar from separa te wells 
and if specific for each other they prccipitate (forming a white line) at the point 
of meeting. This test was first used in virology by Jensen & Francis (1953) 
who described the reaction using influenza virus and antiserum in tubes rather 
like a ring test for brucella antibody. Later the plate method developed by 
Ouchterlony (1948) for the study of the reaction between diphtheria toxin and 
antitoxin was applied to the study of antigens and antibodies associated with 
many viruses. For quantitative studies Ouchtcrlony's method in which the 
reagents are placed in cups in agar in a Petri dish is used, but for rapid diagnostic 
tests using small amounts of antigen and serum a microtest in agar on a glass 
microscope slide may be used. The antigen or serum to be tested is placed in a 
cup in the centre of the arca of agar and equidistant around it are placed the 
corresponding sera or antigens and the whole is incubated in a moist atmosphere 
in a Petri dish or other container, usually at 37°C. For example in a case of sus
pected smallpox, the material from the lesion (vesicle fluid, etc.) is placed in the 
centre and vaccinia and zoster positive sera and negative control sera are placed 
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around the periphery as described by Dumbell & Nizamuddin (1959). A 
positive result may be available in an hour or two if it is a case of smallpox, 
vaccinia or cowpox, but if it is a case of varicella the reaction, which only takes 
place if the vesicle fluid is used, is slower and an answer may not be available for 
I 8 hr. This test may be used also for routine antibody tests on sera. 

NEUTRALIZATION TESTS 

In the tests described up to this point one is usually measuring sorne antibody 
in serum which, if present and rising, is indicative of recent infection. (The 
cxception is of course the smallpox group where, as stated previously, there 
is sufficient virus and antigen in visible lesions that one can test for antigen.) 
The presence of such antibodies infers that infection is current or has occurred 
recently and usually means that the host is in a protected state as far as disease 
from the particular virus is concerned. This protected state or immunity may, 
however, persist for severa! years or even a lifetime, long after the complement
fixing or other transient antibodies havc disappeared. The presence, and to 
sorne extcnt the degree, of protection is indicatcd by the level of neutralizing 
antibodies, so-called because of their capacity to prevent the virus infecting 
animals, chick embryos or tissue culture or prevent its participation in certain 
in vitro tests such as haemagglutination. The antibody participating in the 
latter reaction appears to be closely related to the neutralizing or protective 
antibody in the case of sorne viruses but does not always show complete cor
rclation. 

In vivo neutralization tests are inevitably more cumb<:>rsome, time-consuming 
and expensive than CFTs and other in vítro tests and will seldom be used for 
diagnostic purposes except in those rare instances where no other suitable test 
is available or where they may give a specific answer concerning a member of 
a group of viruses in which CF or other tests are less spccific (e.g. arbo
viruses). 

In vitro neutralization tests are now mostly carried out in tissue cultures 
in which the affectcd cells show specific changes, but mouse protection tests 
are still used in sorne virus infections and pock neutralization tests on the 
chorioallantoic mcmbrane of fcrtile hens' eggs may be convenient with the 
variola-vaccinia group. In the usual test, dilutions of senun (two- or four-fold 
as a rule) are mixed with a constant dose of virus and incubated at 37°, 22° or 
4 oc for varying periods of time, depending u pon the stability of the virus 
at one or other of thcse temp<:>raturcs, and the mixture is then inoculated into 
an adequate number of hosts or tissue cultures. The result is compared with 
that produced by the virus alonc and when mixed with a known positive 
serum. Occasionally a constant amount of undiluted serum is mixed with 
various doses of virus and compared as before with negative and positive 
controls. 
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HA.EMAGGLUT1NATION AND 
HAEMAGGLUTINAT10N INH1BITION (Hr) TESTS 

The independent observations of McClelland & Hare (1941) and Hirst (1941) 
that influenza virus would agglutinate the red blood cells ofinfected and normal 
chick embryos and adult fowl opened up a whole new field for study of the 
immunology of viruses and the mode of action of viruses on cells. La ter workers 
found haemagglutinins associated with all three influenza viruses, A, B and C, 
and the viruses related to them (all known as myxo viruses); the pox viruses 
( vaccinia, variola, cowpox and mousepox) but not chickenpox, with arthropod
borne viruses, sorne entero- and adeno-viruses, and the psittacosis-ornithosis 
group of agents. The species of bird or animal from which the red blood cells 
are obtained, the temperature at which the reaction takes place and the deleter
ious effect of certain non-specific inhibitors in the serum on the haemagglutinin 
varíes with different viruses and groups of viruses. The haemagglutinins may be 
inseparable from the virus or obtained as a separate substance. 

A haemagglutination-inhibiting antibody is found as the result of infection 
with or injection of some virus preparation, for example influenza virus vaccine, 
which contains the haemagglutinin, so that a test for a rise in titre of HI antibody 
in convalescent sera may be used in diagnosis and a similar rise after inoculation 
of influenza vaccine is indicative, by inference, of the immune state. Antisera 
may be used to identify freshly isolated haemagglutinating viruses. 

Although the HI test at first appeared to be much simpler than complement
fixation it was soon found that there were drawbacks, particularly normal serum 
inhibitors which limited its use as a routine diagnostic method in influenza. 

The application of HA and HI tests is described briefly below under the different 
groups of viruses. 

A number of viruses, which do not produce obvious degeneration of tissue 
culture cells, haemagglutinins or CF antigen in tissue culture or infect fertile 
hens' eggs or animals, may produce antigens at the surface of cells in tissue 
culture so that red blood cells of various species, particularly the guinea-pig, 
will adsorb to the tissue cells (haemadsorption) and this phenomenon can be 
specifically prevented by the related antibody. This phenomenon was first 
observed by Vogel & Shelokov (1957) working with Asían influenza virus in 
monkey kidney tissue cultures and most of the other viruses subsequently 
detected by this test have becn found responsible for respiratory tract disease. 

IMMUNOFLUORESCENT STA1NING 

The application of this technique (see Chapter 1) has developed from the work 
of Coons and his colleagues which was first reported in 1942. It consists of 
labelling antibodies with a fluorescent dye, allowing the labelled antibodies to 
react with their specific antigen and observing the preparation illuminated by 
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ultraviolet light in a fluorescence microscope. Antibody reactions may be 
examined in smears of cells or tissue sections from man, animals, birds, chick 
cmbryos or tissue cultures and may be applied in three ways. 

I. In the direct method the fluorescein-labelled antibody is added to a 
preparation of antigen. 

2. In the indirect method, the antigen is first treated with unlabelled specific 
antiserum and this complex is then trcatcd with fluoresccin-labelled antibody 
to the specific globulin, for example specific human antibodies may be localized 
with conjuga tes of rabbit or goat anti-human y-globulin. This is more sensitive 
than method 1. 

3. The complement-staining procedure whereby a mixture of a specific 
antiserum and whole fresh guinea-pig serum (complement) are applied to a 
section or smear containing the test antigen. This complex is visualized by adding 
fluorescein-labelled antibodies to guinea-pig complement. It has been suggested 
that this technique is more sensitive than indirect method 2. 

These methods have been used particularly in virus research to study the site 
of virus multiplication in cells but their practica! application in routine diagnosis 
is being extended. Suitable reagents are not always readily available; there has 
been particular difficulty with non-specific staining. If specific sera can be pro
vided any slight increase in cost will be justified for there is no doubt that if any 
newly discovered antiviral drugs are to be used satisfactorily they must be 
applied early in the disease and it is likely that a relatively precise diagnosis of the 
responsible virus will be required. To date, the indirect test has found its most 
valuable application in the rapid diagnosis of rabies (Goldwasser ct al 1959) 
in the central nervous system and salivary gland of suspected vectors. It has 
been used in the diagnosis of influenza from smears of nasal mucosa (Liu 1956), 
the more rapid identif1cation of viruses in tissue cultures and diagnosis of 
trachoma in smears of conjunctival cells. It is possible that specific staining of 
infected cells in other body fluids such as CSF may be found practicable. 

SKIN TESTS 

Intradermal inoculation of virus to detect hypersensitivity is of little practica! 
importance in virus infections, but is valuable in diagnosis of infection with the 
psittacosis-LGV group of agents, particularly the latter. The test has also been 
studied in mumps infections and of coLme the reaction may l:e seen in the process 
of vaccination against smallpox. 

Most antibodies to microbial infections are y-globulins and are of the 7S 
or I9S variety. In numerous virus infections the early appcaring neutralizing 
and haemagglutination-inhibiting antibodies are associated with 19S globulins 
but these are later superseded by antibodies associated with 7S which are more 
avid. Virus complement-f1xing antibodies which usually appear slightly later 
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have generally been found to be 7S. Thus measurement of the relative antounts 
of 19S and 7S antibody may provide a valuable index for recognizing recent 
virus infcction and differentiating between primary and secondary responses. 

DIAGNOSTIC METHODS FOR INDIVIDUAL 
VIRUS DISEASES 

A brief note of the application of the various procedures in infections with 
Rickettsia burneti, bedsoniae, Mycoplasma pneumoniae and different viruscs is 
given below. 

Q FEVER 

Infection with R. burneti may cause illness, particularly pneumonitis, which 
is indistinguishable from numerous virus infections. Complement fixation is 
the test of choice though an agglutination reaction is sometimes used. Growth 
of the rickettsia and hencc antibody production may be inhibited by the use of 
tetracycline drugs so that tests on several samples of serum collected at 2, 3 
and even 4 weeks, in addition to the acute stage sample may be necessary before 
a diagnostic rise in antibody can be detected. 

The usual antigen for routine diagnosis is made from infected yolk sacs 
of fertile hens' eggs and is known as 'phase 2' antigen but in chronic cases not 
only does high titre antibody appear to this but also an antibody appears to what 
is known as 'phase r' antigen. This is not found in the ordinary case which makes 
an uneventful recovery. 

PsrTTAcosrs-LGV-TRACHOMA 

Complement fixation is the test of choice in this group. 
There are two CF antigens, a group and a type-speciflc, in these agents. 

For general purposes a heated suspension of the virus is used for the group test. 
Absorption of the serum with the group antigen removes the group antibody 
and lea ves the specific one. The serum can then be tested with fresh, untreated 
virus containing type specific antigen. This test is seldom carried out beca use the 
type speciflc antigen is heat labile and there is considerable difficulty in preserving 
it in the active state. As the difference between psittacosis and lymphogranuloma 
venereum is usually obvious clinically no attcmpt is made to carry out the more 
laborious type-speciflc test. Occasional patients, particularly those treated early 
with tetracyclines, may give negative results in routine CF test, at least for the 
fmt few weeks. However sorne of these patients may develop an antibody which 
can be detected in the CF inhibition test. This latter antibody is also more 
commonly found than that giving direct CF in sera of birds infected with 
ornithosis virus. 

The agent of trachoma contains the dominant group antigen which reacts 
fhlly with human psittacosis or LGV positive sera or with hyperimmune animal 
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hcterologous bedsonia serum. Howcver, the conventional test for group anti
body is of no value as positive results are obtained in only a minority of well
cstablished cases and in these only low-titre reactions are found. It remains to 
be seen whether a test for specific antibody will be of any value. 

The agent of psittacosis possesses a haemagglutinin separable from the in
fcctious particle and active against mouse red blood cells but the HI test has 
no advantage over the CF test for diagnosis. The same applies to the agglutination 
test. 

These agents produce a toxin, the effect of which is tested by intravenous 
inoculation of mice, but this is not suitable nor are other animal tests for the 
routine demonstration of neutralizing antibody. 

In addition to the CF test, a skin test for hyperscnsitivity is possible in infections 
with this group. It was first described by Freí (1925) for the diagnosis oflympho
granuloma vcnereum, and herein lies its main value but positive reactions have 
been detected in psittacosis. A suspension of the organism inactivated by heat 
or phenol is injected intradermally, usually on the skin of the forearm; a 
suspension of the same type of tissue (usually yolk sac of fertile hens' egg) 
as that in which the agent has grown is injected ata separate site as a control. In 
a positive reaction a nodule appears at the site of the specific antigen on about 
the second da y and reaches a maximum in about 4 days when it should measure 
about 6-8 mm in diameter. The nodule may persist for severa! weeks. No 
nodule should be seen at the si te of inoculation of the control antigen unless the 
patient is sensitive to egg protein. It may not be possible to interpret the reaction 
in such a patient. The test usually becomes positive 2-6 weeks after infection 
and probably more than 95% of patients with LGV give a positive reaction. 
In these patients a positive rcaction usually remains throughout life even if 
trcatment has been successful and CF antibody may ha ve fallen to an un detectable 
level, so a positive reaction by itself is not indicative of active infection. 

Heated trachoma antigen reacts as a skin test antigen in patients with LGV 
but the test is negative or equivoca! in trachoma patients presumably beca use the 
nature of the infection does not usually lead to 'dermal sensitivity'. 

MYCOPLASMA PNEUMONIAE (EATON AGENT) 

Antibody to this agent can be detected by various procedures using an antigen 
prcpared from broth cultures. 

The complement fixation test is simple and sufficiently. sensitive for routine 
diagnostic purposes. For the determination of antibody levels in a population 
a more sensitive method is required, such as metabolic inhibition, immuno
fluorescence or indirect haemagglutination. Of these the metabolic inhibition 
test is probably thc most suitable for large-scale surveys. 

Immunofluorescence using infectcd chick-embryo lung sections or myco
plasma colonies transferred to a glass slide as antigen is probably the most 
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reliable and speciftc test. lt is not technically suitable for large scale surveys. 
Cold agglutinins frequently appear in the serum of patients with Eaton agent 

pneumonia, usually during the second or third week of illness. The peak is 
often short-lived and may be missed. These are auto-antibodies with a speciftcity 
anti-1 and can occasionally cause haemolytic anaemia. 

Agglutinins to streptococcus MG sometimes develop during the course of 
atypical pneumonia, but are no longer so important in diagnosis now that speciftc 
tests for antibodies to the causative agent have been developed. 

Pox V IR USES (V ACCINIA, V ARIO LA, CüWPüX) 

No differentiation is possible by CF test as only a group-reacting antigen and 
antibody are produced. Other laboratory methods of diagnosis such as virus 
isolation are usually more satisfactory where there is clinical uncertainty. The 
rare occasion when a complement fixation test for antibody is of value is 
described in the section on general application of the test. However, the CF 
test for the detection of antigen in blood or in material fromlesions using positive 
serum is of great value in making a presumptive early diagnosis, when the 
Ouchterlony test is not possible. The latter is much more rapid than CFT. 

The red blood cells of only about 50/o of adult chickens are agglutinated by 
members of this group of viruses. The haemagglutinin is produced in the 
chorioallantoic membranes of chick embryos or in tissue cultures and in contrast 
to that of influenza it can be obtained free from active virus. It is heat-stable and 
distinct from the soluble CF antigen. Haemagglutination takes place at 37°C 
and elution and serum inhibitors play virtually no part. The haemagglutinin 
from variola, vaccinia and cowpox are indistinguishable. The antibody produced 
is consequently the same and the test cannot be used in differential diagnosis. 
In an unvaccinated patient or one vaccinated some years previously, with 
possible recent exposure to variola (and from whom no specimens from skin 
lesions are available) the presence of this antibody in a titre of I/8o or higher 
after the 5th da y ofillness is highly significant. lmmunofluorescence may be used 
to detect virus antigen but considerable trouble has arisen from non-specific 
reactions. 

V ARICELLA-ZOSTER 

Complement fixation and gel-diffusion tests are the diagnostic tests of choice 
and may be used to detect antigen in vesicle fluid or antibodies in serum. 

Although the use of varicella crusts as a suitable source of antigen has been 
reported in the past this has not been the experience in recent years; only vesicle 
fluid can be relied on, in marked contrast to what occurs in pox virus infections. 
The-soluble antigen in the fluid has a higher titre than the sedimentable (virus 
particle) fraction. CF antigens are now commonly prepared from infected tissue 
culture cells. lmmunofluorescence may be used to identify virus antigen in tissue 
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cultures. The titre of antibody is usually higher in zoster cases than in varicclla 
and even the acute serum in zoster may be positive. Thus a zoster convalescent 
serum is more suitable as a positive control to test a new batch of antigen or 
identify an unknown vesicle fluid. 

HERPES SIMPLEX 

This virus contains a virus particle (V) and soluble CF (S) antigcn and corres
ponding antibodies are found in patients' sera. The antigens used have been 
prepared from infected mouse brain, chorioallantoic membrane of fertile hens' 
cggs and from tissue cultures. Limited stndies have suggested slight differences 
in antigenic structure may occur in different strains of virus and further investi
gations seem warranted. 

In primary infcction CF antibodies appear about the Ioth-14th day, reach a 
maximum titre in severa! weeks and after a gradual fall of varying degree to a 
base line of I/8 to I/64, occasionally Ij256, the titre usually remains stable for the 
remainder of the patient's life. It is generally assumed that once infection with 
this virus has occnrred the virus remains at the primary si te, usually in the latent 
phase, throughout life. 'Attacks' or relapses occur when the state of the tissue, 
of the virus or of antibody is such that virus replication reaches a stage where it 
causes cell damage which is manifest by vesicle formation. This latter occurs in 
the presence of neutralizing antibody which can be demonstrated in eggs or 
tissue culture and although there is sorne difference of opinion, whether 'attacks' 
are preceded by a fall and accompanied or followed by a rise in antibody each 
time, the changes in titre, if any, have been found to be slight. Hence it can be 
seen that the mere presence of antibody is not indicative of the aetiology of a 
'herpetic' lesion nor any illness without typicallesions (encephalitis). Numerous 
antigens have been detected in the virus by using gel-diffusion test but this has 
not yet been shown to be of practica! val u e. If large amounts of antigen are 
present its identification in tissues or cells by the immunofluorescence technique 
may be more rapid than by tissue culture. 

INFLUENzA A, B AND e 
Complement fixation tests are the common method of serological diagnosis 
in iufections with these viruses. There are two antigens, a virus antigen (V) 
which is specific for the subtype of virus, for example A, AI, A2, and a soluble 
antigen (S) which is obtained separate from the virus particle and is group 
specific, i.e. for al! A viruses, or all B viruses. The 'S' antigen is the one most 
commonly used in routine diagnosis as the antibody to it will be detected even 
when a new subtype of virus appears within the groups as did A2 (Asían A) 
in 1957. Once the virus responsible for an epidemic has been isolated the V 
:mtigen may give a slightly higher percentage of positive reactions because sorne 
individuals who have a residual 'S' antibody titre may not show an increase in 
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convalescence when re-infected. The 'S' antibody may also be in very low 
titre or undetectable in children undergoing a primary infection and here the 
test for 'V' antibody will be of value. The 'V' antibody is probably also a good 
indicator of immunity. 

Anti-V serum made in guinea-pigs may also be used in CF test for typing 
new viruses isolated in eggs or tissue culture though haemadsorption-inhibition 
may be preferable for the latter. CF antibody may appear in humans in low titre 
for a short time after injection of inactivated virus vaccine. 

The viruses of influenza, mumps and Newcastle disease of fowl agglutinate 
red blood cells of a wide variety of mammals and fowl because the virus 
particles are able to attach themselves to two or more red blood cells probably 
by combining with a mucoprotein site. It seems likely that a virus particle has 
many haemagglutinin sites. These viruses can also elute from the red cells by a 
process which is enzymatic in nature, but the virus haemagglutinin and virus 
enzyme are not identical. 

At 22°C and higher temperatures the virus gradually makes the cell refractory 
to subsequent agglutination by the same virus but the latter remains essentially 
unchanged by the reaction. Near 0°C agglutination occurs without elution. 
The action of the virus is imitated by a soluble enzyme from Vibrio cholerae, 
known as RDE (receptor destroying enzyme). The virus can adsorb on to and 
destroy receptors on animal host cells such as mouse and ferret lung. The action 
of the virus on the red blood corpuscles can be prevented by certain soluble muco
proteins which may be present in human and animal sera and these must be 
destroyed by treatment of the serum with RDE, periodate or trypsin before a 
serum can be tested for antibody. 

The HI antibody test for A or B viruses is speciflc for viruses in each subtype 
within the type, for example in A, there are viruses of 1930-46, 1946-57 and 
1957 onwards, and the test is thus ofless practica! use for routine diagnosis than 
is the CF test using soluble antigen. Once the antigenic composition of the 
prevalent type or types is known, then the HI test (or CF test) using virus antigen 
can be used routinely. A pair of sera are essential from each patient, one taken 
before the 5th day and one after the roth day and as in CF tests a fourfold or 
greater rise in the titre of the convalescent sample is required for the result to be 
considered positive. 

The test has been used for the typing of influenza viruses but is not always 
satisfactory due to alterations in the virus structure in some strains making them 
refractory and haemadsorption-inhibition in monkey tissue cultures or com
plement flxation with anti V-serum will be necessary and may supersede the 
m test. 

Both complement-flxing and haemagglutination-inhibiting antibodies 
develop in most patients in convalescence but one or other may be absent in 
occasional patients. 
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Immrmofiuorescence with specific antiserum may be used to identify the virus 
in cells from the mucosa of the respiratory tract. 

MUMPS 

All mumps viruses isolated so far have been sufliciently closely related to allow 
the use of a single CF antigen, although it is possible that serum from occasional 
cases may give a negative reaction. 

There are a virus particle (V) and a soluble (S) CF antigen which may be 
used for two purposes. In an acnte attack the antibody to the 'S' antigen usually 
appears quite early, possibly before that to 'V' antigen, and sometimes reaches 
a peak earlier and then gradually falls to a low level or disappears within 6-12 

months. The antibody to 'V' antigen may be detectable for ayear or two and 
is a useful test for immunity. Even when it has disappeared it may reappear 
rapidly after an intradermal skin test or subcutaneous injection of inactivated 
virus vaccine. Haemagglutination inhibition tests may also be used. 

Hcated virus has been used as a skin test antigen in mumps virus infections 
but the reaction is oflittle or no value in diagnosis since dcrmal hyperscnsitivity 
dcvelops at such widely varying intervals in different persons after the onset 
ofillncss. Howcver, such an injcction may stimulate production of CF antibody, 
particularly in those infected sorne years previously and give a better idea of 
thc immune statc of the individual. 

PARA-INFLUENZA VIRUSES 

Four viruses are at present included in this group; so-called beca use of sorne of 
thcir charactcrs and the types of disease which they produce. Complemcnt fixa
tion tests are the serological test of choice, although there may be sorne difficulty 
in interpretation of the results due to presence of antigenic overlap to two or 
more of the viruses. Neutralization of the haemadsorption effect of thc viruses 
in tissue culture is also possible and is used for the identification of recently 
isolated viruses. 

ADENOVIRUSES 

This group of viruses, of which more than twenty immunological types ha ve 
bccn identified, has been associated with discases of the respiratory tract, 
particularly, but also with conjunctivitis, aseptic meningitis and possibly 
inflammation of the mesenteric glands. Ccrtain typcs (e.g. r, 2 and 5) may 
colonize the adenoids and tonsils at a very early age without necessarily pro
ducing obvious disease. Antibodies may also appear atan early age as a result of 
inapparcnt infection at this or other sites. 

The complement fixation test using an antigen common to all members of 
thc group is the serological test of choice. However, the CF antibody response 
may be intcrfercd with beca use of recent previous infection with other members 
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of the group. Virus neutralization tests are rcquircd for an exact serological 
diagnosis of the typc in volved but the large number of adenoviruses precludes 
such tests being carried out routinely on individual patients unless one has 
knowledge of the probable aetiological type. These tests may be performed in 
tissue cultures. Precipitin tests using the double diffusion through agar technique 
have also been used and give somewhat comparable results. A haemagglutinin 
for rat and other erythrocytes and hence a haemagglutination-inhibition test, 
have also bcen described associated with some types of adenoviruses. 

MEAS LES 

Laboratory tests for measles are, of course, rarely required because a satis
factory clinical diagnosis can be made in nearly roo/';; of cases. However, 
complement fixation tests using tissue culture antigen and neutralization of the 
cytopathic effect of the virus in tissue culture are possible. The virus contains a 
haemagglutinin for simian erythrocytes so that haemagglutination-inhibition 
tests are possible. 

RUBELLA 

A neutralization test in tissue culture using sera which have not been in
activated has been the test of choice, but complement fixation and haem
agglutination inhibition tests are now possible. 

ARTHROPOD-BORNE VIRUSES (ARBOVlRUSES) 

The complement-fixing antigen in thesc viruses is usually associated with 
the virus particle and the source of virus has been suckling mice brain. However, 
improved methods of tissue culture of a large number of these viruses may 
result in better antigen production in the futurc. The CF antibody usually appears 
before the neutralizing antibody in this group of infections, but there are 
exceptions, e.g. W estern and Eastern equine encephalitis. CF antibody persists 
for a relatively short time, at least in high titre so that the test may be used even 
in surveys and when positive indicates relatively recent infection in the area 
being sampled. It is useful for diagnosis of specific infection but difficulties may 
arise particular! y in arcas where one or more of the viruses may be endemic 
because the antibody will react with more than one antigen of the group if 
repeated infection with the same virus occurs, or the patient is subsequently re
infected with another member of the same group or after passage of time follow
ing the primary infection. Cases have been described where the CF test has been 
negative. 

A haemagglutinin associated with these viruses may be found in the brain or 
blood of mice infected within the first few days oflife and in tissue cultures, and 
is most active against red blood cells of day-old chicks or of geese. Mouse brain 
contains non-specific haemagglutinins for crythrocytes from a variety of animal 
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spccics so the tissue must be treatcd with chcmicals to r~move these. Several 
diffcrcnt hacmagglutinins reacting at different pH and temperatures are present 
in diffcrent arboviruscs and have bcen used to classify the viruses into groups, 
A, B, e, etc. This classification is supported by the results of CF and neutraliza
tion tests. 

HI antibody to one of these viruses usually appears befare the corresponding 
CF antibody but usually later than neutralizing antibody. HI antibody rarely 
f.·lils to develop. (Non-specific inhibitors may be present in serum of man and 
animals but can be removed by filtration through Seitz pads or other methods.) 
Thc antibody usually persists a long time and may be detectable for even the life 
time of the vertebra te host, particularly in the B group. At the same time the 
111 antibodies are more broadly reacting than either CF or neutralizing antibodies 
and the immunological overlap may prevent an accurate interpretation of the 
rcsults of a serological survey if only this test is used. 

Confusing HI antibody patterns may arise for the same reason as they do with 
<:Ji antibody tests (see above). The test may be particularly useful in surveys with 
scvcral antigens of a group in previously unexplored or incompletely studied 
arcas where the pattern of results may indica te the specific infecting virus. 

Beca use of the large number of viruses in sorne of the different groups and the 
rcquirement of large numbers of suckling mice for the neutralization test this 
has only been used in speciallaboratories. When tissue culture neutralization 
tests can be used in place of micc more widespread application of the test may be 
possiblc. 

PoLIOMYELITIS 

Thc high rate of isolation of poliovirus from faeces of suspected patients by 
inoculation of tissue cultures, plus the widespread use of vaccine to reduce illness 
has obviated much of the need for the CF or other serological test although 
cxpcricnce has shown that thc CF test may be a useful tool to determine antibody 
response to attenuated live virus oral vaccine, particularly in primary infection 
of infants and children. Adults who may have had previous silent infection or 
inactivated virus vaccine and possess neutralizing antibodies may excrete virus 
and show a rise in neutralizing antibodies but little or no CF antibody. CF antibody 
may be detected for a short time after three or four doses of inactivated virus 
vaccme. 

The most suitable antigen for detecting a specific rise in CF antibodies to 
poliomyelitis is a live virus antigen prepared from the fluid of tissue cultures 
infected with attenuated poliovirus. Heated antigens may give a broad response 
even in a serum collected in the acute stage of the illness and little or no rise in 
antibody may be detectable in convalescence, both sera being positive. Thus 
one cannot even say whether the patient's illness is due to poliomyelitis. Anti
bodies usually appear about the 14th da y of illness in a primary infection but a 
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rise may not be detected until 3 weeks after onset. In patients who have had a 
previous exposure to one of the polioviruses CF antibody may appear about the 
7th to roth da y after the onset of illness. 

On the whole the test appears to be specific although there have been 
occasional reports of rise in antibody to this antigen when a coxsackie- or echo
virus has been isolated and considered to be the aetiological agent responsible for 
the patient' s illness. Double or rapidly successive infections may of course occur. 

The possibility of the application of a new principie in virus serology arose 
in connection with the flocculation test for poliomyelitis (Smith ct al 1956). 
In CF and neutralization tests it has always been agreed that one must be able 
to demonstrate a four-fold or greater rise in antibodies for a result to be signi
frcant (positive) in relation to the present illness beca use of the persistence of these 
antibodies for many months or years after the occurrence of infection, which 
may have been symptomless. Smith and his colleagues (1959) found that anti
body to flocculating antigen appeared very early in the illness and then rapidly 
disappeared so that a positive result, with a maximum titre which might airead y 
be present when the patient is frrst seen (7th to roth day) would likely be of 
signifrcance as a 'presumptive positive'. It seemed possible that this test would be 
of considerable practical value as the inactivated virus CF antigens available at 
that time often failed to give a result that could be readily interprcted-however, 
other developments in prevention and diagnosis of poliovirus infection resulted 
in a diminished interest in the practical valuc of this test. In special cases neutral
ization tests in tissue culture may be carried out but this procedure should be 
reserved for investigation of the immune state and not requested as a diagnostic 
procedure by physicians. 

CoxsACKIEVIRUSES 

These viruses, of which thcre are twenty-three in group A, and six in group B, 
are characterized by their pathogenicity for newborn mice. Unfortunately 
complement frxation has not been a very useful test in the serological diagnosis 
of these infections in man because of the heterotypic response when mouse 
tissue or tissuc culture fluid are used as antigen. An anamnestic response is seen 
when second and subsequent infections occur with different types so that a rise 
in titre may occur in convalescence to more than one type, and may be greater 
to a heterologous virus. Sorne workers have reported cross-reactions with polio 
virus CF antigen and some echovirus antigens in sera of patients with infections 
with coxsackieviruses. A satisfactory CF test is not in use for diagnosis in human 
infections. 

Cornplernent fixation has, however, been uscd effectively as a rnethod of 
typing freshly isolated coxsackieviruses, particularly of group A, using hyper
imrnune mouse serum or ascitic fluid, or guinea-pig scrum and mouse torso as 
antigen. 
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Haemagglutinins have been found associated with a few coxsackieviruses 
but routine HI tests are not of practica! value at present. 

It is obvious from the above that the neutralization test is the only reliable 
specific serological test with these viruses except for a few types. The large 
number of virus types and the fact that large numbers of litters of newborn 
mice would be required for tests with many members of the A group, rule 
out this test as a routine procedure on sporadic cases of undifferentiated illness 
such as aseptic meningitis where a coxsackievirus may be suspected to be the 
aetiological agent. However, in outbreaks of disease, such as herpangina, 
pleurodynia (Bornholm disease), myocarditis and pericarditis where only a few 
types of a particular group may be suspected, neutralization tests on selected sera 
may be possible. 

EcHovrRusEs 

Viruses are usually classed in this heterogeneous group at present if they grow 
only in primary human or other mammalian tissue cultures and do not infect 
newborn mice or other smalllaboratory animals but sorne may produce mild 
illness in primates and some strains of echo 9 cause myositis in newborn mice. 
There are about thirty types at present. There has been a general failure to 
produce monospecific CF antigens and patients infected with an echovirus have 
been reported to have developed four-fold rises in antibody against poliovirus 
when live poliovirus antigen was used. Thus the CF test is of limited value in 
diagnosis. 

Haemagglutinins for human O cells have been found associated with sorne 
strains of some echoviruses (types 3, 6, 7, II, 12, 13, 19, 20, 21, 24, 29) and once 
a particular type has been identified in an outbreak an HI test may be useful. 

Because a very large number of echovirus types may cause syndromes 
such as aseptic meningitis, neutralization tests are only practica! when a particular 
type has first been isolated from severa! patients. The same applies to other types 
of illness such as upper respiratory tract infection or diarrhoea. 
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CHAPTER 5 

THE DIAGNOSIS OF PROTOZOAL DISEASES 

lNTRODUCTION 

RHIZOPODA 

Amo e biasis 

J.D.FULTON 

MASTIGOPHORA (FLAGELLATA) 

Trypanosomiasis: Leishmaniasis: Trichomoniasis 

SPOROZOA 

Malaria: Piroplasmosis: Toxoplasmosis: Sarcosporidiosis: Coccidiosis 

CILIATA 

Balantidiosis 

INTRODUCTION 

'('he medical importance ofProtozoan parasites to man has long been recognized 
on account of the manifold deaths and suffering which they have caused. 
Thc extent of the morbidity and economic losses for which they have been 
rcsponsible in domestic stock is equally alarming. Survcys have shown that a 
cosmopolitan disease like amoebiasis has an incidence of carriers in this country 
and North America of approximately 1o-2o% of the population and may 
rcach a figure of so% in those countries with a lower standard ofhygiene. The 
l'conomic importance of trypanosomiasis has been recognized since 188o when 
it was shown that the disease of horses and camels known as surra was due to 
'J'rypanosoma evansi. It has been pointed out that trypanosomiasis is a unique 
discase in so far as it has, alone, denied vast areas ofland in Africa to all domestic 
animals other than poultry. Near the turn of the century T. gambiense was 
incriminated as the cause of sleeping sickness. A few years later T. rhodesiense 
was shown to be the cause of a similar but more acute disease. Ravages ofhuman 
trypanosomiasis ha ve been brought about by these two parasites in East and W est 
A frica for centuries as well as by T. cruzi in S,outh America. Visceral leishmani
asis (kala-azar) which occurs in all continents with the exception of Australia, still 
prcscnts a serious problem in India and other countries where untold suffering 
and death has been the fa te of millions. The cutaneous and mucocutaneous form 
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of this disease has been responsible for much human deformity in the Old and 
New World. Malaria has hada strong influence on man's destiny throughout 
the ages. In spite of the success of many eradication schemes it has recently 
been estimated that two or three hundred million attacks of malaria are suffered 
each year with resultant two million deaths in the same period. The economic 
losses from the ill-health which follows in affiicted countries are incalculable and 
progress towards a better standard of living thereby stifled. Piroplasmosis 
comprises a group of diseases of great economic importance which affects a 
wide range of wild and domesticated animals. One of the best known among 
them is East Coast fever which has existed for centuries in Africa, and is the 
cause of a high mortality among bovines. Until recently man was considered 
immune to infection by Babesia but recent work has indicated that this is not the 
case. Toxoplasma was Ürst described in 1908 as a cause of death of rabbits in 
Brazil. Interest in this parasite remained largely zoological until its association 
with human disease was discovcred in 1939. Two reference laboratories have 
now been set up in this country for its detection, thus indicating the interest of 
the Public Health Authorities in this infection. Coccidiosis has also proved of 
great economic importance and the cause of serious losses among domestic 
stock. The remaining protozoal diseases dealt with in this chapter are, relatively, 
of minor importance. However, as a group they have impoverished the world 
to such an extent that their recognition and control is now a matter of some 
urgency, with complete eradication as the final goal. 

At the start of the century immunological mcthods proved helpful in the 
classification of trypanosomes, at the time when many new species were being 
discovered. Probably the main aim of the immunologist has been to discover 
the means of preventing disease and early work in the üeld of parasitic diseases 
was largely concerned with the development of protective immunity as the 
result of previous infection. Basic phenomena in the process ofimmunity are now 
being intensively studied. The publications ofTaliaferro (1930) and of Culbert
son (1941) gave a stimulus to studies ofthis type, and to the application ofimmu
nological methods to diagnosis. The limited progress made may be a reflection 
of the fact that some protozoa such as the commensal forms of Entamoeba 
hístolytica, which do not invade tissues but live in the lumen of the gut, give rise 
to a poor antibody response. A similar poor response has frequently been ob
served when killed protozoal parasites are used as antigens. Moreover protozoa 
are often difficult to culture axenically and antigenic material is correspondingly 
hard to obtain in quantity. In general it can be said that clinicians are averse to 
diagnosis of parasitic infections by immunological methods and prefer the direct 
method of approach by microscopical examination. The use of immunological 
methods has on occasion been helpful indirectly in aiding the completion oflife 
cycles of certain parasites. Thus, by accepting the fact that different dcvelop
mental stages in a parasite have similar antigenic constitution, it was shown that 
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Jlapctomonas papatasíí is synonymous with Leishmania tropíca and proved at the 
samc time that the sandfly is a natural carrier of cutaneous leishmaniasis. 

Classi.fication 
Thc phylum Protozoa comprises a varied collection of singlc-celled organisms 
which are somewhat difficult to classify on account of their varied life cycles. 
It was customary in the past to divide Protozoa into four classes which contain 
parasitcs important to man. This classiflcation, although unsatisfactory in some 
rcspccts, has for simplicity been retained. 

Class I 

Class II 

Class III 

Class IV 

Phylum Protozoa 

Rhízopoda 
Amoebiasis 

Mastigophora (Flagellata) 
A. African trypanosomiasis (sleeping sickness, nagana) 
B. South American trypanosomiasis (Chagas's disease) 
C. Leishmaniasis 

i. Visceral (kala-azar) 
ii. Cutaneous and mucocutaneous 

D. Trichomoniasis (vaginitis) 

Sporozoa 
Malaria 
Babesiasis (piroplasmosis) 
Toxoplasmosis 
Sarcosporidiosis 
Coccidiosis 

Ciliata 
Balantidiasis 

RHIZOPODA 

AMOEBIASIS 

In the class Rhizopoda the only parasite pathogenic to man is Entamoeba histo
fytíca, normally a parasite of large intestine or lower ileum. The life cycle in
volves a trophozoite and cystic stage. It may complete this cycle in the lumen 
of the gut as a commensal or invade tissues with resultant ulcer formation and 
dysentery. The parasite lends itself to study in laboratory animals such as rhesus 
monkeys or rodents. Besides the normal gut infection in man parasites may be 
found in skin, liver, spleen, lung, brain and other tissues. 

It was Losch in St Petersburg who fmt demonstrated the pathogenic nature 
of this amoeba, later named E. histolytica. Dobell (1919) in his monograph on 
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The Amoebae Living in Man did much to clarify the existing confusion and Craig 
discussed the epidemiology, pathology and clinical features of the disease 
in Amoebíasís and Amoebic Dysentery and also Deschiens (1965) in L'Amibíase et 
L'Amibe Dysentérique. It is one of cosmopolitan character with a higher incidence 
and more severe clinical features in tropical and subtropical countries and spread 
is favoured by unhygienic conditions. 

Until recently serological diagnosis has not becn widcly employed and micro
scopical detection of the parasite was generally attempted but may prove diffi
cult. The development of immuno-diagnostic methods therefore appears 
desirable. 

CüMPLEMENT FIXATION 

The method was first employed by Izar (1914) but his antigens were very impurc 
and gave rise to conflicting rcsults in human patients and experimentally in
fected cats. Craig (1929) indicated the practica! results which could be obtained 
by this method, which has subsequently been employed by a number of other 
workers, e.g. Rees et al (1942), whose antigen consisted of saline extracts of the 
parasite cultured with a single species ofbacterium. The method of carrying out 
the test was outlined by Bozicevich et al (1946) and it proved of considerable 
value in detecting extra intestinal forms of the disease. Fulton et al (1951) 
prepared a similar antigen grown with a single bacterium and also one from E. 
coli as well as the corresponding antisera. It was found that cross reactions 
occurred to a limited extent between these two amoeba the titre being higher 
in the homologous reaction as later verified by Goldman (1954) who employed 
fl.uorescent antibody techniques. Antigenic strain differences appear to exist in 
E. histolytíca and the use of a polyvalent antigen has been suggested by CF tests. 
Since the antibody titre in this test decreases rapidly after successful treatment 
it seems that the complement frxation test might be useful in prognosis as well as 
diagnosis. The speciftcity of the test has however been seriously questioned and 
low titres are generally obtained in absence of tissue invasion. False negatives 
and false positive resnlts are encountered. The test at present is regarded as of 
supplemental value only to other direct methods of diagnosis. The use of puri
fied antigen is most desirable. 

PRECIPITIN TEST 

Wagener (1924) used this test in studying experimental amoebic dysentery of 
cats. After numerous passages of the organism in these animals antiserum was 
obtained from a moribund animal. Antigen consisted of extracts in Coca's 
fluid of scrapings from ulcerated bowel. A strongly positive precipitin reaction 
was obtained during acute infections. Moan (1957) devised a precipítin test in 
which a water-clear antigen was prepared from extracts of E. hístolytíca growh 
in culture with bacteria from E. terrapínae and human bacteria were absent. 
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lnactivated sera were used and specific results appeared to be obtained, while 
f:1lse positive results were virtually abscnt and false negative were few. The test 
was however not positive in early asymptomatic cases of amoebiasis but only 
at the dysenteric stage. The test became negative after successful treatment. 
lt is a simple and rapid procedure for detection of significant clinical infection 
but results are not uniform and further elaboration and more experience with it 
is required before final assessment of its value. The precipitin reaction has also 
becn studied by means of double diffusion in agar gel by Siddiqui (1961) and 
Atchley et al (r963) as well as by Powell et al (r965) and Maddison (r965) 
who also used immtmoelectrophoretic techniques. The antigen was prepared 
from E. histolytica grown with a single bacterinm and broken up by ultrasonic 
treatment, using that from the bacterium alone as control. Sorne fractionation 
of the antigen was also attempted. Antibodies against specific amoebic compo
ncnts were detected in 96% of cases of proved invasive amoebiasis, a smaller 
percentage in cyst passers and relatively few in other diseases. Anti-amoebic 
precipitins were present after treatment as Kessel et al (r965) had found and 
appeared to play no part in protective immunity. Their presence was regarded 
as of diagnostic and epidemiological significance. Negative results were indica
tivc of absence of tissue invasion by E. histolytica. Maddison et al (1965a) made a 
comparison ofhaemagglutinins and precipitins in amoebiasis. A high percentage 
of antibodies was detected by both methods in invasive amoebiasis. Absorption 
of haemagglutinins without affecting the precipitin pattern indicated that more 
than one type of antibody was involved. The simplicity of the precipitin test 
should be of valueinroutinework. Maddison et al (r965b) point out that serology 
provides a more objective approach than faecal examination to indicate the 
significance of E. histolytica as an agent of disease. The presence of antibodies in 
rcinfected or relapsed patients indicatc that they are non-protective in character. 

IMMOBILIZATION TEST 

This type of test was first described by Cole & Kent (1953) who were able to 
immobilize E. histolytica trophozoites by immune sera prepared in rabbits. 
By similar means Zaman (r96o) showed that a number of amoebae including 
E. coli were antigenically distinct from E. histolytica. Invasive forms of the latter 
could be distinguished from those which were non-invasive. The test is per
formed by incubating inactivated test sera with a 24-hr culture of the organism 
and recording the percentage immobilized. A value greater than 70% indica tes 
a positive result. The test gives results comparable with tfwse obtainecl in the 
CF test and is regarded as more sensitive. Biagi ancl colleagues (r96r, 1966) 
obtainecl 84% of positives in confirmecl cases of amoebiasis and about 18% 
of false positives. The test is generally rcgarded as being complex and beca use 
of its subjective nature is not likely to fincl wicle application. Remobilization of 
affectecl parasites was studied by immunofluorescent techniques. 

F* 
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AGGLUTINATION TESTS 

Earlier workers had used the agglutination reaction for free-living amoebae. 
Greif (1947) used the method to show the presence of agglutinins in the sera 
of E. histolytica carriers, using cultured cysts of this organism. There appeared 
to be no correlation between agglutination and infection or with the results of 
the CF test. 

Kessel et al (1965) have described an indirect haemagglutination test which 
shows promise of wide acceptance in diagnosis of E. histolytica infection. The 
antigen is prepared as an extract from washed cultured trophozoites and is used 
to sensitize tanned human type O erythrocytes. The test lends itself to quantita
tive interpretation and is regarded by the authors as sensitive and reasonably 
specific. Complement fixation reactions were carried out with the same antigen 
concurrently and the results for the two methods agreed very well. The antigen 
was prepared from E. histolytica grown with T. cruzi or Mycoplasma and the 
axenic method of culture of this organism describcd by Diamond (1961) 
should prove very useful in work of this nature for which pure antigens are 
required. In cases ofliver abscess roo'% positives were obtained, 98/;; in amoebic 
dysentery and 66/;; in asymptomatic carriers. Raised ti tres persisted in the HA test 
after treatment as in toxoplasmosis, but fell more rapidly in the CF test. The use 
of both tests concurrently has proved of great value to the clinician. Kagan 
(1965) in evaluating routinc serological tests for the American Public Health 
Service for diagnosis of parasitic infection is concentrating on the HA test which 
he found reliable and reproducible and gave rise to high titres. The test requires 
further evaluation in chronic amoebic colitis and in the case of vague abdominal 
symptoms. 

SK1N TESTS 

A test of this nature has attractions in survcy work but it is essential that pure 
antigens be used. Leal (1954) described an intradermal reaction in amoebiasis. 
Antigens were prepared as saline extracts from E. histolytica and the free-living 
E. moshkovskii and o.r ml of the Seitzed material was given intradermally and 
results were read 24 hr later. There was positive correlation between microsco
pical results and those obtained in this test. Somewhat similar results were 
reported by Kum (1958) but his antigens were very impure. 

FLUORESCENT ANTIBODY TESTS 

The early tests of Goldman (1953, 1954) provided a promising fteld for the 
detection and recognition of E. histolytica by immunological methods. He used 
fluorescein-tagged antibody for staining the above organism and also the non
pathogenic E. coli, with which it is not infrequently confused during faecal 
examinations. Thcre was sorne cross reaction bctwcen them but the homologous 
anti-serum gave rise to the most intense staining. Goldman (1960), Goldman et 
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al ( 1960, 1962) carried out an antigenic analysis of E. hístolytica by the same 
means. Jeanes (1964, 1966) also employed the indirect FA test successfully in the 
sero-diagnosis of hcpatic amocbiasis. Toussaint & Anderson (1965) have used 
the fluorescent antibody technique with soluble antigen for the sero-diagnosis 
ofinfectious disease, by employing imprcgnated discs. 

MASTIGOPHORA (FLAGELLAT A) 

TRYPANOSOMIASIS 

There are three important diseases of man causcd by parasites of the genus 
Trypanosoma, namely African sleeping sickness due to T. gambiense and T. 
rlwdesiense which occur prcdominantly in W est and East Africa respective! y, 
the causative agcnts of which cannot be distinguished morphologically. The 
third known as Chagas's diseasc is caused by T. cruzi and occurs in South and 
Central Amcrica. The clinical pictures presented by infcction with these para
sitcs are characteristic. There is also an economicallyimportant disease of equines, 
of cosmopolitan nature, known as dourine which is caused by T. equíperdum 
and is spread during coitus by the infected malc. The presence of protective 
antibodies in the blood of animals recovered from trypanosome infcctions has 
been recognizcd since the beginning of the ccntury. Strain differences, however, 
exist and the behaviour to immune serum has at times made the results of cross
immunity experiments difficult to interpret. 

AFRICAN SLEEPING SrcKNEss 

COMPLEMENT fiXATION 
Although it had been shown early in this ccntury that the complement-fixation 
test could be used to detect trypanosomiasis of man and animals the test lacked 
specificity because of the poor quality of the antigen which also did not keep 
well as a rule. Van Goidsenhoven & Schoenaers (1944) prepared one from blood 
of animals heavily infected with Trypanosoma equíperdum which they froze, 
distributed to ampoules and dried in vacuo at 75°C and the ampoules were 
sealed. Antigenic potency was unimpaired over a period of many months, and 
gave rise toa group reaction by which infection with a number of other trypan
osomes could be detected. Rodhain et al (1941, 1944) used a similar antigen and 
found complement fixing antibodies in the blood and CSF of sleeping sickness 
patients. The reaction was positive after apparent cure. Schoenaers et al (1953) 
used the method widely in the diagnosis of Gambian sleeping sickness. In one 
series of 125 proven cases the sera of 95% were positive and negative results 
were obtained with 65 control patients. Evens et al (1953) continued the investí~ 
gation and found it superior to any other in diagnosis, and it became t1egative 
on cure. Pautrizel et al ( 1959, 1960) ha ve confirmed these results and itnproved 
the prcparation of the antigen. Depoux et al (1956) also found rhe t<a<:tion was 
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specific and was of grcat service in diagnosis and can be used also in the dctection 
of T. rhodesiense. 

The test is also used for diagnosis of dourinc in horses, and thus lacks specificity 
but is of value in group diagnosis. While it can be used to detect clinical cure 
the titres obtained do not correlatc well with the clinical condition. The test 
can be used to detect infection whcn, as the rcsult of pentamidine prophylaxis, 
trypanosomes cannot be founcl. 

AGGLUTINATION TEST 
The power of immune serum to agglutinate trypanosomes was recognized 
early in this century and the reaction is non-specific. An investigation of this 
phenomenon by Soltys ( 19 57) was made using live African trypanosomes of the 
T. brucei group. Sera were obtained from infected human patients or animals 
and from the latter after vaccination with dead parasites. It allowed the study 
of antigenic relationships of strains of the parasite. Titres were maximal after 
2 weeks and persisted for life in the animals or for 3 months after drug treatment. 
Species specificity was observed and sera from T. brucei infections did not 
agglutinate the other morphologically indistinguishable members of the group. 
It was suggested that T. brucei and T. rhodesiense could be distinguished in this 
way which is otherwise only possible by tests in man. The method may also 
be used for diagnosis of low-grade infections. Cunningham & Vickerman 
(1961, 1962) have applied the method to an antigenic analysis of a number of 
strains of the T. brucei group. As antigen they used whole blood of heavily 
infected rodents. Agglutinins were detectable within a few days aftcr infection. 
At least six antigens were present but if a clone was used for infection only a 
single antigen was detectable. The mcthod was applicd to detection of agglu
tinins in finger-prick blood which had been dried on ftlter paper and extracted. 
Strains from man and animals had antigens in common. Pautrizel et al (1962a) 
ha ve studied this reaction in animals and in sleeping sickness patients. They believe 
the test is specific and reproducible provided a satisfactory antigen is used. In 
rabbits agglutination results indicated strain specificity. 

PREC1PITIN TEST 
The earliest results of this test were obtained in the trypanosome infection of 
horses known as dourine. By the method of double diffusion in agar gel Gray 
(1961) showed that the precipitative antibodies were present in the serum of 
animals immunized by infection or with dead T. vivax, T. brucei and T. gam
biense trypanosomes. An antigen for the Congolense group of trypanosomes has 
not yet been obtained. Cross reactions occurred with the different trypanosomes 
and there is a common group antigen. In a few human patients with T. gambiense 
infection antibodies were also present. Detection of antigenic differences 
in trypanosomes morphologically similar may now be possible by this method. 
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Brown & Williamson (1962) have shown that in the T. brucei group at least 
three precipitinogens are present. 

ADHESION TEST 

Rieckenberg (1917) described a new immunity test in experimental trypanoso
miasis. When the blood of animals cured of infection by these parasites is 
mixed with citrated bouillon and the parent trypanosomes are added, they 
hecome laden with attached blood platelets in a few minutes. This reaction was 
obtained with 6ve differcnt strains and proved highly specif!C, so that a parent 
strain of trypanosomes could be distinguished. The phenomenon was exten
sively investigatcd by Duke & Wallace (1930) and by Wallace & Wormall 
( 193 I) mainly in monkeys with trypanosomes recently isolated from man and 
animals. The test which is closely related to that above was named 'The Red 
Cell Adhesion Test'. To carry out the test primate red cells, serum from 
suspected infection containing adhesin-believed to be of antibody nature
produced by trypanosomes, parasites the same as or related to those causing 
infection and a complement-like substance in the serum of normal animals, 
were required. When the test was positive red cells adhered to the trypanosomes. 
The authors believe that the phenomenon they observed is essentially the same 
as that of the original author. Results were variable however even when con
ditions were standardized, and provcd group, but not spccies speci6cincharacter. 
The test has been uscd in epidemiological studies of wild animals and in the 
diagnosis ofhuman diseasc, but is no longcr employed. 

lMMUNO-CONGLUTININ LEVELS 

It has been suggestcd that a serological method to indicate the disappearance of 
trypanosomes from the blood would be of value. A long series of experiments 
conducted by Coombs and colleagues on immuno-conglutinin in the sera of man 
and animals has shown that after disappearance of the antigenic stimulation 
which gives rise to it there is a fall in level. Infection with T. bruceí caused a 
notable rise in lcvel and Ingram and Soltys (1960) made use of this fact to study 
the variation in levels in the sera of animals and 6nd how it was affected by the 
use of chemotherapeutic agents. The substance appears in serum of rabbits 
within 7 days after infection and reaches a peak in 30 days. Therapeutic agents 
caused a drop in amount to the usuallevel whcn normal parasites were present 
but if drug-resistant parasites werc used a fall did not occur.·Thc authors suggest 
that the method could be used to indica te the progress of treatment. Pautrizel 
et al (r962b) applied the conglutination reaction to the serological diagnosis of 
trypanosomiasis in both human and animal infections. Good correlation was 
obtained with CF and agglutination techniques and the method is suggcstcd 
for the diagnosis of human infcction and for studying therapeutic activity of 
drugs but appears to ha ve been very little used. 
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FLUORESCENT ANTIBODY TEST 
Williams et al (1963) have used the fluorescent antibody test (FA) in animals 
infected with T. rhodesiense and T. gambiense for diagnostic purposes. The 
antibodies appear 2 weeks after infection and give rise to cross-reactions with 
other trypanosomes. Since there is a need for rapid and reliable method of 
diagnosis in the non-acute stage of trypanosome infection in man Sadun et al 
(1963) have employed the method in African sleeping sickness and in South 
American trypanosomiasis. Again cross reactions were met with in T. gambi
ense, T. rhodesíense and T. cruzi infections but not in other diseases. It was possi
ble to use finger-prick blood dried on blotting paper and then extracted for 
the test. The value of the method is still sub judice. 

Lucasse (1964) was the first person to apply this test to the CSF to indicate the 
degree of involvement of the CNS in sleeping sickness of man. The author noted 
that although antibodies are present in serum they may be absent in the CSF. 
Al! CSF specimens with pathogenic changes such as increase of white cells or 
alterations in protein showed the presence of antibodies. The method was sensi
tive and specific and of valuc for early indication of CNS involvement and for the 
progress of the disease. The maximum titre was 1/160 and ti tres correlated well 
with the pathological features of the CSF. Mattern et al (1965) used the test and 
considered it was an exccllent method of diagnosing trypanosomiasis of the 
CNS. 

ÜTHER TESTS 
Desowitz (1956) used the inhibition of oxygen uptake by T. vívax as a test 
for the quantitative estimation of antibodies in the serum of cattle infected with 
this organism. Lysis also occurred. Thurston (1958) showed that with T. brucei 
only a concentration of antiserum which rendered the parasites non-mobile 
and produced lysis was able to cause reduction in oxygen uptake. 

Gill (1964) described an indirect haemagglutination test for the diagnosis of 
T. evansí infections. Very high dilutions of anti-T. evansí antibody were 
detected. The test is claimed to be sensitive and specific and easily performed 
and gives reproducible results but has had only a very limited tria!. 

A non-specific but promising method described by Mattern et al (1961, 
1964, 1965), Nicoli et al (1961) employs electrophoresis. They found that in 
patients with T. gambiense infection there is a notable increase in the leve! of 
the IgM (/12-macroglobulin) class of immunoglobulins in serum and CSF. The 
amount present may be sixteen times that in normal individuals and occurs 
in maximal amount 15 days after infection. Increases of this order are not 
pathognomic but occur so constantly in sleeping sickness that absence almost 
excludes the disease. This is accompanied by rise in IgM of the CSF even when 
cell and protein content is normal. IgM levcls of serum fall rapidly when specific 
drug therapy is given in absence of CNS involvement but may still be raised in 
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CSF in chronic treated cases. These findings are ofbasic immunological import
ance. Quantitative examination of this class of immunoglobulin in serum and 
CSF could serve for the diagnosis of human cases of infection. An investigation 
has been carried out (Lumsdcn 1966) on various aspccts of this intercsting 
subject including that of a suitable means of measuring IgM. It confirmed thc 
findings of Mattern in infections with T. gambíense and T. rhodesíense. Estimation 
ofincreases in the other immunoglobulin class IgG or IgA did not appear to offer 
diagnostic possibilities. Increases in IgM may occur in other diseases such as 
tuberculosis, leprosy, syphilis, kala azar and some forms of malaria. The methods 
described for IgM estimation apply to animals including bovines and other 
domestic types as well as to wild animals. 

CHAGAs' DISEASE 

This is an acute, subacute or chronic condition caused by infection with Trypa
nosoma cruzi, and occurs principally in South and Central America. A very small 
number of similar infections have been reported from the southern States of 
the U.S.A. In chronic cases trypanosomes are very hard to find and diagnosis 
has been aided or made possible by a number of serological tests. 

CoMPLEMENT FIXATION 

The CF test in this disease first described in 1913 is known as the Machado 
reaction. The antigen was very impure and consisted of an aqueous extract 
of the spleens of heavily infected puppies. Kelser (1936) used an antigen pre
pared from cultures ofthe parasite. That ofDavis (1943) was prepared from simi
lar material and is of good quality so that it has found wide acceptance and in the 
hands of Muniz & de Freitas (1944) has proved very uscful in diagnosis of the 
chronic disease. Further improvements in the use of the antigen were made by 
de Freitas & de Almeida (1949) and by Chaffee et al (1956). In established 
cases of the disease 98/;; of patients showed the presence of antibodies, wbilc the 
number of positive reactions in South American leishmaniasis was low and 
absent in other diseases. Montaña & Nerós (1965) compared the value of the 
haemagglutination test and CF test in the serological diagnosis of the disease. 
The former was regarded as more sensitivc and detected antibodies earlier in the 
disease, but has not been widely used. 

AGGLUTINATION TEST 

Micro-agglutination tests had been described in 1940 and 1943 with antigen 
from culture forms of T. cruzí and immune serum from laboratory animals. 
Muniz & de Freitas (1944) compared the results in this test and those of com
plement fixation. Although there was absence of correlation in the tests they 
considered the agglutination test of value. A haemagglutination in which a 
polysaccharide antigen extracted from T. cruzí was used to sensitize red cells 
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gave satisfactory rcsults in the hands of Muniz (1950). Attention has also been 
drawn above to the results ofMontaño & Nerós (1965). 

PRECIPITIN TESTS 

Muniz (1947) describcd this reaction for diagnosis of acute and subacute forms 
of Chagas' disease, and preparcd a stable polysaccharide antigen from culture 
forms of T. cruzi for this purposc. The test could be rapidly carried out with 
o.6 ml serum and results read in a matter of minutes. It proved of value in 
diagnosis during the early stages of the disease and there was roo/o correlation 
with the presence of trypanosomes detected microscopically. The test appeared 
to be specific and unlike the CF test did not give rise to cross reactions in patients 
with leishmaniasis. These findings ha ve been confirmed by Pellegrino & Brener 
(1952) and by Pellegrino, Brener & Jacomo (1956). They havc emphasizcd the 
value of the test in screening suspected cases. 

INTRADERMAL TEST 

Washed cultures of T. cruzi suspended in dilute phenol in saline were used as 
antigen, by Mayer & Pífano (1941). The reaction gave rise to inflammation and 
swelling at si te of Ü~ection and was maximal in 48 hr. Rapid diagnosis of infection 
was possible and there were no cross reactions with leishmanial infections. 
Amato et al (1964) used a tissue culture antigen of T. cruzi in this test but results 
were unsatisfactory. 

CONDITIONED HAEMOLYSIS 

Muniz & Santos (1950) described this test (passive haemolysis test-see Chapter 
r) as a diagnostic aid in order to avoid pitfalls inherent in the use of a non-specific 
T. cruzi antigen. Sera for test were fmt absorbed with guinea-pig kidney 
and then with normal sheep cells. Guinca-pig complement was absorbed with 
the cells used for sensitization with a polysaccharide obtained from T. cruzi. 
After incubation at 37°C for r-2 hr of serum, sensitized red cells and comple
ment, readings were made. Speciftcity of the reaction is determined by the 
absorbed antigen and not by the cells. The results compared favourably with 
those obtained in haemagglutination and complement fixation reactions. 
The test is not generally used but the authors believe that it would be greatly 
simplified by use of a pure antigen, which enabled absorption to be dispensed 
with. 

fLUORESCENT ANTIBODY TEST 

The indirect test was first used by Fife & Muschel (1959) for diagnosis of 
T. cruzi infection, with washed formalized parasites from culture as antigen. 
The method proved somewhat more sensitive than the CF test but gave rise to 
some false positive results. Sadun et al (r963) used this test for diagnosis of 
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African and American trypanosomiasis in man. Cross reactíons were encountered 
in the trypanosome ínfectíons but not wíth other díseases. Fínger-príck blood 
dried on filter paper could be used after extractíon but results are stíll sub judice. 
Essenfeld & Fennel (r964) made a study of the reactíon in experimental ínfec
tíons wíth T. cruzi by ínfectíng guínea-pígs wíth five dífferent straíns, and using 
blood and tíssue forms as antigen. Dírect and índírect staíníng methods were 
employed wíth moderate results. Bíagí et al (r964) compared the usefulness 
of the test wíth the CF test in the chroníc dísease. Leíshmaníal forms of the para
síte were used as antígen. There was a good agreement in both tests and the ease 
of performance as well as economy of the FA test favour íts use in diagnosis of 
the chroníc dísease. 

LEISHMANIASIS 

Leishmanía ínfectíons occur in two forms, visceral (kala-azar) and cutaneous or 
mucocutaneous. It ís conveníent to recogníze only two maín specíes of parasíte, 
namely Leishmanía donovaní gívíng ríse to the generalízed dísease (kala-azar) 
and L. tropica to the other forms. Dífferent specíes of these parasítes are, however, 
now recognízed on the basís of their varied clínica! and immunological behaviour. 
They are shown in the classification table below. All forms of the parasíte are 
morphologically identical. 

Classification of Leishmariiases 

I. Visceral L. donovani (India, China, etc.) 
L. infantum (Mediterranean líttoral) 

2. Cutaneous and Mucocutaneous 
Old W orld L. tropica major (wet form, rural) 

L. tropíca mínor ( dry form, urban) 

NewWorld 

AGGLUTINATION TEST 

L. brasílíensís (Espundía-Brazil) 
L. pifanoi (Venezuela) 
L. mexicana (Chiclero's ulcer-Guatemala, 

Mexíco, Brítish Honduras) 
L. (peruviana) (Uta, pian bois-Peru, Guianas, 

Costa Rica, Panama) 

The first clear-cut demonstration of the presence of agglutinins was made in 
I9II in the sera of rabbits immunízed wíth cultures ofL. donovani. Similar bodies 
were later demonstrated in the serum of a child wíth leíshmanial infectíon. 
Numerous workers confirmed the earlier observations. Senekjíe & Lewis 
(I944) were able to diagnose leishmaníal infection by a slide agglutination test 
usíng the sera of rabbits immunized first with dead then with live organisms 
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of L. donot~aní, L. tropíca and L. brazíliensis. They found that the homologous 
organisms were agglutinated at a higher titre than heterologous types. A group 
reaction occurs in low dilutions but at higher dilutions the various species may 
be differentiated. It appearcd that a rapid diagnosis of visceral, cutaneous and 
mucocutaneous leishmaniasis could be made by this method. Chang & 
Negherbon (!947) in studying the specificity of serological reactions with the 
above three organisms found that the micro-slide agglutination reaction was the 
most useful. There is still no general agreement about the specificity of the test 
and it seems that discrepancies in results of different workers may be due to 
variation of techniques or differences in the nature of the antigens employed. 
Cascio et al (r962) used a 'conditioned haemagglutination' test for detection 
of agglutinins with antigen absorbed on tanned sheep red cells. Bray & Lainson 
(1966) have developed a haemagglutination test for detection of antibodies 
in which sheep and human cells or latex particles wcre sensitized with antigens 
from eight strains of Leishmania spp. They found that serological differences 
occurred between the strains as for example L. donot~ani from India and Kenya, 
as well as many similarities. 

CoMPLEMENT F1XATION TEST 
This test was also first used in 1911 on the sera of immunized rabbits. The 
method proved somewhat unsatisfactory in the hands of other workers till an 
antigen prepared from human tubercle bacilli, the well-known antigen of 
Witebsky, Klingenstein & Kuhn, was introduced and gave satisfactory 
results in the hands of Greval, Sen Gupta & Napier (1939). Later the so-called 
leprosy-bacillus of Kedrowsky was employed as a so urce of antigen in this test 
and gave equally good results. Other acid-fast organisms such as Mycobacterium 
phlei, M. at~ium and M. butyricum have also becn uscd as antigens after treatment 
in different ways. These antigens have proved stable and generally lack anti
complementary activity and in some cases are of such specificity that other 
diseases can be excluded by the test. Alcohol extraction ofKedrowsky's bacillus 
provided a simplified method of antigen preparation. Ghosh, Ghosh & Ray 
(1945) reported good results with a specific antigen prepared from Lcishmanía 
donovani cultures. The test was positive in early cases of kala-azar when other 
serological tests were still negative. Chang & Negherbon (1947) also used 
specific antigens prepared from leishmania species with which they showed that 
species specific and common antigens were present, the former being predomi
nant. The general consensus of opinion among responsible workers is that the 
complement-frxation test is the most reliable of all in leishmaniasis. Recently 
Torrealba & Chaves-Torrealba (1964) used BCG as a source of antigen for 
diagnosis of human and canine leishmaniasis. The method proved sensitive and 
because of its ready availability had advantages over other antigens. Khaleque 
(1965) described a new and simpler method for preparation of antigcn from 
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Kedrowsky's bacillus. The author claims that it showed marked specificity 
anda clase correlation of results with clinical findings was observed. 

A further test of this nature has been described in which leishmanial antigen 
is detected in the host's serum with the help of antibody from a rabbit hyper
immunized with cultures ofL. donovani. 

PRECIPITIN TEST 

In serological studies of parasitic infections the pree1p1tation reaction has 
probably been least used. Such a test was described for leishmaniasis in I9I3. In 
evaluating the specificity of serological reactions for distinguishing the various 
leishmania species Chang & Negherbon (1947) successfully employed a ring 
test for the presence of precipitins but found it less sensitive than the agglu
tination test. 

INTRADERMAL TEST 

Beca use of its value in the field this test has been widely used and sorne workers 
claim that it is more reliable than microscopic examination for parasites. 
Differences in the degree of reaction ha ve been noted in old and more recent 
infections. The first careful study of this nature was made by Wagener (r923) 
who reported results of an intradermal test in immune rabbits when she used as 
antigen extracts of the culture fonns of L. donovani and L. tropica. Other workers 
used dogs and the test was then applied to man with even more definite results. 
It remained for Montenegro (1926) to show the diagnostic possibilities of this 
test in human mucocutaneous leishmaniasis, in Brazil. With an antigen pre
pared from cultures of L. braziliensis he obtained a delayed type of reaction and 
found that an extract of L. tropica also gave a positive result in a Brazilian patient, 
thus showing that common antigens are present in the two organisms concerned. 
The test has been claimed as specific but sorne workers have reported cross 
reactions with Trypanosoma species. The test was widely adopted and the original 
findings repeatedly confirmed. Similar findings were recorded in Leishmania 
tropica infections and the test proved even more reliable than microscopical 
examination of lesions. The test has sometimes proved positive befare the 
appearance of lesions and also for some years after cure. Various writers ha ve 
discussed the specific allergic reactions in cutaneous leishmaniasis when the 
Montenegro test is performed and ha ve suggested standardization of the antigen 
and of the time at which the results should be read, to give more consistent 
fmdings among different workers. Pellegrino ( r 9 5 r) used a polysaccharide 
antigen isolated from culture forms of L. brazilíensis and obtained the same 
results as with a saline-merthiolate suspension of whole organisms. In Spain it 
has been found that Mediterranean types of cutaneous leishmaniasis can be 
diagnosed in nearly roo% of cases by an antigen prepared from L. braziliensís. 

Manson-Bahr & Southgate (1964) in recent work on kala-azar in East Africa 
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have used the leishmanin skin test on a large scale, with antigen prepared from 
a gerbil strain of Leishmania. The test is negative during the active phase of the 
disease and becomes positive on recovery. The test proved of value to detect 
endemic foci in the Sudan. There was cross immunity between rodent and be
tween rodent and human strains. Cahill (1965) has used this simple and effective 
test for determining attack rates and distribution of leishmaniasis and for 
delineating endemic foci. 

lMMUNOFLUORESCENT TECHNIQUES 

Oddo & Cascio (1963) used the fluorescent antibody test for demonstration 
of antibodies in cutaneous and visceral leishmaniasis. Shaw & Voller (1964) 
employed culture and tissue forms of different Leishmania species as slide antigens 
and found that all sera from infection with the different species as well as from 
two trypanosome infections stained, but there was no staining with sera from 
healthy individuals or from those with other diseases including cutaneous 
leishmaniasis. The test was group specific and is oflimited value where trypano
somiasis and leishmaniasis are endemic. Duxbury & Sadun (1964) found that 
the test lacked sensitivity and sorne false positive results occurred. Herman 
(1965) used the intracellular forms of Leishmania donovani as antigen and ob
taincd results similar to those above. More expcriencc is necessary before the 
test is used routinely. 

ADHESION TEST 

The Rieckenberg phenomenon or Adhesion Test employed in diagnosis of try
panosomiasis has met with limited success in diagnosis of leishmaniasis. Milis, 
MacHattie & Chadwick (193 r) found that the test was easily carried out and 
proved of value in the field as an aid to diagnosis of chronic and aberrant types 
of oriental sore in endemic areas, when microscopic examination of old lesions 
was not easy to carry out. When the test was used to determine the incidencc 
of cutaneous and visceralleishmaniasis in dogs it proved unsatisfactory. 

TRICHOMONIASIS 

There are three species of the genus Trichomonas which infect man. Trichomonas 
tenax of the mouth, T. hominis of thc intestine and T. vagina lis of the genital 
tract. They are distinguished morphologically, culturally and by absence of 
cross infection. Only T. vaginalis is of clinical importance and infections may be 
symptomless or associated with severe vaginitis. T. gallinae of birds and T. 
Joetus, the cause of abortion in cattle, are definite pathogens. There have been 
relatively few serological studies on the human species of the organism. Robert
son (1941) employed the first satisfactory serological test for T. Joetus, that of 
agglutination. Trussel (1946) used a micro-agglutination test for T. vaginalis 
and showed that this organism stimulates the production of antibodies in 



DIAGNOSIS OF PROTOZOAL DISEASES 149 

experimentall y inoculated animals. Fein berg ( r 9 52) used a ca pillary aggl utination 
test for T. Joetus which could be read microscopically and might be of value 
in diagnosis of T. vaginalis. McEntegart (1956) made a serological comparison 
of a strain of T. vaginalis with two strains of the cattle parasite T. Joetus, which 
are respectively of medica! and veterinary interest. He observed that on the 
only two previous occasions on which this was done the results were contra
dictory. The author found that the human and cattle strains were serologically 
distinct by means ofhaemagglutination and cross absorption tests. It was shown 
by Weld & Kean (1958) that there is a factor in the serum of man and animals 
which destroys suspensions of T. vaginalis and can be removed by heating at 
56°C for 30 min. The presence of such a factor makes serological studies difficult. 
Kott & Adler (1961) in their serological studies of Trichomonas sp. parasitic in 
man used agglutination and haemagglutination techniques. They found that 
a number of serotypes of T. vaginalis existed and could be distinguished by the 
above methods and by absorption tests. Robertson (I96o) used agglutination 
and gel-diffusion methods to distinguish strains of T. Joetus from one another 
and from porcine strains. Elder (1964) described a new serological strain of this 
organism. McEntegart et al (1958) used fluorescein-labelled antisera to detect 
serological varieties of T. vagínalis and found it could readily be distinguished 
from T. Joetus by this method. The value of the test for routine diagnosis has 
not been established. Pierce ( 194 7) observed that an agglutin in for T. Joetus 
is present. in the mucoid vaginal secretions of infected heifers apparently before 
it is present in the blood. An intradermal test was also positive before agglutina
tion by sera. 

So far as the writer is aware serological methods are not routinely employed 
in the diagnosis ofhuman infections but rather those of culture and microscopic 
examination of suspected material. Korik (1966) in Moscow, however, describes 
two immunological methods for the diagnosis of trichomoniasis, namely the 
complement fixation test and detection of trichomonadantigen. The former 
gave only ro/;; of positive results in patients. The second method, in which 
three anti-trichomonad sera from man and immunized rabbits were used, gave 
83/;; of positive results in patients known to be infected. The latter method is 
recommended by him for routine use. 

SPOROZOA 

MALARIA 

It is now well known that malaria infections confer some degree of immunity 
on the host following recovery from infection, and the search for specific anti
bodies has been carried out by many workers during attempts at elucidation 
of this immune mechanism. Sorne investigators are of the opinion that a good 
serological method of diagnosis would be of value in this disease. For a long 
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time the difficulty of obtaining a sufficient amount of pure antigen proved a 
drawback in research but was largely resolved when simian malarias could be 
regularly maintained in the laboratory. Complement fixation, precipitation and 
agglutination tests as wcll as staining with fluorescein-labelled antibody are now 
accepted as specific mcthods of diagnosis but their practical value is still in doubt. 

CoMPLEMENT FrxA TION 

Thomson (1918) and Kingsbury (1927) reported promising results with antigens 
prepared from infected human red cells and Manson-Bahr (1927) used extracts 
of oocysts from anopheline mosquitoes as well as those of culicines but without 
success. The test was put on a sound basis by Coggeshall & Eaton (1938) who 
studied the reaction in monkey malaria. From the blood or spleens of animals 
with intense infections of Plasmodium knowlesi antigens were prepared which 
fixed complement when allowed to react with the serum of the infccted animal. 
The parasites were first freed from red cells by freezing and thawing or grinding, 
or by long autolysis and wcre then extracted with saline. Complement fixing 
antibodies appeared in the blood early during infection and persisted during 
chronic infection and the reaction was regarded as specific. After the acute phase 
there was a rise in titre then a fall, with further rises after relapses. The amount of 
protcctive antibody determined in separate experiments did not correlate with 
the titre obtained in the complement fixation test. The antigen appeared to be 
of protein nature since it was not extractable with lipid solvents and was 
destroyed by trypsin. These experimcnts were extended to studies on human 
malaria by Eaton & Coggeshall (1939) using the antigens prepared from P. 
knowlesi. Tests were made on normal human serum and syphilitic serum, on the 
serum of patients with naturally acquired malaria, and on that of paretics who 
were undergoing therapy with P. knowlesi, P. vivax or P. Jalciparum. Positive 
results with syphilitic sera were not common, but strong positive reactions were 
obtained in all malaria infections. The reaction was found to be group-specific 
rather than species-specific, in confirmation of the earlier work of Kingsbury 
(1927). Titres rose for 1 month after infection then fell but were raised for a 
period of 12 months. 

These results have been repeatedly substantiated by other workers and im
provements were madc in tcchniquc especially regarding the preparation of 
antigen by Dulaney & Stratman-Thomas (1940); Dulaney, Stratman-Thomas & 
Warr (1941). They found good agreement between the results of complement 
fixation tests and those obtained by microscopical examination of blood. In 
later work Dulaney assessed the value of this test in relapsing vivax malaria 
using the same antigen and found that it was more sensitive than blood examin
ation in detecting sub-clinical infection. Rein et al (1949) also believed that the 
test could detect more infected patients than could blood examination during 
recurrent attacks. These authors used human parasites as well as those of P. 
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knowlesi in the test. They confirmed that a group rather than a species-speciflC 
reaction took place in which cross reactions between P. vivax, P. malariae and 
P. knowlesi occurred. The presence of syphilis did not affect the results. In their 
studies on the complemcnt fixation test in human malaria Mayer & Heidel
berger (I946) found that the malaria antigens contained the Wasserman antigen, 
but the specific malaria antigen was distinct from it. These authors believe that 
the complement fixation test has only a limited value inlatent malaria, but was 
of value in chronic relapsing vívax malaria when the tests were repeated at 
intervals. If syphilis is excludcd a positive reaction with a malarial antigen is 
specific for that disease. Kligler & Y oeli ( I94I) studied the diagnostic and epi
demiological significance of the complement fixation test in human malaria, 
using an antigen from P. knowlesi and they confirmed earlier work. They also 
found that an antigen prepared from the fowl malaria parasite P. gallinaceum 
was as good as that from monkeys, both rcacting with human sera in the same 
way. The test was considcred by them of valuc asan index of endemic malaria. 
Subsequent workers made a study on troops rcturning from malarious arcas 
and believed the complement fixation test to be of little value when P. gallina
ceum was the source of antigen. 

AGGLUTINATION TEST 

Ea ton ( 193 8) described an agglutination test for P. knowlesi in which immnne 
serum from monkeys was uscd. Red cells heavily parasitized with mature forms 
were obtaincd from monkeys by centrifugation of blood and a further separa
tion from non-parasitized red cells was accomplished by thc same means. A 
dilute suspension of these cells, at least so% of which were parasitized with 
mature forms, was made in saline. Sera were obtained from normal animals, 
from those with acute and chronic infections and also after hyperimmunization, 
as well as from monkeys infected with a different malaria parasite P. ínui. 
All sera were inactivated at 56oC for ! hr. The test used was of macroscopic 
character. Agglutinins appeared in serum 15 to 45 days after infcction and sug
gested that the relative immunity of those animals to re-infection was associated 
with the prcscnce of sensitizing antibodies in the blood stream. Superinfected 
animals agglutinated ata dilution of rfwoo. The results obtained werc specific 
in character since sera from normal animals or those infected with a different 
species of parasite gave negative results. Agglutinins persisted in the sera of 
chronically infected animals for a year or more. The value of the test as a 
diagnostic measnre was lessened by the difficulty in prepariU:g a suitable antigen. 
So far it has not been used in human malaria. Agglutination by immune serum 
of the bird m_alaria parasites P. círcumjlexum, P. gallinaceum and P. lophurae 
has been reported. 

Brown & Brown (1965) in thcir studies on antigenic variation in chronic 
infections with the monkey parasite P. knowlesi used the original agglutination 
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test of Eaton (1938). They found marked speciflcity in each relapse type and 
antigenic heterogeneity was increased with repeated passage. It is possible that 
antigenic variation may be a feature of the human disease. 

PRECIPITIN TEST 

The earliest test of this nature was that described by Pewny (1918). He used as 
antigen a saline extract of human malaria! blood clot. Positive reactions at a 
serum dilution of 1/100 were reported. Positive precipitin tests were also 
described by Taliaferro, Taliaferro & Fisher (1927). The best antigen was 
obtained from malaria! placenta after preliminary treatment with ether, 
followed by extraction with Coca' s fluid and flltration to give a clear product. 
One volume layered with an equal volume of serum under test was incubated 
at 37°C for 1 hr and then left sorne hours in the ice box. A ring precipitare was 
formed and the authors considered the result indicative of a speciflc antigen
antibody reaction, not merely a non-speciflc flocculation. The results were con
frrmed later by the same authors who then found that the antigen acted best 
at pH 7.8. Good results were also obtained using infected red cells as antigen 
especially when obtained as large schizonts from the placenta. Stratman
Thomas & Dulaney (1940) failed to demonstrate a specifrc precipitin reaction on 
testing 287 sera from malaria! patients or a speciflc skin test in 268 similar 
patients. On the other hand, Dulaney & House (1941) demonstrated precipita
don reactions in human malaria with antigens prepared by extraction of P. 
knowlesi, either by use of antigen-coated collodion particles or by a method in 
which collodion particles were added at the time of mixing antigen and antibody. 
Similar results were obtained in both cases and could be read macroscopically. 

Henry (1929) described a melanin flocculation test in malaria based on the 
assumption that the pigment formed during the course of the disease was 
melanin and that it possessed antigenic characters. There is a voluminous 
literature on the subject of the test but it is no longer believed to be a true 
antigen-antibody reaction and false positive results occur in other diseases. 
Nevertheless the test has been widely used in malaria! surveys in North Africa. 

fLUORESCENT ANTIBODY TEST 

Tobie & Coatney (1961) reported that the method could be used to detect 
antibody in the serum of patients with P. vivax infection. For this purpose the 
globulin fraction of the serum was labelled with fluorescein isothiocyanate. 
P. cynomolgi B a parasite of monkeys, which also infects man, was found to be 
stainable in the same way with labelled homologous serum from an accidentally 
infected laboratory worker. Cross reactions between these two parasites were 
observed but antibody titres were higher in homologous sera. Ingram et al 
(1961) applied similar methods to the study of natural infections of monkeys. 
Antibody production was followed in human patients and monkeys during the 
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course of infection produced by blood inoculations or through sporozoites. 
The appearance of antibodies correlated well with the appearance of parasites 
and antibodies persisted after drug treatment. Voller & Bray (I962) carried out 
similar studies and demonstrated tbat malaria antibodies were present in the 
cord blood of immunc mothers. Voller (r962) made attempts to differentiate 
species by this staining method. Cross reactions indicatcd different species 
possessed common antigens, but avian species had different antigens from those 
of mammalian plasmodia. Ingram & Carver ( 1963) in studying staining of tissue 
stages observed cross reactions with blood forms, and concluded that the method 
may be of limited value in diagnosis. The method has the great advantage that 
little antigen is required and it has proved of value in epidemiological studies 
to indicate the antibody status of a group. It seems clear that the method does 
not measurc functional immunity. An attempt has been made by Goldman 
(r96o) to measure intensity of fluorescence in the slide antigen and applied here 
would increase the value of the method in immuno-diagnosis. Voller (r964) 
has summarized the use of fluorescent antibody methods in malaria research. 
Collins et al ( 1966) ha ve concluded that simian antigens could be used profitably 
in human surveys. El-Nahal & Bray (r966) found that Evans blue was of value 
to lessen non-specific staining. 

HAEMAGGLUTINATION TEST 

Stein & Desowitz ( 1963, 1964) described a test for measuring antibody in human 
malaria infections, using formolized tanned sheep cells sensitized with human, 
rodent or simian antigens. Very high titres were obtained but numerous false 
positive resnlts were common. Cross reactions with different species of parasite 
were also observed. The test shows pro mise and can be carried out with minimal 
quantities of antigen. Further experience with the testis required, includingevalua
tion of the cross reactions and many workers are investigating these problems. 

PrROPLASMosrs 

Abont twenty species of the genus Babesia are found throughout the world 
in cattle and other domestic animals. They occur like malaria parasites in the 
host red cells and do not fonn pigment. Like the genus Theileria and Anaplasma 
(whosc taxonomic position is not clearly established) they are transmitted in 
nature by ticks. Babesia bigemina, the cause ofTexas fever in cattle, was described 
in 1893 by Smith & Kilborne while B. bovis causes a similar.disease in European 
cattle and both are of great economic importance. Parasites of the genus 
Babesia werc not known to infect man till Skrabalo & Deanovié (1957) reported 
the occurrence of a fatal infection, accompanied by haemoglobinuria, in a 
native of Yugoslavia. He was a farmer whose spleen had been removed sorne 
years earlier and was constantly subjected to tick bites in an arca where Babesia 
infection is common in cattle. Garnham & Bray (1959, 1961) showed that 
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splenectomized chimpanzees and rhesus monkeys acquire fulminating infections 
with B. divergens and B. bovis but could not be infected with Theileria parva. 
In East Africa this organism, which undergoes schizogony in the reticulo
cndothelial cells of the host, gives rise to East Coast fever, a m~or cause of 
morbidity and mortality among cattle in that area. Anaplasma which also occurs 
in red cells is likewise a source of morbidity in cattlc and other animals and is not 
infrequently accompanied by Babesia and Theilería. Rees & Mohler (1934) 
devised a complement fixation test for anaplasmosis which proved useful, since 
these parasites are small and hard to detect microscopically. Blood from calves 
infected with A. marginale is employed as a source of antigen. The test which is 
highly specific has been reviewed by Gates & Roby (1956). Ristic et al (1957) 
used fl.uorescein-labelled antibody to detect this small parasite in fixed blood 
smears. Ristic et al (1964) also uscd fl.uorescein-labelled anti-piroplasma globulin 
in the examination of blood films from splcnectomized infected horses for the 
presence of parasites. Schindler & Dennig (1962) demonstrated Babesía anti
bodies in dogs by the complement fixation test 11-14 days after infection, using 
as antigen a saponin-treated preparation from infected blood cells. Pilchard & 
Ristic (1963) evaluated serological techniques for the diagnosis of anaplasmosis 
and equine piroplasmosis. They found the complement fixation and capillary 
tube agglutination test of practica! value in the diagnosis of acute and chronic 
anaplasmosis, whereas gel diffusion, indirect haemagglutination and the fl.uores
cent antibody test are primarily useful as research tools. The only useful test for 
cquine piroplasmosis appears to be that of precipitation in gel. 

TüXOPLASMOSIS 

Although Toxoplasma was fmt described in 1908 it was not until 1939 that 
W olf, Cowen & Paige showed that the parasite was associated with human 
disease. The distribution of toxoplasmosis is world wide and antibody surveys 
in man and animals have been carried out by standard serological methods. 
The disease is regarded as a zoonosis and the taxonomic position of the genus 
Toxoplasma is stilluncertain. 

The presence of antibodies in infected monkeys and in man was demonstrated 
by protection tests in animals by Sabin & Olitsky ( 193 7). A complement fixation 
test was described by Nicolau & Ravelo (1937). The antigens in their experi
ments like those of subsequent workers were very impure and contained host 
cells and other debris. The result was that results from different laboratories 
could not be compared. Fulton& Fulton (1965) have described an antigen which 
consists of a pure suspension of formolized Toxoplasma gondíi prepared from the 
peritoneal exudate of infected cotton-rats which can readily be standardized 
by parasite counts, by optical density or by parasite nitrogen estimations. 
After freeze-drying in presence of 6/;; salt-free dextran it can readily be re
consituted and remained fully potcnt for more than 1 year. 
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A dermal sensitivity test to toxoplasma antigens (toxoplasmins) was described 
by Frenkel (1948) and was of delayed tuberculin type. The allergic reaction is 
not positive for sorne months after infection. Robertson (1965) used the test in 
surveys of severely subnormal patients in Lincolnshire. The test is not very 
informative beca use of its delayed type but has been used in population surveys 
to indicate the antibody status of a group. 

The most widely used test is that of Sabin & Feldman ( 1948) generally known 
as the dye test. lt is carried out by exposing peritoneal exudate from infected 
mice containing toxoplasma to serum antibodies in presence of a heat labile 
substance named 'activator' and methylene blue at pH 1!. Staining of toxo
plasma cytoplasm was prcventcd by antibodies. The activator substance appears 
to be of properdin nature. The same phenomenon was studied by Lelong and 
Desmonts (1952) as a lytic phenomenon in which destruction of parasite cyto
plasm could be observed by means of phase contrast microscopy. Correlation 
between results of the dye test and clinical status of the patient is frequently 
absent and technically the method has sorne serious disadvantages. 

A pock counting technique has been used in the serological diagnosis of the 
disease by Macfarlane& Ruchman (1948) and MacDonald (1949) and resembled 
that of virus neutralization but had only a limited application. 

An indirect haemagglutination test was described by Jacobs & Lunde (1957) 
who used sensitized sheep red cells coated with a soluble antigen from infected 
mouse peritoneal exuda te. Chordi et al (1964a) rnade a careful study on the speci
ficity of the test. The modification described by Lewis & Kessel (I961) has been 
widely used in America. Jennis (1966) has used a simplified haemagglutination 
test for toxoplasmosis in which the cells before sensitization are treated with 
pyruvic aldehyde. A flocculation test by Siim & Lind (1960) is of similar nature. 
Further evaluation is necessary before the test can be regarded as satisfactory for 
routine use. 

A fluorescence inhibition test was described by Goldman (1957a and b) 
who showed its antigen-antibody nature. Parasites normally difficult to find in 
tissue smears were made readily visible. A quantitative test for measuring anti
body titres was based on the inhibition of specific staining by non-labelled anti
body. Subsequently a large number of papers on the indirect fluorescent 
antibody test for the serodiagnosis of toxoplasmosis has appeared, including 
that by Fulton & Voller (I964) and Fletcher (1965). Wéry (1965) does not think 
that the fluorescent antibody test has solved many problems, although he found 
it reasonably specific in character. Others ha ve claimed that it is economical and 
easy to carry out. Kramar (I965) used dried blood on filter paper in the indirect 
fluorescent antibody test after extraction with saline. 

An agar gel diffusion test was first employed by O'Connor (1957a and b) to 
demonstratc the presencc of precipitins in the aqueous humour of the eye of 
patients with uvcitis. Strannegard (1962) has also used the mcthod and found 
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relatively poor correlation with the results of complement fixation and dye test. 
Chordi et al (r964b) have carried out an analysis of T. gondii antigens by this 
method. 

A quantitative direct agglutination method was described by Fulton & Turk 
(1959) using the pure suspension of parasites mentioned in connection with the 
complement fixation test. Fulton (1965) has now adapted the method for use on a 
micro scale so that only I/IO of the amount of antigen originally used is now 
necessary when the micro titration apparatus of Takatsy is employed. The 
test is specific as shown by absorption and other methods. Its advantage lies in 
ease of performance, repeatability, naked eye reading of results and the use of 
formolized parasites which can be kept for many months and are non-infective. 

A quantitative respiratory inhibition test was described by Fulton & Spooner 
(r96o) which measured the effect of immune sera of oxygen uptake by apure 
suspension of parasites. The method was more of academic than practical 
interest. 

Engelbrecht (1965) described a slide flocculation test for diagnosis. The sedi
ment from infected mouse peritoneal exudate obtained by centrifugation was 
frozen and subjected to ultrasonic treatment. On thawing formalin and gelatin 
was added to stabilize and leucocyte debris allowed to settle out. Flocculation 
occurred ro min after addition of antiserum and results could then be read. 
Good correlation with the dye and haemagglutination test was claimed. 

SARCO SPORIDIOSIS 

Sarcosporidia are parasitic organisms of uncertain relationship and as yet un
determined taxonomic position. Aboutfifty specieshave beennamed. Thegenus 
Sarcocystis was established in 1882. Infections are cosmopolitan in distribution, 
occurring in birds, reptiles, fish and mammals, including man. Few human cases 
ha ve been reported and the disease is chiefly of importance for the veterinarian. 
These organisms have not infrequently been confused with toxoplasma. 
Miihlpfordt (1951) could not distinguish between them by means of serological 
methods including the dye test described earlier for toxoplasmosis. Awad 
(r954a) described a new dye test for Toxoplasma and Sarcocystis infections using 
S. tenella spores. A wad & Lainson ( 19 54) found that the dye test gave positive 
results with Toxoplasma and Sarcocystis sera whereas the complement fixation 
test gave specific results. Awad's finding that sarcospores can be used in the dye 
test for toxoplasma was not confirmed by subsequent work. Awad (1954b) 
also carried out intradermal tests with 'sarcocystin', an antigen prepared from 
oesophageal cysts of sheep. A delayed type of reaction occurred as with tuber
culin. The test lacked specificity and proved of little diagnostic value, and is 
recommended for use only in screning. 

During the evaluation of immunofluorescent tests for detecting toxoplasma 
antibodies Fulton & Voller (1964) were fortunate in obtaining serum from a 
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patient with Sarcocystis infection which had been verified by biopsy. The serum 
in question had a high titre in this test when the homologous antigen v. as u sed 
but was negative with Toxoplasma antigen. Also high titre Toxoplasn-a sera 
did not react with Sarcocystis. These findings confirm the general consensus of 
opinion that Sarcocystis and Toxoplasma are immunologically distinct. 

COCCIDIOSIS 

According to recent observations only 83 5 infections ha ve been recorded in man 
in the W estern Hemisphere, with species of the genus Isospora, two of which, 
l. hominis and J. belli, are recognized. They parasitize the mucosa and sub
mucosa of the intestinal wall. Infection is cosmopolitan and epidemics ha ve been 
recorded in the Near East and South-west Pacific Islands. There is a moderate 
endemicity in South America, more commonly in poor economic and sanitary 
conditions. Essentially nothing is known of the immunology of human cocci
diosis, and diagnosis by serological methods has not been seriously attempted. 
Although negligible as human parasites coccidia cause great economic losses 
among domestic and game animals, especially poultry, rabbits and cattle. 
Numerous species are in volved and vary in the si te of development and in de
tails of their schizogonic cycles. Immunity can be demonstrated after infection 
and is absolute. Patterson (1923) devised a complement fixation test in rabbits 
using extracts ofinfected liver as antigen and believed it was useful in diagnosis. 
Similar experiments carried out la ter did not support this conclusion. Precipitins, 
lysins and agglutinins were stated to be absent during infection but skin tests 
showed sorne promise in diagnosis. Recent work by Rose (1959) has shown, 
by means of quantitative precipitation reactions in gel and liquid media, that 
circulating antibodies to Eimeria stiedae occur in the sera of infected rabbits. 
She confrrmed also that complement fixing antibodies were present and was of 
the opinion that different species of coccidia might be distinguished by the 
double diffusion method in gel. Horton-Smith, Beattie & Long (1961) carne to 
the conclusion that immunity in E. tmella of fowls is mediated through the 
circulation by humoral antibodies or lymphoid cells or both. 

CILIATA 

BALANTIDIOSIS 

The parasitic ciliate Balantidium is widely distributed in nature. In many parts 
of the world pigs are heavily infected but do not suffer and are probably the 
main source ofhuman infection. It is the only parasitic ciliate of man and may 
cause diarrhoea and ulceration of the intestine. Different species are morpho
logically similar and Zaman (1964, 1965) has studied their antigenic relation
ships by means of the immobilization and fluorescent antibody reaction. Few 
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serological investigations have been carried out on the organism. The author 
used antisera from rabbits immunized with cultures of the organism in both 
tests. He believes these tests have an advantage over others, in which soluble 
antigens are used, because neither is affected by bacteria! or other extraneous 
antigens present in these cultures. The serum was inactivated at 56oC for 30 

min to avoid lysis of the organisms. Immobilization was accompanied by the 
presence of a precipitate on the surface of the organism. The highest titre obtained 
was I: 64 whereas Beale obtained a titre of I: 1000 with Paramoecium, a free
living form. The immobilization effect was prevented by absorption of anti
bodies by the ciliate. It was found that five pig strains cross-reacted but there 
was no cross reaction with a human strain. In the fluorescent antibody test 
staining was specific in unfixed specimens but not in those fixed. Controls, 
however, also showed fluorescent staining and it does not appear that the two 
tests alone or together are of diagnostic value. Dzbenski (1966) has also carried 
out immunofluorescent studies on Balantidíum coli, to find if antibodies could 
be detected in the sera of naturally infected pigs with a view to using the method 
in detecting human infections. For comparison rabbits were immunized by 
subcutaneous inoculation with cultured organisms accompanied by Freund's 
adjuvant. The antigen was of fresh or fixed trophozoites and fluorescein-labelled 
goat anti-rabbit-globulin serum was used for staining by the indirect method. 
The method was unable to detect antibodies in the sera of naturally infected pigs. 
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CHAPTER 6 

DIAGNOSIS OF HELMINTH INFECTIONS 

E.J.L.SüULSBY 

lNTRODUCTION 

NEMATODES 

Trichinosis: Filariasis: Ascariasis 

CESTODES 

Hydatid infection 

TREMATODES 

Schistosomiasis: other Trematodes 

INTRODUCTION 

In many helminth infections the most satisfactory method of diagnosis is the 
dctcction of eggs or larvae in the stools, urine or blood of an infected individual 
or animal. However, in some diseases the cellular reaction around the helminth 
prcvcnts the ready recovery of eggs (this is seen for instance in chronic 
schistosomiasis), and other helminth diseases are associated with larval stages of 
thc life cycle (e.g. hydatid disease, trichinellosis and visceral larva migrans), 
thcrc being no external evidence of infection in these cases and alternative diag
nostic tests must be used. The serological tests used in the diagnosis ofhelminth 
infcction fall into two main categories; those for individual diagnosis and those 
for the mass survey type of diagnosis. The latter type of test can allow for a 
ccrtain degree of inaccuracy since the more specific and detailed tests can be 
applicd to individuals ata la ter stage. 

Immuno-diagnostic tests in helminth diseases usually show a wide range of 
cross reactions between parasites of various families and cven various orders. 
Such cross reactions may be of diagnostic value since a more readily available 
parasite can be used as the source of antigen. Thus, the dog heartworm, Diro

.filaría ímmitis, has been used to supply skin test antigen for the detection of 
human filarial infection. Nevertheless, thc existence of such cross reactions may 
makc it difficult to assess the significance of a positive serological reaction to a 
givcn antigcn in areas where helminth disease is endemic. There is, therefore, 
a nccd for antigen preparations with a greater specificity. The provision of 
satisfactory materials for antigens is also another difficulty. Sometimes these 
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materials must be obtained from another host animal, thus material for use in 
hydatid diagnosis may be obtained from a domestic animal such as the pig. The 
stages of the parasite which are generally freely available may not correspond to 
those which are concerncd in the disease process. For example, in visceral larva 
migrans in children, it is the early larval stage of the dog roundworm Toxocara 
canis which is responsible for disease, but usually only the adult worm from the 
dog is availablc as a source of antigen. Parasites can be obtained from other 
animals in which they normally occur or in which experimental infections can be 
induced, but such preparations may contain protcin of the donor host and this 
may lead to anomalons results, cspecially in patients with chronic or malignant 
diseases. 

A possible answer to these problems is the provision of antigenic material 
from parasitcs cultured in in vitro conditions where host protein does not occnr. 
At the same time, the various developmental stages, which are concerned in the 
causation of disease in thc host, may also be obtained by in fJitro culture tech
mques. 

The majority of the diagnostic tests used in helminth infections rely on the 
detection of antibody either by serological tests or by skin tests. They give no 
indication as to the severity of the infection or indeed whether the infection is 
still active. Attempts ha ve been made to develop tests for the detection of antigen, 
particular! y in the urine of infccted persons, and such techniques might indica te 
more clearly the severity and activity of the infection. In addition to the 
diagnosis ofinfection, a serological test may be of value in assessing the efficiency 
of therapy. This is seen in schistosomiasis and hydatid disease. 

Generally, immuno-diagnostic tests are used for human helminth infections 
and ha ve only a minor role to play in the diagnosis ofhelminths in animals. 

The serological tests which have been used include all the well-known 
methods such as complement flxation, precipitation, agglutination of partid es or 
erythrocytes coated with antigen and fluorescent antibody teclmiques. Various 
'micro' modifications of these have beendeveloped toaccommodate innovations 
such as the collection of small drops of blood on filter paper for subsequent 
extraction for serological tests and the collection of plasma in heparinized capil
lary tu bes or on plastic coated cards. In addition, living adult or larval helminths 
have been used for in vítro tests, and many of these re! y u pon the formation of 
precipitares around the organisms or at the various natural orífices of larvae. 
Others depend on the agglutination or immobilization of infective stages. 
Skin tests are usually performed by the intradermal route and have their value 
in mass surveys rather than for individual diagnosis. The typc of reaction is 
usually of the immediate type (Type I), but in some cases, particular! y where the 
helminth infection is in the early stages of invasion, a delayed type (Type III) 
of reaction occnrs. 

In general, the incidence of parasitic disc-ase in man is low in Great Brit1in, 
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ami cven when infection does occur stool examination usually offers a much 
bctter chance of a successful diagnosis than immunological diagnosis. Never
thdcss, infections where stool diagnosis is of no valuc do occur. Hydatid in
fcction occurs sporadically, and there is a prevalcnt need for immunological 
diagnosis of this infection. Trichinosis is considered to be generally rare, bnt 
scveral outbreaks have occurred in the last fcw decades and surveys at autopsy 
show a general incidence of about w%, a figure as high as in many other coun
tries. Visceral larva migrans, caused by Toxocara spp. of dogs andcats, is possibly 
more common in children than generally realized, and there is a pressing need 
for a reliable immuno-diagnostic test for this condition. 

With the case with which pcrsons may travel from onc part of the world to 
another, the hitherto exotic parasitic diseases may be frcquently presented for 
diagnosis, and entities such as bilharziasis and filariasis may be encountered in 
persons from the tropics. In addition, these two diseases are of importance from 
a global point of vicw, andan understanding of the tcchniques available for thcir 
diagnosis is to be encouragcd. 

It is accepted that the antigens for the various tests dcscribed are not readily 
available, but they can usually be obtained from parasitological laboratories. 
In addition, a register of helminth antigens is maintained by the Parasitic 
Diseases Unit, W orld Health Organization, from which further information is 
available. 

NEMATODES 

TRICHINOSIS (TRICHINELLA SPIRALIS INFECTION) 

This infection is usually acquired by eating raw or undercookcd pork infcctcd 
with the larval stages of the parasite. Clinical signs, which are associated with 
the migration of larvae to muscles, consist of muscular pain and difficulty in 
breathing, mastication and swallowing. Ocdema is frequent around the eyes. 
Central nervous system involvement including headache or visual disturbance 
is usually transitory. Eosinophilia is often marked, sometimes reaching 70% 
of the total white count. Eosinophilia nsually precedes the development of 
positive serological or skin tests. 

Unless there is a rccognized outbreak of trichinosis where thc clinical signs 
.\re displayed and expected, a provisional clinical diagnosis is frequently made on 
the results of serological procedures. In symptomatic cases of trichinosis, what
cver serological test is used, a correlation exists between the incidence of positive 
reactions and the incidence of clinical disease. In asymptomatic infections, 
however, especially when tests are uscd in surveys, considerable difficulty is often 
cxperienced in asscssing the results, this being cspecially so with skin tests. In 
pigs the value of tests can be asscssed by post mortem examination, but even in 
these anomalous reactions are frequently seen. 

G* 
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SüURCES OF ANTIGEN 

A larval stage antigen is usually uscd for the various serological tests, and it is 
prepared from T. spíralis larvae harvested from an acid pepsin digest of the mus
eles of artificially infected animals such as mice. Less usually, adult stages of the 
parasites are utilized. A variety of antigenic preparations have been made over 
the years. These range from simple extracts of larvae with Coca' s saline to an 
acid soluble protein fraction (Melcher 1943). The metabolic antigens from adult 
or larval wonns are also used. It is likely that any one of the so-called antigens 
is in fact a complex mixture of antigens, and Tanner & Gregory (1961) have 
shown, by immunoelectrophoretic techniques, that eleven distinct antigens 
occur in a buffered saline extract of larvae. Details for the collection of larvae in 
large quantities and the preparation of antigens for the various serological tests 
are given by Kagan (1960). 

DIAGNOSTIC TESTS 

Complement fixation test 
This test was introduced by Strobel in 1911, and it has served for many years 
as the major serodiagnostic test for trichinosis. Using a boiled saline extract 
oflyophilized larvae, Witebsky, W els & Heide (1942) found it superior to other 
tests in sensitivity and specificity. Of 700 sera, some of which were Wassermann 
positive, from persons free of trichinosis, all were negative to the complement 
fixation with T. spiralis antigen. Workers in Gennany employed an extract of 
infected pork as antigen and found the complement fixation test to be the 
best method for the serological diagnosis of trichinosis in man ( Gaase 1949). In an 
outbreak of trichinosis, the complement fixation test may detect antibodies as 
early as 2-3 weeks after infection, and they may persist for 1o-13 months 
(Boziccvich 1951). Though it is still employed as a routine test in sorne labora
tories, it has to a great extent been replaced by other, more simple, and equally 
eflicacious, techniques such as the various flocculation tests. 

Precipitin tests 
The ring precipitin test (the overlaying of diluted Tríchinella antigen on 
undiluted serum in small tubes) has been used extensively in the diagnosis of 
trichinosis. Its one advantage is that it is easy to perform; however, it is less 
sensitive than other tests and it may show false reaction following the use of 
certain chemotherapeutic agents, in certain neoplastic diseases or when the 
albumin:globulin ratio is markedly altered (Southam, Thomason & Burchenal 
1949). 

The micro-precipitin test which is a modification of the precipitin reaction, 
relies upon the us.e of living T. spiralis larvae. Larvae are incubated in the 
serum under examination, and, if antibody is prcsent, after a number of hours 
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precipitates develop at the natural orífices of the larvae, i.e. the mouth, the excre
tory pore and the anus. Of necessity this test is one which can be carried out 
only in a specialized laboratory where a regular supply of T. spiralis infected 
animals exists. Roth (1946) considers it to be one of the most delicate tests 
available to the serologist for the detection of trichinosis. The reaction becomes 
positive in the 2nd or 3rd week of illness, and there appears to be some cor
rclation between the strength of the reaction and the degree of infection since 
in heavy infections the precipitatcs on the larvae appear more quickly and are 
more pronounced. However, it is not a test which lends itself to routinc 
diagnosis and it is not in general use. 

Flocculatíon and agglutination tests 
In 1944, Suessenguth & Kline adapted the Kline technique for thc diagnosis 
of syphilis to the diagnosis of trichinosis. Later, Suessenguth (1947) reported 
that an alkaline extract of lyophilized whole trichina provided a satisfactory 
antigen for the slide flocculation test. Since then the test has been successfully 
used to detect infections in both man and pigs. For example, positive reactions 
were obtained in pigs as early as the 8th day after experimental infection, and 
the reaction persisted for at least 903 days. In a series of over 1,000 human 
sera from diagnosed cases of trichinosis, 97% were positive by this technique, 
and of 7000 sera from the general population, 9.7% gave positive reactions. 
In a further series of rooo serum samples, ro% were found to be positive 
(Greene & Breazeale, 1952). These figures of positive reactions in the sera of the 
general population are in general accord with the incidence of trichinosis in 
the human population of the United S tates as judged by autopsy fmdings. 

Following the adaptation of the Kline test for the diagnosis of trichinosis, 
other particles such as collodion, carrnine and cholesterol were assessed as antigen 
carriers, but bentonite particles were found to be of most use (Bozicevich et al 
1951). Norman, Donaldson & Sadun (1956) concluded that the bentonite 
flocculation technique could be substituted for the complement-fixation test 
since it is more sensitive than the latter. If a metabolic antigen, prepared from the 
cxcretions of trichina larvae incubated in balanced salt solutions, is used the 
technique is even more sensitive than when the Melcher antigen is employed 
(Norman & Sadun 1959). The bentonite flocculation test has been used for sev
era! years in the United States, and there it is considered to be one of the 
scrological tests of choice for the diagnosis of trichinosis .of man. Its ease and 
speed of performance, its simplicity, its ability to detect antibodies during the 
acute phase of the disease and the stability of the reagents all recommend it. 
Dctails for the preparation of reagents and antigens and the interpretation of the 
test are given by Kagan (1960). 

A latex agglutination test has given results comparable to those reported 
for the bentonite tests (Innella & Redner 1959), and a further flocculation 
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technique has employed cholesterol-lecithin crystals coated with a buffered 
saline extract of ether-treated Trichinella larvae. The latter has been modified 
by the addition of charcoal to the suspension (Anderson, Sadun & Schoenbech
ler, r963) and the test is performed on plastic coated cards. Known as the 'char
coal agglutination' test, it provides a simple, sensitive method which can be 
used in the field without a microscope. The test is also able to detect antibodies 
o ver an extended period of time. It has much to recommend it as a routinc pro
cedurc and a test kit is available for use by relatively unskilled personnel. 

A fluorescent antibody test has been developed by Sadun, Anderson & 
Williams (r962). This utilizes washed muscle larvae of T. spiralis, fixed in 
ro/o formaldehyde in saline containing 0.5/o bovine scrum albumin. Test sera 
are reacted with the larvae and following adequate washing, any adsorbed glo
bulin is detected by a fluorescein conjugated anti-species globulin serum. The 
test possesses a high degree of specificity and sensitivity and has given reliablc 
quantitative rcsults either with fresh serum or with serum extracted from dried 
blood specimens on absorbent filter paper. A recent innovation has been the 
substitution of the anti-species serum by a fluorescein conjugated anti-guinea
pig (or rat) complement serum (Crandall, Belkin & Saadallah, r966). Preserved 
larvae are exposed to the test serum in the presence of a complement source 
and after adequate washing are stained with the anti-complement serum. The 
advantage of the latter technique is that only a single immunofluorescent reagent 
is requircd to demonstrate antibody in sera from different species. The disad
vantage of the fluorescent antibody technique is that it can be performed only in 
laboratories with the necessary equipment and trained personnel. 

Intradermal test 
The intradcrmal test has been used cxtcnsively for the diagnosis of individual 
cases of trichinosis and also for the large-scale diagnosis of asymptomatic 
infections. A résumé of the earlier literature is given by Gould (r945). Because 
of the wide variety of antigens used, it is difficult to assess the significance of 
the intradermal test in the diagnosis of trichinosis. Skin sensitivity can persist 
for at least ro years, and sorne reports suggest that a positive reaction may be 
present even 20 years after infection. Where the test is used for survey purposes 
itis extremely difficult to correlate positive results with the presence ofinfection. 
This has been attempted in pigs, but still the test has been unsatisfactory. 
Cross reactions can occur with other helminths, and a marked sensitivity to 
Ascarís suum may lead to positive reactions with T. spiralis antigen (Soulsby, 
1957b). In a survey of 388 persons, Gould (r945) found that while eighty-nine 
were infected at autopsy, only nine of these had given a positive skin test when 
examined befo re death. Of the remaining 299 which were not infected, sixteen 
had given positive reactions. A higher incidence of positive skin reactions has 
been found in patients with active tuberculosis, but no cross reactions occur with 
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T. spiralis antigen in animals infected with Mycobacterium tuberculosis. Some 
suggestions have been made that the consumption of pork containing dead 
Tríchinella larvae may be enough to sensitize an individual; however, the feeding 
of trichinous meat to animals did not induce skin sensitivity. A higher incidence 
of positive intradermal reactions is seen in institutions such as prisons, orphan
ages and hospitals than in the normal population, and no adequate explanation 
for this situation has yet been put forward. A significant incidence of positive 
intradermal reactions can be present in communities of orthodox Jews, for 
examplc, and such individuals presumably do not advertently consume por k; 
here again no adequate explanation is available. It is possible that such positive 
reactions may be dueto cross reactions with other helminths, and these tend to be 
more abundant in institutionallife than in normal cveryday life. 

Urine precípitin test 
This test is based on the detection of antigens in the urine of man and animals 
infected with trichinosis, and is a modification of that originally described by 
Fleck (1946). Thc test serum is usually prepared in rabbits. Urine from infected 
persons is used, eithcr as collected or after concentration by gentle heating, 
and is then overlaid on the immune serum in a Durham tube. Zapart (r96r) 
states that specific diagnosis of infection can be made with the technique 2 

weeks after the onsct of illness. The pH of the urine appears to excrtno influcncc 
on the test, and positive rcsults were obtained from urine varying from pH 
6-ro. Polish workers have found tbe test positive in all proven cases of trichin
osis. Studics by Machnicka-Roguska (r963) revcalcd antigen in the blood and 
urine of T. spiralis infected rabbits from the 3rd day after infection, which 
pcrsisted for at least 30 days in the urine and 34 to 84 days in the blood. Despite 
the obvious advantage of bcing ablc to detcct infection long befo re a detectable 
antibody response occurs, this technique has not gained wide acceptance. 
It docs, however, warrant further investigation. 

lMMUNO-DIAGNOSTIC TEST FOR SWINE TRICHINOSIS 

Though many tests are availablc to the clinician for thc diagnosis of trichinosis, 
little has been done to devise a simple and reliablc test for its dctection in twinc. 
Thesc animals are thc major source of human infection, and prescns mcat 
inspection proccdures consist either of a naked eye examination of a carease 
or trichinoscopy (a search for the parasite on the projected image of a small piece 
of muscle). Both methods, almost certainly, fail to detecta substantial number 
of infected careases. Various tests ha ve been shown to detect infection in experi
mentally infected swine; thus Norman et al (r955) found the bentonite floccu
lation test able to detect antibodies two weeks after larvae were fed, and recently 
Scholtens et al (r966) reported the charcoal agglutination and fluorescence anti
body tests to be the most accurate indicators of infection. However, the need is 
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for a test which will detect low-level natural infections and which can be used 
as a very rapid diagnostic procedure on swine awaiting slaughter or preferably 
on their careases after slaughter. 

FILARIASIS 

Filaría! infections are generally acquired in tropical arcas either through the 
bite of an insect vector as in the case of Wucherería bancrojtí (elephantiasis) 
and Onchocerca volvulus (blinding filariasis) or by the ingestion of an infected 
crustacean, as in Dracunculus medínensis, the guinea worm. 

As well as the true filaría! parasites of man, there is an increasing number of 
reports of the filaría! parasites of dogs and wild mammals occurring in man. 
The dog heartworm has been found in nine instances in man, and Diro.filaria 
tenuis of the racoon has been incriminated as the cause of subcutancous nodules 
and abscesses in man in the southern United S tates (Beaver 1966). 

In filaría! infections, serological tests have becn used most frequently for 
the diagnosis of infections with Wucherería bancrojtí and Onchocerca volvulus, and 
they have yet to be applied to the diagnosis of abcrrant infcctions of animal 
filarids in man. During the last war in the Far East, they were used for the differ
entiation of W. bancrojtí from streptococcal lymphangitis, epidermophytal 
lymphadenitis or traumatic orchitis. Cross reactions occur betwcen all the six 
spccies of ftlarids which occur in man, and consequently a positive intradermal 
test, though giving evidence of infection, will not indicate which species is 
present. It is difficult to obtain W. bancrojtí specimens for the preparation of 
antigens, and related parasites such as the dog heartworm Díro.filaría ímmitis 
and Setaria equina from the horse have bcen used. Sawada et al (1962a and b) 
obtained satisfactory results in skin tests on infected humans with a trichlor
acetic acid precipitated antigen from D. immitis, and Tada & Kawashima ( 1964) 
obtained good results with comparable materials. Sawada et al (1965) have 
prepared a protein antigen from D. immitis which in 0.05 y amounts gave good 
immediate skin reactions in patients with Wuchereria bancrojti infection. Reactions 
in patients with other helminth diseases, e.g. paragonimiasis, schistosomiasis, 
ascariasis and cnterobiasis were weak. 

A comparison of antigens prcpared from D. immitis, S. equina, Litomosoides 
carinii from the mouse orO. volvulus from the human was madc in an oncho
cerciasis endemic arca in Guatemala. The skin test showed the O. volvulus 
antigen to be most sensitive and specific, but the D. immitis antigen carne next in 
producing satisfactory results (Boziccvich et al, 1947). Since the dog parasite 
is more freely available than the human form, there seems to be no reason why 
it should not be uscd as a routine test antigen. However, an antigen from 
Dípetalonema witei, of the jird, has been shown to be a useful 'group' antigen 
for thc immunoclcctrophoretic diagnosis of onchoccrciasis (Biguet et al 
1964)· 
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AscARrsis (INCLUDING VISCERAL LARVA MIGRANs) 

Specific antibodies have bcen detected in persons infected with Ascaris lumbri
coides by several workers, and both the complement fixation and precipitin 
tests havc been utilized for the detection of infection. Hypersensitivity to A. 
lumbrícoídes is well recognized, and cutaneous tests demonstrating this have also 
been used extensively in man as diagnostic aids. Invariably the antigen has been 
prepared from adult worms, either an extract of the whole worm or of one of 
its tissues, particularly the intestinal tissue. The almost universal finding has 
bcen that such tests show a lack of correlation between immunological reactions 
and the presence of infection as judged by the presence of eggs in the faeces. 
In intradermal tests this has been ascribed to the persistence of skin hypersensi
tivity for long periods. In a series of skin tests carried out on 273 pigs, Soulsby 
(1957a) showed that no correlation existed between the presence of positive 
reactions and the presence of adult worms in the bowel, but thc incidence of 
positive reactions increased with the severity of the pathology produced by 
the migrating stages of the parasite. In man and in animals a delayed type 
of reaction may be present, and this is associated with the early phase of 
infection. 

VISCERAL LARVA MIGRAN S 

This occurs as a disease entity in children, usually under 4 years of age, and is 
caused principally by the migration in childrcn of the larvae of the dog ascarid 
worm, Toxocara canís. Other nernatodes such as Toxocara catí (of cats), Ascaris 
suum (of pigs), Physaloptera spp. (of monkeys), etc. occasionally may be the 
causal agents. Lesions are usually produced in the liver and lungs, and there is 
usually a high persistent eosinophilia. A more serious consequence is an eosino
philic granulomatous lesion in thc retina which may cause impairment or loss 
of vision or enucleation of the eye on suspicion of malignancy. 

The antigens which ha ve usually been employed for diagnostic tests ha ve been 
preparations of the adult dog ascarid, however, the larval stages responsible for 
the disease entity are the second stage larvae which may well have a different 
antigenic constitution from the adult stage. Antigens of A. lumbricoides from · 
man or A. suum from pigs will produce positive reactions in children infected 
with T. ca11is larvae. Since such children may also be infected with intestinal A. 
lumbricoides or with both Ascarís and Toxocara larvae, the presence of a positive 
serological or skin reaction can give no more than an indication that the child 
is sensitive to ascaris antigens in general. 

The serology of visceral larva migrans has been studied using haemagglutina
tion and flocculation tests with various ascaris antigens such as polysaccharides, 
saline extracts and a protein antigen prepared by Melcher' s method. Serological 
activity was demonstrated with all antigens, but no specificity as between the 
ascarid antigens was seen with sera from children presumed to be affected with 
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visceral larva migrans (Kagan, Norman & Allain 1959). Skin tests ha ve been used 
by so me investigators in the diagnosis of this condition. 

Duguid (r96r) found that skin tests with extracts of T. canis in twelve patients 
with ocular lesions produced a delayed response while no reaction occurred 
in normal individuals. Woodruff & Thacker (r964) utilized an extraer of adult 
T. canis in skin tests on thirty-five patients with a history of past or present 
asthma, choroidoretinitis or other unexplained eosinophilia and concluded that 
eleven had been infected with T. canis or T. cati in the past. These authors 
extended their studies with the skin test for Toxocara infection in humans (Wood
ruff, Bisseru & Bowe 1966) and concluded that there was a statistically signifi
cant relationship between this infection (as determined by skin tests) and the 
occurrence of poliomyelitis and epilepsy. 

Nevertheless, the antigens available from adult Toxocara for the immuno
diagnosis of visceral larva migrans are still relativcly unpurified, and liberal 
interpretation of reactions obtained with them should be guarded against. 

Using agar gel and papcr electrophoresis, Kent (r96o) has separated various 
antigens from the water extract of adult females A. lumbricoides. Severa! anti
gens were obtained which appeared to be specific for A. lumbricoides, and when 
tcsted against sixteen sera from suspected cases of visceral larva migrans, only 
two antigens gave positive precipitin reaction in agar diffusion. The further 
chemical and physical analysis of T. canis by comparable methods may well result 
in specific antigens for this parasite and allow for the specific serological or 
allergic diagnosis of the condition. 

Mention has been made of the fact that second stage larvae of T. canis are 
responsible for visceral larva migrans but that antigens from the adult parasite 
are normally used in diagnosis. To overcome this rather obvious potential source 
of difficulty, Olsen (r96o) developed a test which utilized living second stage 
larvae of T. canis, which were incubated at 37°C in sealed hanging drop prepara
tions of test serum and strcptomycin. Precipitares developed at the mouth, 
excretory pore and anus oflarvac in the presence of infected serum. A survey of 
seventy children, randomly selected at a clinic in Galveston, Texas, and not 
considered as clinical cases of visceral larva migrans, showed two strongly 
positive to the test, these also each having a high eosinophilia. Other children 
infected with Trichuris or Ascaris had negative and weak reactions respectively 
(Richards, Olsen & Box 1962). 

A similar investigation to the above was carried out by Hogarth-Scott (1966), 
who used a fluorescent antibody technique. In two children, in whom ascaroid 
larvae were detected histologically in a liver biopsy and in an enucleated eye, 
respectively, antibodies were detected at the various pores of the second stage 
of T. canis larvae by the fluorescent antibody tcchniquc. Examination of the 
sera from two groups of suspect cases of visceral larva migrans showed eight of 
twenty-eight and threc of ten to have antibodies to T. canis present. Sera from 
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healthy people chosen at random, laboratory workcrs allergic to nematodcs 
and persons infected with Ascarís or Ancylostoma failed to react in the test (Ho
garth-Scott, I 966). 

Since Loeffier's syndrome may be associated with sensitization with various 
helminths, it is likely that positive reactions will be obtained with Ascarís anti
gcns in skin tests, and this should be kept in mind in suspected cases of visceral 
larva migrans. 

CESTODES 

HYDATID lNFECTION (ECHINOCOCCOSIS) 

This is acquired by the ingestion of eggs of the dog tapeworm Echinococcus 
granulosus and occasionally of those of the dosel y related form of dogs and foxes, 
Echinococcus multilocularis. In man, who serves as an intennediate host, the larval 
stage, hydatid cyst, is usually found in the liver or the lungs and in these sites 
may reach a considerable size. The larval stage of E. multilocularis in man may 
show continua! proliferation of tissue and a tendency to invade the organs, 
chiefly the liver. 

In general, the presence of an active cyst is associated with the production of 
antibodies and the rupture of the cyst frequently produces a marked risc in 
antibody levels. Surgical. removal, as well as suppuration, degeneration and 
calcification of a cyst results in a marked reduction of antibody levels. 

The source of antigen is usually from a host species other than man, though 
occasionally human hydatid material has been used. The hosts most commonly 
used are the pig and the sheep, but Norman & Kagan (1961) have prepared 
antigens for skin tests from larval E. multilocularis rather than the hydatid fluid 
of E. granulosus. E. multilocularis is readily maintained by serial passage in the 
peritoneal cavity of gerbils, and uniform batches of antigen can be prcpared 
from this material 

DIAGNOSTIC TESTS 

Complement fixation test 
The complement fixation test for hydatid disease was first introduced by 
Ghedini (1906), and usually unpreserved hydatid fluid from human or sheep 
cysts was used as antigen. Throughout the years this test has provided a valuable 
diagnostic test for living cysts in all locations of the body; where cerebral in
volvement is suspected cerebrospinal fluid can be substituted for serum. The 
complement fixation test can also be used as a criterion of successful operation. 
In the case of unsuccessful removal of all hydatid cysts, the antibody titre 
rcmains high. 

Despite its long history of usefulness, the complement-fixation test has a 
lowcr sensitivity than other tests (e.g. passive haemagglutination), and non-
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specific reactions may occur, espccially in patients with cancer (Grafe 1964). 
The success of the complement fixation tests depends on the provision of a satis
factory supply of antigens. In general, hydatid cysts which are fertile, that is, 
thosc which contain scolices, are more satisfactory for serological tests than those 
that are sterile. Consequently, hydatid material from. sheep or from the pig is 
much more satisfactory than that from the bovine. Attempts to increase the 
sensitivity of the complement-fixation technique have includcd the use of a 
conglutination systcm (Pautrizel & Bailengcr 1961) and a semi-quantitative 
micromcthod (Pauluzzi 1964). 

Passive haemagglutination test 
The haemagglutination test is being increasingly used in the diagnosis of 
echinococcosis sincc its introduction by Garabedian, Matossian & Djanian 
(1957). It is more sensitive than the complcment fixation test and has a high level 
of specificity. Kagan et al (1966) found no reaction with it in sixty-seven non
hydatid infected persons (including some with cancer, other miscellaneous 
diseases and Taenia sagínata infection), and thirty-two of thirty-nine persons 
with liver hydatid gave positive reactions while six of eighteen with lung hydatid 
reacted. The diffcrence in reactivity between hepatic and pulmonary hydatid 
infection has been noted by severa! workers (e.g. Abrabatzis & Papapanagiotou 
1963; Cowling 1964), but the reason for this is not yet known. 

Patients with active hydatid cysts may show passive haemagglutination titres 
up to I/I2o,ooo, but between titres of 1/50 to 1j200 there is a proportion of 
non-specific reactions which has been traced to cross reactions between host 
proteins in the tissues and fl.uids of the hydatid parasite and antibodies in the sera 
of patients suffering from various diseases, especially hepatic disease (Kagan et al 
1960). Kagan (1963) has suggested the use of a titre of 1/400 as a positive diag
nostic reaction, and using this critcrion only 5 of 175 sera of patients with other 
diseases were positive. Other workers have employed similar dilutions as signi
ficant positive reactions. 

Sheep or pig hydatid fl.uid is normally used for the passive haemagglutination 
test. The use of formalinized red cells has greatly aided standardization of the 
procedure: such cells, tanned and coated with antigen, can be frozen or lyo
philized and kept for at least 18 months with little or no loss of activity (Kagan 
1963)· 

Floccu latían tests 
The bentonite fl.occulation test for hydatid disease was introduced by Norman, 
Sadun & Allain (1959). It is slightly less sensitive than the passive haemagglu
tination test but still provides a very adequate diagnostic procedure. In their 
comparison of serological tests, Kagan et al (1966) found it equal to the passive 
haemagglutination test in detecting hydatid infected individuals, but it was 
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slightly less speciflc, giving reactions in 8% of normal persons or those with other 
diseases. Cyst fluid from pig is recommended as the antigen of choice. 

A latex fl.occulation test was introduced by Fischman (r96o). It was later 
modifled by Szyfres & Kagan (r963), who reported it to be equal in sensitivity 
to the passive haemagglutination and the bentonite tests with positive sera. 
Fischman (1965) found that cyst fluid from human hydatids was the most 
satisfactory antigen for the latex test, and best results were obtained when serum 
was used in the non-inactivated state. This test has much to recommend it since 
it is simple to perform, and Fischman (r965) recommends itas a full diagnostic 
test (as opposed to a screen test) possibly supported by a carefully standardized 
complement flxation test as a secondary technique for positive reactors. In 
comparative studies Kagan et al (r966) found the latex test equal to the bentonite 
technique in specifrcity and approximately equal in sensitivity. 

Other serodiagnostic tests for echinococcosis which are being devcloped are 
a fluorescent antibody technique using protoscolices of fertile hydatid cysts 
(Sorice, Castagnari & Tolu 1966) and the 'scolexo-precipitation', which is an 
in vítro test utilizing living protoscolices (Schulz & Ismogilova 1962). 

Intradermal test 
Originally introduced by Casoni (r9rr), this test has had wide use in all parts 
of the world and is still in use as a method of diagnosis. It is possibly the most 
sensitive of the diagnostic tests, but its spcciflcity may at times be alarmingly 
low. This is due to severa! factors, including the high level of skin reactivity 
in comparison to clinical evidence of infection, the persistence of reactivity 
following death or surgical removal of the cyst, but a majar so urce of lack of 
specificity may be, in many cases, traced to the lack of any standardization 
of the antigen used for the test. V ery frequently, crude hydatid fluid of unknown 
N content has been used, and the volumes injected ha ve varied from 0.05 ml to 
r.o ml. The nitrogen content ofhydatid cyst fluids may vary greatly, and for this 
reason Kagan et al (r966) recommend the use of a skin test antigen prepared from 
E. multílocularis which can be produced under laboratory conditions. These 
authors found that high concentrations of nitrogen in the skin test antigen led 
to many false positive reactions in control individuals, amounts over roo yN/ml 
giving 30 to 40% positive reaction in normal patients. The specificity of the test 
increased as the antigen N was decreased, and Kagan et al (r966) found 12 to rsy 
antigen Njml to give the highest speciflcity. 

As well as standardization of the antigen nitrogen, there is also a need to 
standardize the criteria for a positive reaction. The reaction is best measured 
with the stencil technique described by Pellegrino & Macedo (1956) from 
which the arca of thc wheal and erythema can be calculatcd. 

If used with the above facts in mind, the intradermal test can serve as a useful 
epidemiological tool. 
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TREMATODES 

ScHISTOSOMIAsrs (BrLHARZIAsrs) 

This disease occurs in the tropics and the Far East. Infection is produced by a 
skin penetrating larval stage (cercaría), and the adu!t worms live in the venules 
draining the bowel or bladder. 

The majority of diagnostic work has been concerned with the human schisto
somes S.japonicum, S. haematobium and S. mansoni. A large number ofimmuno
diagnostic tests ha ve been used over the last 50 years, but until reccntly all have 
suffered from a lack of standardization of techniques and antigens. In the absence 
of such, opinions have differed about the value of the tests as diagnostic aids, 
particularly with an infcction which may show many grades of severity. A 
critica! review of the immunological mcthods for the diagnosis of schistosomi
asis is given by Kagan & Pcllcgrino (1961). 

SOURCE OF ANTIGEN 

Antigens prepared from thc homologous parasite are the most satisfactory for 
immunological work, however, if this is not possiblc thcn othcr human strains 
may suffice. Cercariae from snails and adu!t worms from laboratory animals are 
usually used, and the modern techniques in practice in various parasitological 
laboratories now provide a readily available supply of material produced from 
homologous parasites. 

DIAGNOSTIC TESTS 

Complement fixation test 
This test has a high degree of scnsitivity and spccificity using cither cercaría! 
or adult worm antigcn. The most satisfactory antigenic preparation appears to be 
that of Chaffee, Bauman & Shapilo (1954), modified by Anderson (r96o). 
This is essentially a triethanolamine buffered saline extract oflipid-free cercariae 
or adu!t worms. One of the advantages of the complemcnt f1xation test is that it 
will detect infection before worms are mature and at the egg producing stagc. 
The complement f1xation test remains positive for long periods after active 
infection has ceased and in endemic arcas the antibody titre of the scrum may 
not decline for severa! years. It does not provide a satisfactory means of asscssing 
therapeutic cure, but despite this the complcment f1xation test is regarded as a 
reliable test when performed under satisfactory conditions. 

Flocculation tests 
A slide flocculation test has recently been described for thc diagnosis of S. 
mansoni infections by Anderson (1960). This is essentially a modification of the 
VDRL for syphilis and consists of cholesterollecithin crystals coated with cercaría! 
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antigen prepared in the Chaffee manner. It is a simple and sensitive test for the 
diagnosis of schistosome infections. Cross reactions occur between S. mansoni 
antigen and sera from patients with S. japonícum and S. haematobíum infections, 
but this is not surprising and the findings are consistent with those obtained by 
other workers using soluble antigens. The main value of the slide flocculation 
test líes in its reliability, relative simplicity and economy. Its value as an epi
dcmiological tool has been enhanced by the development of a 'plasma card test' 
(Sadun, Anderson & Schoenbechler 1963), which utilizes plasma from a finger
prick blood sample mixed on a plastic coatcd card surf:1ce with the antigen 
suspension and charcoal. The result of the test can be read in a few minutes after 
rotation. Evaluation of this technique in Africa (Sadun et al 1963) and Brazil 
(Pellegrino 1963) ha ve shown it to be very useful as a screening test. 

Fluorescent antibody tests 
The fluorescent antibody technique using fluorcscein labelled anti-human 
glo bulin has be en devcloped for the serological diagnosis ofbilharziasis in man by 
Sadun, Williams & Anderson (1960). It has the advantages that it is easily 
standardized and appears to be as sensitive and as specific as the complement 
fixation test and the slide flocculation test. Originally, its main difficulty was 
the need for fresh cercariae and fresh serum; however, Sadun, Anderson & 
Williams (1961) have modified the techniques for use with dried blood smears 
on filter paper. In this way minute drops ofblood from finger pricks can be ob
tained in endemic areas, placed on filter paper and mailed to a centrallaboratory 
and there extracted for the fluorescent antibody technique. To obviate fresh 
ccrcariae, a method has been deveoped by Sadun et al (1961) whereby cercarial 
specimens can be stored for varying periods of time without demonstrable 
loss of activity. Such a technique, in which all reagents can be standardized, 
scems to be well suited for wide-scale investigations of human infections. By 
using dried blood smears on filter paper, it can be envisaged that a large number 
of specimens may be collected in endemic areas with ease by relatively untrained 
personnel. 

A soluble antigen fluorescent antibody (sAFA) technique for the diagnosis of 
parasitic diseases has been developed by Toussaint & Anderson (1965). This 
cmploys the indirect fluorescent antibody procedure with a soluble antigen 
fixed to an artificial matrix such as cellulose acetate paper discs punched from 
'millipore' filter paper. The results are read in a fluorometer. Advantages of the 
tcchnique include the ability to select a soluble antigen for the test and the 
avoidance of highly subjective microscopic interpretation of fluorescence. 
Toussaint (1966) has improved this technique for the diagnosis of schistosomiasis 
using a soluble antigen prepared in the Chaffee manner from adult S. mansoni. 
Comparison of the test with the complement fixation procedure on sera from a 
schistosomiasis endemic area showed good correlation between the two tests 
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and specificity was excellent in that none of forty sera from healthy donors 
reacted. 

Serological tests using living stages ofschistosomes 
The circumoval precipitin test was described by Oliver-Gonzalez (1954) and arose 
from the observation that when living schistosome eggs are placed in serum 
from infected persons or monkeys, precipitates occur around the eggs. The pre
cipita tes result from the reaction of specific antibodies with secretions which 
have diffused throngh the egg membrane and which are produced by the living 
miracidium within the egg. The antibodies responsible are specific for the egg 
and can be absorbed from serum only with living eggs. The circumoval re
action also shows sorne species specificity since no cross reaction occurs when the 
eggs of S. haematobium or S. japonicum are placed in S. mansoni serum and only a 
slight reaction occurs when S. mansoni eggs are incubated in serum from S. 
haematobium or S.japonicum patients. The reaction is more intense in the chronic 
egg-producing stage of infections than in acute or recent infections. Since the 
reaction decreases in intensity after treatment and may be negative 6 months 
after successful therapy, the test may be of use in evaluating treatment. When 
properly performed the circumoval precipitin test has high diagnostic value. 
However, it is too complicated and time consuming a test for routine use in 
mass diagnosis, but it may be ofimmense value in individual cases ofinfection. 

The Cercarienhüllenreaktion (CHR) ofVogel & Minning (1949) has attracted 
attention as a diagnostic test. The reaction is characterized by the formation of 
a membrane or envelope around the body and tail ofliving cercariae when they 
are placed in immune serum. The reaction has been used in the diagnosis of 
bilharziasis by severa! workers, and the CHR reaction will detect early infection, 
the antibody causing the reaction appearing in the serum 40-47 days after 
experimental infection. Since the reaction becomes negative 5-7 months after 
successful therapeutic treatment, it is possible that it can be used as an index of 
the efficiency oftherapy. 

Other tests using living stages of schistosomes include the cercarial agglutina
tion test and the miracidial immobilization test. However, the use of such tests is 
limited to laboratories equipped for research on schistosomiasis, and though 
they may provide useful adjuncts to other diagnostic tests, the necessity to 
handle living, and at times pathogenic cercariae, make them undesirable for use 
on a large scale. 

Urine precipitin reaction 
The principie of this test is that antigen or other substances in the urine of 
infected persons will react with antiserum against schistosomes prepared in a 
rabbit. The majority of this work has been carried out in S. japonicum infections 
in the Far East. Okabe & Tanaka (1958) reported that in all instances, urines 
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from infected persons were positive with this reaction, whereas normal indivi
duals were negative. Cross reactions with urine from patients with other trema
tode infections were negative. The test appears to be of most value for S. 
Japonicum infections since when used with S. mansoni it was not satisfactory. 
No information is available concerning the value of this test in S. haematobium 
infections. This test may detect early schistosomiasis, and in some acute cases a 
positive reaction was obtained within the month after infection. A fuller 
evaluation of this test is required. 

Intradermal test 
The intradermal test has been used extensively in the immunological diagnosis 
of bilharziasis, and practically every stage of the life cycle of the schistosome 
parasite has, at one time, been used as an antigen. 

In infected individuals the intradermal reaction becomes positive about 
4-8 weeks after infection and thereafter persists for many years even after 
satisfactory treatment. The sensitivity of the intradermal test is difficult to evalu
ate since a diversity of antigens and criteria of interpretation have been used 
throughout the years. It is, however, recognized that the intensity of reactions 
is greater in adults than in children, the reaction is more pronounced in men 
than in women, and similarly it is more intense in colourcd persons than in 
white (Kagan, Pellegrino & Memoria 1961). The intradermal test in adults will 
usually reveal a larger number of positive cases than would be found by a stool 
examination alone; however, in children the intradermal test does not give such 
favourable results, and this is especially truc when the tests are made on the fore
arm. In fact the site chosen for test in the child appears to be of particular 
importance, and a higher degree of sensitivity is found when the test is per
formed on the back than on the forcarm. In spite of the sensitivity of the intra
dermal test, a positive reaction is not sufficient evidcnce to confmn a clinical 
diagnosis ofbilharziasis since sensitivity of the skin can persist for a considerable 
time. A variety of antigcns can be used, but preparations of adults or cercariac of 
S. mansoni are most commonly employed. No significant differences have been 
notcd with antigens from various sources if the nitro gen content of the antigen 
was adjusted to the same leve! before injection (Kagan et al 1961). 

As a diagnostic test thc intradcrmal test can best be used for cpidemiological 
surveys when large numbers of pcrsons can be screened by a rclatively simple 
techniquc. 

ÜTHER TREMATODE INFECTIONS 

fASCIOLIASIS 

Fasciola hepatica infection in man is usually due to the consumption of raw 
watercress ( occasionally othcr raw vcgetables) collected from vector snail infcsted 
land or streams. Pautrizel et al (1962) succcssfully used a skin test in the diagnosis 
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ofhuman infections, the antigen being prepared from adult F. hepatíca. An anti
gen nitrogcn content of 0.03 mg/ml proved most sensitive and specific. Other 
French workers, Capron et al (1964), have developed an immunoelectrophoretic 
diagnostic test for the infection. 

CLONORCHIASIS 

Infection with Clonorchis sinensis, the Chinese liver fluke, is widespread in the 
Far East. Infection is acquirecl through the consumption of raw fish containing 
the metacercariae of the parasite. Immuno-diagnostic tests available include 
complement fixation anda skin test. Sadun et al (1959) and Sawada et al (1964) 
have produccd a purified protein antigen which in 0.3y amounts produces a 
marked immediate type skin reaction in C. sinensis infected persons. Cross 
reactions were minimal in persons infected with a number (12) of other helminth 
para si tes. 

PARAGONIMIASIS 

The lung fluke Paragonimus westermani is a major public health problem in the 
Far East. Infection is acquired through the consumption of fresh water crabs 
or crayfish infected with metacercarie. Immuno-diagnostic tests available in
elude the complement f1xation test (Yokogawa, Tsuji & Okura 1962), which 
usually shows a el ose relationship to the presence of parasites and beco mes nega
tive in a comparatively short time after a parasitological cure, andan intradermal 
test (Hunter et al 1958). The latter is sensitive and relatively specific, but a posi
tive reaction will persist for severa! years after complete parasitological cure. 
Capron et al ( 1965) ha ve attempted immunoelectrophoretic diagnosis of paragon
imiasis but have found the method unsatisfactory when the level of serum 
precipitins is low. 
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CHAPTER 7 

SKIN TESTS IN DIAGNOSIS 

J.PEPYS 

lNTROD UCTION 

lMMEDIATE TYPE I (ANAPHYLACTIC) REACTION 

Selection of allergens: Methods of testing: Significance of positive 
reactions: Significan ce of negative reactions: Passive Transfer (Praus
nitz-Küstner) test: Bacterial allergy in ato pie disorders: Immediate 
reactions to bacterial products 

ARTHUS- TYPE REACTIONS (TYPE III) 

Reactions to heterologous serum proteins and related antigcns: Rc
actions to extracts of fungi, bacteria, helminths, insects, white blood 
cells, thyroid and dextran 

DELAYED-TUBERCULIN- TYPE REACTION (TYPE IV) 

Tuberculin test: Variables of the test 

SKIN TESTS IN BACTERIAL lNI'ECTIONS 

Tests with streptococcal extracts: Tests with extracts of C. diphtheriac: 
Skin tests in Leprosy 

SKIN TESTS IN VIRAL, RICKETTSIAL AND 

fUNGAL DISEASES 

SKIN TESTS IN PARASITIC lNFECTIONS 

SARCOIDOSIS AND SARCOID-LIKE REACTIONS 

IN HUMAN SKIN 

K veim test-a skin test in Sarcoidosis: Skin tests with other antigens 
in Sarcoidosis: Skin tests in Zirconium hypersensitivity: Skin tests in 
Beryllium hypersensitivity: Skin tests with tuberculin giving granulo
matous reactions: Non-immunological granulomatous reactions 

INTRODUCTION 

The introduction of skin testing in a scientific manner by von Pirquet marked 
a great advance, which has provided accurate, fundamental information on 
immunological phenomena in man and animals. The names ofJenner, Blackley, 
Koch, von Pirquet, Mantoux, Ahhus, Prausnitz and Küstner, Bloch, Casoni, 
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Dick, Schick, Schultz-Charlton, Frei, Kveim and Mitsuda are associated with, 
and many survive as eponymous names for common skin tests. These tests may 
show decreased reactivity-immunity, or increased reactivity-hypersensitivity. 
The contribution of hypersensitivity to enhanced resistance is one of the most 
controversia! yet important problems in immunology. 

The immediate (Type I), Arthus (Type III), and delayed (Type IV) reactions 
are demonstrable by skin tests and may be present in the subject at the same time. 
Arthus reactions are the least well defined in man and difficulty arises in trying 
to distinguish them from delayed reactions. 

Another type of reaction, about which knowledge is now beginning to accn
mulate, consists of granulomatous infiltration which develops slowly and is 
best seen after 2-4 weeks. This obscure reaction occurs in hypersensitivity 
to zirconium and beryllium and in sorne cases to tuberculin, and resembles the 
Kveim reaction in sarcoidosis and perhaps the lepromin (Mitsuda) reaction in 
leprosy. 

An understanding of the nature of the various reactions, of the methods for 
eliciting them, and of the circumstances under which the tests are employed, is 
necessary for their scientific application. Wherever possible, skin tests should be 
observed for the appearance of reactions within minutes, hours, days and weeks. 
It is almost the rule to find that little attention is paid to later reactions where 
immediate reactions are expected, and vice versa. W e ha ve only a limited, 
though valuable, understanding of the significance of many reactions, and more 
careful observations of this type are needed to extend our knowledge. 

IMMEDIATE TYPE I 
(ANAPHYLACTIC) REACTION 

Skin tests for immediate type hypersensitivity are employed chiefly in the in
vestigation in atopic subjects, of disorders such as asthma, rhinitis, urticaria 
migraine and gastro-intestinal allergy. Immediate reactions may be elicited by 
tests in non-atopic subjects as well. 

Dermographism may complicate skin testing. Ebken, Bauschard & Levine 
(r966), using a controlled scratch test with a weight of 400 g, obtained wealing 
reactions larger than 3 mm in 2.7% of patients with allergic rhinitis, 9·4% with 
chronic urticaria, and in 4% of patients with mental disorders. 

The immediate reaction is mediated by non-precipitating, heat-labile anti
body, termed reagin, which is readily produced in atopic subjects after ordinary 
exposure to otherwise innocous substances in the environment, hence there 
is a group of commoner allergens to which most atopic subjects react. It is of 
interest that patients with hypogammaglobulinaemia or so-called agammaglo
bulinaemia (Gitlin, Janeway, Apt & Craig 1959) can give immediate skin test 
reactions, thus showing the presence of skin-sensitizing antibody. 
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The immediate reaction develops rapidly, is maximal in 10-20 min and re
salves within I-I! hr. The urticaria! weal and erythematous flare is frequently 
accompanied by itching, which can be helpful in deciding whether a small 
rcaction is positive or negative. The weal results from increased artcriolar flow 
through permeable capillaries and lymphatics leading to the exudation of serum. 
Thc peripheral arterio-capillary unit is a focal point in the production of the 
tissuc oedema, which is responsible for most of thc clinical manifestations. 
Psychological stimuli, infective or cndocrinc disturbances, or irritants, exert a 
potent effect on the peripheral circulation and in consequence u pon the amount 
of exudation from the permeable capillaries. This influence of non-immuno
logical factors on the end result of a primarily immunological reaction deserves 
more attention. The mechanisms of the inhibitory effect of hypnosis on both 
Type I and Type IV skin test reactions are not known. Interfcrence with peri
pheral vascular reactions may be rcsponsiblc, since histological cxamination of 
inhibited Type IV reactions shows the charactcristic cellular infiltration (Fry, 
Mason & Pearson 1964; Black, Humphrey & Niven 1963). 

Eosinophil cclls predominare early in positive reactions and can persist for 
many days. The eosinophil cell is characteristic of immediate, Type I, hyper
sensitivity, and though its role is obscure, immediate reactions are the most 
certain method of producing an eosinophilia, locally or in the peripheral blood. 

SELECTION OF ALLERGENS FOR TESTING 

Of the commoner allergens, inhalants are more reliable than food allergens 
for skin testing. The speed and case with which allergens are dissolved out of 
pollens, dusts, moulds and danders when they come into contact with the tissue 
fluids of the respiratory tract, corresponds with the eflicacy of aqueous extracts 
of these substances. The usual food extracts are more likely to give positive skin 
test reactions in patients in whom the food produces a rapid clinical response; 
where the response is slow, skin tests cannot be relied upon. 

There are wide differences of opinion as to whether all available allergens 
should be tested, or only a limited number, and in particular the commoner 
allergens and those suggested by the paticnt' s history and environment. This 
problem is more pressing whcre the skin testing is separated from the clinical 
management and where treatment is based without discrimination upon skin 
test results. The author prefers to test a limited number of the commoner aller
gens, on the understanding that further and repeated tests will be performed if 
necessary. 

Confinnation of skin tests results by the history or by other tests is desirable, 
though this may not be possible even where the allergen is subsequently proven 
to be of clinical importance. Extracts of the following materials provide a basis 
for testing: house dust; the moulds, Alternaría, Aspergillus Jumigatus, Ciado; 
sporium herbarurn, Penicillíum notatum, Tricothecíum roseum, yeasts and dry rot; 
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cat, dog and horse hair; feathers; grass pollens which can be tested as a group, 
and where possible, individual tree pollens. The commoner food allergens, 
such as milk, wheat, eggs, chocolate, fish, nuts, may also be used, or the clinician 
may prefer to test these by clinical trials, which are necessary in any case to 
confirm or check the skin test findings. 

Allergen extracts are notoriously variable in potency, and are not as a rule 
standardized on a chemical basis, except for protein nitrogen estimations of 
pollen extracts. The variability of extracts makes precise comparisons of the 
results in patients tested with different preparations unsatisfactory. The potency 
of extracts is best assessed by skin tests on suitable patients. 
· The size of a reaction is a measure of the potency and concentration of the 

extract and the degree ofhypersensitivity, but it does not necessarily correspond 
to the clínica! importance of the allergen in the particular patient. 

METHODS OF TESTING 

The chief methods are the prick, scratch and intracutaneous tests. Many workers 
start with prick or scratch tests and then proceed, if these are negative, to intra
cutaneous tests. There are differences of opinion regarding the rclative value of 
these methods. Tabart (1961) found the prick superior to the scratch test, and 
whilst it was comparable with the intracutaneous test for pollen sensitivity, 
it gave fewer reactions with other inhalant allergens. Intracutaneous tests tend 
to give far more non-specific reactions than prick tests. Although rarcly if ever 
required with prick testing, it is advisable to have adrenalin I/IOOO available 
for emergency treatment ofimmediate general reactions to intracutaneous tests, 
and antihistamine drugs can be used in addition. 

The author employs the prick test almost exclusivcly, beca use of its precision 
and lack of non-specific trauma. Rcliance is placed u pon improved allergens to 
increase its sensitivity. Squire (1952) has calculated that the prick test introduces 
three-millionths of a millilitre into the skin. 

The corrclation of the prick test with the clínica! history is seen in the reac
tions of a large series of asthmatic patients attending the Brompton Hospital. 
Positive reactions to prick tests with a house dust extract were obtained in 
62:%;. Positive reactions were obtained in 73% of those with a history of sensi
tivity, and in 44% without such a history, this difference being statistically 
signiflcant at the s% level. Similarly, tests with grass pollen gave positive 
reactions in 8 3% of patients with a definí te history and in 32% without such a 
history, the difference being significant at the 0.1:%; leve!. 

A comparison of carbol saline extracts of animal hair and feathers with 
extracts of whole minced skin of these animals show how improved allergens 
enhance the efficacy of the prick test. Of tlúrty-six patients with a definite 
lústory of sensitivity to cats thirty reacted vigorously to the cat skin and six 
weakly to the cat hair. In twclve patients with a history of sensitivity to dogs 
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eleven gave vigorous reactions to dog skin and four to dog hair. Of eleven 
patients with a history of sensitivity to feathers nine gave positive reactions to 
hen skin and two gave weak reactions to hen feathers. 

More attention -vvill have to be paid to cross reactions beca use of their funda
mental and possibly clinical significance. For example, the author has obtained 
positive skin test reactions to extracts ofhen's egg in almost all patients suffering 
from asthma or bird breeder's lung due to budgerigar and pigeon and in some 
of these cases allergic reactions affecting different parts of the body have 
followed the ingestion of the hen egg on the one hand and inhalation of the 
avían antigen on the other. Positive reactions to nuts are also obtained fre
quently in pollen sensitive subjects, and here too allergic reactions to both may 
be present. Another striking example of cross-reactivity is the production in 
patients with aspergillus allergy of wealing reactions to prick tests with glyco
peptide extracts of the Aspergíllus genus, the dermatophytes, pneumococcal 
C-substance, nematode parasites such as Ascarís, Fascíola hepatíca, etc. and 
extracts of vegetable dusts such as malt and palm kerncls. All of these extracts 
ha ve in common thc capacity, like pneumococcal C-substance, to combine with 
C-reactive protein in the serum (see Chapters 3 and 3 7). 

Routine prick tests with moulds gave positive reactions to Alternaría in I7/o; 
A.jitmígatus in 13/c;; C. herbarum in 16/c;; dry rot in 14/o; P. notatum in 7/c;; 
T. roseum in 9/o and to yeasts in 7/c;. Almostall reactors to moulds gave positive 
reactions to house dust, though not necessarily vice versa. In patients with 
broncho-pulmonary aspergillosis of the hypersensitive type, all the patients 
gave positive reactions to aspergillus extracts (Pepys et al 1959). 

The relationship of skin and bronchial tests to the clinical history is reported 
by Ten Cate (1961). Bronchial tests did not produce reactions in patients with 
negative skin test reactions, whereas bronchial reactions were obtained in 22/o 
of those with positive skin test reactions, in 46/o with a doubtful history and in 
75/o with a definí te history of sensitivity. 

SIGNIFICANCE OF POSITIVE REACTIONS 

Positive reactions, where the technique and test materials are satisfactory, are 
specific in the immunological sense. Where they are not obviously related to 
the clinical condition they are regarded as evidence of latent or subclinical 
allergic sensitivity. Difficulties arise from positive reactions in so-called normal 
subjects, and where they cannot be clearly related to the disorder in atopic 
subjects. Positive reactions reported in normal subjects have been found to be 
dueto inadequate screening of the subjects by Curran & Goldman (1961), who 
obtained positive reactions to scratch tests in 5/o of a non-allergic group and 
together with intracutaneous tests in 9/c;. In non-allergic subjects without a 
family history of allergy, positive reactions were obtained in 4/o, compared 
with 30/o in those with a family history (Pearson 1937); similar results were 

H 
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obtained by Curran & Goldman (1961). Furthermore, about half of a group of 
allergic subjects who gave positive reactions to pollcn but were not suffering 
from pollinosis, developed clinical symptoms subsequently, the majority within 
5 years (Chambers & Glaser 1958). Scratch test reactions wcre obtained by Hagy 
& Settipane (1966) in 63.8% of students with rhinitis or asthma; 27.1/';; with 
other allergic disorders and 17.4/';; of those with no allergic disorders. 

S1GNIFICANCE OF NEGATIVE REACTIONS 

The variability and arbitrary nature of many allergenic extracts must be kept in 
mind in evaluating negative reactions. The clinical history is more important 
than a negative skin test reaction, which cannot be taken as absolute evidence of a 
lack of sensitivity. It is also not uncommon, for example, to fmd children suffering 
from typical pollinosis in whom skin test sensitivity only appears 1-2 years 
afterwards. The author has observed that a number of patients with a defmite 
history ofhouse dust scnsitivity, who failed to react to prick tests, gave unusually 
vigorous local and sometimes focal reactions to subcutancous injections of 
house dust extract. There is no doubt that these patients are hypersensitive to 
the house dust extract, although the explanation of their unfavourable response 
is obscure. 

Past treatment can decrease or even abolish skin test reactivity though this 
may have little relation to the clinical response. Antihistamine and related tran
quillizing drugs dcpress or inhibit immediatc reactions and it may take several 
days before the capacity to rcact is restored. Adrenalin, ephedrine and to a lesser 
extent theophylline derivatives, if administered shortly before testing, can 
decreasc the reactivity of the skin, whereas corticosteroidshave little if any effect. 

PASSIVE TRANSFER (PRAUSNIT z-KüsTNER) TEST 

The uscfulness of the passive transfer test for clinical purposes is limited by the 
danger of homologous serum jaundice. In practice, clinical trials can usually 
be made with suspected allergens, thus making the test even less necessary. Thc 
technique is described in detail by Walzer (1947). 

Cooke (1947) used the passive transfer test for the demonstration of'blocking' 
antibody produced by the injection of allergenic extracts. The mixture of the 
allergen with post-treatment serum gave weaker reactions than with the pre
treatment serum in tests on passively sensitized skin. Quantitative estimations 
of 'blocking' antibody ha ve been made, but unfortunately do not correspond 
with the clinical status of the patient. Cooke (1947) also used the test for the 
comparison of allergens. 

BACTERIAL ALLERGY IN ATOPIC DISORDERS 

The production of inunediate and delayed reactions to bacterial products, in 
particular to ubiquitous and universal pathogens and commensal organisms 
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has not, so far, been related in a convincing manner to the pathogenesis of clini
cal allergic disorders. Distinction must be made between atopy, i.e. immediate 
type hypersensitivity commonly attributed to polysaccharide and delayed type 
hypersensitivity to protein from bacteria. Thc clínica! and histological mani
fcstations of immediate type hypersensitivity are thc same whatever the nature 
of thc allergen. 

lMMEDIATE REACTIONS TO BACTERIAL PRODUCTS 

Thc use of pure bacteria! prcparations like thc type-specific pneumococcal 
polysaccharide ofHeidelberger & Avery (1923) and polysaccharides from other 
organisms giving immediate reactions (Burger 1950), would enhance the value 
of skin tests. Tillett & Francis (1929) found that pneumococcal polysaccharide 
gave immediate reactions, regarded as a good prognostic sign, in patients con
valescent from pneumonia, whereas the nucleo-protein gave delayed reactions. 
When anti-pneumococcal sera were used for treatment, the production of an 
immediate reaction by the polysaccharide was evidence of the introduction of 
sufficient antiserum into the patient. 

Skin test reactions to bacteria! extracts are more probably related to past 
infection than to the allergic disorder under investigation, and other diagnostic 
tests and purer antigens are needed to establish an aetiological relationship. 
The literature on this subjcct is reviewed by Baird (1957). Swineford & Holman 
( 1948) performed tests with vaccines and with crude polysaccharide and nucleo
protein fractions of a wide variety of bacteria. They found that of thirty-six 
patients who gave strong reactions, twenty-six gave immediate and ten delayed 
rcactions; thirty-one suffered from hay fever and asthma and three from rheu
matoid arthritis. Whilst individual patients tended to give either immediate or 
dclayed reactions there were numerous exceptions. Streptococcal polysaccharides 
and nucleoprotein gave both immediate and delayed reactions, probably 
beca use of the crudity of the preparations. There was doubt as to whethcr the 
rcactions which were maximal at 24 hr, were delayed or Arthus in type. 

AR THUS TYPE REACTIONS (TYPE III) 

Arthus reactions are dependent u pon precipitating antibody and, like immediate 
Type I allergy, can be passively transferred with serum. The severe and not 
uncommon Arthus reactions to repeated injection oflarge doses ofheterologous 
scrum reviewed by Ratner (1943) became rare when chemotherapy replaced 
antipneumococcal serum. Little attention was given subsequently to the Arthus 
t y pe skin test reaction un ti! recen ti y. Attention has now been drawn once again 
to this important reaction because ofits appearance in patients with pulmonary 
discascs due to inhaled organic antigens (see Chapter 36) in whom precipitins 
are a featurc. A characteristic dual skin test reaction is obtained in these patients, 
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consisting of an immediate, Type I, wealing reaction which may resolve com
pletely or run into a second oedematous reaction often strikingly raised above 
the surrounding skin. It becomes obvious after 3-4 hr, is maximal at 7-8 hr, 
and is subsiding within 24 hr. This sccond, Arthus type, reaction is itchy, and 
the soft oedema usually present may be vcry extensive. There is very little, 
if any, central induration, and thc borders of the reaction are not wcll defined. 
It may be difficult to cvaluate small swellings appearing some hours aftcr skin 
test. If, however, larger doses of antigen are administered the extent of the 
reaction in the appropriate subjects helps to distinguish it from swellings due to 
other reasons. It is not uncommon for the response to intracutaneous tests, in 
the forearm, with o.or ml of pigeon, budgerigar, bovine or porcine serum or of 
solutions of r toro mg of protein antigen from A. jumigatus to consist of o edema 
extending from wrist to elbow. Thereactioncauses surprisingly little discomfort. 
The absence of haemorrhagic reactions and necrosis, which are fcatures of 
Arthus reactions in experimental animals, can be attributed to the relatively 
small test dosage in man. There can be no doubt, from the extent of the reactions 
often secn, that larger doses of the order described by Ratner (1943) would be 
likely to cause much tissue damage. The distinction between the two phases of 
the dual reaction is best seen with prick tests in very sensitive subjects in whom 
the immediate weal resolves completely at rf-2 hr, to be followed by the second 
reaction after 3-4 hr. The duality of the reaction is also shown by the inhibitory 
effect of corticosteroids on the Arthus type camponent, whilst the immediate 
wealing component is not obviously affected. In some cases a triple reaction 
may occur in which, after the subsidence of the second reaction, an indurated, 
erythematous reaction of the delayed Type IV nature may appear at 48-72 hr. 

The Type III skin test reaction appears to be dependent upon a preceding 
Type I reaction. As a rule dual reactions are not obtained in patients with only 
precipitins against A. jumígatus or other antigens, nor do they appear in patients 
with reagins only. It must be emphasized that the prick test is preferable 
for deciding that Type I allergy is present, since intracutaneous tests with hetero
logous sera and other potent antigens may give non-specific wealing. It has been 
exceptional in the author's experience for prick-test Type I reactions to be 
absent in those patients with precipitins who give dual reactions to intracu
taneous tests. Bier, Passos and Siqueira (1968) report a similar dependencc in 
guinea-pigs of the passive Arthus, Type III, reaction on a preceding Type I 
(P.C.A.) reaction. 

REACTIONS TO HETEROLOGOUS SERUM PROTEINS 

AND RELATED ANTIGENS 

In addition to the Arthus reactions during treatment with rabbit antipneumo
coccal sera and horse and other antitoxic sera, Arthus type skin reactions can be 
elicited with the serum proteins or related antigens from many other species. 
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iliRV BREEDER's LuNG (see Chapter 36) 
Dual reactions with a vigorous Arthus type component are produced by prick 
and more often by intracutaneous tests (o.oi to 0.02 mi) with undiluted pigeon 
and budgerigar serum in patients with bird breeder's (fancier's) lung, or with 
cxtracts of the droppings which contain antigen derived from, or related to, 
scrum proteins, as well as additional antigens. These latter extracts are prepared 
by dcfatting the droppings with ether followed by carbol-saline extraction for 
5 days or more. The Seitz-filtered extracts are freeze-dried and put up in sterile, 
carbol-saline solution at 1 to 10 mg/ml for skin tests and at appropriate concen
trations for inhalation and serological tests. Both serum and droppings extracts 
are heated at 56°C for 30 min to inactiva te any ornithosis group virus. Suitable 
cxtracts containing serum protein-like antigens may also be prepared by ex
tracts of skin and of pigeon and budgerigar egg, cspecially the yolk. Dual 
rcactions have been obtained in almost all patients with alveolar disease 
due to the dust of the avian droppings and with precipitins against the avían 
cxtracts. In atopic patients with asthma due to avian antigcns, Type 1 reactions 
only are elicited and precipitins are usually not present (Hargreave, Pepys, Long
bottom & Wraith, 1966). 

P1TUITARY SNUFF-TAKER's LuNG (see Chapter 36) 
Dual skin test reactions to undiluted porcinc and bovine serum may be obtained 
in those patients with diabetes insipidus who give Type 1 reactions and in whom 
precipitins have appeared following on prolonged nasal insuffiation of porcine 
and bovine pituitary snuff. 

Type 1 asthmatic reactions to pituitary snuff and urticaria! and anaphylactic 
rcactions to injected pitressin may also be produced. Some subjects are allergic 
to both the bovine or porcine serum proteins and pituitary snuff, and others to 
thc pituitary snuff alone, that is, specifically to pituitary antigens (Pepys, 
Jcnkins, Lachmann& Mahon 1966). 

REACTIONS TO fUNGAL, BACTERIAL 
AND HELMINTH ANTIGENS 

PuLMONARY AsPERGILLOSIS (see Chapters 3 and 36) 
In about IO/;; of patients with asthma and pulmonary eosinophilia and precipi
tins in their serum against A. Jumigatus, dual reactions are obtained on prick 
tests with commercial extracts. The protein fraction of A. jitmigatus extracts (see 
Chapter 3) gives dual prick test reactions in 52/;; of cases, whilst intracutaneous 
tests with this fraction at 1 and 10 mg/ml (not yet available commercially) gives 
dual reactions in almost all of these cases. By contrast dual reactions are not given 
by patients with reagins only, nor by patients with pulmonary aspergilloma 
who have abundant precipitins, except in some of the small group of the latter 
who give Type 1 reactions to prick tests. 
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As in the dual reactions to avían antigens, Type 1 reactivity as estimated by 
prick tests appears to be essential for the subsequent development of the Type III 
component. In patients with asthma and pulmonary eosinophilia, a negative 
prick-test reaction to A. fumigatus would argue strongly against the diagnosis 
of pulmonary aspergillosis (Long bottom & Pepys, 1 964). * 

REACTIONS TO CANDIDA ALBICANS 

Intracutaneous tests (o.o1-0.02 ml) with the cell-wall mannan of C. albicans 
Group A (10 mg/ml) described by Summers, Grollman & Hasenclever (1964) 
gave Type I followed by Type 111 reactions in seventeen out of twenty-two 
subjects with mannan A precipitins (see Chapter 3) as compared with four out of 
twenty-eight in those without precipitins. Repetition of the tests after 1-2 weeks 
resulted in stronger reactions or in the appearance of reactions in previously 
negative subjects, corresponding with increases in the precipitation reactions 
found in all subjects after a single skin test (Pepys et al 1967). Intracutaneous tests 
with culture filtrate extract of C. albicans, which containcd protein as well as 
polysaccharide antigens, was responsible for Type IV reactions, which in sorne 
cases were preceded by less vigorous Type III reactions than were produced by 
the mannan A. Nevertheless, typical Type III rcactions were also followed at 
24-48 hr in one-half of the cases by small indurated reactions, which showed a 
strong tendency to recurrent flare-ups for scveral weeks, and which could not 
be distinguished macroscopically from Type IY reactions. 

REACTIONS TO TUBERCULO-POLYSACCHARIDE 

The coexistence of all types ofhypersensitivity is well seen in tuberculin sensitive 
subjects. In addition to delayed reactions, immediate reactions have been re
ported in experimental animals by Miles (1955) and Pepys (1955). Furthermore, 
Cournand & Lester ( 1939) ha ve reported that tuberculo-polysaccharide produced 
immediate reactions in man which lasted for 2 hr, followed by a second re
action appearing at 4 hr and lasting for 24 hr, at which time the reaction to 
tuberculoprotein was developing. The reaction to the polysaccharide was 
attributed by McCarter & Watson (1942) to the presence of traces of protein, 
but it is difficult to accept this explanation, since even strong doses of tuberculo
protein do not produce immediate and late reactions of the type described. 
Arthus-like reactions to fractions of M. tuberculosis H 37 Ra have been reported 
by Glenchur, Fossieck & Silverman (1965). These reactions developed after 2 hr 
and were marked at 4-8 hr. A similar reaction has been described to the higher 
doses of 10 to 250 TU by Duboczy (1965). 

*Biopsies of dual reactions to A. fumígatus and to avian antigens in man ha ve shown a 
perivascular infiltration of early and scanty polymorphonuclear neutrophil cells and a pre
dominan ti y mononuclear cell infiltration. IgG, IgM, lgA and ft1c component of complement 
were present, both extra- and intra-cellularly. The latter was found in the vascular en
dothelium of some cases (Pepys, Turncr-Warwick, Dawson and Hinson, 1967). 
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ltEACTIONS TO ASCARIS EXTRACTS 
Jmmediate reactions to ascaris extracts are well known, and increasing reactions 
to intracutancous tests over a period of 24 hr are reported by Boucher, Rouma
goux, Souquct & Bonnefoy (1960) in patients with Loeffier's syndrome. The 
possibility that the late reaction to the ascaris extract is of an Arthus type needs 
further study. 

REACTIONS TO lNSECT ANTIGENS 

Lunn & Hughes (1967) rcport on asthma in mill-workcrs due to the wheat 
weevil Sítophilus granarius and on a case of asthma and a farmer's lung type 
rcaction in whom dual reactions were obtained on skin testing and who had 
precipitins in the serum. 

REACTIONS TO TISSUE EXTRACTS AND DEXTRAN 

THYROID EXTRACTS 
Reactions of the Arthus type to an extract of thyroid from thyrotoxic patients 
were elicited in patients with thyroid disease and precipitins. The skin test 
modifted the precipitin reaction. The danger of transmission of jaundice with 
tissue extracts was emphasized (Buchanan, Anderson, Goudie & Gray 1958). 

WHITE BLOOD CELL AND CALF THYMUS 
EXTRACTS AND DNA 
In patients with a diagnosis of systemic lupus erythematosus, positive skin test 
rcactions were obtained to homogenates of leucocytes in eighteen out of 
thirty-onc by Holman (1960), and to DNA preparations by Ores & Lange (1964) 
in nineteen out of nineteen, twenty-three other paticnts giving negative reac
tions. Fordal & Winkelmann (1965) obtained positive reactions to calf thymus 
DNA in 40 out of 115 patients with skin diseases, the most frequent reactions 
bcing obtained in systemic and discoid lupus erythematosus, and in necrotizing 
vasculitis, though the authors concluded that there was no definite evidence 
of DNA allergy in collagen diseases. 

DNA prepared from the patient's own leucocytes and from calf thymus was 
found by Chandler & Nalbandian (I966) to give more vigorous skin test reac
tions in patients with a clinical picture like that of systemic lupus erythematosus 
but with negative LE tests. In the abo ve reports the reactions, which were painful, 
tended to be maximal after severa! hours, suggesting that they may be of the 
Arthus type, though Fordal & Winkelmann (1965) did not fmd precipitins in 
fifteen cases, seven of whom had antinuclear factor, and more information is 
necessary befare deciding whether they belong in this group. 

REACTIONS TO DEXTRAN 
Hypersensitivity of the immediate type, in particular to high molecular weight, 
long chain, branched dextrans was correlated with the presence of precipitins 



200 CLINICAL ASPECTS OF IMMUNOLOGY 

(Kabat & Mayer r96r). The production of an Arthus reaction in himself by 
active sensitization with a high molecular weight, long-chain branched dextran 
is reported by Humphrey (personal communication). Reactions to skin tests 
came on after severa! hours without immediate reactions. These reactions were 
oedematons and showed capilbry haemorrhage with infiltration of nentrophil 
and eosinophil cclls. 

DELA YED TUBERCULIN-TYPE R-EACTION 
(TYPE IV REACTION) 

The production of delayed reactions is best seen in skin tests for the ':·t!lergy of 
infection' and for contact sensitivity. The classical example, the tuberculin 
reaction, becomes evident, as a rule, at about 24 hr and is maximal at 48-72 hr, 
showing, except with wcak reactions, a well-defined arca of indnration sur
rounded by erythema. If the reaction is vigorous there may be oedema, vesicles 
and bullae, and residual pigmentation is not uncommon. 

THE TuBERCULIN SKIN TEsT REACTION 

A vast amount of effort has been devoted to the tuberculin test, which has a 
reputation for precision and specificity. It is surprising, however, to see how 
many aspects are subject to rigorous questioning. Admirably comprehensive 
analyses of the tuberculin test in manare provided py Gernez-Rienx et al (r96r) 
and Edwards & Edwards (r96o). 

The tuberculin test was fmt used q ualitatively for the diagnosis of tuberculosis. 
Subsequent quantitative studies of the sizes of reactions to various doses have 
raised problems regarding the signiflcance ofhigh and low degrees of sensitivity. 
More recent quantitative comparisons of reactions to antigens from tubercle 
bacilli and from atypical mycobacteria promise to reveal qualitative ditferences 
of diagnostic valuein the investigation oflow degrees of scnsitivity to tuberculin. 

TEST ANTIGENS 
The tuberculin preparations in general use at presentare: 

r. Old Tuberculin (oT) prepared by concentration of the autoclaved culture 
flltrate of Mycobacteríum tuberculosis, and standardized to contain roo,ooo tuber
culin units (TU) jml (International standard). 

2. Purifled protein derivatives (PPD) of tuberculin prepared by ammonium. 
sulphate (PPD-s) (Seibert I934), or trichloroacetic acid precipitation of culture 
flltrates. Concentrated PPD contains 2.0 mg/ml and is equivalent to roo,ooo 
tuberculin units (TU) (International standard). The introduction of PPD a ppeared 
to provide a more precise antigen than crude Old Tuberculin, which contains 
lipids, polysaccharides and constituents of the medium, but it is now clear that 
OT has certain other advantages. Although OT and PPD are prepared from heated 
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material, the protein which seems to be of majar importance in the tuberculin 
reaction remains very highly active. Gell & Benacerraf (I959) ho.ve found that 
whilst the delayed reaction is more sensitive than the immediate, it is also less 
specific and can be elicited by denatured proteins. PPD-S contains 92.9% protein, 
1.2% nucleic acid and 5-9% polysaccharide, and is similar to that prepared 
at W eybridge. The French PPD, prepared by the Pasteur Institute (IP4S) con
tains 30% polysaccharide. 

Old Tuberculin and PPD cannot be standardized in terms of one another 
because of qualitative factors which lead to differences in reactions in subjects 
of varying degrees of sensitivity (Seibert & Dufour 1954; Paterson & Leech 
1954). Furthermore, PPDS from the same and different sources may differ in 
their reactions in different populations or depending upon whethcr the sensiti
vity was due to natural infection or BCG vaccination in the same population 
(Meyer 1952; Guld 1957; Comstock 1960). W.H.O. have preparcd a large batch 
of PPD, RT2 3 (Magnusson & Bentzon 19 5 S), for standatdized testing, sin ce surveys 
and serial tests should be made with the same material throughout. An additional 
difficulty arises beca use of the rapid adsorption, particular! y of low concentra
tions of PPD, to walls of containers. This may reduce its potency by 6o% 
(Waaler, Guld & Magnus 195S). The addition of Tween So reduces adsorption 
of the PPD (Magnusson, Guld, Magnus & Waaler 195S), but Griep & Bleiker 
(1960) report that Tween So tends in itself to reduce reactions. This is probably 
duc to irritation of the tissues by the Tween So. 

METHODS OF TESTING 
Von Pirquet used the scratch method in introducing the tuberculin test. Many 
other methods have been used, such as inunction of a tuberculin ointment into 
the skin (Moro test), patch tests with gauze impregnated with tuberculin (Voll
mer test) and the jelly patch test. These methods are less satisfactory than the 
intracutancous (Mantoux) test and the more recently introduced multiple 
puncture test (Heaf 1951; Heaf& Rusby 1959). 

The Mantoux test ís the most reliable for quantitative studies, since the dose 
can be graded, a known amount injected and the reaction measured. The multi
ple puncture test is performed with a spring gun which introduces six needles 
to a depth of r or 2 mm into the skin, through solutions of concentrated OT 
or PPD, to which adrenalin may be added. The test is equivalent to an intra
cutaneous test with 10 TU. 

A linear rclationship betwecn the diameter or thickness · of the skin reaction 
and the log-dose of tuberculin has been reported in animals (Wadley 1949; 
Long & Miles 1950). Bruce (1961) has reported a linear relationship in man 
between the area of induration and the log-dose of tuberculin injected in a 
constant volume, the area being influenced by the volume as well as the 
dosc. 

ll* 
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EFFECTS OF TUBERCULIN TESTS ON THE DEGREE 
OF SENSITIVITY-SERIAL TESTS 
Serial tests are important for the demonstration of the development of tubercu
lin sensitivity in previously non-sensitive subjects and are used for diagnostic 
and epidemiological purposes. Serial tests or repeated administration of tuber
culin can, however, increase or decrease the sensitivity to subsequent tests. 
Canetti (1946) and O'Grady (1956, 1957) have reported that tests with increasing 
doses of tuberculin may enhance the sensitivity to lower doses for prolonged 
periods and on occasion may cause a reaction to appear at previously negative 
tests. There is also less waning of tuberculin sensitivity in BCG vaccinated sub
jects in whom tuberculin tests are repeated. Gernez-Rieux et al (1961) state that 
tests with IP48 do not have this enhancing effect. When tuberculin is injected in 
increasing doses at short intervals, i.e. tuberculin desensitization, the opposite 
effect is seen and even large doses will fail to excite reactions. 

REPETITION OF TESTS ON THE SAME SITE 
This may lead to decreased reactions if the interval between tests is short 
because of the enhanced lymphatic absorption from the inflamed tissues of the 
previous reaction. Repetition of tests at the same site at intervals of 3 months 
results in reactions which are more rapid, more vigorous, and resolve sooner 
than tests on normal skin (W.H.O. 1955). The enhancement of the reactions is 
also secn on histological examination (Bachi 1959}. 

SrMULTANEous TEsTs wrTH V ARYING Do sEs 
Rosenthal & Libby (r96o) report that a single test with 10 TU (OT) gave much 
larger reactions than were obtained with either dose when 10 and 100 TU were 
tested simultaneously. Similarly Pollock, Sutherland & Hart (1959) found that 
there were fewer positive reactions in subjects tested with 10, 30 and 100 TU, 
than in those tested only with 100 TU. On the other hand, in subjects with high 
degrees of sensitivity they found that simultaneous tests with 0.3, 1 and 3 TU 
led to more reactions to 0.3 TU than where 0.3 TU alone was tested. 

MuLTIPLE REPEAT TEsTs WITH lNCREASING DosEs 
Furcolow, Hewell, Nelson & Palmer (1941) tested infants with doses of PPD 
ranging from o.ooooor mg (r/2 TU) to 1.0 mg (5o,ooo TU). Almost all reacted 
by the time the final test dose was reached. The reactions to high doses, which 
appeared in infants without known contact with the disease, differed in character 
from thosc to low doses. The possibility that the latter were Arthus type reactions 
must be considered, since precipitins against conccntrated culture ftltrates of 
photo-, scoto- and non-chromogenic atypical mycobacteria have been found 
by micro-tests in agar gel in almost all subjects tested, unrclated to tuberculous 
infection (Pepys & Jenkins, unpublished). 
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STABILITY OF TUBERCULIN SENSITIVITY 
Reversion or loss of tuberculin sensitivity to conventional test dos es occurs most 
frequently in subjects with low degrees of sensitivity. Dahlstrom (1940) 
rcported that ovcr a period of 5 years 1% of subjects rcacting with ro mm or 
more of induration to 1 TU, reverted, whereas in those with induration ofless 
than 10 mm or who reacted only to 100 TU, 35% reverted. Daniels et al (1948) 
found that the maintenance of tuberculin sensitivity is influenced by the dcgree 
of cxposure to the organism, more controls than contacts losing their scnsitivity. 
Tuberculin sensitivity is depressed on the 5th day after vaccination with polio
myelitis or measles vaccines and on the 9th day after yellow-fever vaccination 
(Brody, Overfield & Hammes 1964). 

DEVELOPMENT OF TUBERCULIN SENSITIVITY 
The larger the infecting or sensitizing dose the earlier the appearance of tuber
culin sensitivity, so that this may appear in experimental animals from the 8th 
day (Canetti 1946). Hypersensitivity to the tubercle bacillus may be shown in 
man, as early as the 3rd to 4th day after BCG vaccination, by an accelerated 
reaction to a BCG test (Saye 1953). Bruce (1961) has found a linear relationship 
between the dose of organisms, BCG in man, and the arca ofinduration at tuber
culin tests. 

Low DEGREE OR 'NoN-SPECIFic' SENSITIVITY
CoNTAcT AND Low DEGREES oF SENSITIVITY 
The claims by Palmer (1953) and Edwards & Palmer (1958) that low degrees 
of sensitivity are due to mycobacteria other than mammalian M. tuberculosis 
wcre made because no relationship was found between low degrees of sensi
tivity and contact with the disease and secondly because of the geographical 
distribution oflow degrees of sensitivity. 

Pollock, Sutherland& Hart (1959), however, found that a low dose of 0.2 TU 
was sufficient to cause reactions in most subjects who were closely or recently 
cxposed, so that no correlation of contact with sensitivity to higher doses could 
he cxpected. They consider that atypical mycobacteria need not be postulated 
as the cause of low degrees of sensitivity in Britain. An increase of low degrees 
of sensitivity in 13-14-year-old children has been reported in Britain (Pollock 
ct al 1959), probably due to decrease in frequency and intensity of exposure to 
infcction. 

Pollock et al (1959) obtained positive reactions in from 76.6-88.3% of sub
jccts in the no-contact to close-contact groups tested with doses up to 1000 TU. 
This is close to the 92% of positive reactions obtained by multiple puncture 
tests with a depot PPD cream by Pepys, Bruce &James (1958), which shows that 
vcry low degrees of sensitivity are not uncommon in Britain, a finding supported 
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by the almost universal presence, mentioned above, of precipitins against 
antigens from atypical mycobacteria (Pepys & Jenkins, unpublished). 

More satisfactory evidence for non-tuberculous causes of reactions to tuber
culin is based on geographic and immunological studies by Edwards & Palmer 
(1958) and Edwards & Edwards (r96o). Comparativetests with tuberculinsfrom 
human M. tuberculosis and atypical mycobacteria showed marked differences in 
patients harbouring these organisms as well as in subjects from different parts 
of the United States, and Keay and Edmond (r966) found them useful in the 
diagnosis of atypical mycobacterial infections in children. 

Low degrees of sensitivity have been found to be associated with resistance 
to infection (M.R.C. 1956), and more tuberculosis to be present in subjects with 
high degrees of sensitivity (Edwards & Palmer 1958). 

COMPARATIVE TESTS WITH TUBERCULIN AND 
TUBER C ULO-LIPO PO L YSA C CHARIDE 
A lipopolysaccharide (PmKo) extracted from the tubercle bacillus has been 
compared with the French PPD, IP48 (Choucroun, Gresland & Kourilsky 196oa 
and b). They found that sr/o of patients with acute, recent disease gave stronger 
reactions to IP48 than to PmKo, whilst in those with chronic, limited or cured 
disease the PmKo gave stronger reactions in from 63.8-79/o of subjects. 
It is suggested that resistance is more closely related to hypersensitivity to the 
lipopolysaccharide than to the protein. 

fACTORS WHICH MODIFY DELAYED, TUBERCULIN, 
SKIN TEST REACTIONS 

The reaction to tuberculin introduced into the skin depends on .¡ts local per
sistence, the availability of reactive cells and the capacity of the tissues to respond 
to inflammatory stimuli. Factors capable of modifying these are important in 
tuberculin tests and in the understanding of the mechanism involved (Pepys 
1955), and it is very likely that they will have similar effects in delayed reactions 
to other antigens. 

LOCAL PERSISTENCE OF THE ANTIGEN 
This depends upon lymphatic absorption from the skin which is influenced by 
the local circulation. Tuberculin reactions are decreased by the introduction 
into test sites, within 10-40 min, of histarpine or other wealing agents and of 
hyaluronidase or irritants, which spread, 4ilute and enhance the absorption of 
the tuberculin. Enhanced lymphatic absorption occurs in pregnancy, in the 
premenstrual period, in febrile and infectious disorders, hunger cachexia, 
oedema of the skin, and after exposure to sunlight or other irritants. The 
decreased tuberculin reactions obtained under these conditions have been attri
buted to negative anergy of an immunological nature, but the physiological 
disturbances are sufficient to account for them. 
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This effcct of wealing may be important in subjects in whom immediate 
type reactions are excited by an antigen, since all weals lead to the rapid ab
sorption oflarge molecular substances, dyes, haemoglobin, and even of erythro
cytes (Pepys I95I). Thus, not only may the immediate reaction be associated 
with breakdown of the antigen, but the weal would lead to its removal. Both 
L1ctors would tend to mask the presence of delayed hypersensitivity. 

INCREASED LOCAL PERSISTENCE OF THE TUBERCULIN 
Prolongation of the retention of the antigen, by slowly absorbed vehicles such 
as liquid paraffin and wool alcohols, or decreased lymphatic absorption due to 
decreascd blood flow results in increased reactions. 

Slowly absorbed vehícles 
Incorporation of tuberculin in an emulsion of liquid paraffin and lanolin 
increases its potency and prolongs its persistencc in the skin (Seeberg I95 I; 
James & Pepys 1956). An improved mixture of PPD 5 mg/g in Eucerine (anhy
drous wool alcohol) has been used for multiple puncture tests (Pepys, Bruce & 

James 1958). The greatly enhanced sensitivity of this depot PPD is comparable 
with that of the BCG test and with tests with tuberculo-lipopolysaccharide 
(PmKo, Choucroun), in producing reactions in patients who have been desensi
tized to tuberculin, and in patients with sarcoidosis or Hodgkin' s disease who 
have extremely low degrees of sensitivity. The depot PPD also persists in the 
skin for long periods, so that BCG vaccination leads to the appearance of re
actions at the previously negative sites when hypersensitivity develops. 

Decreased lymphatic absorption 
The injection of adrenalin into skin on which tuberculin patch tests are per
formed decreases blood flow and lymphatic absorption and results in increased 
rcactions. The retention of sodium fluorescein for many hours in skin into 
which adrenalin has been injected can be observed under ultra-violet light 
through a W ood' s filter. Adrenalin added to tuberculin used for scratch and 
multiple puncture tests has an enhancing effect. Increased reactions are also ob
tained in tests bclow a constrictor band or in paretic limbs with a reduced circu
lation (Gernez & Marcha~dise 1935). 

Fixation oj antigen in the skin 
Modification of skin tests by the introduction of agents which alter the persist
cnce locally of the tuberculin, show that fixation of the tuberculin starts very 
soon and is completed within 1-2 hr. Tuberculin may aho persist for long periods 
in the skin of non-sensitive subjects so that positive reactions appear at the time 
of primary infection, even many months after the test, thus giving a 'revives
ccnce' reaction. 
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Avaílabílity of reactive cells 
The ingress into the test area of circulating, reactive, lymphoid cells can be 
decreased by the injection of adrenalin into intracutaneous tests. Reactions to 
tuberculin are decreased in experimental animals when lymphoid cells are 
reduced either specifically by the intravenous injection of tuberculin, or non
specifically by X-irradiation or by the injection of anti-lymphocytic sera. 
Evidence that the lymphoid cells are the reactive cells is shown by their capacity 
to transfer delayed hypersensitivity passively in animals (Chase 1945) and in 
man (Lawrence 1949, 1959). The depression of delayed hypersensitivity in 
sarcoidosis, or Hodgkin's disease, may be due to a diminution in reactive 
lymphoid cells due to the involvement of the reticulo-endothelial system 
(Chase 1966). 

INFLAMMATORY RESPONSE OF THE SKIN 

TO TUBERCULIN TESTS 

Corticosteroids have an inhibitory effect and antihistamine drugs little effect 
on delayed reactions; the reverse applies to immediate reactions. N evertheless, 
an increase in histamine associated with the inflltration of lymphoid cells has 
been reported in tuberculin reactions by Inderbitzin (1957, 1959), and in contact 
dermatitis by Prochazka Fisher (1959). 

SKIN TESTS IN BACTERIAL INFECTIONS 

Skin tests are of diagnostic use in a numbcr ofinfections and since they frequcntly 
excite a secondary response of circulating antibody or may evcn lead to its 
appearance, blood should be collected for serological studies before skin tests 
are performed. The application of the quantitative and other procedures 
employed in tuberculin testing is desirable for evaluating the reactions obtained 
for prognostic and epidemiological purposes. 

Negative reactions show lack of present or past infection, except in the carly 
stages of disease before hypersensitivity has appeared and in sorne cases in 
infants, the aged, and patients with overwhelming infection. This 'anergy' may 
be due to the same physiological factors which can modify tuberculin reactions. 
An important diagnostic sign, justas in tuberculosis, fungal and other infections 
is the production oJ positive reactions in subjects who previously gave negative 
reactions. · 

SKIN TEsTs WITH STREPTococcAL ExTRACTS 

Skin tests with streptococcal extracts may be used to show the presence of 
antitoxin responsible for immunity to the erythrogenic toxin of ¡J-haemolytic 
streptococcus, and the presence of spccifically-reacting cells which mediate 
delaycd type hypcrsensitivc reactions. Although hyperscnsitive reactions are 
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more frequent in patients with rheumatic disorders, their diagnostic or prog
nostic significance is not known. 

Skin tests with culture filtrate of P-haemolytic streptococcus (Dick test) 
produce reactions in roo/o of subjects susceptible to scarlet fever. The positive 
reaction caused by the toxin appears within 6-12 hr, is maximal at 24 hr and 
then resolves. There is no official standard preparation in Britain, but Banks 
( 19 5 I) states that the test is a relia ble index of immunity for experienced workers 
and should be used if active immunization is contemplated. After immunization 
88-92/;; cease to react and 72/o are still non-reactive 5 years later (Laurent 
1951). 

The size of reactions is proportional to susceptibility; subjects giving reactions 
larger than 25 mm contract scarlet fever readily, and those with reactions ofless 
than 10 mm rarely. Control tests with heated toxin seldom cause pseudo
reactions, which appear after active immunization in from 3-4/o of subjects. 
These reactions which appear later than the reactions to the toxin are maximal 
at about 40 hr, and are associated with immunity. 

The injection of a streptococcal antitoxic serum into the skin of a patient 
with a rash due to scarlet fever leads to an area of blanching within 6-14 hr. 
This Schultz-Charlton test is oflimited value, though it may help to distinguish 
the scarlatiniform rashes of rubella and of allergic origin from scarlet fever. 

Skin tests with the M antigen of group (A) haemolytic streptococcus and other 
streptococcal antigens have been used for the study of passive transfer of 
dclayed hypersensitivity in man by Lawrence (1952, 1955). 

In all the patients with recurrent aphthous stomatitis tested by Graykowski 
ct al (1966) positive delayed skin test reactions were given toa vaccine ofkilled 
pleomorphic transitional p-form-cultures of ct-haemolytic streptococcus iso
lated from the lesions, immediate reactions being given by a few of the patients. 
Sorne patients with aphthous stomatitis also give reactions to herpes simplex 
antigen (Anderson & Kilbourne 1961). 

SKIN TESTS WITH ExTRACTS OF C. diphtheriae 

The reactions to skin tests with toxin and other materials from C. diphtheriae 
are of considerable interest since in addition to demonstrating the presence of 
antitoxin (Schick test), both delayed and immediate type reactions may appear. 
The positive reaction to the toxin develops after 24-36 hr, is maximal at 4 days, 
persists for 7 days and may be followed by pigmentation. In subjects with 
adequate amounts of antitoxin no reaction occurs. 

Control tests with heated toxin are performed, since hypersensitivity reac
tions may confuse the interpretation of reactions to the toxin. The pseudo
reaction is of the delayed type and runs a shorter course than the reaction to the 
toxin. Where reactions occur to both the toxin and the control (combined 
reaction) this difference in duration can help to distinguish them. In tests with 
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highly purified toxoid Pappenheimer (1958) found that it was safe to give the 
full inununizing dose of toxoid after 24--4-8 hr to subjects giving negative 
reaction at the control. 

Allergic reactions to diphtheria toxoid such as urticaria and asthma occur 
particularly in allergic subjects. Relyveld, Henocq & Raynaud (r961) tested 200 
subjects, some of whom suffcred from clinical allergic disorders. Crude toxoid 
gave immediate positive reactions in 65/';; which could be transferred passively, 
whereas the purified toxoid gave no reactions, indicating that the allergen is 
something other than the toxin. In ro/';; delayed reactions were given to both 
the crude and purified toxoids and 25/';; reacted to neither. The m'Üority of the 
subjects giving immediate and delayed reactions were Schick negative, 
showing the presence of circulating antitoxin. The toxin is responsible for the 
dehyed hypersensitivity. 

SKIN TESTS IN LEPROSY 

The lepromin test introduced by Mitsuda (1924) is performed with extracts of 
nodules from the skin of patients with lepromatous leprosy. The original, 
integral lepromin consists of boiled, ground-up nodules after removal of the 
large particles of tissue. The lepromins ofDharmendra and ofFernandez consist 
respective! y of bacilli separated from the skin with or without chloroform and 
ether extraction. 

The reaction oflepromin consists of a tuberculin-type reaction, the Fernandez 
reaction, which appears at 24-4-8 hr, and a la ter nodular reaction, the Mitsuda 
reaction, which may appear at about 7 days and which is read at its maximum 
at 3-4 weeks. Integralleprornin gives more Mitsuda than Fernandez reactions, 
whereas the Dharmendra and Fernandez lepromins do the opposiote. Grinding 
of the bacilli decreases the Mitsuda, and increases the Fernandez reactions. 

The reaction to lepromin is not diagnostic ofleprosy, but is diagnostic of the 
type of leprosy and is of considerable prognostic importance. Positive Fernan
dez and Mitsuda reactions are obtained in patients with tubcrculoid leprosy, 
whereas those with lcpromatous lcprosy do not give either reaction. 

I)EPOT LEPROMIN 

The introduction by Kinnear-Brown & Stone (1961) of a depot lepromin, 
analogous to depot tuberculin, has provided a lepromin of enhanced potency. 
Multiple puncture tests with depot lepromin enable twenty-five times the num
ber of subjects to be tested, an important economy of scarce lepromin. Depot 
lepromin persists in the skin for prolonged periods and Kinnear-Brown & 

Stone (1961) found that vaccination with BCG leads to the appearance of reac
tions at previously negative test sites after 4- weeks, thus indicating the presence 
of related antigens in BCG and M. leprae. The depot lepromin test, with its 
economy, easc of administration, production of good bnt not sevcre reactions, 
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and its capacity to provide essential immunological information will have an 
important part to play in the clinical and epidemiological management of 
lcprosy. 

SKIN TESTS IN VIRAL RICKETTSIAL 
AND FUNGAL DISEASES 

Skin tests with viral antigens give reactions of the delayed type of diagnostic 
value. In lymphogranuloma inguinale the Freí test is useful, rarely giving nega
tive reactions in infective subjects. Cross reactions may be obtained with psitta
cosis virus, though treatment of the antigens with acid is said to give more specific 
rcactions in these two conditions (Barwell 1952). Mumps virus gives delayed 
rcactions which are of epidcmiological rather than diagnostic value. Fifty per 
cent of infected subjects react by the 4th to 5th day and So/o by the 9th to 1oth 
da y. The majority of subjects with a past history give a positive reaction though 
25~--;; of older children and adults without a history of the disaese gave positive 
reactions, perhaps due to subclinical infections (Enders et al 1946). Shone et al 
(1966) have found that positive delayed skin test reactions to mumps virus 
antigen are obtained in 90/o of children under 2 years with endocardial fibro
elastosis, whereas 90/;; of controls were negative. Out of ten children with con
genital mitral insufficiency usually associated with endocardial fibroelastosis 
seven gave positive reactions. These reactions were not correlated with serum 
antibody ti tres. Antigens from cat scratch fever, virus hepatitis and W estern 
cguine encephalomyelitis have all been found to give delayed reactions in 
infected subjects. Positive delayed reactions were obtained by Anderson & 
Kilbourne (196I) in patients with herpes simplex and sorne with aphthous 
stomatitis to extracts of the cell culture fluid ofherpes simplex. 

Grond, Capponi & Dumas (r96r) report on skin tests with rickettsial extracts, 
some of which gave specific reactions and others cross reactions. Negativc 
rcactions to R. prowazeki indicate absence of past typhus infection, positive 
rcactions appearing in infected subjccts in about 2 months. 

The skin test reactions to fungal extracts serve, as does the tuberculin test, as 
models for the dilferent types of hypersensitivity and for assessing their relc
vance to resistance (see Chapter 3). Barker et al (1962) have reported that the 
protein component of trichophytin is largely responsible for delayed, and the 
polysaccharide component for immediate, reactions. Further investigations 
with purified antigens like these are essential for the proper use and interpre
tation of fungal reactions in general, and may help to explain the striking dilfer
cnces in reaction in patients infected with T. mentagrophytes or T. rubrum 
(Lewis et al 1958). In patients infected with T. mentagrophytes immediate re
actions only were obtained in r.5/;;, delayed only in 72.9/;;, both immediate and 
delayed in 15/;;, and negative reactions in 10.6/o. In patients infected with 
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T. rubrum 53/;; gave immediate reactions only, ro/;; delayed reactions only, 
32/;; reacted to both and 5/;; were negative. 

The prognosis for infection with T. rubrum is far worsc than that for T. 
mentagrophytes in which delayed reactions prcdominatc. Similarly, in patients 
infected with animal ringworm, vigorous delayed reactions are produced by 
skin tests and the prognosis is good. The differences in type of reaction must be 
due to a greatcr production of skin-sensitizing antibody in response to infcction 
with T. rubrum. lt is also probable that the inunediate weal produced by thc test 
may mask the presence of delayed hypersensitivity. 

Trichophytin tests are not regarded highly for diagnostic purposes, since a 
positive reaction does not necessarily indicate present infection. A negative 
reaction is of value in excluding these fungi as the cause of an 'id' eruption. 
In rare instanccs clínica! allergic manifestations such as asthma and rhinitis 
follow on the injection of trichophytin. It may be that with improved antigens 
detailed studies of a possible relationship between these fungal infections and 
clinical allergic disorders would be worth seeking. 

lmmediate and delayed reactions to monilial antigens may be elicited in 
subjects suffering from allergic disorders, though their clínica! signifrcance is 
obscure. Reactions to intracutaneous tests with 1(ro,ooo to 1(1oo,ooo Candida 
extract were obtained in 62-93/;; of allergic subjects compared to 29-60/;; 
controls. Withhigherconccntrations, 15/;; of controls fail toreact(Buffe et al 1961 ). 

In general both immediate and delayed reactions may be obtained in subjects 
infected with Histoplasma capsulatum, Coccídioides immítís, Blastomyces dermati
tidis, Nocardia brasiliensis, Actinomyces and Sporothrix schenckii. 

Cross reactions may occur between histoplasmin, coccicioidin and blasto
mycin, though the reactivity is strongest to the homologous antigcn (Lewis 
et al 1958; Wilson 1957). 

SKIN TESTS IN PARASITIC INFECTION 

Antigen from hydatid cysts (Echinococcus granulosus, Trichinella spiralis and 
Diro.filaria immitis, produce positive reactions, more immediate than delayed, 
in a high proportion of infected subjects. Antigens from Toxocara canis and 
T. fáti have given promising though equivoca! results in visceral larva migrans 
(se~ Chapter 6). Cross reactions are common in helminth infections (Baer & 
Yanowitz 1950). The use of these tests in various protozoal and hclminthic 
diseases is discussed in Chapters 5 and 6. 

SARCOIDOSIS AND SARCOID-LIKE REACTIONS 
IN HUMAN SKIN 

A wide variety of substances produce nodular reactions containing epithelioid 
cell tubercles on injection into the skin. These reactions are fully developed 
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after 4-6 weeks, and must be confirmed by histological examination. Shelley & 
Hurley (I961) discuss one group of granuloma-producing agents, which have an 
immunological effect, only traces being required in persons with specific 
sensitivity, such as zirconium, beryllium and PPD, to wlúch may be added the 
Kveim antigen. Another group of agents do not act immunologically; large 
doses of colloidal suspensions of the appropriate particle size produce reactions 
in all subjects. Examples are silica, stearate and palmitate, and other substances 
which produce foreign body granulomas. They suggest that the local reticulo
endothelial reaction is excited by the particulate material. It is of interest that 
the Kveim antigen is particulate and that antigen-antibody aggregates have 
been found by Germuth (1961) to produce granulomatous reactions. 

In addition to their diagnostic value, skin tests in sarcoidosis present many 
challenging problems. 

KvEIM TEST (1941)-
A SKIN TEST IN SARCOIDOSIS 

The reaction to the intracutaneous injection of suspensions of lymphoid tissue 
from patients with sarcoidosis has been used to support the diagnosis of the 
disease where the clinical picture is suggestive and histological information is 
not available, and to distinguish between sarcoidosis and other diseases in which 
granulomatous lesions appcar and where the clinical picture is not typical. 

The essential feature of the positive Kveim test reaction is that typical 'naked' 
tubercles consisting of an epithelioid cell granulomatous reaction should be 
obtained in sarcoidosis but not in other diseases. Varying methods of prepara
tion of the antigen have led to conflicting results. Purified test material (Chase 
196r) has established the specificity of the test for the diagnosis of sarcoidosis. 
The mechanism of the slowly developing papule, maximal in 4-6 weeks, is 
obscure. Some light may be thrown on this by the similar reaction in subjects 
with hypersensitivity to zirconium, beryllium and to tuberculin in sorne persons. 

PREPARATION OF ANTIGEN 
Lymph node or spleen removed from patients suffering from sarcoidosis is 
chopped up finely and the larger particles, haemoglobin and soluble serum 
proteins, are removed by washing and differcntial centrifugation. The test 
material consists of a particulate suspension which passcs through a bacteriologi
cal filter and can be easily dispersed. The intracutancous test dose of o.r5-0.20 
ml contains 450 Jlg of alcohol precipitablc material, compared with 1300-
2000 Jlg in the cruder extracts (Chase I96r). Siltzbach (1961) advises that a 
Huber needle with a lateral opening be used, in arder to prcvent a core of epi
dermis from being pushed into the skin. Care is required to prevent contamina
tion with cotton wool or other fibres which can provoke falsc-positive rcactions. 
The histological appearances of thc tissuc used for prcparation of thc antigen 
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do not help in selection and about half of the preparations tested by Siltzbach 
were inactive. 

INTERPRETATION OF REACTIONS 

Reliance is placed exclusively on the histological appearances by Siltzbach 
(1961). A dusky brown nodule develops after about 7-10 days, and reaches 
about 3-8 mm in diameter after 4-6 weeks. It resolves slowly and is inhibited 
by corticosteroids but may fiare up with recrudescence of the disease, or in the 
post-partum period. Tissue suspensions of normal spleen or lymph no de do not 
give reactions in patients with sarcoidosis nor in controls . 

. 'A biopsy taken from a positive reaction at 28 days shows spherical nodules, 
composed mainly of epithelioid cells with occasional giant cells. A few lympho
cytes and other infl.ammatory cells are found. The tuberculoid nodules may 
coalesce giving a picture of diffuse, densely packed epithelioid cell infiltration, 
with discretc tuberculoid structures at its periphery. Small arcas of fibrinoid 
changc are not uncommon, like those in the lcsion of the disease' (Siltzbach 
1961). 

Negativc reactions may contain foci oflymphocytes and histiocytes sometimes 
containing brown pigment. Foreign body giant cclls are seen containing birc
fringent and fibrillar foreign material, the source of which is not known. If 
epithelioid cells are scattered in small numbers through the dermis, without a 
true tuberculoid pattern, the test is considered equivoca! and should be repeated. 

RESULTS 

Positive reactions were obtained in 83/o of patients in whom the diagnosis 
was confirmed by histological examination, and in 50/o of su~pected cases, 
who had only the clinical features. False-positive reactions were obtained in less 
than 2/o of patients with other diseases, and 5/o of the tests were repeated 
because the histological findings were equivoca!. The percentage of reactions 
decreased to 76/o in patients with subacute active disease, 64/o in chronic active 
disease and 33/o in inactive disease. Decreased reactivity was associated with 
clinical improvement. 

Israel & Sones (1961), who reported a high percentage of positive reactions in 
tuberculous patients, subsequently obtained no reactions with a different pre
paration thus conflrming the claim.s ofSiltzbach (1961),james (1955), and others. 
The reliability and consistency of the histological interpretation have also been 
tested and found to be satisfactory. In serial tests, gradual loss of reactivity 
occurs with time. Reactions were obtained in 86/o retested in the first 6 months, 
in 78/o retested 6-12 months later, in 68/o 1-2 years later and in 42/o retested 
4-14 years later. Tests with this material in patients in Puerto Rico and in 
Britain (James 1961) gave similar results, indicating that there is a similarity 
in the disease in different parts of the world. 
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Shellcy & Hurley (1961) investigated the possibility that the Kveim reaction 
is isomorphic, i.e. typical of the existing lesions but provoked by unrelated 
stimuli. They found that sarcoid subjects did not produce more granulomatous 
reactions to injections of sodium stearate, solutions of metals, or whole blood, 
than did patients with hyperscnsitivity to zirconium and bcryllium. 

SKIN TESTS WITH ÜTHER ANTIGENS IN SARCOIDOSIS 

There is a general decrease in reactivity to delayed type antigens in this disorder, 
of which the decreasc in tuberculin scnsitivity is common and is regarded as 
supporting evidence for the diagnosis. In communities where tuberculosis has 
been largely eradicated othcr delayed type antigens are required to provide this 
evidence. 

Israel & Sones (1961) compared thc delayed reactions to the following antigens 
in patients with sarcoidosis and controls: 

Sarcoid patients Controls 
(%) (%) 

Mumps antigen 29.6 8o.o 
Oidiomycin 59.0 8o.o 
Pertussis agglutinogen IJ.2 57·0 
Trichophytin 18.5 26.7 
Tuberculin J6.8 66.7 

Citron (1958) has reported that 40% of patients with sarcoidosis react to 
oidiomycin compared with 90% of controls. 

The depression of tuberculin sensitivity has been attributed to anticutins, 
leading to a so-called 'positive anergy'. Magnusson (1956) has found that the 
inhibitory effect of the test serum with which the tuberculin was mixed for 
the demonstration of anticutins was related to its wealing capacity whether or 
not it was obtained from patients with sarcoidosis. A very low degree of 
tuberculin sensitivity has been demonstrated in these patients with depot 
tuberculins (Seeberg 1951; James & Pepys 1956; and Pepys et al 1958) and with 
tuberculo-lipopolysaccharide (PmKo) (Choucroun et al 196oa and b). The fail
ure to develop and maintain delayed scnsitivity is shown by the observation 
that only a third of patients with sarcoidosis become transiently sensitive to 
tuberculin after BCG vaccination, and that all the controls gave positive skin test 
reactions after pertussis immunization as against 45% with tiansient hypersensi
tivity in the sarcoid patients (Israel, Sones, Stein & Aronson 1950). 

Pyke & Scadding (1952) and Citron & Scadding (1957) have reported that 
systemic or local administration of cortisone enhances tuberculin sensitivity 
in sarcoidosis. Whilst corticosteroids delay absorption from the skin and may 
produce their effect by enhancing the persistence of the tuberculin, the full 
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explanation of this phenomenon is not clear. Attempts at production of contact 
sensitivity by Epstein & Maycock (1957) show that potent antigens sensitize 
both controls and sarcoid patients whereas less potent antigens sensitize fewer 
sarcoid than control patients. Howcver, circulating antibody capable of medi
ating clinical allergic disorders and of giving immediate type reactions on skin 
testing is present. 

SKIN TESTS IN ZIRCONIUM HYPERSENSITIVITY 

Shelley (I957) reported that prolonged application of a zirconium deodorant 
to the skin resulted in the appearance of papules which contained sarcoid-like 
epithelioid cell granulomata. The reaction, in sensitive subjects, to a skin test 
with very small doses of zirconium appeared after 10 days and contained sarcoid
like granulomata. There was no preceding reaction. 

SKIN TESTS IN BERYLLIUM HYPSERSENSITIVITY 

Hyperscnsitivity to beryllium appears after prolongcd exposure and is manifestcd 
by widespread granulomatous lesions in the lungs which are followed by fibro
sis. Granulomatous skin lesions also appear in exposed subjects. Corticosteroid 
treatmcnt is very effective. 

Patch tests are very reliablc and give positive reactions (Denardi et al I953; 
v. Ordstrand I954; Hardy I956; and Sneddon I958). The reaction here, how
ever, differs in one important respect from the intracutaneous test in zirconium 
hypersensitivity, in that an erythematous reaction is present at 24-48 hr. This 
persists for severa! weeks, unlike the usual reaction in contact sensitive subjects. 
Biopsy after severa! weeks shows the presence of sarcoid-like granulomatous 
infiltration. 

Hardy (I956) states that serum protein changes like those in sarcoidosis are 
found, but she found no difference in the tuberculin sensitivity of affected sub
jects as compared with the general population. Very small numbers of patients 
have been found to be Mantoux negative (Sneddon 1958; Rogers 1957) and in 
one case a tuberculin-positive subject was seen to become tuberculin negative 
(Agate I948). Kveim tests in a few patients were also negative (Sneddon I958). 

SKIN TEsTs WITH TuBERCULIN GIVING GRANULOMATous 

REACTIONS 

Hurley & Shelley (I960) found that papular reactions were present after 4 
weeks in ftve out of thirty-six negro patients, who gave positive reactions to 
tuberculin at 24-48 hr. These slowly developing reactions were unrelated to 
the severity of the tuberculin reaction and were reproducible on repeatcd testing. 
The reactions at 4 wecks were typical of sarcoidosis and were not found in 
tuberculin negative subjects. 
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NoN-lMMUNOLOGICAL GRANULOMATous REACTIONS 

Shelley & Hurley (1961) report that colloidal silica (25-30 lllJ-1 particles) in 
sufficient quantity produced epithelioid granulomas in al! subjects, whereas 
very finely ground silicon dioxide did not produce this reaction. These authors 
believe that similar granulomas occurring at tattoo sites may be due, in the 
absence of evidence of speciftc hypcrsensitivity, to the breakdown of the 
pigments to a colloidal state which results in infiltration of reticulo-endothelial 
cells. 
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CHAPTER 8 

BLOOD TRANSFUSION SEROLOGY 

K.L.G.GOLDSMITH 

lNTRODUCTION 

GENERAL PRINCIPLES 

ABO BLOOD GROUP SYSTEM 
Antigens: Antibodies 

MN BLOOD GROUP SYSTEM 
Antigens: Antibodies 

p BLOOD GROUP SYSTEM 
Antigens: Antibodies 

Rh BLOOD GROUP SYSTEM 
Antigens: Two theories of the Rh system: Rhesus genotyping: Other 
Rh antigens: Subdivisions of the D antigen: Other factors in the Rh 
system: Apparent Rh gene deletions: Rh antibodies 

THE REMAINING BLOOD GROUP SYSTEMS 
Lutheran, Kell, Lewis, Duffy, Kidd, Yt, Xg, Others 

PRACTICAL APPLICATIONS OF BLOOD GROUP 
SEROLOGY 

LEUCOCYTE AND PLATELET GROUPS AND THEIR 
PRACTICAL SrGNIFICANCE 

INTRODUCTION 

Up to 1900, numbers ofblood transfusions had been given but it had not been 
understood why many of the recipients had died. This was explained by Land
steiner, when in that year he discovered three of the four groups of the ABO 
system (the fourth, AB, being discovered in the following year). The increased 
use of transfusion therapy has enabled great strides to be made in our knowledge 
of red cell antigen-antibody systems. Moreover, geneticists, anthropologists, 
forensic pathologists and others have come to realize that they too can use the 

22I 
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reactions which form the basis ofblood grouping in their own particular investi
gations. 

In this chapter the general principies involved are first set out and then each 
blood group system is considered in turn. The application of this knowlcdge 
to practica! problems is described and the chapter concludes with a note on 
leucocyte and platelet antigens. 

GENERAL PRINCIPLES 

ANTIGENS AND ANTIBODIES 

As in other branches of immunology, we are concerned with antigens and anti
bodies, which are mutually dependent, for until an antibody has been discovered 
the corresponding antigen cannot be identified. The antigens that concern blood 
group workers are usually attached to the red cells, but sorne, as will be shown 
later, are also present in the serum or other body fluids. Antibodies, on the other 
hand, are usually free in the globulin fraction of the serum. 

In most cases, a given antibody appears to be entirely specific for a particular 
antigen, but from time to time cross-reaction with other antigens, sometimes 
of other species, is found to occur. 

REACTION OF BLOOD GROUP ANTIBODIES 

Blood group antibodies are classified both by the red cell antigens with which 
they react, and also by the manner in which the reaction is detected. The former 
differences are those which define the various antigen-antibody systems, and are 
considered in the appropriate sections, but the manner in which thcy react 
is briefly considered here. 

Salíne agglutínating antibodies 
Agglutination, the commonest reaction of red cells in the presence of an 
appropriate antibody, often occurs when the red cells are suspended in a saline 
medium, and in this case the antibodies are called 'saline agglutinating', or 
more simply 'saline' antibodies. 

Incomplete antibodies 
With the discovery of the Rh blood group system, it was found that mothers 
could give birth to babies suffering from haemolytic disease of the newborn, 
apparently due to anti-Rh, without any demonstrable saline antibodies being 
present in the mother's serum. Such antibodies were called 'incomplete' and 
were later found to be demonstrable by various techniques, of which the follow
ing are the most important (see Chapter r). 

Blocking test. Diamond, Race and Wiener independently discovered that 
certain anti-Rh sera, while not capable of agglutinating a saline suspension of 
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Rh-positive red cells, were capable ofbeing adsorbed on to the red cell surfaces 
in such a way as to inhibit their subsequent agglutination by known saline Rh 
antibodies. 

Albumin agglutination technique. Subsequently Diamond, Wiener and others 
found that red cells suspended in a protein medium, such as albumin, were 
agglutinated by incomplete Rh antibodies. This test, which is easier to perform 
and is more sensitive than the blocking test, has largely replaced it. 

The antiglobulin test. Some antibodíes cause no visible reaction in either a 
saline or protein medium. In this case, the presence of the antibody adsorbed 
on to the red cell surface can almost without exception be demonstrated by 
means of an antiglobulin test. This test was described by Coombs, Mourant and 
Race, and depends on the fact that red cells coated with incomplete antibody 
agglutinate when exposed to the serum of an animal previously immunized 
to human globuFn (orto human whole serum), as the antibody adsorbed on their 
surface is a globulin. This test has a wide application as it will detect many of the 
blood group antibodies and, indeed, is in sorne cases the only test capable of 
doing so. 

The use of enzyme-treated cells. Red cell surfaces may be modified by certain 
proteolytic enzymes, particularly trypsin, papain, ficin and bromelin, so as to 
render them more easily agglutinated by certain blood group antibodies. Of 
particular interest is the fact that such enzyme-treated cells in saline suspension 
will be agglutinated by incomplete Rh antibodies. 

E.ffect of temperature 
Antigen-antibody reactions are very considerably influenced by the temperature 
at which the reaction is carried out. Sorne antibodies, of which most anti-A 
and anti-B are examples, react best between 4aC and J8°C, whereas others, 
notably Rhesus antibodies, give optimal reactions at 37°C. 

Prozone phenomenon 
Normally, in the cotme of agglutination, antibody molecules each attach 
themselves to two red cells, thus causing the red cells to adhere. In the presence 
of potent agglutinins, an excess of antibody molecules may each attach them
selves so rapidly, one to each of all available red cell antigen sites, that no one 
molecule can then attach itself to a second red ccll. Only by diluting the potent 
antibody-containing serum can red cell agglutination occur. The absence or 
weakness of agglutination at low dilutions followed by stronger agglutination 
at somewhat high dilutions followed by the usual falling off at still higher 
dilutions constitutes a prozone. 
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Globulin Jractions in which antibodies occur 
Most antibodies in human serum are y-globulins with a molecular weight of 
approximately 16o,ooo, anda sedimentation coefficient of 7S. In a tenninology 
recently introduced by the Immunology Section of the W orld Health Organi
zation these globulins are called IgG or yG. Other antibodies which have a 
molecular weight of r,ooo,ooo are called IgM or y M and they ha ve a sedimenta
tion coefficient of 19S. In addition, a third group of antibodies which has the 
same sedimentation coefficient as yG antibodics but a higher carbohydrate 
content has becn labelled yA. 

Saline-agglutinating antibodies are usually yM while thosc that react only 
in a protcin medium are usually yG. Thc relationship of the yA antibody fraction 
to blood group antibodies is at present being investigated by a number of 
workers. 

THE CELLS OF THE BLOOD 

Red cell antigens ha ve been fully investigated but reccntly cvidcnce has accumu
lated to show that leucocytes and platelets also bear antigens and that antibodies 
to these sometimes occur. The study of leucocyte antigens in particular is 
proving important in the choice of tissue donors for transplantation. For this 
reason, an outline of recent discoverics in this field will be found later in this 
chapter. 

BLOOD GROUP SYSTEMS 

Thc most important of the blood group systems of red cells are listcd below, 
together with the year in which they were first discovered: 

ABO 1900 Lcwis 1946 
MN 1927 Duffy 1950 
p 1927 Kidd 1951 
Rh 1939 Yt 1956 
Lutheran 1945 Xg 1962 
Kell 1946 

The above list is not exhaustive but it does include all those systems which 
any but the most highly specialized worker is likely to encounter. Therc are also 
a number of antigens found only in a very few individuals and which are 
known as 'prívate' antigens (Levay, Wright and Batty being examples) and 
others, present on the red cells of all but a few exceptional individuals, described 
by Race and Sanger as 'public antigens' such as Sm and V el. 

In this chapter no attempt will be made to deal with the many complexities 
of certain blood group systems and for these the reader is referred to Blood 
Groups in Man by Race & Sangcr ( 1962). 
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liLOOD GROUPS AND ANTHROPOLOGY 

llirszfcld and Hirszfeld, working in Salonica in 1918 at the end of the First 
W orld War showed that the relative frequencics of the ABO groups differed in 
diffcrcnt races. Since then great strides have been made in the application of 
blood groups to anthropology. Those interested are referrcd to the works of 
Mourant (1954) and Monrant, Kopéc & Domaniewska-Sobczak (1958). 

NOTATION 

In reporting upon cases referred by clinicians, serological details should be 
dcscribed in as simple a manner as possible. Nevertheless, the scientific worker 
will require something much more comprehensive, and for this reason the reader 
will find proposals for modifications of the basic notation in many technical 
papers. Ford (1955) for instance, declared that the notation of the human blood 
groups was chaotic. He felt that not only was it out of accord with that adopted 
in other branches of genetics, but that the usage was inconsistent from one 
blood group system to another. He proposed various changes, some of which 
have been fairly gencrally accepted, although others ha ve not so far been widely 
adopted. He emphasized that italics should be confmed to genes and genotypes, 
this already bcing fairly common policy, and not used for phenotypes, antigens 
or antibodics. He also suggested that a gene without a suffix might be used for 
one whose hypothetical antigen had not been recognized by an antibody. 
For instance, the red cells of some Negroes react with neither anti-Fya nor 
anti-Fyb and are given the phenotype Fy(a- b- ), the gene responsible being 
given the symbol Fy. 

Ford' s suggestions, just mentioned, will be followed in the present chapter. 

THE ABO BLOOD GROUP SYSTEM 

ANTIGENS 

Landsteiner, once he had shown that the red cells of sorne ofhis colleagues were 
agglutinated by the sera of others, was quick to see that people could be divided 
into three groups which are now called A, B and O while in the following year 
von Decastello and Sturli discovered the group AB. These four groups were not 
only thc first to be discovcred but pro ved to be the most important of all from 
the clinical point of view, as the transfusion of ABO incompatible blood to an 
unforttmate recipient may be followed by a severe or even fatal transfusion 
reaction. 

The antibodies used to determine the ABO groups are anti-A found in the 
serum of group B persons and anti-B from those who are group A. 

In I9II von Dungern and Hirszfeld described subgroups of A, usingtheserum 
known as anti-A1 which agglutinated A1 but not A2 red cells. Nearly all anti-A 
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from group B donors contains the two antibodies anti-A and anti-A 1 (or ex and 
ex 1). Anti-A (cx) agglutinates A1, A2 , A1B and A2B red cells while anti-A1 (ex 1) 

agglutinates only A1 or A1B cells. The latter occurs naturally in the serum of 
sorne 2% of A2 people and in 25% of A2B people. Usually, however, this 
naturally occurring anti-A1 is too weak to be used as a grouping serum and the 
reagent is prepared by absorbing the serum of group B donors with A2 cells. 
The red cell genotypes and phenotypes that can be differentiated by the use of 
anti-A, anti-A 1 and anti-B, together with the naturally occurring agglutinins 
that may be found in the serum as shown in Table 8.r. 

TABLE 8.1 

The demonstration of A¡, A2 , B andO groups as defmed by anti-A, anti-B, anti-A1 antiscra, 
togethcr with corresponding agglutinins 

Reaction of red cells with Rcaction of serum with 
Gcnotype Phcnotype 

Anti-A Anti-A1 Anti-B A1 cells B cclls 

A1A1 
A1Az A1 + + + 
A10 
A2A2 Az + + or + 
AzO 
BB B + + 
BO 
A1B A1 B + + + 
A2 B AzB + + + or 

For most purposes these phenotypes give all the information required, but 
sometimes it may be helpful to know whether, for instance, an individual is 
BB or BO. Such a position would arise in the case of the father of a child found 
to be suffering from haemolytic disease of the newborn dueto immune anti-B. 
It is likely that the mother would be group O, and the father B, and the clinician 
would want to know what were the chances of the parents having another 
similarly affected infant. If the father proved to be of the genotype BB, then 
all his children would carry the B gene and could be affected by haemolytic 
disease of the newborn, but ifhe were BO then half would lack the B gene and 
so would be unaffected. There are no antisera which can give this information 
by the examination of an individual blood specimen. However, under these 
circnmstances a tamily study may sometimes give the required information. 
A pedigree illustrating the position is given in Fig. 8.r. 

The father in question is shown as II-r. His phenotype is B, but by grouping 



BLOOD TRANSFUSION SEROLOGY 227 

his own parents it is possible to show that his father mnst have transmitted an O 
¡•,ene to him, so that he mnst in fact have the genotype BO. Similarly, grouping 
o!' his children III-r and IU-2, would in this case show the same thing, for the 
vcry fact that he has hada gronp O child is evidence that he must have a group O 
gene to transmit to it. 

I 

n 

m 
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In 1936, Fricdenreich described the rare phenotype A3 • Characteristically thc 
appcarance of the agglutination when A3 blood is tested with anti-A, is of small 
clumps of cells snrrounded by large numbers of free cells. Curiously, the 
prcscnce of the B gene seems partially to suppress the agglutination of A2 

n·lls by anti-A serum, with the result that A2B cells may react so weakly that 
thcy are crroneously classified as A3B. 

Onc other rare, but nevertheless clinically important weak A variant is Ax, 
also known as A4 or A0 • The red cells are characterized by negative or weak 
rcactions with anti-A serum, negative rcactions with anti-B but positive re
actions with the sera of so me group O pcrsons (i.e. anti-A+ anti-B). The clinical 
i 111 portance of A. lies in the fact that if such a person were a blood donor whose 
red cclls had been tested only with anti-A and anti-B sera, he might erroneously 
lll' rcported as Group O. Subsequent transfusion ofthis person's red cells into a 
group O rccipient might well be followed by a haemolytic transfusion reaction. 
lt is cssential, therefore, that the red cells of all apparently group O donors are 
testcd with a group O serum that is known to agglutinate A, cells. 

Thcrc are other weak forms of the A antigen but details of these will be found 
in Racc & Sanger (1962). One, called A

8 
by van Loghem, Dorfmeier & van der 

llart (1957) deserves mention as an interesting clinical problem. The individual 
¡·ouccrned was group A but his red cells reacted extremely weakly with anti-A 
sl'rum, and as he was suffering from myeloblastic leukaemia, the disease was 
thought to have modified the antigen. Other cases ha ve been described, in some 
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of whom it has been possible to correhtc the strength of the A antigcn with 
progress and remission of the disease. 

B S UBGROUPS 

B variants are rare, though a number, induding B3 , Bk, Bv, Bw and Bx ha ve been 
described, but more interesting was the demonstration by Marsh and Jenkins 
and by others of the prcsence in ccrtain A1 individuals of an acquired B-likc 
antigen that makes the red cells react apparently as A1B. Marsh (1960) showed 
that a particular bacteria! filtrate was capable of modifying O and A cells to 
produce a weak B-like antigen. Unfortunately the organism from which the 
filtrate had been obtaincd was dead and could not be identified. Subsequently 
Andcrsen and later Springer showed that a B-like character could be produced 
on human erythrocytes by treatment with purified E. colí 0 86 . 

THE H ANTIGEN 

By the use of anti-H and anti-0 considered below, red cells of all groups are 
shown with very rare exceptions to carry an antigen called H. This is more 
abundant in O cells than in those of other groups as may be demonstrated as 
follows: 

0>A2 >A2B>B>A1 >A1B 

There are now strong reasons for believing that H is a basic antigen from 
which the A and B antigens are developed by the action of appropriate genes, 
!ittle being transformed in the production of group O cells, and most in the 
production of A1B. 

THE 'BoMBAY' BLoon GRours 

A number of examples are known of blood samples which give no reactions 
with anti-A, anti-B, anti-A+ anti-B, or anti-H. It has been shown that the 
peculiar phenotype is inherited and the condition is explained by assuming 
that such individuals carry a modifying x gene which when present in double 
dose suppresses the development of A, B and H antigens. It appears that X, the 
dominant allele of x, is necessary for the formation of the precursor antigen H 
from an even earlier precursor, immunologically related to the antigen of 
Pneumococcus Type XIV. The effect of the Xx genes on the Lewis system is 
further considered on page 241. The 'Bombay' phenotype is often given the 
symbol Oh and Levine has given it a superscript Oh\ OhA1 , OhA2 when a 
L'lmily study has made it dear which :mtigen of the ABO system was suppressed. 

CHIMERAS 

It has been known for sorne time that in bovine twin embryos, vascular anasto
moses can occur. In 1945, Owen showed that mixtures of blood groups in 
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lltm-identical cattle were due to the intcrchange of primitive blood cells, which 
rcsults from the mixing of the two circulations. 

Dunsford ct al (1953) described a normal fende donar whose red cells ap
pcared to be a mixture of O and A1 • The mixture was separated by differential 
;tgglutination, and two different normal cell populations identified, onc set 
hcing apparcntly dcrived from her twin brother, who died in infancy. A num
her of other similar human chimera pairs ha ve now been investigated in which 
hoth individuals ha ve survived. 

ANTIBODIES 

So-rallcd 'Natural' and 'Irnmune' anti-A 
Mentían has alrcady becn made of anti-A, anti-A1 and anti-B. These antibodies 
are normally present in thc serum (see Table 8.r), and show the characteristics 
of 'natural' antibodies. Blood group antibodies as a whole are commonly 
divided into 'natural' and 'acquired', thc fonner being normally present and 
not attributable to any known immunization while the latter are thought to 
rcsult from a definite immunizing stimulus. Thc 'natural' antibodics are not 
detectable in an infant until it is 3 to 6 months old, though at birth its serum may 
nmtain antibodies that have passed across thc placenta from the mother. 

The antibody titres of both anti-A and anti-B risc during carly childhood 
to rcach a maximum in adolcscencc, and then fall slowly during the remainder 
of life. These 'natural' antibodics react best in saline, optimally bctwccn 4 oc 
and r 8°C. Despitc their name, it is not unlikcly that these antibodies develop as a 
rcsult of some as yet unidentificd immune response, following ingestion or 
inhalation of antigens, which, though not blood group antigens themselves, 
rcsemble them in the essential p 1rt of their structure. 

'Immune' anti-A and anti-B m1y develop following obvious stimuli such as 
hctcrospecific pregnancy or, happily rarely, incompatible blood transfusion. 
More commonly, however, they probably result from the injection of horse 
serum (anti-tetanus serum) or of vaccines which are prepared from organisms 
cultured in media containing horse or hog extracts. Schiff and Adelsbergershowed 
that there was a connection between the Forsmann antigen and the human A 
antigen. Antigens of A-like specificity are by no means rare, and in the case of 
the pig, Winstanley, Konugres & Coombs (1957), Konugres & Coombs (1958) 
and Lockyer (1959) have demonstrated that imrmme anti-A, unlike natural 
anti-A reacts with pig group A red cells. As a rcsult, the term anti-AP is used 
f(>r the human antibody which reacts with such pig cells. 

'Immune' forms of anti-A and anti-B are albumin antibodies reacting best 
at 37°C, and, in the presence of complement, often behave as haemolysins. 
Witebsky deviscd a partial neutralization test in which he made use of the &ct 
that while 'natural' anti-A or anti-B can readily be neutralized by the appro
priatc blood group substance, 'immune' antibodies cannot. By adding AB 
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substance to an immune anti-A serum he showed that the serum would then 
only weakly agglutinate A1 cells in saline suspension and failed to agglutinate 
A2 cells at all. By repeating the test with the red cells suspended in serum instead 
of saline, the titre was increased. For further details of the 'immune' character
istics of antibodies of the ABO system, reference should be made to Mollison 
(1967). Immune anti-A and anti-B antibodies are of great clinical importance, 
for not only is the transfusion of ABO-incompatible blood into a person pos
sessing such antibodies likely to be followed by a serious transfusion reaction, 
but also the transfusion of plasma containing the antibodies into an A or B 
recipient may be equally dangerous. Recently, for instance, Keidan, Lohoar & 
Mainwaring ( 1966) reported acute anuria in a group A haernophiliac following 
transfusion of plasma containing immune anti-A. 

Anti-H and anti-0 
Mention has already been made of anti-H. There are in fact two antibodies 

which react with the H antigen, anti-H and anti-0. These antibodies werc 
formerly thought to react with a specific product of the O gene but this is now 
not thought likely. Both were forrnerly indiscrirninately called anti-0 but 
Margan & Watkins ( 1948) showed that sorne anti-0 sera were neutralized by O 
secretor saliva and sorne were not; those which were inhibited they renarned 
anti-H. Sanger (1952) showed that rnost donors who had anti-H in their serum 
were Le(a+) and non-secretors of ABH substance while those with anti-0 
were Le(a- ), and hence probably secretors, for as described in the section on 
Lewis groups, this system and secretion are related. 

Anti-H antibodies occasionally occur as 'natural' agglutinins in the serum of 
individuals of group A1B and A1, who have the least H substance, but in its 
'incomplete' form anti-H occurs widely as a cold agglutinin, sensitizing cells 
at 4°C. Those rare persons who ha ve the Oh ('Bombay') group described above, 
always have anti-H in their serum. The antibody is also found in the sera of 
certain animals other than man, and even in the extracts of some plant seeds (see 
below). 

Anti-A+antí-B (O serum) 
In the discussion of Ax cells it was noted that anti-A+anti-B serum (from a 
group O donor) might agglutinate them, whereas anti-A (from group B donors 
would not, As long ago as 1907, Hektoen showed that A cells, when mixed 
with serum from group A persons, absorbed an antibody that would on elution 
agglutinate not only A cells, but also B cells. 

There are two possible explanations for this phenomenon. Either there is an 
antibody molecule in the serum which has two combining sites, one for A and 
one for B cells, or there is a totally different antibody (somctimcs called anti-C) 
which rcacts with C antigens prescnt on A and B cells but not on O cells. 
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(This C antigen must not be confused with that of the same name used in 
r:isher's Rh nomenclature.) 

l.cctins 
Ccrtain seeds, notably those of Leguminosae, yield extracts which behave like 
blood group antibodies. As there is no evidence that plants can elaborate anti
bodies to protect themselves from infective micro-organisms, the term 'lectin' 
rather than 'antibody' has becn applied to them by Boyd & Shapleigh (1954). 
l~caders interested may refer to the work of Makela (1957) or of Bird (1959), 
who have investigated the subject very fully. It is not proposed he¡;,e to give a 
dctailed list of suitable plants, but mention must be made of extracts of the seeds 
of Vicia cracca and Dolichos biflorus, both of which agglutinate strongly A1 cells 
and weakly A2 cells, and those of Ulex europaeus which contain anti-H. 

THE MN BLOOD GROUP SYSTEM 

Unlike the ABO and Rh systems, the MN system is of relatively little clinical 
importance, yet it demonstrates many of the aspects of blood group serology. 
The antibodies which determined the M and N antigens were prepared in 1927 
by Landsteiner and Levine, by the injection of human red cells into rabbits. 
By using the two available antisera, three phenotypes were established (as shown 
in Table 8.2). The three groups can be explained, as Table 8.2 shows, in terms 
of two allelomorphic genes, ]\;[ and N, giving rise to three genotypes, MM, MN 
and NN, corresponding to the three phenotypes M, MN and N. 

TABLE 8.2 

The MN groups demonstrated by anti-M and anti-N 

Phenotype 

M 
MN 
N 

Genotype 

MM 
MN 
NN 

Reactions with 

Anti-M Anti-N 

+ 
+ + 

+ 

Ten years after the discovery of the system, weak forms of M and N were 
discovered, and shown to be due toalleles called M2 and N 2 • This is by no means 
t he end of the story for a number of other variants of M and N ha ve now been 
dcscribed including Me which react with some anti-M and some anti-N sera, 
Mg and MV, each with a corresponding antibody, MK an apparently silent M 
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gene and Ma, an M antigen which reacts with all anti-M antibodies exccpt for 
that contained in the patient's own serum. 

THE Ss ANTIGENS 

The most important addition to the MN system was the S antigen, discovered 
in 194 7 by W alsh and Montgomery in conjunction with Race and Sanger. Unlike 
anti-M and anti-N, anti-S was found not in rabbits, but in man. It is of dinical 
importance, as it can be the cause both of haemolytic disease of the newborn 
and of transfusion reactions. In 1951, Levine and his colleagues discovered anti-s 
(and hence the antigen s, the product of the s gene, the allele of S) in the serum 
of a woman who had given birth to a baby suffering from haemolytic disease 
of tbe newborn. The genes S and s were shown to be dosel y linkcd to M and N 

TABLE 8.3 

The MNS groups demonstrated by Anti-M, Anti-N, 
Anti-S and Anti-s 

Reactions with 
Genotype 

Anti-M Anti-N Anti-S Anti-s 

MSMS + + 
MSMs + + + 
Ms Ms + + 
MSNS + + + 
Ms NS + + + + 
MSNs + + + + 
Ms Ns + + + 
NS NS + + 
NS Ns + + + 
Ns Ns + + 

in a similar manner to that postulatcd by Fisher for the Rh genes. as described 
below. The groups that can now be identified using anti-M, anti-N, anti-S and 
anti-s antisera are shown in Table 8.3. Notice that except for MsNS and MSN1·, 
the genotypes can be clearly distinguished if the four sera are used. 

su 
In 1953 Wiener and his co-workcrs discovered an antibody which they called 
anti-U which agglutinated the red cells of all Europeans but failed to react 
with the red cells of 12 out of 989 New York Negroes. Greenwalt showed in 
1954 that the red cells which failed to react also failcd to react with anti-S 
or anti-s so that anti-U appearecl at this stage to be anti-S + anti-s though it was 
not possible to separatc thc two antibodies. Individuals whosc red cells are not 
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agglutinated by anti-U are said to be su, though no antibody to this hypothetical 
antigen has so far been detected. A recent complication of the position has been 
the discovery by Francis & Hatcher (1966) of the phenotype S-s-U+ and 
rt is suggested that anti-U is a distinct antibody of the MN system, not 
anti-Ss. 

It has been shown that MM cells normally carry a certain amount of N 
.mtigen whereas MM Su cells do not. This fmding is of sorne practica! importance 
since the M-positive cells used for the absorption of the anti-human species 
agglutinin from rabbit anti-N sera tend to remove sorne of the anti-N as well, 
tltus reducing the potency of an otherwise useful reagent. This could be avoided 
by the use of MMsu cells for absorption. A weak form of S antigen S2 has 
recently been described. 

TnE HuNTER AND HENSHA w ANTIGENS 
Landsteiner and his colleagues prepared another antibody by injecting rabbits 
with the red cells of a Negro, Mr Hunter. The antigen thus identifred was found 
to be present in i% of American Negroes but in very few Europeans. That it 
was related to MN was shown by the fact that all persons who were Hunter
positive were N or MN. Ikin and Mourant produced another antibody, anti
Henshaw, by injecting rabbits with red cells bearing the Henshaw antigen 
also related to MN. It is interesting to note that anti-Hunter is the only blood 
group antibody to human red cells never so far detected in man. 

THE Vw AND Mía GENES 
Van der Hart and colleagues discovered an antigen with a frequency of only r in 
2000 white people. It was called Vw and was found to be linked with the MNSs 
systcm. The family in which the antigcn was first discovered was also shown to 
Ita ve the antigen Mi\ discovered three years earlier by Levine and his collcagues, 
and the two were at first thought to be identical. Later, however, it was shown 
that only so% of Mi" positives are Vw-positive. The phenotype Mi( a-) 
Vw( +) has not so far been found, and it therefore appears that the Vw gene 
produces the antigen Mi(a+) Vw( + ), whereas the Mía gene produces the 
phenotype Mi(a+) Vw(- ). 

ANTIBODIES OF THE MNSs SYSTEM 

'l'hcse antibodies fall into two main groups, those which occur mainly or only 
in rabbits (anti-M, -N, -Hu and -He) and those occurring in man, such as (anti-S, 
-s, -S, -Mia and -Vw). Anti-N is also found in extracts of the seeds of Vicia 
,c,;raminea and Bauhínia purpurea. 

The treatment of red cells with proteolytic enzymes modif1es the antigens of 
thc MNSs system so that they will no longer react with their appropriate anti
Godics. 

¡* 
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The antigens and antibodies of this system have bccn considered in somc 
detail, to illustrate the amazing expansion that can occur in what at first seemed 
to be a simple blood group system. 

THE P BLOOD GROUP SYSTEM 

The P factor, as it was then called, was discovered by Landsteiner and Levinc 
while attcmpting to produce antibodies to human red cells in rabbits. For many 
years only the one antibody was available, and people were classified as P+ and 
P- although it was recognized that P-positivcs could be divided into strong and 
weak reactors. 

From what has airead y been said about other groups, it might well be expected 
that this system would become more complex and this indeed has happencd. 
A very rare antibody, anti-Tl, discovered by Levine, was shown to be con
nected with the P systcm and the latter was expanded as is shown in Table 8.4. 

Genotype 

pl pl 
P1 P2 

pl p 

Pz Pz 
Pzp 

JlP 

TABLE 8.4 

The P blood group system 

Reactions of red cells with 

Phenotype Anti-P1 (Anti-P) Anti-(P + P 1 ) (Anti-Tj•) 

+ + 

+ 

p 

The nature of the relationship P 1 , P 2 and p as shown in this table resemblcs that 
of A,1, A2 and O. The phenotype P 1 is that which used to be called P-positive. 
P 2 used to be called P-negative and p used to be called Tj(a- ). More recently 
Kortekangas and colleagues described a 'new' P antigen, pk, the red cells bcing 
agglutinated by anti-P 1 and by a specific antibody, anti-Pk. For further details 
ofthis and other aspects ofthe P blood group system see Race& Sanger (r962). 

ANTIBODIES OF THE p SYSTEM 

Anti-P 1, first madc in rabbits, and subsequently oftcnobtained from the 'natural' 
sera of horses and pigs, is also frequently if not invariably found in the sera of 
P2 (Pcnegative, formerly called P-negative) people. Unfortunately it is only 
rardy powerful enough to be uscd as a grouping serum. Its potency in vivo 
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m~y be enhanced by antigenic stimulation. It is known that living scolices of 
hydatid cysts will inhibit anti-P1 and ít might be expected that patients suffering 
fi·om hydatid disease, ifP¡-negative, would have potent anti-P1 in their serum. 
i>crhaps some of the more potent anti-P1 sera have such an origin. The antibody 
has never been incriminated as a cause of haemolytic disease of the newborn 
though at least one transfusion reaction has been attributed to ít. It may also 
c~use reduction of in vivo red cell survival, even in the absence of obvious clinícal 
dfects. 

Anti-P+P1 (anti-Tj") occurs in the sermn of pp (Tj"-negative) individuals. 
lndeed, the fact that all those who had anti-Tj" in their serum were P-negative 
was evidence of the connection ofTl and P antigens. The antibody is extremely 
potent, can be enhanced by antigenic stimulation and often shows haerri:olytic 
properties in vitro. 

THE Rh BLOOD GROUP SYSTEM 

The discovery of the Rh system started in 1939 with the finding of a 'new' 
:mtibody in the serum of a recently delivered woman who had had a reaction 
after a transfusion of her husband' s (ABO compatible) blood and whose child 
was stíllborn following what is now called haemolytic disease of the newborn. 
In 1940 Landsteiner and Wiener described the production of an antibody in 
rabbíts immunized with the red cells of Rhesus Monkeys (Macacus rhesus), 
to thirty-nine out offorty-five human red cell samples. This antibody was found 
to give similar reactions to the 'new' human antibody. The Rhesus, or Rh 
L1ctor, was soon found to be not a single entity, but, in fact, a very complex 
system. Here, only an outline of the present position wíll be given and for 
further details the reader is referred to Race & Sanger (1962). 

Two THEORIES oF THE RH SYSTEM 

In the course of parallel investigations by Wiener in America, and by Race and 
Taylor in England, it became clear that whereas in the other known blood group 
systems, a single gene never determined more than eme antigen, in the Rh 
system a number of distinct antigens or blood factors were in some cases 
determined by a single genetical unít. There was seldom a dispute about the 
facts, but two distinct ways of interpreting them arose, one due to Wiener and 
the other due to Fisher in England. Wiener considered that there were eight 
'Standard' allelic genes, any one of which might appear at a single locus, and 
which would govern the appearance of corresponding agglutinogens on the 
red cells. Each agglutinogen would in turn be made up of one or more blood 
L1ctors. A specífic antiserum could be produced for each of the several blood 
f.1ctors. 

Fisher, on the other hand, postulated that there were three or more closely 
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linked genes on the chromosome, that each gene wonld be responsible for the 
production of a specific antigen, and that this, in turn, wonld be detected by a 
specific antibody. The genes would each have an allcle, and these pairs were 
called Dd, Ce and Ee, a typical chromosome for instancc being DCe, the genes 
being in that order on the chromosome, and not CDe as might be supposed. 
Any such combination could occur, bnt some are much more common than 
others. So far five of the six antibodies predicted by Fisher ha ve been discovered, 
the exception being anti-d. 

RHESUS GENOTYPING 

Strictly speaking the results of testing a given specimen of blood represent a 
phenotype. However, from the frequencics of the phenotypes of a given popu
lation it is possible to calculate the frequencies of the Rh chromosomes or com
pound genes. Tablc 8.5 shows the frequency of the Rh chromosomes in the 
English popnlation. Frequencies found in the varions European populations 
differ somewhat from these, and those found in non-European populations are 
even more widely differcnt. For further details see Mourant (1954). 

TABLE 8.5 

The frequency of the Rh Chromosomes in England 
(Based on Race, Mourant, Lawler & Sanger (1948)) 

Fisher Wiener 1949 Frequency 

CDe R' 0.4076 
e de T 0.3886 
cDE Rz 0.1411 
e De R• 0.0257 
cwve Rlw 0.0129 
e dE r" 0.0119 
Cde r' 0.0098 
CDE R• 0.0024 
cwde r'w 

} of 
CdE r' very 
cwDE low 
cwdE frequency 

Using the five antisera anti-C, -D, -E, -e and-e the probable 'Rh-positive' 
genotypes in a popnlation derived from European stock may be detected as in 
Table 8.6. 

It is important to determine the genotype of the fathcr of a child suffering 
from haemolytic disease of the newborn, so that the prognosis for future preg
nancies may be determined. As most incompatible pregnancies are due to the D 
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:mtigcn, the diffcrentiation required will be most often between DD and Dd, 
although reference to Table 8.6 will show that in every case there is a possibility 
of error, which cannot be eliminated by any test made on the individual con
cerned. 

TABLE 8.6 

Probable positivc genotypes of a white population (Bascd on Race ct al (194~)) 

Reaction Most Other Error in 
with anti probable % possible % 1st gucss 

-C -D-E -e -e genotype genotype % 

+ + + + CDejcde 32-7 CDejcDe 2.2 7• 
+ + + CDejCDe 17-7 CDejCde 0.8 
+ + + + + CDefcDE 12.0 CDejcdE } CdejcDE !.5 13 

+ + + + cDEfcde 1!.0 cDEjcDe 0.7 6 

+ + + cDEfcDE I.9 cDEjcdE O.J 16 

+ + + cDcfcde 2.0 cDejcDe 0.07 4 

ÜTHER Rh ANTIGENS 

T'HE Du ANTIGEN 

Some apparently D-positive red cells are agglutinated by some anti-D sera 
and not by others and are called Du. Different grades of Du exist, somc cell 
samplcs agglutinating with almost al! anti-D sera and some only with very few. 
Al! Du samples, even the weakest, react by the indirect antiglobulin test, after 
sensitizing with a strong albumin anti-D serum. The D- antigen is usually 
inherited in a straightforward manner, but in some cases there is a partial sup
pression of an apparently normal D gene by a Cde combination inherited from 
the other parent. The injection of Du cells into a D-negative person results in 
the development of an anti-D antibody, there being no speciftc anti-Du antibody. 

SUBDIVISIONS OF THE D ANTIGEN 

Wicner has shown that Rh(D) positive individuals may have an anti-D antibody 
in their serum which fails to react with their own cells. He therefore divides the 
Rh0 , or D, antigen, into Rh0 , A, B, e and D. All normal D:-positive individnals 
llave al! factors but anyone who lacks one or more may develop antibodies to 
the missing ones. 

ÜTUER FACTORS IN THE RH SYSTEM 

i\mong alleles of e and E may be mentioned ew, ex and Ew, each of which 
gi ves rise toa speciftc antibody ande u andE" which, like Du, do no t. 
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Over the last few years the Rh system has become far mor€ complicated, 
and a number of people today think that Fisher's genetical theory, although 
fundamentally correct, will require considerable modification to fit the facts 
as they are now known and that sorne change will also be necessary in the 
nomenclature. Race, Sanger and colleagues explain almost all, but not quite 
all the findings of the hypothesis of interaction between genes at two or more 
of the CDE loci on a single chromosome. 

One example of this interaction is the f factor, once thought to be a new gene 
but now regarded as a joint product of the e and e genes when these are present 
on a single chromosome. Another is the V factor which is regarded as the 
product of a normal e and a variant of e known as e on the same chromosome. 
Similarly, Rh¡ is thought to be the product of C and e on the same chomosome. 
For further details of these and other Rh antigen complexes, reference should be 
made to Rae e & Sanger ( r 962). 

APPARENT RH GENE DELETIONS 

Race, Sanger & Selwyn (1950), discovered a blood sample which gave no 
reactions with anti-C, -e, -Cw, or -ex and none with anti-E, -e, or -Ew, 
so that it appeared to be D--/D--. The D antigen appeared to be more 
powerfnl than was usual, as shown by the ability of a saline suspension of the 
cells to be agglutinated by incomplete anti-D sera. It has been suggested that 
in man all Rh antigens devdop from a limited amount of precursor substance, 
and that if no antigens of the Ce or Ee classes are formeCl, more precursor is 
available to form D antigen. Other cases having this chromosome have now 
been described, and in addition other gene combinations, such as cwD-/ 
cwDe and even blood samples giving rise tono Rh reactions at al!, ---/ 
--- (or Rhnull) have been found. Levinc et al (1965) described an example 
ofRhnull together with a study ofher family which suggested that the patient's 
cells might carry a modifying gene in double dose leading to prevention of 
the expression of the Rh genes. Such a picture resembles closely that of the 
'Bomba y' group of the ABO system. 

Rh ANTIBODIES 

These may be classified both by the antigens (or 'factors' according to Wiener) 
with which they react and by the serological techniques which detect them. 
From a practica! point of view it must be remembcred that D is very antigenic, 
and for this reason the transfusion of a D-negative recipient with D-positive 
blood is vcry likely to be followed by the development of anti-D antibody. 
Should more D-positive blood be transfuscd into the same recipient at a later 
date, then a severc transfusion rcaction may well occur. Equally scrious is the 
position of thc Rhesus-negative woman sensitized to the D antigen as a rcsult 
ofbearing an Rh-positive infant or by her having becn given in error D-positive 
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blood. S he is unlikel y in future to bear Rh-positive children free of haemolytic 
disease of the newborn. Rhesus-negative females who have not reached the 
menopause must not, therefore, be transfused with Rh-positive blood and all 
other Rh-negativc persons should be similarly treated unless it is absolutely 
unavoidable not to do so. The other Rh antigens may also cause trouble, but 
are less likely to do so. Nevertheless, a Rhesus negative cde/cde patient should 
never be transfused with D-negative, C- or E-positive blood lest anti-C or-E 
should develop. Donors classified as 'Rh-negative' must therefore be shown to 
be cde/cde by testing with appropriate antisera. Patients are normally divided 
into 'Rhesus positive' and 'Rhesus negative' simply by testing their red cclls with 
anti-D serum. 

When devising an appropriate compatibility test, or 'cross-match' test as it is 
often called, one must remember to employ techniques which will detect any 
Rh antibody, no matter how it may react. More will be said about this later in 
this chapter, but it should be remembered that such antibodies may be detected 
sometimes by a saline technique sometimes by an antiglobulin technique, or 
pcrhaps sometimes best with an albumin suspension of cells. Often Rh antibodies 
may best be detected by enzyme-treated red cells. A range of these techniques 
will also be employed when the sera of expectant mothers are screened for Rh 
antibodies. Reference should also be made to Mollison (r967) for details of the 
mode of action ofRh antibodies. 

THE REMAINING BLOOD GROUP SYSTEMS 

Most of the systems described below tend to conform to a pattern, starting with 
the discovery of an antibody demonstrating an antigen that is shown to be 
genetically determined and independent of all other systems. Subsequent work 
shows that there exists another antibody reacting with the antigenic product of an 
allclic gene. Sometimes further work has shown the existence of another gene, 
producing no antigen detectable with available reagents. In sorne cases further 
complexities ha ve been discovered. All that one can hope todo here is to provide 
very brief details of individual systems and to suggest that thosc interestcd 
rcad more about the subject in relevant papers or textbooks. 

THE LUTHERAN BLOOD GROUP SYSTEM 

The system appears to consist of two allelic genes, Lu2 and Luh, and antibodies 
to both thc antigens have been found, though anti-Luh, especially, is extremely 
ra're. Mollison has shown that anti-Lu" can reduce the survival time of Lu"
positive cells in vivo and haemolytic disease of the newborn due to anti-Ll1a 
has been described. 

Thc Lutheran blood group system has been shown to conform to the pattern 
dcscribed above by the discovery of blood samples that react with no known 
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Lutheran antibody. Darnborough, Firth, Giles, Goldsmith & Crawford (1963), 
described the presence of anti-Lu•Lub antibody in the serum of a patient whose 
red cells lacked both Lu" and Lub antigens. Sanger & Race (1958) showed that 
there is a linkage between the L utheran and secretor genes. 

THE KELL BLOOD GROUP SYSTEM 

This system was discovered in the original process of investigating the poten
tialities of the antiglobulin test, and would hardly !uve been found by, any 
previously available technique. Sorne 9% of random European blood samples 
carry the Kell (K) antigen which is probably next in importance after the ABO 
and Rh antigens as an immunizing antigen. The system now conforms to the 
usual pattern already described, the antigens to which antibodies exist being 
K and k, while a sample has been found that reacts to neither antibody and is 
thought to be homozygous for a gene, K 0

• 

Two other antibodies, anti-Kp• and anti-Kpb have been shown to be related 
to the Kell system. In addition, Stroup, Madlroy, Walker & Aydelotte (1965), 
have shown that the Sutter antigens,Js• andjsb belong to the Kell system. 

THE LEWIS BLOOD GROUP SYSTEM 

This system, while admittedly not as important from the clinical point of view 
as ABO or Rh deserves consideration not only because its antibodies are 
relatively common (present in o.J% of a series of human sera examined by 
Kissmeyer-Nielsen, Bastrup-Maden & Stenderup (1955)), but also because the 
antigens show certain characteristics not seen in those of other human blood 
group systems. 

Anti-Lc• was described by Mourant in 1946, though it had probably becn 
encountered earlier by other workers. T'vo antibodies have been discovered, 
anti-Le" and anti-Leb while the red cell phenotypes Le(a+ b- ), Le( a- b+ ), 
Le( a-b-) and Le( a+ b+) havc becn found, though thc last occurs only in very 
young babies. The antigens of this system, like those of the J system in cattle, 
are now considered to occur primarily in serum and saliva, and only secondarily 
on red cells. Sneath & Sneath (1955) showed that red cells take np antigcns if 
incubated with them, wbile Nicholas, Jenkins & Marsh (1957) found the s:~me 
phenomenon to occur in vivo when they investigatecl chimerta twins. Red cclls 
that would normally have been Le(a+ b-) in one of the twins had become 
Le(a- b+) when in the circulation of the other twin, having acquired the 
phenotype of the latter, and vice versa. 

GENETICS OF THE LEWIS BLOOD GROUPS (TABLE 8.7) 
According to Ceppellini (1955), the Lewis antigens, both in the saliva ancl on thc 
red cells, are controlled by two pairs of genes, thc Sese genes, which also control 
ABH secretion and the Ll genes. Persons who are LL or Ll have sorne fonn of 
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Lewis antigen in the saliva and on the red cells, while thosc who are lllack 
Lewis substances entirely. In the presence of thc Se gene, the Lewis substance, 
both in the serum and on the red cells, usually appears entirely in the form of the 
Leb antigen, though a small amount ofLc• is sometimes detectable. In the saliva 
both Le" and Leb snbstances are prcsent. In persons who are sese the Lewis sub
stances on red cells, in saliva and in serum are all in the form ofLe•. 

As already mentioned, the Xx system which gives risc to the 'Bombay' blood 
group in xx individuals, also affects the expression of Lewis genes. If the L 
gene is present, the block to the production of the H antigen which occurs in xx 
individuals does not prevent the production of the Lewis antigen, which pro
bably occurs like H from an earlier precursor. However, in xx individuals, the 

TABLE 8.7 

The Lcwis blood group system 

Antigens in saliva Antigens 
Lewis Secretor on 

genotypes genotype Le• Leb red cells 

{ Se Se + + Le(a-b+) except 
LL Se se in newborn when 

L/ { Se Se they are 
Se se Le(a+b+) 

LL l Le(a+ b-) 
L/ J 

se se + 

Í Se Se 
1/ l Se se Le(a-b-) 

se se 

production ofLeb antigen is inhibited and hence the Lewis snbstance present in 
the saliva, serum, and red cells takes the form of Le", even if the individual 
possesses the Se gene. A person who was found by Giles, Mourant & Atabuddin 
(H)63), to be ofthe 'Bombay' groLlp, yet Le(a-b-) would h:we been ofthe 
genotype xx/l. 

ANTIBODIES OF THE LEWIS BLOOD GROUP SYSTEM 

These consist of anti-Le" and anti-Leb. As stated above, these antibodies, especi
:~lly anti-Le•, are not extremely rare. They are often 'naturally occurring' 
may sometimes be dctected in saline at 2ü°C or below, but the best method for 
their detection is nsually by means of the indirect antiglobulin test, particularly 
i[ the two-stage complement-binding technique is used as described by Polley 
& Mollison (r961). Anti-Le" may haemolyse Le•-positive cells in the presence of 
complement and it may give rise to transfusion reactions. Anti-Leb may occur 
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with anti-Lea together with anti-H. An interesting example of thc clinical 
importance of anti-Leb is given by Mollison, Polley & Crome (1963), when they 
describe the problem of finding enough blood for a patient whose serum con
tained anti-Le• and anti-Leb and who was to undergo cardiac surgery. The 
anti-Leh in the patient' s serum was temporarily suppressed by the injection 
into him ofLeb-substance. Large amounts ofLe(b+) blood were then transfused, 
followed by a marked immtme response but not accompanied by a haemolytic 
transfusion reaction, apparently beca use the transfused Le(b +) cells rapidly 
lost Leh substance and behaved as if they were Le(b- ). 

THE DuFFY BLOOD GROUP SYSTEM 

Two antibodies, anti-Fy• and anti-Fyb define two antigens Fy• and Fyh. The 
system conforms to the pattern described on page 239, the phenotypes being 
Fy(a+ b- ), Fy(a+ b+) and Fy(a- b+ ). In addition, as in many other cases, 
specimens that react with neither antibody have been found. Indeed 68% of 
Negroes have the phenotype Fy(a- b-) and are thought to be homozygous 
for a gene Fy. Almost without exception the antibodies react by the indirect 
antiglobulin test. Anti-Fy• can cause haemolytic transfusion reactions and, 
rarely, haemolytic disease of the newborn. Treatment of red cells with proteo
lytic enzymes destroys Duffy antigens so that they will no longer react with 
appropriate antibodies. 

THE KIDD BLOOD GROUP SYSTEM 

Two antibodies, anti-Jk• and anti-JP, define two antigens, Jk• and JP. The 
pattern is similar to that airead y described, with three phenotypes, Jk(a + b- ), 
Jk(a+ b+) andJk(a- b+ ). The phenotypeJk(a- b-) has also been described. 

THE Yt BLOOD GROUP SYSTEM 

Anti-Yta was discovered eight years befare anti-Yth and during that period 
the main interest in the Yt• antigen was that it was carried by red cells of very 
nearly all persons tested. In other words the Yt" antigen was shown to be what 
Race and Sanger calla 'public antigen'. The discovery of anti-Yth, defming the 
allclic antigen Yth, was made in 1964 by Giles and Metaxas thus making the Yt 
system genetically importan t. 

THE Xg BLOOD GROUP SYSTEM 

The great importance of this system is that the gene responsible must be 
carried on the X chromosome. One antibody, anti-Xg", has been found so far 
and it reacts only by the indirect antiglobulin technique. Race & Sanger (r962) 
give an exciting description of the discovery, inserted at galley proof stage of 
the fourth edition of their book, and to this the reader should refer. 
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ÜTHER BLOOD GROUP SYSTEMS 

The Diego antigen is found exdusively in Mongoloid peoples. It has becn 
responsible for a number of cases of haemolytic disease of the newborn. 

The Ii antigens. In 1956 Wiener and his colleagues discovéred an antibody 
in the serum of a patient suffering from a cold antibody type of haemolytic 
anacmia, that agglutinated nearly all human red cells. Positive reactions were 
said to be I-positive and negative reactors i. Marsh and J enkins ha ve since found 
anti-i and ha ve shown that all red cells contain I and i, but foetal and cord sam
ples contain very little I and much more i. In adult life the reverse is usually the 
case. Further information will be found in a paper by Marsh (r96r). Recently, 
Booth, Jenkins & Marsh (r966), found a 'new' antibody, anti-IT while Jenkins 
Koster, Marsh & Carter (r965) found anti-i in the sera of certain cases of 
infectious mononudeosis. 

The T antigen is bclieved to occur on all normal human red cells, but is not 
able to rcact with its antibody unless the red cell surface is modifted as may 
occur in vítro by the action of certain bacteria. Almost all human sera contain 
the antibody, anti-T, so that infected specimens of blood may show poly
agglutination as a result of reactions between the T antigen and antibody. 

PRACTICAL APPLICA TIONS 
OF BLOOD GROUP SEROLOGY 

Over the preceding pages of this chapter antigen-antibody reactions, sorne 
common, sorne rare, sorne of great dinical importance and others not, have 
been described. Out of this mass of information must now be extracted the 
points which are likely to be of use to the dinician or pathologist. Both will be 
concerned with: 

I. The transfusion ofblood 

(a) Grouping 
(b) Performance of compatibility (cross-matching) tests 
(e) Identiftcation of antibodies, whether found in compatibility (cross
matching) tests, or after a transfusion reaction. 

11. The diagnosis and treatment of haemol ytic disease of the newborn. 

lll. The investigation of patients suffering from acquired haemolytic anaemia. 

Sections II and III are dealt with elsewhere in this book so that Section I alone 
will be considered here. The methods of grouping red cells and of investigating 
:mtibodies are, however, the same, whether the case is one of transfnsion reaction 
or ofhaemolytic disease of the newbom. 
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RED CELL GROUPING 

In the case of patients, the ABO and Rhesus (D) groups will be determined. 
Those who are D-negative will be classified as Rhesus-negative and will 
normally be of the genotype cdejcde as may be seen from Table 8.5. Donors 
who have been found to be D-ncgative should also be tested with anti-C and 
anti-E to exclude the presence of red cells carrying either C or E antigens 
which might give rise to the development of anti-C or -E in cdejcde recipients. 
It is particularly important, also, that apparently D-negative donors should be 
tested by a suitable technique to exclude the presence of the Du antigen. 

Techniques 
Grouping sera are often issued with instructions and, if so, these should be 
strictly followed. Tube techniques are more reliable than those performed on 
slides. For agglutination tests, cells should be washed in saline and made up to 
a 2/;; suspension in thc same medium or, if an incomplete anti.:.Rh serum is 
used, the 2/;; cell suspension may be made up in 20/;; bovine albumin instead of 
saline. \Vhatever the test, positive and negative controls in the form of red cells 
bearing and lacking the antigens under investigation must be included. 

ABO grouping is performed using saline anti-A and anti-B sera, togethcr 
with preferably anti-A+ anti-B (group O) serum, since the latter differcntiatcs 
true group O red cells from those which are Ax. At the same time, the serum 
of the specimen under test will be tested by means ofknown A 1 and B red cells 
for the presence of a and f3 agglutinins. Tests are carricd out at room tempera
ture. Rh grouping is performed at 37°C, tests being carried out by a saline or 
albumin technique according to the mode of reaction of the grouping serum 
used. For Du testing an indirect antiglobulin technique is uscd, the red cclls 
first being incubated with a potent anti-D scrum and then tested with anti
human globulin reagent. 

PERFORMANCE OF CüMPATIBILITY 

(CROSS-MATCHING) TESTS 

It is not sufficient to give blood which is simply known to be compatible 
with the patient's ABO and Rh group, for other antigen-antibody systems may 
cause incompatibility. It is not necessary to test speciftcally for the other antigens 
and antibodies, but the donor' s red cells are tested against the paticnt' s serum to 
ensure that there is no antibody in thc latter which reacts with thc cells. Sorne
times, but not so frequently, the paticnt's red cells are tested in the presence 
of the donor's serum; this is less often done as it is considered that the donor's 
plasma, and hence any antibodics that it may contain, is considerably dilnted 
when transfused into thc patient. Nevcrtheless, it is essential for the serum of all 
donors to be initially screened to see that it does not contain any high titre 
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Jnd potentially dangerous antibodies, especially immune anti-A+ anti-B in 
group O donors. 

The compatibility tests consist basically of testing a 2% suspension of the 
donor's cells against the patient's serum at 20°C for 'natural' saline antibodies 
:md of testing the same cells and serum together at 3 7oC using albumin and in
direct antiglobulin techniques for the detection of 'incomplete' antibodies. 
As a very useful control, the patient's own cells should be similarly matched 
in his own serum using the techniques mentioned above. lt will be remembered 
that compatibility tests, detecting possible weak antigen-antíbody reactions, call 
for more skill than do grouping tests in which high-titre reliable antibodies 
are used. Slide techniques are not reliable enough for cross-matching and only 
tu be techniques should be used. For precise details of methods to be followed, 
sce Mollison (1967). 

IDENTIFICATION OF RED-CELL ANTIBODIES 

Once an anribody has been detected, it must be identified and this is a task that 
may well ha ve to be left to a specialist laboratory. A panel of red cell samples 
that have been very fully grouped for a wide range of red cell antigens will be 
required. Each of these cell samples will be tested against the serum using a 
comprehensive series of techniques which may be listed as follows: 

(a) Saline agglutination tests at 4°C, 20°C and 37°C. 
(b) Albumin-agglutination tests at 4 °C, 20°C and 3 7°C. 
(e) Indirect antiglobulin tests at 37°C. 
(d) Indirect antiglobulin tests at 37°C using the complement-binding technique 

ofPolley & Mollison ( 1961). 
(e) Enzyme-treated red cells at 37°C. 
(f) Tests for haemolysins. 

The specificity of any one antibody may be recognized both by the groups 
of red cells with which it reacts and also by noting the techniques by which it is 
demonstrated. For instance, anti-Fya will agglutinate only Fy3-positive cells, 
usually only by an antiglobulin technique, the reaction beíng prevented if the 
red cells are first enzyme treated. Anti-M or anti-N normally react with a saline 
suspension of cells, but again not if the cells have been enzyme treated. By 
making full use of such techniques, reactions due to mixtures of antibodies 
can be separated and the individual constituents idenrified. In addition use may 
be made of absorption and elurion techniques to separate such antibody mix
tures, but for further details of these methods, reference should be made to 
Mollison (r967). 

One last point should be made with regard to antibody identification. Sorne 
antibodies are common and these are those which are likely to be detected by 
anyone starting to work in this fteld. One is sometímes tempted to jump to the 
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conclusion that what one has found is of the greatest rarity. Rcference to Table 
8.8, which is slightly modified from Stratton & Renton (1958) will serve as a 
guide as to what one is likely to find. An antibody believed to be of sorne rarity 
should certainly be checked by an experienced workcr before the finding is 
accepted. 

Regular 

Common 

Uncommon 

Rare 

TABLE 8.8 

Frequency of occurrence of red cell antibodies 

Anti-A, B. 

Anti-A¡, D, C+D, O, H, Pt. Le•, Leb. 
Anti-Wr•, Mib, Vw (but the antigens are rare). 

Anti-c, c+E, E, D+E, M, S, K, Fy•, Lu•. 
Anti-C+e, e. (Usually in acqnired haemolytic anaemia.) 

All others 

LEUCOCYTE AND PLATELET GROUPS 
AND THEIR CLINICAL SIGNIFICANCE 

Forty years have elapsed since Doan described his 'leukotoxin' test with which 
he recognized what he called biologic differentiation in white cells. Today 
we still have a great deal to learn about leucocyte, and for that matter platelet, 
groups. Nevertheless it is quite clear that both leucocytes and platelets possess 
antigen-antibody systems of their own. Leucocyte antibodies, usually in the 
form of saline agglutinins, develop in those who have had multiple blood 
transfusions and may be the cause of non-haemolytic transfusion reactions. 
Platelet antibodies may also cause occasional transfusion reactions but are 
much more frequently associated with thrombocytopenia. Whether they are 
the cause or the result of the disease is a matter of dispute but at least they seem 
to be the cause of certain cases of neonatal thrombocytopenia. (See Jones, 
Goldsmith & Anderson 1961, and Pearson et al 1964). Recently, progress has 
been made, particularly with regard to the study ofleucocyte antigens beca use 
of the increasing use ofleucocyte typing as a means of choosing organ and tissue 
donors for transplantation. There is no doubt that leucocytes, unlike red cells, 
carry histocompatibility antigens, among the evidence for this being the fact 
that those who have received such grafts frequently develop leucocyte anti
bodies. In addition, if a volunteer is first immunized by being injected with leuco
cytes of a particular donor, and if the same volunteer is then grafted with tissue 
from the same donor, then the rate of rejection of that graft is accelerated. 
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Van Rood has been responsible for the discovery of a numbcr of leucocyte 
antigens including 4", 4b, 5\ 5b, 6", 6b, 7", 7b, 7°, 8" and 9". In addition Mac 
(which may be identical with PI Gr Ly81

), PI Gr LyCI, xa, xb, LAI, LA2 and 
LA3 deserve mention. Specific platelet antigens include zw•, Zwb, Ko", Kob 
and Duzo. For more details of this rapidly expanding subject see Dausset & 
Tangiin (1965), Goldsmith (1965), Amos & van Rood (1965) and Russell, Amos 
& Winn (1965). The last two references are each to books containing papers by 
leading experts with especial reference to histocompatibility. 

Teclmiques 
Those employed for platelet or leucocyte antigen-antibody reactions tend to be 
unreliable, so doubtful positive fmdings should be ignored. For the demonstra
tion ofleucocyte agglutinins or platelet agglutin.ins saline suspension of the cells 
are added to the various sera being tested, with suitable controls, in much the 
same way that red cell saline antibodies are detected. Incomplete leucocyte 
or platelet antibodies are oftcn dcmonstrated by the cumbersome antiglobulin 
consumption test described in Chapter 1 of this book. Complement ftxation. 
and cytotoxicity tests are also used for this purpose. Further details of some of 
these techniques will be found in papers by Dausset, Colombani & Okochi 
(1964), Dausset & Colombani (1964) and Engelfriet & Britten (1966). 

Finally reference must be made to a very special group of diseases in which 
leucopenia or thrombocytopenia occur following drug ingestion. Often 
such a phenomenon results from a toxic depression of the marrow by the drug 
concerned, but in a few cases it has been possible to show that the patient has 
developed an antibody to a complcx formed by the drug with either lcucocytes 
or platclcts. For further details on this subject see Ackroyd (1964) and Chapters 
27 and 30. 
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IMMUNOLOGICAL CAUSES OF DEATH 

INTRODUCTION 

Most science subjects have a forensic flavour from time to time for almost all 
have potential usefulness in the solution of legal problems. Indeed forensic 
science can hardly stand as a speciality per se, being for the most part scientific 
knowledge applied in a particular, one might say peculiar, way. 

However, some scientists are reluctant sleuths and unenthusiastic about 
adapting their field of study towards problems facing the legal profession. 
There are a number of reasons for this. As the law now stands every worker 
who has carried out a set of tests of value in a particular case usually has to 
appear as an expert witness to give account of his findings. This may entail 
hours in Court largely spent impatiently wishing to be tackling fascinating 
problems in his own laboratory. 

There is also a certain understandable distaste for the methods of cross 
examination. 'So you repeated your tests on the following day, did you? Then 
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you couldn't have been very sure of them on the first occasion, could you?', a 
barrister once rapped out in Court. In these circumstances it takes experience to 
remain unruffied, realizing that such questions must be expected as part of the 
game. A cross-examining counsel may seem fierce indeed until one has seen him 
with arm thrown genially about the shoulders of his opponent at the lunch 
interval. 

The reluctant approach to forensic science problems may be related toa lack 
of interest in what may be termcd man-created problems as oppose.d to prob
lems of nature. Shakespearean mixtures containing 'eye of newt and toe of frog' 
and including 'finger of birth-strangled babe' repel rather than allure. Fortun
ately more and more specialists are willing to undertake these tasks and forensic 
science expands almost daily. It is therefore not surprising to find immunology 
playing an important role in a field where problems of identity so frequently 
occur. 

The wide variety and high degree of individuality of animal proteins and 
polysaccharides, together with new developments in techniques, are leading us 
towards a state of affairs whcre more and more precise information can be 
gained by immunological methods concerning the origin of biological material 
found in a variety of situations. 

A tiny stain may not only be identified as blood, but its species of origin may 
be ascertained and so me of the blood groups to which it belongs identified as well. 

Immunological variations, however, are still outrivalled by the unique 
nature of fingerprints. Whereas it may be true to assert that every individual 
is immunologically different from every other, it is not possible at the moment 
to show this and it is doubtful whether it ever will become possible to an·ange 
a set of immunological tests which will, as rapidly and efficiently, pinpoint an 
individual as do fingerprints. 

Nevertheless, immunology is a tool frequently used in forensic science 
laboratories to assist in the identification of both individuals, fragments and 
fluids from all individuals. 

lDENTIFICATION OF lNDIVIDUALS 

The specialized branch of immunology known as blood grouping is of assistance 
here. As will be apparent below, the blood group factors or antigens are inherited 
according to the ordinary laws of Mendelian inheritance. Therefore, a know
ledge of the blood groups of the individuals concerued can help in cases of 
doubtful paternity. It can be proved, in certain circumstances, that aman cannot 
possibly be the father of a particular child. Similarly confusion of children at 
birth has been known to occur in hospitals or nursing homes and a mother 
may ha ve a child given to her which is not her own. Blood grouping is of assist
~mce here if it can be shown that of two women, one cannot possibly be the 
mother of one of the children but can be the mother of the other. 
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Blood grouping may also be of value in solving the parentage of childrcn 
abandoned, dead or alive, on doorsteps or railway waiting-rooms. 

In all thcse cases, however, it must be realized that a positive asscrtion can 
only be madc about ncgative findings. It is possiblc, in certain circumstances 
to show that two individuals are unrelated. The only alternativc to such a con
clusion being that they may be rclatcd-never that they positively arc-although 
the probability of their relationship may occasionally be statistically significan t. 

IDENTIFICATION OF FRAGMENTS 

Animal fragments include borres, pieces of skin, dander, hairs, cte. If any of 
these contain proteins there is a chance, through precipitin and other tests, of 
assigning these to their species of origin and, ifhuman, of obtaining their blood 
groups. It is frcquently desirable in accidcnt cases to be able to identify fragments 
and in criminal cases to obtain information about hairs, dander and skin. 

IDENTIFICATION OF ANIMAL fLUIDS AND STAINS 

Animal fluids include blood, saliva, sweat, seminal fluids and milk, etc. Very 
often thesc have to be identified from stains. Immunological tests are not the 
only ones used on such occasions. Any invcstigation is usually a combination 
of chemical, histological as well as immunological methods. 

In order to givc reaclers ;m insight into the procedure for idcntification of 
stains a step-by-step clescription will be givcn later in this chapter. Problems in 
connection with stain dctection will also be touchcd upon and outlines of severa! 
new and rather exciting approaches to the work described. Problems, of course, 
include ageing of stains ancl the variety of conclitions in which they may be 
found. Frequently the investigator is also facecl with an inadequate amount of 
material for all the tests that he would like to carry out. 

Immunological differcnces between the milk of different species of animal 
can be seized upon and used to determine whethcr or not, for example, milk 
alleged to be pure cow's milk is mixed with that of a goat. 

BLOOD GROUPING APPLIED TO 

CASES OF DOUBTFUL PATERNITY 

The blood group antigens are situated on the membrane of the red cells. They 
are also situated in other cells and fluids of the body as will be appreciated 
below, but the normal procedure ofblood grouping is to test the red cells and 
when appropriate the serum for blood group antibodies. Their presence is 
revealed by dumping or agglutination of thc red cells when thesc are mixed 
with suitable antisera. 
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GENETIC PRINCIPLES 

The usefulness of blood groups in cases of doubtful paternity is due to thc 
Í:1ct that they are inherited characteristics and are p2ssed on from parent to child 
according to the normal Mcndelian laws which govern the inhcritance of most 
human characteristics, e.g. eye colour, hair colour, etc. Any individual has 
two genes contributing to a charactcr, one from thc father and onc from thc 
mother. If these genes are the same, the individual is said to be homozygous for 
thc character, and if the two genes are different, heterozygous. All blood 
group genes (with exceedingly few doubtful cxceptions) are Mendelian 
dominants; the chief differences in inheritance being in the number of allelo
morphs controlling a particular blood group system and the way in which they 
are designated. 

It should, of cotme, be realized that in each body ccll in the human species 
thcre are forty-six chromosomes in twenty-three pairs, and the different genes 
controlling the various blood group systems are not all situatcd on the same pair 
of chromosomes. In fact, most of thcm have been shown conclusively to be 
independent of cach other and, thcrefore, to occur on different chromosome 
pairs. 

Two rules ofinheritance as applied to blood groups can be formulatcd: 

r. A blood group factor cannot appear in a child unless prescnt in one or 
other (or both) parents. 

2. If one or other parent is homozygous for a particular blood group factor, 
this must appear in the blood of the child. 

Of these rules, the first can be most reliably applied. Provided the individuals 
are tested on the same occasion with the same antisera an agglutination of the 
child's red cells by a particular antiserum not agglutinating the red cells of either 
mother or putative father, demonstrates the presence of a blood group factor 
in the child which thc adults both lack. This is contrary to the first rule of 
inheritancc cited abo ve and so excludes the puta ti ve father from patemity of the 
particular child. Emphasis must be laid on the use of the same set of reagents for 
all samples related to a given case, otherwise there is always the possibility that 
an antiserum may have been used for the child which is capable of showing, 
and does in fact demonstrate in the child the product of a rare gene; this rare 
antigen might remain undetected in the blood of one or other parent because 
they had been tested on another occasion with antisera not able to detect it. 
In this case not only would exclusion of paternity be made on a false basis, but 
if, in fact, the puta ve father and child each possessed the rare antigen, the very 
opposite conclusion should have been reached, namely that there was a high 
probability that he was actually the fathcr. 

It is essential, therefore, that clinicians and others involved in arrangements 
for paternity tests, should recognize the importance of the scrologist' s request 
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that the individuals concerned, even though far apart, should have their blood 
tested by the same expert on the same occasion. 

The second rule of inheritance is not so reliably applied, as homozygosity 
for a particular blood group factor cannot be so accuratcly determined. 

Although homozygosity may be apparent because only one oftwo alternative 
alleles is present in the blood, the presence of a third rare allele, which has been 
passed to the child and goes undetected in the testing, must be considered. For 
instance, a rare allcle Y1 may occur in a hypothetical blood group systcm YZ 
and the corresponding antibody anti-Y1 may be but rarely prcsent in anti-Y 
testing sera. Then an individual who is Y1Z would almost always be indistin
guishable in the tests from a ZZ individual, which happening could readily 
give rise to false conclusions in doubtful paternity cases. 

One possible cause of error in the interpretation of results which is sometimes 
made much of in legal argument is mutation. If the child has an antigen not 
possessed by the mother or putative father, it is argued that a mutation has 
occurred, i.e. a change in the character of the gene between one generation 
and the next. The weight of such an argument is extremely small. It is difficult 
to obtain an accurate idea of mutation rates in man, but rough estimates with 
several human genes give a Ügure of the order of I in so,ooo. If blood group 
genes alone are considered the rate must be less than this and if the child should 
happen to have two antigens, lacked by both adults, then the possibility of 
mutation having occurred can be ruled out of Court! 

BLOOD GROUP SYSTEMS USED 

At first, in cases of doubtful paternity, tests were confmed to the ABO, MN 
and Rh systems (giving about a so% chance of exclusion where the man is not 
the father) but now a number of other systems, such as Kell, Duffy, Lutheran, 
Gm, Ss, haptoglobins and Gc groups are included. Not every antigen known 
to belong to a system is tested routinely owing to the rarity of the reagents 
needed. For example, whereas anti-Fya of the Duffy groups would not be 
ornitted, anti-Fyb would be reserved for circumstances specially requiring its use. 

Naturally the greater the number of blood group systems used in the work, 
the greater the chance of excluding paternity. One of the most recent systems 
to be added to the list has been the haptoglobins. These are serum proteins 
which exhibit characteristic bands revealed by starch gel electrophoresis. 
Farnily studies have shown quite conclusively that these are inherited charac
teristics. Individuals can belong to one of three types designated Hp I-I, Hp 2-1 

or Hp 2-2. The approximate frequencies among Europeans are 16Yc;, 47% and 
37% respectively. Rare alleles exist which have to be taken into accmmt when 
interpreting results based on these groups. 

In Scandinavia haptoglobins have been used in cases of doubtful paternity 
for many years but in England, although tests ha ve been made for sorne time, the 
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first judgment based on these tests, unsupported by evidence gained from other 
blood group findings was made early in 1966 in the case of Stocker v. Stocker. 
A certain amount of miskading publicity was afforded to this situation in the 
national press and haptoglobins were described as providing a 'near infallible' 
test for paternity. In fact, they merely add another 'string to the bow' and 
increase the chance of showíng non-paternity from 62/o to 67/o approximately. 
Haptoglobins will be mentioned again in relation to the identification ofblood 
factors in blood stains. 

The criteria for the suitability of a system for this type of investigation is 
(a) that sufficient family studics have been carried out to show that its inheritancc 
is according to Mendelian laws and can be reliably predicted, and (b) that the 
required antisera are available in sufficient strength for use as typing reagents. 

TABLE 9.1 

ABO matings, showing possible and impossible phcno
types of children 

Possible Impossible 
Mating phenotypcs phenotypes 

of children of children 

AxA A andO B and AB 
AxB A, B, O, and AB None 
AxAB A, B, and AB o 
AxO A andO B and AB 
BxB BandO A and AB 
BxAB A, B, and AB o 
BxO BandO A and AB 

ABxAB A, B, and AB o 
ABxO AandB ABandO 
OxO o A, B, and AB 

There is little donbt that in the near future genetically inherited enzymes will 
be included in the list of characters used for the solution of the riddles of 
paternity. Enzymes snch as the red ccll acid phosphatases and phospho-gluco
mutases (PGM) can be investigated by means of starch gel electrophoresis but 
here we are crossing the boundary between hmnunology and biochemistry. 

Commonly used blood group systems are presented in Tables 9.1 and 9·~· 
For more detailed description of so me of the blood group systems uscd in cases 
of doubtful paternity, the reader is referred to Chapter 8, particularly to the 
scction on the Rh system, and Tables 8.5 and 8,6. 

In Tables 9.1 and 9.2 the commonly used blood group systems are pre
scnted bccause clinicians may very well find themselves in rcceipt of grouping 
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rcports from scrologists, which without somc knowlcdgc of thc groups con
cerned, might well have originated from rune stoncs! 

Tables 9.1 and 9.2 are self cxplanatory, Table S.slists thc eight main Rh gene 
complexcs. Evcry individual has two of thesc gene combinations making up 
his genotypc, one inherited from cach parent. 

Table 8.6 shows the common Rh subtypes and givcs thrce nomenclaturcs 
forthem: 

I. Thc most commonly uscd in this country for refcrring orally to a subtypc. 
2. Wicncr' s nomenclaturc which is widcly uscd. 
3· Fishcr's nomenclaturc in which thc Rh subtypcs are rcfcrrcd to in terms 

of thc antigens they contain. 

The subtype usually comprises scveral gcnotypcs, cach of which gives the 
same pattern of reaction with the standard Rh antisera, the namc of thc most 
common genotype being givcn to the sub-group as a whole. For instancc, the 
subtype CDe/cdc (R1r) is composed of thrcc gcnotypcs, namcly CDc/cdc (93·7 
%), CDc/cDc (6.2/,;) and CdejcDc (o.r%). 

TABLE 9.2 

Matings within the MN system 

MN group of parents Possible MN groups Impossible MN groups 
ofchildren ofchildren 

MxM M N MN 
MxN MN M N 
MxMN M MN N 
NxN N M MN 
NxMN N MN M 

MNxMN M N MN 

The Rh system is admittcdly complicated, ncvertheless, from the point of 
vicw of exclusion of paternity, it is perhaps a relief to know that the four main 
antiscra and thc corresponding antigcns dctccted by them, may be considercd 
absolutcly indcpendently of each othcr. Por examplc, tests with anti-E may 
reveal thc prcsence of E in the child and its absencc in both mother and allcgcd 
fathcr, thus permitting the conclusion that thc allcgcd fathcr is not the father 
of the child; which conclusion can be arrived at without having to place 
any of the individuals into their correct Rh phenotypes, or having to make any 
assessment of probable gcnotypes. One way of expressing a given person' s Rh 
type is to list his antigens without any attempt at arrangement into actual 
genotype. For instance, pcrsons of gcnotypes Cde/cde, cDefCde, CDefcDe, 
whose red cells all givc thc same pattern of reaction with the anti-sera D, C, E 
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(a) (b) 

PLATE 9.1. Mixed agglutination reaction for the detection ofblood group antigens 
on blood-stained cloth. 
(a) Microscopical appearance of negative mixed agglutination reaction on blood

stained cloth fibrils. Phase microscopy x ro eyepicce x 20 objective. 
(b) Microscopical appearance of positive mixed agglutination reaction on blood

stained cloth fibrils. Phase microscopy x ro eyepiece x 20 objective. 
Taken, with permission, from Coombs& Dodd (r96r). 



(a) 

PLATE 9.2. Mixed agglutination reaction for A, B and O grouping of male beard 
hairs. 
(a) Negative reaction: male beard of group A individual with anti-B and indicator 

B red cells. 
(b) Positive reaction: male beard of group A individual with anti-A and indicator 

A red cells. 

facing p. 257 
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:111d 1 ('ce abo ve) may ha ve their Rh type expressed thus: DCcee. This is an 
ac.:c-111.11 e statement based on the reactions obtained and bears no reference to gene 
amlll)','"'ncnts. It is a convenient way of expressing results of paternity tests. 

THE PossiBILITY oF PROOF 

OF PATERNITY FROM BLOOD GROUPS 

Pwuf of" paternity (i.e. detcrmining that only one particular man can be the 
fatlw1 of' a particular child) r>mst, at least at the present time, be based on mathe
lllilllt .d probability. If only common blood group combinations occur in the 
fi1111ily tcsted, then the probability of paternity would not be statistically signi
J-j,•¡lllt. llowever, if the child has to inherit less common or rare blood group 
gt'lln fi·om its father, then the chance of picking aman (or, more accurately, a 
~Jlt'llll !) from the random population possessing these genes might range from 
11111" i11 twenty (the lowest level of statistical significance) to one in many 
h11111 h nls. In such cases, if the puta ti ve father has the relevant genes and he is 
11;11111'.! as being associated with the case, then the probability ofhis paternity is 
~ip,lllil<'.lllt. 

W h.tt is the likelihood of very uncommon characters occurring in the families 
hl'lll¡', cxamined? Some antigens are of such low incidence that they are called 
1JIIIV.tlc'. At first sight these might not appear to be sufficiently common to be 
IIM"flll hut it has been shown by Cleghorn (r964) that, if tests were made for 
1111 tlw known 'prívate' antigens, about I in 220 British individuals would be 
liuuJ.! lo possess one or other ofthem. 

AN UNUSUAL CASE lNVESTIGATED 

(CAMPS & DODD 1966) 

A Itnvhorn baby was found drowned. Murder was suspccted. Blood samplcs 
f 11111t 1 wo putative fathers, the mother and the baby were grouped. One of the 
'"" Incn was described as being the father of the baby's mother. Thus incest 
111'• .1111c a factor to be considered, in addition to the possibility of murder. 
'llw (:-e alleles of the Rh system proved most illuminating, as shown below in 
',,,¡,¡,. 'J-3. 

M1 Smith (the mother's father) was excluded from paternity since his geno
H'I~~' was CC and that of thc baby cwc. Mr Jones was likely to be the father 
~llu•· he .md the child each posscssed the rather infrequent gene cw. 

·¡ h,· third quite unexpccted finding was that Mr Smith was, after all, not thc 
f.¡tlwi ofMiss Joan Smith sincc she was Rh negative (ce)! 

THE PRESENT PosiTION oF 

PATERNITY TESTING IN ENGLAND 

11 tlu·. rountry there is still, in spite of vali~nt attempts over the last ten years 
·~· \'.tlious individuals and bodies, no legislaturc covering blood groups in 



CLINICAL ASPECTS OF IMMUNOLOGY 

relation to doubtful paternity. As seems not uncommon, we drag our feet 
compared with much of Europe. In England more than 7000 affiliation cases 
are heard annually and it is doubtful whether more than five or six hundred 
of these are blood typed. 

Beca use of the lack oflegislation on this matter, standardization of procedure 
is woefully lacking. Moreover, solicitors and doctors, who may wish to make 
arrangements for blood grouping tests, are often ignorant of available facilities 
which are not at the moment extensive and are almost exclusively confined 
toa few University Departments of Forensic Medicine and Blood Transfusion 
Centres. Fees vary greatly and may range from two to thirty guineas. There 
are other drawbacks. Any of the parties may refuse to have blood samples 
taken, without penalty, and for this as well as other reasons a blood grouping 
test is by no means a routine procedure in affiliation cases. In addition there is no 
standard certificate for the presentation of results to the Court and solicitors and 
barristers often lack knowledge ofhow to cross examine the serologist. 

TABLE 9·3 

Rh antisera used 
lndividuals tested Phenotype 

D e E e cw 

Mr Smith 
(putative father) + + DCCee 
Mr Jones 
(putative father) + weak + + D cw e e e 
Miss Smith + ddeeee 
Baby Smith + weak + + D cw e e e 

The legal measures which have been proposed to remedy this state of affairs, 
have hadan unfortunate history. A Blood Tests Bill introduced by Lord Merthyr 
in 1938 was on the brink of becoming law when war commenced. A second 
measure entitled 'The Affiliation Proceedings (Blood Tests) Bill' was prepared 
by Lord Merthyr in 1957 with the help of an informal committee (Grant 1961). 
Then in 1958 Lord Merthyr was elected Deputy Speaker and Chairman of 
Committees of the House of Lords and was unable to proceed further with the 
Bill. Later, Lord Amulree decided to sponsor the measure and introduced the 
Bill in I9ÓI. Certain objections were raised and the Bill went to Committee 
for amendment. The main objection was that the Bill allowed a magistrate to 
order blood grouping tests at his discretion even though one or both parties 
might not acquiesce. It was considered that this would create too much of a 
precedent! 
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An amended Bill had a second reading on 2rst March, rg6r, but did not 
hccome law in that Parliamentary Session owing to lack of time. It now seems 
unlikely that the matter will ever be re-introduced as a Prívate Member's Bill 
but there is a chance that the impending reform of law relating to the f1mily 
will include this aspect. * 

THE POSITION OF PATERNITY TESTING ELSEWHERE 

In the rest of Europe blood grouping tests in cases of doubtful paternity vary 
from being practically non-existent (e.g. Russia), to being carried out routinely 
cvery time a man denies paternity of a child; for example, in Denmark where 
about 2000 tests are made each year in the Institute of Forensic Medicine in 
Copenhagen. 

However, in general, other European countries show a commendable con
ccrn for the welfare of the illegitimate child which Britain would do well to 
emula te. 

STAINS 

BLOOD STAINS 

A blood stain cannot be properly identified as such unless it can be shown to 
have haemoglobin. Nor can it be assigned to a particular species of animal, 
trom man downwards, until a reaction has been obtained to proteins or other 
antigens specific for that species. Only after satisfactory results have been 
obtained for these tests can attention go to finer distinctions, such as the blood 
group of the stain if it is human. Of course, the amount of blood stain available 
affects the ease with which all the tests can be carried out. A large blob of 
material, which to even the layman announces itself as blood, presents a far 
casier task than one which is practically invisible. Yet many garments and other 
objects have to be examined for blood because they are suspected to have been 
splashed by it, when there is no naked-eye evidence for this fact at all. 

The usual procedure in such cases is to rub each of the suspected arcas with 
damp filter paper, after which a drop of freshly prepared benzidine solution is 
added to each paper. The rapid development of a blue colour indicates the 
area upon which to concentrate. The production of a blue colour with benzidine 
is not necessarily caused by blood since other biological materials and some 
chemicals containing oxidizing agents will produce a blue colour. The area 
chosen as being hopeful is then examined minutely under a good dissecting 

* At the present time (November, 1967), change is in the air! A Law Commission 
Working Paper on Proof ofPaternity in Civil Proceedings is being circulated for comment. 
This deals with such matters as the power of the Courts to arder blood tests and the 
cxtension of blood grouping to include a larger number of Divorce Cases. Moreover, 
thc Law Society has already rcgularised fees for legally aided clients. 
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microscope. The appearance of small clots, or red cell debris, may obviate the 
necessity for a test for haemoglobin, thus precious material is saved. 

Haemoglobin is usually sought for spectroscopically or by crystal test, the 
haemochromogen crystal test being a satisfactory test requiring only one well
stained thread for its performance. Intercst is now being revived in immuno
logical tests for haemoglobin. In the past haemoglobin has becn found to be a 
weak antigen, but modern work on adjuvants (sec Chapter r) has facilitated the 
production of anti-haemoglobin prccipitating sera. In this field it is possible to 
make distinction between adult and foetal haemoglobin and also between the 
haemoglobins of certain species of animal. 

Having established the presence of haemoglobin in a stain, the next step 
is to assign it to its species of origin. This, at ftrst sight, may seem an immense 
task since the animal kingdom is a large one! However, therc is very often a 
strong indication from the history of the case that the blood is human so an 
anti-human reagent is tried first and in many cases is positive. On occasion it 
may be necessary to distinguish between the blood of man and domestic animals, 
cat, dog, rabbit or between various animals, such as cow, goat, sheep, deer and 
fox. Species identity is somewhat bedevilled by the problem of cross-reactions 
particular! y between dosel y related species; for example anti-human globulin 
made in a rabbit reacts not only with human globulin but with the globulin of 
anthropoid apes as well. This difficulty can be overcome, but not easily. One 
cither has to carry out a series of delicately adjusted absorption expcriments or 
prepare anothcr antiglobulin serum by injecting the appropriate anthropoid 
with human globulin. In both cases it is a mattcr of catching one' s monkey! 
Fortunately in Britain distinction between the blood of apes and man is a very 
rare problem. 

The classical species identification is by the 'ring' test carried out in precipitin 
tubcs or capillaries (see Chapter r). 

A more modern method is the antiglobulin consumption test. The principie 
of this is the absorption of a standard antiglobulin reagent by the globulin 
contained in a portion or extract of stained material. Any reduction in strength 
(titre) of the antiglobulin caused by its absorption by globulin occurring in the 
stain is measured by means of indicator red cells coated with globulin. For the 
detection ofhuman globulin, red cells sensitized by incomplete anti-D are used. 
These should normally become agglutinated by the anti-human globulin used 
in the test, but remain unagglutinated or less strongly agglutinated if the anti
human globulin is already taken up by the stain (see also Chapter r). 

The anti-globulin consumption test is highly sensitive and will detect globulin 
in dilutions of the order of r in 50,000. However, it is not so simple to perform 
for the detection of globulin of other species than human since such tests require 
indicator cells coated with globulin from a variety of different animal species. 
In this situation, the gel double diffusion principie scores (see Chapter r), 
although it is less sensitive. 
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A piccc of stained material or extract thcrefrom may be placed in a central 
wcll cut in agar gel while each of a set of (usually six) wclls surrounding this 
('()IJtains a drop of antiserum against the globulins of a variety of species. 
In this way the extract in the central well may be tested against a number of anti
sera simultaneously. The sensitivity of this form of gel diffusion test has been 
nmniugly increased by Culliford (r964) by combining the gel diffusion method 
with clectrophoresis. This involves placing extracts of stains in small wells in an 
agar plate opposite to other wells containing appropriate antisera (anti-human, 
anti-cow, anti-chicken, etc.) and subjecting them to electrophoresis in such a way 
that the albumin and non-gamma globulins of the stain move towards and 
mcct with the gamma globulins of the antisera which are being electrophorized 
in the opposite direction, whereupon a line of prccipitation may form between 
thc two potential reactants. This method also givcs cxcellent results with stains 
that are contaminated with fat or dirt since this is left behind in the gel. 

The species of origin of a blood-stain can also be determined by testing the 
antigenic specificity of y-globulin adsorbed on cloth fibrils by an adaptation of 
thc mixed antiglobulin reaction (see Styles, Dodd & Coombs 1963). As more 
becomes known about the allotypic determinants on y-globulin, intra-species 
diffcrences should also be able to be determined. In this connection, in a model 
study on stains of rabbit blood where allotypic fonns of y-globulin are well 
cstablishcd, Hill, Kelus & Coombs (r968) found it possiblc to diflerentiate stains 
fl·mn diffcrent rabbits by means of either the mixcd antiglobulin reaction 
pcrformed dircctly on fibrils or double diffusion agar gel tests on extracts of 
thc stains. Stains from rabbits of y-glo bulin allotype Ar were differentiated from 
those of allotype A4. Eight-week-old stains could be differentiated. 

Finally we come to the grouping of stains by means of red cell components. 
Valuable evidence can be obtained by establishing a difference in blood group 
bctween stain and individual. For example, a given blood stain of group A 
cannot ha ve originated from a given person of group O; on the other hand a 
given stain of group O could originate from a given person of group O, but by 
!lO means positively does so since group O is a common blood group to which 
about 47/;; of the English population belong. Increasing the number of blood 
groups tested for naturally increases the chances of making distinctions, and, 
moreover, increases the chance of obtaining a statistically significant probability 
that thc stain does originate from one particular individual. 

There are problems attached to the grouping of stains which do not exist 
in the ordinary grouping ofblood. Underlying blood grouping is the principie 
of agglutination or dumping of red cells by specitl.c antisera. For this agglutina
tion phenomeeon to be successfully achieved, it is essential that the red cells 
rcmain intact. In the drying process which takes place in a blood stain, the red 
n·lls are usually damagcd to such an extent that they are no longer able to agglu
tinate; fortunately, however, the cells are still capable of specifically absorbing 
thc corresponding antibody and this forms the basis of the classic inhibition or 
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absorption technique. The antigens of the ABO blood group system display 
considerable toughness, withstand heating almost to boiling point, the passage 
of time and other vicissitudes and still remain active enough to detect. Other 
blood group antigens seem more delicate; of these M and N seem the most 
vigorous, but display sorne cross-activity (i.e. M absorbing anti-N). In a measure 
it is possible to get over this. 

After a rather slow start research on the grouping of stains is going ahead more 
vigorously. Other well-known techniques in addition to the inhibition tech
nique are being adopted for the detection of antigens in stains. 

These are direct tests which detect the antibody actually taken up by the 
stain, instead of the antibody left behind, as in the inhibition technique. The 
first of these by Kind (1960) makes use of the principie that bound antibody 
can be eluted by raising the temperature to 56°C. The method is confined to 
the ABO groups. The stain is fixed by dipping in boiling water for a few seconds 
before treating with antiserum. After washing well, the antibody is eluted from 
the stain or crust in the presence of a dilute suspension of the appropriate red 
cells. On cooling, the red cells beco me agglutinated if the corresponding antibody 
has been taken up and eluted from the stain. 

Coombs & Dodd (r96r) have found that the 'mixed agglutination method' 
(described in Chapter 1), is adaptable to the detection of antigens on blood
stained cloth. The stained doth fibres are cut into short lengths, I mm approxi
mately, and then teased out under a dissecting microscope into the finest 
possible fibrils. A mere five or six of such fibrils are enough for ABO grouping. 
The fibrils are treated with appropriate antibodies, which are taken up specifi
cally if the corresponding antigen is present in the stain. The sensitization of the 
fibrils is revealed when fresh indicator red cells containing the same antigen are 
added, these then coat the fibrils. Photographs of positive and negative fibrils 
are showninPlate 9.r,facingp. 256. The technique is an elegant one and has been 
used successfully for the antigens of the ABO system as well as for MN and 
'species' antigens. 

Nickolls & Pereira (1962) followed up this work by producing an exceedingly 
successful adaptation of the method of Kind. This they termed absorption elu
tion. Very recently Pereira and Bargagna have succeeded in demonstrating the 
Rh antigens D, C, E and e but larger amounts of stain are required than for 
the demonstration of A and B antigens. This fits in with the fact that, at least 
for the D antigen, it has becn shown that thcre are severa! hundred fewer 
antigenic sites per red cell than for A or B (Lee & Feldman 1964). 

Culliford ( 1967) has demonstrated haptoglobins by an immunoelectrophoretic 
method in blood stains and these are being used in case work. Beyond the realm 
of immunology, red cell enzyme allotypes such as phospho-glucomutases 
(PcM) are useful markers and are proving to be readily identifiable in stains 
(Culliforcl 1967). 

The extent of the usefulness of being able to type stains further than the basic 
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Al30 groups can be appreciated if the main situation in which such knowledge 
is rcquired is now described. In a case of murder or serious injury caused by 
assault, very often thrce samples are available for comparison. A whole blood 
sample from the suspcct; a similar sample from the victim who may have been 
killcd or seriously injured; a blood stain or stains found on the suspect's clothing, 
wcapon, etc. 

The objective in such circumstances is to attempt to discover whethcr the 
blood stain could originare from the victim or whether it might mercly 
be blood from the assailant himself. The investigator therefore has to find snch 
blood group antigens as will make a distinction bctween the blood of assailant 
:md victim and, in addition, be detectable, if present, in the stain. Naturally, 
the greater the number of systems tested for, the greater the chance of making 
thc dcsired distinction. 

An cxample will elucida te the point. 

AI30 system Suspect and victim and stain all of group A. No distinction 
made. 

MN system Suspect type MN, victim type N, stain type N. Stain there
fore could origina te from victim but not from suspect. 

Haptoglobin Suspect type Hp 2-r, victim and stain both 2-2. Further 
system cvidence in support of conclusion drawn from results of MN 

system. 

The really striking fact emerging from the above example it that although 
approximatcly 42% of the English population are of group A, 37% are of 
llp 2-2 and 22% of type N, a combination of these types occurs only in 3% of 
thc population. 

Thus if the stain on the suspected assailant' s clothing is not from the given 
victim but from another so urce, the chance of it belonging to this combination 
ofblood groups is 3 in roo. 

W e are now in a position to realize how important the blood typing of stains 
hccomes immediately it is possible to type a stain for severa! blood group sys
tcms. A recent murder case in which the crime took place in a Berkshire villagc 
l'mphasizes the point still further. This case had the fortunatc feature that the 
pcrpetrator of the crime left a blood stain, almost certainly from himsclf, in the 
vicinity. From the evidence, it became relevant to treat abont 200 male members 
of thc village as suspects. Let us suppose that this stain is of the common group 
rombination given above and there are 200 male members of the community 
among which the murderer may lurk. On the basis of the above calculation, the 
suspccts are likely to be whittled clown to six approximatcly. The stain has but 
to havc one or two less common (but by no means rare) blood group antigens 
l(lr thc expected number of men among 200 having this combination to be 
1nluced to the order of one! 
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The grouping ofblood stains is becoming a powerful weapon in the hands of 
the crime investigator. 

An important question is that of the ageing of stains. How old can they be 
and yet retain their immunological activity? Experience varíes and this, no 
doubt, is due to the conditions to which the stains are cxposcd. Using the 
'mixed agglutination' technique, ABO antigens luve been found active in a 
stain on a handkerchief which was 5 years old. By inhibition technique the A 
antigen has been found in a blood cn1st on fl.oor boards 14 years after the blood 
was shed. On the other hand when stains havl.' been exposed toa e! verse circum
stances, then sorne blood gronp antigens may disappear in a fe\V days or even 
hours. On the whole, stains which have the opportunity to become dry quickly 
retain their immunological properties for longer periods than those that rcmain 
wet and encourage the growth ofbacteria. Accumulation of dust on stains may 
falsify results. Extracts of house dust usually show strong A and less strong 
B activity. 

All these points call for caution in the interpretation of results and makc care
fully planned control tests essential. In spite of drawbacks, howcvcr, much 
valuable immunological evidence may be obtaincd. 

SEMINAL STAINS 

The finding of spermatozoa in a stain identifies it as seminal. There is, as yet, 
no other completely diagnostic test in routine use although some early experi
mental results (Coombs, Richards & Dodd 1962) suggest that double diffusion 
agar precipitin tests using antisera specific for seminal proteins could, with 
advantage, be adapted for this purpose. 

The ABO blood group antigens appear in seminal stains from secretor 
individuals (about So% of the population) and evento a certain extent in stains 
from non-secretors. This last fact is emerging from work done with the new 
sensitive fibril techniques (see above). The remarks already made about the value 
and limitation of grouping blood stains apply to the grouping of seminal stains. 

SALIVA 

Saliva can often be identified by means ofits ability to convert starch into sugar. 
The presence of squamal cells consistent in appearance with buccal squames is 
confirmatory evidence for the presence of saliva. Secretor saliva is often rich in 
blood group substances and presents little difficulty in testing. Cigarette ends 
of even dry smokers show considerable blood group activity. 

Both saliva and seminal stains can be successfully grouped by mix:ed agglutina
tion and absorption elution. These methods are also scnsitive enough to detect 
trace amounts of blood gronp substances in non-secretors (Dodd & Hunter 
I963, Pereira 1963). 
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MIXTURES OF STAINS 

In practice, the forensic science laboratory often finds its cases far from clear cut. 
Blood, seminal, vaginal or saliva stains may be found contaminating each other. 
In such cases it is helpful to ha ve available fresh samples of blood and saliva 
fi·om persons known to be involved. Often it is not possible to interpret the 
rcsults without some knowledge of the facts of the case; in such circumstances 
thc immunologist has to guard against bias. 

Two actual examples may serve to illustrate the problcms. 
J. In a case of rape, stains on a schoolgirl's tunic contained both spermatozoa 

and squamal cells and in addition blood group substance A. 
The fmding of spermatozoa and many squamal cells together in thc same 

stained area suggested that the stain was made by both seminal and vaginal 
1-luids. Then the question arose whether the blood group substance A originated 
from the seminal fluid or the vaginal fluid or from both. 

A meticulous and laborious testing of many small areas of the stain revealed 
some which possessed squamal cells, A substance and no spermatozoa while 
others contained spermatozoa but no A. 

These findings suggested that the girl was contributing an A activity which 
the man did not ha ve. 

The testing of blood and saliva samples from the accused man and the girl 
rcvealed that he was a non-secretor of group O while she was a group A secre
tor. If the investigator had not been alive to the possibility of mixed stains the 
accused man might have got off on the grounds that the tunic was stained with 
seminal fluid of group A, which could not have originated from him, he being 
of group O. 

2. In a case of rape and murder, a blood-stained pillow was tested. Some 
of the stains behaved as group O, others as group B. A few areas without blood 
stain showed squamal cells and group B activity. It was considered highly 
possible that these areas were stained with saliva from a group B secretor. It was 
also considered possible that the blood-stained arcas behaving as group B 
might consist of a mixture of group O blood and group B saliva which would 
be a legitimare alternative explanation to their being stained with group B blood 
:done. 

Tests on blood and saliva from suspcct and victim showed the suspect to be a 
group B secretor while the murdered girl was group O, secretor status unknown. 

IDENTIFICA TION OF SKIN 

It is not difficult to see the value ofbeing able to determine accurately the blood 
group of skin cells, particular! y dandruff, in certain criminal cases. W ork by 
Swinburne (1962) is establishing the value ofthe 'mixed agglutination' technique 
in this direction also. 

K* 
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She prepared epithelial squames from dandruff and skin scrapings of both 
live persons and cadavers. After special treatment with potassíum hydroxíde and 
ethanol the resultíng suspensíons of cells are used in the mixed agglutínation 
technique already briefly described in this chapter in connection with blood 
stains. She successfully identífied A and B on the material by this method. 
La ter Poon & Dodd ( 1964) identified H. 

GROUPING OF HAIRS 

Encouraging results are now being obtained by using mixed agglutination for 
the detection of A, B or H in young facial hairs (Lincoln & Dodd 1968). It is 
possible that the main blood group activity líes in the serum coating the hair. 
Successful prior treatment of the hairs requires that extraneous material should 
be removed from the sebaceous layer without dissolving away the layer itself. A 
photograph of the appearance of mixed agglutination on male beard is shown 
in Plate 9.2, facing p. 257. 

So far, the grouping of head hairs has attained but limited success. False 
positives occur, particularly with anti-A and female hair that has been blcached 
or lacquered is not always satisfactory. 

MILK AND MEAT TESTING 

Precipitin and complement fixation reactions have been used for years in 
Germany, principally to distinguish between horse meat and the meat of other 
species. The techniques are included in German legislation. 

In the United Kingdom precipitin tests are used occasionally by public 
analysts and others. W ork on the differentiation of meats by precipitin tests 
has been done by Ginsberg (1948) and also by Pinto (1961) working in Ceylon 
on the problem of distinguishing ox, buffalo, goat and deer. 

In all this work the problem of cross-reaction again has to be considered and 
adjustments made to allow for this. 

Salt meat can be handled if water is used as a test diluent instead of saline. 
Cooked meat cannot be tested owing to denaturation of proteins by heat. 
There is the chance of a satisfactory result if the centre portian of a thick piece 
of cooked meat is tried. 

There would seem to be a good opportunity of sübstitution in the case of 
canned meats. Research in:to suítable immunological methods for this kind of 
material might be rewarding. 

The immunological aspects of milk testing seem to be little explored. Sub
stituting or, at least, resort to immunological methods to detect it, does not seem 
to be a practica! problem. Pinto, working in Ceylon, has been faced with the 
problem of distinguishing the contamination of cow with buffalo milk. For 
the solution of this problem he uses essentially the same techniques as those 
employed for the recognition of various types of mea t. 
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IMMUNOLOGICAL CAUSES OF DEATH 

lt will be apparent from reading other chapters of this book that immunological 
tests may establish a cause of death. For example, the evidence for the occurrence 
of a fatal transfusion accident may rest almost entirely on the fmding of an 
antibody in the patient's serum, incompatible with the donor's blood. There are 
also rare cases of fatal anaphylaxis in adults and infants. 

Of particular interest is the recent work which postulates that thc cause of 
dcath of some infants who die without apparent reason while sleeping peacefully 
in their prams, is a hypersensitivity reaction to cow's milk. It is known that 
many infants have antibodies to cow's milk in their serum and it is postulated 
that a modified anaphylactic reaction is initiated by the sleeping child regurgi
tating stomach contents containing as yet undigested cow's milk and aspirating 
so me of this material into the lungs (Parish et al 1964). 

There is no doubt that imnllmological methods have become essential aids 
to the forensic scientist which fact, it is hoped, has become clear from the above 
account. What is perhaps not so apparent, but nevertheless true, is that working 
on forensic problems deepens the immunologist's understanding of his own 
subject. This is not always appreciated by inhabitants of ivory towers! 

REFERENCES 

llARGAGNA M. & PERE1RA M. (1967) A study of absorption elution as a method ofidentifica
tion of Rhesus antigens in dried blood stains. J. forens. Sci. Soc. 7, in press. 

CAMPS F.E. & DoDD, BARBARA E. (1966) Blood Grouping in a Case ofrnfanticide. Medicine, 
Sci. Law. 6, 122. 

CiEGHORN T.E. (1964) Personal communication. 
CooMBS R.R.A. & DoDD, BARBARA E. (1961) Possible application of the principie of 

mixed agglutination in the identification ofblood stains. Medicine, Sci. Law. I, 359. 
CooMBS R.R.A., RrcHARDS C. & Dooo, BARBARA E. (1963) Serological identification of 

seminal stains. Medicine, Sci. Law. 3, 65. 
CuLUFORD B. J. (1964) Precipitin reactions in forensic problems. Nature (Lond.) 211, 872. 
CuLLIFORD B.J. (1966) Haptoglobin types in dried blood stains. Nature (Lond.) 211, 870. 
CuLUFORD B.J. (1967) The determination of phospho-gluco-mutase types in blood stains. 

]. forens. Sci. S oc. 7, in press. 
Dooo, BARBARA E. & HUNIER D. (1963) A Comparison between the Inhibition and Mixed 

Agglutination Techniques for the Detection of A, B, and H', Proceedings of the Third 
International Meeting in Forensic Immunology, Medicine, Pathology and Toxicology. 

CINSBERG A. (1948) The Differentiation of meats by the precipitin test. Vet. Rec. 60, 683. 
CnANI A. (1961) The affiliation proceedings (Blood Tests) Bill (H.L.).J. Forens Med. 8, So. 
l IILL E.W, KELUS A.S. & CooMBS R.R.A. (1968) The recognition of allotypic forms of y 

globulin in blood stains of rabbits: A model for future work on human stains. Medicine, 
Sci. Law. In press. 

KIND S.S. (1960) Absorption-elution grouping of dried blood smears. Nature (Lond.) 185, 
397· 

LEE R.E. & FELDMAN J.D. (1964) Visualization of antigenic sites of human erythrocytes 
with ferritin-antibody conjugates.J. Cell. Biol. 23, 396. 



268 CLINICAL ASPECTS OF IMMUNOLOGY 

LrncoLN P.J. & DODD, BARBARA E. (1968) Medicine, Sci. Law, in press. 
NrcKOLLS L. C. & PEREIRA M. (1962) A study of modern methods of grouping dried blood 

stains. Medicine. Sci. Law. 2, 172. 
PARISH W.E., RrcHARDS C.B., FRANCE N.E. & CoOMBS R.R.A. (1964) Further investigations 

on the hypothesis that sorne cases of cot-death are due to a modifted anaphylactic 
reaction to cow's milk. Int. Arch. Allergy 24, 215. 

PEREIRA, MARGARET (1963). Observations on the grouping of dried stains of body fluids. 
Proceedings of the Third International Meeting in Forensic Immunology, Medicine, 
Pathology and Toxicology, London. 

PooN, WAI LuN & Dono, BARBARA E. (1964) The subdivision ofblood stains into A1 and A2 

and the detection ofH on human epidermal cells. Medicine, Scí. Law. 4, 258. 
PINTO F.C. (1961) Serological identiftcation of ox, buffalo, goat and deer flesh. Brit. vet.j., 

II7, 540. 
STYLES W.M., DODD, BARBARA E. & CooMBS R.R.A. (1963) Identiftcation ofhuman blood

stains by means ofthe mixed antiglobulin reaction on separated cloth ftbrils. Medicine, 
Sci. Law. J, 275· 

SwrNBURNE, LAYINKA M. (r962) The identiftcation ofskin. Medicine, Sci. Lmv. J, J. 

See also: 
Bibliography on Immunology in connection with body fluids and tissues (1962) Medicine, 

Sci. Law. 2, 497· 
BoORMAN, KATHLEEN E. & Dono, BARBARA E. (1966) An Introduction to Blood Group Serology 

3rd ed. London: J. & A. Churchill. 
RACE R.R. & SANGER R. (1968) Blood Groups in Man. 5th ed. Oxford: Blackwell Scientiftc 

Publications. 



CHAPTER ro 

IMMUNOASSA Y OF HORMONES AND 
BIOLOGICALLY ACTIVE SUBST ANCES 

C.N.HALES 

INTRODUCTION 

GENERAL PRINCIPLES 
Detection and measurement of free antigen in the presence of the 
antigen-antibody complex: Detection of free antibody in the presence 
of the antigen-antibody complex: Measurement of antigen-antibody 
complex 

RADIO-IMMUNOASSAY OF HoRMONES 
Production of antisera: Preparation of high specific activity labelled 
hormones: Separation of free from antibody-bound hormone: 
Some problems: Hormones for which assays have been described. 

SUMMARY AND CONCLUSIONS 

INTRODUCTION 

That the second edition of this volume should contain a separate chapter de
voted mainly to the immunoassay of hormones is entirely due to the work of 
Berson and Yalow who not only conceived the basic method but also realized 
its potential in the assay of many peptide hormones. 

It was realized many years ago that the injection of peptide hormones gave 
rise to thc production of antibodies. In I94I Thompson in a review of the sub
ject wrote: 'Conceivably the endocrinologist may utilize the action of specific 
antihormones in the study of the interrelations of the endocrinc glands'. This 
prediction has certainly been fulfilled. No chemical technique available can 
spccifically estímate a peptide hormone in plasma when the latter represents by 
weight approximately one part in fifty million of the plasma protein. However, 
the immunological system of many organisms is capable of recognizing and 
climinating specific macromolecules when present at very low concentration. 
Immunoassays may indeed be regarded as the macromolecular equivalent of 
enzyme assays of metabolic intermediates. In the latter advantage is taken of 
cnzyme specifJcity in the recognition of metabolites. 

269 
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Early attempts to use antibodies in the detection and estimation ofhonnones 
in plasma were unsuccessful because the methods available lacked adequate 
sensitivity. For example, in one of the earliest attempts Wasserman & Mirsky 
(1942) observed complement frxation when an insulin antiserum was reacted 
with serum of patients suffering from chronic hypoglycaemia. In these subjects 
it might be expected that plasma insulin concentrations would be considerably 
elevated. However, no complement frxation was observed when serum from 
normal individuals was tested. The frrst major attempt to employ insulin 
antibodies in a sensitive assay for insulin was that of Stavitsky & Arquilla who in 
1953 used a haemagglutination inhibition method. This method is, however, 
too subject to non-specific interfering factors for its use in the assay of insulin 
in plasma (W olstenholme & Carne ron 1962). 

It was not until Yalow & Berson (1959) combined the use of antibodies and 
radioactively labelled hormones that methods with adequate sensitivity and 
accuracy became available. The use of radioactively labelled hormones began 
with their study of insulin binding by the plasma of normal and diabetic indi
viduals. It was shown that insulin-treated diabetics possessed in their plasma a 
protein with the properties of a specific antibody and which was capable of 
combining with radioactively labelled insulin (Berson et al 1956). It was then 
demonstrated that unlabelled insulin was capable of preventing competitively 
this combination and thus the basis of an assay for unlabelled hormone was 
established. 

The advent of radio-immunoassays for peptide hormones has had such an 
enormous impact on the study of the normal and abnormal regulation of meta
bolism by peptide hormones that most of this chapter is concerned with a 
description of these methods. So rapid has been the development of new radio
immunoassays, however, that it is not possible to give a detailed account of the 
full range of methods and their application. The technical details of the indivi
dual assays may be obtained from the original accounts of the methods which 
have been the subject of two excellent recent reviews by Greenwood (1967) 
and Potts et al (1967). 

The present account considers radio-immunoassays in relation to other 
immunoassays of biologically active substances. It contains brief references to 
sorne of the more important applications of the different mcthods for the im
munoassay of biologically active substances anda more detailed description of 
the fundamental aspects of radio-immunological techniques. 

GENERAL PRINCIPLES 

antigen + antibody ----+ antigen- antibody complex 
\ y--------' __) 
'free' componcnts 'bound' componcnts 
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All immunoassay procedures depend upon two fundamental properties of 
i mmunological systems: 

r. The combination of antigen with antibody yields an antigen-antibody 
complex in which certain properties of each components are altered (Table ro.r). 

2. For a fixed amount of antibody there is an npper limit to the amount of 
antigen which can be bound. 

Most immunoassays involve the use of a fixed amount of antibody which is 
allowed to react with varying amounts of antigen. As increasing amounts of 
antigen are added three changes occur: 

r. The amount offree antibody decreases. 
2. The amount of complex increases. 
3. Finally free antigen begins to appear and increase in concentration. 

TABLE IO.I 

Differences which may be found in the properties of antigen-antibody 
complexes when compared with free antigen 

r. Solubility in buffers, salt solutions, water-alcohol mixtures and presence 
of anti-y globulin antisera. 

2. Complement fixation. 
3. Molecular weight. 
4· Adsorption on to cellulose, ion exchange resins and activated charcoal. 
5. Isoelectric point. 
6. Loss of biological activity. 

The extent of any one of these changes, in the presence of a fixed amount of 
antibody, is a function of the amount of antigen added and therefore any one of 
these changes can be made the basis of a quantitative assay of antigen. The 
details of the assay procedure will be determined by the basic change which is 
measured. The presence of uncomplexed ('free') antigen or antibody may be 
dctected because the properties of antigen or antibody are often altered when 
they are bound in the complex.When the antigen is in excess this is indicated by 
the presence of free antigen: when the antibody is in excess by the presence of 
free antibody. The point at which there are equivalent amounts of antigen and 
:mtibody may be defined as lying between either: 

r. In a system in which free antigen is detected the largest amount of anti
gen which does not produce detectable free antigen and the smallest amount 
of antigen which does, or 

2. In a system in which free antibody is detected the smallest amotmt of anti
gcn which prevents the detection of free antibody and the largest amotmt of 
antigen which allows the detection of free antibody. 
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The amount of antigen-antibody complex formed may be measured in terms 
of one of the properties peculiar to the complex. 

Thus immunoassay procedures depend upon the estimation or detection of 
one of the following: 

I. Free antigen. 
2. Free antibody. 
3. Antigen-antibody complex; 

and will be considered under these headings. 

MEASUREMENT OR 0ETECTION OF FREE ANTIGEN 

IN THE PRESENCE OF THE ANTIGEN-ANTIBODY 

COMPLEX 

The estimation of the amount of free antigen present when the antigen is a 
biologically active substance and the antibody one which neutralizes this activity 
is relatively simple. The procedure employed will depend upon the biological 
activity of the antigen: 

TOXINS 

These substances, produced by bacteria, are usually assayed by injection into 
susceptible animals. The effect on the animal varíes with the system but most 
commonly is death, tetanospasm ora skin reaction (Pope 1963). 

ENZYMES 

A number of toxins are enzymes and may therefore be assayed by estimation of 
enzymatic activity rather than in vivo toxicity. An example is the Clostrídíum 
perfringens ct toxin which is a phospholipase of the e type and hydrolyses lecithin 
to diglyceride and phosphorylcholine. This activity is neutralized by an anti
serum to the toxin. 

Production of antibodies to enzymes is not limited to those enzymes produced 
by bacteria and which have toxic properties. A wide range of enzymes has now 
been used as antigens (Cinader 1963). Antibodies to enzymes have been used to 
study isoenzymes, enzyme synthesis and localization in cells. Antibodies to 
enzymes do not necessarily inhibit enzyme activity and this aspect of the 
antigen-antibody reaction may change during the course of immunization. 

When antibodies are of the inhibiting type this inhibition may be prevented 
by the presence of the substrate particular! y if the substrate is macromolecular. 
However, the fact that an antibody inhibits enzyme activity does not necessarily 
indica te that it combines at the active si te of the enzyme. 

HORMONES 

Antibodies ha ve been produced to many peptide hormones. They are frequently 
capable of neutralizing the biological activity of the hormone and are a cause of 
acquired resistance to treatment with peptide hormones (see Chaptcr 25). 
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The in vir;o injection of neutralizing antibodies to hormones may produce an 
acutc hormone deficiency state. An example of this is the induction of diabetes 
in rats by the injection of an antiserum to ox insulin (Moloney & Coval 1955). 
Anti-hormones thcrcfore provide a convenient and specific tool with which to 
study the biological action ofhormones. The biological activity offree hormone 
may be measured using an in vivo or in vitro bioassay. An assay for insulin using 
insulin antibodies in conjunction with an in r!Ítro bioassay has been devised 
( W ardlow & Moloney 1961). 

HAPTENS 

Small molecules which are biologically active but not antigenic may be ren
dcred antigenic by chemical coupling to a macromolecular substance, usually 
a protein or polysaccharide. The antibody produced may be capable of binding 
and neutralizing the biological activity of the uncombined small molecule. 
In this way an immunoassay may be devised for a low molecular weight com
pound. A sensitive radio-immunoassay for digitalis has been developed along 
these lines (Oliver et al 1966). 

DETECTION OF FREE ANTIBODY IN THE PRESENCE 

OF THE ANTIGEN-ANTIBODY COMPLEX 

The reaction of antigen with antibody may be observed relatively easily if 
the antigen has been coupled to red cells prior to reaction with an antiserum 
(sce Chapter r). In this situation the antigen-antibody reaction may lead in the 
absence of complement to agglutination of the antigen-coated red cells or in the 
presence of complement to haemolysis of the cells. In the absence of comple
ment the agglutinated red cells may be recognized by observing the pattern 
which is formed on settling at the bottom of a test tubc or by microscopical 
cxamination. In the presence of complement the degree of haemolysis is esti
mated most conveniently by spectroscopic estimation of the haemoglobin 
which is liberated. Following the reaction of antibody with antigen which is not 
conjugated to red cells any remaining free antibody may be detected by sub
scquent haemagglutination or immune haemolysis of antigen-coated red cells. 
If the antigen is in fact present in amounts equivalent to or in excess of antibody 
the ability of the latter to agglutinate or haemolyse red cells coated in antigen 
is abolished. These procedures therefore are known respectively as haemagglu
tination or haemolysis inhibition. 

MEASUREMENT OF ANTIGEN-ANTIBODY COMPLEX 

ESTIMA TION OF AMOUNT PRECIPITATED 

The amount of the antigen-antibody complex which prectpltates depends, 
among other things, upon the particular system involved, some antigen-anti
body complexes remaining soluble under most conditions. In precipitating 
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systems the amount of precipitate formed depends on the ratio of antigen to 
antibody in the reaction and therefore the amount of precipitate formed does 
not necessarily represent the total amount of antigen-antibody complex present. 

Provided that other conditions such as tcmperature, ionic strength, pH, etc. 
(Kabat & Mayer 1961) are kept constant the estimation of the amount of pre
cipitate formed can provide a measure of the extent of the reaction, and is 
related to the amount of antigen added. Due to the complex nature of the curve 
relating amount of precipita te formed to increasing antigen concentration in the 
presence of a fixed amount of antibody, it is necessary to test the effect of a 
number of dilutions of the unknown antigen before the concentration can be 
calculated. 

COMPLEMENT fiXA TION 

Complement which is in fact a group of scrum factors (sce Chapter 14) is 
bound by many antigen-antibody complexcs. The amount of complement 
bound is a function of the amount of antigen-antibody complex formed and 
therefore the estimation of complement fixation (see Chapter 1) provides a 
mcasure of the amount of antigen-antibody complex formed. 

Complement fixation has been used for the assay of hormones including 
human chorionic gonadotrophic hormone (Brody 1966) and parathormone 
(Tashjian, Levine & Munson 1964). The scnsitivities of thcse assays were 0.5 
I.Ujml and 10 mpg/ml respcctively which may be compared witho.o025 I.U/ml 
and 0.5 mpg/ml in the corresponding radio-immunoassays. 

UsE OF LABELLED ANTIGEN 

When antigen binds to antibody there is a change in its physical and chemical 
properties (Table 10.1). In many instances the antigen is considerably smaller 
than the antibody and the resultant antigcn-antibody complex retains most of 
the properties of the free antibody but few of the properties of the free antigen. 
If the antigen is readily identifiable by means of a label such as a fluorescent 
group or radioactive isotope (providcd the label docs not prevent the antigen
antibody reaction) the antigen bound to antibody can be estimated. It represents 
that fraction of the total label added which possesses the characteristics of 
the antigen-antibody complex. 

This system may be used as the basis of an assay of unlabelled hormone. 
The system most commonly employed involves antigens labelled to high specific 
activity with radioactive isotopes of iodine. The addition of increasing amounts 
of unlabelled antigen to the labelled antigen plus antibody system decreases 
competitively the amount of labelled antigen-antibody complex formed. The 
use of high specific activity labelled antigens means that very low concentra
tions of antigen and antibody can be used and thcrefore the sensitivity of the 
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systcms is very great. In addition the only estimation requircd, that of radio
activity, can be made simply, automatically and accurately. 

RADIO-IMMUNOASSAY OF HORMONES 

PRODUCTION OF ANTISERA 

The production of antisera specific for the assay ofhuman peptide hormones 
has presented certain pro blems: 

1. Many of the peptides are of low molecular weight and are poorly anti
gcnic. 

2. There is a scarcity of pure human hormones and the corresponding 
hormones from ox or pig may show structural differenccs. 

3· The biological activity of the hormone in the inoculatcd animal may 
makc the production of antisera difficult. For example insulin may produce 
f.tal hypoglycaemia and ACTH hyperadrenocorticalism. 

Antigcnicity may be enhanced: 

1. By careful selection of species. For example the guinea-pig produces 
good antibodies to ox, pig and human insulin whereas the rabbit does not. This 
difference may be related to the degree of 'foreignness' of the injected insulin 
since rabbit insulin differs little from ox, pig and human insulin whereas 
guinea-pig insulin differs very considerably (Smith 1966). 

2. In some cases (e.g. parathormone) it has been found that impure prepara
tions are more potent antigens than the highly purified preparations (Yalow 
1966). 

3· The antigen may be coupled to other substances such as proteins, polyly
sine and cellulose (Olovnikov & Gurvich 1965). 

4· Injection in adjuvant (usually complete Freund's adjuvant). 

The length of immunization may vary from a few weeks to severalmonths. 
The danger of producing antisera to impurities is not important provided that 
very pure hormone is used for the production of labelled antigen. The most 
important requirement of the antiserum is that it should have a high affinity 
for the hormone to be assayed. The extremely low plasma concentration of 
most peptide hormones (in the region of 10 -

10M) means that only antisera 
with a high affinity for antigen will have an adequate sensitivity. It is at the 
moment impossible to predict which immunization procedures will produce the 
best antisera and animal variation even in a single species is very great. The 
amount of antiserum required is very low since most procedures cmploy 0.1 ml 
of an antiserum diluted to I/ 50,000 or more. Therefore I ml of a good antiserum 
is enough for half a million assays. This means that it is advantageous to im
munize a number of animals and select the best antiserum. Once this has been 
defined it can be used for many years. 
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PREPAHATION OF Hrcn SPECIFIC AcnvrTY 

LABELLED HoRMONE 

It is essential that the hormone preparation used for labelling should be of the 
highest possible purity since al! subsequent determinations will involve the esti
mation of this preparation. 

The ideal labclled preparation would be a hormone in which sorne of the 
normal atomic constituents had been replaced by a radioactive isotope. 
Unfortunatcly there are at the moment no methods available for the production 
of an adequate specific activity (50-I,ooo mC/mg depending on the sensitivity 
required) by this means. The most frequently used procedure has becn to 
introduce an isotope of iodine (1 131 or I125

) into the tyrosine residues of the 
peptides. This inevitably implies a chemical modification of the hormone. 
Fortunately, this procedure appears to produce very little effect on the immuno
logical activity of most hormones provided that the degree of substitution is low. 
The usual leve! employed is to substitute an average of one or less atoms of 
iodine/molecule of hormone. An additional theoretical difficulty in studying 
the reactivity of the labellcd hormone is that it is inevitably heterogeneous 
since even at low levels of iodination sorne molecules of hormone will contain 
more than the average amount of iodine. These molecules will of coLme also 
carry a disproportionate amount of radioactivity. 

Thc method of iodination which has been most widely employed is that 
introduced by Hunter & Greenwood (r962). In this method the oxidizing agent 
chloramine-T is used in conjunction with 2-10 mC ofi131 or 1125 and 5 ¡tg of 
protein. So me variability of incorporation rate with different samples of isotope 
has been noted but the method is capable of producing very high specific 
activities. Following iodination it may be necessary to remove damaged com
ponents as well as unincorporated iodide and a variety of procedures has been 
employed for this purpose. Lower specific activity preparations with less 
damage may be prepared using iodine monochloride as the iodinating reagent 
(Hales & Randle 1963). This reagent suffers from this disadvantage that it intro
duces carrier 1127 and therefore high specific activities can only be achieved by 
the incorporation of large amounts of iodine. One of the difficulties associated 
with reproducible iodination to give a high specific activity labelled hormone is 
the uncertainty asto the specific activity of the 1131 starting material. Methods 
for the investigation of the specific activity of com.mercial samples ofi131 have 
been described recently (Berson & Yalow 1966; Glover & Shepherd 1966). 

Iodination with 1125 is becoming more common due to its longer half life 
and lower energy radiations with consequent increased ease of handling. The 
only disadvantage of this isotope is that the longer halflife means that seven to 
eight times as many atoms of 1125 than I 131 must be incorporated to achieve 
the same specific activity. 
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SEPARATION OF FREE FROM ANTIBODY-BOUND HORMONE 

Thc original procedure introduced by Yalow and Berson involved chromato
clcctrophoresis of the mixture of free and bound hormone. The mixture was 
applied to Whatman 3MM paper and the heat produced by the electric current 
lcd to evaporation of water from the paper strip. This in turn led to a flow of 
water along the paper. Many free peptide hormones are bound firmly by thc 
paper employed (although batches of paper vary in this respect) whereas thc 
bound hormone migrates with the y-globulin and away from the origin. 
Following the rapid separation of free and bound hormones in this manner 
thc radioactivity of each was measured by scanning the paper strip and measnr
ing the arca under each curve of radioactivity planimetrically. For each 
concentration of standard insulin the ratio of bound:free radioactivity was 
calculated and plotted against the concentration of unlabelled insulin to provide 
a standard curve (Fig. IO.I). 

Modifications of the original immunoassay technique have been almost 
cntirely concerned with attempts to make this separation procedure more 
convenient. Most frequently these employ procedures to precipita te the antigen
:mtibody complex and !cave the free antigen in solution. One of the earliest 
methods involved salt precipitation but this has not been widely applied. 
Precipitation with an anti-y-globulin serum has been very extensively used in 
what have come to be known as 'double antibody' methods. In the latter a 
second antibody is prepared against they-globulin or whole serum of the animal 
in which the first (anti-hormone) antiserum was raised. It is not necessary to use 
the serum or y-globulin of immunized animals as antigen for the production of 
the second antiserum. If the precipitation reaction is carried out at the dilution 
of the first antiserum required for hormone assay thc precipita te may form very 
slowly and remain very fine. Precipitation may be speeded by the addition of 
carrier normal serum and fine precipitares may be conveniently separated by 
filtration through micro-porous filter membranes. Separation by centrifuga
tion is possible but requires much higher concentrations of the second antibody 
and large amounts of carrier normal serum. 

The second antibody system provides additional problems: 

I. It requires time. 
2. There may be interference by y-globulins which cross react with the second 

antibody. An example of this is the weak cross reaction with occurs between 
human y-globulin (present in the plasma under assay) anda rabbit anti-(guinea
pig y-globulin)serum and which is sufficient to interfere with complete pre
cipitation. 

3· Complement may interfcre with the reaction. 

These difficulties may be avoided if thc antihormone antibody is precipitated 



CLINICAL ASPECTS OF IMMUNOLOGY 

befare being reacted with the hormonc. This precipitation docs not interfere 
with the subsequent hormone-antihormone reaction. Once precipitation has 
been carried out the mixture may be freeze-dried and stored at 4°C under which 
conditions the antibody remains stable for many months. 

Known standards of human insulin 

Antibody 
bound 
insulin 

Free 
insulin 

tmM 
Antibody 

bound Free 
insulin 

g
05m~g/ml -

_Q:?m~g/ml 

+-+-+-f--11--t
-+--JM'-f--fJI-+ 

1·2 

1·0 

Standard curve Plasma samples 

Antibody 

bound Free 

GP 53917 
1·60,000 dilution 
of antiserum 

·~ratio• 0·23 
Human insulin con.centration ¡--,--,,.--,---,---,--r 
in R.A.lhr sample is 6·4m¡.¡g/ml +-+-+-+I-\+---\-

160~U/ml -;o-;c'-7+c--+,----lt--'J-t-

0o~-'-'-WI...L~I.':!-o-'-'-'-'--'--L...U'o}2·0 

o;;'-'~J....L...........,2!-;·5~1.J...i...LLm'd~q/ml 

~;;=:::=:'::;='=;-o Human insulin concn. 

Origin Origin 

FrG. ro.r. Radio-immunoassay of human plasma insulin concentration using 
chromatoelectrophoretic separation of free and antibody bound labelled insulin. 
Insulin -P31-antiserum mixtures containing known concentrations of human 
insulin are shown on the left and those containing unknown plasma on the right. 
At the bottom of each set is a control mixture to which no antiserum had been 
added; migrating activity in control tubes represents damaged fractions. The 
standard curve (middle) is obtained from measurement of areas under each of the 
two peaks in the complete series of chromatograms of which eight are shown. 
The insnlin concentration in the I hour post-glucose specimen of patient R.A. is 
calculated as shown. 

(Reproduced from Yalow R.S. & Berson S.A. Immunoassay of Plasma Insulin. 
In Methods ofBiochemical Analysis, ed. D. GLICK u; 69-96. Interscience Pnblishers, 
New York, with permission.) 

The advantages of using an assay in which the radioactivity of an immune 
precipitate is counted are: 

r. The radioactivity assayed is specifically that bound to the precipitate and 
the assay can therefore be carried out in the presence of other labellcd compounds 
which are not precipitated. 
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2. The assay may behave according to the theory of isotope dilution so that 
a linear function of the standard insulin concentration may be plotted (Hales & 
ltandle 1963). This will be true if the antiserum binds a fixed amount of insulin 
at all the concentrations used in the assay and if the labelled and unlabelled 
insulin have the same affinity for the antiserum. Under these conditions the 
andserum may be regarded as taking a fixed sample of the mixture of labelled 
and unlabelled insulin and the radioactivity of this sample will be proportional 
to the specific activity of the mixture. Then (Hales & Randle 1963): 

C0 • 1 
-- = 1 .- +1 
C¡ 10 

where i is the concentration of unlabelled insulin; Í
0 

is the concentration of 
labelled insulin; C0 and C¡ are theradioactivities of the insulin-antibody precipi-

~ o 
o 

3 

2 

o 
Concn. of unlabelled insulin(i) 

8 

6 

~ 4 o 
o 

0·5 1·0 1·5 

Concn. of unlabelled human insulin 

( ~mg/0·1 mi) 

FrG. ro.2. Radio-immunoassay of human insulin using an anti-(y-globulin) 
antiserum to separa te free and antibod y bound labelled insulin. The left hand 
graph depicts the relationship predicted from the theory of isotope dilution and the 
right hand graph results obtained experimentally (for the definition of terms see 
text.) 

tate in the absence and presence of unlabelled insulin respectively. C0 /C; will 
therefore be linearly related to i; C0 /C; will be unity when i is zero; Í 0 = -i 
when C

0
/C; is zero and the slope of the line is 1ji0 (Fig. 10.2). 

There is a close correspondence between the theoretical predictions and 
results obtaincd in the assay ofhuman insulin (Fig. 10.2). 

More recently precipitation wíth alcohol has been used as an additional 
method of separation. Another way in which the antiserum may be rendered 
insoluble prior to reaction with hormone is by conjugation to an insoluble 
polymer such as sephadex (Wide & Porath 1966). Provided the antiserum is 
firmly bound and not eluted by subsequent exposure to high protein correen-
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trations this may prove to be a most satisfactory way of avoiding the variables 
associated with precipitation techniques. 

Other chromatographic and adsorption procedures have bcen developed for 
separation of free and bound antigen including ion exchange chromatography 
and adsorption on to activated charcoal or powdered cellulose. The higher 
molecular weight of the antigen-antibody complex also allows the separation 
of free and bound antigen by gel filtration. Variations of electrophoretic 
separation have included the use of cellulose acctate and polyacrylarnide gel 
as supporting media. 

SüME PROBLEMS 

SENSITIVITY 

In spite of the very great sensitivity of radio-immunoassay (w- 12-Io- 10M) 
there remain some hormones for which an incrcascd sensitivity is desirablc 
(growth honnone) or essential (ACTH and parathormone). Prior incubation 
of unlabelled hormone with the antiserum followed by addition of labelled 
hormonc has been used to increase the sensitivity of sorne assays. In addition 
sensitivity is increased as the amount of antiserum and labclled antigen are 
decreased. It is only possible to work at very low concentrations when the anti
serum has a high affmity for antigen and the antigen a very high specific 
activity. The specific activity which may be achieved by iodination is limited 
by the effects of radiation damage and excess iodine on immunological activity. 
As the concentration of the reactants is reduced the speed of reaction is reduced 
so that prolonged incubation periods, sometimcs in excess of a week, may be 
necessary. 

INCUBATION DAMAGE 

During the period in which antigen and antibody are reacting some of the anti
gen may be broken down. This is only a serious problem when plasma is present 
but in this situation a considerable amount of degradation of the labelled antigen 
may occur. If the damaged antigen has a reduced immunological reactivity 
there is a reduction in the amount of labelled antigen bound to antiserum. 
As a result, depending on the method of separation employed spuriously high, 
or low, concentrations of unlabelled antigen are calculated from the results of 
standard incubations in which there has been little or no incubation damagc. 
A possible way of avoiding this would be to make the standard solutions up 
in control plasma but since the amount of damage varíes from one sample of 
plasma to another this procedure is not satisfactory. The other alternative is to 
correct for damage. This is theoretically unsatisfactory since one is correcting 
for damage to the labelled hormone and ignoring possible damage to the un
labelled hormone. It is not possible to equate damage of labelled honnone with 
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d.tmagc to unlabelled hormone since the two prcparations may easily have a 
diffcrcnt susceptibility to damage. Damage to the labelled hormone has the 
111ost scrious implications since a ro% reduction in the label bound to antiserum 
111:1y be equivalent toa doubling of unlabellcd insulin conccntration when read 
fi·om the standard curve. In the Berson and Yalow system, correction for damage 
lo bbdled hormone is made by setting up a control incubation of plasma 
with labelled hormone in the absence of antiserum. Damaged components 
',fi:en migra te from the origin of the chromatoelectrophoretic strip so that the 
amount of damage can be estimated by calculating the proportion of the radio
:tctivity which migrates. There are objections to the validity of this correction 
first because the criterion of damage is non-speciflC, i.e. it does not measure the 
immnnological activity of the components which migrate and those which do 
not. In sorne assays damaged components remain at the origin (Potts et al 1967). 
Sccondly, in the actual assay a considerable proportion of the labelled hormone 
is bound to antiserum and it is known that this protects it against plasma damage. 
Therefore the actual damage produced when antiserum is present may be 
significantly reduced. 

It is possible, using a double antibody method, to provide a better estimation 
of incubation damage but even this is not entirely satisfactory. In order to assess 
the amount of immunologically active labelled hormone present at the end of 
the assay it is necessary to include an incubation to which excess antibody can be 
added at the end of the normal incubation period. This antibody must be sufli
cient to combine all the labelled and unlabelled insulin present. At this high 
concentration reaction is relatively rapid and therefore only a short further 
incubation is required to obtain maximum binding. In this way the proportion 
of the labclled antigen which is immunologically inactive at the end of the 
incubation can be calculated and if it differs from that in the standard incubation 
a correction may be applied. 

The ideal solution to the problem of incubation damage is to avoid it and 
various steps may be taken in this direction: 

I. Use of a stable labelled hormone. Some preparations are much more sus
ceptible to damage than others and this property of the labelled hormonc is 
important in assessing its use in radio-immunoassays. 

2. Reduction of length of incubation of labelled hormone in the presence of 
plasma. This can be achieved by working at the highest concentration of the 
rcagents which gives an adequate sensitivity and by adding the labelled hormone 
last and for as short a period as possible. 

3· Working at the highest possible dilution of plasma. To a certain extent 
measures 2 and 3 are mutually exclusive, i.e. the more sensitive the assay, the 
less plasma required but the longer the incubation period must be. 

4· Plasma damage may be due to proteolytic enzymes and -SH containing 
compounds both of which may be inactivated. 
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5. Damage increases with the temperature of incubation and thercfore low 
incubation temperatures are to be preferred. 

!MMUNOLOGICAL VERSUS BIOLOGICAL ACTIVITY 

It is theoretically possible that derivatives of hormones possessing biological 
and not immunological activity or vice versa, may exist in plasma. Antibodics 
to ACTH ha ve been shown to react most strongly with the part of thc moleculc 
which is not essential for biological activity. Biological insulin-like activity 
in plasma exceeds immunological insulin-like activity and is not neutralizcd 
by an insulin antiserum. The physiological significance of the former activity 
is not known. For a provocative, if partisan, discussion of these problems a 
recent review ofBerson & Yalow (1965) may be consulted. A priori there is no 
good reason to suppose that an in vitro adipose tissue bioassay which is known 
to be non-specific is likely to provide a more valid estímate of plasma insulin 
concentration than an immunoassay. It would be most satisfactory if both 
types of assay could be shown to agree but very few bioassays possess the neces
sary sensitivity, specificity and precision for them to provide a criterion by which 
to judge the validity of immunoassays. There are a number of other criteria 
by which the validity ofimmunoassays of plasma may be judged: 

I. Abolition of activity by removal of the source of the peptide. 
2. Parallelism bctween the effects of dilution of plasma and standard hormone. 
3· Recovery ofhormone added to plasma. 
4· Changes in immunological activity which agree with those predictable on 

physiological and pathological grounds. 
5· Ability of the antiserum employed to neutralize the biological activity of 

the hormone in an (often insensitive) bioassay. 

HORMONES FOR WHICH ASSAYS HAVE B_EEN DESCRIBED 

The speed with which new immunoassays are being developed insures that any 
list such as is given below becomes out of date rapidly. However, the list does 
give an indication of the general applicability of the methods described. 

Consideration of and reference to the following assays is given in the reviews 
of Greenwood (1967) and Potts et al (1967) to which the reader is referred for 
the original rcferences: insulin, human growth hormone, glucagon, ACTH, 
parathormone, thyrotrophic hormone, luteinizing hormone, placentallactogen; 
human chorionic gonadotrophin, angiotensin, rat growth hormone, porcine 
growth hormone, bradykinin and oxytocin. 

Additional accounts of the assays of the following hormones are available: 
human growth hormone (Morgan 1966a; Lazarus & Young 1966; La u, Gottlieb 
& Herbert 1966); human growth hormone and insulin assayed simultaneously 
(Morgan 1966b); human chorionic 'growth hormone-prolactin' (Lau, Gottlieb 
& Herbert 1966); glucagon (Lawrence 1966), ACTH (Demura et al 1966); 
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parathormone (Berson& Yalow 1966b), thyrotrophic honnone (Lémarchand
lléraud & Vannotti 1965), luteinizing hormone (Bagshaw, Wilde & Orr 1966; 
Midgley 1966; Midgley & Jaffe 1966, Odell, Ross & Rayford 1966); human 
chorionic gonadotrophin (Bagshawe, Wilde & Orr 1966; Midgley 1966;) 
follicle stimulating hormone (Faiman & Ryan 1966) and cx-melanocyte stimu
lating hormone (Ross, Odell & Goodfriend 1966; Goodfriend Ross & Schalch 
1966); angiotensin and bradykinin (Goodfriend, Ross & Schalch 1966). 

SUMMARY AND CONCLUSIONS 

Radio-immunoassays which combine the specificity of the antigen-antibody 
rcaction with the sensitivity of radioisotope detection ha ve provided assays for 
many of the peptide hormones present in plasma. These assays ha ve been con
sidered in relation to other immunoassays of hormones and other biologically 
active substances. It has been shown that all immunoassays depend upon the 
dctection or estimation of non-antibody bound antigen, non-antigen bound 
antibody or the antigen-antibody complex. The technical details of the individual 
methods are deterrnined by the component estimated. The estimation of a bio
logically active antigen may involve the estimation of the biological activity. 
Provided the latter is neutralized by combination with antibody the estimation 
of biological activity will distinguish between antibody and non-antibody 
bound antigen. Non-antigen bound antibody may be detected by reactiou with 
antigen-coated red cells. Theantigen-antibody complexmay be estimated by the 
cstimation of a precipita te, complement fixation or by using a labelled antigen. 

The radio-immunoassay ofhormones has been considered in some detail with 
particular reference to the production of antisera, preparation of high specific 
activity labelled hormone and separation of non-antibody bound hormone 
from antibody-bound hormone. The differences between various radio-immuno
assay procedures relate mainly to differences in the methods of separation. 
Certain problems arising in the application of radio-immunoassays to the assay 
of hormones in plasma have been described. Inadequate sensitivity remains an 
obstacle to the assay of ACTH and parathormone under sorne circumstances and 
damage to labelled hormone during assay can produce errors in the estimation. 
The criteria to be applied in the assessment of the valiclity of results have been 
presented. 
. The range of honnone radio-immunoassays has been shown by reference to 
the original descriptions. 

It is concluded that many radio-immunoassay procedures for the assay of 
hormones in plasma are flrmly established. They have already allowed a rapid 
increase in the understanding of the physiological and pathological role of 
hormones and hormone-honnone interactions. Further development and 
wider application of the methods may be predicted with confldcnce. 
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CHAPTER II 

BIOLOG Y OF THE IMMUNE* 
(ALLERGIC) RESPONSE 

J.F.A.P.MILLER 

lNTHODUCTION 

RoLE OF ANTIGEN 

Movement and distribution of antigen 
Localization pattcrns in the lymph nodcs: Localization pattcrns in 
the spleen: Differcnt antigens: Effccts of pre-immunization on 
antigen localization: Prcsence of antigen in thc dcvcloping antibody
forming cells. 

Cells involved in antigen capture and processing 
Role of the macrophage: Role of the dendritic rcticulum cell: Role 
of the smalllymphocyte. 

lMMUNOLOGICALLY COMPETENT CELLS 

The smalllymphocytes 
Bone marrow lymphocytes: Thymus lymphocytes: 'Circulating 
pool' lymphocytes: Evidence linking circulating poollymphocytes 
to immunity. 

The role of the thymus and bursa in thc genesis of immunologically 
competent cells. 

Effects of thymectomy :md bursectomy: Reconstitution of thymecto
mized and bursectomizcd animals: Possible mcchanisms of action 
of thymus and bursa. 

FATE OF RESPONSIVE CELLS 

Primary immune response . 
Antibody-producing cclls: Cells producing dclayed sensitivity and 
transplantation immune reactions: Histophysiology of the primary 
immunc response. 

Secondary immune response and inununologicalmemory 
Differences between the primary and secondary immunc responses: 
Memory cells: Possible significance of germinal centres. 

* In this chapter Dr Miller has used the words 'immune' 'immunity' in the broad sense 
acceptable to many immunologists. In many of thc situations the cditors, by prefcrence, 
would have used the words 'allergy' and 'allergic'. 

L 
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Immunological tolerance 
Experimental induction of immunological tolerance: Maintenance 
and brcakdown of immunological tolerance: Summary and con
clusions. 

REGULATION OF THE lMMUNE RESPONSE 

Genetic factors: Anatomical factors: Physiological factors: Immuno
logical factors. 

INTRODUCTION 

The immune system is a multicomponent organization in which each component 
is specialized to deal adequately with one or more of the many challenges which 
confront the system. The activities carried out by this organization can be 
broadly divided into two main groups: humoral antibody responses and sen
sitized cell-mediated reactions. 

HuMORAL ANTIBODY REsPONSES 

These responses are effected by antibody molecules or immunoglobulins which 
are synthesized by immunologically activated cells. There are at least five classes 
and severa! subclasses ofimmunoglobulins in man (Chapter 13), the three major 
classes being known as IgM, IgG and IgA. 

The complex of cells in the IgM systcm is rapidly deployed and immediately 
turns on the production of large numbers of molecules extremely efficient in 
binding to particulate antigens such as bacteria and erythrocytes, but not so 
efficient in binding to soluble antigens such as toxins. The cells do not take part 
in long-continued synthesis of the antibody molecules and do not generally 
participare in organizing the machinery responsible for immunological memory. 

Within the IgG system there is a progressive change in the quality of the 
antibody molecules produced, so that later in the response more efficient mole
cules are produced, the binding affinity between the antibody and the antigen 
having increased sorne ro,ooo-fold. The antibodies can bind to soluble antigens 
and are produced for much longer periods of time. The development of a 
complex responsible for persisting immunological mcmory is organized. 

The cclls of the IgA and perhaps IgE (Ishizaka et al 1966) system produce 
molecules capable of binding to skin and mucous membranes. After interaction 
with antigen, histamine and other phannacological agents are released locally. 
It is thus possible that this system plays a role in defending exposed body 
surfaces against infiltration by microorganisms. 

SENSITIZED CELL-MEDIATED REACTIONS 

Immunological responses carried out by sensitized cells in the absence of circu
lating antibody include delayed sensitivity, transplantation immune reactions 
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and various autoimmune phenomena. These reactions can be successfully 
transferred from sensitive to normal animals by cells (generally living cells) 
but not by serum. The cellular systems capable of carrying out these activities 
may, as pointed out by Thomas (1959) and elaborated by Burnet (1965), form 
part of a surveillance system the function of which may be to eliminate cells 
arising as a result of somatic mntation, e.g. neoplastic cells. 
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FIG. rr.r. A panoramic view of the immune response-a multitudinous series of 
complex events integrated in time and space in a precise orderly sequence. 

COMPONENTS OF AN lMMUNE RESPONSE 

An immune response represents the integration in time and space of a multi
tudinous series of complex events. These can be arbitrarily divided into three 
m a in groups: the afferent limb, the central component and the efferent limb 
(Fig. 11.1). 

r • The afferent limb is concerned with the role of antigen in the inductive 
phasc of the response. The points to be considered here are: the movement, 
distribution, catabolism and fate of antigen, the role of certain cell types in the 
'capture' and 'processing' of antigen and the mechanism by which antigen, or 
proccsscd antigen, triggers off those immunologically competent cells which are 
lirlly qnalifted to initiate the response to that antigen. 
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2. Thc central component deals with thc population dynamics of those cells 
competent to respond, their origin, distribution, identity, lifc span, rccruitment, 
diversity and heterogeneity. 

3. The effercnt limb is concerned with the fa te of the responsive cells once 
they havc been triggered off or activatcd by antigen, their differentiation and 
proliferation to effector cells and the activities of the diffcrent immunc factors 
produced by thc effcctor cells in regulating thc immune response by acting on 
thc afferent limb (e.g. increased sclectivc localization of antigen by opsonins) 
and on the central component and efferent limb (feedback iuhibition of antigen
triggered immunologically competent cclls). 

THE ROLE OF ANTIGEN 

Antigen is the stimulus which impinges upon a responsive cell and triggers off 
in it a complex series of events-differentiation, proliferation and synthesis of 
specific antibodies. This relationship between thc stimulus and the response 
immediately raises many questions. Does the antigen instruct the cell to carry 
out its new synthetic activities and, if so, how are these instructions delivered? 
Alternatively, does the antigen act as an inducer bringing out a potentiality 
latent in the responding cell? These questions ha ve not been answered but thcy 
have been responsible for the formulation of a multitude of mutually contra
dictory theories concerning the cellular basis of the immune response (reviewed 
by Fischer 1964). The recapitulation of these theories in detail would serve little 
useful purpose. In brief, they can be divided into two groups: instructive and 
elective. In thc formcr theories, specific antibody synthesis represents a unique 
modification of the synthesis of natural proteins for which information is 
supplied by the antigen injected. Such mechanisms as may be involved seem 
untenable in the light of prescnt knowledge of the genetic control of protein 
synthesis gained from thc science of molecular biology. In elective theories, 
all the genetic information necessary for subsidizing the_production of antibodics 
to all possible antigenic determinants is resident in thc responsive cells. The 
genetic diversity for this information may be present in the zygote (having been 
acquired by a process of germline mutation during evolution) or it may arise 
de novo by somatic mutation in each individual. The responsivc cclls may be 
either multipotential, i.e. posscss the capacity to respond to any antigen or, 
as postulated by the clonal sclection theory (Burnet 1959), they may be clonally 
individuated, each clone being restricted in its capacity to respond to one or 
only a few of the possible antigenic determinants. 

Many other questions concerning the relationship bctween the antigen 
and the response may be raised. How is the triggcring action brought about? 
Must the antigen be process~d to an appropriate molecular form? Do the 
moleculcs of antigen act on the cell membrane by distorting some specific 
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'sentinel si te' which then fires off an appropriate operan in the genetic apparatus 
of the nucleus? Or do the antigenic molecules penetra te the cell membrane to 
act at some intracytoplasmic or intranuclear site? Must the antigen persist at 
some critica! site in the new generations of antibody-forming cclls? A precise 
and detailed knowledge of the ccllular and subcellubr distribution of antigen 
and of its processing or catabolism during the inductive phase of the immune 
response appears to be necessary if we are to attempt to answer some of the 
above questions. 

MOVEMENT AND DISTRIBUTION OF ANTIGEN 

Various systems to study antigen distribution ha ve been developed. A useful one 
is the flagellar antigcn system studied by Nossal and his collcagues (reviewed by 
Nossal & Abbot, 1966). A single low dose (e.g. ro Jlg) of flagellar antigens will 
induce antibody formationunifonnly without the use of adjuvants. The antigens 
can be labelled with carrier-free radioactive iodine (1 125): when injected sub
cutaneously enough antigen reaches and persists in the draining lymph node to 
provide heavy labelling visible both by light and electronmicroscopic auto
radiography. When injected intravenously, similar considerations hold for the 
splcen. 

LOCAL!ZATION PATTERNS IN THE LYMPH NODES 

In the lymph no des, antigen was localized predominan ti y in two si tes: in the 
macrophages of the medullary sin uses and in the lymphoid follicles in the cortex. 
(These follicles, in unstimulated animals, consist essentially of lymphocytes, 
reticular cells and a few 'tingible' body macrophages.) The heavy labelling in 
elcctronmicroscopic autoradiographs was associated in the follicles, with the 
cdl membranc of fine reticular processes of 'dendritic' reticular cells. The 
cytoplasm of these cell processes was as a rule fcatureless and only occasionally 
contained a few mitochondria, lysosomes and protolysosomcs in markcd contrast 
lo the cytoplasm of the macrophages in the medullary sin uses. Smalllympho
cytcs in the follicles werc usually free from label but when clustered around 
hcavy antigen depot an occasional lymphocyte had small amounts of labcl in 
i ts rmclcus. 

LocALIZATION PATTERNS IN THE SPLEEN 

i\fl:cr an intravenous ir~cction of labclled flagellar antigen, a highly character
istic sequential movcment pattern of !abe! was observed. In a few minutes, 
labd was seen scattered diffusely throughout the red pulp and thc marginal 
/.<liJe and thcn was found in the white pul p. After onc hour, the label was mostly 
nliHTntrated in the marginal zone and after two hours, it moved across the 
IJJ,Jrginal sinus into the white pulp where it was localized in the lymphoid 
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follicles among the cuff of smalllymphocytes on the o u ter aspect of the germinal 
centre. It never penetrated the arca of white pulp immediately surrounding the 
central arteriole. By four hours, the label had virtually disappeared from the red 
pulp and the marginal zone and was strictly localized to the germinal centre cap 
region. These sequential changes are thought to result from the purposeful 
movement of discretc antigen-carrying cells. 

DIFFERENT LocALIZATION PATTERNS AMONG 

DIFFERENT ANTIGENS 

Medullary macrophages ingcsted al1 antigens, strong or weak. Minimally 
antigenic materials such as insulin or gelatin showed no detectable follicular 
localization. Moderately antigenic materials as heterologous serum proteins or 
ferritin showed some follicular localization but this was not as intense as that 
obtained with maximally antigenic proteins such as flagella. Hencc the more 
inununogenic a protcin thc higher was the intcnsity of fo1licular localization. 

EFFECTS OF PRE-IMMUNIZATION ON ANTIGEN 

LOCALIZATION 

Active or passive immunization caused a marked acccleration of the process of 
follicular localization. An increase in the intensity of this localization was seen 
only with antigens weaker than flagellar antigens. Pre-immunization did not 
increase antigen localization in the medullary macrophages. The results of pre
immunization are consistent with the notion that opsonic factors play a major 
role in the follicular antigen trapping mechanism. 

PRESENCE OF ANTIGEN IN THE DEVELOPING 

ANTIBODY-FORMING CELLS 

Antibody-producing blasts, could be detected in single cc11 suspensions prepared 
from lymph nodes 3 days after antigen challenge. The antigen content of these 
blasts and their progeny, the primitive and mature plasma cells, was examined 
by autoradiography of single cdls. Some lymph no de blasts and mature plasma 
cells in the IgM phasc, contained labdled antigen either as a tuft over the cell 
surface oras a depot over or in the nucleus. The proportion of such labelled cells 
was higher in the early part of the response to a second challenge with the anti
gen. However, no antigen was ever found in antibody-producing blasts, 
harvested from the thoracic duct lymph. Furthermore, in only a minority of 
the plasma ce1ls at the height of the IgG response was macromolecular labelled 
antigen detectable. One conclusion is clear: the fact that numerous plasma cells 
were unlabelled suggests that antigen does not persist in the pro gen y of the early 
antibody-producing blasts. Antibody specificity is thus not acquired through 
the continuing persistence of antigen acting as a direct template to guide the 
folding of thc globulin chains. The presence of antigen tufts or depots in some 
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( 1f thc cells in the early phase of the response may be an epiphenomenon bcaring 
no relationship to thc induction of antibody formation. On thc othcr hand, 
the possibility has not bcen excluded that all blasts may have contained a critica! 
conccntration of antigen early in thc inductive phase, this concentration having 
f:dlcn to below the threshold of detcctability when the fmt antibody-producing 
bbsts wcrc examincd by autoradiography. 

CELLS lNVOLVED IN ANTIGEN CAPTURE 

AND PROCESSING 

h"cquent associations betwcen antibody-producing cells and antigen-capturing 
cclls, have been noted. The work on antigen localization indicatcs that lympho
cytes can become intimately associated with the antigen-loaded dendritic 
processes of follicular reticular cells. Lymphocytes have been observed adhering 
to the surface of macrophages isolated from a regionally stimulated lymph no de, 
not from the contralateral site. Cytoplasmic bridges between lymphocytes and 
macrophages in immunized lymph nodes have been described in one report. 
These cellular associations, together with the fmding that antibody-producing 
cclls need not contain antigen and that they are not derived from phagocytic 
cells, suggest that the induction of an immune response requires the concerted 
:tction of two cell types: one which processes the antigen and one which is 
triggered off by the processed antigen. It is not known, however, whether this 
generalization can be applied to all classes of immunological responses. 

ROLE OF THE MACROPHAGE 

After cntrance in the circulation or lymph, antigen is taken up by phagocytic 
ce lis of the reticuloendothelial system. The cell membrane of the macrophage 
becomes invaginated to create a phagocytotic vacuole or phagosome. Golgi 
vcsicles or protolysosomes cluster around the phagosome and fuse with it. 
Next, lysosomes discharge their enzyme contents into the phagosome creating 
a complex phagolysosome. Digestion takes place and the antigen is catabolized 
into smaller fragments which become associated with ribosomes (Garvey & 
Campbell 1957). Finally, telolysosomes are found in which digestive enzymes 
are conscrved and able to act again in another phagocytotic cycle (Gordon et al 
1965). In immunized animals, phagocytosis is facilitated by opsonins. 

The purpose of antigen phagocytosis may be severa! fold: 

T. Antigen concentration may ha ve to be reduced to subparalytic levels to 
prcvent paralysis of cells capable of responding immunologically. This will be 
discussed later under the heading of 'Immunological Tolerance'. 

2. Catabolism of antigen may be an essential step for immunization. Con
sistent with this notion are the following observations: (a) different preparations 
of one antigenic protein which have the same immunological specificity can 
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influence the chronology of the sequential pattern of the types of antibodies 
produced (Uhr 1964), (b) amino acid polymers, must be metabolized by cells in 
order to be antigenic (Maurer 1963), (e) only living macrophages are capable of 
processing antigens in such a way asto induce antibody production in responsive 
cells. Killed macrophages containing antigens do not induce immunity. Further
more, responsive cells can be triggcred off only if they are exposed to living 
macrophages before a critical period of time (6 hours) has elapsed after the 
macrophages have ingested the antigens. No induction of antibody production 
takes place when the responsive cells are exposed to macrophages after this 
period (McCulloch 1967). 

Hence, phagocytosis of antigen appears to be required in order to provide a 
highly effective immunogenic stimulus to the responding cell. 

3. There may be a transfer of specific information between the macrophage 
and the immunologically competent cell. Fishman & Adler (1963) have shown 
that an extract of bacteriophage antigen-containing peritoneal macrophages 
could induce antibody formation in a suspension of lymph node cells cultured 
in vitro. The extracted material was inactivated by ribonuclease. Other workcrs 
(Friedman, 1964; Cohen & Parks 1964) have shown that RNA prepared from 
immunized cells could transfer immune capacity to non-immune cells. Whether 
such a transfer takes place in vivo is unknown. It has been hypothesized that the 
cytoplasmic bridges sometimes observed bctween lymphocytes and macro
phages could provide a mechanism for the transfer of immunogenic complexes 
(Schoenberg et al 1964). One intcrpretation of these cxperiments is that a specific 
RNA, free of antigenic detcrminants, 'instructed' lymphoid cclls to synthesizc 
antibody. If this is true, it has important implications with respect to the cell 
type acting as a 'recognition agent': if antigen-free RNA (containing the instruc
tions for the synthesis of speciftc antibodies) is transferred from macrophage to 
rcsponsive cell, the latter may play only a passive role. Experiments with popula
tions oflymphocytes specifically tolerant to an antigen ha ve indicated, however, 
that the spccitlc reactivity mnst lie in the lymphocytes (Gowans & McGregor 
1965). This is more consistent with the view that the lymphocytes actas recog
nition agents, the macrophages simply providing them with an effective anti
genic stimulus. In f.1ct, sorne experiments have shown that the RNase-sensitivc 
material consists of a complex of RNA with some residue containing antigenic 
determinants and that this complex is more immunogenic than is the native 
antigen (Askonas & Rhodes 1965). 

ROLE OF THE DENDRITIC RETICULUM CELL 
Nossal has drawn attention to the differences in the subccllular disrribution of 
antigen in thc follicles and clsewhere. Phagocytosis of antigcn in the medulla 
appears similar to the process which occurs in reticuloendothelial cclls all over 
the body, for instance, the Kupffer cclls of the liver. On thc other hand, follicular 
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localization cxhibits some unique featurcs. Thc antigcn is capturcd by spccializcd 
dcndritic macrophages and is rctained in high conccntration on thc surface of 
Li 1c ccll membrane of the fine proccsses of thcse cells. The scarcity of cytoplasmic 
indusions such as lysosomes or protolysosomes in the processes of thesc cells 
suggcsts that antigen may not be subjected to digestion as in the phagocytes of 
thc mcdulla, but may persist undenatured in a situation which is highly accessible 
to any adjacent lymphoid cells. This arrangement may have sorne special 
significance in the triggering of potential antibody-producing cells during 
ccrtain stagcs of thc immune response. 

From phylogenctic studies on thc toad (Dicner & Nossal 1966) and onto
gcnctic studies on rat (Williams & Nossal 1966) it is known that IgM immuno
globulin synthcsis can takc place in the absence of the follicular dendritic antigen
rctaining web. Furthermore, antibody production to horse gammaglobulin is 
unimpaired in rabbits whose folliclcs have been destroycd by X-irradiation 
(Keuning et al 1963). It secms thcrefore that follicular localization may not be an 
csscntial step for the most primitive typc of immune response (IgM synthesis) 
but may be a neccssary onc for thc devclopment of the secondary immune 
response and imm.unologicalmcmory. 

ROLE OF THE SMALL LYMPHOCYTES 
N o role has yet bcen assigned to macrophages in the processing of antigen for 
thc induction of transplantation immunity. The intcraction between a responsive 
ccll and antigen may occur within thc graft (Medawar 1958). When thoracic 
duct lymphocytes were perfused through thc kidney of a foreign recipient they 
bccame capable of conferring upon their donor sensitivity to a skin homograft 
from the foreign recipient (Strober & Gowans 1965). It seems, thercfore, that an 
interaction between blood-bornc lymphocytcs and homograft antigens is 
possiblc but the mcchanism by which this is achieved is not clear. 

IMMUNOLOGICALLY COMPETENT CELLS 

Thc term immunological competence refcrs to the present status of a cell which, 
although not actually engaged in an immunological response, is nevertheless 
fully qualified to undertake such a response when appropriately stimulated by 
antigen. Immunologically competent cells are thus distinguished from immuno
logically activated cells which carry out the response. In the words of Sir Peter 
Medawar (r963a) 'to describe an immunologically activated cell, a cell actually 
doing something, as immunologically competent strikes me as supererogatory, 
like describing an aircraft already overhead as competent to engage in flight'. 
This distinction between competence and actual performance is important: as 
t:.1r as performance is concerned the evidence is that an antibody producing cell 
(or immunologically actívated cell) can produce, in general, no more than one 

L* 
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antibody and rarely two. It does not necessarily follow that the precursor of this 
cell-the immunologically competent cell-must itselfbe restricted in its capacity 
to respond to only one, or at the most, two antigenic determinants. 

The term 'antigen-sensitive cell' or 'antigen-responsive cell' has been used to 
refer to those cells which respond to antigen not by the formation of antibody 
but by the formation of a large number of antibody-producing cells through 
repeated cell divisions associated with progressive differentiation (Kennedy et al 
1966). The evidence that antigen-sensitive cells are not antibody-producing cells 
is clear from experiments in which normal mouse spleen cells were transferred 
together with shecp erythrocytes into heavily irradiated mi ce. Individual haemo
lysin-producing cells present in a population of spleen cells can be detected 
by plating the cells in agar together with sheep erythrocytes and incubating 
them with complement. Each cell producing antibody will rclease some of it 
into the surrounding agar lysing the erythrocytes and causing the fonnation of a 
plaque (Jeme & Nordin 1963). Estimations ha ve shown that there were not more 
than roo haemolysin-producing cclls or plaque-forming cells in the spleens (one 
spleen has from r to 2 x ro8 nucleated cells) of normal unimmunized animals 
and that pre-irradiation with doses as high as 700 r did not decrease this 'back
ground' count of plaque-fonning cclls. Whcn normal splecn cells and sheep 
erythrocytes were injected into lcthally irradiated micc there appearcd within 
4 to 5 days a number of clusters ofhaemolysin-producing cells in the splecns of 
the rccipients. These clusters could be detected by their ability to produce large 
foci of haemolysis in a !ayer of agar containing shcep red cells. The relationship 
between the number of nucleated cells injected and the average number of 
haemolytic foci that resulted was a straight line extrapolating to the origin. 
Each cluster therefore resulted from the localization in the spleen of a single 
entity (a single cell) which was randomly distributed in the injected ccll popula
tion and which was capable of responding to the antigen by proliferating to fonn 
a progeny of haemolysin-producing cclls. By using this method, it was esti
mated that the average normal spleen contains about rooo such cells sensitive to 
antigen (Kennedy et alr966; Playfair et al 1965). Since the average spleen of 
unstimulated mice contains no more than roo plaque-forming cells, it can be 
concluded that the majority, if not al! of the 1000 antigen-sensitive cells do not 
themselvcs produce antibody. Strictly speaking, therefore, antigen-sensitive 
cells or antigcn-responsive cells are a class of immunologically competent cells. 

THE SMALL LYMPHOCYTES 

Round cells with a high nucleocytoplasmic ratio and very scanty cytoplasm, 
measuring 5-8 J1 in diameter in smears, qualify morphologically for the name 
'smalllymphocyte'. They are the majar cellular constituents oflymphoid tissues. 
They are widely distributed throughout the body but are found particularly 
in lymph nades, in the gut-associated lymphoid tissues (tonsils, adenoids, 
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appendíx, Peyer's patches), spleen, thymus and bone marrow. They comprise a 
large percentage of the leucocytes normally found in blood and peritoneal fluid 
:md 95/o of the lymphocytes in the major lymph channels. There is now abun
dant experimental evidence to indicatc that small lymphocytcs as defincd by 
size and morphology are a hcterogenous collection of cells with different 
origins, functions, fates and life spans. For convenience, small lymphocytcs 
can be grouped into various compartments (Fig. I 1.2), but it must be borne in 
mind that a functional hcterogeneity exists cvcn in the cells within any onc 
compartment. 

Circulating 
pool 

lymphocytes 

l_ymphocyte compartments 

Thymus lymphocytes 
t 

FrG. II.2. Lymphocyte compartments. 

Bone morrow 
- lymphocytes 

Lymphocytes are distributed widely throughout the body and circulatc in the 
blood and lymph. They are heterogeneous in origin, function and life span and may 
be grouped, for the sake of convenience, into various 'compartments' as shown here. 

BONE MARROW LYMPHOCYTES 

In some species, notably the rodents, lymphocytes form a considerable propor
tion of the cells in bone marrow. Autoradiographic data has indicated that many 
of thcse cells are formed in sítu in the marrow, the entire marrow smalllympho
cytc population being renewed in 3 days or less. Lymphocytopoiesis in the 
marrow thus occurs on a much more extensive scale than had hitherto been 
considered. Significant numbers of marrow smalllymphocytes migra te out of 
thc marrow into thc blood stream by passing between the cells of the sinusoidal 
cndothclium (not through the cells as is thc case in the post-capillary venule of 
thc lymph nodes). (Yoffey et al 1965). 

Populations of marrow cclls containing small lymphocytes have in many 
experimental systems failed to produce any evidencc for a direct participation 
of the marrow smalllymphocyte in immune responses. The marrow, however, 
docs contain cells capablc of repopulating the thymus, spleen and lymph nodes, 
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as well as the mycloid centres of lethally irradiated animals (Forcl ct al 1956; 
Forcl & Micklem 1963). A relationship has been establishecl between marrow 
smalllymphocytes and erythropoiesis thongh not with granulocytopoiesis. In 
other experiments, it was shown that the marrow was an important source of 
small round cells which emerged from the blood in sites of acute inflammation 
and gave risc to macrophages at thcse sites. These experiments hint at the 
possibility that bone marrow smalllymphocytes may function as haemopoictic 
stem cells, as originally postnlated by Maximow ( r909) and uphcld by Y offey 
(1952). Since, however, haemopoietic stem cells form only about o.r/o of the 
nucleated cells in bone marrow, any attempt to correlate stem cell capacity 
with a particular morphological ccll type, must remain inferential, un ti! methods 
become available to increasc considcrably thc proportion of stem cclls in a given 
population. 

THYMUS LYMPHOCYTES 

The thymus is the organ with the highest rate of production of smalllympho
cytes. Although it makes up only 10-20/o of the totallymphoid mass in the 
mouse, it produces sorne 50-70/o of all the new lymphocytes. Radioauto
graphic data in mice has indicated (a) that smalllymphocytes arise from the 
asymmetrical division of primitive lymphoid cells (probably the medium 
lymphocytes), (b) that lymphoid cell division is vcry rapid (large lymphocytes 
6.8 hr, medium lymphocytes 8.2 hr) but probably no more rapid than thc rate of 
division of cells inlymph nades under conditions of maximal antigenic stimula
tion, (e) that the mean intrathymic life span of the majority (90-95'/;;) of small 
lymphocytes is 3-4 days. The slower rate of production of smalllymphocytes in 
lymph nades and spleen is probably due to the smaller percentage of primitive 
cells in these tissues (Metcalf 1966). The most outstanding feature of thymus 
lymphopoiesis is that, unlike lymphocyte production inlymph no des and spleen, 
it is indcpendent of antigenic stimulation, e.g. it is as intensc in the thymus 
of the germfrce animal as in that of the convcntional animal (Gordon 1959). 
The pattern of lymphopoiesis is the samc in thc normal thymus as in thymus 
implants and it is not affected by the amount of thymus tissue present in the host 
animal (e.g. after thymus grafting and after partía! thymectomy) nor by the 
age of the host. Thymus lymphopoiesis, therefore, appears to be intrinsically 
regulated-presumably by the epithclial clements of the thymus (Metcalf 1964). 

The primitive lymphoid cells of the thymus may originate either from cells 
migrating into the thymus from the circulation or from intrinsic cells. There is 
sorne evidence that during embryonic life epithelial cells may differentiate to 
thymus lymphocytes. However, in postnatallife, there is unequivocal evidence 
that the thymus receives cells from the circulation which subsequcntly behave 
in the thymus as typical thymus lymphocytes. Nothing, howevcr, is known as 
to the identity of the cell type which migra tes into the thymus. 
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What is the fate of the lymphocytes produced in the thymus? Theoretically 
thcy can die within the organ or cmigrate. Evidence of migration of thymus 
lymphocytes has come from various studies employing labelling with tritiated 
thymidine or with chromosome markers. These studies indicate that only a 
tcw of thc cells produced in the thymus of the adult rodent seed the host tissucs 
and hence that the vast majority of thymus smalllymphocytes are destroyed 
within the organ after a short life span of a few (3) days. This raises major 
qucstions such as what are the functions of the short-lived lymphocytcs and 
what is the purpose of most of the in tense thymus lymphopoicsis? These quest
ions still remain unanswered. It has been suggested that short-lived thymus 
lymphocytes may act as trephocytes giving up their DNA and perhaps other 
nutrients to newly-formed cells. However, all attempts to establish a trophic 
function for thymus lymphocytes have been unsuccessful (e.g. Metcalf 1964). 

The few cclls which migrate out of thc thymus may conceivably be those with 
a long-life span and may represent an important contribution to the pool of 
small lymphocytes outside thc thymus. Their exact functions are unknown. 
Suspensions of thymic lymphocytes, however, can perform many of thc samc 
immunological reactions as suspensions of lymphocytes from lymph nodes, 
splccn and thoracic duct lymph, although they are quantitatively much less 
cHicient. These quantitative differences may depend on the presence in the 
th ymus of a much larger population of immunologically immature ce lis than is 
thc case in the other lymphoid tissues. 

In summary, the available cvidencc indicates that the thymus rccruits cells 
from the bonc marrow via the blood strcam and that these cclls are precursors 
for thc greater part of the lymphopoiesis which occurs within the thymus. A 
largc proportion of the smalllymphocytes produced in thc organ are short
lived and die without emigrating. Their function is unknown and it has been 
surmised that they act as trephocytes. A small proportion of the thymus small 
1 ymphocytes are long-livcd and may be exported from the organ thus contribut
ing to thc pool of smalllymphocytes outside the thymus (Fig. I 1.3). 

CtRCULATING PooL LYMPHOCYTEs 

In contrast to the situation in bonc marrow, none of the lymphocytes found in 
1 ymph nodes and in lymphatic channels can function as general haemopoietic 
stcm cells. Thc smalllymphocytes in thoracic duct lymph are neither newly
formcd cells nor cnd cells but recirculating cells (Gowans. and Knight 1964). 
After entering thc blood stream from the thoracic duct, these cells migrate 
through the endothelial cells of the post-capillary venules to enter the lymph 
nodes, traverse the lymphocytic ficlds to leave via the efferent lymphatics 
cvcntually to reach the thoracic duct and hence the blood. Thcy pass through 
thc pcriarteriolar lymphocyte sheaths of the splcen but do not normally enter 
thc thymus. For convenience, they may be referred to as cells of the circulating 
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pool. The majority (95/o) of these cells have a long life span, of the arder of 
months in rodents (Little et al 1962) and years in man (Buckton & Pike 1964). 
Their function is in the mediation of immune responsd. 
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FrG. 11.3. Cellular migration streams in the lymphoid system. 
The stem cell precursors of lymphoid cells probably originate in bone marrow 
and migrate via the blood stream to the thymus where they differentiate to thymus 
lymphocytes. Ninety-five per cent of these cells are short-lived and their fate and 
functions are unk:nown. They probably die within the organ without emigrating. 
About 5% of the small thymus lymphocytes are long-lived and may possibly emi
grate to join the pool of cells outside the thymus. 

EvmENCE LINKING CrRCULATING PooL 

LYMPHOCYTES TO lMMUNITY 

There is considerable evidence, both direct and indirect, that the lymphocytes 
of the circulating pool are immunologically competent cells. 

Immunological processes of all types appear to be limited to vertebrares. 
The hagfish, the most primitive represcntative of the living vertebra tes, exhibits 
none of the characteristic vertebrate immune responses and has no organized 
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lymphoid tissnc and no recognizablc thymus tissuc. The primitive cyclostome 
fishes, the lampreys, have some lymphoid follicles andan epithelial thymus with 
some lymphoid cells and are capable of producing feeble antibody responses. 
In all the more highly developed fishes and higher vertebrares, the thymus 
differentiates from a primary epithelial rudiment to a lymphoid structure, 
the spleen shows organized lymphoid nodules and all types ofimmnne responses 
can be effected. These phylogenetic studies suggest that the development of the 
immune mechanism was dependent on the evolution of the thymus and 
organized lymphoid structurcs (Good & Papermaster 1964). 

The time at which a developing vertebrare can first react immunologically 
coincides with the period at which lymphocytes can first be identified in the 
circulation (reviewed by Miller 1966). For example, tadpoles develop the capacity 
for rejecting skin grafts at the very time (40 toso days post-hatching) when small 
lymphocytes make their appearance and the immature opossum in the pouch 
can produce antibody as soon as, but not before, lymphocytes can be seen in 
the blood. The development of the capacity to effect immune reactions thus 
coincides, both in phylogeny and ontogeny, with the appearance of circulating 
lymphocytes and organized lymphoid structurcs. 

A variety of procedures is available to deplete animals of lymphocytes 
( reviewcd by Gowans & McGregor 196 5). Included among thesc are thymectom y 
(1Jide infra), draining away lymph for severa! days by a thoracic duct fistula, 
cxposure to ionizing irradiation and the administration of chemical agents (e.g. 
cortisone) which damage or kili lymphocytes. Such lymphocyte-depleted 
animals have an impaired capacity to undertake primary immune responses
both reactions against grafts and humoral antibody responses. Immunological 
capability can be restored to depleted animals by injecting lymphoid cclls and by 
inocula consisting almost cxclnsively of smalllymphocytes. The fact that normal 
lymphoid cells can correct immnnological defects provides only circumstantial 
cvidence for the complicity of lymphocytes as immunologically competent 
cclls capable of initiating immune reactions. The lymphocytc-depleted animal 
may have lost its power to rcspond, not through the loss of immunologically 
competent cells, but through the loss of cells serving some non-specific trophic 
or other ancillary function in the immune response. Thc fact, however, that 
lymphocytes from rats made immunologically tolerant to sheep erythrocytes 
(in contrast to lymphocytcs from normal rats) failed to restare the response of 
X-irradiated rats to shecp erythrocytes, strongly suggests that lymphocytes 
mcdiate immune reactions by acting as immunologically competent cells 
rather than as trephocytes or other type of auxilliary cells. Vinblastine, a mitotic 
~10ison which exerts its killing effect at mitosis, is a potent inhibitor of the prim
ary immune response when given after, but not before, antigen (Syeklocha 
ct al 1966). Antigcn-sensitive cells are thus non-proliferating cells and may well 
bclong to the class of 'circulating pool' smalllymphocytes. 
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There is as yct no direct cvidcnce that thc srnall lymphocytc is the anccstor 
of the antibody-producing plasma cell but the indircct cvidencc that it may beis 
very strong (vide supra). Thcre is, howevcr, direct cvidcncc that the immuno
logically competent ce lis in the thoracic duct lymph and blood of rodents, which 
can initiate transplantation immune rcactions, snch as graft-versus-host reactions 
and skin homograft rejection, are the 'circulating pool' small lymphocytes. 

TABLE II.I 

Differences between primary and secondary lymphoid organs 

Organs 

Origin of anlage 

Lymphoid Development 

Persisten ce 

Lymphocytopoiesis 

Plasmacytopoiesis and 
germinal centre formation 

Effect of early removal 

Effect of late removal 

Primary 
Lymphoid Organs 

Thymus (all vertebrares) 
E ursa of Fabricius (birds) 
? Peyer's patches (mammals) 

Ecto-endodermal junction 

Early embryonic (or larval) 
life 

Involute in adult life 

Marked; independent of 
antigenic stimulation 

Little or none even after 
antigenic challenge 

r. Deflcient 'circulating 
pool' lymphocytes 

2. Early defects in immune 
capacity 

r. Fall in population of 
'circulating pool' 
lymphocytes 

2. Late defects in inunune 
capacity (after months or 
years) 

Secondary 
Lymphoid Organs 

Lymph nades 
Spleen 
So me of the lymphoid tissne 
along the alimentary canal 

Mesoderm 

Late in foetallife or after 
birth 

Persists throughout life 

Low; totally dcpendent 
upon antigenic stimulation 

Characteristically occurs 
after antigenic challenge 

Insignificant 

Inconsistent and usually not 
severe. Son1c immune 
defects occur depending 
upon experimental system 
used 

Radioautographic studics have shown that under the impact of foreign histo
compatibility antigcns, a fraction of the cells present in inocula rich in small 
lymphocytes enlarged to pyroninophilic cells: thcse subsequently divided to 
produce a progeny of lymphoid cells of progressively decreasing size. The 
sequence smalllymphocyte-> large pyroninophilic cell-> largc and meclium 
lymphoid cclls-> smalllymphocytcs suggests thc cxistencc of two functional 
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c\ac,ses of smalllymphocytes: the formcr are nncommitted, immunologically 
competent cclls potentially capable of initiating a response; thc latter are com
mittcd immnnologically activated cffcctor cclls posscssing the machinery for 
carrying out a speciftc type of response (Gowans & McGrcgor 1965). A trans
formation of smalllymphocytes into large 'blast' cells can be induced by phyto
haemagglutinin and certain antigens in tissue culture; it is not known, however, 
to what extent an immunological reaction is involved in this in vitro system. 

THE ROLE OF THE THYMUS AND BURSA IN THE GENESIS OF 

IMMUNOLOGICALLY CoMPETENT CELLS 

Experimental work performed in recent ycars and reviewed bdow and else
where in grcater detail (Miller & Osoba 1967) has indicated that the thymus 
and analogous organs, such as the bursa of Fabricius in birds, play a crucial role 
in the normal d~velopm(:'nt of cells that will subsequcntl y be called u pon to 
participate in immune reactions. The thymus and bursa differ from other 
lymphoid organs in their origin and structnre, in their reaction to antigenic 
stimuli and in the effect of their removal (Table II.r). The anatomical and 
functional defects occurring in the lymphoid tissues following the early removal 
of the thymus and bursa ha ve snggested that there are primary lymphoid organs 
that control the development of cells found in other lymphoid tissues. 

EFFECTS OF THYMECTOMY AND BuRSECTOMY 

In general, the effects of thymectomy on thc immune system can be summarized 
as follows: 

I. Fall in the population of some classes of small lymphocytes. 
2. Defects in the capacity to produce some tyres of immunc responses. 
3. Increased susceptibility to infcctions. 

The thymns exerts sorne influence on the level of circulating smalllympho
cytes. Thymectomy is followed by a fall in the number of smalllymphocytes in 
the blood and a decline in the population of these cclls in the lymphoid tissues 
but generally not in thc borre marrow. In the lymphoid tissues of neonatally 
thymectomized mice, the arcas dcpleted of lymphocytes correspond to the 
areas traversed by the cells of the circulating pool, viz. the lymphocytic fields 
in the lymph nodes and the periarteriolar lymphocyte sheaths in the spleen. 
In fact, neonatal thymectomy depresses the population of cells in the circulating 
pool to a very marked extent. Thus, when the thoracic duct of 6-week-old mice 
thymectomized at birth was cannulated, the output of lymphocytes during 
the fmt 24 to 48 hours of drainage was only r/o of that of neonatally sham
thymectomizcd control m ice of the same age and strain (Fig. I I .4). Furthermore, 
the percentagc of smalllymphocytes in the lymph was bs in the thymecto
mized mice than in the controls. There was thereforc both a rcduction in the 
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numbers of circulating smalllymphocytes and an increase in the ratio of large 
to small cells. In contrast to the lack of smalllymphocytes, plasma cells are not 
deficient in thymectomized animals. 

Since circulating smalllymphocytcs are immunologically competcnt cells, it 
can be expected that thymectomized animals show defects in immune perform
ance. This was found to be the case and in general it can be said that thymectomy 
im.paircd immunc reactions mediated by smalllymphocytes such as transplant
ation immune reactions and delayed sensitivity rcactions. The humoral antibody 
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FIG. 11.4. Output ofthoracic duct lymphocytes from young mice thymectomized 
and sham-thymectomized at birth. 
The number oflymphocytes drained from the thoracic duct at 12-hourly intervals is 
shown in these histograms: unshaded blocks represent values from control mice; 
shaded blocks represent values from neonatally thymectomized mice. (From 
Mitchell G.F. & Miller J.F.A.P., 1967). 

responses to many antigcns (with thc exccption of a few antigcns such as shcep 
erythrocytes, salmonella flagella, etc. in the mouse or rat) were less affected and 
immunoglobulin production was not impaired. These responses are mediated 
by plasma cells, which are not deficient in thymectomized animals. There are, 
thcrefore, two systems: one, thymus-dependent, composed of the thymus and 
circulating small lymphocytes and associated with the expression of cellular 
immunity as in delayed sensitivity and transplantation immune reactions; 
the other, thymus-indcpendent, composed of plasma cclls and follicles and 
associated with the production of immunoglobulins and humoral antibodies 
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(Fig. rr.s). The most impressive evidence for the existence of this thymus
independent system comes from work in chickens. If the bursa of Fabricius, an 
organ analogous to the thymus but situated near the cloaca, is removed, im
mediatel y after hatching, or if its development in ovo is suppressed by the injection 
ofnortestosterone, the bursaless chickens are unable to produce normal antibody 
rcponses. The immunological defects ofbursaless chickens can be accentuated by 
sublethal irradiation. All chickens without a bursa lack IgG and when bursectomy 
is followed by sublethal irradiation the birds also lack IgM. The equivalent of 
the bursa has not yct been found in mammals. It has becn suggested that some 
of the gut-associated lymphoid tissues such as the Peyer's patches and appendix 
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Frc. r r.s. Dissociation of immunological responsiveness. 
The thymus is mainly responsible for the development of the 'circulating pool' 
small lymphocytes, which are competent to initiate cell-mediated immune 
responses. The bursa of Fabricius in birds (and its mammalian equivalent yet 
unidentifled) is responsible for the development of sorne antigen-sensitive cells 
capable ofresponding to antigen by proliferation and progressive differentiation to 
antibody producing cclls which synthesize immunoglobulins and speciflc 
antibodies. 

may function as the equivalent of the bursa but this has not been proved 
unequivocally. 

The extent of the immunological defects of thymectomized animals depends 
on factors such as the age at thymectomy, the age at challenge, and the species 
and strain of animals used. The majority of neonatally thymectomized mice of 
many strains failed to reject foreign skin grafts when grafted from 3 days to 5 
weeks after thymectomy. In some cases, skin grafts from distantly related donors 
and even from rats failed to be rejected. The grafts grew luxuriant tufts ofhair 
:md many persisted indefinitely. Similar observations have been madc in other 
species such as rats and hamsters. Neonatal thymectomy in micc was also 
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associated with an impairment of the capacity to produce cells in the spleen 
capable ofhaemolysing sheep red cells ('plaque-forming cells'). This impairmcut 
was extreme when neonatally thymectomized mice were challenged during the 
first 3 weeks of life. When challcngcd later, the mi ce were capable of giving 
somc response although the magnitude of the response was lcss than that of 
control sham-thymectomized mice. These results suggest that neonatally 
thymectomized mice can develop immunological capacity with respect to sheep 
red cell antigens, but this development is delayed. Whethcr this is dependcnt on 
a system other than that governed by the thymus is not known. 

Thymectomy in adult life has exerted no immediate significant defects on 
humoral antibody production nor on the capacity of the animals to perform 
transplantation immunc reactions. However, the adult thymus still continues to 
influence immune capacity. Thus, for instance, when the lymphoid systcm is 
damaged or destroyed by ionizing irradiation, the anatomical and functional 
rcgcncration of this systcm was in part thymus-dependent. Furthermorc, adult 
thymcctomy by itself, was followed 6 to 9 months later by an impaircd capacity 
to respond to a new antigcn. Presumably the adult thymus influenccs the 
development of an adequate population of long-lived immunologically com
pctent smalllymphocytes. Only when this pool has becn depleted, as a result 
of the limited life-span of its cclls, do defects in immunc capacity becomc 
apparent. 

In sorne strains of mice neonatal thymectomy was followed from I to 3 
months la ter by thc dcvelopment of a wasting discase vcry similar to thc wasting · 
syndromcs which occur in graft-versus-host conditions. Evidcnce of reticulo
endothelial ccll hyperplasia and necrotic lesions in the liver and haemopoietic 
tissues was seen in thesc mice. Furthermorc, thymectomized micc were more 
susceptible to infcction by hepatotrophic viruscs. Autoimmune phenomena, 
such as the developmcnt of a positive Coombs test werc found in thymectom
izcd micc, but it is not clcar to what extent these occur as a result of enviran
mental influence (? viruses) to which the mice, bccause of their imnmnological 
dcficiencics, are susceptible. Although wasting syndromes did occur after graft
vcrsus-host reactions in germfree mi ce, neither wasting nor prolifera ti ve and 
destructive lcsions werc found in neonatally thymectomized germfree micc. 
Imnume defects were cvident in the germfree thymectomized mice although 
the extcnt of the impainnent was less than that of convcntional thymectomized 
mice. These studies indicate that thc susccptibility of neonatally thymectomized 
mice to infection is increased. 

RECONSTITUTION OF THYMECTOMIZED AND 

BURSECTOMIZED ANIMALS 

A suspcnsion of spleen or lymph node cells was cffcctive in rcstoring immunc 
mechanisms and preventing wasting disease when injected into recipients of thc 
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samc strain within a week after neonatal thymectomy. Discriminant spleen 
Jssays performed in such mice showed that the restoration of immune capacity 
was attributable to the donar cells. 

Many investigators have founcl that intravenously injected thymus cells are 
much less effective than the same number of spleen and lymph nade cells in 
correcting the inununological defects of neonatally thymectomized micc. 
Only huge numbers of thymus cells could restare immunological capacity. 
Whether this reflects a lower percentage of immunologically competent cells 
in the population of thymus lymphocytes, the short life span of a large pro
portian of this population (1Jide supra), or differences in the distribution of in
jected spleen and thymus cells is not known. Bone marrow cells failed to restare 
immune capacity when given to neonatally thymectomized mice. Likewise, 
neither foetalliver cells nor marrow cells in doses of up to 40 x ro6 nucleated 
cells per mouse could restare transplantation immune reactions in thymectom
ized irradiated mice. Spleen cells from normal mice (but not from neonatally 
thymectomized donors) restored the capacity of thymectomized irradiated mice 
to reject skin homografts. These experiments suggest that there are in spleen 
::md lymph nades, but not in thymus and bone marrow, many cells which 
:~re fully capable of restoring immune mechanisms in thymectomized mice and 
hence which are presumably immunologically competent. It is very likcly that 
these cells fonn part of the pool of recirculating small lymphocytes. Indeed 
when pure suspensions oflymphocytes recovered from the thoracic duct lymph 
of normal mice were inoculated into neonatally thymectomized mice, these 
mice immediately became capable of performing immune reactions as normal 
1111Ce. 

Syngeneic or allogeneic thymus tissue grafted in a subcutaneous si te or under 
the renal capsule restored to neonatally thymectomized mice or thymectomized 
irradiated mice the capacity to effect transplantation reactions. The majority 
of cells multiplying in the lymphoid tissues and thymus implant itsclf were 
shown, by means of a chromosome marker method, to be of host origin and 
hence could not ha ve been the direct descendents of cells of the thymus donar 
strain. Discriminant spleen assays showed that host cells were responsible for 
inununological reactivity in the restored mice. However, in sorne cases thymus
derived cells were found in the spleen and lymph nades of thymectomized mice 
:~nd there was a transient but well-defined increase in the proportion of these 
cells after antigenic stimulation. The significance of these cells in the immune 
reaction is unknown. 

In arder to test whether a direct cellular transfer between thymus implant 
:~nd thymectomized host was crucial for the restoration of immune capacity, 
thymus was placed in millipore diffusion chambers in the peritoneal cavity of 
young mice thymectomized at birth. The walls of the chambers were imperme
able to cells, and yet the mice were restored in their capacity to react immuno-
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logically. It appears therefore that a humoral thymus mechanism must be 
operative in the chain of events leading to the establishment of a functioning 
immunological system. Thymus extracts, however, ha veto date failed to restare 
thymectomized mice. 

In bursectomized chickens, both bursal grafts and bursal tissue in diffusion 
chambers restored antibody-producing capacity. 

In summary, the immunological defects of thymectomized rodents could be 
corrected cither by injecting lymphoid cells obtained from the circulating 
lymphocyte pool (spleen, lymph nodes, thoracic duct lymph) of normal adult 
animals of the same strain, or by grafting thymus tissue. Thymus graft-derived 
cells appeared in the lymphoid tissues of the host and their numbers increased 
transiently after speciftc antigenic stimulation. When, however, the thymus was 
endosed in a chamber the walls of which were impermeable to the passage of 
cclls, the host's immune capacity was restored to normal thus suggesting that 
some of the action of the thymus on immune competence may be mediated by 
means of a humoral mechanism. 

POSSIBLE MECHANISMS OF ACTION OF THYMUS 

AND BuRSA 

The exact mechanism by which the thymus and bursa exert their influence 
during immunogenesis is unknown. It is unlikely, however, that the thymus 
exerts any effect on the population of immunologically competent cells or 
antigen-sensitive cells once they ha ve been produced. Thus, for instance antigen
sensitive cells injected into neonatally thymectomized mice responded to antigcn 
by a burst of proliferation and differentiation; the extent of this response was 
similar to that obtained when antigen-sensitive cells were exposed to the same 
antigen in the normal animal. This strongly suggests that antigen does not 
require the help of any thymus factor to cause proliferation and differentiation 
of antigen-sensitive cells (Weiss et al 1967). 

The long delay in the regeneration of the capacity to produce an immune 
response following radiation damage stands in sharp contrast to the speedy 
regeneration occurring in other cellular systems. Thus, for instance, an animal's 
capacity to respond to sheep erythrocytes returns 3 to 4 weeks after doses of 
500 to 700 rads (Taliaferro et al 1964). In contrast, the haemopoietic colony 
forming ability lost after 400 rads is completely replaced within 7 to 8 days by 
extensive proliferation of the surviving cells (Till & McCulloch 1964). It is 
thus probable that antigen-sensitive cells do not proliferate in the absence of 
antigen and that new antigen-sensitive cells are the progeny of more primitive 
antigen-insensitive precursors, i.e. of cells which proliferate independently of 
antigenic stimulation. Since lymphocytopoiesis in the thymus, unlike lympho
cytopoiesis elsewhere, is quite independent of antigenic stimulation and since 
the thymus is required for the anatomical and f~mctional regeneration of the 
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immune system aftcr damage by irradiation, it would appear that the precursors 
of the antigen-sensitive cells are to be found in the population of thymus 
1 ymphocytes. 

Various experiments suggest that there are th ymus humoral factors stimulat
ing lymphocytosis (Metcalf 1956) and inducing the differentiation of immuno
logically competent cells (Osoba & Millcr 1963). The lymphocytosis-stimulating 
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FrG. r r.6. Thc pathway oflymphoid differentiation to illustrate the cellular targets 
ofthymus lymphopoietin and antigen. 
In the bone marrow, there is a self-maintaining population of cells, the stem cells, 
from which other celllincs may originate. In the normal organism the stem cell 
population is in a steady statc, i.e. they maintain their own numbers, in spite of a 
steady rate of cell removal for the purpose of differentiation, a process which 
primarily affects thosC! stcm cells in a non-cycling phase (resting phase, G0 ). 

A thymus-dependent mechanism is responsible for th¡: irrevenible differentia
tion of stem cells to 1 ymphoid-precursor cells. This differentiation is probably 
mediated by a thymus humoral factor, termed lymphopoietin. Lymphopoietin
sensitive cells are antigen-insensitive but undergo proliferation associated with 
progressive differentiation to give rise to a progeny of cells, sorne of which 
(probably less than 5 %) become antigen-sensitive cells. 

The bulk of the antigen-sensitive cells produced forms part of the circulating 
pool. They are non-cycling cells but can respond to appropriate antigens within 
the microenvironment of the peripherallymphoid tissues (e.g. lymph nades and 
spleen). Their response to antigen is characterized by the prodnction of ( r) cells 
which undergo proliferation associated with progressive differentiation to anti
body-prodncing cells and (2) more antigen-sensitive cells. Whether these are 
identical to the original parent antigen-sensitive cell or whether they differ from the 
parent cell in their degree of commítment is unknown. 

f:1ctor (LsF) of Metcalf may conceivably act by promoting the proliferation of 
:1ntigen-insensitive thymus lymphoid cells. It is unlikely that it promotes the 
proliferation of immunologically competent cells outside the thymus since, as 
mentioned above, antigen-sensitive cells do not proliferate in the absence of 
antigen but can do so following antigenic stimulation evcn in the absence of the 
thymus. Experiments on the restoration of immunological capability in neo-
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natall y thymcctomizcd mice by thymus cncloscd in millipore diffusion chambers 
have suggested that the thymus may produce a 'compctence-indncing factor' 
( C1F) to allow the differcntiation of antigen-insensitive precursors. In the normal 
animal this step may be initiated within the thymus environment, but under 
certain experimental conditions cells outside the thymus may be influenced. 
It is conceivable that both LSF and C1F are one and the same factor which could 
adequately be termed 'lymphopoietin'. Such a factor "\vould trigger off the 
proliferation of antigen-insensitive (but lymphopoietin-sensitive) lymphoid 
precursor cells (?haemopoietic stem cells) and their progressivc differentiation to 
antigen-sensitive (but lymphopoictin-insensitive) cells (Fig. I r.6). 

FATE OF RESPONSIVE CELLS 

Following contact with antigen, or processed antigen, the antigen-senstttve 
cells differentiate and proliferate to give risc to effector cells which carry out the 
immune reaction. Whether a responsive cell can become primed by antigen 
without undergoing proliferation has not becn unequivocally cstablished. 
Cell replication does take place at sorne stage after antigcn triggering and the 
evidence for this comes from various sources: 

I. Histological and autoradiographic studies have shown that cell division 
occnrs following antigenic stimulation (Nossal 1962). 

2. The radiation sensitivity of the ability of mice to produce antibody
forming cells in response to an antigen is vcry similar to that found in vivo and 
in vítro for the ability of cells to proliferate (Puck & Marcus 1956; McCulloch 
& Till I962). 

3. Following transfer of lymphoid cells into heavily irradiatcd recipients, 
single antigen-sensitive cells divide repeatedly in response to antigen to form 
discrete clusters of antibody-producing cells (Kennedy et al 1966). 

Cell replication is associated with progressive differentiation of a fraction 
of the replicating cells to effector cells (detectable as antibody-producing cells). 
The effect of antigen may be not only to produce a large number of effector cells 
but also to increase the number of antigen-sensitive cells themselves. Whether 
these new antigen-sensitive cells differ from their original ancestors in their 
degrec of commitmcnt and their susceptibility to immunological feedback inhi
bition and whethcr they form part of thc machinery responsible for immu
nological mcmory has not been established experimentally. 

There is a polydiversity of the effcctor cells: separa te sets of cells, generally 
members of the plasma cell series and large lymphoid cells, are engaged in 
synthesizing the various molecular species and subspecies of immunoglobulins; 
other types of cclls, smalllymphocytes and 'immune macrophages', carry out 
dclayed sensitivity and transplantation immune reactions. 

Dcpending on the nature and physical state of antigen, the dose given, the 
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FIG. 11.7. Pathways availablc to immunologically competent cells (X) following 
contact with antigen. 
Depending on wh(ther contact is made with 'free' antigen or 'macrophage
proccssed' antigen the responsive cell may be 'paralyzed' (O) or may undergo 
proliferation associatcd with progrcssive differentiation to immunologically 
activated cells: antibody-producing (Z) cells or memory cclls (Y) responsiblc for 
the anamnestic or secondary response (sce text); (partly aftcr Nossal (1965)). 
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manner in which it is presented and the species and age of the host, several 
pathways are available toa responsive cell (X): it can be driven towards antibody 
production (Z), towards memory cell production (Y) or towards non-reactivity, 
paralysis or tolerance (O) (Fig. 11.7). 

PRIMARY IMMUNE RESPONSE 

A primary immune response occurs when 'virgin' immunologically competent 
cells encountcr antigen for the first time. 

ANTIBODY-PRODUCING CELLS 

When an antigen is injected for the first time into a normal animal, a fraction 
of the antigen-sensitive cells differentiate within a few hours to primitive blast 
cells which divide and differentiate further to give rise to members of the plasma 
cell series. The blasts divide every 8 to IO hr and undergo a total of eight to 
nine sequential mitotic divisions (Nossal 1962; Urso & Makinodan 1963). 
During differentiation there is an increase in the amount and organization of the 
endoplasmic reticulum and an increase in intracellular immunoglobulin. The 
various cell stages are arbitrarily divided into plasmablasts, immature plasma 
cclls and mature plasma cells. 

The plasmablasts produce the first detectable antibody. In the case of particulate 
antigens, such as whole bacteria or viruses, this antibody is of the IgM class. 
(Less commonly, with certain soluble antigens, thc first antibody detected is of 
the IgG class (Nossal, Ada & Austin 1963)). However, it must be remembered 
that different assay systems may yield different results. For instance, natural 
antibodies to Gram-negative bacteria have recently been shown by immuno
fluorescent methods to reside within both the IgG and IgM class (Cohen & 
Norins 1966). 

A number of plasmablasts producing IgM antibody mature to plasma cells 
and die without ever having produced any other class of immunoglobulins. 
Single cell studies (Nossal et al 1964) have indicated, however, that a switch 
from IgM occurs in individual celllines as they mature from plasmablasts to 
plasma cells. In some systems, when the antigen dose is minute, IgM antibody 
formation occurs without a subsequent IgG phase (Uhr 1964). The IgM to IgG 
switch does not occur in young animals nor in lower vertebrate species such 
as toads (Diener & Nossal 1966; Williams & Nossal 1966) indicating that the 
appearance of IgG is a late and sophisticated step in both phylogeny and 
ontogeny. 

The plasma cells are highly specialized non-dividing end cells. There is no 
evidence that they can perform any function other than antibody synthesis. 
Studies of plasma cell tumours in mice (Potter 1962) indicate that a single clone 
of plasma cells produces only one molecular spccies of immunoglobulins. 
Single cell studies on normal plasma cells (Nossal & Makela 1962) ha ve generally 
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shown that a single cell can produce antibody of only one combining specificity. 
Many plasma cells die after a short life span of less than r week. Less than r% 
livc for many months and, because they possess a stable messenger RNA, they are 
capable of continuous antibody synthesis (Miller III, 1964). 

CELLS PRODUCING DELAYED SENSITIVITY AND 
TRANSPLANTATION IMMUNE REACTIONS 
Circulating cdls are responsible for the ccllular infiltrate seen in delaycd sensi
tivity reactions. The identity of the circulating 'hypersensitive' cells has not been 
unequivocally established: radioautographic studies suggest that they may be 
small or 'medium-sized' lymphocytes which are the progeny of dividing large 
pyroninophilic cells (Turk & Stone 1963). Cell transfer studies, in which either 
donor or host cells were labelled with tritiated thymidine, have lcd to the sug
gcstion that interaction between sensitized cells and antigen causes the release 
of some factor involving non-sensitized host lymphoid cells which become the 
predominant cells in the lesions (McCluskey et al 1963). This factor may be a 
non-specific factor aggrcgating cells (Nelson & Boyden 1963) ora specific factor 
of the nature of cytophilic antibody (vide infra) passively sensitizing nOrmal 
lymphoid cells (Boyden 1964). 

In transplantation immune reactions there is direct evidence that a fraction 
of the immunologically competcnt small lymphocytes transfonn into large 
pyroninophilic cells which divide to give rise to a progeny oflymphoid cells of 
progressively decreasing size. Electron micrographs of the large pyronino
philic cells showed abundant ribosomes but little or no endoplasmic reticulum: 
these cells are thus quite distinct from plasma cells. 

It seems, therefore, that the same series of cellular events takes place in both 
delayed sensitivity reactions and in the primary response to histocompatibility 
antigens: responsive cells (small lymphocytes in the case of transplantation 
immtme reactions) transform to large pyroninophilic cells which divide eventu
all y to give rise to 'sensitized' or 'committed' smalllymphocytes. . 

Macrophages are prescnt in inflammatory exuda tes in delayed sensitivity and 
are a prominent cell type in graft-versus-host reactions and in certain types of 
graft rejections. Are macrophages effector cells in cell-mediated immune rc
actions? It seems that macrophages, like smalllymphocytcs are a heterogcneous 
population of cells with diffcrent origins depending on the stimulus which pro
voked their formation. Experiments employing tritiated thymidine labelling 
techniques showed that in rats, blood monocytes and inflammatory exudate 
macrophages were derived, not from 'circulating pool' smalllymphocytes, but 
from rapidly and continuously proliferating precursors in borre marrow (Volk
man & Gowans 1965). On the other hand, experiments with chromosomally
marked cells in micc, gavc convincing cvidence that during the graft-versus-host 
reaction produced by an injcction of allogeneic thoracic duct lymphocytes, thc 
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dividing phagocytic cells in the liver wcrc derived from a cell type in thc inocu
hun, quite possibly the 'circulating pool' smalllymphocytc (Howard et al 1966). 
Under certain conditions, thcrcfore, thc macrophagc may inhcrit a kind of 
immunological committmcnt from its small lymphocyte ancstor. In micc 
immunizcd with sarcoma I ascites tumour cells, pcritoneal macrophages wcrc 
capable of adhering specifically to appropriate target cells in vítro and producing 
specific immunological injury which had no dcpendence on humoral antibody 
(Grangcr & Weiscr 1966). It is not quite clcar whcther cytophilic antibody plays 
a part in this reaction. 

Thc manner in which sensitized cells ('scnsitized' small or mcdium lympho
cytes and 'immune' macrophages) infl.ict tissue damage has not been cstablished 
in detail. The reactions can occur in thc absence of demonstrable circulating 
antibody. It is tl:o~1ght, however, that antibody molecules are produced by the 
sensitized cells and located at the ccll surface where they can intcract with antigens 
present outside the cell. In graft rejection and in certain delayed hypersensitivity 
situations the clase adherence of effector to target cells is a common feature. 
It has been shown in some experimental systems that a marked aggregation of 
sensitized 1 ymphoid cells on target cells regulad y precedes cytotoxicity. When, 
however, aggregation of non-sensiúzed lymphoid cells was produced arti
ficially by hetcrologous antibodies or phytohaemagglutinin, non-sensitized 
lymphoid cells were as effective as sensitized cells in killing incompatible target 
cells. Furthermore, following aggregation of incompatible ('foreign') target 
cells with lymphoid cclls incapable of rcacting immunologically (e.g. in parental 
to F1 situations or whcn the lymphoid cells were prcirradiated) a cytotoxic effect 
was just as markcd. Aggregation of target cells with compatible syngeneic lym
phoid cclls had no effect. It was suggested that cell damagc was primarily caused 
by contact between antigenically distinct lymphoid cells and target cells and this 
phenom.enon was termed 'allogeneic inhibition' (Mollcr & Moller 1966). 
The sensitization of cclls (active and passive) may thus be an essential step 
whereby antibody bound to the cell membrane ensures that the cell establishes 
clase contact with the antigen or with the antigenically distinct tissue cells. 
This contact may cause the rclease of lysosomal enzymes present in stimulatcd 
lymphocytes and adherent macrophages thus producing the damagc. 

HrsTOPHYSIOLOGY OF THE PRIMARY lMMUNE RESPONSE 

The developmcnt of plasmacellular and follicular centre reactions during a 
primary response has been studied in the regional lymph nade following a 
single injection of antigen (e.g. van Buchem 1962) and in the spleen after a single 
intravenous injection of antigen (e.g. Langevoort 1963). The anatomical terms 
rcfcrrcd to are illustrated in Figs. 11.8 and 11.9. Within 24 hours after the in
jcction of antigen, plasmablasts appeared first in the lymphocytic fields in the 
case of the regionallymph nades and in the periarteriolar lymphocyte sheaths in 
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1hc white pulp in the case of thc spleen. These cclls were scattercd bctwccn thc 
lymphocytes which normally lie in these arcas. From the 2nd to the 5th day 
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FrG. rr.S. Schematic diagram illustrating the structure of the lymph node. 
The node consists essentially of a circular lymph sinus immediately deep to the 
capsule, a cortex and a medulla. The cortex contains the bulk of the lymphoid 
tissue in which can be distinguished the lymphocytic fields and the lymphoid 
folliclcs. In the lymphocytic fields, diffuse cortex or paracortical area, small 
lymphocytes lie without any obvious arrangement and, in the unstimulatecl node, 
are only occasionally accompanied by primitive pyroninophilic blast cells. The 
postcapillary venules (Pcv) with their characteristic cuboidal endothelial cells, 
líe in these fields: through these endothelial cells the circulating poollymphocytes 
pass from the blood stream into the lymphocytic frelds. Following primary anti
genic stimulation, plasmablasts or large pyroninophilic cells make their first 
appearance in the frelds. The lymphoid follicles are densely packed collections 
of smalllymphocytes separated from the circular sinus by only two to three cells. 
In the unstimulated animal there are no blast cells in the follicles and no germinal 
centres. Five days after antigenic stimulation large blast cells have collected in the 
follicles forming typical germinal centres. The medulla consists essentially of 
lymph sinuses lined by phagocytic cells and cords which contain only a small 
number of plasma cells in the unstimulated animal and a few scattered mast cells. 
A relatively acellular loose tissue in the middle of the medulla (hilar region) 
contains efferent vessels. Aftcr antigenic stimulation plasma cells accumulate in 
the medulla. 

large numl:ers of immaturc plasma cells appeared, presumably as a result of the 
proliferation and differentiation of the blasts. In the lymph no des, largc numbers 
of these cells scemed to be relea sed from the flelds into newly formed sin uses and 
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drained away into efferent lymph. A smaller number of immature plasma 
cells remained in the concomitantly formed medullary cords where they 
completed their differentiation into plasma cells. It has been suggested that 
thc blasts released from the lymph nodes via the cffcrent lymphatics might 
propagate the immune response by colonizing other lymph nodes and lymphoid 
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FIG. I 1.9. Schematic diagram illustrating the structure of the spleen. 
The spleen consists essentially of two areas: white pulp and red pulp. The white 
pulp contains the lymphoid tissue-an expanded periarteriolar lymphocyte 
sheath containing lymphoid follicles. lt is bound by a marginal sinus beyond 
which lies the marginal zone, a fme reticulum meshwork separating the white 
pulp from the red pulp and containing macrophages and lymphoid cells. The red 
pulp is composed of cords and sinuses, the cords frequently showing prominent 
arteriales surrounded, in the animal exposed to antigens, by one or more layers of 
plasma cells. Following antigenic stimulation plasmablasts first appear among the 
lymphocytes of the periarteriolar lymphocyte sheaths. The follicles are separated 
from the rest of the white pulp by a mantle zone of smalllymphocytes. In the un
stimulated animal, the follicle has a pale inactive centre and no blast cells: these 
accumulate 3 to 4 days after antigenic stimulation, eventually forming a typical 
germinal centre (partly after Leon Weiss 1964). 

organs whcre thcy could proliferate and diffcrentiate to give rise to more 
antibody-producing cells (Morris 1966). In the spleen, the plasmablasts and 
immature plasma cells apparcntly moved to the periphery of the periarteriolar 
lymphocyte sheaths at the border of the red pul p. Many of these cells presum
ably entcred the blood stream via the sinuses. Sorne mature plasma cells 
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1 t·tnaincd in the red pul p. The follicular centre reaction in both the lymph nodes 
.111d thc spleen started on the 3rd day after antigen administration. The first 
('hangc was the appearance of large numbers of blasts many of which were 
dividing. By the 5th day typical germinal centres had developed; dividing 
largc and medium-sized lymphocytes wcre interspersed among phagocytic 
n·lls with tingible bodies. The follicles enlarged considerably during the sub
scquent 5-ro days after which the reaction gradually subsided. In the rabbit, 
total body irradiation with 450 rads destroyed the lymphoid follicles in both 
lymph nodes and spleen but did not damage the lymphocytic fields and peri
.ll'tcriolar lymphocyte sheaths. An essentially normal plasmacellular reaction 
took place in these fields following the administration of antigen either a little 
bcforc or soon after irradiation. It was thus concluded that the initiation of 
antibody response could be effected entirely by cells developing in the fields and 
shcaths and that the follicular centre reaction did not essentially contribute to 
thc initial antibody produced (Keuning et al 1963). 

The changes which occur in the regionallymph nodes following the appli
cttion of sensitizing chemicals to the skin have been studied by Turk and his 
associates (Turk & Stone 1963). There occurred a progressive enlargement of 
thc lymphocytic fields ofthe cortex ('paracortical area' in Turk's terminology), 
duc to the accumulation oflarge pyroninophilic cells, reaching a maximum on 
thc 4th day after sensitization, the day before the animals became sensitive. 
The follicles were unaffected during sensitization and germal centres were 
irregular! y produced within the follicles after 6 days in marked contrast to their 
regular formation between thc 3rd and 5th day during a primary antibody 
response. The large pyroninophilic cells filling the lymphocytic fields were 
shown by labelling methods to give rise not to plasma cells but to smalllympho
cytes. This sequcnce of events is similar to that which takes place in the lymph 
nodes draining a skin homograft (Scothorne 1957) and in the white-pulp of 
the spleen during graft-versus-host reactions (Gowans & McGregor 1965): 
in both these situations large pyroninophilic cells accumulate in the lymphocytic 
fields and periarteriolar lymphocyte sheaths and divide to give rise to progres
sively smaller lymphoid cells and eventually to smalllymphocytes. There is no 
germinal centre development at all. 

SECONDARY lMMUNE RESPONSE AND 

lMMUNOLOGICAL MEMORY 

An enhanced antibody response occurs characteristically following the re
injection of a specific antigen. This phenomenon of enhanced reactivity, 
designated as the secondary or anamnestic response, is dependent upon the 
cxistence of a special population of cells which carry the property of immuno
logical memory-the memory cells (Y cells). 
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DI!'FERENCES BETWEEN THE PRIMARY AND 

SECONDARY IMMUNE RESPONSES 

An animal's response toa second dose of antigcn exhibits certain featurcs which 
differentiate it from the response to a first dose of antigen: 

r. The two responses have different dose-response kinetics (e.g. Nossal, 
Austin & Ada 1965). In the primary response antibody production is very 
prolonged; in the secondary response, 'excess' antibody (that produced in excess 
of the mean primary titre expected from the dose used as the secondary stimulus) 
is produced for only a short time (4 weeks or less). Furthermore, the curves of 
peak antibody ti tres: antigen dose diffcr for both responses. 

2. In the primary response an IgM phase generally precedes the appearance of 
IgG antibody; in the secondary response, with appropriate doses of antigen, a 
brisk appearance of both IgM and IgG occurs. Many plasmablasts early in 
the secondary response thus form IgG ab initio without having to go through 
the IgM phase as in the early primary response. 

The capacity to produce a primary response is abolished by certain treatments 
which do not affect the secondary response: for instance, secondary responses 
can be elicited in animals depleted of 'circulating pool' lymphocytes by X
irradiation, lympholytic drugs and chronic thoracic duct drainage. Furthermore, 
passivcly administered antibody inhibits primary responses but has no sup
pressive effect on secondary responses (Rowley & Fitch 1964). 

Lower vertebrates are quite incapable of giving secondary responses even 
though they can give adequate primary responses (Diener and Nossal 1966). 
This suggests that the cellular system responsible for memory induction evolved 
separately from that responsible for primary autibody production. 

MEMORY CELLS 

The existence of a sct of 'memory' cells has to be postulatcd in order to account 
for sorne of thc diffcrences between the primary and secondary responses sum
marised above. Whether the induction of the memory state is an event that is 
qLúte independent of the induction of antibody formation has not been definitely 
established. Nor is it really known whether the memory resides in a larger 
population of responsive 'X' cells or in a population of modified 'Y' cells. 

When large doses of tritiated thymidine were given to primarily immunized 
rats 2 hours befare a second injection of s. adelaide, it was found that almost 
al! the antibody-producing plasma cells isolated from the regionallymph nodcs 
were labelled. Identical results were obtained in rats stimulated either 4 or 40 
weeks after primary antigenic challenge. This suggested that immunological 
memory was carried by a continually dividing line of large lymphoid cells 
established as a result of the primary stimulus and able to divide and differentiate 
into plasma cells in response to a second encounter with antigen (Nossal 1962). 
In contrast to those findings, other workers (Cohen & Talmage 1965) showed 
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that the precursors of antibody-forming cells in a secondary response in mice 
f1iled to incorporare tritiated thymidine just before secondary stimulation. 
This tends to support the idea that a non-dividing cell, presumably the small 
lymphocyte, may be the carrier of immunologicalmemory. The fact that the 
smalllymphocyte is a long-lived cell makes it an attractive candidate for the 
function of memory. Evidence to support this possibility comes from experi
ments in which X-irradiated rats gave a secondary type response to a first dose 
of bacteriophage (/) x174 after they had been injected with thoracic duct small 
lymphocytes from primarily immunized donors (Gowans & Uhr 1966). There 
is no inconsistency between this finding and the observation that secondary 
responses are insensitive to lymphocyte depletion by chronic thoracic duct 
drainage. Sorne of the memory cells may not be extractable by thoracic duct 
cannulation as they may be sessile or fixed in the lymphoid tissues either in the 
form of a dividing cellline or as a population of non-circulating smalllympho
cytes which are not part of the recirculating pool. The ability of rabbits to give 
a secondary response was much impaired by X-radiation when this was given 
not before but later than 1 month after primary immunization (Porter 1964). 
This suggests that a change in the cellular basis of immunological memory 
may occur with time, possibly from a non radiosensitive dividing cellline to a 
radiosensitive small lymphocyte. All the experimental evidence is thus not 
inconsistent with the possibility that two cellular mechanisms may be in volved in 
immunological memory: a pool of replicating blasts and the production from 
these of long-lived smalllymphocytes. 

THE PossiBLE SIGNIFICANCE oF GERMINAL CENTRES 

Germinal centres are absent in the lymphoid tissues of lower vertebrares and 
have not developed in very young or newly born laboratory rodents. These 
animals are incapable of producing IgG and of giving secondary immune 
responses. Hence, the development of germinal centres is associated both in 
phylogeny and ontogeny with the capacity to produce lgG and secondary 
immune responses (Diener & Nossal 1966; Williams & Nossal 1966). 

Many investigators have demonstrated the presence of considerable amounts 
of immunoglobulins in the germinal centres and concluded that these structures 
are actively engaged in the synthesis of immunoglobulins. It has recently been 
shown that the immunoglobulins in the germinal centres are uniform mixtures 
of molecules of different class, type and subtype and bearing different genetic 
markers (Pernis 1967). The results of this work and of studies on antiserum trans
fusion are consistent with the notion that a part, at least, of the immunoglobulins 
of germinal centres are not synthesized locally, but are bound there secondarily
perhaps they are opsonins facilitating the uptake of antigen by the dendritic 
reticulum cells. A number of studies suggest that germinal centres formed during 
the course of the primary immune response (vide supra) 'prepare' the animal 

M 
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in some way for thc secondary immune response (e.g. Thorbecke et al 1962). 
After a sccondary antigenic stimulus, cell division increases in germinal centres 
and new centres rapidly form. The centres may function as generativc compart
ments where memory cells are produced and discharged into the medulla as 
antibody-producing cells after secondary antigenic stimulation. These are pure 
speculations: the origin, fa te and functions of the cells in the germinal centres 
and the identity of the cell types alleged to respond to a second antigenic 
challenge have not been determined expcrimentally. 

lMMUNOLOGICAL TOLERANCE 

An animal in health does not produce immunological reactions against most 
of its own constituents. Acquired immunological tolerance has been suggested 
as a possible mechanism which prevents the immune system, through early 
and massive contact with autologous proteins, from producing a reaction 
against self. A failure of this mechanism would thus constitute one of the ways 
in which autoimmune reactions are produced. The development of auto
immunity is discussed in detail in Chapter 21. 

Acquired immunological tolerance or paralysis is generally de:fined as a 
specif1c central failure of thc mechanism of immunological response brought 
about by antigenic exposurc. This definition insists u pon the following essential 
characteristics: 

r. There is a central failure of the mechanism of response. The population of 
responsive cells themselves are unable to respond: it is not the environment of 
the tolerant animal which masks or prevents the response. 

2. Tolerance is immunologically speci.fic: animals tolerant to one antigen can 
respond to an unrelated antigen. This distinguishes tolerance from general 
non-reactivity occurring in animals in which the immune system has not yet 
developed, has not properly developed as a result of neonatal thymectomy or 
has been damaged by irradiation or cytotoxic drugs. 

3· Tolerance is induced by antigen, not by antibody. This distinguishes toler
ance from the central depression of the immune response brought about by 
specific antibody (Rowley and Fitch 1964). 

In order to evoke a response, an antigen must be recognized. Recognition 
is likely to occur at sorne critical site on or within the cell. A number of studies 
suggest that lymphocytes may bear 'recognition units' (Brcnt & Medawar 1963; 
Sell & Gell 1965; Mitchison 1967). The receptor may weH be a 'sentinel 
antibody' located on the cell membrane, the antibody belonging to a fraction 
of the immtmoglobulins that has the special properties of specif1city. 

A tremendous amount of work is being performed on the mechanism of 
induction of immunological tolerance in experimental animals. The reasons 
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for this are obvious: such a knowledge will open the doors to effective organ
grafts in clinical medicine. 

ExPERIMENTAL INDUCTION OF lMMUNOLOGICAL 

TOLERAN CE 

Whether an antigen is capable of inducing tolerance or immunity depends on a 
multitude of factors: sorne are related to the host-its age, the capacity of its 
reticulo-endothelial system to handle antigen, the rate at which new immuno
logical competent cells are produced, etc.; others are related to the antigen itself 
-its nature, its immunogenicity, the dose given and number of times it is given. 

The age of the host has sorne importance in tolerance induction. As has been 
discussed in Section II, flagellar antigens are rapidly localized in adults, both in 
the lymphoid follicles and in the medullary macrophages. In newborn rats, 
there are no lymphoid follicles and, although there are macrophages, most 
of them are not yet capable of efficiently ingesting flagellar antigens. As a result, 
the antigen persists, scattered diffusely throughout the extracellular fluids and 
tissues for long periods. lnefficient phagocytosis and antigen sequestration result
ing from immaturity of the reticulo-endothelial system thus appears to favour 
the induction of tolerance. By contrast, susceptibility to tolerance induction 
does not seem to be related to the stage of maturation of the immunologically 
competent cells. During the regenerative phase following irradiation or cyto
toxic drugs it was thought that the proliferating blast cells would be more 
susceptible to tolerance induction than normal lymphoid cells. However, 
ncither the age of the animal, nor procedures such as irradiation, cytotoxic drugs 
or thymectomy, affected the rate of induction of tolerance (Mitchison 1967). 

Tolerance can be induced to cellular antigens as well as to protein antigens 
cven when these are highly immunogenic proteins. Provided certain experi
mental conditions are f ulfilled particulate antigens such as whole bacteria! 
flagella can tolerize. Alum-precipitated material or antigens incorporated in 
adjuvants are never tolerogenic. 

Recent work has revealed that there are two zones of antigen dosages capable 
of inducing tolerance or paralysis: sub-immunogenic microgram doses and much 
bigher 'paralysing' doses. Intermediate dosage levels result in immunization 
rather than tolerance. Thus, using bovine serum albumin in adult mice, Mitchi
son (r967) has shown that very low doses (r-ro J.Lg) given repeatedly induce low 
zone paralysis, higher doses, of the order of roo J.Lg to r mg, 'immunize' and 
higher doses still (s-so mg) paralyse. The molar concentration of BSA in the 
extra vascular fluid that resulted in low zone paralysis was found to be M-8 and 
for high zone paralysis M- 5

• Other proteins such as diptheria toxoid, oval
bumin and lysozyme also showed two zones of dosages at which paralysis 
could be induced in adult mice. Monomeric flagellin could induce paralysis 
but only when given as a course of injection to newborn rats. Here too, a high 
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and low zone of antigen dosage was found to paralyse (Shellam & Nossal 1967). 
The concentration of fiagellin in extra vascular fiuids was found to be M - 14 

for low zone paralysis and M- for high zone paralysis. Concentrations of M-9 

M -ll were associated with immunity rather than tolerance. Hence very low 
doses of antigen can induce tolerance so that it is not necessary to 'satura te' the 
lymphoid system as used to be thought originally. 

The question of the immnnogenicity of a protein is evident from Dresser's 
work (Dresser 1962). A component of bovine gammaglobulin does not 'im
munize' mice provided that aggregated protein is removed by centrifugation. 
When this is done, the protein paralyses mice at exactly the same low zone 
range as demonstrated for bovine serum albumin. The immunogenic capacity 
of a protein may thus be abolished when material suited to phagocytosis is 
removed. It can thus be stated, as a general rule, that low doses of antigen will 
paralyse in circumstances when 'immunization' can be avoided, and that high 
doses are required where this cannot be arranged (Mitchison 1967). Inefficient 
phagocytosis or antigen sequestration thus provides a link between tolerance in 
adults by proteins such as bovine serum albumin, which are poorly immuno
genic presumably because they are poorly phagocytosed thus becoming 
diffusely spread throughout the lymphoid system, and tolerance in newbom 
by highly immunogenic proteins such as fiagella, which fail to be sequestered 
because of the immaturity of the reticulo-endothelial system of the newbom 
animal. The current hypothesis to account for tolerance induction (Nossal 1966; 
Mitchison 1967) is thus that encounter between an immunologically competent 
cell and antigen free in the extravascular fluid leads to tolerance, either by 
destruction of the cell (e.g. clonal deletion dependent upon lysis following 
antigen contact in which case the population is tolerant by virtue of the.absence 
of cells capable of responding to that particular antigen) or by sorne alteration 
of the cell' s genetic control mechanism (in which case tolerant cells are produced). 
'Immunization' will result when the antigen is sequestered by macrophages or 
dendritic reticulum cells so that on the one hand, free access of antigen to circul
lating immunologically competent cells is not permitted, and on the other hand, 
the antigen is subjected to some type of processing by the macrophage. 
Macrophage-enclosed antigen was shown to be about one thousand times more 
immunogenic than free antigen (Mitchison 1967). Macrophages taken from 
paralysed donors processed antigen as effectively as macrophages from normal 
donors thus indicating that paralysis does not affect macrophage function even 
quantitatively. 

MAINTENANCE AND BREAKDOWN OF 

lMMUNOLOGICAL TüLERANCE 

The duration of the tolerant state depends on the size of the antigen dose induc
ing tolerance. In tolerance to cellular antigens, the tolerant animals are chimaeras 
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ofhaemopoietic or lymphoid tissues, the allogeneic cells having been introduced 
either in the newborn period or in the adult following total body irradiation. 
In the case of tolerance to proteins, a course of injections is necessary to ensure 
that a critica! concentration of antigen persists for the critica! period during 
which tolerance is induced. In some systems, the antigenlevels in the circulation 
::md in the lymphoid organs fell below one molecule per celllong before toler
ance began to wane. Furthermore, there was no detectable antigen in the 
lymphocytes themselves (Nossal 1966) suggesting that if tolerant cells do indeed 
exist they are not held in a tolerant state by the presence within them of antigen. 

Tolerance breaks presumably when new virgin immunologically competent 
cells are recruited and there is no antigen available to drive these new recruits 
towards tolerance. An increase in the number of potentially reactive cells occurs 
during the post-irradiation recovery phase: in the absence of a continuing con
centration of antigen the new cells react normally to the tolerogen when it is 
injected and so the state of tolerance is broken (Nossal 1966). Tolerance can also 
be tenninated by 'cross-immunization'. Rabbits paralysed with bovine serum 
albumin and then 'immunized' with human serum albumin were found to 
produce significant amounts of anti-bovine serum albumin antibody (W eigle 
r962). Tolerance to a given protein could also be terminated by injecting a 
conjugate of the protein with haptens. It is possible that 'cross-immunization' 
lcading to production of antibodies against otherwise tolerated antigens might 
cause autoimmune disease (Weigle 1962). 

There is no clear evidence that the thymus facilita tes or mediates in a specific 
manner the acquisition or maintenance of immunological tolerance. Sorne 
experimental findings have provided support for the hypothesis that interaction 
of antigen with lymphocyte precursors in the thymus may be the basis of 
tolerance in certain experimental systems (Smith et al 1966) and Burnet (1962) 
has suggested that the thymus exercises a 'censorship' function by eliminating 
cclls potentially capable of reacting against self-antigens, a process which would 
thus result in self-tolerance. The dose-response kinetics data of Mitchison, 
however, suggest that cells do not ha ve to be young or immature in order to be 
paralysed. The possibility remains that if there are in the thymus a few immuno
logically competent cells, they together with all the other cells in the body, 
must be modificd in an appropriate manner for tolerance to be induced com
plctely. Specific immunological tolerance to defined antigens has been induced 
in adult thymectomized animals indicating that the lymphoid system can be 
rcndered tolerant independently of or in the absence of the thymus. Experimental 
cvidence points to the likelihood that the waning of tolerance is mediated by a 
thymus-dependent mechanism which allows the development of new, un
inbibited, immunologically competent cells: thymectomy of adult animals 
tolcrant to a specific antigen has prevented the reappearance of reactivity to that 
antigen (Claman & Talmage 1963; Taylor 1964). 
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SUMMARY AND CONCLUSIONS 

In order to immunize or effect antibody production, an antigen must be presented 
to the responsive cells by 'the proper diplomatic channels' (Medawar 1963 b). 
Paralysis results from thc direct access of antigen to lymphoid cells whereas 
antibody production occurs when the antigen has been the subject of prior 
processing by the macrophages. A dual response may thus be produced by 
the injection of antigen: perhaps most cells are driven towards tolerance whilst 
a few become sct on antibody production. To produce tolerancc at the organism 
level, conditions should be such that the antigen does not immunize. This can be 
achieved with antigcns which are poor immunogens because they are not 
readily phagocytosed or with highly immunogenic proteins in newborn 
animals which have an immature reticulo-endothelial system and cannot 
efficiently handle the antigens. The role ofimmunological tolerance may be (1) 
to guard against autoimmunity, a subject discussed in Chapter 21 and (2) to 
provide a homeostatic mechanism to limit the number of responsive cells that 
can be driven towards immunity, as discussed in thc following section. 

REGULATION OF THE IMMUNE RESPONSE 

What regulates the extent of the immune response? It is evidcnt that some 
control must operate (a) to prevent unlimitcd proliferation of antibody
producing cells (b) to limit the recruitment of antigen-sensitive cclls so that one 
particular antigen will not stimulate every uncommitted cell in the immune 
system and thus prevent a response to a second or third antigen, and (e) to 
replenish the pool of uncommitted cells when thcse are used up. The possibility 
that the precursors of antigen-sensitive cells are provided by the thymus has 
been discussed in Section III. 

Regulation of the primary immune response is possible at different levels by 
various mechanisms-genetic, anatomical, physiological and immunological. 
The extcnt of the response depends upon factors which affect (a) the number of 
antigen-sensitive cells recruited and triggered off, (b) the rate of proliferation of 
antigen-sensitive cells and antibody-producing blasts and the total number of 
progeny produced, and (e) the antibody ouput ofindividual antibody-producing 
cells. 

GENETIC FACTORS REGULATING THE lMMUNE 

RESPONSE 

At the level of the X cell, clones of antigen-sensitive cells may be genetically 
restricted in their capacity to react to antigen. According to the clonal selection 
theory (Burnet 1959) the immune system contains multiple clones of cells, 
each of which is genetically capable of producing antibody specific for one, or 
only a very few, antigenic detcrminants. As a result, each antigenic determinant 
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can trigger off different sets of cells and there can be no competition between non
cross-reacting antigens. 

At the level of the plasmablasts or of the Y cell, there may be a genetically 
dctermined limitation of the maximum number of divisions of which these cells 
are capablc. Thus, even in thc absence of an inhibitory feedback mechanism, the 
size of the progeny produced may be limited. 

ANATOMICAL fACTORS REGULATING THE 

IMMUNE RESPONSE 

The existence of sites relatively protected from antigen (e.g. the thymus) may 
be a factor in allowing any antigen-sensitive cells present there to escape the 
triggering action of antigen. The anatomical pathways through which the 
immunologically competent cells recirculare in spleen and lymph nodes may 
be such that only a fraction of the recirculating cells can make effective contact 
with the antigen or with the macrophages that have processed the antigen. 

PHYSIOLOGICAL fACTORS REGULATING THE 

IMMUNE RESPONSE 

The process oflymphocyte recirculation provides a nice mechanism for recruit
ing a particular class of immunologically competent cells from the blood into 
the spleen or regionally stimulated lymph nodes. The mere passage of these 
cclls through spleen and lymph nodes may not be sufficient for their différentia
tion into antibody-producing cells: thc cells may ha ve to make effective contact 
with macrophages. Recent evidence suggests that antigen processed by 
macrophage is effectively immunogenic for only a limited period of time 
(approximately 6 hr-McCulloch 1967). Hence, for antibody production to 
occur, an antigen-sensitive cell must not only make contact with the macrophage 
but it must do so within 6 hours of the macrophage having ingested antigen. 

Although there is no evidence to support this, it is not inconceivable that the 
antigen-sensitive cell itself may undergo cydic phases during sorne of which it is 
rcfractory to antigen. 

IMMUNOLOGICAL fACTORS REGULATING THE 

IMMUNE RESPONSE 

Both the antigen, which triggers off the response, and the antibody produced 
may be factors regulating the extent of the response. 

The amount, type and rate of antibody produced depends in part on the 
nature and dose of antigen injected. Large doses of antigen give a maximal 
response over a wide range of dosages. Doses of antigen less than a critica! 
amount produce a response of which the maximal amplitude is related to the 
amount of antigen given. With low doses of antigen, it is likely that fewer 
antigen-sensitive cells are recruited. It is also possible that the progeny of 
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stimulatcd antigen-sensitivc cells may rcach their full proliferative potcntial 
only when stimubted repeatedly by antigen. Thus, for instance, one molccule 
of antigen may serve only to prime the antigen-sensitive cells; a second molecule 
may be required to cause prolifcration of the primed cells. 

Once antibody is produced two opposing feedback mechanisms come into 
play: on the one hand, the opsonin activity of the antibody produccd facilitates 
the rapid phagocytosis of thc antigcn so that a more cfficient immunogenic 
stimulus is available to trigger off more responsive cells; on the other hand, tbc 
antibody, by its combining action with the antigen and its inhibitory action on 
antigen-sensitive cells or their progcny (see below), limits the extent of thc 
immune response. 

Severa! studies have established that specific antiserum injcctcd into animals 
together with the corresponding antigen leads toa partía! or complete inhibition 
of the primary immune response but not of the secondary response (Uhr 1964; 
Rowley & Fitch 1964; Moller & Wigzell 1965). 'Late' immnne antiserum, 
containing predominantly IgG antibodies, inhibited (a) IgM production, when 
given together with the antigen, (b) IgG production when given from I-3 days 
(but not 5-7 days) after thc antigen, and thus at a time when IgM production 
was increasing exponentially, and (e) the development of IgG memory. In 
contrast, 'early' antiserum, containing predominantly IgM antibody was much 
less effective in inhibiting antibody production; sorne inhibition was obtained 
when fhe antibody was given either before or very shortly after the administra
tion of antigen. 

The inhibition of the primary response by antibody may simply be dueto the 
combining of antibody with antigen destroying thc antigen or preventing it 
from reaching the appropriate antigen-sensitive cells. Howevcr, this explanation 
is rendered unlikely by further experiments. The primary response to sheep 
erythrocytes ofheavily irradiated rats transplanted with spleen cells from normal 
unimmunized donors of the same inbred strain was inhibited by a short incuba
tion in vivo or in vitro of the donor cells with the specific antiserum before the 
cells were washed and injected (Rowley & Fitch 1964). The inhibition was specific 
as the immune response to other antigens was not impaired. These findings 
indicate that antibody does not prevent further antibody synthesis in already 
committed cells nor the further development of memory cells, rather it inhibits 
either the further proliferation of recently committed cells or the commitment 
or irreversible differentiation of antigen-sensitive cells which were rccruited 
relatively late by antigen. Whatever the case may be, it provides a nice feed
back mechanism serving to limit the immune response or to maintain reserve 
capacity in the pool of cells poténtially capable of responding, or both. 

If immunological factors do indeed regula te the immune response as outlined 
above, it becomes unnecessary to assume that there are multiple pre-existing 
clones of lymphoid cells genetically capable of reacting to only one antigenic 



BIOLOGY 01' THE ALLERGIC RESPONSE 329 

dctcrminant. The virgin immunologically competent cells (X cells) may well be 
multipotential, i.e. potentially capable of reacting to many antigens. The im

munological factors (antigen and antibody) regulating the immune response 

would themselves automatically crea te the heterogeneity of the type postulated 
to cxist by the clona! selection theory. The normal action of antigen may be to 

drive sorne X cells, perhaps even the majority, towards tolerance, and to com

mit others to only one pathway of differentiation and response, the cell or its 

progeny being then pre-empted from ever reacting to any other antigen. 
On the other hand, the antibody produced may prevent all the remaining X 
cdls from responding, at least temporarily, to the corresponding antigen. 
An automatic mechanism would thus be availablc for maintaining a pool of 

antigen-sensitive cells incapable of responding to a particular antigen but 

capable of responding to many other antigens. 
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IMMUNOLOGICAL FUNCTIONS OF 
LYMPHO-RETICULAR TISSUES 

R.G.WHITE 

INTRODUCTION 

PHAGOCYTOSIS AND THE RETICULO

ENDOTHELIAL SYSTEM 

Measurement of Reticulo-Endothelial function: The functional 
activity of the rcticulo-endothelial system. 

CELLULAR ASPECTS OF THE IMMUNOLOGICAL 

(ALLERGIC) RESPONSE 

Chemical characteristics of antibody: Maturation of the nnmune 
response: Sites of antibody production in adult animals. 

ROLE OF THE MACROPHAGE SYSTEM IN THE 

INITIAL MANIPULATION OF ANTIGEN 

PLASMA CELL REACTIONS 

THE LYMPHOCYTES 

INTRODUCTION 

The early history of immunology included several vigorous polemics one of 
which arose out of the sharp division of opinion between the 'cellular' and 
'humoral' schools. Today, the contributions of cells and serum factors are both 
acknowledged to be essential for adequate functioning of the immunity process. 
Within the lympho-reticular tissues, the family of plasma cells is clearly a major 
source of specific antibodies. Possibly non-specific defence factors such as 
complement are made by similar cells. The specific antibodies and complement 
facilita te the phagocytic activities of the leucocytes and the cells of the reticulo
endothelial system. The reticulo-endothelial cells apparently play a major role 
in disposing of antigenic material, and by this activity they may initiate and 
control the synthesis of antibody. The relation of reticulo-endothelial cells, 
plasma cells and lymphocytes, with, on the one hand antigen, and on the other 
antibody, provides the main substance of this chapter. 
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The function of phagocytosis has existed from the first unicellular animal, and 
throughout the evolutionary stages of increasing specialization of cdlular 
function the multicellular animal has always apparently provided for the reten
tion of a corps of phagocytic cells. Ontogenesis apparently repeats this process. 
In the early stages of embryonic development the cells of all three germ layers are 
capable of phagocytosis. Later this capacity is concentrated within the leucocytes 
and the reticulo-endothelial system. 

Viewed from the standpoint of the host-parasite relationship, one role of the 
lympho-reticular tissues throughout the body is to provide a strategically 
disposed and suitably conditioned set of phagocytic cells. The concept that 
phagocytes are of importance in resistance against infections originated in the 
cighties of the last century. The uptake of bacteria by cells was certainly des
cribed by many pathologists writing around the middle of the nineteenth 
century, but the phagocytic cells appear to have been generally conceived of as 
scavcngers. Ziegler, indeed, stressed the role of the mobile phagocytes in facili
tating the spread of bacteria through the tissues. It was to Metchnikoff, a 
rumbustious Russian zoologist, that we owe the clear enunciation in I 882 of the 
crucial role of phagocytic cells as the major host mechanism of defence against 
invading micro-organisms. 

His own words clearly reveal the personal impact of this discovery: 

One day, when the whole family had gone to a circus to see sorne extraordinary 
performing apes, 1 remained alone with my microscope, observing the life in the motile 
cells of a transparent starfish larva, when a new thought suddenly flashed across my 
brain. It struck me that similar cells might serve in the defence of the organism against 
intruders. Feeling that there was in this something of surpassing interest, 1 felt so excited 
that 1 began striding up and down the room and even went to the seashore in order to 
collect m y thoughts. 

1 said to myself that, if m y supposition was true, a splinter introduced into the body of 
a starfish larva, devoid ofblood vessels ora nervous system, should soon be surrounded by 
mobile cells as is to be observed in a man who runs a splinter into his fmger. This was no 
sooner said than done. 

There was a small garden to our dwelling, in which we had a few days previously 
organized a 'Christmas tree' for the children on a little tangerine tree; 1 fetched from ita 
few rose thoms and introduced them at once under the skin of sorne beautiful starfish 
larvae as transparentas water. 

1 was too excited to sleep that night in the expectation of the results of m y experiment, 
and very early next moming 1 ascertained that it had fully succeeded. 

That experiment formed the basis of the phagocyte theory, to the development of 
which 1 devoted the next twenty-five years of m y life (Metchnikoff1921). 

Metchnikoff, from his studies in comparative physiology, was able to indicate 
thc basic importance of these processes throughout evolution. He was able to 
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trace the continuity of phagocytic and digestive activity from the amoeba, in 
which nutrition and destruction or climination of potentially hannful micro
organisms are inseparable functions within a living cell, through the colonial 
protozoa (sponges) in which two cell layers can be distinguished, an outer 
provided with flagcllae and providing a means oflocomotion, andan inner core 
of amoebic cells with phagocytic activity. In more developed spongcs two 
types of phagocytic cells are distinguishable. The inner food canal is lined by 
endodermal phagocytes which capture the food (including bacteria) and water 
flowing past them, and pass these on to mesodermal phagocytes, which either 
digest them or reject them to the exterior. With the development of the ability 
to secrete digestive enzymes, phagocytosis becomes no longer a necessary 
attribute of the gut-lining cells and these are no longer phagocytic in higher 
animals. 

Most of thc evidence for the role of the phagocytes in defence is admittedly 
circumstantial. Metchnikoff gave as a prototype the interaction between the 
water flea Daplmia and the spores of a primitive type of fungus Monospora 
bicuspidata. Daphnia is a crustacean which is small enough and transparent 
enough to be directly observed in the living state under the microscope. The 
spores are narrow, pointed bodies which can penetra te from the gut into the body 
cavity. A direct correlation exists between resistance and the success of phago
cytosis, and when this fails the fungus flourishes and its host, the water flea, dies. 

In man, it could be argued that the successful immunity from bacteria! inva
sion by a host of different 'non-pathogenic' micro bes depends upon the unerring 
snccess of phagocytosis of these particular parasites. Certainly a diminution of 
phagocytic function, as by chemical depletion by benzol of circulating poly
morphs (Rich & McKee 1939), or by splenectomy or blockade of the reticulo
endothelial system can lead to a lowering of resistance. Probably the clearest 
example is provided by a pathogenic organism, the pnemnococcus. The 
virulence of this organism for the mouse (and other animals) is directly de
pendent u pon its possession of one of a variety of type-specific surface capsular 
polysaccharides. Within a fluid medium the encapsnlated organism is taken up 
by the polymorphs with extreme difficulty and clearance of such encapsulated 
organisms from the blood of the rabbit by macrophages is also relatively 
ineffective (Enders, Shaffer & Wu 1936). The ability of the pneumococcus to 
cause disease in the mouse is therefore inversely proportional to the ability of this 
animal to mobilize its phagocytes. Again this animal is susceptible toa very few 
encapsulated organisms by the intraperitoneal route, to a much larger dose by 
the intramuscular route, and may survive 10,000 organisms when they are given 
intravenously (Dutton 1955). 

Besides their role in defence against potential parasites the phagocytes act to 
eliminate effete red cells from the circulation. Apparently only dead or senile 
cells are thus dealt with; the phagocytes do not actively determine the survival 
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time of the red cells; and thus the role of the reticulo-endothelial system is no 
more than a cemetery for dead cells. Nevertheless, this poses an important 
problem in respect of the ability of the phagocyte to recognize an age change in 
the red cell. Loutit & Mollison (1943) observed that one-third of red cells 
prcserved for 28 days and subsequently transfused into human subjects were 
climinated in the first 24. hours; the remaining two-thirds were eliminated in 
accordance with a linear function like fresh blood. 

Besides their function in eliminating old and useless cells, one might predict 
a major role for the phagocytes in preserving the antigenic integrity of the 
individual. In acquired haemolytic anaemia associated with presence of warm 
incomplete auto-antibodies, sections of the spleen show extensive erythro
phagocytosis by sinus-lining macrophages. In severe cases of this disease the 
climination of transfused red cells may follow an exponential curve (Mollison 
1962) suggesting that the erythrocytes are recognized and treated by the phago
cytes like a foreign partíde. Presumably, in this case, the presence of the 
auto-antibody at the surface of the cell may function as the opsonin, and also 
determine the specificity of the reaction. Whether any specificity of phagocytic 
action ever resides in the phagocytic cell per seis an important problem which is 
too involved to embark on in this context (see Chapter 13). Even with inorganic 
particles, evidence exists that their uptake by phagocytes is dependent upon 
specific serum factors. Thus absorption of serum with several of such inorganic 
particulate substances results in a specific loss of opsonic effect from the serum 
(Boyden 1962). Attempts to demonstrate a recognition mechanism in the phago
cytes for protein molecules ha ve pro ved inconclusive. Thus W eigle & Díxon 
(1958) were unable to show consistently that the blood clearance of a heterolo
gous serum protein was more rapid in the early days after its injection into 
another animal species than that of a similar autologous or homologous serum 
protein. The phase of accelerated clearance of a heterologous serum globulin 
occurs at 6 to 8 days or thereabouts after a primary intravenous injection and 
considerable evidence supports the view that this phase results from the rise in 
production of circulating antibody. 

The term macrophage refers to the fully activated free and mobile cell. 
The inactive form in the tissues is usually referred to as a histíocyte. For the 
purposes of this discussion we can regard the phagocytic cells as organized on 
three levels: the local inflammatory response (the area of primary lodgement), 
the lymph node and lymphatic chain (lymphatic lodgement), and the blood
stream lodgement. On the basis of the injection of certain partides and dyes, 
the histiocytes have been thought to constitute a system, the 'reticulo-endothelial 
system'. A large number of these cells are in contact with the blood; these are 
principally the Kupffer cells of the liver, the sinus-lining and reticular cells of 
the spleen and the sinus and the reticular cells of the bone marrow. However, a 
picture of the full extent of the reticulo-endothelial system cannot be obtained 
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rnerely by the injection of colloidal particles or dyes into the blood. By intro
duction of the sarne rnaterials via the lyrnphatics a further systern of sinus-lining 
and reticular cells can be visualized in lyrnph nodes and finally the direct 
introduction of thcse rnaterials into any tissuc rcsults in thcir uptakc by local 
tissue histiocytcs. 

The injected dye or metal is taken up by a vital reactive process which bears 
no relation to staining, and the cells in the neighbourhood are not coloured. 
If very weak solutions of the dye or metal are used the cells ha ve the property of 
concentrating the dye within thernselves. The tcrrn reticulo-endothelíal cell and 
system should properly be applied to those clernents which are revealed by the 
injection of colloidal dyes or suitable carbon particles. To extend this terrn, as 
is done in sorne quarters to include other cells of the reticular tissue, is to deprive 
it of its original raison d' étre. 

Understanding of the origin of such cells and the concept of them as a special 
corps of differentiated cells has derived frorn use of sil ver and gold impregnation 
techniques previously developed in neuropathology. By the use of an irnpregna
tion with sil ver carbonate, Hortega revealed one of the elernents of the neuroglia 
as a thick rod-like cell body with numerous peripheral twig-like cytoplasrnic 
processes. He called them the mícroglía. Hortega also clearly followed the trans
formation of such cells in foci of cerebral inflarnmation into rounded actively 
phagocytic amoeboid forrns: the compour~d grar~ular corpuscles. 

The resernblance of such cells to rnacrophages clsewhere in the body prompted 
Hortega & de Asúa (r92r) to study tissues outside the central nervous systern by 
the sarne sil ver impregnation rnethods. By the use of this rnethod, Hortega & 
de Asúa (r924) revealed the presence of a beautifully organized reticular systern 
of cells in the spleen pul p. It is beyond the scope of this account to include a full 
description of the distribution and rnorphology of such 'rnetalophilic cells'. 
It is clear that they correspond in rnany situations with cells which are included 
in the reticulo-endothelial systern of Aschoff, and by rnetallic irnpregnation of 
the tissues of vitally stained anirnals it can be shown that the irnpregnated cells are 
the sarne as those which contain the dye. Nevertheless, in the spleen and lymph 
nodes rnany metalophilic cells in the rnedulla of the gland and pulp of the spleen 
show little evidence of vital staining. The rnost likely explanation of these facts 
is that the dendritic rnetalophil cells which fail to stain intravitally with dye 
represent less avid precursors of the phagocytic forrns. Altematively in sorne 
situations it rnay be that circulatory factors prevent casy access to injected dyes. 

Plate 12. r * shows a drawing of the arrangernent of rnetalophil cells in a section 
of rabbit spleen. Four distinct types of cells can be distinguished. The first 
cornprises the amoeboid macrophages which líe free in the lurnen of the sinuses. 
The second includes f1xed cells which extend as flattened spindle forrns on the 
walls of the sin uses. The third type rnakes up the bulk of the red pul p. Many of 

*Plates in this chapter follow p. 352. 
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thcsc appear to be joined to form syncytial connections with their neighbours 
through numerous coarse and irregularly branching cytoplasmic processes. 
The fourth type is distributed around the periphery of the Malpighian bodies 
;md appears as separated cells with much finer and more branched cytoplasmic 
processes than the previous type. They resemble in outline the microglia of the 
brain. Knowledge conceming the arrangement and differentiation of all these 
cclls is of sorne importance. Thus thc cells of the third and fourth types take up 
nmch lower doses of particulate dyes. Other evidence also exists of functional 
distinctions among various reticulo-endothelial cells. Lison & Smulders (1948) 
found that two forms occur in the liver: type Gis distributed in the perilobular 
rcgion and takes up particles with a diameter greater than 8o A; type F in the 
walls of the sinusoids normally takes up particles of size less than 8o A. lnactive 
stellate cells were also found in the centrilobular regions to change into active 
amoeboid cells after injection oflarge doses of dyes or stimulants such as choline 
or histamine. 

Two results which are of great potential immunological significance derive 
from the finding that intravenously injected dyes fail to reach the substance of the 
brain or thymus gland. Even repeated it~ection of dyes leaves these two tissues 
uncoloured except for the choroid plexuses of the third and fourth ventricles, 
the capsule and trabeculae of the thymus. On the basis of the finding by sil ver 
impregnation tcchniques that both these tissues contain numerous microglia-like 
mctalophil cells and that after a local injury (such as a cautery burn) the intraven
ously injected dye can penetrate to, and become taken up by such cclls, 'blood
brain' and 'blood-thymus' barriers ha ve been postulated (Marshall& White 1961 ). 

Repeated injection of dyes reveals that the cells of this sytem ha ve considerable 
powers of rapid multiplication in that if the system is presented with the task 
of disposing of a heavy load of circulating particulate material, there will be a 
relatively rapid incrcase in size of those tissues in which phagocytic cells are 
present in the greatest concentration. Splenomegaly, together with enlargement 
of the lymph nodes ~nd liver, and proliferation of the cells of the bone marrow 
is therefore a systemic defence reaction common to a large variety of diseases, 
in which systematized reticulo-endothelial hyperplasia becomes a striking 
feature. 

MEASUREMENT OF RETICULO-ENDOTHELIAL 

FUNCTION 

Various attcmpts have been made to quantitate the functional activity of parts 
of the reticulo-endothelial system. There is, of course, no way to reach all of the 
widely scattered cells of this system, but fortunately a large number of these 
cells are in contact with the blood, and the phagocytic activity of this group can 
be studied and measured with the aid of intravenously injected colloidal 
suspensions which do not cross thc capillary wall. The kinetics of this process 
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are studied by measuring the concentration of the particles in the blood at 
specific times after the intravenous injection. Particles which have been used 
include: 

I. earbon particles measuring about 250 A obtained from 'Indian ink' 
(Gi.inther Wagner, Hanover). The commercially available ink is 'stabilized' 
with fish glue and an essential preliminary to the use of these particles is the 
elimination of stabilizers by washing and centrifugation (Biozzi, Benacerraf & 

Halpern 1953). 
2. ehromium phosphate particles marked with radioactive 32P suspended in 

5/o dextrose. 
3. Saccharated iron oxide particles suspended in a solution of saccharose and 

gelatin measuring about 25 A (British Schering) (Benacerraf, Stiffel, Biozzi & 
Halpern 1954). 

4· Heat-aggregated serum protein labelled with raclioactive iodine 131 I 
(Benacerraf et al 1955). 

5· Particles of a methyl methacrylate polymcr marked with a fluorescent dye 
(H.W. 185) (Juhlin 1956). 

In such a system the clearance of carbon or saccharated iron oxide particles 
can be expressed by an exponential function 

el= eo IO-kl 

when e 1 is the concentration of carbon (iron oxide) at time t, eo is the starting 
concentration of carbon (iron oxide) at time o. 

The constant K is a measure of the clearance of partid es and thus of the phago
cytic activity of this group of cells under the conditions of the particular test. 
K varíes inversely with the dose of carbon injected. In the case of saccharated 
iron oxide, for example, in the range of doses from 0.5 mg to 5 mg Fe per 100 g, 
the product of K x dose is remarkably constant. Benacerraf and his colleagues 
ha ve verified that the relationship K x dose = a constatit applies in various 
animal species (rabbit, rat, mouse and guinea-pig). Also, for doses in this range, 
the liver and spleen appear to be responsible for about 90/o of this phagocytic 
activity. With larger doses of particles, and especially if unsatisfactory carbon 
particle suspensions (e.g. with added shellac) are used, appreciable amounts are 
also found in the lungs. The low cfficiency of the phagocytes of the lung 
relative to thosc of the liver in monitoring thc blood stream presumably derives 
from the presence of the organization of sin uses in the liver and their absence in 
the lungs. The efficiency of the hepatic mcchanism is correlated with the extent 
of the portal blood flow. Removal of all the intestines of a rat greatly reduced the 
value of K showing that a reduction of portal blood flow is accompanied by a 
considerable diminution in the granulopcctic activity, although the weight of 
the liver remains unchanged. 
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Rats and mice of different strains were found to show considerable differences 
in K val u es for the same dose of carbon. These differences were associated with 
differences in the relative size of the liver and spleen, and a corrected phagocytíc 
index a could be derived as a measure of activity per unit of liver and spleen 
tissucs. 

In order to investigare the efficiency of phagocytosis, the above methods are 
satisfactory provided a large cnough dose of colloid is used so that Kx dose = 
constan t. 

THE fUNCTIONAL ACTIVITY OF THE 

RETICULO-ENDOTHELIAL SYSTEM 

INFLUENCE OF AGE AND ENVIRONMENT 

In comparing the effect of various drugs and procedures on phagocytic activity 
by these quantitative methods, several environmental factors need to be taken 
into account. The influence of cold is very striking. Rats which had a drop of 
body temperature down to 22-26a were shown to have low K values. Sewell 
(1962) has described a seasonal variation of phagocytic activity in mice with K 
values varying widely from winter to summer. In rats, Benacerraf, Biozzi, 
Halpern & Stiffel (1955) found that the phagocytic index K increases slowly 
from birth up to 3 weeks of age, and then dect·eases in the adult and in the older 
animal. 

EFFECT OF PHYSICAL STATE OF PARTICLES 

Besides many colloidal or finely partícula te materials, the cells of the reticulo
endothelial system are responsible for removing from the blood stream partially 
denatured proteins. They show extreme! y fine discrimination in detecting minor 
alteration in serum proteins which cause the molecules to aggregate, even though 
they stay in solution (Benacerraf, Biozzi, Halpern & Stiffel 1955). 

EFFECTS OF ÜVERLOADING 

By overloading the cells with relatively large amounts of colloidal suspension, 
such as carbon in the form oflndian ink (16-4.8 mg per 100 g) or thorium dioxide, 
it is possible temporarily to depress their phagocytic activity towards themselves 
or other colloids. The animals, however, recover their normal phagocytic 
activity very rapidly, since within 3 days (rats) K has returned to normal. This 
recovery is associated with and apparently depends on an increase in the size 
of the liver and spleen. It is interesting that cortisone and nitrogen mustard, 
presumably by their action in inhibiting cell proliferation, maintain the phago
cytic activity at a low leve! after a blocking dose of carbon, although the same 
dosage of cortisone or nitrogen mustard has no effect upon the phagocytic 
activity in normal rats (Benacerraf et al 1954). 
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INFLUENCE OF BACTERIAL ENDOTOXIN 

Bacteria contain components which markedly alter phagocytic function. 
Biozzi et al (1955) found that from 4-10 hr after 5 x Io9 Salmonella typhi heat
killed organisms were injected intravenously, the phagocytic activity of the 
reticulo-endothelial system of the mouse was greatly depressed. Within 24 
hours the phagocytic activity returns to normal and then climbs to increased 
levels over 5-8 days. In the early years of this century Almroth Wright in his 
studies of typhoid vaccination observed a negative phase of resistance which 
ensued within a few hours of vaccine injection and preceded the development 
of demonstrable immunity. The same changes could be produced by endotoxin 
derived from a wide variety of Gram-negative bacteria. Also, if the same dose of 
killed Salm. typhi or endotoxin is repeated after 24 hours it no longer leads to a 
depression of the phagocytic index. In the presence of a hyper-reactive reticulo
endothelial system there is therefore an increased tolerance to endotoxin. 
Further evidence has been presented by Good & Thomas (1952) which relates 
the reticulo-endothelial system with the defence of the organism against the 
toxins of Gram-negative bacteria, for it is shown that a previous blocking 
injection of thorotrast to rabbits results in an enormous increase in susceptibility 
to endotoxin. A single injection of this toxin 6 hours after the administration of 
the blocking colloidal suspension results in the development ofbilateral cortical 
necrosis of the kidney (generalized Schwartzman reaction) and death of most 
of the rabbits. 

Also, as might ha ve been expected from the well-known histological changes 
produced after infection with tubercle bacilli, this organism causes a marked 
stimulation of phagocytic activity. After injection ofliving BCG vaccine into the 
mouse the phagocytic index stays ata high level for at least 3 weeks. All bacteria! 
infections do not produce the same effect, and large doses of dead Staphylococcus 
aureus produced no change in phagocytic activity as measured by these methods. 

HORMONE INFLUENCES 

The influence of hormones on reticulo-endothelial function has been much 
studied. Even a cursory review of the literature of the past decade will yield 
abundant clinical evidence that infections constitute one of the important 
hazards of the prolonged use of corticosteroids clinically. The evidence relating 
to the effect of cortisone varíes according to dose and species. In the rat, no effect 
on reticulo-endothelial blood clearance is apparent from the use of even large 
doses. In the mouse, moderate doses (5 mg per kilo) produce slight depression 
and higher doses (20 mg per kilo) severe depression. The rabbit on a dose of 
cortisone at 10 mg per kilo shows a striking deficiency in its ability to clear 
encapsulated pneumococci from the blood (White& Marshall 1951). However, 
it is apparent in mice that both hypo-adrenal as well as hyper-adrenal states 
confer increased susceptibility to infection (Kass 1960). Thus from the thera-
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peutic point of view, cortisone dosage in a hypo-adrenal state needs to becare
fully judged and too Iittle or too much can be equally harmful. The ability of 
sorne steroid hormones to stimulate the reticulo-endothelial system has been 
explored by Nicol & Bilbey (1960) who found the highest activity in oestradiol 
benzoate. 

The severe depressive effect of cortisone on antibody production (Berglund, 
1956a and b) in a 'cortisone-sensitive' species like the rat could conceivably 
result from an effect on the activity of macrophages. However, cortisone causes 
a striking depopulation of lymphocytes from all the lymphoid tissues, and could 
therefore act by elimination of the precursors of antibody-forming cells. 

The evidence of Weissman and Thomas (1962) that cortisone can stabilize 
the lysosomal membranes of phagocytic cells may be highly relevant and corti
sone could impair the activity of phagocytes in antibody production by decreas
ing the hydrolytic breakdown by lysosomal enzymes of antigens within the 
macrophage. 

STIMULATION BY SIMPLE SUBSTANCES 

Recently Stuart, et al (1960) have found that severa! relatively simple organic 
substances such as olive oil and glyceryl trioleate cause pronounccd stimulation 
of phagocytic function. 

MüRPHOLOGICAL DIFFERENTIATION OF THE 

AcTIVATED MACROPHAGE 

A homogeneous population of mononuclear phagocytes from the normal 
peritoneal cavity of the mouse will if maintained in tissue culture undergo a 
progressive increase in the size of individual cells without significant cell 
division. Phase-dense granules, mitochondria and lipid droplets accumulatc 
in the cytoplasm. The phase-dense granules are lysosomes which react strongly 
for acid phosphatase. At the same time the culture shows marked increases in 
specific activity of other hydrolytic enzymes such as cathepsin and P-glucur
onidase. Peritoneal macrophages from mice stimulated in vivo with bacteria! 
lipopolysaccharide undergo a similar series of morphological and biochemical 
events (Cohn & Benson 1965). Contrariwise, the activation which is secured by 
triolein is unaccompanied by increase in lysosomal enzymes (Lee & Coopcr 
I964), and this substance is postulated to incrcase phagocytosis by a purely 
surfacc effect. 

CELLULAR ASPECTS OF THE 
IMMUNOLOGICAL (ALLERGIC) RESPONSE 

The introduction of foreign cells or macromolecules into the tissues of the host 
will be followed by certain cellular and humoral events, which are regarded as a 
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response to the 'antigenicity' of these. The terms antigen and antigenicity have 
often in the past been defmed in terms of antibody production, but by current 
concepts the response to an antigen is fundamentally a series of cellular events 
and antibody production is to be regarded as an easily identifiable and con
veniently measurable indicator of these. However, antigen-induced specific 
cellular changes may not necessarily be directed to an inevitable production 
of antibody, and cells may result which do not have as their immediate function 
the synthesis of antibody. Such cells which may bear the imprint of specificity 
and react to the presence of the specific antigen are referred to as immunologically 
competent cells. It also has to be accepted that one possible result of antigenic 
stimulation is to induce specific immunological 'tolerance' or antigenic 'paralysis'. 

THE CHEMICAL CHARACTERISTlCS OF ANTIBODY 

The reader will derive sorne idea of the complexities of the cellular apparatus 
which is necessary for antibody synthesis from a brief consideration of sorne 
properties of this class of proteins. After Tiselius had shown that plasma pro
teins could be separated on the basis of their mobilities in an electric field, it 
was soon observed that antibodies occurred in the y-globulins, or more rarely, 
the /)-globulins. But all subsequent efforts to classify antibodies rigidly in terms 
of electrophoretic mobility met with frustration and it is nowadays apparent 
that the class of proteins to which antibodies belong differs from other plasma 
proteins in not being homogeneous, but rather consisting of a family of a wide 
variety of closely related proteins. The clearest illustration of this is that in the 
technique ofimmunoelectrophoresis (see Chapters I and 13) the line of precipita
tion against anti-y-globulin extends forwards through the ,8-globulins and even 
into the a-globulins. 

It is clear that the definition of y-globulin solely in terms of electrophoretic 
mobility leads to terminological difliculties. For this reason the tenn immuno
globulins has been proposed to describe the whole family of related globulins. 
In the rabbit, when the antigenic stimulus is intense, the antibody which is 
formed to any specific antigen appears to cover the whole range of eleétro
phoretic mobilities of the immunoglobulins in this species. In other species (e.g. 
the horse and the guinea-pig) it is common to find that the antibody covers 
only a very limited part of the whole spectrum. The subject of the division of 
immunoglobulins into their main classes IgM (or yM), IgA (or yA), IgG (or 
yG), IgD (or yD), and IgE (or yE), etc. is dealt with in Chapter 13. 

The reason for this complexity of antibody molecules is little understood 
but may involve the adaptability which these macromolecules must manifest 
under conditions of parasitic defence or for the maintenance of the antigenic 
integrity of the individual. It is also now apparent that different immuno
globulins are strictly compartmentalized in the multicellular organism. Thus the 
maintenance of immunity in the foetus depends upon selective permeation of 
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immunoglobulin yG molecules from the mother, while the milk and other 
sccretions contain principally yA immunoglobulins. 

These facts imply that the cells wh:ch make the different immunoglobulins 
are not the same but come from a number of distinct celllínes (or cienes). This 
concept gains definite support from the disease state multiplc myeloma, which 
has all the appearances of a neoplasm of immunoglobulin-secreting plasma 
cclls. In mice such tumours can occur as peritoneal nodules following intra
pcritoneal injection of paraffin oil (technique ofPotter). It is found that different 
tumours can produce electrophoretically different globulins. Moreover, 
different nodules taken from the same animal can produce quite different 
proteins when propagated separately in new hosts. 

MATURATION OF THE IMMUNE RESPONSE 

Thc human infant will usually start its life with a leve! of immunoglobulin in 
the blood which is derived from its mother, and is approximately equal to the 
normal adult concentration. In animals with a type of placenta! barrier which 
does not permit the transfer of antibodies, the serum at birth may be almost 
totally devoid ofimmunoglobulin. Thus piglets which are removed by caesarian 
section and prevented from obtaining maternal colostrum have only 40 jl.g 
per mi. of y-globulin (Sterzl et al 1965). This small quantity was apparently 
made by the foetus since incorporation of methionine into this y-globulin of 
the newborn could be shown by the use of Methionine-S35

• However, it could 
not be shown to have any detectable antibody activity. In the human newborn 
the level ofimmunoglobulin declines during the first 12-14 weeks oflife since 
in this period synthetic activity is unable to maintain the leve!. At sorne time 
between the cnd of the Ist month and the 4th month oflife, varying from child 
to child, the decline in y-globulin gradually ceases and, as production develops, 
immunoglobulins rapidly accumulate in the serum. 

Although the newborn of man and other species respond poorly, if at all, to 
many immunizing procedures it is not now accepted that the mammalian 
foetus is totally unable to respond to an antigenic stimulus up to the time of 
birth. Thus many reports ha ve appeared recently on the ability of the foetus of 
many spccies to form circulating antibody. These include the foetal calf, lamb, 
opossum as well as the human foetus (Eichenwald & Shinefeld 1963). Presum
ably the inability to find plasma cells in a normal foetus merely reflects the pro
tection afforded by the normal placenta against extraneous antigens. When this 
barrier is breached by the Treponema pallidum or Toxoplasma gondii, the human 
foetus responds by a precocious development oflymphoid tissues and impressive 
collcctions of plasma cells at the sites of infection (Silverstein & Lukes 1962). 
Toxoplasmic newborn infants may also show non-maternal macroglobulin 
antibodies in their cord blood (Eichenwald & Shinefeld 1963). Silverstein (1962) 
has speculated that the appearance of the lesions of congenital syphilis only 
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after the 5th or 6th month of gestation may indicate the time of onset of 
immunological competence in man. The f..1ct that younger foetuses can be 
infected with trcponemes but do not devclop the lesions of syphilis has been 
interpreted as evidence that in the absence of immunological competence, the 
pathogenicity of the treponemes is not manifest. In the lamb an immunological 
response to bacteriophage with antibody production can be mounted by the 
35-day foetus-just about the time that thymocytes first appear in the primitive 
thymus and befo re the appearance of functionallymph no des and spleen (Silver
stein & Kraner 1965). Also, according to the latter authors, the data in the lamb 
suggests that ability to produce antibody to different antigens appears at 
markedly different stages of gestation. Antibodies to the protein ferritin were 
not formed until the 65th day of gcstation and antibodies to ovalbumin were 
not formed until the 125th da y. The foetus appeared unable to respond through
out gestation to other antigens: diphtheria toxoid, Salmonella typhi or BCG. 
Competence to reject skin homografts developed only at about So days' gestation. 

The initial antibody response by foetus, premature or full-term infant con
sists almost entirely of macroglobulin. Smith (1960) immunized human prema
ture infants with typhoid vaccine. The antibody first formed to the H-agglutinin 
was macroglobulin (19S), in contrast to older children and adults in whom the 
majar production was 7S :yG immunoglobulin. It is also claimed that when 
antigen in Freund-type adjuvant was injected into the foetal calf, large amounts 
of y-globulin were produced while antibody only just reached detectable levels 
(Silverstein & Kraner 1965). 

The most important source of early antigenic stimulation in nature is usually 
the bacteria of the gut. In so-called germ-free animals which are deprived of 
living (but not dead) bacteria in their food and environment generally, the 
lymphoid tissue in relation to the gut is considerably less developed than in a 
normal animal. This deficiency affects the development of germinal centres in 
the lymphoid nodules of Peyer's patches and there is a relative deficiency of 
plasma cells. Germ-free animals possess lower levels of y-globulin in their serum 
than normal animals. In the 2-3 week old rabbit the production of y-globulin, 
as shown by in vitro culture of isolated tissues, is confined almost entirely to thc 
appendix. As will be discussed below, in the adult many other tissues are active 
in y-globulin production (e.g. bone marrow, spleen and peripherallymph nades). 

SITES OF ANTIBODY PRODUCTION IN 
ADULT ANIMALS 

Antibody production is, in general, the concern oflymphoid tissues (other than 
the thymus in mammals) snch as the spleen, lymph nades and bone marrow. 
Thus in the rare 'Swiss type' of hypogammaglobulinaemia (see Chapter 19) in 
which a rudimentary development of the thymus is associated with a failure 
of development of all the lymphoid organs of the body, all immtmological 
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responses including antibody production, graft rejection and delayed-type 
hypersensitivity are lacking (Hitzig & Willi 1961). Similarly selective damage 
to the lymphoid tissues by X-rays, anti-lymphocyte sera, nitrogen mustard and 
other radio-mimetic drugs, result in diminished immunological responses of 
all the above categories. 

Broadly the situation seems to be that if antigen is injected repeatedly intra
venously, antibody is produced mainly in the spleen, lung and bone marrow. 
When antigens are distributed by lymphatics from a local focus of infection or 
following injection of antigen, antibody is made predominantly in the group 
of regional draining lymph nodes. Under certain circumstances, and especially 
when the antigen is mixed with the so-called adjuvants, subcutaneous injection 
is followed by local granuloma formation and often antibody formation takes 
place locally in such granulomata. 

The cells involved in the immunological responses leading to antibody 
production differ from those in delayed-hypersensitivity and graft rejection 
responses, and in recent years convincing evidence has accrued to support the 
view that these differing immunological responses are subserved by separate 
populations of lymphoid cells. Thus Warner, Szenberg and Burnet (1962), by 
injection of testosterone proprionate in ovo, prevented the development of 
lymphoid tissue in the bursa ofFabricius while allowing, in sorne birds, a normal 
thymus to develop. Such birds were unable to produce antibody following 
antigen injection, but could reject skin homografts in a normal manner. Other 
birds which developed a complete atrophy of the thymic cortex as well as 
bursallymphoid tissue, had in addition impaired rejection of skin homografts. 
Furthermore, it is now evident that thymectomy, even in the newborn mouse, 
exerts a more powerful suppression of homograft rejection mechanisms and 
delayed-type hypersensitivity than of antibody production. On the basis of these 
facts, the question must arise asto whether any organ which is functionally equi
valent to the bursa of Fabricius exists in the mammal; possibly among such 
entodermally related lymphoid organs as the tonsils, appendix and Peyer's 
patches. 

In so far as both thymus and bursa of Fabricius are not themselves capable of 
producing antibody (see below) but either provide the cells for seeding other 
productive lymphoid tissues, or control by the production of hormones the 
development of these, it is possible (Miller, Marshall & White 1962) to envisage 
the existence of two levels of organization of the lymphoid tissues. Substantial 
support is givcn for this conccpt by the fmding ofParrott, de So usa & East (1966) 
that removal of the thymus from newborn mice results in depletion oflympho
cytes from select areas of the cortex of lymph nodes which abut on the medulla 
and which ha ve been termed 'thymus dependent areas', and which correspond 
topographically with thc arcas (termed tertiary cortical follicles by Scothorne 
& McGregor, 1955) which develop thc large pyroninophilic lymphoid cells in 
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homograft reactions and the 'paracortical arcas' of Oort and Turk (1965), which 
develop similar cells in reactions to chemicals sensitizing delayed hypersensitivity. 

ANTIBODY fORMATION BY THE SPLEEN 

Evidence for the spleen as a si te of antibody production comes from studies of 
the effects of splenectomy. The splenectomized rat (Rowley 1950a) is found to 
make little or no antibody when small amounts of particulate antigens are 
injected into the blood stream. If antigen is injected intraperitoneally or intra
dermally the splenectomized rat equals the intact animal. In humans also the 
production ofhaemolysins and haemagglutinins following the injection of small 
doses of foreign red cells intravenously was far less in splenectomized patients 
than in controls (Rowley 1950b). 

These results would appear to stress the role of the spleen in forming antibody 
to antigens which are particulate and distributed via the blood stream. Therefore, 
in human haemolytic disease, when antibodies occur against antigenic compo
nents of erythrocytes it would be logical to expect that the spleen plays a foremost 
role in their production. 

ANTIBODY FORMATION WITHIN LYMPH NODES 

The major evidence for lymph nodes as producers of antibody was derived 
from the classic approach of McMaster & Hudack (1935). They controlled the 
possibility that thc antibody which was extractable from lymph nodes was the 
result of seepage into an inflamed node of antibody which had been formed 
elsewhere, by injecting two different antigens of killed bacilli, one into each 
ear of a mousc. The injections would, of course, cause the regional nodes ofboth 
sides to become more permeable than normal, but the antibodies of the two 
kinds would have an equal chance to concentrare in the inflamed arca. In point 
of fact it was found that agglutinins to the antigen injected in the right ear 
appeared earlier and in high concentration in the lymph nodes draining that ear, 
but not in the lymph nodes draining the other ear. Conversely, in the cervical 
nodes of the left side antibodies appeared first to the antigen injected in the left 
ear, and not to that injected on the right side. 

Further evidence for the fact that the main production of antibody occurs in 
the grouping of lymph nodes in the rcgion draining the lymph from the si te 
of injection will be considered later, when the individual cells involved are 
considered. But it should be stressed that the method and route of administra
tion of antigens determines which tissues predominare in antibody production. 
Presumably this pattern results from the fact that the antigens ( or at least that part 
which is effective in antibody production) are rapidly fixed in the lymph tissues 
which first receive the drainage of fluid containing these. It is surprising to find 
that this holds not only for the particulate antigens, like bacilli or erythrocytes, 
but also for soluble protein antigens. 
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LOCAL PRODUCTION OF ANTIBODY 

The foregoing discussion concerning the spleen and lymph nodes has stressed 
that the preliminary fixation of the antigen is an important factor in determining 
whether a tissue manufactures antibody. It is possible to summarize the vast 
amount of work which has investigated the possibility of local production of 
antibody by the general statement that, providing methods are used which 
sccure the local fixation of the antigen, almost any tissue is found capable of 
accumulating antibody-producing cells. 
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F1c. 12.1. Local production of antibody by a fat transplant. Serum antitoxin rises 
in two rabbits, which received a 3-day, anda 10-day transplant into the omentum. 
Each donar was injected primarily with 6o Lf of diphtheria APT (alum-precipitated 
toxoid), 28 days afterwards a secondary injection of 12 Lf of diphtheria toxoid 
was made into the interscapular fat, befare transplantation. 

From Oakley, Warrack & Batty (1954) J. Path. Bact. 67, 485. 

The problem can be approached by the same technique which was used to 
show antibody production in lymph nodes, i.e. by extraction of the local 
tissue, and fmding that the antibody titre of the extract is greater than in the 
plasma. The same objection occurs, as with the lymph node studies, that anti
body has merely become concentrated rather than synthetized in the local tissues, 
but the same device of injecting two antigens, one at the si te of study and one 
clsewhere, can control this concentration effect. 

A second approach was to transplant tissues from immunized animals to non
immunized recipients and to show that antibody appeared in the recipient at 
about the time that it would have appeared in the donor. Oakley, Batty & 
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Warrack ( 1951) transplanted fatty tissue, after local injection of alum-precipitated 
diphtheria toxoid, into the omentum of rabbits, with results as shown in Fig. 
12.1. It will be noted that whereas the 10-day transplant produced antibody 
from the beginning, the 3-day transplant required a day or two to get going
behaving as it would ha ve done in the donor. It may be objected that the antigen 
persisting in the tissue transplanted could induce the recipient to form antibody 
anyhow. But such primary formation would not start until a much longer time 
had elapsed following the transfer. It should be realized that the antibody in this 
case is apparently not formed by the fat cells but by the cells of the granuloma ta 
which develop about the alum-precipitated toxoid antigens. 

An important aspect of the local production of antibody is whether this is 
possible within the organs which house antigen-containing fluids such as the 
bladder, uterus and mammary glands. After the introduction of Tríchomonas 
and Brucella abortus into the uterus and vagina, it is possible to extract antibody 
from the walls of these organs. There is also evidence that when Br. abortus is 
introduced into the 'milk cistern' of one-quarter of a cow's udder agglutinins 
to this antigen appear in the milk from that quarter well in advance of agglutinins 
from other quarters, suggesting very strongly that antibody can be formed in a 
local sector of the udder (Giltner, Cooledge & Huddleson 1916). The problem 
of such local antibody production has recently assumed new interest and 
complexity from the demonstration by Chodirker & Tomasi (1963) that yA 
globulin is the predominant immunoglobulin type in human parotid saliva, 
colostrum and lacrimal secretions. The yGjyA ratio in this group of fluids is less 
than one, whereas in normal human serum this ratio is approximately six. 
Moreover, Tomasi et al (1965) found that yA o[ colostrum and saliva differs 
from serum yA since: first, it is more highly polymerized and consists principally 
of a component with a sedimentation coefficient of nS; secondly, it is not 
disrupted by disulphide bond reduction in the absence of urea; and thirdly, 
saliva and colostrum yA has an additional antigenic determinant. Evidence from 
radio-immunoelectrophoresis (Hochwald, Jacobson & Thorbecke 1964) has 
revealed that both salivary and mammary tissue are able to incorporate 14C
labelled amino acids into newly synthesized yA in vítro, although this technique 
is unable to indicate the fraction of the total yA which is locally produced. 
Nevertheless, even if most of the production derives from circulating plasma 
immunoglobulin, the results ofTomasi and his colleagues must indicate that an 
additional 'transport piece' of the yA molecule is added during the selective 
transport of this minor polymeric form of yA by the glandular epithelium. 

ANTIBODY PRODUCTION IN THE LIVER 

lt seems that several of the plasma proteins are formed in the liver, which 
would appear to be the only site of formation of the plasma albumin, P
globulin and fibrinogen. Miller & Bale (1954) showed for instance that the 
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isolated rat's lever, w hen perfused with 14C-lysine, vigorously incorporated 
this radioactive amino acid into these three fractions of the plasma proteins, but 
showed little or no incorporation into y-globulin. Contrariwise, the perfusíon 
of the eviscerated carease of the rat produced only plasma proteins with the 
mobilities of y-globulins. Since antibodies are regarded as ordinarily associated 
with the y-globulin fraction of serum, this evidence argues strongly against the 
role of the liver in antibody production. 

Another way to study the proportional activity of the different tissues in the 
synthesis of antibody, is to measure the incorporation of radioactive amino 
acids into the antibody formed by various tissues taken from antigen-injected 
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FIG. 12.2. Synthesis of specific antibody to ovalbumin and to pneumococcu~ type 
III capsular poly~ccharide and non-specific y-globulin by tissues of a rabbit 
maintained a few hours in vítro. Percentages are shown of antibody and y-globulin 
contributed by diñcrent tissues to the overall synthesis, in a rabbit immunized by 
intravenous injection of alum-precipitated ovalbumin and pneumococcus type m. 

IZ:I anti-pneumococcus polysaccharide III 
fS3l anti-ovalbumin 
o non-specific y-globulin 

From Askonas & Humphrey (1958) Biochem.]. 68, 252. 

animals and maintained in tissue culture. The technique consists in the incuba
tion of tissuc slices in a nutrient mcdium over a period of 4-5 hr, in the presence 
of 14C-labelled amino acids. At the cnd of thc incubation pcriod the antibody 
produced is isolated by specific precipitation and estimated quantitatively by its 
count of emitted radiation. Although such a method does not, without numerous 
assumptions, givc a true estímate of the absolute rate of synthesis, the technique 
is valid for comparing one tissue with another and one method ofimmunization 
with another. By allowing for the total weight of the tissue in the animal, the 
rdative contributions of the different tissues can be easily calculated. 

The results of this method are shown in Fig. 12.2 for the differcnt organs of a 
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rabbit hypt:r-immunizcd with intravenous injections of killcd pncumococcus 
type III and alum-precipitated ovalbumin. It will be seen that these results 
confirm thc above evidence of a relatively insignificant production of antibody 
by the liver. Moreover, this method of administration of antigen (by intravenous 
injection of a particulate antigen) would be expected to favour the role of the 
liver, since under these circumstances the phagocytes of the sinuses trap a very 
high proportion of the antigenic material. As is seen in Figs. 12.3 and 12.4 when 
the antigen is injected intra-muscularly into a rabbit or subcutaneously into a 
guinea-pig, the liver plays an even smaller role. 

As will be seen later, antibody production within the liver can usually be 
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FrG. 12.3. Synthesis of specific antibody to ovalbumin andnon-specific y-globulin. 
The individual tissues were maintained during a period of a few hours in vitro. 
Percentages are shown of the contributions made by the different tissues to the 
overall synthesis, in a rabbit immunized by intramuscular injection of ovalbumin 
in Freund's adjuvant mixture. 
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From Askonas & Humphrey (1958) Biochem.]. 68, 252. 

correlated with the presence of invading cells forming scattered periportal 
granulomata. The true hepatic parenchymal cell does not seem capable of form
ing antibody. 

ANTIBODY fORMATION IN THE BONE MARROW 

The scattered nature of the bonc marrow has resulted in this tissuc receiving less 
attention from the ablation and isolation techniques of the experimental 
pathologist. In the experiments of Miller & Bale, quoted above, the significant 
contribution of the eviscerated carease of the rat to the synthesis of y-globulin 
was interpreted as depending u pon the activity of the bone marrow chiefly. 

In the tissue culture experiments, as illustrated in Figs. 12.2, 12.3 and 12.4, the 



PLATE I2.I. Drawing in pencil of the pulp strand of a normal rabbit spleen, made 
by the author from a preparation of Dr A. H. E. Marshall treated by W eil
Davenport mcthod to demonstrate argyrophil cells (Marshall & White r950). 
Note: the four morphological types of reticulo-endothelial cell: 

(i) spheroidal macrophages lying free in thc lumina of the sin uses; 
(ii) sinus-lining cells; 

(iii) coarsely branching reticular cells lying in the stroma of the red pulp, whose 
processes appear to join with or overlap those of neighbouring cells; 

(iv) finely branching reticular cells occurrmg at the periphery of the Malpighian 
bodies which rcsemble microglia in the form of their cyto-plasmic branches. 

facing p. 3 52 



PLATE 12.2. Fluorescence micrograph. Single !ayer techniquc using f!uorescein 
isothiocyanate-labelled rabbit anti-human serum albumin to demonstrate antigen 
(HsA) denoted by surface f!uorcsccncc following the dendritic outline of scattered 
cells within a germinal centre of the chicken splecn at 6 days after injection of 
I mg ofHSA intravenously. x 1100. 



PLATE I2.3. Fluoresccnce micrograph. Single !ayer technique using fluorescein 
isothiocyanate-labelled rabbit anti-human serum albumin to demonstrate antigen 
(HSA) localized to 'dendntic macrophages' within a small, early germinal centre 
of the chicken spleen at 4 days after injection of HSA intravenously. x 400. 



PLATE 12.4. Fluorescence miCrograph. Single !ayer technique using fluorescein 
isothiocyanate-labclled anti-chick y-globulin to demonstrate the sites of chicken 
antibody. It is seen that a pattcrn of outlined dendritic cell bodies is produced simi
lar! y to the pattern of antigen (Plates 9.3 and 9.4) showing the association of anti
body with antigen in and on dendritic macrophages within a germinal centre ofthe 
chicken spleen. x 400. 



PLATE r2.5. Drawing of typical members of the plasma cell series stained by 
haematoxylin and pyronin as they appear in formalin-fixed, paraf:!in-embedded 
tissucs. 

C. haemocytoblast (plasmablast, transitional cell); 
D. immature plasma cells; 
E. mature plasma cells. 

PLATE I2.6. Fluorescence micrograph. Sandwich technique to demonstrate anti
ovalbumin iu a frozen section of the regionallymph no de of a rabbit 4 days after a 
recall injection in a hyperimmunized animal. Antibody appears as a bright fluores
cence throughout the cytoplasm and as irregular areas within the nuclci of sorne 
cclls. The cells which show the prescnce of antibody are mainly immaturc plasma 
cells, with a fcw mature plasma cells, in thc medullary cord of the no de (magnifi
cation x 6oo). 



PLATE r2.7. Fluorescence micrograph. Sandwich technique used to demonstrate the 
presence of diphtheria antitoxin in the regionallymph node 2 days after a second
ary stimulus. Note the haemocytoblast A, and the two immature plasma cells B, B. 
In the latter the greatest concentration of antibody can be seen to be in and around 
the region of the Golgi element. Note also the irregular ring of antibody within 
the nuclear shadow of the haemocytoblast (magniücation x Soo). 

PLATE I2.8. Fluorcscence micrograph. Sandwich technique used to demonstrate 
diphtheria antitoxin in the regionallymph node of a rabbit 4 days after a secondary 
stimulus. Note the mature and immature plasma cells within a medullary cord 
(magniücation x 6oo). 



PLATE r2.9. Fluarescence micragraph. Russcll badies appearing as clusters af 
brilliantly fluarescent raund abjects within the cytaplasm of plasma cells. From 
a lymph nade 6 days after a secondary stimulus of avalbumin. In additian ta the 
'salid' spheres, there are a few with a 'hallaw' appearance (magnificatian x r2aa). 



PLATE I2.IO. Fluorescence micrograph. Corticallymphoid module of a regional 
lymph node, showing antibody within and between the cells ofthe germinal centre 
(magnification x 200). 

PLATE I2. Ir. Fluorescence micrograph. Antibody-containing cells within two 
germinal centres of a chicken at I4 days after a primary injection of r mg ofhuman 
serum albumin. Sandwich technique for antibody to human serum albumin. Note 
the almost total absence of mcdullary antibody-containing cells, and the presence 
of antibody in the majority of the cclls within thc larger germinal centre. x 200. 
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bonc marrow, by all three methods of antigen administration, made a major 
contribution to the overall calculated antibody synthesis. The activity per unit 
mass of this tissue was never strikingly high, but the total bulk of the bone 
marrow so far outweighs that of the other lympho-reticular tissues that its 
importance for antibody production ranks relatively high. The immuno
globulins involved in these experiments were principally 7S y1 and y2 , since the 
tissncs were excised from guinea-pigs at 3 weeks. Bonc marrow taken at 8-ro 
days after injection ofbacteriophage appeared to produce almost all the macro
globulin 19S antibody of the animal (Fleming, Wilkinson & White 1967). 

75 

Hamo
lateral 

Contra
lateral 

Lumber 

Gronulomo 
Thymus Placenta ( footpad) 

Bone morrow(red) 

Spleen 

F1c. 12.4. Percentages of antibody and non-speciftc y-globulin contributed by the 
different tissues to the overall synthesis in a guinea-pig, which was immunized by 
injcctions of an oily emulsion of ovalbumin with added Wax D of Mywbacterium 
tuberculosis into the footpad. 
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From Askonas & White (1956) Brit. J. exper. Path. 37, 6r. 

ANTIBODY FüRMATION IN THE THYMUS 

Most workcrs secm agreed that little antibody is made in the thymus (see Fig. 
12.4), although by scnsitive methods such as radio-immunoelcctrophoretic 
analysis of cultured glands, some synthesis ofimmunoglobulin can be detected. 
But even when particulate or other antigens are repeatedly injected in a vein, 
cxtraction of the thymus fails to reveal any more antibody than similar extrac
tions of muscle, and there is no production of plasma cells or germinal centres. 
Such a behaviour could result if antigen failed to reach the thymic cells, and 
Marshall & White (1961) postulated the lack of a receptor system for antigens. 
Clark (r963) has shown that thc thymic cells are separated from connective 

N 
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tissue and blood vessels by a basement membrane and a continuous layer of 
epithelial-reticular cells. However, this epitheliallayer did not offer an absolute 
barrier to soluble antigens since ferritin and albumin were found to pass into 
the gland (Clark 1964). When antigens are injected directly into the thymus 
large numbers of antibody containing cells result. It could be objected that this 
cellular reaction rnight result from imported cells from the blood just as it might 
happen in a tissue-like muscle or adipose tissue. However, lymphoid nodules 
with germinal centres also resulted and clearly suggested that the reaction 
involved thymic cells. Finally, the lack of reactivity could depend on incom
petence of the thymic lymphocytes, although severa] claims to have demon
strated the competence of transplant populations of such cells in antibody 
production and graft-versus-host reactions have been made. 

ANTIBODY PRODUCTION IN THE CENTRAL 

NERVOUS SYSTEM 

Somewhat similar considerations apply in the case of the central nervous 
system, which also shows no uptakc of intravenously injected vital dyes or 
carbon particles, due presumably to the existence of a hypothetical 'blood-brain' 
barrier. In point of fact, potential antigenic components appear to exist within 
the normal brain which when injected into the cxtra-neural parts of the body 
give rise to antibody production. This argues that the brain must lack the powcr 
of responding under normal conditions to antigcns within its substance. This 
may be associated with the lack of a system oflymphatics in the brain draining 
into lymph nodes. However, when once an inunune response is established to 
the antigcns of the brain by repeated injection into the animal ofbrain tissue, this 
immune response can react upon the antigens already prescnt in the brain 
and cause damage (disseminate allergic encephalomyelitis). 

Homografts are often well tolerated when grafted into the normal brain, 
prcsumably since no immune response is forthcoming. However, animals who 
have made a successful response resulting in the rejection of a graft from a given 
donor which was in this case implanted on the skin of the animal, can also react 
against skin grafts from the same source which are implanted into its brain. 

One might argue from this that if the mechanism for the immune response 
werc set up by antigen absorption outside the central nervous system the presence 
of antigen within the system could then cause an immune response and pos
sibly antibody production. 

Certainly, in neurosyphilis the Wassermann reaction is occasionally positive 
in the cerebrospinal fluid and negative in the blood stream. Morgan, Schlesinger 
& Olitsky (1942) injected monkeys intracerebrally with poliomyelitis virus 
and demonstrated the highest antibody titres in the body within the anterior 
horns of the spinal cord and little or no antibody in the blood. In such inflam
matory conditions the cells which are associated with antibody formation 
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clscwhcre in the body-macrophages, lymphocytes and plasma cells may 
accumulate in the lesions of the nervous tissue and would provide the most 
probable cellular si te of the formation of such antibody. 

ROLE OF THE MACROPHAGE SYSTEM IN 
THE INITIAL MANIPULA TION OF ANTIGEN 

following the work of Mctchnikoff, Aschoff and others, the uptake of bacteria 
and all kinds of foreign particulate matter by macrophages led to the easy 
assumption that these cells must process the antigen to form antibody, and the 
fact that blockade with an overdose of inert particles can reduce antibody 
production was at least consistent with this view. At present the role of the 
macrophage is far from clear. No one has yet followed antigen into a cell and 
succceded in showing a subsequent production of antibody by the same cell. 
This argues at least that this simple role for the macrophage is highly unlikely 
and the blockade evidence would be consistent with the concept that the macro
phage is essential merely for the initial reception or manipulation of the antigen. 

However, one point at least is clear: there is an obvious discrepancy between 
thc ability of a tissue to take up antigen and its ability to synthetize antibody. 
This is clearly so for the liver, which as discussed previously, will take up 90% 
of an intravenous dosc of particulate antigen, and yet contributes only a small 
fraction of the subsequently synthesized antibody. Indeed Campbell and Garvey 
(1961) showed that less thanz% ofinjected antigen goes to the major lymphoid 
organs of the antibody-forming system. In other situations too, it is possible to 
show that macrophages neither contain nor synthesize antibody. Askonas & 
White (1956) studied the granuloma which develops after the injection of 
antigen in Freund-type adjuvant mixture into the footpad. This tissue, although 
packed with hypertrophic macrophages, sorne of epithelioid type, proved to be a 
rclatively poor antibody producer when maintained in vítro. 

Another difficulty arises from the fact that the dose of an antigen necessary 
to provoke antibody formation is far less than that used in histological investi
gations on the fa te of the same antigen. Thus in the classical studies of Coons & 
Kaplan (1950) with pneumococcus polysaccharides the amounts injected ranged 
from 0.5 to 10 mg per mouse. According to Felton (1949) the dose necessary to 
produce immunity is half a microgram-a thousandfold lower dose. In point 
of fact, with this antigen in the mouse, doses of I mg and upwards produce 
immunological paralysis rather than immunity. Nossal, Ada & Austin (1964) 
have shown that remarkably small doses of protein antigens, namely, 100 ng 
(o.I Jlg) and IO ng (o.Io Jlg) of flagellin caused peak antibody titres (7S). Doses 
as small as 100 pg (o.oooi pg) occasionally caused antibody production. 

The foregoing kind of evidence has led to the alterna ti ve vicw that the macro
phage merely acts to catabolize antigens and by this function acts to protect the 
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antibody producing cell system from exposure to excessive antigen which woulcl 
result in paralysis. Thus, Crampton, Frankel & Rodeheaver (1960) have argued 
that any cell which takes in a large dose of antigen would be precluded from 
antibody production. 

In tissue culture, it has not generally proved possible to induce antibody 
production by simple exposure of a 'pure' population oflymphoid cells such as 
blood or thoracic duct small or large lymphocytes to antigen, although there 
are claims to have achieved this in both primary and secondary responses 
(Holub & Riha 1960; Elves, Taylor & Israels 1963). However, the work of 
Fislunan (1959) and his colleagues (reviewed in Fishman, van Rood& Adler 1965) 
has shown that speciflc antibody production can be initiated in normal rats or 
cultures oflymph node cells from such animals by ribonucleic acid-containing 
extracts of peritoneal macrophages which had been incubated with antigen 
in vitro. 

The concept that the basic ccllular unit for antibody procluction consists of an 
antigen-processing macrophage working in concert with the precursors of the 
actual antibody-producing cell (plasma cell) has received histological support 
recently from two independent series ofinvestigations. Ada, Nossal & Pye (1964) 
and Nossal, Ada & Austin (1964) studied the localization of antigens of 
various kinds trace-labelled with 1311 or 1251 injected in small amounts into 
rats. 

Antigens in doses as small as 16 ng, which is near to the lowest immunizing 
dose, localized in the macrophages of the medullary sinuses of lymph nodes 
and in the germinal centres oflymphoid nodules. The pattern oflabelling over 
the follicles suggested that the antigen was attached to macrophages and not to 
the main cells-the medium and large lymphocytes (haemocytoblasts). Ada, 
Nossal & Austin (1964) studied a range of soluble and particulate antigenic 
substances, e.g. flagellin, bovine serum albumin, horse ferritin, diphtheria toxoid, 
fowl erythrocytes, and found that all consistently localized to macrophages in 
germinal centres. Homologous, presumably non-antigenic rat serum albumin, 
rat haemoglobulin and rat erythrocytes did not localize to the same site. On 
the basis of these results, it was postulated that a 'recognition mechanism' 
capable of distinguishing between self and non-selfbody components existed in 
respect of antigen localized at these sites. A possible exception was rat gamma
globulin which was found to localize to the germinal centres of the lymphoid 
nodules in spite of its 'self' origin. The authors concluded that this exception 
could have signiflcance in indicating that antibody might act as 'opsonin' in 
allowing the specialized macrophages of the germinal centres to capture the 
antigen. 

The localization of antigen had been previously studied by the fluorescent 
antibody technique by Coons, Leduc & Ka plan (1951). White (1963) had shown 
that proteins such as human serum albumin, and diphtheria toxoid when injected 
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intravenously into chickens, localized to 'dendritic macrophages' (Plate 12.2) of 
the white pulp. This localization could not be detected until about 48 hours after 
injection and then was seen to be associated with elongated spindle-shaped cells, 
which were scattered throughout the white pulp, around the central arteries. 
At this time no antigen could be seen within the germinal centres of the spleen. 
Later (at 3 and 4 days) antigen was localized to dendritic cells (Plate 12.3) within 
small germinal centres, as well as outside in the white pulp. At 6 days all the 
detectable fluorescence denoting antigen was within germinal centres appearing 
as a pattern of surface fluorescence outlining the cell body and processes of 
about ftfteen to thirty scattered dendritic cells (Plate 12.2). Antigen clearly 
persisted in and on thesc cells for at least rs days. This fact alone would 
indicate a special signiftcance for this small fraction of the total injected 
antigen. 

Further work has shown that antibody is associated with antigen at the surface 
of the dendritic cells, and may be essential for the localization process (Whíte, 
French & Stark 1967; White 1967). Thus sections treated with fluorescein
labelled anti-chick yG gave a similar pattern to that of the localized antigens 
within the germinal centres. Further it was found that no localization of antigen 
would occur to the dendritic cells in chickens which were rendered tolerant by 
rcpeated injections of the homologous antigen (human serum albumin) from 
the time of hatchíng, presumably since the tolerant birds lacked circulating 
homologous antibody. These results are at variance with those of Ada, Nossal 
& Pye (r965) who found that localization, as detected by autoradiography, 
occurred normally in speciftcally tolerant rats. 

The dcndritic macrophages possibly correspond with the metalophilic cells 
resembling microglia, which have been discussed in a previous section and 
illustrated in Plate r2.r. Thcy are regarded as a specialized form of the spleen 
or lymph node macrophages and to differ functionally from the amoeboid sinus 
macrophages or the reticulum cells of the medulla. Indeed, the long persistence 
of antigen on these dendritic germinal centre cells argues a functional difference. 
Possibly the reason for the apparently speciftc localization of antigen to these 
cclls is that antigcn initially enters reticulo-endothelial cells of all kinds but 
persists only in thc dendritic cells owing to a defect in the intracellular hydro
lytic activity of these cells. 

The close structnral and functional relationship betwecn antigen-loaded cells 
and lymphocytes in the germinal centre has obvious similarities to the concept 
ofBessis& Breton-Gorius (r962) for the erythroblastic island in bone marrow. 
In this case reticular 'nurse' cells at the centre maintain contact with severa! 
layers of erythroblasts by cxtensive pseudopodia and it is claimed that transfer 
of ferritin across this surface can be visualized by the electron microscope. 
The relation of antigen localization in dendritic cells to the formation of germinal 
centres will be discussed below. 
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PLASMA CELL REACTIONS 

If a bacillary vaccine or foreign protein, such as horse serum, is repeatedly 
injected intravenously into, say, a rabbit, after a week or so there appears an 
impressive increase in the size of the spleen, the pulp strands of which become 
massively infiltrated with pyroninophilic plasma cclls. Such cells accumulate 
not only in the spleen, but in many other situations, such as the lungs-which 
become converted eventually into what is practically a lymphoid organ; the 
fatty tissue around the renal pelvis, and in smaller collections in the periportal 
zones of the liver (Fagraeus 1948). 

The hypothesis that these pyroninophilic cells were engaged in the synthesis 
of antibody globulin was stimulated by the work of Caspersson and his Scandi
navian colleagues on thc association between cytoplasmic ribonucleoprotein 
and protein synthesis in protein-secreting glands such as the pancreas and the 
salivary glands. In the plasma cell, the accumulation of nucleotides has produced 
one of the cell' s most characteristic features-its marked basophilia. While other 
cells of the reticular tissue show basophilia when young, presumably since they 
are vigorously synthesizing protein for growth, such cells as the granulocytes, 
lymphocytes and erythrocytes all lose their cytoplasmic ribonucleoprotein 
with the process of differentiation. The plasma cell, on the contrary, maintains 
basophilia as a mature ccll. 

Fagraeus (1948) used the methyl-green-pyronin tcclmique to describe the 
developtnental stages of the families of cells found in reticular tissucs after antigen 
injections. First in the series was the cell termed by Fagraeus the transitional 
cell, which by the methyl-green-pyronin staining method is indistinguishable 
from the haemocytoblast (see Plate 12.5C) the precursor cell of the erythrocyte 
and leucocyte series of cells. The ncxt stage was termed the immature plasma 
cell (Plate 12.5D). The leptochromatic large nucleus of the haemocytoblast stage 
has become smaller, its chromatin strands were condensed. The basophil cyto
plastn has become somewhat more extensive on one side of the nucleus and a 
defmite clear area can be made out against the nucleus. In the final stage, the 
mature plasma cell (Plate 12.5E), the process of condensation of nuclear chro
matin has gone further to produce a small, round and very eccentric nucleus. 
The nuclear membrane is thick with lumps of chromatin arranged peripherally 
at its inner surface so that the well-known 'dock face' nucleus is produced at 
least in formalin-fixed, paraffin-embedded material. The cytoplasm is deeply 
basophil except for a prominent bean-shaped area overlapping the nucleus, an 
area corresponding with the Golgi element. The Golgi element is a prominent 
feature of all protein-secreting glandular cells, e.g. the pancreas, thyroid and 
salivary glands. 

Further evidence for the pbsma ccll as a unicellular gland comes from recent 
studies with the electron microscopc which show that thc area of cytoplasm 
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corresponding with the basophilia is occupied by a complex system of parallel 
membranes: the endoplasmic reticulum or ergastoplasmic membranes. This is 
shown in Fig. 12.5. Such membraneous systems are present in the cytoplasm of 
various known protein secreting cells. By way of contrast, the smalllymphocyte 
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Frc. rz.s. Diagrammatic representation of the ultra-structure of a typical plasma 
cell or other protein-secreting ccll. 

N-nucleus with nucleolus (N u). 
Go.-Golgi complex. 
Mi.-mitochondria. 
Erg.-membranes of the cndoplasmic reticulum or ergastoplasm with 

attached ribonucleoprotcin granules (ribosomes)-RN. 
Cy .-cytoplasmic matrix containing free ribosomal granules. 

has a cytoplasm which is almost devoid of cndoplasmic reticulum. Also its 
Colgi element is quite tiny. 

Thc essential unit of thc endoplasmic reticulum as seen in sectioned cells is a 
pair of parallel membranes seen in prof!le. These are regarded as making up a 
systcm of communicating sacs or císternae, the lumina of which can be empty or 
occupicd sometimes by the proteinaceous secretion of the cell. The membranes 
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are fairly uniformly around 70 A thick and on the outer surface show regulad y 
spaced granules or projections 150 A diameter. Beyond the membranes and 
between adjacent similar structures is the cytoplasmic matrix, which includes 
particles which are of a similar size and probably are identical with the attached 
granules and which appcar to be scattered freely between the membranes. These 
particles consist in largc part of ribonucleic acid and they are termed ribosomes. 
The Golgi element consists of a collection of smooth-surfaced sacs which lack 
granules. 

By analogy with the intracellular mechanisms which have been postulated 
for enzyme synthesis by pancreatic cells, the antibody molecules may be formed 
on the surface of the ribosomes. The cndoplasmic reticulum may carry out the 
secondary segregation and intracellular transfer of such secreting products. 
The specificity of the antibody product is regarded as a property of the molecular 
configuration of thc RNA occupying the ribosomal particle. The ultimate tem
plate for specific synthesis is the nuclear DNA; by the transfer of RNA of specific 
configuration (messenger RNA) to the cytoplasmic ribosome, the nucleus 
remotely controls the synthetic process. 

The actual presence of antibody within the cytoplasm and nuclci of the 
members of the family of plasma cells was shown by Coons, Leduc & Con
nolly (1955) using an extension of the basic fluorescent antibody method (Coons 
& Kaplan 1950) which has been aptly termed the 'sandwich' technique. Antibody 
in an arca of a frozcn scction exposed to a solution of specific antigen will fix 
some of the latter, and antigen thus fixed can be detected, after washing away 
the unfixed portion, by exposure to a solution of fluorescent antibody. The si tes 
of deposition of thc latter can be localized under a fluorescence microscope. A 
control slide without the intermediate layer of antigen will distinguish between 
antigen in the section and antigen added in vitro. 

The results of such a technique applied to various situations in the tissues of an 
immunized rabbit are shown in Platcs 12.3, 12.4 and 12.5. Plate 12.3 shows the 
appearance of antibody-containing cells in the splecn pulp strands of a hyper
immunized rabbit. In such masses of cells it is difficult to discern the individual 
cell-types. This can be achieved more easily in the cellular responses following 
a single secondary-type stimulus. Early in such a response, at 48 hr, isolated 
haemocytoblast forms occur. They are later accompanied by increasing numbers 
ofimmature plasma cell-types (Plate 12.7). At the 4th day the cclls include a fair 
proportion of maturc plasma cells. Thc fluorescencc extends throughout the cyto
plasm and appears to correspond with the arca of basophilia or the arca of 
cndoplasrnic reticulum in an electron micrograph. Like the basophilia in 
the mature plasma cell it appears to spare a juxta-nuclear arca which corresponds 
with the Golgi element. In the immature plasma cells, on the other hand, the 
highest concentration appears to be found in the neighbourhood of the Golgi 
element (Plate 12.7) which would agree with the concept ofDalton and Felix 
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that the latter acts as an energy source to withdraw water from the secretory 
product of the microsomes, prior to the admission of this to the cisternae of the 
cndoplasmic reticulum. 

Antibody in the nucleus appears as irregular streaks or sometimes as an irregu
lar ring around an oval or circular dark area (Plate 12.5). Such an appearance 
raises the possibility that a part of the antibody is actually synthesized within the 
nucleus, possibly in the region just outside the nucleolus. 

Some plasma cells contain globular masses of antibody, and at times such 
objects, brilliantly fluorescent, are the most conspicuous objects in the section. 
They correspond to certain intracellular acidophil hyaline bodies which have 
bcen termed Russell bodies, after William Russell of Edinburgh, who in 1890 
dcscribed their occurrence in the granuloma at the margin of malignant 
growths. Some years ago (White 1954) it was shown possible to induce the 
fonnation of plasma cells containing Russell bodies in the spleen following thc 
intravenous injection of a wide variety of antigens. The Russell bodies appeared 
in greatest numbers with the mature plasma cells at the end of a secondary-type 
response. By the Periodic-Acid Schiff technique Russell bodies appear a bright 
purple; a reaction which suggests a high carbohydrate content. Material with 
thc same staining properties can appear in adjacent plasma cells as lozenge
shaped crystals. In the case of the experimentally produced Russell bodies White 
(1954) showed by the sandwich fluorescent antibody that they gave an intensely 
bright reaction for specific antibody (Plate 12.9). 

THE L YMPHOCYTES 

Unfortunately for the accuracy of histological description the lymphocyte is a 
difficult cell to characterize. The typical smalllymphocyte has a nucleus which is 
round, fills most of thc cell, stains densely with basic dyes such as haematoxylin 
and lacks obvious features such as nucleoli. The cytoplasm is 5-8 J1 in diameter 
and possesscs only a few mitochondria close to the nucleus and a tiny Golgi 
dcment. However, while a high proportion of cells in the lymph(asforexample 
in the thoracic duct of a rat) has this appearancc, 5-10/o are larger than 8 J1 
diamcter and gain the title of'medium and large lymphocytes'. More important 
than their size, the intensity of the basophilic staining of the cytoplasm is 
variable and may be very intensive in some of the medium-sized cells. Usually 
this takes the form, in thc electron microscope, of cytoplasm packcd with large 
numbers of free ribosomes but in some cells Braunsteiner and Pakesch (1960) 
and others have observed an extensively developed endoplasmic reticulum (see 
below). In other words, cells previously referred to as lymphocytes may in 
rcality be immature plasma cells. Gowans, Gesner& McGregor (1961) found that 
small lymphocytes of thoracic duct lymph which have been labelled in vitro 
with thymidine can pass out of the blood and appear in the cortical tissue of 
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lymph nodes as large pyroninophilic cells. The cells used were homologous 
parental cells which were transfused into F1 hybrid recipients and presumably 
the acquisition of a larger size and a pyroninophilia (which has been shown in 
the electron microscope to be dueto accumulation of free ribosomes) represents 
a reaction of the parental cells against the additional antigens containined in F1 

hybrid host cells. This reaction might thereforc correspond to the observed 
transformation oflymphocytes in the tertiary nodules of a lymph node regional 
toa homograft (Scothornc & McGregor 1955) but do es not reprcsent aconversion 
of lymphocytes into plasma cells for the purposes of antibody formation. 
Indeed in the work of Gowans and his colleagues, the pyroninophilic large 
lymphocyte apparently divided and again assumed the morphology of small 
lymphocytes. 

The smalllymphocyte of the blood is a cell which recircula tes from the blood 
out into the lymphatic tissue of lymph nodes (and possibly spleen) and back 
through thc lymphatic channels and thoracic duct to thc blood (Gowans & 
Knight 1963). Continuous drainage of the circulating poollymphocytes from a 
rat by a thoracic duct ftstula over 6 days so impairs the immunological capacity 
of the animal that it cannot undertakc a primary response to sheep erythrocytes 
(McGregor & Gowans 1963). In other words, a pool of cells which are essential 
for the immunological competence of the whole animal are in the circulating 
blood, and the fact that these are the 'smalllymphocytes' is shown by thc fact 
that the animal can be restored to competence by transfusing with a purifted 
suspension of these cells separated from the withdrawn mixture from the thoracic 
duct lymph. 

It would scem, therefore, that the initial problem of antigcnicity is to arrange 
a liaison between the appropriate members of this population of recirculating 
cells and the antigen as it enters this pathway. Presumably this occurs in the arcas 
of organized lymphoid tissue in most instances but the organization is 
such that in, say, the special circumstances of graft rejection, thc encounter 
can be by cell to cell contact of virgin lymphocyte and xcnotypic cell within 
the graft (Strober & Gowans 1965). Relatively little more is prescntly known 
about the situation as it relates to graft rcjection except that a major part of the 
subsequent devclopment of small lymphocytc to large pyroninophilic cells 
(large lymphocytes) takes place in the regional lymph node (Scothorne & 
McGregor 1955) and that transplantation immunity can be transferred to other 
normal animals by cclls obtained from such regional (but not from more rcmote) 
lymph nodes (Billingham, Brent & Medawar 1954). 

A histological reaction which has repcatedly been observed to follow the 
injection of antigens into experimental animals is the formation of germinal 
centres (or lymphocytopoietic centres) in the lymph nodes and spleen (Sjovall 
& Sjéivall 1930; Conway 1937; Marshall & White 1950). Thc COllfSC of this 
response as it is seen in the spleen of the rabbit following a course of injections of 
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horse serum or TAB vaccine intravenously is as follows. Starting at 3-4 days at 
si tes within the white pulp, foci of large stellate cells with somewhat basophil 
cytoplasm appear. These are in relation to the sheath of the cortical blood vessel, 
have been regarded as arising from adventitial primitive reticular cells, and 
referred to in their basophilic form as activated reticular cells. Mingled with 
these are also typical haemocytoblasts (lymphoblasts, large lymphocytes). 
Mitotic figures are obvious and la ter these foci of dividing cells appear to enlarge 
to round or oval masses of medium and later of smalllymphocytes. Judged by 
the proportion of the total number of cells which are in mitosis, cellular multi
plication in such a centre reaches a peak at 8-10 days. The synthesis of so much 
nuclear material should reflect a high turnover of phosphorus and Gyllensten, 
Ringertz & Ringertz (1955) have sho~n very high rates of 32P uptake in such 
centres (in their experiments in lymph nodes) after antigenic stimulation. The 
centre appears to grow larger for perhaps another 8 or 10 days, but gradually 
loses its clear contrast against the surrounding dark cortex. 

It has been made clear by several authors (e.g. Sjovall & Sjovall 1930) that the 
germinal centre response after subcutaneous injection of antigen is a localized 
change, or at least develops far more in regional than in remote lymph nodes. 
After the intravenous injection of antigens the formation of germinal centres is 
largely confined to the spleen although the lymph nodes of the lung may also 
react. How long after the antigen stimulus active cell division continues is 
unknown, and also the fa te of the newly formed cells is obscure. 

Germinal centres can be fonned as a local response to antigen. A dramatic 
illustration of this is provided by their presence in lymphadenoid goitre (Hashi
moto's disease of the thyroid) where they probably result from a chronic leak 
of thyroglobulin and other segregated thyroid antigens (White 1957). Germinal 
centres are also seen in the thymus after direct injection of antigens (Marshall 
& White 1961). 

In hyper-immunized animals it is not uncommon to see antibody in the 
germinal centres of the spleen and lymph nodes (Coons, Leduc & Connolly 
J955)· This phenomenonhas beenanalysed in therabbit(White 1960) and chicken 
(White 1963). In the rabbit it was found that antibody regularly appears in the 
cells of the germinal centre at 3-6 days after a secondary stimulus, providing 
that both primary and secondary injections were made into the same region of 
lymphatic drainage. Control animals which received a single, or primary, 
injection only did not show antibody in the regional centres of the regional 
nodes. Often the resulting pattern of fluorescence outlined the cytoplasm of a 
proportion of the lymphoid cells (haemocytoblasts and medium lymphocytes) 
in the centre. At other times the fluorescence assumed a reticular pattern (Plate 
12.I0). Evidence that the majority ofthe lymphoid cells produced by a germinal 
centre can be immunologically competent is contained in Plate 12.10. In the 
chicken, an injection of I mg of human serum albumin intravenously willlead 
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to the appearance of a population of antibody-containing plasma cell derivatives 
in the splenic red pulp at 6-8 days la ter. This plasma cell reaction in the red pulp 
has disappeared almost totally by 12 days. Then, from 13 days onwards antibody
containing cells made their appearancc in the germinal centres of the white 
pulp (Plate 12.10). These cells have the appearance of medium basophilic 
lymphocytes or immature plasma cells. Mature plasma cells only rarely appear 
in this situation. 

The evidence of these experiments in the chicken and rabbit is compatible 
with the primary antigenic stimulus causing the de novo formation of germinal 
centres. In the chicken the initial localization of antigen to dendritic macro
phages throughout the white pulp (after 24 hours) followed by the progressive 
concentration of dendritic cells within g~rminal centres (from 4 days onwards) 
suggests that the antigen-bearing dendritic cells become aggregated in associa
tion with other non-antigen bearing cells (small lymphocytes) into spherical 
collections which, when they ha ve reached a critical size and when the individual 
cells have reacted by enlargement and division can be discerned against the 
surrounding lymphoid tissue as an early germinal centre. This formation could 
occur by a kind of mixed agglutination reaction between dendritic cells bearing 
antigen at their surface and lymphoid cells bearing complementary marker 
antibody at their surface. On this view, the antigen-antibody complex at the 
surface of the white pulp dendritic cells would act as a lymphocyte-nettíng 
mechanism for filtering off and gathering together into germinal centres a 
selected population of cells able to react with specific antigen from the recircu
lating pool of smalllymphocytes. By providing the stimulus for division of the 
gathered cells into larger numbers of similarly reactive cells the germinal centre 
could provide the basis for immunological memory-the enhanced reactivity 
of the secondary type response (White 196o). 
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INTRODUCTION 

Jnummoglobulins €onstitute a functionally and structurally diverse group of 
proteins. They are distinguished by their properties as antibodies, by a character
istic polypeptidc chain structure, and by synthesis in the lympho-reticular 
tissues. 

Since the demonstration by Tiselius in 193 7 that antibodies are to be found 
in the y-globulin electrophorctic region numerous investigators ha ve emphasized 
thc heterogeneity both of antibodies and of y-globulins, a heterogeneity which 
continues to be explored (e.g. Fahey 1962; Holborow 1963; Fudenberg 1965). 
Different categories of proteins have been defincd on the basis of properties 
such as antigenic characteristics, rates of sedimentation in the ultracentrifuge, 
:md chemical composition. Although for a number of years proteins in these 
categories were included within the term y-globulins, this electrophoretic 
dcsignation ultimately became an embarrassment when describing molecules 
whose mobility ranged from the rx- to the y-globulin regions. The use of different 
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names for the same protein was an additional source of confusion. These names 
were based on different methods of identification, e.g. 19S y-globulin as defined 
by electrophoresis and ultracentrifugation was identified as 'YtM or [32 M globulin 
by immunoelectrophoretic analysis. This confusion was largely resolved by a 
Nomenclaturefor Human Immunoglobulins (1964) published by the World Health 
Organization. Table 13.1 includes this nomenclature, which is now in general 
use. Unfortunatcly it was not possible to recommend a single name for each 
protein. Thc Ig (immunoglobulin) nomenclature will be used in this account. 

IMMUNOGLOBULIN STRUCTURE 

Four major classes of immunoglobulins are now recognized in human serum: 
IgG, IgA, IgM and IgD (Rowe and Fahey 1965). Their appearancc on immuno-

TABLE IJ.I 

Nomenclature and molecular characteristics of immunoglobulins 

Polypeptide chain Carbo-
Present structure Mole- Sedi- hydrate 
name Previous names cular mentation (%) 
(class) TypeK TypeL wcight constant 

IgG or yG y, 7Sy, 6.6Sy, Y2, Y2K2 Y2A2 r6o,ooo 6.6 J.I 

y SS 

IgA or yA P2A' YtA (a2K2)n (a2l2)n (r6o,ooo) n 6.6, ro, 13 I0.7 

IgM or yM P2m• Ytm• 19Sy (/12K2)) (112l2) S 900,000 I9, 26, 32 I0.4 
y-macroglobulin 

IgD or yD YtJ 82K2 82l2 7 

electrophoresis is shown in Plate 13 .I, facing p. 372. In serum, IgG is predominant 
in concentration, and most serum antibodies fall within this class. The different 
classes possess both common and distinctive features in their molecular structurc. 
Porter and his co-workcrs have shown that molecules of each class are compriscd 
of units containing four polypeptide chains (see Fig. 13.1), two identical heavy 
chains and two identicallight chains (Flcischman et al 1963). A similar four
chain unit is fotmd in the immunoglobulins of many other species. The molecu
lar weight of the heavy chains is about so,ooo, that of the light chains about 
20,000 (Pain 1963). Heavy chains are distinctive for each class, i.e. y chains are 
characteristic of IgG, rx chains of IgA, J1 chains of IgM and (j chains of IgD. 
The antigenic distinctiveness ofheavy chains (Cohen 1963) permits the prepara
tion of antisera which can be used as reagents for the detection and quantitation 
of the different immunoglobulin classes. 
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In contrast, the light chains of the immunoglobulin units are common to all 
classes. Two varieties of light chains have been recognized on the basis of 
antigenic distinctiveness (Mannik & Kunkel 1963a; Fahey 1963). These are now 
tcnned Type K (K chains), and Type L (A chains). A single immunoglobulin 
unit may either be Type K, having two K light chains, or Type L, having two 
A light chains, but hybrids containing both K and A light chains are not found. 
The antigenic differences between K and A chains refl.ect differences of primary 
structure, which will be discussed below. 

The immunoglobulin unit of four heavy chains is held together by inter
chain disulphide and by non-covalent bonds. The ability to form such units is 
inherent in the polypeptide chains, since light and heavy chains of IgG, when 
mixed in vitro, readily associate in this way (Olins & Edelman 1964). The number 
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FrG. IJ.I. A schematic diagram of the arrangement of polypeptide chains of IgG, 
similar to that proposed by Porter. N-terminal ends of the chains are to the left. 
The variable composition of the N-terminal half of thc light chains is indicated by 
cross-hatching. Papain splits the molecule to give one Fe and two Fab fragments. 
Each Fabs include one light chain, and the Fd part of one heavy chain. The antigen 
combining site is located in Fd. 

of units differ in the molecules of each class. IgG and IgD are comprised of single 
units (monomers). IgM is found predominantly in the form of a frve-unit 
polymcr, (Miller & Metzger 1965), accounting for its high molecular weight. 
lgA includes monomer and a variable proportion of polymers, recognized as 
proteins sedimenting at 7, 9, 11 and 13 S (Vaerman et al 1964). Immunoglobulins 
al so contain carbohydrate, linked to thcir heavy chains; lgA and IgM contain 
about ro%, and IgG about 2% of carbohydrate. In addition to these four-chain 
units, serum also contains a small amount of free light chains not associated with 
heavy chains (Berggard 1961). These are more easily found in urine, presumably 
nn account of their ability to cross the glomerular membrane. Free heavy chains 
ha ve not becn found, so that it appears that there may normally be a slight excess 
nf light chain synthesis. 
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Proteolytic enzymcs split immunoglobulin molccules into components other 
than their constituent polypeptide chains. The protein most studied in this 
rcspcct is IgG. One region of the y heavy chains of IgG of a number of specics 
appears to be particular! y susceptible to cleavage (Fig. 13.1 ). Papain with cysteinc 
splits IgG into three main fragments, two identical Fab fragments, and one Fe 
fragment (Porter 1959). Fab comprises one light chain anda part of one heavy 
chain termed Fd. Fe comprises the remainder of the two heavy chains. Pepsin 
splits IgG at a similar but not identical site. Fe is further digested, and the two 
Fab fragments do not separate from each other (Nisonoff et al 1960). 

The capacity of antibody chains and fragments to combine with antigen 
has been studied with the object of locating the combining site in the intact 
molccules. Antigen binding by isolated polypeptide chains is much reduced as 
compared with the parent molecule, but study of in vitro recombinants of chains 
from antibody and non-antibody IgG indicates that the speciflc site is on thc 
heavy chains (Franek & Neslin 1963). Antigcn binding by papain fragmcnts 
resides in Fab (Fragmcnt antigen-binding). Activity ofFab and ofhcavy chains to
gethcr implicate Fd as containing the antigcn binding site. At thc prescnt time 
it sccms likcly that speciflcity for antigcn is detcrmined by a speciflc aminoacid 
sequencc in Fd, but the way by which antigen induces synthcsis of appropri
atcly sequenccd antibody moleculcs remains a central problem in immunology. 
Although thcre is little cvidence that isolatcd antibody light chains can com
bine with antigen, heavy chains or Fd fragmcnts from a spcciflc antibody 
combine preferentially with light chains from the same antibody rather than 
with 'non-speciflc' light chains. These recombinants are highly active as anti
body (Roholt ct al 1966). It appears that some specificity of structure of both 
heavy and light chains is a feature of antibody molecules. Fe is not involved in 
antigcn binding, but it possesscs other important biological properties which will 
be discussed below. It also contains those antigenic detcrminants which are 
characteristic of y heavy chains. 

M PROTEINS, DISCRETE COMPONENTS 
OF IMMUNOGLOBULINS 

Elucidation of thc hcterogeneity of immunoglobulins has been greatly assisted 
by studies on the discrete components of immunoglobulins (M proteins) which 
may appear in the plasma in various plasmacytic and lymphocytic disorders 
amongst which multiple myeloma and Waldenstrom's macroglobulinaemia 
are predominan t. Individual M proteins belong toa particular immunoglobulin 
class, i.e. IgG, IgA, IgM or IgD. When associated with the appropriate disease 
they are designated G-, A-, or D-myeloma proteins, or M-macroglobulins 
(Waldenstrom). M-proteins show greater homogeneity than the normal 
proteins of the same class. For example, normal IgG extends from the f3 to the 
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PLATE 13.2. Immunoelectrophoretic demonstration of the restriction of ekctro
phoretic mobility of a G-myeloma protein. Specific ant1-IgG antiserum was used. 
Normal human serum in the upper analysis shows the range of electrophoretJc 
mobilities of normal IgG. Serum from a case of multiple myeloma in the lower 
analysis shows a myeloma protein are ofrestricted mobility within the IgG range. 
The amount of 'normal' IgG is reduced in this serum. 
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slow y region on immunoelectrophoretic analysis, but G-myeloma proteins are 
of restricted mobility within this range (Plate 13.2). This restriction of electro
phoretic mobility applies to M proteins of all classes, and enables them to be 
recognized by abnormal sharp bands produced in the a:2 toy regions on electro
phoretic analysis. Differentiation between classes is not possible by electro
phoresis alone, but can be made by immunoelectrophoresis using specific anti
sera. In addition the ultracentrifuge can distinguish M-macroglobulins of 
Waldenstrom sedimenting at 19S and above, and certain A-myeloma proteins 
scdimenting between 7 and 19S, but does not distinguish the remaining A-, 
G-, and D-myeloma proteins which sediment close to 7S. 

Another important aspect of the homogeneity of M-proteins is their restric
tion to a single light chain type only. Thus M-proteins are either Type K or 
Type L. (Mannik & Kunkel 1962). A different aspect of the homogeneity of 
these light chains is shown by starch gel electrophoresis at acid pH in eight molar 
urea. Light chains from normal IgG show many bands, indicating heterogeneity 
of charge; light chains fromM-proteins show one or two bands only ( Cohen 1963). 

Berree Jorres proteins are another variety ofM-proteins which appear in serum 
and urine. They occur commonly in myeloma and macroglobulinaemia, and 
may be the only protein abnormality found in sorne cases of multiple myeloma 
(Drivsholm 1964). Although the association of Berree Jorres proteins with this 
disease has been recognized since 1846 (Berree Jorres 1847), they remained a 
biochemical curiosity for over roo years. It has now been shown that light 
chains isolated from a myeloma protein possess the same thermal properties, 
are of similar size and amino acid composition, and are of the same antigenic 
type and electrophoretic mobility as the Berree Jorres protein present in the same 
indi·1idual. (Edelman & Gally 1962). Berree Jones proteins thus form the patho
logic:al counterpart of the normal free light chains of serum and urine. 

A lother and extremely rare variety of M-protein is that found in cases of 
Franidin's disease, or so-called 'Heavy chain disease' (Franklin et al 1964). The 
fe' ::xamples so far described have occurred in association with unusual 
rap;~..q progressive lymphomatous tumours (Osserman & Takatsuki 1964). 
A•- l-protein is found in the plasma possessing the antigenic characteristics of 
y vy chains, but not oflight chains. These proteins appear to consist of only 
the . ;:; portions of y heavy chains. The occurrence of this fragment suggests the 
posl·' ·.Jility that Fe represents a synthetic unit of immunoglobulins. 

T .·'O explanations have been proposcd for the relationship between M-pro
teins and the normal immunoglobulins. Either these are abnormal proteins, not 
prcviously present in the body; or they arise from excessive synthesis of a 
homogeneous protein which normally forms only a small proportion of the 
range of protein molecules which constitute the normal class. In either case the 
ccllular basis for the homogeneity of M-proteins can be regarded as increased 
synthcsis by a single group or clone of lymphoid cells. The abnormal protein 
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hypothesis is favoured by the absence of unequivocal evidcnce of antibody 
activity ofM-proteins and by the presence of antigenic determinants which may 
appear to be specific to an individual M-protein (Korngold 1963). The normal 
protein hypothesis is favoured by the demonstration that very many of the 
features of M-proteins can be demonstrated in the normal class (Deutsch et al 
1956). Moreover certain antibodies of IgG class resemble myeloma proteins in 
showing a range of electrophoretic and antigenic heterogeneity which is 
restricted as compared with the class as a whole (Mannik & Kunkel 1963b; 
Ktmkel, Mannik & Williams 1963). 

The homogeneity of M-proteins, whatever the explanation, has rendered 
themmost usefulmodels for the elucidation of immunoglobulin heterogeneity. 
Appreciation of the distinctiveness of the four immunoglobulin classes and of 
the two types oflight chains, has, in large measure, been dependent upon their 
study, which has also helped to define sub-classes within the main classes. 

THE DrAGNOSTIC SrGNIFICANCE OF M-PROTEINS 

The demonstration of M-macroglobulin in the plasma is a prerequisite for the 
diagnosis of Waldenstrom's macroglobulinaemia, where certain features of 
the disease are consequent upon the increased plasma viscosity due to this 
protein (Fahey et al 1965). Inmultiple mycloma the demonstration of myeloma 
or Bence Jones proteins is also a valuable aid to diagnosis. However M-proteins 
are not specific to macroglobulinaemia and myeloma. They also occur, although 
rarely, in association with leukaemias, reticuloses and carcinoma (Waldenstrom 
1961a). 

Population surveys have shown an incidence of M-proteins increasing in 
frequency with age, to an incidence of 3/o in individuals over the age of 70 
(Hallen 1963). Many of the people in whom these proteins were found had no 
demonstrable disease and remained healthy for a number of years. These M
proteins have not been structurally distinguished from those associated with 
pathological states. However the serum concentration is usually 3 g/100 ml or 
less, and remains constant; Bence Jones protein is usually but not always absent, 
and anaemia is not prominent. This condition has been termed 'benign mono
clona! gammopathy' (Waldenstrom 1961b). Further study ofits natural history 
is important since the condition cannow be readily recognized. Some cases ha ve 
been observed to progress after many years to multiple myeloma (Kyle & 
Bayrd 1966). 

HETEROGENEITY OF IMMUNOGLOBULINS 
WITHIN THE MAJOR CLASSES 

As already noted the four immunoglobulin classes show heterogeneity with 
respect to electrophoretic mobility and light chain types. Another aspect of the 
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heterogeneity of IgG can be shown by the use of antisera raised in rhesus 
monkeys (Terry & Fahey 1964), or by antisera to individual G-myeloma pro
teins raised in rabbits (Grey & Kunkle 1964). Such antisera demonstrate four 
sub-classes ofigGwhich ha ve been termed Yza (orNa), Yzb (orWe), Yzc (or Vi),and 
y2d ( or Ge). The distinctive determinants of these sub-classes are possessed by their 
heavy chains and, if they survive papain digestion, by their Fe fragments. 
Sub-classes of IgM and IgA have also been described. 

A related heterogeneity of IgG can be recognized in a different way by the 
use of the antibody-like reagents to IgG which occur among rheumatoid 
factors and in rare normal sera. These reagents are demonstrated by their ability 
to agglutinate Rh +ve red cells coated with certain incomplete anti-D anti
bodies of IgG class. The IgG of different human sera can be categorized by its 
ability to inhibit agglútination by these reagents. Using such systems two main 
groups of inhibitors can be distinguished, Gm and In V. (For further details see 
ehapter 31 on Rheumatoid Arthritis). Gm and InV have been shown to be 
separate genetic loci controlling synthesis of a series of characteristics or factors 
present in some but not all human sera (Steinberg 1962). Gm factors (Gma, 
Gmb, etc.) are only found in IgG, and are exclusive properties of y heavy chains. 
In V factors (In Va, In Vb, etc.) are properties of light chains, and so may be 
held by immunoglobulins of all classes (Harboe et al 1962). These factors are 
useful genetic markers in population studies. Such genetically determined differ
ences within a species (allotypes) are not confmed to humans; allotypes have 
also been recognized in the immunoglobulins of rabbits, mice and guinea-pigs. 

There are correlations between Gm and IgG sub-classes and In V allotypes 
and light chain types. Studies on mycloma proteins have shown that currently 
recognized Gm factors are restricted to y2b and Yzc sub-classes (Terry et al 1965). 
Gm factors associated with y2 b, (a, x, b2 and f), are distinct from those associated 
with Yzc (bl, b\ b4 and e). In V factors are associated with light chains of 
antigenic Type K only. 

The study of the heterogeneity of immunoglobulins is, at the time of writing, 
being extended to the level of primary structure by the massive task of the 
determination of the amino acid sequences of their constituent polypeptide 
chains. For this purpose, Bence Jones proteins provide a convenient point of 
attack on account of their homogeneity and relatively small size. Studies on 
three Type K Bence Jones proteins show they are composed of two halves, 
one of similar composition in all the three proteins, the other half of variable 
composition in the different proteins (Hilschmann & eraig 1965, Titani et al 
I96s; Milstein I966). The e terminal halves (see Fig. J3.I), are identical in a 
sequence of ro6 amino acid residues, with the exception of a single substitution 
in three places. Of these the substitution ofleucine by valine is associated with 
the allotypic change from In Va to In Vb. In contrast to the similarity of the 
e terminal halves the N terminal halves show considerable variation. The 
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significance of this variability in relation to antibody activity has been discussed 
by Burnet (1966) and Brenner & Milstein (r966). These findings also indicate a 
structural basis for the serological heterogeneity of light chains. lt is likely that 
the antigenic Type K or L is determined by a prolonged amino acid sequence. 
Allotypic (Inv) differences may represent single amino acid substitutions within 
this sequence. Antigenic determinants specific to individual Berree Jorres pro
teins may be determined by sequences in the variable half of the chain. 

Much less is known at present of the primary structure of heavy chains. 
There is evidence that Fe is fairly homogeneous and that Gma+ and Gmb+ 
differ in a single peptide (see Fudenberg 1965). This difference is, however, 
dueto substitution of more than one amino acid. It may be anticipated that ~ 
prolonged arnino acid sequence within Fe defines the antigenic characteristics 
distinguishing y chains from other heavy chains. Variation within this sequence 
defines IgG sub-classes, and variation within the sub-class sequence defines Gm 
specificity. 

BIOLOGICAL ACTIVITIES OF 
IMMUNOGLOBULINS 

A counterpart to the structural heterogeneity of immunoglobulins is found in 
their diversity of biological function. Two broad categories of biological 
activities may be distinguished; fmtly the defmitive property of antibody 
function; and sccondly properties such as complement activation, adherence to 
cell surfaces, placental transfer, etc. which may largely determine the in vivo 
effects of antigen-antibody combination. These properties must be due to 
structural features of different immunoglobulin molecules. Important differences 
in both typcs of activities occur between the different immunoglobulin classes. 
Antibody activity has been shown in all classes of immunoglobulin except IgD 
and in the three sub-classes of IgG (Terry & Fahey 1964). Following exposure 
to antigen there is a typical scquence of the appearance of antibody. Usually the 
first antibody to be detccted is in IgM, and subsequently IgG antibodies appear 
and become predominant. A second exposure to the same antigen results in a 
more rapid response, often predorninantly in IgG. Less is known of IgA anti
bodies in this scquence but their production has bccn shown to be an early and 
continucd response to certain antigens. (Turner & Rowe 1964). Certain anti
bodies do not progress in this sequence, but remain at least predominantly 
confined to IgM. These include 'natural' a and f3 isoagglutinins, Wassermann 
antibodies and sorne rheumatoid factors. The usual criteria by which IgM and 
IgG antibodies are distinguished are size-scparation by ultracentrifugation or gel 
filtration into 19S and 7S antibodies, and the capacity of 2-Mercaptoethanol 
to inactiva te IgM but not IgG antibodies. Such tests must however be interpreted 
with caution; IgA antibodies for example may fall into both categorics. 
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Sorne biological functions of immunoglobulins other than antibody activity 
are listed in Table 13.2. In the case ofigG these properties can be attributed to 
the Fe parts of the molecnles. Although a particular activity has been shown to 
occur within a class, not all the proteins of the class may possess this property. 
For example, of the IgG sub-classes Yzb, Yzc, and Yzct are active in sensitizing 
guinea-pig skin for revcrse passive cutaneous anaphylaxis, whereas Yza is not. 
(Tcrry r964). 

The definition of the immunoglobulin class to which human tissue-sensitizing 
(reaginic) antibodies belongs has been rendered difficult by the extremely low 
concentration of reagins in human serum and the practicallimitations of the 
Prausnitz-Kiistner test. Earlier claims that reaginic activity occurred in IgA 

TABLE 13.2 

Some biological properties of the immunoglobulins 

Comple-
Comple- ment 

ment fixation 
Class Antibody dependent by 

Activity haemo- complexes 
lysis and 

aggregates 

IgG + + 
IgA + 
IgM +2 ++ + 
IgD 

Secretion Combin-
111 ation 

Placenta! colostrum with 
transfer and rheuma-

saliva toid 
factors 

+ + + 
++ 

+ 

Fixation 
to 

Reaginic guinea pig 
antibody skin 

(PCA) 

+ 

I. IgA antibodies may be bacteriolytic in the presence of complement and lysozyme 
(Adinolfi et al 1966). 

2. IgM is frequently the first detectable antibod y. 

have not been confirmed by the recent painstaking work of Ishizaka (e.g. 
Ishizaka et al r966). This group havc given the name IgE to a protein which is 
present in reagin-rich fractions of human serum, which is capable of binding 
allergen, and which is precipitated by antisera not reactive with IgG, IgA, IgM 
or IgD. Reaginic activity ofhuman serum is greatly diminished by precipitation 
ofigE by a rabbit specific anti-IgE globulin. IgE migrates as a y1-globulin, but 
its other physico-chemical properties are at present unknown. By analogy with 
reaginic antibodies it may be expected to sediment at approximately SS, and 
to contain light chains. Present evidence strongly suggests that reaginic activity 
resides in IgE, but itstill remains possible that reaginic antibodies are unrecognizcd 
contaminants of IgE preparations. 



CLINICAL ASPECTS OF IMMUNOLOGY 

IMMUNOGLOB ULIN CONCENTRA TIONS 
IN THE SERUM 

The most generally available measurement of serum immunoglobulin concen
tration is the electrophoretic measurement of y-globulins. However not al! 
immunoglobulins are included in the y-globulin region, and electrophoresis 
cannot distinguish between the different immunoglobulin classes. Measure
ments which are specific for thc individual classes can at present only be made by 
using specific antisera as quantitativc reagents. Gel diffusion methods are suitablc 
for such estimations, and a particular! y convenient single diffusion method using 
antiserum incorporated into agar gel has recently been developed (Mancini 
et al 1965; Fahey & McKelvey 1965). In these methods the precipitate developed 

TABLE 13.3 

Median values of sorne metabolic characteristics ofimmunoglobulins 

Serum Halflife /';; ofbody Synthetic /';; 
Class concentration in content rate intra-

in g/ roo ml days catabolizedjday mg/Kg/day vascular 

gG !.2 23 36 40 

IgA 0.4 6 12 30 40 

IgM 0.12 5 14 6.9 So 

IgD 0.003 2.8 33 0.4 75 

Data from Solomon et al (1963); Solomon & Tomasi (1964); Barth et al (1964); Rogentine 
ct al (1966); Fahey (1965). 

by the serum undcr test is compared with that given by a standard immuno
globulin preparation. At the present time (in 1967), standards are prepared by 
individuallaboratories so that results obtained by different laboratories may not 
be directly comparable. It is hoped that standards for general use may become 
available in the near future. 

In serum IgG is found in highest conccntration, followed by IgA, IgM and 
IgD (see Table 13.3). All classes, and especially IgD, show a considerable range 
of concentrations. This range must reflect the variability both of environmental 
factors, such as exposure to antigens, and of genetic factors. The importance of 
the antigenic stimulation provided by bacteria and viruses is emphasized by the 
gross reduction of immunoglobulin synthesis and serum levels seen in animals 
reared in a germ-free environment (Sell & Fahey 1964). The significance of 
genetic factors is suggested by a closer correlation of levels of sorne immuno
globulin classes in monozygotic, as compared with dizygotic human twin pairs 
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(Rowe & Boyle 1968), and by the observation offamilial trends of so me inununo
globulin classes in an African community (Rowe & McGregor 1968). 

At birth the predominant immunoglobulin is maternal IgG, selectively trans
ferred across the placenta (Brambell 1958). The low level of immunoglobulin 
synthesis by the foetus is attributable to freedom from antigenic stimulation in 
the intra-uterine environment rather than to absence of synthetic potential. 
The immunological competence of the animal foetus in antibody and immuno
globulin synthesis has been shown by direct antigenic stimulation (Silverstein 
et al 1963). The competence of the human foetus has been inferred from the 
presence of plasma cells in children born with congenital syphilis (Silverstein 
1962). 

Levels oflgG fall during the first few months oflife as the maternal protein is 
catabolized, and then rise due to increasing synthesis by the child. Adult levels 
may be reached by the 5th year (West et al 1962). IgM, present only in trace 
amounts at birth, rises more rapidly to achieve adult values within the 1st year, 
and the antibody response of infants is predominantly in this class (Smith & 
Eitzman 1964). IgA levels rise more slowly, to reach adult levels by the age of 
10-15 years. IgD is not detectable in cord blood but usually appears during the 
first few months oflife. (For further details ofimmunoglobulin levels in children 
the readcr should refer to the Chapter 19 on the Antibody Deficiency Syndrome.) 

IMMUNOGLOBULIN METABOLISM 

The metabolic characteristics of the four classes of immunoglobulins ha ve been 
studied chiefly by the use ofisolated proteins which ha ve been trace-labelled with 
radioactive iodine isotopes. Measurements of serum and whole body radioactivity 
following injection oflabelled immunoglobulins ha ve provided the information 
shown in Table 13.3. 

Immunoglobulins show certain metabolic fcatures in common with other 
plasma proteins; for example they are catabolizcd more rapidly in pyrexial 
states. Each class of immunoglobulins is however metabolically distinct, with 
different synthetic rates and fractional catabolic rates. IgG has the lowest, and 
IgD the highest fractional catabolic rate. Differences in fractional catabolic rates 
between immunoglobulin classes makc serum levels unreliable guides to synthetic 
ratcs. IgA has a similar synthetic rate to IgG, although the mean serum con
ccntration oflgA is only about one-quarter that oflgG. Similarly IgM and IgD 
synthesis relative to IgG is greater than is suggested by a comparison of relative 
scrum levels. Thc relationship between catabolism and serum concentration also 
differs between the classes. The fractional catabolic rate of IgG rises at high 
serum lcvels and falls at low serum levels, and so tends towards the maintenance 
of a constant concentration of this protein (Fahey & Robinson 1963). For IgM 
and IgA the fractional catabolic rate appcars to be independcnt of scrnm 
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concentration, and for IgD the rate may beinversely rclated to serum concentra
tion (Rogentine et al 1966). 

Immunoglobulins also shows differences in their distribution between 
different fluid compartments. More than half the total body IgG and IgA is 
extravascular, whereas IgM and IgD are predominantly intravascular. These 
differences cannot be directly ascribed to differences of molecular size of the 
molecules, since IgD is of similar size to IgG and IgA. These fmdings suggest 
that IgG and IgA are the immunoglobulins chieBy involved in antigen-antibody 
combination outside the vascular compartment, at least in regions when normal 
capillary permeability is maintained. 

IMMUNOGLOBULINS IN BODY 
FLUIDS OTHER THAN SERUM 

Immunoglobulins and antibodies are probably present in most body fluids. 
The fluids chiefly studied are colostrum, saliva and urine. The predominant im
munoglobulin of colostrum is IgA, which may be present in higher concentra
tions than in the senun. IgM is also present, sometimes in excess of serumlevels, 
but there are only traces oflgG and no detectable IgD. IgA is also predominant 
in saliva, although in much lower concentrations. In both colostrum and saliva, 
IgA is distinguished by the presence of an antigenically distinct component 
which is not demonstrable in serum IgA (Tomasi et al 1965). The failure of 
trace-labelled serum IgA to appear in these secretions indicates that the protein 
is synthesized in the secretory gland. IgA synthesis may be a general feature of 
the membranes lining the respiratory and alimentary tracts. Immunofluorescent 
staining of intestinal mucosa shows large numbers of IgA synthesizing plasma 
cells (Crabbé & Carbonara 1965). 

Normal urine contains IgA and IgG, free light chains and the Fe' fragment of 
')' heavy chains (Turner & Rowe 1966). Fe' is a fragment of the papain Fe 
fragment; it is not the normal counterpart of protein of Franklin' s disease which 
is more dosel y related to Fe. Normal urine contains antibodies of which at least 
the majority are associated with IgA and IgG (Turner & Rowe 1967), although 
claims have been made for antibody activity in fragments of much lower 
molecular weight (Merler 1966). 

Immunoglobulins have an interest and significance that extends beyond 
any one discipline of biological research. As the most accessible component 
of the allergic or immune system they are of prime interest to the immunologist. 
Changes of immunoglobulins in hypogamrnaglobulinaemia, in multiple mye
loma and macroglobulinaemia, and in infections and auto-allergic diseases are 
of interest to the clinician and the pathologist. The structure and synthesis of 
immunoglobulin molecules, and the characteristics of the antigen-binding and 
other biologically active sites, present challenges to the biochemist. Genetic 



IMMUNOGLOBULlNS 

variants of immunoglobulins concern the population geneticist and thc mole
cular biologist. Finally it is reasonable to expect that the principies of the regula
tion of immunoglobulin structure and synthesis will be broadly applicable to 
othcr proteins. Studies of antibodies and immunoglobulins as model systems are 
rclcvant to the general problem of biochemical individuality. 
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lNTROD UCTION 
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lMMUNOCHEMISTRY OF COMPLEMENT AND 
THE lMMUNE HAEMOLYTIC REACTION 

'FREE SOLUTION HAEMOLYsrs' 

THE INrTrATION oF CoMPLEMENT FrxATION 
Immunoglobulin class of the antibody: Nature of the antigen: 
Relationship between the species of origin of the antibody and that of 
the source of complement: 'Non-specific' flxation of complement: 
Complement flxation test. 

PHENOMENA AssocrATED wrTH CoMPLEMENT AcTrVITY 
Lysis of antibody-sensitizcd cells: Effects of antibody and complement 
in organ culture: Conglutination: Immune Adherence: Phagocytosis: 
Fonnation of Anaphylatoxin: Properdin: Inflammation in Type III 
allergic reactions: Type IV (delayed hypersensitivity) reactions: 
Homograft rejection. 

GENETICALLY DETERMINED COMPLEMENT 
D EFI CIEN CIES 
Guinea-pigs, Mice, Rabbit, Man. 

lNVESTIGATION oF CoMPLEMENT IN RELATlON 
TO DrsEASE 

CoNcLusroNs 

INTRODUCTION 

Many of the biological consequences of antigen-antibody interaction are brought 
about not by antibody alone but require in addition the participation of the 
whole system of serum factors known collectively as complement. A certain 
economy can be discerned in this arrangement in that some division of function 
between antibody-to recognize and bind on to the antigen, and complement-
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to mediate a variety of effector mechanisms that follow antigen-antibody 
interaction, is apparcnt. Thus antibody shows cxquisitc spccificity towards the 
chcmicalnature of the antigen while thc spccificity of complement is dirccted 
primarily to the immune complex as such. Again, antibody is a single rcactant 
and circula tes in an active form, whereas complemcnt is found to be made up of 
mnltiple reactants, including inhibitors, circulating in inactivc forms and requir
ing seq ucntial acti vation. 

This complexity should not be a matter for surprisc. As is thc case with blood 
clotting, complement activation at the wrong time or place could be most 
damaging; even more than is the case with blood clotting thc system is found 
to be multiple, complex and subjcct to a multitude of checks and balances. 
Indeed thc very complexity of the complement systcm, discouraging though it 
may sometimes be, can be looked on as a hallmark of its biological potency. 

An understanding of complement action is a necessary, if not itself a sufficient, 
prerequisite for understanding, and pcrhaps controlling, the biological conse
quences of many types of allergic reaction. Far from being the wholly esoteric 
pursuit it is not uncommonly madc out to be, the study of complement has 
ínter alía, very practica! aims. 

THE HISTOR Y OF COMPLEMENT 

Complement was first recognized at the end of the nineteenth century as a heat
labile factor occurring in normal (i.e. non-immune serum) which was requircd 
in addition to antibody for the immune lysis of red blood cclls and of certain 
bacteria. It was established that complement levels were roughly constant in 
adult members of a given species and were unaffected by immunization; 
that complcment activity was dcstroyed by heating at 56° for 30 min, and that 
complement would rcact with neither antigen nor antibody :tlone but only with 
the complexes formed by their interaction. In these ways complement was un
equivocally distinguished from antibody. However, it was the description of the 
'complement fixation test' by Bordet & Gengou (1901) that established comple
ment as a genuine immunological entity by demonstrating that it was quanti
tatively involved in antigen-antibody reactions generally rather than being 
merely an accessory factor required for the lysis of antibody coatcd cclls. 

Complement as a single immunological entity had a very short life. Already 
in 1907 Ferrata demonstrated that, as both the euglobulin and the pscudoglobulin 
fractions of serum were required for the haemolytic activity of complement, 
complement could not be a single substance. By the time of the second world 
war four components had been defined and partially characterized (see Pillemer 
et al 1941). These were: the heat-labile euglobulin factor, C' 1 ; the heat-labile 
pseudoglobulin factor, C' 2 ; a heat stable-factor inactivated by yeast cell walls, 
C' 3 and a heat-stable factor inactivated by hydrazine or ammonia, C' 4 • In the 

D 
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last 10 years further multiplication has taken place and currently (vide infra), 
C' 1 is known to be made up of three sub-components C' lq• C' 1, and C' 1s; 
and what was known as C' 3 ('classical C' /) is known to comprise not less than 
six separa te factors-C' 3 , 5 , 6 , 7 , 8 and 9 . Thus, eleven factors in all are, as 
of now, known to be requircd for complemcnt activity, at any rateas measured 
by the haemolysis of sheep erythrocytes scnsitized with rabbit antibody. 

The study of the nature of complement has passed through a number of 
phases. Thc earlier investigations werc concerned largely with establishing 
its existence and by means of partial inactivation and fractionation procedures, 
dividing it into components. At this stage complement was entirely an activity 
of various serum fractions although Heidelberger (1941) did demonstrate 
quantitatively that complement fixation was accompanied by the uptake of 
protein nitrogcn on to the immune complex. During the next phase, comple
mcnt was still predominantly an activity but an activity whose mechanism was 
becoming much better understood. This was due in the main to the work of 
Maycr and his collaborators (see Maycr 1961) who undertook dctailed 
kinetic studies of the major steps of the haemolytic reaction. From these they 
were able to deduce that the lysis of the red cell did not require cumulative 
damage at many sites but could result from a 'single hit' of complement 
activity. Simultancously the work ofLevine (1955), Becker (1956) and Lepow 
(1959) showed that the activity of at least one complement component-the 
first-could be correlated with a defincd enzymatic activity. 

The present phasc, which is still very much in progress, is that of converting 
complement components from the activities of serum fractions to isolated, well
charactcrized proteins. This phase was started as recently as 1960 by the 
isolation of human C'3 (P1 c-globulin) by Müller-Eberhard & Nilsson; and 
Müllcr-Eberhard and his colleagues have played a leading part in this work. 
With the availability of pure components it is becoming possible to analyse 
the reactions of thc complement components in biochemical terms. The attempt 
to understand the manifold functions of complement in terms of the structure 
of its componcnts is starting and will doubtless keep the stucly of complement 
active for sorne time to come. 

DEFINITION OF COMPLEMENT 

Hand in hand with the growing apprcciation of the complexity of the comple
ment system has come a certain difficulty in giving the system an exact defini
tion. The question was recently discussed (CIBA symposium 1965) and the 
various points of view are to be found there. 

It is possible to defme complement entirely in the contcxt of the immune 
haemolytic reaction. This has the merit of clarity but raises difficulties when 
complement is regarded biologically. As will be seen in later sections, not only 
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do many of the biologically significant functions of complement not require 
all of the components of haemolytic complement but there is now at least one 
example of a function (conglutination) where a component is required that does 
110t appear to participate in haemolysis. Othcr divcrgcnt branchcs from the 
complement sequence in haemolysis may still be found. 

The second possibility is to define complement in tcrms of function where 
these functions are known to be mediated by at least some of the characterized 
complement components. This definition again has difficulties of its own, 
mainly that it cannot yet be stated in precise terms for those functions wherc the 
role of complement is not wholly workcd out. 

IMMUNOCHEMISTRY OF COMPLEMENT AND 
THE IMMUNE HAEMOLYTIC REACTION 

The lysis of sheep erythrocytes (E) sensitized with rabbit antibody (A) by guinea
pig or human complement has served as the 'model for the great bulk ofinvesti
gation on complement. The stages involved appear to be essentially the same 
for both species of complement. The terminology used is that recommended 
by the Complement Workshop (r966). The haemolytic sequencc is shown 
schematically in Fig. I4· I. 

Ca" 
EA+ C' lq,r,s~EAC' 1 a 

The first component of complement (C' 1) occurs in fresh serum (or its cuglobu
lin fraction) as a macromolecular complex with a sedimentation coefficent of 
around 18S (Naff, Pensky & Lepow 1964). Calcium ions are necded to hold this 
macromolecular complex together and if these are chelated by EDTA, the com
plex splits into its three subcomponents, C' lq• C' lr and C' ls· If calcium ions are 
added again the macromolecular complex reforms. Whereas native C' 1 in 
serum is enzymatically inactive, partially purified C' 1 spontaneously genera tes 
the esterase activity characteristic of activated C' 1 (C' la) on incubation. This 
is bclieved to be associated with purification from the C' 1 inhibitor described 
below. 

C' 1q is identical with the nS component (also callcd C' o) described by 
Müller-Eberhard (1961). This sub-component carrics the binding site for the 
immune complex and the combination of antigen-antibody complex and C' 1q 
will take place in the presence of EDTA. In fact an immune complex binds far 
more C' lq from serum in the presence of EDTA than it does from normal fresh 
serum. It seems that the reaction of subscquent complement components in some 
way inhibits further C' 1q binding, and this may be one of quite a number of 
homeostatic mechanisms controlling complcment fixation. Relatively little is 
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known of C' 1 ,. It is very heat labile, has a sedimentation coefficient of about 7S 
and is essential for C' 1 activity (Lepow, Naff& Pensky I965). It has not yet been 
obtaincd in pure form. 

C' 1, with a sedimcntation coefficient of 4S is the pro-esterase and after activa
tion can by itself cxhibit enzymatic activity. This enzymatic activity is demon
stratcd by thc hydrolysis of esters such as TAME (tosyl arginine methyl ester) or 
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FrG. I4.I. Schematic representation of complement fixation sequence on an 
antibody-treated erythrocyte. 

ATEE (acetyl tyrosine ethyl estcr) and is inhibited by such esterase inhibitors as 
DFP. The enzyme has therefore becn called 'C' ¡-esterase'. However, it is generally 
believed that in its activity as a complement component the enzyme is probably 
acting as a peptidase. Its only known natural substrates are C' 2 and C' 4 (vide 
irifra) and it has not been found to have any effect on other complement com
ponents or on the cell membrane. C' 1-esterase also increases vascular perme-
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ability (Ratnoff & Lcpow 1963). This may depend on the production of ana
phlatoxin (q.v.) as an eventual result of thc formation of a little active C' 42• in 
solution. 

The reaction betwecn EA and C'1 occurs rapidly, the C' 1 apparently binding 
to the antibody molccule. The bound C' 1 is in its activated form and is now 
known as C' la· The complex EAC' la is quite stable at low ionic strength. In 
physiological conditions it is rather stable at 37° but dissociates rapidly-still as 
active enzymc-in the cold (De Looze & Leon 1963). This surprising observa
tion seems at first sight to be incompatible with the second law of thermo
dynamics, and probably means that either the C' 1 or its receptor site on EA 
undergoes a temperature-dependent alteration affecting its binding site. 

C' 1 inhibitor (see Lepow, Naff & Pensky 1965). 
Although not strictly relevant to the haemolytic reaction it is convenient to 
mention here that an inhibitor of C' 1 esterase normally occurs in serum. This is 
an o: 2 globulin with a sedimentation coefficient of 3S and combines stoichio
metrically with the enzyme, apparently at its active sitc, inhibiting both the 
cnzymatic and haemolytic function. There is no reaction with unactivated C' 1. 
The inhibitor does not inhibit the hacmolytic reaction produced by whole 
complement because its reaction rate is slower that that of C' ta on C' 4 and C' 2. 
However, attempts to make EAC' 1 or EAC'14 intermediates with reagents 
containing inhibitor are often unsuccessful. The inhibitor is known to play an 
important part in inactivating any C' 1 esterase formed in solution where it would 
clestroy C' 4 and C' 2 and give risc to increased capillary permeability. It is 
interesting that the inhibitor is active against Kallikrein and PF/Dil, two other 
mediators of increased capillary permcability, as well as against C' 1 esterase 
(Kagen & Becker 1963). 

C'4 C'4¡ 
~ 

EAC¡.-------+EAC'la4 

C' 4 (fJIE-globulin) has bcen obtained in a high state of purity from human serum 
(Müller-Eberhard & Biro 1963). It is a glycoprotein with a sedimentation co
cfficient of roS. Its serum concentration is in the region of so¡tgmjml. The 
characteristic property by which C' 4 was originally recognized is its destruction 
as a complement component by ammonia or hydrazine (or other primary 
amines). These agents ha ve no effect on the function of fixed C' 4 , so it may be 
inferred that it is the binding si te of C' 4 which is affected. 

The reaction of EAC' 1 a with C' 4 occnrs optimally at 37° but some reaction 
goes on even at 4 o. 

It is thought (Müller-Eberhard & Lepow 1965) that a result of the action of 
C' 1-esterase, C' 4 achieves a short lived 'activated' state during which it is cap-
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able of combining with receptors on the cell membrane, or with IgG molecules 
or with other C'4 molecules. If no reaction has occurred quite quickly it 'decays' 
into an imctive form. The C'4 taken up by EAC'1 a is less than IO% of that 
offered (Müller-Eberhard, Dalmasso & Calcott 1966). It is largely bound to the 
cell membrane but antibody-C' 4 complexes ha ve also been shown to occur and 
to be active in producing haemolysis (Willoughby & Mayer 1965). The attach
ment of the C' 4 to the cell membrane is believed to be by hydrophobic bonding 
(Dalmasso & Müller-Eberhard 1965). This type ofbonding would be compatible 
with the great stability of the EC' 4 bond; and it would also make it unnecessary 
to postula te specific receptor si tes for C' 4 common to the cell membrane, IgG 
molecules and C' 4 molecules themselves. 

The uptake of C' 4 on to EAC' 1 has been reported to increase the sodium flux 
and to be associated with an increase in the water volume of the cell (Zappa
costa, Rossi & Zappacosta 1965). 

Mg·· C'la 

EAC' 1 a4 + C' 2~ EAC' 1 a42~ EAC' 1 a42a + C' 2i 

C' 2 is the heat-labile, pseudoglobulin component. Although C' 2 has not yet 
been well characterized as a protein, a high degree of purification has been 
achieved for the human component (Polley & Müller-Eberhard 1967) and 
functional purity for the guinea-pig component. (Borsos, Rapp & Cook 1961). 
C' 2 is present in very small quantities, less than 10 ,ugm/ml and its sedimentation 
coefficient is estimated to be in the regían of 6S. 

Human C'2 is inactivated by p-hydroxymercurybenzoate (Lean 1965) 
suggesting that an -SH group is important for its activity. Oxidation ofhuman 
C' 2 with low concentrations of iodine (the product is called C' oxy-2) on the other 
hand markedly potentiates its activity (Polley & Müller-Eberhard 1966). While 
the biological significance of this observation is obscure, it is a boon for com
plement research. 

The reaction ofEAC' 1 • 4 with C' 2 requires the activity of C' 1-esterase and the 
presence of magnesium ions. The reaction is thought to occur in two steps 
(Mayer 1965). The C' 2 combines with the C' 4 and there acts as substrate for 
C' 1-esterase which splits it into two parts: C' 2 • which remains attached to C' 4 , 

and C' 2 ; which goes into the fluid phase. 
The complex EAC' 1 • 42 • is unstable, the C' 2 • rapidly eluting off the complex 

in a haemolytically inactive form C' 2~ (Stroud et al 1966). The half-life of 
EAC' 1 • 42• at 37° is approximately 10 min. If human C' oxr2 is used to make 
EAC' 1 • 42• the half-life is increased about ten-fold (Polley & Müller-Eberhard 
1966). The rapid decay of EAC' 1 • 42 • may be pictured as another homeostatic 
mechanism in complement fixation, limiting the C' 3 fixation at any particular 
complement fixation site (vide infra). After the EAC' 1 • 42 • stage C' la serves no 
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furthcr necessary function and EAC' 423 {prepared by eluting C' la with EDTA) 

bchaves similarly to EAC' 1 • 42 •. There is also evidence that f1xed C 1 activity is 
inhibited during the C' 3 fixation step (Lachmann 1966a)-which may be part of 
yct another homcostatic mechanism. In any case the symbol C' La will be dcleted 
from the subsequent complement f1xation steps. 

C'3 C'3i 
~ 

EAC' 42.------+ EAC' 42a3 

C' 3 is by far the most abundant of the complement components, its serum 
concentration being in the range 500-1000 11gmjml. It was first identified as 
[/ 1c-globulin in human serum by Müller-Eberhard& Nilsson 1961, and has more 
rccently been obtained in very pure form by the same workers (Nilsson & 
Miiller-Eberhard 1965). Guinea-Pig C' 3 has also been purified (Nishioka & 
Linscott 1963; Klein & Wellensiek 1965). It is a glycoprotein with a sedimenta
tion coeflicient of 9.5S and is a euglobulin. Like C' 4 it is inactivated, at least 
to a considerable extent, by ammonia or hydrazine. Although C' 3 shows marked 
rcsistance to heating, it undergoes spontaneous decay to an inactive form on 
storage. 

The reaction of C' 3 with EAC' 423 requires the activity of the C' 423 complex 
and occurs optimally at 32°. The C'42 • complex appears to act as an cnzyme
given the name C' rconvcrtase by Müller-Eberhard, Polley & Calcott 1966-
which has C' 3 as its substrate. The nature of the reaction catalysed is not known 
but as a rcsult C' 3 is considered to become 'activated'. It may then either become 
bound on the intermedia te complex or if it fails to do this it decays rapidly to an 
inactive form, C' 3 ¡ which appears in solution. C' 3 ¡ can be distinguished from 
C' 3 on immunoelectrophoresis by its faster mobility. It is however not markedly 
smaller than C'3 • C' 3 ¡ in serum, on the other hand, is converted further to f3 1A

globulin which, with a sedimcntation coeflicient of 6.8S, is probably about half 
C' 3 ¡, and to a further product, d2 n (W est e t. al. 1966) 

C' 3 binding, like that of C' 4 , is believed to be by hydrophobic bonding to 
thc cell membrane. Perhaps the most signiftcant feature of C' 3 binding is the 
large amount that is bound. Each C' 423 si te can lead to the fixation of severa! 
hundred molecules of C' 3 although the efliciency of uptake is not greater than 
20/';; (Miiller-Eberhard, Dalmasso & Calcott 1966). This loading of the cell with 
C' 3 is an important aspect of the complement reaction but its main significance 
scems to be in manifestations of complement activity other than haemolysis. 

C' 3 is therefore discussed further in the sections on these other manifestations. 
It is in fact quite possible that the haemolytic function of C' 3 resides in only that 
portion of the C' 3 bound in proximity to the C' 423 complex (Lachmann & 
Liske 1 966). 
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The intermedia te EAC' 42 • 3 shows peptidase activity towards peptides con
taining aromatic amino acid residues (Cooper & Becker 1966), though it is not 
yet clear if this activity is involved in subsequent haemolytic steps. 

The existence of a natural inhibitor oHixed C' 3 has been reported by Tamura 
&Jensen (1966). Another f.1ctor (the conglutinogen-activating factor) that reacts 
with flxed C' 3 is discussed further in the section on conglutination. 

C' 3 can be inactivat~d in vitra and in IJiiJO by a purificd factor from cobra 
venom in conjunction with a spccific normal serum ¡3-globulin (Miiller
Eberhard et al 1966). 

C's+C'6+C'7 C's67 
"-.______/( 

EAC'42 • 3-----------*Heat Stable Intermediare. 

Of the thrce components reacting at this stage, only C' 5 (/3 1 F-globulin) is so far 
a well-characterized protein (Nilsson & Mliller-Eberhard 1965). C' 6 and C' 7 ha ve 
been obtained in 'functionally purifled' form (Nilsson & Miiller-Eberhard 1967). 
The corresponding guinea-pig components ha ve also been obtaincd functionally 
pure (Klein & Wellinsiek 1965; Wellensiek & Klein 1965; Nelson et al I9C:6). 

There is evidence that in their reaction with EAC'42 • 3, C' 5, C' 6 and C' 7 under 
physiological conditions act as a functional unit (Nilsson & Müller-Ebcrhard 
1967). Most, if not all, the C' 5 , C' 6 and C' 7 is not flxed on the alexinated cell 
but is released as a defmite complcx into the fluid phase where it acts as a chemo
tactic factor (see section on Phagocytosis). 

The nature of the reaction on the cell is obscure. The reaction requires C' 42 • 

complexas well as C'3 and C'5, C'6 and C'7. The half life of EAC'42 • 3 for 
haemolytic reactivity is thus as short as that ofEAC' 42 ,. The alexinated complex 
resulting from this interaction is however heat stable and can be lysed by the 
subsequent complement components even after some hours at 37°. It can be 
tentatively inferred from experiments involving complement in free solution 
(q.v.) that the lysis ofthe heat-stable intermediare does not require the presence 
of any of the preceding complement components on the cell. If this is indeed 
so, the formation of the heat-stable complex presmnably involves some change 
at thc cellmembrane, which 'primes' the membrane for the activity of the sub
sequent components. However no evidence asto the nature of such a 'priming' 
lesion is as yet available. It is also difficult to give the heat-stable intermediare a 
suitable abbreviation. EAC'42 • 3567 seems inappropriate as well as cumbersome; 
perhaps E<*l (E-semi-star) would be better. 

He a t-sta blc in termediate + C' 8 + C' 9----+ E* 

Two further components, C'8 and C' 9 are, as of now, known to be required to 
complete the haemolytic reaction. They have been obtained in functionally 
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purc form from guinea-pig scrum (Wellcnsiek & Klein 1965; Nclson ct al 1966). 
C' 9 has been highly purif1ed from human serum (Hadding, Mi.iller-Eberhard 
& Dalmasso 1 966). 

Little is so far known of the way in which these components act,~ but when 
their reaction is completed the membrane is damaged and the cell proceeds 
spontaneously to lysis in the absence of any serum factors. 

E*--~Lysis of Ce!!. 

This fmal phase of immune lysis has also turned out to be rather less than 
simple. The spontaneous lysis of E* can be inhibited by cold (Mayer & Levine 
1954); by strong (0.09/;;) EDTA (Frank, Rapp & Borsos 1965) and by 25% albu
min (Green, Barrow & Goldberg 1959). lt transpires that these inhibitors act 
on different steps. First a temperature dependent step; then the step that can be 
inhibited by strong EDTA, fmally the step that can be inhibited by 25% albumin. 

The nature of the first two steps is unknown, but at the end of the sccond step, 
the lytic process is complete as far as the small molecule (c.g. potassium ion) 
contcnt of the cell is conccrned. The final step leading to the leakage ofhaemo
globin appears to be osmotic in nature; the high colloid osmotic pressure within 
the cell drawing in water till sufficient stretching has occurred to allow the 
haemoglobin out (Creen, Barrow & Goldberg 1959). 

The chemical nature of the actuallytic process remains unclear. It has been 
suggested (see Fischer 1964) that lysolecithin is produced by the action of a 
lecithinase, activated in the final stages of the complement reaction, on serum 
phospholipid. There are a number of difficulties in regarding this as the mech
anism of lysis of E*: it does not readily account for the multiple stages in the 
lysis ofE* that occur in the absence of any serum factors; it does not obviously 
require a 'priming' lesion on the membrane; and it has recently becn shown that 
serum free of alllipid is fully active haemolytically (Dalmasso & Mi.iller-Eber
hard 1966). If a phospholipase is the final mediator of complement-and there 
is as yet no experimental evidence that it is-then it must presumably beone that 
can act directly on the cell wall phospholipids. On the other hand there is some 
cvidence that lysolecithin is formed during complement activation, and even 
if it plays no necessary part in the usual model system for immune haemolysis 
it could nevertheless be important in celllysis undcr other conditions or in other 
manifestations of complcment activity. 

In contrast to the obscurity that surrounds the chemical natllfe of the final 
lytic process, a lot of information on the structural nature of the lesions has 
been obtained by electron microscopy (Humphrey & Dourmashkin 1965). 

*Recent work has shown that the Fe··-chelating substance phenanthroline can abolish 
the requirement for C' 9 (Hadding and Müller-Eberhard, 1967), suggesting that C' 8 is the 
important mediator of the last stage of complement lyses, C' 9 perhaps being sorne form 
of activator. 

o* 
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These workers examined membranes of red cells lysed by guinea-pig com
plement by negative staining and found characteristic membrane lesions of mean 
diameter ssA, which appeared to be hales surrounded by clear rings. 

The number of such lesions per cell was shown to conform with the number 
of sites of damage predicted by the 'single-hit theory' for particular amounts of 
complement (Borsos, Dourmashkin & Humphrey 1964). This conformity 
however depends on using rabbit IgM antibody and guinea-pig complement. 
If rabbit antibody of the IgG class is used even with guinea-pig complement 
clusters of lesions are found instead of single ones (Humphrey 1967). The 
lesions produced in human red cells sensitized with human antibody by human 
complementare larger (mean diameter 103A) and occur in very large numbers 
(Rosse, Dourmashkin & Humphrey 1966). Ata complement leve! giving 12/;; 
lysis more than 1o,ooo lesions were found per cell. At this leve! of haemolysis 
the one hit theory predicts on average of about 0.2 hits per cell. The explanation 
for these disparities is unclear, but they emphasize the dangers of applying con
clusions from a particular model system evento systems apparently not markedly 
diffcrent. 

The lesions could be produced in formalin fixed membranes and they resisted 
treatment with trypsin and acid; their appearance was distinct from those pro
duced by saponin, strcptolysin O or phospholipase C. Humphrey & Dourmash
kin consider that the lesions most probably represent localized changes in the 
lipid !ayer of the cell membrane. 

The haemolytic reaction mediated by complement is seen to be surprisingly 
complex even compared with an analogous system such as blood clotting. 
The cascade phenomenon which is seen in blood clotting-a series of reactions 
where the product of one reaction serves as a catalyst of the next-is found also 
in complement. But whereas the cascade of clotting is 'linear'-each product 
catalysing just the next reaction, the complcment sequence is not. Thus C' la 

is needed for the fixation of both C' 4 and C' 2 ; C' 42 a is needed for both the 
fixation ofC' 3 and the reaction ofC'5 , C'6 and C'7 • The tendency ofthe reaction 
to reverse (the change from EAC' 1 a42 a to EAC' 134) and the possibility that the 
eventual membrane lesion involves both a priming and a final phase are further 
complications that blood clotting is spared. 

'fREE SOLUTION HAEMOLYSIS' 

The activation of complement leading to immune haemolysis is normally 
found at specific sites of initiation on the surface of a cell, and the complement 
action is finely localized to this site. It has, however, recently become possible 
to mimic complement activation in solution. Thus, C' ¡-esterase can be prepared 
from purified C' 1 or by elution from EAC' la as already discussed. Thc inter
action of C' ¡-esterase, C'4 and C' 2 to form active C'42 a can also take place in 
solution (Mi.iller-Eberhard et al 1966). The C' 42 a can be detected by the con ver-
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sion of C' 3 to C' 31 in solution and is therefore given the name C' 3-convertase. 
If C' rconvertase' C' 3 , C' 5 , C' 6 and C' 7 are incubated together in the presence of 
unsensitized erythrocytes, a small proportion of erythrocytes reach the 'heat
stable' intermcdiate stage in as much as that aftcr washing and incubation for 
some time at 37°, they can be lysed by C'8 and C'9 • This reactivity is acquired 
without any complement components being bound in detectable amounts on 
thc cell membrane (Müller-Eberhard 1967). 

THE INITIATION OF COMPLEMENT 
FIXATION 

Complement has as one ofits most basic properties the capacity to interact with 
most, though by no means all, antigen-antibody combinations. The reasons why 
certain antigen-antibody systems will not fix complement are not wholly 
understood but a number of factors are known to play a part. 

THE IMMUNOGLOBULIN CLASS 
OF THE ANTIBODY 

IgM antibodies are, with certain exceptions, very good at initiating complement 
ftxation. IgG antibodies vary in their ability to fix complement. In sorne species 
(c.g. guinea-pig, mouse, rabbit) it is possible to separate a distinct complement 
ftxing subfraction of IgG from a non-complement fixing but skin sensitizing 
subfraction by its slower electrophoretic mobility (scc Benacerraf 1964). That 
these two activities are altematives and do not coexist on one molecule pre
sumably protects the target cells in skin from complement lysis. IgA antibodies 
have generally been found not to be complement fixing although Adinolfi et al 
(1966) have reported that IgA antibodies to E. Colí mediate 'complement 
dependent bacteriolysis' (vide ín.Jra). 

There is evidence from the relationship of the amount of antibody on a 
erythrocyte to the number of electron microscopic lesions produced by comple
ment that a single molecule of rabbit IgM antibody on a sheep cell is sufficient to 
initiate a site of guinea-pig complement activation, whereas it probably requires 
two adjacent molecules of IgG (Humphrey & Dourmashkin 1965). Borsos 
& Rapp (1965) carne to a similar conclusion on the basis of calculations on the 
amount of C' la bound. 

This observation would go far to explain the great superiority (molecule for 
molecule) of IgM over IgG in initiating complement fixation. It must be ap
preciated that these relationships are well-established only for rabbit antibody 
and guinea-pig complement acting on sheep erythrocytes. In other species 
combinations the situation may not be the same (see next section). At the mole
cular leve! the site for complement activation seems to be on the Fe fragment; 
Fab made with papain being non-complement-fixing and Fab'2 made with 
pepsin showing much reduced complement binding. 
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IgG aggregatcs prcpared by heating or by such chemical means as bis
diazobenzidinc fix complcment as wcll as antigcn-antibody aggregates. It is less 
likely that this activity results merely from bringing two IgG molccules into el ose 
opposition than that there is also a configurational change in thc molecules pro
duced both byantigen-antibodyinteraction and bythe other forms of aggregation. 

Although a configurational change in IgG seems to be ncccssary for comple
Inent activation, it has bccn shown (Müller-Eberhard & Calcott 1966) that native 
IgG and C' lq forma loose interaction that can be detected in the ultracentrifugc. 
This loose complex can be made up of as many as four IgG molecules per C' 1 q 

molccule. 
The influence of the immunoglobulin class of antibody in complement re

actions is surprisingly not restricted to the initiation of complement fixation. 
lt also affects in an ill-understood fashion subsequent steps of the reaction. Thus 
Sell & Spooner (1966) have found that while IgG anti-Forssman antibody 
fixes complement less well than IgM, the fixed complement is highly lytic for 
both nucleated cells and crythrocytes. On the other hand the complement 
fixed by IgM antibody, though highly lytic to erythrocytes was relatively in
effective in producing lysis of nucleated cells. Furthcr Humphrey (1967) has 
shown that whereas sheep red cells sensitized with IgM rabbit antibody and 
lysed with guinea-pig complement have one lesion (as seen in the electron 
microscope) per complement activation site, those sensitized with IgG antibody 
ha ve a cluster of lesions. 

THE NATURE OF THE ANTIGEN 

Immune complcxes involving certain antigens fail to flx complement. The 
Rhesus antigens on red cells are a particularly good example, although one 
example of a complement-fixing anti-Rh(D) antiserum has been described 
(Waller & Lawlcr 1962). In the case of IgG antibodies it is possible to give an 
explanation in terms of the antigens being too far apart for suitable adjacent pairs 
to be formed. Howcver, this explanation seems insufficient for the IgM anti
bodies which also fail to fix complemcnt unless it is postulated that for com
plement fixation IgM needs to react through two or more combining groups 
There is no convincing alternative explanation. It is possible to postulare a con
straint on the structure of the antibody, i.e. antibodies in order to be capable of 
reacting with D antigen requiring to be without the complement binding si te. 
However since the antigen combining site is on Fab and the complement 
activating site on Fe this hypothesis is somewhat unattractive. 

Complexes between thyroglobulin and the (IgG) auto-antibodies found in 
Hashimoto's disease are another example of a generally non-complement fixing 
system. Here spatial considerations may be responsible; as they may also be 
for the finding that complement fixation is maximal on antigen-antibody 
aggregates jf these are formed near equivalence (Goldsworthy 1928). 
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Not all species of complementare fixed equally well by all species of antibody. 
In fact a considerable degree of selectivity is found to occur, which in the in vítro, 
if not in the in vivo, sitllation is of sorne importance. 

An extreme case is that certain avían antibodies, notably chicken and duck, 
fail to f¡x mammalian complement at all. The inter-relationships between 
various mammalian species have been studied by Coombs and his colleagues 
(Blomfield, Coombs & Hale 1949; Hoet, Blomfield & Coombs 1954). These 
workers found that it was not in general true that antibodies of one species f1xed 
their own complement the best. For example human antibody is relatively poor 
at fixing human complement and pig antibody poor at fixing pig complement. 
The complements of horse and rabbit were fixed particularly well by all the 
eleven species of mammalian antibody tested. Antibodies from these same two 
species were also capable of fixing well all the six species of complement tested. 
Guinea-pig complement, although it is so commonly used, is rather selective, 
being particularly badly ±lxed by cat and pig antibodies and indifferently by 
human antibodies. 

It is possible that some part of the sclectivity may reflect differencies in the 
immunoglobulin composition of the various antisera. Thus the preference of 
guinea-pig complement for IgM as opposed to IgG antibodies (of the rabbit or 
mouse) is not shared by rabbit or mouse complement (Winn 1965) which are 
more readily activated by IgG antibody. 

'NoN-SPECIFIC' FIXATION 

OF COMPLEMENT 

When complement fixation is initiated in the absence of antigen-antibody 
inter;:ction this is often termed 'non-specific' activation. Aggregation of IgG is 
certainly the principal phenomenon that brings this about. This can be induced 
at will by heating or by various chemical procedures. This phenomenon is 
bclieved to be responsible for the complement f¡xation which takes place on 
kaolin or similar particulate matter when put into fresh serum; and for the 
binding of complement on to red cclls put into serum either at low ionic 
strength (Mollison & Polley 1964) or (after trypsin treatment) into serum in the 
presence of polyethylene glycol (Dalmasso & Müller-Eberhard 1964). A certain 
amount of complement fixation occurs on fibrin clotted from fresh plasma and 
this again is believed to arise in the same way (Pepys, Lachmann & Coombs, 
1965)-

The exten t to which 'non-specific' aggregation of IgG is important in vivo is 
unknown. 
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THE CüMPLEMENT FIXATION TEST 

The detection of antigen-antibody interaction by the fixation of complement 
goes back to Bordet & Gengou ( 1901) and remains a most widely used technique. 
Many techniques for carrying out this test have been devised (see Mayer 1961; 
Hole & Coombs 1947) relying on the disappearance of the haemolytic or con
glutinating activity of complement in the reaction mixture. 

Analogous are techniques where the fixation of complement is shown anti
genically usually by the presence of C' 3 and C' 4 at the si te of the original antigen
antibody reaction. This is the basis of the 'complement-antiglobulin reaction' 
(Rosenfield, Haber & Gilbert 1960; Pondman et al 1960; Harboe et al 1963) 
which is used in the demonstration of low avidity blood group antibodies. 
This is also the method used for carrying out complement fixation tests on 
tissue sections (Goldwasser & Shepherd 1958; Burkholder 1961), fluorescein
conjugated antisera to complemcnt (again generally to C' 3 and/or to C' 4 ) bcing 
used to localize the fixed complement. This method can be extended in the stucly 
of tissues to localize complement components which have been fixed in vivo 
(Lachmann et al 1962). This will be discussed further in a later section. 

It may be noticed that C' 4 and C' 3 are the complement components detected 
in these methods. These are the components known to be directly bound to cell 
membranes and are those which are found in the 'long-term' complement 
fixation site. It seems likely that there is a biological significance to this 'long 
term complement fixation' and it is thcse two complement components that 
are likely to be involved. 

HAEMOLYSIS 

PHENOMENA ASSOCIATED WITH 
COMPLEMENT ACTIVITY 

LYSIS OF ANTIBODY-SENSITIZED CELLS 

The process ofhaemolysis has been dealt with above. Reactions of this kind are 
involved in certain haemolytic anaemias (e.g. the Donath-Landsteiner type, 
(Hinz, Picken & Lepow 1961)) particularly where haemolysis occurs pre
dominantly intravascularly-as shown by hacmoglobinuria. In haemolytic 
states mediated by non-complement fixing immune systems (e.g. haemolytic 
disease sue to Rh incompatibility) abnormal sequestration of cells by the reticulo
endothclial systcm is the main pathogenic process and intravascular lysis and 
haemoglobinuria are not prominent. It has been shown (see Mollison 1965) that 
red blood cells sensitized with small quantities of a non-complement fixing 
antibody are cleared from the circulation predominan ti y in the spleen while cells 
sensitized with small quantities of a complement fixing antibody are sequestrated 
in thc livcr. 



COMPLEMENT 399 

CYTOLYsrs OF NucLEATED CELLS 

Lysis of nucleated cells in vitro appears to follow thc same complement sequence 
as haemolysis (Ross & Lepow 1960). There are probably certain differences, as 
shown for example by the variation fonnd by Sell & Spooner (r966) betwecn 
the haemolytic and cytolytic activities of guinca-pig complement (in association 
with IgM antibodies) and by the generally high cytolytic activity of rabbit 
complement. It may be that owing to the ability of nucleated cells to repair 
lcsions (Chambers & Fell 1931) the lysis of these cells is not always a single hit 
phenomenon. 

The lysis of nuclcated cells by antibody and complement in vivo can be 
dcmonstratcd by such procedures as injecting guinea-pigs with anti-Forssman 
serum. 

A reaction of this type may play sorne part in auto-allergic disease (e.g. 
Hasimoto's disease) where complement fixing antibodies to cell membrane 
antigens have been demonstrated (Irvine 1960). The lysis of testicular cells by 
normal autologous serum (Spooner 1964) is again a similar phenomenon and 
may become active in vivo if the testicular basement membrane is damaged. 
This could be the case in diseases like the orchitis following mumps. 

The lysis of certain bacteria (e.g. Salmonella typhí) by antibody and comple
ment is brought about by an analogous process (Muschel & Treffers 1956). A 
further serum factor, lysozyme, is however, necessary in many cases for bacterio
lysis (Inoue et al 1959). The lysozyme can act either before or after the comple
ment (Muschel 1965). In the bacteriolysis of E. coli., complement alone will 
produce sorne lysis if IgM antibody is used to sensitize the bacteria, whereas if 
IgA is used the requirement for lysozyme is absolute (Aldinolfi et al 1966). 

The Treponema! Immobilization Test (Nelson and Mayer, 1949) for syphilís 
is also a complement-dependent cytotoxic reaction. An in vivo example is the 
lysis of such bacteria as Vibrio cholerae in the circulation of an immune animal. 

THE EFFECTS OF ANTIBODY AND 

COMPLEMENT IN ÜRGAN CULTURE 

Although isolated tissue culture cells exposed to antibody reacting with cell 
membrane antigens undergo cytolysis, when such experiments are done in 
organ culture where the spatial relationships are quite different, other effects 
have been found (Fell, Coombs & Dingle 1966). 

These authors have grown organ cultures of chick bones in the presence of 
anti-Forssman serum and complement. In this system cytolysis is limited to the 
outermost cell layer, but there is a degradation and disorganization of matrix 
structure over the whole bone rudiment. This has been shown to be associated 
with lysosomal activity (Dingle, Fell & Coombs 1967). 

These findings obviously have important implications. Although there is no 
well-substantiated homologous situation in human disease it has been suggested 
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(Dinglc, Fell & Coombs 1967) that the 'Long Acting Thyroid Stimulator' acts 
on thyroid in the same way. 

CONGLUTINATION 

The serum of cattle and certain other ruminants bnt not of other types of mam
mal contains a substance which will powerfully aggregate immunc complexes 
having complement bound on them. This material was given the name 'con
glutinin' by Bourdet & Streng ( 1909). Conglutinin was at one time regarded as a 
naturally occurring anticomplement antibody but this is now known not to be 
the case. Conglutinin has been highly purified and is a specific serum protein, 
unrelated antigenically to the immunoglobulins. It shows a high degree of 
molecular assymetry having a sedimentation coeflicient of 7.8S, a molecular 
weight of about 75,000 and a frictional ratio of around 4 (Lachmann & Coombs 
1965). 

Substances analogous to conglutinin were produccd in other species by in
jection witb alcxinated material and were for this reason given the name 'im
mtmo-conglutinins' (Streng 1930; Wartiovaara 1932). The phenomenon was 
studied extensively by Coombs and his colleagues (see Coombs, Coombs & 
Ingram 1961) who were able to show that immunoconglutinins were formed in 
response to the antigenic stimulus of an animal's own fixed complement and that 
therefore these 'auto-stimulated' immunoconglutinins were true auto-anti
bodies. Physicochemically immunoconglutinins are immunoglobulins pre
dominantly of the IgM class (Lachmann & Coombs 1965; Bienenstock & 
Bloch 1965). Immunoconglutinins are found in all species that have been tested. 

The reactant for conglutinin (the conglutinogen) is found not only in fixed 
complement but also, remarkably enough, in the cell walls and in the micro
soma! fraction of yeasts. It is predominantly polysaccharide in composition, 
mannosc being tbe predominant sugar, and contains some peptide material 
(Lachmann & Coombs 1965; Lcon, Yokohari & Itoh 1966). The reaction of 
conglutinin with conglutinogen rcquircs calcium ions (Lcon 1957) and con
glutinin may be purified by absorption on to zymosan (yeast cell walls) and 
clution with EDTA (Lachmann & Coombs 1965). 

The conglutinogen in fixecl complement is found in f1xecl C' 3 , but only 
when the fixecl C' 3 has reactecl with a further scrum factor-to which the name 
'conglutinogenactivating-factor' (or KA1') has been given (Lachmann & 
Müller-Eberharcl 1967). KAF appears to play no essential role in immune 
haemolysis and for this reason it is a matter of opinion whether it shoulcl be 
considered a complement component. It is a ,8-globulin with a sedimentation 
coeflicient of about 5.5S anda molecular weight in the region of 1oo,ooo. It is 
present in very small amounts and probably acts enzymatically u pon bound C' 3 • 

As a result thc reactant for conglutinin appears on the alexinated complex and 
thc bouncl C' 3 also becomcs vcry much more susceptible to proteolytic attack. 
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As far as is known the conglutinogen in C' 3 from different species is identical. 
The reactants for immunoconglutinins are found as far as is known only in 

.Jixcd complement and the reaction of immunoconglutinins with fixed comple
mcnt does not reqnire calcium ions. The typical immunoconglutinins which 
produce powerfnl aggregation are all directed against dcterminants in f1xed C' 3 

-the complement components fixed in large amount. There is considerable 
heterogcneity in these determinants from species to species and probably cven 
within a species (Lachmann & Coombs 1965). In contrast to conglutinin the 
rcaction of immunoconglutinins with fixed C' 3 does not require the prior 
rcaction of fixed C' 3 with KAF. Using more sensitive methods immuno
conglutinins reacting with f1xed C' 4 ha ve also been demonstrated (Lachmann 
r966b). This is the other complement component f1rmly bound at the comple
ment fixation site. 

THE SIGNIFICANCE OF THE 

CONGLUTINATION PHENOMENON 

Conglutinating systems have been used for a long time to detect complement 
f1xing antibodies in vitro (see Chapter 1) but information on their in vivo role is 
less extensive. 

Nothing is known of the in vivo significance of conglutinin itself. Althongh it 
is consumed in complement fixing reactions in vivo it is not produced in response 
to such reactions, and cattle are not known to derive any special susceptibilities 
or immunities from its presence. 

Immunoconglutinins, on the other hand, have been shown in mice to exert 
a protective effect against infection with small numbers of virulent organisms 
(Ingram 1959) and they have therefore been described as 'physiogenic' auto
antibodies (Coombs, Coombs & Ingram 196r). 

Immunoconglutins are consnmed in complement fixing reactives in vivo and 
their production is stimulatcd by such reactions. Immtmoconglutinin levels can 
in fact be regarded as an indicator of in vivo complement fixation. In this content 
it may be mentioned that sorne anti-C' 4 im1mmoconglntinins ha ve been found 
in virtually all human sera tested, whereas the presence of anti-C' 3 immuno
conglutinin shows possibly more relationship to disease. Elevated titres of anti
C' 3 immunoconglutinins have been reported in acute and (particular! y) 
chronic, bacteria! infections and in viral infections (Marks & Coombs 1957). 
Patients with trypanosomiasis also show particularly high levels. Among non
infective diseases high levels have been reported in such putative auto-allergic 
conditions as rheumatoid arthritis, ankylosing spondylitis, systemic LE, Hashi
moto's disease, Sjogren's syndrome and myasthenia gravis, as well as in gout 
and silicosis (Marks & Coombs 1957; Bienenstock & Bloch 1967; Pernis, 
Gambini & Finalli 1959). 

Although the high I-K titres in thc two last named diseases seem at flfSt sight 
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surprising, evidence for in vivo complcmcnt fixation has in fact bccn prcsented 
for both conditions. Barnett, Bicnenstock & Bloch (1966) have reported finding 
C' 3 wíth IgM and IgM in macrophages from gouty synovíd fluid and Pernís 
has rcported ftxed C' 3 in sílícotic lungs. 

Whethcr thc ínununoconglutínin found in human auto-allergic diseasc 
augments or diminishcs the allergic process or ncither, ís unclear. In ccrtain 
circumstances the reaction of immunoconglutinin with ftxed C' 3 has been 
shown to ftx furthcr complement but this reaction does not go on 'cycling' 
till all availablc complemcnt or immunoconglutinin is fixed. Thc homeostatic 
mechanisms involvcd are unknown. 

lMMUNE ADHERENCE 

This phenomenon (R.A. Nelson 1953) comprises the adherence of antigen
antibody-complement complexes to primate erythrocytes. Such complexes 
also adhere in an analogous way to non-primate platelets (Nelson & Nelson 
1959). This type of reaction was ftrst observed using trypanosomes as antigens 
(Leupold 1928; Duke & Wallace 1930) but can be shown with a wide variety of 
complement fixing antigen-antibody systems whether particulate or soluble 
(R.A. Nelson 1953; Turk 1958). 

The immune adherence reactant in flxed complement appears when C' 3 is 
bound (Nishioka & Linscott 1963) and is not affected by the presence of other 
complement components The immune adherence receptor on the erythrocyte 
membrane a ppears to be mucopeptide in nature and can be split offthe erythrocyte 
with papain (D.S. Nelson 1965). The formation of the immune adherence bond 
is temperaturede pendent and it can be inhibited by derivatives of aroma tic amino 
acids (Basch 1965) on which basis it has been suggested thatthe bond is formed as 
a result of an enzymatic reaction-thc fixed C' 3 being the enzyme and the red 
cell mucopeptide the substrate. 

lmmune adherence provides an extremely scnsitive way of detccting com
plement flxation. Its in vivo significance is believed to lie in the facilitation of 
phagocytosis that has been shown to occur when, for example, bacteria are 
bound to red cells by immune adherence (R.A. Nelson 1956). D.S. Nelson (1965) 
has also adduced evidence that a process operationally analogous to immunc 
adherence will bind antigen-antibody-complement complexes to guinea-pig 
polymorphs. 

PHAGOCYTOSIS 

Dean in 1907 showed that the opsonins ofWright & Douglas (r903) involvcd 
both a hcat-stable and a heat-labile factor and that phagocytosis, like lysis, was 
dependent on an antibody-complement system. A formidable quantity of 
investigation in the subsequent sixty years has fully confirmed that complement 
does pay a substantial role in facilitating phagocytosis. However phagocytic 
processes have provcd complex and difficult to analyse anda recent review of 
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thc literature (Boydcn, North & Faulkner 1965) came to the conclusion that 
'dogma tic statements on the part played by complement in this process are 
completely unjustified at present'. Nevertheless bearing in mind the reservations 
that results obtained in any one test system may not be applicable to other 
phagocytic situations, certain conclusions can now be made. 

The phagocytic process can be considered in four stages: chcmotaxis, 
adhcsion, engulfmcnt and digestion. 

CHEMOTAXIS 

The direction of movement of polymorphs is influenced by sol ublc factors along 
concentration gradients on which the cells migra te. This is the phenomenon of 
chemotaxis. This has been investigated by observing migration of polymorphs 
through millipore filters towards the test substance (Boyden 1962). When anti
gen-antibody-complement systems were investigated in this way it was found 
that it was the activated C'567 complex that was chemotactically active (Ward, 
Cochranc & Müller-Eberhard 1965, 1966). Since this complex is fonned at thc 
surf.'lce of the alexinated complex and then escapes back into thc fluid phase 
the necessary concentration gradicnt willnormally exist in the vicinity of the 
complement fixation site. 

Other chemotactic factors nnrelated to complement have also been reported 
-for example peptone (Keller & Sorkin 1965). It is also possible that other, 
weaker, chemotactic factors related to complement are fmmd since in vivo 
phagocytosis is normal in C' 5 deficient mice and C' 6 deficient rabbits (see 
below).* 

ATTACHMENT AND ENGULI'MENT 

Attachment of erythrocytes treated with antibody and complement to poly
morphs has been tested in the presence of inhibitors like sodium azide (which 
abolish engulfment) (D.S. Nelson 1965). As already qnoted these experiments 
lead to the conclusion that attachment was analogous to immune adherence 
anda function of fixed C' 3 . 

Experiments where phagocytosis (including both attachment and engulf
ment) of erythrocytes treatcd with antibody and complcment was studied 
(R.A. Nelson 1962) showed that the fixation of C' 3 gave rise to phagocytosis. 
C' 3 , being fixed in substantial amounts, is undoubtedly a priori the most suitable 
candidate among complement components to be the opsonin. 

However, Mollison (1965) has shown in man that red cells treated with 
autologous serum at low ionic strength, although they have C' 4 and C' 3 fixed 
on them as shown antigenically, survived normally in vivo (after an initial 
disappearancc from the serum) whereas red cells treated with antibody and 
complcmcnt are clcarcd very rapidly. Thcrc thus seems to be some quantitative 

*The formation of a furthcr chemotactic f.1ctor by thc action of plasmin on C' 3 has 
reccntly bcen describcd (Ward, 1967) 
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or qualitative difference between the presence of C' 3 detectable on the cell by 
an anti-C' 3 serum and active opsonization. 

There are other phagocytic systems that appear to be independent of any 
serum factors and yet others where antibody alone is a sufficient opsonin (see 
Boyden et al 1965). There is also evidence that attachment of particles to macro
phages can be achieved by a cytophilic antibody without the intervention of 
complement (Howard & Bcnacerraf 1966). Nevertheless in the in vivo situation 
there seems little doubt that complement plays an important role in phagocytic 
mechanisms, and this may be one of its most significant biological roles. 

Little is known of the effect of complement in intracellular digestion. Fischer 
(quoted by Boyden 1965) has suggested that lysolecithin may be prodnced intra
cellularly and act on lysozomal membranes and facilita te the release oflysozomal 
enzymes into the phagocytic vacuole. 

fORMATION OF ANAPHYLATOXIN 

There is now compelling evidence that Type I (anaphylactic) reactions are not 
complement dependent since they are mediated by non-complement-fixing 
antibodies. (Ovary, Benacerraf & Bloch 1963; Bloch et al 1963). However the 
formation of anaphylatoxin-a histamine releasing substance prodnced in sernm 
by antigen-antibody complexes and which may produce symptoms very 
similar to systemic anaphylaxis-is known to involve complement (Osler et al 
1959). 

It has reccntly been reported that human anaphylatoxin is a small molecule 
with a molecular weight ccrtainly less than 6o,ooo which is produced by the 
interaction of C' 1-esterase, C' 4 , C' 2 , C' 3 and possibly C' 5 (Días da Silva & 

Lepow 1966). There is evidence that gninea-pig anaphylatoxin is a fragment of 
C' 5 that is produced either in the cmlfSe of the complement rcactions or by 
proteolysis with trypsin (Jensen 1966).* 

PROPERDIN 

Properdin was described by Pillemer and his colleagncs in 1954 as a newly 
discovered serum factor that represented an important mediator of 'non
specific immnnity'. It was subsequently shown that so me at least of the activities 
of properdin werc antibody and complcment dependent (see R. A. Nelson 1961) 
and doubt was thrown both on the significancc of properdin and even on its 
existen ce. 

The purification and characterization of properdin as a protein (Pensky et al 
1964; Lepow 1965) put an end to the controversy asto its existence. It is a non
immunoglobulin serum ,8-globulin with a sedimentation constant of 5.2S and 
a molecular weight of around 230,000. 

*It is now recognised that there are two anaphylatoxius, one a fragment of C' 3 and 
the other a fragment of C' 5 (Lepow, DaSilva and Bisele, 1968). 
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In conjunction with various naturally occurring antibodies, components of 
complement and Mg··, it comprises 'the properdin system' which is believed to 
play a part in the killing of certain bacteria, the neutralization of certain viruses 
and the haemolysis of erythrocytes of patients with paroxysmal nocturnal 
haemoglobinuria (Lepow 1961). The mechanisms of action involved and the 
significance of properdin as factor in immnnity remain to be clarified. 

lNFLAMMATION IN TYPE III ALLERGIC REACTIONS 

Thc allergic inflammatory reaction produced by antigen-antibody reactions in 
Huid phase (Type III reactions) are apparently wholly complement dependent 
(see Cochrane & Ward 1966). The phenomena of anaphylatoxin formation, 
inunnne adherence, chemotaxis for polymorphonuclear leucocytes and opsoniza
tion are all probably concerned in this inflammation and it is quite possible that 
others, not yet well characterized, effector mechanisms contribute as well. 

Considerable importance has been shown to attach to increase in vascular 
permeability-as is produced by anaphylatoxin (and by C' 1 esterase)-in the 
localization of complexes (Cochrane 1963); and to the presence of polymorphs 
in producing the damage leading to haemorrhage and necrosis in the Arthus 
rcaction and to the basement membrane destruction in the serum sickness type 
of nephritis (Cochrane & Aikin 1966). 

TYPE N ('DELA YED HYPERSENSITIVITY') 

REACTIONS 

The role of complement in these reactions is not established. Neveu & Biozzi 
(r965) have shown that decomplementation of rats with antigen-antibody 
complexes reduces delayed hypersensitivity but themselves point out that there 
are severa! possible interpretations of their findings. 

HoMOGRAFT REJECTION 

It is not certain to what extent complement activity affects graft rejection. 
Skin grafts are rejected normally by C'5-deficient mice (Caren & Rosenberg 

1965) and results on C' 6-deficient rabbits are conflicting (vide infra). There is some 
indirect evidence that rejection of kidney grafts is in some circumstances 
associated with complement activity. Thus C' 2 levels are said to fall after kidney 
transplantation (Austin & Russell 1966) and fixed complement has sometimes 
been found on rejected renal grafts in the Cambridge series. Complement levels 
ha ve also been found to be low in runt disease in rats-a graft v. host pheno
menon (Fife, Hook & Muschel, 1962). 

Arguments supporting the important role ofhumoral factors in graft rejection 
have been put by Stetson (1963) and Gewurz et al. (1966a) from studies of 
complement levels, conclude that complement activity can media te graft rejection 
but is not essential for this process to occur. 
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GENETICALL Y DETERMINED 
COMPLEMENT DEFICIENCIES 

GUINEA-PIGS 

The existence of a strain of guinea-pigs lacking haemolytic complement was 
reported severa! decades ago (Moore 1919; Hyde 1923). The deficiency was 
carried as a single Mendelian recessive character and was shown to be duc to 
lack of 'classical C' 3 ' (i.e. one of the components C' 3-C' 9). The component 
concerned did not pass the placenta in either direction. The animals survived well 
under ideal conditions but were more liable to experimental infections. In time 
the strain died out and no similar guinea-pigs have been reported since. 

Within recent years genetically determined complement deficiencies have 
been reported in other species. 

MICE 

Strains of mice have been found that lack complement (Rosenberg & Tachibana 
1962; Cinader, Dubiski & Wardlaw 1964). These mi ce also lack an antigenically 
identiftable serum protein and the variant mice will make antibody to the miss
ing protein on immunization with normal mouse serum. The complement 
componcnt involved has been shown to be C' 5 (Nilsson & Müller-Eberhard 
1965) both antigenically and by hacmolytic activity. Genetically the deficiency 
behaves as a single Mcndelian recessivc (Tachibana, Ulrich & Roscnberg 1963). 

The C' 5-dcficient núce ha ve been found to reject skin grafts normally (Caren 
& Rosenberg 1965) and to show normal ín vivo phagocytosis of bacteria (Stiffel 
et al 1964) although ín vitro chemotactic activity was lacking (Ward, Cochrane 
& Müller-Eberhard 1965). Glynn and Medhurst (1967) have reported that in 
vivo killing of 'complement sensitive' E. coli is greatly impaired in the comple
ment deficient mice. These findings are all compatible with what is known of the 
role of complement components in these various reactions. 

RABBITS 

Rabbits deficient in complement have been found independently in Germany 
(Rother & Rother 1961), in Mexico (Biro & Garcia 1965) and more recently in 
Cambridge (Lachmann, 1967). In all cases the component affected seems to be 
C'6 (Ward et al 1965). Besides a deftciency in haemolytic activity the rabbit sera 
lacked the power to generate chemotactic activity in vitro. 

Biro (1966) was unable to detect any differences between his normal and 
complement deficient rabbits in homograft rejection and in Type 4 reactions 
to human gamma-globulin. However he found that the complement deficient 
rabbits failed to show haemorrhagic necrosis in Arthus reactions. On the other 
hand the rabbits ofRother and Rother were unable to produce a passive Arthus 
reaction at all and in some-but not all-animals there was prolonged survival 
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of skin grafts and absence of delayed hypersensitivity. (Rother, Rother & 
Schindera 1964; Volk, Mauersbcrger, Rother & Rother 1964). The reasons for 
these discrepancies are unclear. It is puzzling why the equally C' 6 deficient 
rabbits of the latter investigators should vary in their biological activities so 
much. 

MAN 

Silverstein (1960) reported a case of essential hypocomplementaemia due to a 
deficiency of C' 2 and Klempercr et al ( I 96 5) ha ve found further cases an d shown 
the deficiency to be gcnetically dctermined antosomal co-dominant trait. The 
deficiency is incomplete. The C' 2 level in one subject bcing in the region of I% 

of normal, and thc subjects appear quite healthy. Gcwurz et al 1966b have 
studied one subject in some detail. They found that whereas haemolytic and 
in vítro chemotactic activities were deficient, bactericida! power was significantly 
impaired only in the presence of added antibody, i.e. the low complement was 
not the limiting factor in killing bacteria at the antibody levcls found in the 
subjcct. 

A surprising result was that inunune adhcrence was normal, suggcsting that 
the C' 2 available was able to produce sufficient C' 3 fixation to give this activity. 

These findings emphasize the limitations of drawing conclusions from genetic 
dcficiencies unless they are absolutely complete. It is not at all certain that for 
sorne complement functions 'enough may not be as good as a feast'; and the 
fmding that for some in vitro function a deficient serum has to be used undiluted 
whereas a normal scrum gives a titre of many hundred may be immaterial in 
vivo where the scrum is in any case undiluted. 

INVESTIGATION OF COMPLEMENT 
IN RELATION TO DISEASE 

CüMPLEMENT LEVELS 

Complement activity in serum is generally measured by its total haemolytic 
activity on EA under standard conditions (Mayer 1961 ). Estimations ofindividual 
components by haemolytic testing has rccently also been quite widcly used. 
In general, complement levels whether of components or of total complement 
have not proved to be a particularly rcwarding estimation in the context of 
human disease, consistent patterns being usually absent. This is perhaps not 
surprising sin ce the lcvcl of any component reflccts thc balance bctwcen synthesis 
and scquestration, eithcr or both of which proccsscs may be affccted by a disease 
process and ncither of which can be readily measured. 

The sequestration of complcment may in any case result not only from in vivo 
complement fixation. Besides the normal processes of catabolism, and excretion 
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of components in the urine of patients with proteinuria (Seifter & Ecker 1946) 
specific inactivation of components by mechanisms unrelated to complement 
fixation may occur. Thus in hereditary angioneurotic oedema C' 4 and C' 2 are 
destroyed in solution by C' ¡-esterase (Donaldson & Rosen 1964), and Beeson 
& Rowley (1959) ha ve provided evidence that ammonia production in the kidney 
is associated with local destruction of C' 4 and a loss of bacterial activity. 

It may be that turnover studies of individual components will prove more 
infonnative. With the advent of highly purified complement components that 
can be radioactivcly labelled such investigations havc become feasible and one 
such study has been published (Alper, Lcvin & Rosen 1966). 

Notwithstanding these limitations, there have been somc general findings. 
Thus, significant falls in complement level ha ve been found consistently in acute 
systemic LE, glomerulonephritis and serum sickness. In these diseases complement 
fixation in vivo is believed to account for the depressed complement levels. 
Although serum complement levcls in rhcumatoid arthritis are variable and 
often raised, the complement levels in the synovial fluid are generally lowcr than 
in synovial fl.uids from other joint discases (Pekin & Zvaifl.cr 1964). 

Rises in complement titre appear to occur fairly generally in the 'acute phase' 
following trauma or tissue damage (Boltax & Fischel 1956). 

In mice, but not in men, there appears to be a well-marked effect of sex 
hormones on complement levels (Weintraub et al 1966). Males have a sub
stantially higher level of'classical C'3 ' (i.e. activity of C'3 , 5 , 6 , 7 , 8 and 9) than 
females and this difference can be abolished by castration or oestrogen treatment. 

IMMUNO-CONGLUTININ LEVELS 

The use ofi-K. titre asan index of in vivo complemcnt frxation has becn discussed 
in an earlier section. 

THE APPEARANCE oF INACTIVATED CoMPLEMENT 

COMPONENTS IN THE CIRCULATION 

Inactive forms of C' 4 , C' 2 and C' 3 appear in the fluid phase during complement 
frxation and the appearance of these factors in fresh plasma could be taken as 
good evidence of in vivo complement fixation. The inactive form of C' 3-

whether as C' 3¡ or f3rA or a20 which are formed from C' 3¡ in the circulation
is readily detected by immunoelectrophoresis and this is the only inactivated 
complement component as yet much studied from this point of view. 

Inactive C' 3 products in fresh serum have occasionally been found in active 
systemic lupus erythematosus (Morse, Müller-Eberhard & Kunkel 1962; Lach
mann 1963), but even in the active stage this fmding is quite unusual. However 
in active glomerulonephritis their presence in fresh serum is very common 
(Soothill 1967; West et al 1967). lt would seem likely that the altered complement 
components are rapidly cleared from the circulation, and it is possible that to find 
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these components it is necessary not only to ha ve substantial in vivo complement 
fixation but also interference with the clearing mechanism. 

THE DETECTION OF in-vivo BOUND COMPLEMENT 

COMPONENTS IN TISSUES 

Once complcmcnt components were sufficiently purified that mono-specific 
antibodies could be prepared against them it became possible to trace thc 
presence of complement components by the fluorescent antibody technique. 

Using antiserum to human C 3', this component has been found in a variety of 
human lesions, principally the glomerular and vascular lesions of systemic LE, 

the lesions of glomerulo-nephritis and amyloid deposits (Lachmann et al 1962). 
Amyloid deposits ha ve subsequently been shown also to stain for C' 4 more 
strongly than for C' 3 (Hatfield & Müller-Eberhard 1965). This is a curious 
finding since at complcment fixation sites in general there is much more fixed 
C' 3 than C' 4 • 

Other human lesions shown to stain for complement components include the 
synovial membranes in rheumatoid arthritis (Rodman et al 1966) and the skin 
lesions of systemic LE where the complement fixation appears to be on complexes 
formed between nuclear material, which occurs extra-cellularly at the si te of the 
rash, and antinuclear antibodies (Tan & Kunkel 1966). 

Model systems ha ve been used to show that the fixation of C' 3 and C' 4 on 
sections takes place by the usual reactions of complement fixation (Lachmann 
et al 1962; Hatfield and Miiller-Eberhard 1965). It is, howcver, not impcssible 
that there are other mechanisms that are also capable of causing complement 
binding in tissues. The case of amyloid where the ratio of C' 4 to C' 3 found is 
anomalous, might suggest such a possibility. 

Even where it is accepted that complement is bound in a lesion by the normal 
processes of complemcnt fixation this does not nt'cessarily imply either that this 
f:!xation was initiated by an antigen-antibody reaction rather than a gamma
globulin aggregate or possibly a 'non-spccific sensitiser'; nor that complemt'nt 
was a pathogenetic factor for that lesion. On the other hand it dot's imply that 
complement dept'ndent phenomt'na are likely to have been active at that site, 
and that the wherewithal of Type II or Type III allcrgic reactions has been 
present. 

More direct evidence for the pathogenetic role of complement has been 
obtained from studies on experimental allergic disease. There is substantial 
evidence that complement plays a pathogentic role in the renal lesions of 
experimental serum sickness (Dixon 1963), nephrotoxic nephritis (Unanue & 
Dixon 1964) and the vasculitis of the Arthus reaction (Cochrane & Ward 1966) 
and these lesions show analogous pattems of complement staining to those 
found in human glomerulo-nephritis and systemic LE. It is, therefore, plausible 
to considt'r complt'ment a pathogenetic factor in these analogous human con-
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ditions; and in systemic LE and glomerulo-nephritis there is circumstantial 
evidence to the same end. 

These diseases are dealt with elsewhere in this book and will not be considered 
further here. 

PAROXYSMAL NOCTURNAL HAEMOGLOBINURIA 
In this rare discase a proportion of thc patient's red cells undergo spontaneons 
lysis in fresh human serum particularly at slightly acid pH. The abnormality is 
acquired and lies in the red cells rather than the scrum. The haemolytic mcchanism 
concerned has been known for many years to involve complement (Ham & 

Dingle 1939). 
Recently investigations have shown that the lytic efficiency of complement 

for the PNH cell is unusually high (Rosse & Dacie 1965), rather than that 
an unusually large amount of complement was fixed on them. It was · also 
found, surprisingly, that thcse cells if brought to the EAC' 1420 stage 
underwent particular! y rapid decay to EAC' 14• When examined for the 
electron-microscopically detectable lesions of haemolysis (Rosse et al 1966) 
lysed PNH cells were found to have no more lesions per membrane than 
did normal human cells in the presence of the same amount of complement 
although the percentage of PNH cells lysed by a low dosc of complement was 
much higher. 

These authors concluded that while complement may be more efficient at 
producing the first lesion in the membrane of PNH cells, the subsequent pro
liferation of lesions in both cell types is the same. It has also been suggested 
(Yachnin & Ruthenberg 1965; Yachnin 1965) that fluid phase complement 
activation, may be important in PNH celllysis. 

It is not easy to give any explanation in terms of a membrane abnormality 
to these very diverse findings. It would be interesting to know if the lack of 
acetyl cholinesterase in PNH cells (Auditare & Hartman 1959) is in any way 
related. 

HEREDITARY ANGIONEUROTIC ÜEDEMA 
This disease is known to be associated with an absence of the normal serum 
inhibitor of C' r-esterase (Donaldson & Evans 1963). During attacks of oedcma 
there is C' 1-esterase free in the serum and low levels of C' 2 and C' 4 ; but in 
remission (in spite of the absence of inhibitor) there is little free esterase and 
normal complement levels (Donaldson & Rosen 1964). Since C' 1-esterase is 
known to increase vascular permeability the presence of this substance would 
explain the oedema. However, Kagen & Becker (1963) hwe shown that C' 1-

esterase inhibitor also inhibits the further permeability factors Kallikrein and 
PF/Dil. Hence it is possible that kinins may also be pathogenic agents in this 
disease. 
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CONCLUSIONS 

The progress in complement studies in the last few years has shown the system 
to be even more complex than had been previously suspected. Nevertheless 
chemical characterization of complement components and of their interactions 
has been achieved to a significant if as yet limited extent. It has also become 
possible to ascribe particular biological functions to particular molecules. 

Study of the role that complement plays in immunity and in allergic disease 
has strengthened the earlier evidence that by its functions as opsonin and bacteri
cida! factor complement plays an important role in immunity and that as a 
rcactant in Type II and Type III allergic rcactions it may be animportant mediator 
in allergic disease. 

The pnrified cobra venom factor of Müller-Eberhard et al ( 1966) allows, more 
or less for the first time, a complement component (C' 3) to be inactivated in 
vivo by a mechanism unrclated to complcment fixation. With this method
and it is to be hoped equivalcnt methods for other components-it may become 
possible to influence complement mediated allergic rcactions expcrimentally 
and perhaps cvcntually evcn therapeutically. 
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INTRODUCTION 

hnmunology deals with many phenomena quite unrelated to immunity, but 
one should remember that the science derived its origin from the study of 
immunity to infective diseases and it is still today vitally concerned with im
munity, not only in the bacterial and viral diseases, but also in the protozoal 
:md helminthic diseases. 

It is perhaps no exaggeration to say that immunoprophylaxis is one of the 
most important branches of medicine responsible for saving countless lives. 
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Furthermore, with the better understanding of the allergic mechanisms under
lying immunity and with the availability of human immunoglobulins (W orld 
Health Organization Report, 1966), it is possible that immunotherapy will yet 
fulfill the early hopes it engendered at the beginning of this century. 

In the early forties, the great impact of chemotherapy and antibiotic treat
ment di verted attention from the neccssity of studying further the mechanisms 
of immunity in the infective diseases amenable to such treatment. However, it 
was soon realized that in many infections there was an interdependence between 
the action of the drug and the clearance of bacteria by the allergic reactions. 
In other diseases-for instance, typhoid, scrub typhus and streptococcal infec
tions-it is now recognized that too rapid administration of antibiotics results 
in a lack of immunization against a subsequent attack. Moreover, the possi
bility of a world-wide spread of Resistance Transfer Factor, which renders 
bacteria resistant to a wide spectrum of antibiotics (Anderson 1967) warns us 
of the folly of neglecting modern studies aimed at harnessing the immunity 
mechanisms for therapeutic use. 

In this book, immunity (and the epithet immune) is considered as defining 
a clinical state (see also Chapter 20 which deals with the clinical state ofhyper
sensitivity). At the cellular and molecular level, iminunity is established by a 
combination of mechanisms 'non-specified' in the immunological sense on the 
one hand and other mechanisms 'specific' or allergic on the other hand. 
Both types of mechanisms are briefly discussed in this chapter. The state of 
enhanced protection or 'acquired immunity' is mostly dependent on allergic 
mechanisms. 

When pathogenic micro-organisms invade a host the clinical outcome 
depends on an interplay of the reactions of the parasites to the conditions in vivo 
and the reaction of the host to foreign intrusion. The great variety of reactions of 
different parasites and their hosts can lead to almost any clinical outcome, from 
complete subjugation of the host by the parasite to complete destruction of the 
parasite by the host or indeed a position of near stalemate as occurs in chronic 
infections. It must be remembered however, that, although the reactions ofboth 
parasite and host are many and variable, the behaviour of the parasite is to 
some extent pre-determined by the conditions in vivo and that the repertoire 
of allergic reactions of the host is also limited. These reactions are not so adapt
able as implied in the often used notion of parasitic attack on host defence with 
its corollary that both processes are under commanders-in-chief capable of 
changing the deployment of their forces according to how the battle proceeds. 

Survival during the first few hours within the host' s tissues is crucial for 
invading micro-organisms (Miles, Miles & Burke 1957). The clinical outcome 
of infection is largely decided by the degree of microbial survival during this 
primary lodgement stage, when the protective reactions of the host are weighted 
against the relatively few invading micro-organisms. At this stage, host resis-
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tance depends mainly on certain non-specific mechanisms, notably inflamma
tion and its sequelae, which operate immediately micro-organisms enter and 
irrita te the tissues (Paz & Spector 1962; Spector & Willoughby 1963). A possible 
specific (allergic) mechanism, operative at this stage, is mentioned later in the 
chapter. If sorne micro bes survive during the primary lodgement and begin to 
grow, the spread of infection from the original site is opposed by the action of 
the fixed phagocytes of the reticulo-endothelial system. 

These protective mechanisms operate in the non-allergized as well as in the 
allergized host. However, in the latter the mechanisms are usually of increased 
cfficiency. This strengthening and elaboration of the normal mechanisms ofhost 
resistance against a particular pathogenic micro-organism coupled with the 
production of specifically allergized cells and of serum antibodies capable of 
direct neutralization of noxious microbial products, forms the basis of the 
clinical state of acquired immunity. 

In sorne infections the allergic responses, when well developed, may damage 
host tissues and even contribute to the spread of infection, e.g. in tuberculosis 
(Middlebrook 1965). However, the more usual result of allergic responses to 
vaccination, to latent infection and to invadíng organísms a few days after 
ínítial infection is an íncreased resístance of the host. 

In this chapter we briefly díscuss sorne of the microbial factors responsible 
for virulence and díseases, the 'non-speciflc', i.e. non-allergic processes ofhost 
resístance and the allergic mechanisms whích may result in a specíflc increase in 
resistance. Main illustrations are taken from infections caused by pathogenic 
bacteria but special circumstances relevant to infections caused by viruses, proto
zoa and helrninths are also mentioned. 

MICROBIAL FACTORS 
RESPONSIBLE FOR DISEASES 

This is a brief summary of the mechanisms whereby micro-organisms coun
teract the resistance of the host and produce disease. Bacteria are the main 
cxamples taken and the near synonymous terms 'pathogenicity' and 'virulence' 
are used as suggested by Miles (1955), i.e. the former in respect to species (sorne 
strains of which may be avirulent) and the latter in respect to strains within the 
species. 

Virulent micro-organisms have various attributes which allow them to 
establish themselves in a host and produce disease. First, they must be able to 
penetrate the anatomical barriers to infection except when these barriers are 
traumatized. How virulent organisms survive on the skin and mucous surfaces 
in competition with the multitude of commensals, and eventually penetrate 
into the tissue is largely unknown. Together with other factors this process is 
involved in the communicability of pathogenic micro-organisms about 

p* 
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which so little is known, e.g. we have no idea why measles and brucellosis 
are more contagious than rnurnps and typhoid fever. 

Once within the tissues, virulent rnicro-organisrns rnust have the inherent 
ability to grow and rnultiply in the nutritional conditions which exist there. 
The avirulence of sorne strains of a pathogenic species rnay well arise frorn the 
simple inability of the organisrns to grow and divide in this environrnent 
(Burrows 1955). Differences in nutritional conditions in different conditions in 
different hosts and in different tissnes within the sarne host may be responsible 
(together with differential distribution of inhibitory factors-see later) for host 
and tissuc specificities of pathogenic rnicro-organisms. Recently, the predilec
tion of Brucella spp. for certain foetal tissucs of susceptible specics (ox, sheep, 
goat and pig) was correlated with the presence only in thesc tissues of a growth 
stimulant for Brucella spp-erythritol (Keppic 1964). Such nutritional considera
tions may be responsible for virulent organisms localizing in areas where they 
may be rclatively inaccessible to resistance mechanisms of the host either specific 
or non-specific, e.g. in foetal tissues of certain species. 

In addition to an ability to grow in the host tissue, virulent organisms must 
also produce factors which act in a positive manncr against the host. The factors 
may be grouped in either or both of two classes. First, there are the so-called 
aggressins or auxiliary pathogeníc Jactors (Miles 1955) which although not neces
sarily toxic, inhibir the resistance mechanisms of the host and allow the organ
isms to grow freely in the host tissues. Second, there are the compounds which 
cause the disease symptoms or death of the host; in most cases the compounds 
(toxins) directly harm the host. In yet other instances (e.g. tuberculosis) the 
disease is the result not so much of a toxin but of an allergic reaction ofhyper
sensitivity to the organism and its products (see introductory chapter) together 
with an inability of the host to destroy thc organism effectively. 

The role of the auxíliary pathogenic Jactors in allowing microbial growth is 
more obvious in those diseases, such as anthrax, where the harmful effect 
attributable to each organism is low, since the host tolerares so many organisms 
before finally succumbing to the disease. Organisms prodncing diseases of this 
type, rather than those characterized by a single powerful exotoxin (e.g. 
Clostrídium tetani) present the major problcms in the study of pathogenicity. 
Here virulence is dueto the possession of an armoury of products all of which 
have to be formed in vivo for maximum virulence and so me of which may be 
difficult to recognize because they are absent when the organism is grown 
in vitro (Smith 1958). The activity of these virulence factors rnay be largely 
interdependent so that the absence of one results in a striking loss of virulence, 
e.g. capsular polyglutamic acid and the toxin of Bacillus anthracis (Keppie, 
Harris-Srnith & Smith 1963). On thc othcr hand, the activity of the virulence 
factors of sorne organisms, e.g. Staphylococcus aureus rnay be more additive and 
the absence of one component may result in relatively small rcductions in viru-
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lence. Examples of auxiliary pathogenic Jactors are summarized below with a 
brief referencc to various toxins. 

AuxiLIARY PATHOGENIC FACTORS 

These factors inhibit the resistance mechanisms of the host which primarily 
react with the surface of the invading organism. It is not surprising therefore 
that many of these factors are surface products which may or may not be present 
as recognizable capsules. However, the fact that a micro-organism is capsulated 
does not automatically mean that the organism is virulent. There are numerous 
capsulated strains of pathogenic species (B. anthracis, Str. pneumoniae, P. pestis) 
which are avirulent as well as many capsulated strains of non-pathogenic species. 
It is the nature of the surface material which is important, not the capsule per se. 

(i) Inhibitors oj scrum and tissue (non-antibody) bactericidins 
Capsular polyglutamic acid and the anthrax toxin acting together inhibit the 
action of 'anthracidal substance' in horse serum and white blood cell extracts 
(Keppie et al 1963). A cell wall product from Brucella abortus which is also 
liberated into the surrounding medium inhibits the bactericida! action of 
bovine serum on B. abortus (Smith, Keppie, Pearce & Witt, 1962). 

(ii) Surface and capsular products that inhibit ingestion by phagocytes 
A number of such products are known, for example: capsular polysaccharides 
of pneumococci: capsular polyglutamic acid of B. anthracis; capsular poly
saccharide of Haemophilus injluenzae; M. protcin and capsular hyaluronic acid 
of Streptococcus pyogenes; the envelope substance of P. pestis; and the Vi antigen 
of Salmonella typhi. However, their mode of action is often not clear. Inter
ferences with phagocytosis may be purely mechanical but more specific 
mechanisms may be involved, e.g. interference with adsorption of opsonin 
(Keppie et al 1963). 

(iii) Extracellular products that inhibit phagocytic Junction 
Example of these products are the anthrax toxin (Keppie et al 1963) and the 
various leucocidins of the staphylococci (Morse 1965); they seem to have a 
direct toxic action on the phagocytes. 

(iv) Inhibitors of the intracellular bactericida[ action of phagocytes 
The majority of pathogenic organisms are handled effectively by the phago
cytes once they are ingested. However, there are a number of parasites, e.g. 
the tubercle bacillus, Brucella spp. and Listeria monocytogenes which survive 
phagocytosis and grow intracellularly. Phagocytosis tests on these organisms 
in vitro reflect their behaviour in vivo. Virulent strains of these pathogenic species 
survive and grow intracellularly; avirulent strains either grow more slowly or 
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are gradually destroyed (Mackaness 1964a; Smith & FitzGeorge 1964a). At 
present, however, the chemical basis for the survival and growth ofintracellular 
micro-organisms is unknown. Recent attempts to investigate the problem using 
B. abortus and bovine buffy coat cells have indicated that the difference in 
intracellular behaviour between virulent organisms and avirulent ones is not 
due to an enhanced capacity of the former to use the nutritional conditions 
within the phagocyte (Burrin, Keppie& Smith 1966), nor is it dueto the greater 
catalase content of the virulent bacteria which would inactivate hydrogen 
peroxide, a possible destructive agent in phagocytes (FitzGeorge, Keppie & 
Srnith 1965). It may however be connected with the production of a protective 
cell wall material by the virulent organisms under the conditions of growth 
in vivo (Smith & FitzGeorge 1964a; FitzGeorge & Srnith 1966). 

TOXINS 

Pathogenic species can be divided roughly into three categories as regards the 
production of toxins. 

I. Organisms which produce in vítro and in vivo well characterized exotoxins 
responsible for practically the whole disease syndrome, e.g. Cl. tetani and 
Corynebacterium diphtheriae. 

2. Organisms which produce a number of toxins in vitro; often it is difficult 
to determine which of these toxins are produced in vivo and are of prime import
ance in the disease, e.g. Str. pyogenes and Staphylococcus aureus. 

3· Organisms which produce a fatal or serious disease syndrome yet have not 
been shown to produce a significant toxin in vítro, e.g. Str. pneumoniae. 

NON-SPECIFIC MECHANISMS 
OF HOST RESISTANCE 

In the non-allergized host, it is sometimes difficult to distinguish between truly 
non-specific phenomena involved in resistance to infection and those pheno
mena mediated by naturally occurring antibody. Nevertheless, non-specific 
antirnicrobial mechanisms do operate. Space will not permit a full description 
of all these mechanisms. Attention will be concentrated on the phagocytic 
activity of the reticulo-endothelial system for two reasons. First, together with the 
important, but little understood protection afforded by the mucous membranes 
and skin (which excludes a multitude of potentially pathogenic commensals), 
phagocytosis forms the main protective mechanism of the body. Second, the 
efficiency of the phagocytic system can be much increased by the allergic 
responses of the host, which are the main subject of this chapter. However, a few 
naturally occurring antimicrobial substances should be mentioned briefl.y, since they 
contribute to host resistance and their presence or absence may to sorne extent 
explain the different susceptibilities of different host-species to the same in-
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fection; for example, the resistance of sorne animal-species to anthrax has been 
correlated with the presence of 'anthracidal' substances in their sera and tissues 
(Bloom & Prigmore 1952). In our preoccupation with mechanisms of acquired 
immunity, we may forget that differences in susceptibility to infection between 
host-species often exceed those between allergized and non-allergized hosts 
of the same species. 

NoN-SPECIFIC ANTIMICROBIAL fACTORS 

f3 lysins 
Thesc heat-stable substances are bactericida! for Gram-positive bacteria; they 
are found in sera of most animals and increase in infection (Petterson 1926; 
Naff et al 1958; Myrvik & Leake 1960). 

Lysozyme 
This enzyme is found in many body fl.uids; it lyses Gram-positive organisms 
and enhances the bactericida! action of antibody and complcmcnt for Gram
negative organisms (Muschel 1963). 

Antibacterial substances in tissues 
These bactericida! substances are found in many tissues; most of them are basic 
polypeptides (Bloom & Prigmore 1952; Skarnes & Watson 1957). 

'Inte~feron' 

A virus inhibitor indistinguishable from virus-induced interferon appears 
quickly in the circulation of núce and rabbits soon after injecting bacteria! 
endotoxin (Hallum, Youngner & Stinebring 1965). Substances of this type 
and others in serum and tissues (Ginsberg 1960) may contribute to resistance to 
virus infections. 

Complement 
Micro-organisms might be sensitized to the action of complement by substances 
other than antibody (Hirsch 1965; see also Müller-Eberhard 1965). The very 
significant role complement plays in association with the allergic reactions is 
discussed in the next section. 

PHAGOCYTOSIS BY CELLS OF THE 

RETICULO-ENDOTHELIAL SYSTEM 

Later in this chapter, the infl.uence of the allergic reactions on phagocytic 
mechanisms will be described. However, phagocytosis is not entirely dependent 
on specific factors; it occurs in the absence of sentm (Hirsch & Strauss 1964; 
Shayegani & Mudd 1966; Brogan 1966) and in the presence of serum factors 
which are not antibodies (Hirsch& Strauss 1964; Brogan 1966). 
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Apart from their power of phagocytosis the most important fact about phago
cytes is the variety of types which differ in origin, morphology, constituents 
and possibly in bactericida! ftmction. A full description of the different varieties 
of phagocytes cannot be undertaken here. Briefly, there are two main types
the polymorphonuclear neutrophils (and sorne would include the eosinophils) 
and the blood monocytes and tissue macrophages. The polymorphonuclear 
phagocytes are end-cells with a short life; they are derived from different stem 
cells from those of the mononuclear phagocytes which are capable of prolonged 
life in vivo and in vitro. All four varieties of phagocytes are found in the blood 
and in inflammatory responses to infection; in most responses, polymorpho
nuclear cells predominate at first but then die, leaving the mononuclear phago
cytes ascendent. Macrophages form almost the whole of the fixed phagocytic 
system in the lymph no des, spleen, liver, etc. 

There are three stages in the phagocytosis of micro-organisms, contact, 
ingestion and intracellular killing and digestion. 

Contact with micro-organisms is effected by random hits, by chemotaxis due 
to non-specific (Florey 1962) and specific mechanisms (see later) and by trapping 
on uneven surfaces in confined tissue spaces (Wood 1960). The chance of con
tact with the fixed phagocyte is increased by filtration systems in the lymph 
nodes, spleen and liver which bring the micro-organisms near to the phago
cytes. 

Ingestion of micro-organisms appears to involve a prelim.inary stage of ad
hesion to the surface of the phagocyte (Lockwood & Allison 1966). After the 
preliminary stage, the surface of the phagocyte invaginates and the micro
organism is engulfed within a phagocytic vacuole-the phagosome, the mem
brane of which is derived from the in verted cytoplasmic membrane ofthe phago
cyte. Ingestion, although occurring without serum factors, is increased as we shall 
see in the next scction by antibody and even more so by antibody and comple
ment. However, it is also increased by the so-called non-specific 'heat-labile 
opsonins' (Hirsch & Strauss 1964) which may be important at a stage before 
antibody develops. The fixed phagocytes of the reticulo-endothelial system 
behave in these respects like the wandering phagocytes (Cohn & Hirsch 1965). 
Once inside phagocytes, susceptible micro-organisms such as pneumococci, 
streptococci, coliforms and anthrax bacilli are killed and digested quickly. Non
susceptible organisms, e.g. Brucella spp. or tubcrcle bacilli survive and grow at 
rates related to their virulence. 

Knowledge of the intracellular bactericida! mechanisms is fragmentary. Ncu
trophils contain lysozyme and phagocytin (a basic protein bactericida! for a 
wide range of Gram-positive and Gram-negative organisms) associated with 
granules which discharge into thc phagocytic vacuoles containing the micro
organisms. On the other hand, peritoneal macrophages and blood eosinophils 
contain no phagocytin or lysozymc and alveolar macrophages contain lyso-
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zyme but no phagocytin (Cohn & Hirsch 1965). Practically nothing is known 
of the bactericida! mechanisms of these phagocytes and similarly of the fixed 
macrophages of the reticulo-endothclial system. Lactic acid (Dubos 1954) and 
hydrogen peroxidc (Iyer, Islam & Quastel 1961) have bcen suggested as possible 
intracellular bactericida! agcnts but have not bcen proven so. Despite the 
paucity of knowledge, there is sufiicicnt to suggest that thc bactericida! capacitics 
of different types of phagocytcs may differ and even vary with the species of 
micro-organisms being ingested; for example one type might be more efiicient 
for removing Gram-negative organisms and another for Gram-positive species. 

There are reports that the bactericida! mechanisms of mononuclear phago
cytes are less effective than those of polymorphonuclear phagocytes. Pasteurella 
pestís survives and grows within mouse and guinea-pig monocytes yet is killed 
when ingested by polymorphonuclear cells (Cavanaugh & Randall 1959). 
Ingested staphylococci are killed more effectively by rabbit polymorphonuclear 
cells than by macrophages (Mackaness 1960). Avirulent strains of Brucella abortus 
are killed and the growth of virulent strains inhibited more by polymorpho
nuclear phagocytes than by monocytes of bovine blood (Smith, Harris-Smith 
& FitzGeorge 1962). A period of survival within monocytes might be an 
advantage toan invading micro-organism since it would be protected from the 
bactericida! action of serum factors (e.g. B. abortus in bovine blood, Smith & 
FitzGeorge 196.¡_b) or from the action of the more destructive polymorpho
nuclear phagocytes. Indeed, after a period within monocytes, P. pestís becomes 
resistant to subsequent ingestion by polymorphonuclear cells (Cavanaugh & 
Randall 1959) and B. abortus becomes more resistant to the bactericida! action of 
serum (Stinebring 1962). In sorne granulomatous diseases polymorphonuclear 
cells have been found to lose their bactericida! but not their ingestive function 
thus providing protection for the ingested organisms against serum factors and 
antibiotics (Holmes et al 1966). In addition to differences between mononuclear 
and polymorphonuclear cells macrophage populations may show a hetero
geneity with respect to bactericida! capacity; members of populations of rabbit 
and mouse macrophages differed in their capacities to kill staphylococci and 
Salmonella typhímuríum respectively (Mackaness 1960; and Rowley 1966). 
Furthermore, despite the species differences it is interesting that mouse peri
toneal macrophages were more effective for killing Salm. typhimurium and 
staphylococci than were guinea-pig lung macrophages (Pavillard & Rowley 
1962). 

It is apparent from the discussion above that in carrier states and in chronic 
infections, micro-organisms may persist intracellularly in the less bactericida! 
phagocytes where they are protected from other more destructivc mechanisms 
both specific (allergic) and non-specific. 

The possible effect of opsonins* on subsequent intracellular killing is a matter 
* An opsonin is any factor promoting phagocytosis. 
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of controversy. Most studies have involved specific opsonins and are discnssed 
in the next section. 

The reticulo-endothelial system can be stimulated or depressed by non
specific stimuli leading to increased or decreased resistance to infection. In
jection ofbacterial endotoxin is a common method of stimulating the system; it 
induces metaplasia providing more phagocytes and also appears to increase their 
phagocytic and bactericida! capacities (Cohn & Morse 1960; Rowley 1962, 
1966). The action of endotoxin is discussed later. Cortisone depresses the activity 
of the reticulo-endothelial system mainly by decreasing the inflammatory 
response; whether or not the activities of phagocytes are affected is a matter of 
debate (Germuth 1956; Hirsch& Church 1961). 

SPECIFIC (ALLERGIC) MECHANISMS 
OF HOST RESISTANCE 

The specific mechanisms or processes which are initiated following the intro
duction of foreign antigenic substances constitute the allergic response, and 
much of the biology of this response has been outlined in Chapter rr. Besides 
the serum antibodies produced by plasma cells, other cells or possibly earlier 
forms of the same cell line are developed with inbuilt specific mechanisms, 
about which we are stilllargely ignorant. These cells, as well as the serum anti
bodies, probably also enter into reactions with the inciting antigens in the tissues 
-whether these antigens be in a free molecular state, bound to tissue cells or 
still forming an integral part of the invading parasite. 

Most of the macromolecular substances of micro-organisms and their soluble
products act as antigens after the organisms gain access into the body and each 
antigen produces its own specific allergic response. Disregarding for the moment 
the many attributes of the cellular responses, the nature of the serum. antibody 
to each antigen is far from simple, as was once expressed in the Unitarian 
hypothesis (Zinsser 1921). Directed against any one antigen the stimulated 
antibodies may be found in any one or in all of the different classes (i.e. IgG, 
IgA, IgM, IgD or IgE) or sub-classes within these classes of immunoglobulins. 
The significance of this is that the biophysical properties differentiating these 
classes of antibody may determine differences in biological behaviour of the 
antibodies with a consequent increased complexity in the pattern of reaction. 

Instead of attempting a comprehensive account or analysis of the form of 
immunity in different infective diseases, which would be outside our capa
bilities, we intend simply to put forward a way of grouping the various reactions 
arising out of the allergic responses, which could alone, or in concert, bring 
about the acquisition of immunity. Having these modes of reaction and their 
limitations before us and knowing that this is the extent of our present know
ledge, should give us a greater boldness in analysing the immune mechanisms 
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in any particular infective disease. The point is that the allergic processes them
selves are intricate but certainly fairly limite d. The immense variety of pattern of 
interaction, the understanding of which requires a detailed study of each dis
ease, is more a reflection of the natural history of the micro-organisms in the 
body and the consequences resulting from the locus ofinfection. 

The following scheme (see Fig. 15.1) gives a grouping of allergic reactions 
into ways in which they are able to assist in establishing immunity. 
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Mode A: Serum antibody acting with or without other soluble molecular 
co-factors. 

Mode B: Serum antibody acting with or without other soluble molecular 
co-factors, together with 'non-allergized' cells. It follows that pretreatment of 
micro-organisms with antibody in the presencc or absencc of co-factors will 
rendcr the organisms more prone to phagocytosis and dcstruction by non
allergized phagocytcs in a mcdium lacking antibody. 

Mode C: Serum antibody 'passivcly allcrgizing' cells. Thus in a medium 
lacking antibody micro-organisms may be cxpcctcd to be destroyed more 
efficiently by the cclls (macrophages, mast cells or other cells) after the latter 
have been pre-treated with antibody. 

Mode D: Reaction of 'actively allergized cells'. Here no humoral antibody, 
as we know it, is involved. The cells themselves must display as a result of 
allergization an enhanced capacity to destroy micro-organisms, neutralize their 
noxious products or initiate an inflammatory response unconducive to the sur
vival of the organisms. The main difficulty in demonstrating unequivocally 
the presence of 'activcly allergized cells' is the lack of certainty that all influence 
ofhumoral antibody has been excluded. 

The above scheme is thought to embrace all the componcnts of allergic 
reactivity constituting the immune response. 

MoDE A-SERUM ANTIBODY AcTING WITH 

OR WITHOUT OTHER SOLUBLE MOLECULAR 

Co-FAcTORS 

ANTIBODY AcTING AS ANTITOXIN 

This is a straight-forward reaction- combination of antibody either with the 
active site on the toxic molecule or in such a way that it neutralizes its toxic 
action, e.g. by steric hindrance or allosterism. This is the all important mechan
ism of immunity in toxin-dependent diseases such as diphtheria, tetanus and 
other clostridial infections. If the toxin (or toxins) can be neutralized, the micro
organisms can be dealt with without much difficulty. Immunity in these diseases 
is directly related to antitoxin production. In streptococcal and staphylococcal 
infections antibodies play a role in neutralizing toxins, but the latter may not be 
the major factors determining the disease. Antitoxic immunity is discussed at 
greater length in Section V of the book (see also Wilson & Miles 1964). 

Antibody neutralization of toxic substances can operate during the early 
stages of infection when the toxic substances are acting as aggressins in inacti
vating phagocytes, e.g. the anthrax toxic complex or the staphylococcalleuco
cidins. Immunity to anthrax is largcly based on the neutralization of the toxin 
by antibody when the toxin is acting as aggressin in the Decisive Period of Miles 
(see later). 
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ANTIBODY NEUTRALIZING VIRUSES 

This again is an uncomplicated reaction- combination of antibody with the 
protein or lipid coat of the virus, which does not 'kill' the virus, but prevents 
either its adsorption on to or penetration into cells. As free antibody does not 
gain entrance to cells (except possibly in certain pinocytotic vacuole) such anti
bodies can only serve a useful role where complete virus, after intracellular 
multiplication, is released into the tissue fluids before infecting other cells 
(e.g. in influenza and poliomyelitis). Such a mechanism of immunity may be 
useless in infections such as herpes simplex where virus is able to pass from cell 
to cell without emerging into the tissue fluids (Black & Melnick 1955). It has 
also been suggested that virus antibody found in mucus of the mucosa and in 
intestinal contents (called copro-antibody) may be a factor reducing contagian 
in poliomyelitis (Lipton & Steigman 1963). 

Nentralizing antibody is probably more important in preventing a second 
attack of a viral disease or attack after vaccination than in overcoming a primary 
infection where cells are likely to be parasitized before an allergic response is 
mounted. 

ANTIBODY INHIBITING IMPORTANT ENZYME 

SYSTEMS OF THE PARASITE 

The main role of antibody against bacteria! surface antigcns ts m mtttatmg 
complement activity and promoting phagocytosis. However, it is possible 
that certain bacteria may have a vital enzyme system as their Achilles' heel, 
which could be blocked by antibody combination. The possibility of such an 
enzyme acting as antigen may be one of the circumstances underlying the better 
immunizing capacity oflive as opposed to dead vaccines. 

Also to be mentioned in this context is the evidence that antibodies to the 
excretory and soluble (ES) antigens oflarval helminths mi grating through tissues 
lead to a stunting of growth and interference in migration. It is conjectured that 
antibody acting alone may inhibit enzymes of the oral secretions and in pre
cipitating with other secretory and excretory products may inhibit and block 
physiological activities. Together these may result in stuntcd growth (Talia
ferro & Sarles 1939). 

The antibody preventing multiplication of Trypanosoma lewisi in rats 
described by Taliaferro (r929) may also exemplify this role of antibody. 

REACTION OF ANTIBODY WITH SOLUBLE BUT 

PoSSIBLY NoN-TOXIC MICROBIAL PRODUCTS 

Such reactions probably accompany most infections as the organisms must 
elabora te many antigenic macromolecules which are soluble and which may not 
be toxic. Antibody reacting with these antigenic molcculcs may trigger off 
further rcactions which promote local inflammation and bring polymorpho-
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nuclear leucocytes to the site. These leucocytes may accumulate as part of a 
general inflammatory response or as a result of a more specific chemotactic 
differential set up by antigen-antibody complexes and complement involve
ment (see later). 

With mounting antigen and antibody concentration more definite Arthus
type lesions may develop. These will certainly affect, either retarding or aiding, 
the spread of infection. On the other hand, they may crea te a tissue environment 
unfavourable to sustained growth of the infecting organism. Dubos (1954) has 
suggested such a circumstance as playing a role in immunity to tuberculosis. 

In another circumstance, potentially opsonizing antibody might be neutral
ized by the release of soluble antigenic aggressins of the bacterium-an example 
of this would be the capsular material of the pneumococcus. 

ANTIBODY lNITIATING THE KILLING AND LYSING 

OF ÜRGANISMS BY COMPLEMENT 

Just as complement haemolyses red cells sensitized with antibody, so sorne 
(Gram-negative), but by no means all, bacteria may be killed and even lysed 
by a combination of complement and antibody. Lysozyme may also be an essen
tial reactant in this process acting on a mucopeptide substrate possibly exposed 
by the action of complement on the cell wall (Wardlaw 1962). Surprisingly 
perhaps, this process is not considered to be an important reaction of immunity 
against bacteria, but with commonly occurring levels of 'natural' antibody, it 
may play a role against Gram-negative organisms in the very early stages 
of infection or lodgement-the 'Decisive Period' of Miles (Miles, Miles & 

Burke 1957). Vibrio cholerae is very susceptible to the destructive action of 
antibody and complement, and everyone is familiar with the Pfeiffer pheno
menon in the peritoneal cavity of the guinea-pig. However, in cholera most of 
the organisms remain in the gut where there is not likely to be much active 
complement. 

Many protozoa such as trypanosomes are very susceptible to lysis by antibody 
and complement. This process would be a most effective immune mechanism 
in trypanosomiasis were it not for the fact that antigenically distinct variants 
constantly arise bringing about a new parasitaemia until they, in their turn, 
are lysed by developing antibody. 

MODE B-SERUM ANTIBODY, ACTING WITH 

OR WITHOUT OTHER SOLUBLE MOLECULAR 

Co-FAcToRs, ToGETHER WITH 

N ON-ALLERGIZED CELLS 

The essential component characteristic of this mode of reaction is the phagocytic 
cell. Phagocytosis is undoubtedly the most important immunity mechanism of 
the body and it has already been discussed at sorne length (see earlier in this 
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chapter and Chapters 12 and 14). In the present section we are mainly concerned 
with the role of antibody and of antibody and complement in concert acting as 
opsonins in promoting phagocytosis. Although phagocytosis may proceed in 
the absence of antibody and other co-factors, each stage of the process may be 
powerfully infl.uenced by the molecular interactions of the allergic response. 
The effectiveness of phagocytosis of organisms opsonized by antibody and com
plement in vivo is evident from studies ofBiozzi et al (1961) who found phago
cytic clearance of organisms from the blood stream to be an extremely sensitive 
gauge for antibody. In this connection, it must be remembered that antibodies 
of the different immunoglobulin classes may differ widely in their ability to 
actas opsonins. 

Before phagocytosis can take place, phagocytic cells must be brought to the 
arca. Over and above any infl.ux due to general infl.ammatory chemotactic 
forces a chemotactic d.Ject on polymorphonuclear leucocytes can be initiated by 
antigen-antibody complexes in the presence of unheated serum (Boyden 1962). 
Ward, Cochrane & Müller-Eberhard (1966) showed that following adsorption 
of f3rc during complement fixation C' 5, 6 and 7 interacted and were given off as a 
trimolecular complex into the medium. The concentration gradient of this 
complex gives a directional attractive force to polymorphonuclear leucocytes. 
This gradient is specific for polymorphonuclear cells and has no attraction 
for macrophages (Boyden, personal communication). 

The next stage in phagocytosis is contact and ingestion of the organism. Opsonic 
substances may react with selective receptors on the cell membrane of the 
phagocytes. In the case of antibody, certain classes of immunoglobulins or 
subfractions of a class (e.g. y2 in the guinea-pig) are known to have a very high 
and selective affinity from the macrophage membrane, but not for that of the 
polymorphonuclear leucocytes. Other opsonins may show other preferences; 
the determinant on fixed complement with special affmity for the phagocyte 
membrane has been shown to reside on the f3rc molecule of fixed C'3 (Nelson 
1962). 

The intracellular events following ingestion ofbacteria ha ve already been briefl.y 
discussed. Whether combined antibody with or without other co-factors can 
infl.uence the enzymic and other degradation processes inside the phagosomes 
is not really known. Jenkin & Rowley (1963) consider that opsonin ingested 
with the organism aids in this killing, but other investigators do not agree with 
this (Mackaness 1960; Thorpe & Marcus 1964; Smith & FitzGeorge 1964b; 
Blanden, Mackaness & Collins 1966). Not all organisms are killed inside the 
phagocytes and this is especially so with regard to facultative intracellular 
parasites (e.g. brucella) in macrophages. Here, far from being killed, the organ
isms may actually gain sanctuary from the extracellular destructive humoral 
factors. This brings us up against one of the major problems of immunity, 
namely, what further mechanisms, allergic or otherwise, can be envisaged, 
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which may assist in the destruction of facultative intracellular pathogens sur
viving inside macrophages. 

At this point it is necessary to remind the reader that in this section we 
are discussing phagocytes as 'non-allergized' cells. In considering further 
non-allergic mechanisms for combating facultative intracellular parasites, it 
should be recallcd that macrophages the body over are not of uniform type 
and indeed may possess quite different biological mechanisms for microbial 
destruction. 

It is also known that the phagocytic cdls of the reticulo-endothelial system 
can be made more efficient and brought up, as it were, to 'Olympic standards'. 
Administration of endotoxin apparently increases (by whatever means it acts) 
the number, size and activity of reticulo-endothelial cells. The enhanced activity 
may be shown by a better clearance of organisms from the blood stream. Here 
we would seem to have an example of 'non-allergized' phagocytes primed 
non-specifically (if action of endotoxin is non-spccific in the immunological 
sense)* for a non-specific role. Such cells ha ve been called 'hyperphagocytic cells'. 
Metaplasia may even be involved in the action of endotoxin as seen in activation 
of non-phagocytic endothelial cells of the liver (Howard 1959). 

In studies on acquired cellular resistance Mackaness (1964b) provided evidence 
that macrophages can be primed for a greater and more efficient non-specific 
ejfect by a specific induction, i.e. two properly spaced doses of the same antigen. 
It will be extremely important to analyse the mechanism by which these macro
phages ha ve attained their greater efficiency in killing virulent organisms; but in 
that the effect is not specific as between the priming stimulus and the organism 
against which the increased resistance is effective, it would seem better to regard 
the type of cell in question as a 'hyperphagocytic cell' rather than as an 'immune 
phagocyte'. 

The need for this slight pedantry is that an 'immune phagocyte' or what we 
would call an 'actively allergizcd macrophage or phagocyte' may exist, i.e. a 
phagocyte with a built-in specific mechanism (see later and Fig. 15.1). Such a 
cell could well have a more efficient yet specific mechanism for killing organ
isms intracellularly within its phagosomes. Already, as discussed in the follow
ing subsection, we have certain knowledge of what we calla 'passively allergized 
macrophage'. 

MüDE C-SERUM ANTIBODY 

'PASSIVELY ALLERGIZING' CELLS 

If a cell is able to absorban antibody passively on to its membrane (see Fig. 15.1) 
it may be said to be 'passively allergized' and two examples will be mentioned. 

* It is still held by sorne that the endotoxin reaction is specific in the immunological sense 
and is in fact an allergic reaction (Stetson 1964). 
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The signiftcant point is whether these cells are more effective in killing micro
organisms or counteracting their effect. 

GurNEA-Prc MACROPHAGE-CYTOPHILIC ANTIBODY 

From original studies on the rabbit Boyden & Sorkin (1960, 1961) drew atten
tion to a type of antibody with the property of cytophilia, i.e. it was capable of 
passively scnsitizing the cells. In the guinea-pig there is a corresponding typc 
of antibody which passively sensitizes macrophages (Boydcn 1964) and it has 
becn shown (Jonas et al 1965) that this passive adsorption is selective for the 
macrophage in the guinea-pig; it is not even adsorbed on to thc membrane of the 
polymorphonuclear leucocyte. 

As yet, insufficient is known about these special antibodies to indicate their 
biological role. It has been suggested that they may be involvcd in delayed-typc 
hypersensitivity, but this seems unlikely. Nor is this particular type of antibody, 
which is a y2 immunoglobin in thc guinea-pig, concerned in anaphylaxis. 
One may conjecture that it would cnhance specifically the contact- and en
gulfment-phase of phagocytosis by macrophages, in situations where free serum 
opsonins are not readily available, i.e. in tissuc spaces ancl on serous surfaces 
and mucous membranes. The selective adsorption of this particular immuno
globulin to the macrophage membrane might convey to the ccll very powerful 
and specific opsonizing powers (Bcrken & Benacerraf 1966). Such antibody 
attached passivcly to the macrophage membrane would be taken into the cell 
as the membranc invaginares to form the phagosome. These special antibodies 
are being studied in other species also. According to Rowley, Turner & Jenkin 
(1964) the 'cell-mediated immunity' to Salm. typhimurium in the mouse 
can be explained on the basis of a 19S cytophilic antibody passively allergizing 
cells. 

One can safely prophesy that thc next few years will sce many publications 
on the activity and function of these antibodies in the reactions of immunity. 

The cellular affinities of cytophilic antibodies have not been extensively 
worked out as yet, and, although in the guinea-pig the so-called macrophage 
cytophilic antibody is selective for the macrophage, it is possible that a cyto
philic antibody selective for the polymorphonuclear leucocyte may be found. 
Indeed Fitzpatrick et al (1967) consider that the reaginic antibody in man is 
cytophilic for these cells and not simply for the blood basophils. There would be 
great interest in thc acquired properties of passively allergized polymorpho
nuclear cells, since evcn when unallergized they are the most effective destroyers 
of micro bes during the 'Decisive Period' ofMiles. 

'ANAPHYLACTIC', REAGIN AND 

REAGIN-LIKE ANTIBODIES 

This type of antibody also passively allergizes cells although we are still not 
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absolutely certain which cells are involved. Much evidence points to mast cells 
and basophils, but other cells also may be implicated. When such passively 
allergized cells or tissues come into contact with antigen, a sequence of events leads 
to liberation of pharmacological mediators from the cellular lysosomes. Histamine 
is the main pharmacological mediator, but there are many others and their effects 
vary in the different species. There may be relaxation or constriction of smooth 
muscle and increased vascular permeability, as is well exemplified in various 
clinical states of hypersensitivity. However, these self-same reactions under 
certain conditions, may also play a role in immunity. 

Localized oedema following increased vascular permeability may allow 
complement molecules and the larger antibody molecules to gain access to the 
tissue spaces and their bactericida! action there may play a vital role during the 
early 'Decisive Period' of an infection (Miles et al 1957). Also, it is conceivable 
as postulated by Jancso (1947) that histamine liberated by such an allergic re
action promotes latent phagocytic powers of endothelial cells and possibly of 
fibroblasts also. Intracellular antibacterial substances such as basic polypeptides, 
lysozyme and even interferon-like substances might also be liberated by such a 
mechanism. 

Perhaps a more spectacular illustration is the 'self-cure' mechanism by which 
sheep rid themselves of heavy infestations of the stomach worm Haemonchus 
contortus (Soulsby & Stewart 1960). There is evidence to suggest that antigenic 
material in the anti-coagulatory oral secretions or other excretions of the nema
tode reacts with cells in the gastric wall which are passively allergized with 
specifically stimulated reagin-like antibody; this results in local liberation of 
histamine. Either because of, or following this Type 1 allergic reaction (see 
Chapter 20) the worms are expelled from the gut. There is also evidence that 
reagin-like antibodies with their characteristic property of passively sensitizing 
cells have an important role to play in immunity to Nippostrongylus braziliensis 
in the rat (see later). 

Also meriting consideration are colostral antibodies, that are passed to the 
newborn calf (Pierce & Feinstein 1965; Feinstein & Pierce 1967) and whose 
biological role is assumed to be that of conveying passive immunity over the 
neonatal period. Amongst these y1 globulins are to be found the antibodies 
capable of passively allergizing cells in the skin for histamine release by antigen. 
Thus, there may be some association between antibodies which passively aller
gize cells and immunity. 

The passive uptake of antibody may be tied up with the mechanisms of 
transport of y-globulin molecules over the epithelial surface of the gut 
as has been discussed by Brambell (1966). The point we wish to make is 
that the type of allergic reaction which we see clinically in hypersensitivity 
as anaphylaxis may, under other conditions, contribute to the build up of 
immunity. 
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ManE D-AcnvELY ALLERGIZED eELLS 

During allergization (immunization) cellular events are initiated involving 
reticulum cells, small lymphocytes and their differentiation into plasma cells 
(see ehapters r r and 12). Once committed by antigenic stimulus to sorne 
specific synthetic activity the cells may be referred to as being 'actively aller
gized'. If such actively allergized cells (as either terminal effector cells or cells 
at sorne stage in their differentiation) encounter antigen again, as may well 
happen if antigen is still present in the body or is reintroduced into the body, 
sorne cellular reaction can be expected. It must be confessed however that, as 
yet, we have very little precise knowledge about such reactions at either the 
molecular or cellular level. 

'eellular immunity' is a very vague term and may well involve reactions of 
Modes B, e or D (see Fig. 15.1). There is of course also a cellular reaction 
consequent on the antigen-antibody interactions outlined in Mode A, so that no 
absolutcly clear-cut differentiation is possible between cellular and humoral 
immunity as such. In Mode B the phagocytic cells involved are non-allergized. 
In Mode e the cells are passively allergized by humoral antibody, while in 
Mode D it is believed that there is no humoral antibody involved and that the 
primarily reacting cells are the actual actively allergized cells themselves. In 
this latter case, however, until the interactions of actively allergized cells are 
better characterized and understood it may be difficult to exclude the possibility 
that the supposed actively allergized cells are not really passively allergized as in 
ModeC. 

Evidence for the direct participation of actively allergized small lymphocytes 
in reactionswith 'target antigens' comes from studies suchas those ofRosenau& 
Moon (1961, 1962) and Koprowski & Fernandes (r962) in which lymphocytes 
from actively sensitized animals are added to target cells growing as mono
layers in culture. Again, many of the spleen or lymph node cells from mice 
injected with sheep red cells which can form rosettes in vitro with added sheep 
red cells (Nota et al 1964; Zaalberg, van der Meul & van Twisk 1966) are small 
lymphocytes as shown by fixing thc red cell rosettes and staining thc reacting 
tissue cell inside (Mceonnell & eoombs 1968). This may be considered to be a 
reaction in vitro of actively allergized smalllymphocytes. 

From experimcnts involving rejection ofhomografts of ascites tumour cells, 
Granger & Weiser (1964) plead the case for the truly 'immune macrophage'
equivalent to what we would call the actively allergized macrophage. However, no 
specificity of reaction has, as yet, been demonstrated for the 'immune phago
cyte' discussed by Suter & Ramseier (r964) nor, as already mentioned for the 
specifically stimulated 'immune macrophage' described by Mackaness (r964b). 
But if the findings of eoulson, Gurner & eoombs (1967) that sorne lympho
cytes undergoing transformation in mixed cell cultures Íll vitro (see ehapter r) 
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take on macrophage-like properties, are confirmed in other systems and that this 
also occurs consequent on antigen-induced transformation, then this would be 
fairly direct evidencc for the existence of actively allergized macrophages (see 
Fig. 15.1). The question of whether or not such macrophages have an increased 
capability compared withnormal macrophages to remove micro bes or neutralize 
their products could then be investigated. 

As antigen-antibody interactions are characterized in serology, so the need 
is now to characterize the interactions of antigen and supposedly actively 
allergized cells in vitro as a prelude to understanding such reactions in the body, 
especially, in our present context, as regards reactions which may play a role 
in immunity. One needs evidence of speciflc receptors in or on such cells and 
a full understanding of the consequences of reaction with antigen. Relevant 
phenomena here are: 

(i) Transformation of allergized small lymphocytes into blast forms and 
mitotic stimulation by antigen. This could result in antibody being formed 
locally. 

(ii) Evidence from the experiments of David and his colleagues (David et al 
1964; David 1966) that antigen acting on allergized lymphoid cells causes the 
release of a factor, which in the particular experimental system studied reduces 
the migrating activity of macrophages. 

(iii) The indication that some smalllymphocytes undergoing blast transform
ation may acquire macrophage-like properties. As regards immunity, such a cell, 
endowed with a built-in speciflc mechanism could have a powerful as yet 
unknown anti-bacterial mechanism for killing ingested organisms. 

(iv) The liberation of a Lymph Node Permeability Factor (LNPF), which 
follows the action of antigen on supposedly actively allergized mononuclear 
cells (Schild& Willoughby 1967). Besides incrcasing vascular permeability, this 
promotes diapedesis of leucocytes and the deposition of flbrinoid material 
around vessel walls. 

Until these events are fully invcstigated it will not be possible to unravel the 
various mechanisms by which these particular allergic reactions may act in 
establishing immunity in various diseases, especially those caused by the facultative 
intraccllular parasites such as the salmonellae, brucellae and tubercle bacilli. 

What we have attempted to do in this section is to display the repertoire of 
the allergic reactions of the host and to illustrate the different pathways by which 
these reactions could possibly contribute to immunity or protection of the host 
against infective organisms. As with reactions underlying clinical states ofhyper
sensitivity (see Chapter 20) it is helpful for our understanding to be able to do 
this. However, it must be remembered that in most infections, all of these modes 
of interaction may be simultaneously engagcd although to a different degree 
and effect. 
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VIRULENCE fACTORS AND 'PROTECTIVE ANTIGENS' 
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Many products of virulent organisms are antigens and often thcy form the basis 
of diagnostic tests. However, only a few of these antigens are protcctive or 
immunogenic, i.e. actively immunize against the disease. These immunogenic 
antigens are important for vaccination and sorne may be produced only by live 
vaccines in vivo (see later). Immunogenic antigens are necessarily factors in volved 
in virulence, either toxins, e.g. the toxins of C. diphtheriae or auxiliary patho
gcnic factors, e.g. the polysaccharide of Str. pneumoniae or the envelope sub
stance of P. pestis (Macleod & Bernheimer 1965). However, all antigenic viru
lcnce factors need not be immunogenic, e.g. the murine toxin of P. pestis 
(Pollitzer 1954). Finally sorne virulence factors are not even antigenic, e.g. the 
capsular hyaluronic acid of Str. pyogenes (Macleod & Bernheimer 1965). The 
latter situation might account for the lack of immunity that occurs in sorne cases 
cven after overt disease (e.g. staphylococcal infections). 

The above considerations also apply to viruses. Many antigens are produced 
during the course of infection, but with onl y certain of these is the corresponding 
antibody protective. Neutralization can be achieved only by antibodies to the 
surface coa t. Other antibodies such as the antihaemagglutinin of vaccinia or thc 
antibody to the ribonucleo-protein of the influenza virus are mere accompani
ments ofinfection. 

Even with the so-called protectivc antigens, the effectiveness of the allergic 
response will be infl.uenced by the class of immunoglobulins stimulated, the 
biological properties of each class being so different. 

CHANGES OF MICROBIAL BEHAVIOUR IN VIVO 

WHICH MIGHT RENDER INEFFECTUAL 
THE ALLERGIC RESPONSE OF THE HoST 

The nutritional conditions under which virulent micro-organisms survive and 
grow in vivo are different from those in artificial culture and possible sources of 
natural infection such as water, sewage and soil. If infection results from trans
mission from another host (of the same or different spccies), the environment 
for the micro-organism in the new host may be differcnt from that of the old 
host; and almost certainly will be different from the conditions existing during 
transmission, e.g. the organism may have been enclosed sorne time in dried 
sputum. Even inside the host nutritional conditions will continually change as 
infcction proceeds (Smith 1958, 1960). At first, in infl.amcd tissucs conditions of 
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low oxygen tension and low pH will exist (Dubos 1954), whereas later in the 
blood stream the oxygen tension will be high and the pH neutral. Eventually 
the infection may localize and the micro-organisms will be affected by the 
particular nutritional conditions in the localized site. 

The changes in nutritional conditions outlined above will affect microbial 
metabolism and hence the production of virulence factors. Lacey (1961) has 
shown how the nature of the surface antigens and the virulence of pathogenic 
organisms can be influenced by changes in environment. Also, Meynell (1961) 
has demonstrated the profound effect environment can ha ve on the production 
of toxins and auxiliary pathogenic factors by taking examples from studies of 
Bordetella pertussis, the enterobacteriaceae, P. pestis, B. anthracis, Str. Pyogenes, 
Str. pneumoniae, C. dip htheríae, Cl. tetani and Cl. welchii. Hence, the virulence 
factors produced by an invading organism may change as infection proceeds 
and probably the greatest change will occur during the first crucial hours of 
infection when the organism is adapting to the conditions within a new host 
(Burrows 1955; Meynell 1961). 

Phenotypic variation is not the only mechanism which can produce types of 
micro-organisms different from those originally entering the host. Selection of 
more virulent genotypes can also occur in vivo and together with phenotypic 
variation accounts for the classical increase of virulence on animal passage. The 
possibility of genetic transfer must also be borne in mind; this could occur not 
only between types of the same species as in the classical experiments of Grif
fiths but between bacteria of different species in view of the recent work on 
transference ofResistance Factors (Anderson 1965, 1967). 

If, at a particular stage of infection, the allergic responses of the host ha ve been 
largely provoked by micro-organisms grown in a different environment (either 
in vítro or in vivo at a different stage during infection), a loophole in the acquired 
resistance of the host can exist. The most obvious example is infection of a host 
after vaccination with a dead preparation produced in vitro which does not 
contain all the antigenic virulence factors that are formed in vivo. The superioríty 
of sorne live vaccines, e.g. BCG or B. abortus S19, over corresponding killed pre
parations may be due to the production by the former in vivo of protective 
antigens not formed to any significant extent in vitro; and also to the activation 
of processes discussed in a previous section by the live organisms multiplying 
in vivo. 

Returning to the question of variation in vivo, this is the way trypanosomes 
and probably also malaria! parasites (see la ter and Chapter 46) are able to survive 
in the blood stream in the face of the mounting allergic response of the host. 
The trypanosome is easily lysed and killed by antibody and complement, but 
as antibody mounts a new variant with a quite distinct membrance antigen is 
formed and accounts for the next parasitaemia. In bacteria! infections also, 
antigenic variation in vivo can contribute to the persistence of the infection; 
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Laccy (r96r) has discussed this question in relation to Bordetella spp. It may well 
occur also in Salmonella infections. 

Antigenic sub-types, exemplifying variation at sorne time, but not necessarily 
during an infection, are of course well recognized and often account for the 
apparent ineffectiveness of certain vaccines. 
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FIG. I 5.2. Graphic representation of the relationship of the secondary antibody 
response and incubation period to permanent immunity. Redrawn from Macleod. 
(I95J). 

THE LENGTH OF THE INCUBATION PERIOD 

OF THE DISEASE 

There are many factors both of the micro be and of the host which determine 
the length of the incubation period in different diseases. In virus diseases long 

ubation periods occur in those diseases where haematogenous spread is 
required to set up the characteristic disease picture away from the site of primary 
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infection. Macleod (1953) has emphasized the importance of the length of this 
period in determining whether a good lasting immunity can be established 
against the disease. As may be seen in Fig. 1 5.2, a normal secondary allergic re
sponse has the best opportunity of providing an effective immunity to a second 
attack of the samc disease if the incubation period of the disease is sufficiently 
long. In diseases with a short incubation period, the secondary allergic response 
may mount too late to prevent the disease. 

NEONATAL PERIOD 

For the frrst month or two after birth in both man and domestic animals the 
allergic reactions of resistance to infective diseases are effected mainly by passive 
transfer of humoral antibodies (see ehapters 12, 13 and 44) from the mother; 
no allergized cells are transferred. The newborn must therefore rely for its 
immunity on the allergic reactions mentioned under Modes, A, B, and e, and 
on the immune status of the mother. While at most times showing adequate 
resistance, the young are known to be very susceptible to enteric infections with 
E. coli, Salmonella spp. and Shígella spp. It is possible that adequate quantities of 
effective antibody do not have access to intestinal and other mucous surfaces 
and IgA, which may be more effective than IgG in this situation, is not trans
mitted from the mother; nor is IgM, which may be especially effective for 
bacteriolysis (see ehapters 13 and 19). 

In hypogammaglobulinaemia on the other hand the allergic reactions under 
Modes A, B and e must be greatly enfeebled, leaving the reactions of actively 
allergized cells to fulfil what role they can. It is interesting that immunity to 
tuberculosis and to many virus diseases is not imperilled in these cases, while 
resistance to other infections is diminished (see ehapter 19). 

EXAMPLES OF INFEeTIONS AND THE 
MEeHANISMS OF IMMUNITY TO THEM 

BACTERIAL DISEASES 

Although each disease and the host's allergic reactions to it is a study in itself, 
there are similarities between different infections which allow the rough classi
fication given below. However some diseases straddle across the classes, e.g. 
infections with the gas gangrene organisms Cl. welchii, Cl. oedematiens, and 
Cl. chauvei are primarily toxaemias but tissue invasion is also important. 

AcurE ToxAEMIAS: lMMUNITY BAsED oN 

ANTITOXIN PRODUCTION 

In infections caused by C. diphtheríae and Cl. tetani, the causative organisms 
remain localized and do not multiply. Tissue invasion is mínima!. The disease 
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symptoms and death of the host are causcd by a single, powerful toxin which 
diffuses from the infection area. Immunity depends on the production of specific 
antitoxin by the host, either naturally as the result of an infection, or artificially 
as the result of immunization with the appropriatc toxoid. 

AcuTE INVASIVE DrsEASES: IMMUNITY BAsEn 

ON ALLERGIC REACTIONS AGAINST A UXILIARY 

PATHOGENIC FACTORS 

In diseases such as pneumonia, plague and anthrax the causative organisms must 
grow to large numbers in the host to produce their damaging effects. Prevention 
of rnicrobial growth is the prime mechanism of immunity; this depends on 
the production of antibodies to the auxiliary pathogenic factors especially 
those which prevent phagocytosis. Antibodies to capsular polysaccharides are 
the basis of acquired immunity to pneumonia (Macleod & Bernheimer 1965). 
Immunity to plague does not depend on antibodies to the mnrine toxin of 
P. pestis but on antibodies neutralizing anti-phagocytic products notably the 
envelope substance and the V and W antigens (Pollitzer 1954; Burrows 1963). 
In anthrax, immunity depends on the production of antibodies to the toxic 
complex. This complex, which together with capsular polyglutamic acid 
prevents the destruction of B. anthracís by phagocytosis and by the 'anthracidal 
substance' (see above) is made up of three componcnts only one of which is 
adequately protective when injected alone. 

CHRONIC INTRACELLULAR INFECTIONS: IMMUNITY 

DEPENDS ON ANTIBODY AND AS YET ILL-DEFINED 

CELL ULAR MECHANISMS 

These diseascs are typificd by brucellosis and tuberculosis which have been used 
as examples in the sections above. Themicrobial factorsresponsible fortheintra
cellular survival and growth of the causative organisms are unknown. Similarly, 
the cellular mechanism of acquired immunity and their interplay with humoral 
factors are not clear; nor is the connection bctween acquired immunity and 
hypersensitivity which contributes to host tissue damage and, possibly, to 
spread of infection. The lack ofknowledge is emphasizcd by the fact that live 
vaccines (BcG and S19) must still be used in the field. Although some dead 
preparations have immunizing activity, they are not so effective as the live 
vaccines (Middlcbrook 1965; Roux 1962). However, if thc microbial products 
responsible for intracellular survival could be recognized, they might prove to 
be potent protective antigens by influencing the mechanisms of cellular resist
ance in a manner comparable to that achieved with live vaccine (Smith & 

FitzGeorge 1964a; FitzGeorge& Smith 1966). 
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VrRus DrsEASES 

The allergic reactions are of great importance in preventing a second attack of a 
virus disease or in preventing an attack following immunoprophylaxis which 
may be in the form of a vaccine or immune y-globulin. The significance of 
the allergic responses in the recovery from a truly primary infection is less certain, 
and other non-allergic factors may be of more importance (Baron 1963). 

Mainly because of the intracellular habitat of the virus pathogen, infections 
present problems for the fruitful participation of the allergic reactions in estab
lishing immunity. None of the allergic reactions is able, as far as is known, to 
proceed against truly intracellular parasites if the cell membrane is not altered 
antigenically in sorne way as a result of the parasitization. Exceptions to this, 
perhaps, are possibly unselective uptake by pinocytosis and intake of cytophilic 
antibody attached to the membrane of macrophages duri11g the formatio11 of a 
phagosome. Emperipolesis (see Roitt, ]o11es & Do11iach 1962) by a11 actively 
allergized lymphocyte is likely to dema11d primary combi11atio11 of specific 
receptors 011 the lymphocyte with a correspondi11g determina11t 011 the virus
parasitized cells. 

The virus is of course susceptible to allergic reactio11s when extracellular, 
e.g. when it first enters the body, when passing from cell to cell or during 
haematogenous spread. It is thus not surprisi11g that 11eutralizing humoral anti
body has bee11 found to be very important in the development of immunity 
to virus diseases. Evidence for this is seen in the protective value of immune 
y-globulin for contacts in measles and of maternal antibody against herpes 
simplex in human infants (Anderson & Hamilton 1949) and against ectromelia 
in newborn mice (Fe11ner 1948). To abort influenza! infections a level ofhum
oral antibody is needed in the secretions of the mucous membrane of the lower 
respiratory tract and, as has already been mentioned, Lipton & Steigman (1963) 
consider that contagian in poliomyelitis can be reduced by antibody in the 
mucous secretions of the alimentary canal. 

That actively allergized cells also make an important contribution to im
munity in virus diseases is suggested by the fact that persons with hypogamma
globulinaemia (see Chapter 19) but with normal delayed-type hypersensitivity 
reactions are capable of developing adequate immunity to many virus diseases, 
e.g. vaccinia, mumps, measles, chicken pox and poliomyelitis. It must be re
membered however that such persons are not completely devoid of y-globulin 
and small amounts of neutralizing antibody may be present (Baron et al 1962). 

Emphasizing the significance of actively allergized cells is the commonly 
adopted practice of gauging the resistance of a person to smallpox by the local 
skin response to the vaccinia virus. The formation of a non-vesiculating papule 
on the second da y and which probably represents a delayed-type hypersensitivity 
response (Type IV reaction, see Chapter 20) is accepted as the 'reaction of im-
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munity'. Again delayed-type hypersensitivity skin reactions (reactions of actively 
allergized cells) ha ve been suggested as a measure of immunity in both influenza 
(Beveridge 1952) and mumps (Angle 1961). 

For a fuller discussion of mechanisms of immunity in virus diseases the reader 
is referred to Beveridge (1963) and Fenner (1965). 

PROTOZOAL DrsEASES 

Under natural conditions there is ample evidence for the existence of a degree 
of immunity in protozoal diseases although in most cases this seems to be a 
'non-sterilízing immunity', i.e. a clinical state of immunity maintained by a con
tinuing low grade infection. Sergent described this state or concept as one of 
premunition (see Sergent 1963). 

In many protozoal infections there is a very powerful allergic response. In 
malignant tertian malaria, for instancc, the y-globulin level and turnover is 
many times the normal (Cohen & McGregor 1963) and the 'malarial anti
bodies', it seems, when passively transferred across the placenta from mother to 
the newborn are able to confer to inf.·mts of the cndemic area a passing pro
tection against a parasitaemia. Parasites in the exoerythrocytic tissue stage in the 
liver are thought to be unaffected and for this and other rcasons (see below) 
relapses occur. 

There are presumably two main circumstances which make the allergic 
reactions ineffective in achieving a solid immunity in most protozoal infections. 
These are, fmtly, the sanctuary achieved by the parasites during their intra
cellular or tissue stages and secondly, the ability of many of the parasites to 
change completely the antigenic structure of their delicate plasma membrane. 
Evidence for this variability in antigenic structure during the course of an 
infection is seen perhaps most clearly and has been studied to the greatest extent 
in trypanosome infcction. Thesc delicate organisms living in the blood plasma 
are easily lysed and killed by antibody and complement as may be seen by suit
able tests in vitro (Lourie & O'Connor 1937; see also Le Page 1968). A parasitae
mic infection would be rapidly eliminated were it not that before complete 
lysis of the whole trypanosome population (A) antigenic distinct variants (B) 
form and multiply to establish the next parasitaemia before sufficient specific 
antibody (anti-B) is produced. This latter antibody then eliminates population 
B, but not before a subsequent variant C arises and so on. In African trypano
somiasis, although the parasites gain access to the tissue spaces there is not 
thought to be an intracellular form in the mammalian host. 

There is now evidence for such sequential antigcnic variation in malarial 
parasites (Brown & Brown 1965) but here the difficulties of achieving effective 
immunity are further increased by the intracellular habitat of the parasites 
and again by the existence of the various forms in the complicated life cycle. 
E ven discounting formation of variants, sporozoites, merozoites, trophozoites 

Q 
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and gametocytes probably have different antigenic structure from each other 
and there may also be insuflicient antigenic material of the one vital stage 
to stimulate suflicient antibody or other form of specific allergic response. 

Evidence for an effective participation of allergized cells (type unspecified) 
where, experimentally, serum antibodies were ineffective is presented by Pierce 
& Long (1965) in a study of acquired immunity to Eimeria tenella in fowls. 
Birds in which the development of the bursa of Fabricius was suppressed by 
hormonal treatment and which failed to develop serum antibodies were never
theless successfully immunized by sporulated oocysts per os. 

All these complicating factors and the fact that, as yet, it is still impossible 
to cultiva te for any period in vitro the infective forms of most of the parasitic 
protozoa perhaps explain why little advance has, as yet, beenmade in immuno
prophylaxis (see Chapter 46). 

However the realization that many of the remaining scourges of the world 
toda y are protozoal diseases, and the increasing evidence of the failure of chemo
therapy dueto drug resistance and again the scientific challenge itself makes the 
study of immunity to protozoal infections a very important and attractive 
field of scientific research. Such research requires the fullest knowledge, skills 
and imagination of the protozoologist, biochemist and immunologist. 

As background literature, the reader is referred to the classic book of Talia
ferro (1929), the symposium (Garnham, Pierce & Roitt 1963) organized by the 
British Society for lmmunology, a recent World Health Organization Report 
(1965) on 'Immunology and parasitic diseases' and Chapter 46 of this book. 

HELMINTH DISEASES 

Although many helminths are to be found in the alimentary canal where they 
are relatively free from allergic influences, most parasites have a migratory 
phase travelling through the tissues of the host. The special circumstances to be 
taken into consideration in helminth infections is not an intracellular abode 
but rather the structure and size of the migrating form, often armoured like a 
tank or armadillo, with a thick cuticle against which antibody and complement 
have insignificant effect. However, even tanks have their vulnerable points 
and nematode larvae, as already mentioned, have orífices where secretory and 
excretory products get precipitated by antibody with consequent stunting of 
growth and curtailment of the life cycle. 

A most important immunological finding associated with helminth infection 
in animals is the regular stimulation of a type of antibody comparable in many 
ways with the reagin of man. In man, this type of antibody is recognized by 
its heat-lability and ability to give the weal and fiare reaction in primate skin; 
and in animals by this same lability and ability to give the skin reaction of passive 
cutaneous anaphylaxis in the homologous species. This antibody has been re
ported in the rat (Ogilvie 1964; Ogilvie 1967) and in the rabbit (Hogarth-
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Scott 1967)-animals which don't easily produce 'skin-sensitizing antibody'. 
Such antibodies are not easily produced by injecting an extract of the worms, 
but are produced by infection. Of interest is whether this reagin-like antibody 
has any special role to play in acquired immunity to helminth infection. As 
mcntioned in an earlier section the disengagement of Haemonchus contortus 
from the stomach wall and expulsion of the worms in the so-called 'self cure' 
mcchanism of sheep (Soulsby & Stewart 1960) may reflect just such a role. 
Joncs & Ogilv1e (1967) have investigated the role of such antibodies in immunity 
in thc rat to Nippostrongylus braziliensís infection. 

The importance of cellular factors in immunity to metazoan parasites has also 
long been stressed. The significant role of allergized 'lymphoid' cells in infection 
of guinea-pigs with Trichostrongylus colubriformis has recently been shown in 
passive cellular transfer experiments by Dineen& Wagland (r966). 

The important advance achieved by immunizing animals with X-irradiated 
larvae, which are unable to complete their life cycle in the definitive host, 
yct which are capable of stimulating an effective immunity is described in 
Chapter 47· 

With helminth infections as with protozoal diseases, major advances in our 
knowledge of immunity mechanisms and their exploitation can be confidently 
anticipated in the near future (see World Health Organization Report, 1965). 
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PROTECTIVE IMMUNITY 

G.PAYLING WRIGHT* 

INTRODUCTION 

THE MECHANISMS OF PROTECTIVE IMMUNITY 

IN ALLERGIC REACTIONS 

PROTECTIVE IMMUNITY AND SPECIFIC 

CIRCULATING HUMORAL ANTIBODIES 

Passive maternal immunity, its acquisition and duration: Acquisition 
of active immunity in childhood: Loss of actively acquired immuno
logical protection 

PROTECTIVE IMMUNITY AND ALLERGIC TISSUE 

REACTIONS 

Evidence for speciflc immunity of a protective nature in tuberculosis: 
Mechanisms underlying protection in tissue allergy 

GENERAL ÜBSERVATIONS ON PROTECTIVE 

IMMUNITY 

INTRODUCTION 

Etymologically, the word 'immune' is derived from the Latin legal term 
'immunis', meaning 'not liable for duty', and applied in later Roman times to a 
group of privileged young men protected by their high social class from the 
obligation of undertaking the ordinary military service of the state. To this 
cxtent, therefore, the expression 'protective immunity' would savour of taut
ology, and in modern usage, the term immune still carries the connotation of 
protection, as in the many prophylactic immunization measures involving 
the use of antigenic material that are now widely employed in the control of 
ccrtain epidemic diseases. Analysis of the immune condition, however, has made 
it apparent that a state of protection may not be the only result of exposing the 
tissues toan antigen, and that 'immunization' must be regarded from a broader 
point of view: the process involves; as von Pirquet maintained flfty years ago, 
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the creation of a highly specific altered reactivity, or 'allergy' of the tissues 
of the host to the antigen concerned (see Appendix). 

In the practica! study of the possible bearing of allergy upon protection, a 
distinction must be drawn between the simpler reactions of the exposed tissues 
to a single antigenic substance, and those of more complex kind that follow 
an infection with a living organism that possesses an elaborate antigenic struc
ture and is, moreover, capable under certain circumstances of invading and 
multiplying in the tissues of the host. 

Much of our knowledge of allergic reactions has come from the study of 
the results of the injection of specific, and often highly purified, antigenic 
proteins and even under these more narrowly defined conditions, two very 
different types of allergic reaction may develop. In the first, well exemplified by 
the inoculation of the toxoids of diphtheria and tetanus, specifically modified 
globulins-antitoxins-are formed in the tissues which when liberated into 
the circulation are capable of combining promptly with, and neutralizing the 
injurious properties of, the respective toxins. In such instances, the creation of a 
state of allergy results in protection. But under other circumstances, the forma
tion of an antibody to an equally well-defined protein antigen may be a source 
of grave danger, and the state of allergy be precise! y the reverse of protective. 
In these instances, the antigenic stimulus has led to a state of potentially anaphyl
actic hypersensitivity (Type 1 reaction) to the particular protein used. In man, 
an exainple of this condition is met with occasionally in persons who ha ve been 
temporarily protected passively against diphtheria or tetanus by the injection 
of a specific antitoxic horse serum, and who later fall victim to anaphylactic 
shock when they are injected for a second time, months, or even years, after
wards. 

In infections, the relationship of allergic reactions to protective immunity is 
rendered much more difficult of analysis by reason of the multiplicity and 
varying toxicity of the antigenic substances that are present in living micro
organisms. This complexity can be illustrated by reference to the Salmonella 
group of bacteria. Sorne of the antigens in these organisms, the Boivin-type 
endotoxins, are intrinsically highly toxic, and are probably important in the 
pathogenesis of the lesions in enteric fever; others, notably those present in the 
bacteria! flagella, although themselves devoid of any toxic properties, are 
equally antigenic and stimulate the formation of their own distinctive anti
bodies. lt is possible, for instance, to promote the production to a high titre 
of the antibodies to the flagella of these bacteria by the inoculation of a rough 
strain of one of these rnicro-organisms without conferring any appreciable 
protection on the 'immunized' host should he subsequently become infected 
with a pathogenic strain of the bacterium. For with the Salmonellae, the endotoxic 
componcnt of the bacillus, against whose injurious action on the host's cells 
protection is sought, is somatic and not flagellar in situation. Indeed, a purified 
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prcparation of thc somatic, Boivin-type, antigen injected into an animal in 
sublethal doses can confer a high degree of protective immunity to a subse
quent infection with a pathogenic strain ofthe bacterium (Morgan 1945). 

Although with the Salmonellae it seems likely that sorne degree of protective 
immunity will follow closely upon allergy to the somatic antigenic endotoxin, 
in other kinds of infection it is possible that the state of allergy conferred 
against the non-toxic surface antigens of the micro-organism may in itself pro ve 
beneficia!. In such instances, the protection results from the promotion by 
speciflc opsonins of prompt phagocytosis of the bacteria and the consequent 
handicap placed upon their multiplication in the tissues. In pertussis, for in
stance, it seems likely that in active prophylaxis with vaccines, protection 
results chiefly from the allergy produced through the formation of agglutinins 
against the surface antigens of the bacterium, and that the readiness with which 
these antigens are lost on artificial cultivation has been mainly responsible for 
the difficulties encountered in developing a satisfactory prophylactic vaccine in 
this disease (Evans & Perkins 1953). 

THE MECHANISMS OF PROTECTIVE 
IMMUNITY IN ALLERGIC REACTIONS 

In the foregoing remarks, severa! examples have been given of the protective 
immunity that can be conferred by the presence of circulating antibodies at an 
appropriately high titre. It is the production of these speciflc y-globulins that 
underlies immunity in a large proportion of human and animal infections. 
This is well illustrated by the production of virus-neutralizing antibodies after 
an infection with the viruses of vaccinia (McCarthy, Downie & Bradley 1958) 
and poliomyelitis (Medica! Research Council Report 196r). But although the 
fonnation of speciflc humoral antibodies as an allergic response to sorne antigens 
is the most important element in protective immunity against most pathogenic 
organisms, it is not the only speciflc mechanism of defence by which the body 
can protect itself. With some infections, the allergic response seems to act 
protectively for the host less through the formation of speciflc circulating 
humoral antibodies, than through sorne speciflc modiflcation in the reactivity 
of certain of its mesenchymal cells. This form of allergy has long been regarded 
by many pathologists as the principal defensive mechanism in re-infection in 
tuberculosis. 

PROTECTIVE IMMUNITY AND SPECIFIC 
CIRCULATING HUMORAL ANTIBODIES 

No two diseases of man and animals illustrate better the protective value of 
circulating humoral antibodies than diphtheria and tetanus-both diseases in 



CLINICAL ASPECTS OF IMMUNOLOGY 

which a highly toxic protein metabolite of the organism appears to be the sole 
pathogenetic agent. Irrespective of whether the antitoxin is produced actively 
by the host, in response to the toxin or its toxoid or is introduced passively by 
an injection of the appropriate hyperimmune animal serum, protection is 
conferred against the disease. For diphtheria, the early experiments of von 
Behring and his colleagues on animals soon received notable support from the 
clinical study on passive antitoxin treatment of children that was carried out by 
Fibiger in Copenhagen and by Roux and his associates in París. The value of 
passive prophylactic protection against tetanus was first convincingly shown by 
Nocard (1897) when he reduced the former high mortality of farm animals 
after castration from this disease by a prior injection of tetanus antitoxin. 
Unfortunately, the hope that established tetanus might be treated successfully 
by antitoxin, though having statistical support (Laurence & Webster 1963). 
has not been wholly fulfilled-a difference between this disease and diphtheria 
that is probably attributable to the fact that the virtual impermeability of the 
normal blood-brain barrier to proteins prevents the access of the antitoxin to 
the si te of action of the toxin in the cerebrospinal axis. 

In recent years, the belief in the protective value of circulating humoral 
antibodies as protection against the products of certain pathogenic rnicro
organisms has been greatly strengthened by observations made on persons 
suffering from sorne congenital or acquired inability to synthesize plasma 
globulins. Most of these studies have been made on infants suffering from 
hypogammaglobulinaemia, though further supporting knowledge has been 
gained from adult patients with neoplasms, notably multiple myeloma and 
chronic lymphatic leukaemia, in whom globulin synthesis is disturbed. 

With multiple myeloma, the plasma globulins as a whole are often greatly 
raised, sometimes to four or five times the normal, but the normal y component 
becomes increasingly deficient as the disease progresses, and such patients 
become unusually susceptible to pyogenic infections (Porges 1956). In chronic 
lymphatic leukaernia also, the concentration of y-globulin in the plasma is 
materially lowered, and the ability of such patients to respond to immunization 
with various antigens, among them tetanus toxoid, is greatly reduced (Shaw 
et al 1960; Barr & Hamilton-Fairley 1961). 

Most of our knowledge of the importance of y-globulins against infections 
has come from the study of young children suffering from hypo- or agamma
globulinaemia, a genetically conditioned abnormality of protein synthesis 
that occurs predominantly in male infants (Squire 1960; see Chapter 20). 
Immediately after birth, the plasma y-globulin concentration of the infant is 
almost the same as that of its mother, but during the ensuing few months it 
declines more or less logarithrnically, and in parallel with the bacteriostatic 
power of the blood against various Salmonellae (Dancis & Kunz 1954), until, 
in a normal infant, it rises again through its own active synthesis of these pro-
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tcins. In the congenitally affected infants, no comparable rise takes place, so that 
during the greater part of childhood the concentration of the plasma y-globulin 
is very low-perhaps one-fiftieth of that of a normal child of the same age 
(Zak& Good 1959). 

Children suffering from hypogammaglobulinaemia are known to be very 
susceptible to certain bacteria! infections, notably those caused by pyogenic 
bacteria. In consequence, they suffer seriously and repeatedly from infectious 
diseases, particularly from pneumonia, otitis media, sinusitis, pyoderma, 
meningitis and cystitis, and the childhood mortality of these patients is corres
pondingly raised as a result (Good, Bridges& Condie 1960). The immunological 
deficiency of these children is further shown by the fact that inoculation with 
toxoids and vaccines are of little avail in provoking the formation of specific 
antibodies, and the general unresponsiveness of the antibody-forrning apparatus 
is further emphasized by the virtual absence ofiso-haemagglutinins in the blood 
of many of these children. 

PAssrvE MATERNAL IMMUNITY: ITs AcqursiTION 

AND DuRATION 

In all mammals studied, the newborn offspring acquires antibodies from its 
mother, but the routes by which these antibodies are mainly transferred differ 
notably in different species (Brambell 1958). In man and in certain rodents, 
their passage takes place wholly before birth. In ruminants, the horse and the 
pig, the offspring are born without any antibodies in their blood and hardly 
any y-globulin in their plasma; both are acquired rapidly after birth by the 
absorption through the intestinal mucosa of y-globulins that are present in the 
colostrum which is ingested during the first few days of extra-uterine life. 
In other species again, maternal antibodies pass to the young both before and 
after birth. 

In the Rhesus monkey, and hence almost certainly in man whose placenta! 
structure is similar, the antibodies are transmitted solely through the placenta, 
which is of the relatively simple haemochorial type. Formerly, the possibility 
that some of the maternal antibodies rnight reach the primate foetus by way of 
the amniotic fluid had never been excluded, but any such supposition seems no 
longer likely from experiments on Rhesus monkeys in which isotopically 
labclled homologous serum proteins were injected into the maternal circulation 
shortly before parturition (Bangham, Hobbs & Terry 1958). Of all the proteins 
introduced, only the y-globulins crossed the placenta and entered the foetal 
circulation. Moreover, the only protein to be recovered from the amniotic 
fluid was the labelled alburnin. The inference that the placenta and not the 
amniotic sac provided the route for the passage of antibodies was further 
strcngthened by fmding that labelled y-globulins injected directly into the 
amniotic fluid failed to reach the blood of the foetus. 
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Our knowledge of the persistence in the infant of maternally acquired 
y-globulins comes mainly from two sources. First, the progressive fall in the 
concentration of y-globulins in the blood ofhypogammaglobulinaemic infants. 
In such infants, the half-life of these proteins is about 50 to 60 days-a period 
that agrees well with that found after an intravenous injection of identifiable 
homologous y-globulin either into these or into normal children (Gitlin, 
Janeway, Apt & Craig 1959). With this rate of turnover, little of the maternal 
antibody would be left in the circulation of infants aged 6 months or more. 
The second source of information on the persistence of maternal y-globulins 
is their rate of disappearance in an infant whose own y-globulins belong to 
a genetically different group from those of the mother (Lim1et-]epsen, 
Galatius-Jensen & Hauge 1958; Grubb 1959). Among Danish people, over half 
havey-globulins ofthe type Gm(a+ ), and the rest of the type Gm(a- ). At birth, 
the infant's y-globulins, being wholly derived from the mother, are of the 
same type as her own, but if the genotype of the mother and infant differ, the 
genotypical y-globulin that is distinctive for the infant begins to appear in its 
blood in the cotme of a few months and gradually replaces that of the different 
type that was acquired during intra-uterine life. 

These estimates of the duration of persistence of maternally acquired 
y-globulins in the infant agree reasonably with observations made many years 
ago on the progressive disappearance of diphtheria antitoxin that takes place 
during the ftrSt year oflife. In a large study undertaken in Vienna, this antitoxin 
could be identified in the serum of the mother and of the infant at birth, but 
in the absence of any overt specific stimulus, it was no longer recognizable 
in the great majority of the latter 12 months la ter (V on Groer & Kassowitz 
1919). 

THE ACQUISITION OF ACTIVE IMMUNITY 

IN CHILDHOOD 

While the decline in the concentration of y-globulin in the blood of a hypo
gammaglobulinaemic infant born to a normal mother provides an indication 
of the rate of loss of the transplacentally acquired antibodies, so the rise in the 
concentration of this type of protein in the normal offspring of a hypogamma
globulinaemic mother gives sorne idea of thc age at which an infant becomes 
capable of synthesizing its own y-globulins. In two infants, born to such an 
affected mother, that were studied by Zak & Good (1959), y-globulins began to 
appear in the child' s blood at about the end of the 2nd month, and by 9 

months, the concentration of these proteins in their plasma was about the same 
as that of normal infants born to normal mothers. 

How far this early post-natal synthesis of y-globulins is a normal process of 
biochemical development and how ftr it depends u pon the impact of the wide 
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variety of antigens to which the infant beco mes exposed soon after birth can be 
cxplored by thc study of the plasma proteins and antibodies of animals main
tained for months in germ-free environments. 

When ncwborn rats are maintained in a germ-free colony and weaned at 
about 3 weeks, their serum proteins develop normally except for their /1- and 
y-globulins, the concentrations of both of which remain very much below 
those found for these proteins in the serum of normal rats of their age kept under 
ordinary conditions (Gustafsson & Laurell 1959). This state of hypogamma
globulinaernia persists, but if after they have reached maturity, these rats are 
removed from their germ-free environment and exposed to the tnicrobiological 
flora usual for this species, y-globulins bcgin to appear in their blood after 3 or 4 
weeks, at fmt slowly but then more rapidly until eventually they attain the 
same concentration as those of thc control animals (Gustafsson & Laurell 1959; 
Wostmann & Gordon 196o). Furthermore, there is evidence that this rise in the 
concentration of the y-globulins in the previously germ-free animals parallels 
the appearance of circulating antibodies to sorne of the mixed microbial flora 
to which they have become exposed (Wagner 1959). In view of the supposed 
formation of y-globulins by cclls of the lymphoreticular system (see Chapter 
12), it is ofinterest that as long as the animals are germ-free, this system remains 
rclatively underdeveloped, but when the animals are exposed to normal colony 
conditions, the lymphorcticular system undergoes hyperplasia (Gordon & 

W ostmann 1960). 
The results of these experiments on rats, which are supported by others on 

other species of small laboratory animals, show that the synthesis of plasma 
y-globulins takes place as a result of the stimulation of the antibody-forrning 
apparatus of the newborn animal by specific antigens that are present in the 
wide diversity of micro-organisms with which it ordinarily comes quickly 
into contact. Even when maintained under sterile conditions, sorne stimulation 
of the lymphoreticular system may take place from antigenic material present 
in the food and absorbed unchanged through the intestinal mucosa, and this 
may be responsible for the synthesis of the small quantity of y-globulin found 
in the serum of the germ-free animals. 

Attention was drawn over 40 years ago by Nicolle & Lebailly (1919), during 
their study of rickettsial infections in North Africa, to a condition to which 
they gave the name 'ínfectíons inapparantes'. Since then, the combined studies of 
cpidemiologists and immunologists on human communities have made it 
abundantly clear that in severa! important infectious diseases (Reimann 1960), 
subclinical attacks of 'infections inapparantes' may much outnumber in their 
frequency those attacks that are diagnosable clinically. Today, as the study of 
the concentration of immuno-conglutinin in the sera of healthy persons has 
shown (Marks & Coombs 1957), there seems no doubt that in urban populations 
particularly much herd immunity is acquired unknowingly through these 
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unrecognized infections, particularly when social conditions are poor and hygiene 
is correspondingly defective. 

Two diseases, diphtheria and poliomyelitis, illustrate well the epidemiological 
importance of the subclinical attack as an immunizing experience. In the inter
war period, before the introduction of a national scheme for the active prophyl
actic immunization of infants, an average of nearly ten thousand cases of clinical 
diphtheria were notified annually among children under 15 years in the London 
Metropolitan Boroughs. About the same period, bacteriological studies showed 
that between r and 2 per cent of this child population were carriers of virulent 
diphtheria bacilli; from what is known of the duration of the carrier state in 
this disease, it can confidently be assumed that over a hundred thousand of 
these children would become infected with diphtheria bacilli in the course of 
a year. This estímate agrees well with one made from the known Schick re
actions of the million London children who were then at risk: about 13% 
of these children became Schick-negative annually. From these statistics, 
the inference is warranted that well over ten children become infected 
with virulent diphtheria bacilli-and consequently become Schick-negative
for every child that develops a clinical attack of the disease {Payling 
Wright & Payling Wright 1942). This provides a measure of the 'ínjections 
inapparantes' for diphtheria that prevailed in this large urban community 30 
years ago. 

The introduction of tissue culture methods for the isolation of poliomyelitis 
virus, together with the opportunity that this technique affords for the detection 
and titration of specific virus-neutralizing antibodies in the serum of exposed 
persons, has revolutionized our ideas on the epiderniology of this disease. 
lnstead of the infection being apparently sporadic in a community, as was 
formerly inferred from the occurrence of the occasional paralytic case, it is 
now known that poliomyelitis viruses spread in a population with great rapidity 
during epidemics, probably as quickly as that of measles, to judge from the 
outbreaks of the two diseases in Tahiti in 1951 (Rosen & Thooris 1953), and that 
the clinical manifestation of poliomyelitis attracts relatively little attention in 
the majority of persons who become infected. Even with the attenuated variants 
that are included in Sabin's oral vaccine, the virus strains employed can fre
quently be recovered from the stools of many of the contacts of the persons to 
whom the vaccine was originally given (Lennartz & Valenciano 1961; Medical 
Research Council Report 1961). 

The evidence on which the belief in the great frequency of inapparent 
infections in poliomyelitis is based has come from two sources. First, the virus 
of the prevailing epidernic type can often be recovered from the stools of per
sons who never develop the disease in a clinically recognizable form although 
in close contact with an overt case. In the Uníted Kingdom recently in a col
lected series of seventy-eight cases of paralytic poliomyelitis, due to virus 
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strains of all three types, virus was recovered from the stools of about a quarter 
of the 241 home contacts of all ages, and over a half of those aged 0-4 years 
(Public Health Laboratory Service, 1958). Comparable estimates for inapparent 
infections in this disease were obtained in a similar study in Ohio (Horstmann, 
McCollum& Mascola 1955). 

Second, much information has been obtained from the distribution of polio
myelitis virus-neutralizing antibodies in specimens of serum taken at random 
from the general population of the locality under investigation. Estimates of 
the frequency and distribution of inapparent infections made from such sero
logical studies are much more instructive than those derived from the recovery 
of the virus from the stools, for the presence of the virus in the intestines is 
very transitory, while the antibodies excited by the infection persist ata readily 
recognizable leve! for years. In South Africa, in the Bantu people, among whom 
paralytic poliomyelitis is uncommon, about three-quarters of the infants were 
found to possess antibodies to the Lansing strain of the virus at birth. This 
proportion fell to a mínimum of about one-third by the age of 2 years, and rose 
steadily afterwards until specific antibodies were present in the serum of nearly 
all children between 8 and 10 years (Gear 1955). Very similar figures for the 
changes in antibody with age for this strain of virus were recorded for a group 
of mainly Negro children in Baltimore (Turner, Hollander, Buckley, Kokko 
& Winsor 1950). The epidemiology of poliomyelitis thus bears a similarity to 
that of diphtheria: it is essentially that of a widespread disease in which relatively 
few persons who are infected display conspicuous clinical manifestations, and 
the great bulk of the community acquire their protective immunity through 
inapparent infections. 

That insusceptibility towards the so-called childhood infectious diseases 
is not dependent upon sorne change in bodily metabolism that is the result of 
ageing, but upon a highly specific process of immunization is shown by the 
epidemics described in certain island populations when, after an interval of 
many years, the inhibitants become again exposed to infection. Among the 
numerous records of epidemics that spread in uncontrollable fashion in virgin 
communities, that described by Panum (r847) for measles in the Faroe Islands 
in the middle of the last century is among the most notable. When measles 
was again introduced into the Islands from Copenhagen in r846 about three
quarters of the population contracted the disease, and few escaped who had not 
suffered from measles, at the previous outbreak in 1781, 65 years before. As 
Panum pointed out, old persons 70 or So years of age, who had not had measles 
in the former epidemic, acquired the disease as readily as a child of 7 or 8. 
Infants, too, were inordinately susceptible, since they had acquired no passive 
protection from their mothers during intra-uterine life. A comparable epidemic 
of measles, again introduced from Copenhagen, took place in South Green
land in 1951, in which in 3 months over four thousand persons of all ages-
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practically the entire population that had become exposed-contracted the 
disease (Christensen, Schmidt,Jensen, Bang, Andersen&Jordal 1953). 

Loss OF AcnvELY AcQUIRED IMMUNOLOGICAL 

PROTECTION 

Once the antigenic stimulus has ceased to act upon the antibody-forming 
tissues, thc amount of the specific antibody in the blood gradually declines. 
Sorne permanent change, however, has taken place in the cells concerned in 
antibody production, for they remain thereafter highly sensitive to the particular 
antigen, and respond with promptitude and vigour should they again become 
exposed to it: this is the well-known 'secondary response', on the basis of which 
much of our active immunological prophylaxis depends. It is well illustrated 
in diphtheria, which has been much studied from this standpoint. In this 
disease, a type of individual has been recognized to whom the name 'Schick
positive-immune' has been given. In these people, the level of the circulating 
antitoxin has fallen to too low a level to effect the neutralization of the small 
amount of the toxin that is injected in the Schick test-hence they are Schick
positive. Y et since their antibody-forming tissues ha ve becn sensitized previously, 
they respond so quickly by the formation of antitoxin that should the 
person beco me infected with a toxigenic strain of the organism, the intoxication 
is so rapidly and effectively countered that no clinical manifestations appear. 

A remarkable aspect of the epidemiology of measles in London in recent times 
has been the regular biennial nature of the outbreaks. The factors that may be 
responsible for this distinctive feature of the disease have been widely discussed, 
and Stocks's (1930) theory of 'latent epidemization' has been much supported. 
From his analysis of the differing liabilities to measles of those apparently 
unaffected childrcn in families in which a case of the disease had, or had not, 
occurred, Stocks concluded that sorne degree of immunity had been acquired 
by the exposure. This immunity was only temporary, lasting for little over a 
year, so that every second year a large fraction of the child population would 
again become susceptible and an epidemic develop in consequence. 

Apart entirely from the natural decay in specific immunity with time, such 
as is known to occur in many infectious diseases, protection of a form that was 
originally immunological may deteriora te as a result of adverse social conditions, 
and notably of malnutrition. Many of our ideas of the interrelation of nutrition 
and resistance to infectionhave come from the common association of epidemics 
and famines. It is too often overlooked that in times of famine, the social 
upheaval can affect many factors that can contribute to the spread of an infec
tious disease, for example, the dispersa! of people in search of food in tropical 
countries, or the concentration of persons seeking warmth in overcrowded 
houses in less temperare climates. The former can be instanced by cholera in 
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India and the latter by the rise in respiratory tuberculosis in European countries 
in the recent wars. 

Very few studies ha ve been made on the immunizability of a seriously under
nourished population. In 1946, in the Wuppertal district of the Ruhr, Gell 
(1951) made sorne observations on the immunity responses of sorne sixty 
gravely undernourished persons to three mild antigens with any of which it was 
unlikely that they had had previous contact. With two of these antigens, 
tobacco mosaic virus and fowl's red cells, he was able to obtain responses that, 
though smaller, were not much smaller than those he found in his well-nour
ished control subjects. It seems from these observations, that in human beings 
who may literally be famished, the antibody-forming system is maintained with 
little deterioration in its efficiency. Under conditions of widespread famine, it 
seems likely that epidemics of highly infectious diseases are more likely to be 
promoted by the dispersal of the causa ti ve micro-organism through the move
mcnts of infccted persons in search of food, than by any marked loss of herd 
immunity in the stricken population. Famines provoke social disturbances of 
great complexity, of which undernutrition is only one component. 

PROTECTIVE IMMUNITY AND 
ALLERGIC TISSUE REACTIONS 

In no major disease in occidental countrics has the relationship between im
munity, expressed as an allergy, and specific protection proved more contro
versia! than in tuberculosis. That a re-infected individual responds differently, 
and more energetically, to the tubercle bacillus and to some of its products, 
has been known ever since Koch described his classical 'phenomenon' in r89I. 
Whether such an accelerated, and at first sight a more severe, tissue reaction 
proves in any way beneficia! to the reinfectcd individual is crucial to the point 
at issue. Whether thc acute destructive inflammatory reaction that appears at the 
si te of re-inoculation is to be regarded as harmful or not depends upon whether 
the criterion accepted by the observer is to be the gravity of the local tissue 
damage or the likelihood of the survival of the invidual. 

EVIDENCE FOR SPECIFIC IMMUNITY OF A 

PROTECTIVE NATURE IN TUBERCULOSIS 

Ever since the pioneer studies of Naegeli in thc General Hospital at Zurich 
about the end of the last century, it has been apparent that in western Europe 
tuberculosis is an even more widespread disease than was formerly supposed, 
and that the number of persons, even in ordinarily prosperous communities, 
who contract tuberculosis greatly exceeds the number whose cause of death 
can be specifically attributed to it. It was these and other similar observations 
in necropsy rooms elsewhere in Europe and America that led to the expression 
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'Jedermann hat e in Bisschen Tuberkulose am Ende'. From such findings as emerged 
from many post morten rooms of general hospitals, the inference seemed clear 
that once a person had recovered from a minar, and often subclinical, attack of 
tuberculosis, he had acquired a degree ofimmunity which would later give him 
sorne protection in a world in which he would often be thrown into contact 
with tuberculous persons. The subsequent introduction of the tuberculin test 
as a means of epidemiological analysis soon confirmed the conclusion drawn 
from mor bid anatomical findings. 

The flrst convincing study, the forerunner of many similar ones since, that 
demonstrated the protective value of sorne prior tuberculous infection was that 
carried out over many years by Heimbeck (1936) in Oslo. He kept records 
of the after-histories of the probationer nurscs at the Ulleval Hospital with 

TABLE 16.1 

Morbidities from Tuberculosis 

Tubcrculin test Number Tubcrculous morbidity 
on of 

admission nurses All forms Respiratory 

Positive 625 27 4 
Negative 280 96 13 

Morbiditics from tuberculosis of nurses in thc Ulleval Hospital, 
Oslo, between 1924 and 1935, in relation to their reaction to 
tuberculin on entry (Heimbeck 1936). 

special reference to the compara ti ve likelihoods of the development of tubercu
losis in those who on admission were tuberculin positive or negative respective! y. 
His flndings are summarized in Table 16.1. The widely different morbidities for 
respiratory tuberculosis-6.4 and 46.4 per thousand-in Heimbeck' s two groups 
attracted wide attention, and led shortly to many comparable studies else
where. Ofthese, the largest was the Prophit Survey (1948) carried out befare the 
last world war on nurses and medical students in London. The findings in this 
survey substantially supported Heimbeck's conclusion that when young 
persons are placcd in circumstanccs, such as hospital wards and outpatients, 
in which thcy are likely to be exposed to open cases of respiratory tuberculosis, a 
previous infection that has been successfully resisted is succeeded by a decreased 
susceptibility to subsequent re-infection. 

More convincing evidence that sorne measure of specific protection in tuber
culosis is associated with the development of allergy comes from the findings of 
two small, intensive studies on population groups which had been actively 
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immunized with attenuated tubercle bacilli (ncc). The first was made by Aron
son (1958) upon eight North American tribes in Alaska. Two large groups, each 
mainly composed of adolescents, were inoculated, one with BCG and the other 
with saline. The medica! histories of the two groups, followed with great care 

TABLE 16.2 

Mortalities from Tuberculosis and Other Diseases 

Died during subsequent twenty years 
Number 

Group followed All causes 
up except Tuberculosis 

tuberculosis 

BCG 1547 91 13 
Saline 1448 82 68 

Mortalities from tuberculosis and other diseases in a BCG-inocu
lated anda control group of Alaskan Indians between 1935 and 
1955 (Aronson, Aronson & Taylor 1958). 

at intervals over the subsequent 20 years, are set out in Table 16.2. The mortali
ties from all causes apart from tuberculosis were the same in both the BCG and 
the control groups (fifty-nine and fifty-seven per thousand respectively), but 
that from tuberculosis was nearly six times greater in the unvaccinated persons. 

TABLE 16.3 

Morbidities from Pulmonary Tuberculosis 

Original Received Total Number exposed Developed pulmon-
test BCG number to infected teacher ary tuberculosis 

Positive no 130 105 4 
Negative y es 133 106 2 

Negative no 105 94 41 

Morbidities from pulmonary tuberculosis in three groups of Danish schoolgirls: 
(i) originally tuberculin positive; (ii) originally tuberculin-negative but rendered posi
tive with BCG and (iii) still tuberculin-negative at the time ofthe out break (Hyge 1947). 

The second piece of evidence comes from the records of an epidemic of 
tuberculosis in a state school for adolescent girls in Denmark in 1943 (Hyge 
1947). The girls in this school could be divided into three roughly equal groups: 
those that had previously become tuberculin positive as a result of chance 
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infection; those that had been rendered tuberculin positive, though Jormerly 
negative, by the inoculation of BCG sorne months befare, and those who were 
tuberculin negative at the time of the epidemic. Owing to the presence of an 
open case of tuberculosis among the mistresses in the school, a sharp out break 
of tuberculosis developed in the classes that shc taught. The results of the epi
demic are given in Table r6.3. In this outbreak, the previous administration of 
attcnuated tubercle bacilli to about half the tuberculin-negative girls exposcd 
greatly reduced the proportion who subsequently contracted thc disease
tuberculin allergy and protection were thus correlated. 

Structures 
examined I hr 

Viscera + 
Lymph nodes + 

Viscera 
Lymph nodes 

TABLE 16-4 

Dissemination ofTubercle Bacilli 

Intervals between inoculation and excision 
3 hr 6 hr 10 hr I da y 4 days 7 days 10days 

Control guinea-pigs 

+ + + + + + 
+ + + + + + 

Re-infected guinea-pigs 

+ 
+ 

Effect of time of extirpation of the tissues at the si te of inoculation upon the dissemina
tion of tubercle bacilli in control and re-infected guinea-pigs (Willis 1925). 

THE MECHANISM UNDERLYING PROTECTION 

IN TISSUE ALLERGY 

The accelerated inflammatory reaction that follows a local re-infection with 
tubercle bacilli has been regarded by many pathologists as a possible protective 
mechanism ever since Koch described his 'phenomenon'. The possibility was 
put to the test by Willis (r925) nearly 40 years ago, and his results still seem to 
have undiminished validity. He compared the relative rapidity of dispersa! 
of tubercle bacilli from an inoculation si te in the flank of normal guinea-pigs 
and of guinea-pigs that had been infected previously with a relatively avirulent 
strain of the tubercle bacillus and had acquired allergy in consequence. The test 
for the rapidity of dispersa! was undertaken by excising the infected tissues 
round the si te of inoculation at various intervals after inoculation and examining 
the viscera and regionallymph nades at necropsy many weeks later to detect 
the presence of absence of metastatic tuberculosis foci. The results of Willis's 
experiments, which havc been confirmed in experiments carried out by other 
investigators subsequently, are shown in Table r6.4. Willis's observations showed 
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that in re-infected guinea-pigs, the dispersa! of tubercle bacilli from a site of 
inoculation is much delayed. Although this delay was less evident when similar 
experiments were undertaken on rabbits, there is general agreement that in re~ 
infected allergic animals the bacilli become fixed near the síte of inoculation 
(Freund & Angevine 1938). The explanatíon of this fixation is obscure, and may 
depend u pon vascular and other changes in the local tissues that take place much 
more rapidly than has formerly been supposed. In guinea-pigs it is known that 
a fibrin barrier soon forms round the acutely inflamed arca (Krause 1926) but 
while this may be a contributory element in the protective mechanism in this 
species, the concept cannot be generalized since the same barrier does not 
develop in rabbits under comparable conditions (Lurie 1950). 

SPECIFIC ANTIBODIES IN TuBERCULOSIS 

Numerous studies have convinced many disappointed investigators that specific 
antibody formation is not a conspicuous feature of tuberculosis. This compara
tive anergy may be partly attributable to the relatively slight antigenic stimulus 
provided by the bacilli or to the long dinical course of the infection when 
compared with the metabolic turnover rates of any specific antibody globulins. 
But although serum from animals that are either tuberculous, or have been 
inoculated with dead whole bacilli, has no bactericida! action for tubercle bacilli, 
it does contain, although only ata low titre (Raffel 1955) specific antibodies that 
can modify the properties of their surface. The union of such antibodes to the 
tubercle bacilli has been shown by the altered behaviour of the organisms in an 
electrophoretic cell and by their enhanced ingestion when they are exposed to 
phagocytic cells (McCutcheon et al 1929). 

In an interacting system as complex as that which develops in tuberculous 
infections it is manifestly unlikely that protection will be correlated with any 
single variable among the multiplicity ofhost responses. Nonc the less although 
neither bactericida!, nor even growth-inhibitory, themselves, it seems likely 
that the antibodies formed in response to an infection can lead to some degree 
of protection against bacilli that are free in the circulating fluids, possibly by 
opsonizing their surface and thus promoting their ingestion by phagocytes. 

MESENCHYMAL CELLULAR REACTIONS IN TUBERCULOSIS 

There is little doubt that protection in tuberculosis depends mainly upon the 
ability of mesenchymal cells to destroy the bacilli, and that this capacity is 
materially raised should the animal be re-infected. Lurie (1933) demonstrated 
this modification in the reaction of the host when he injected living tubercle 
bacilli intravenously into control and re-infected rabbits. By sampling tissue 
aliquots at intervals afterwards, he was able to determine the numbers ofbacilli 
that had survived in the substance of the liver, spleen, kidneys and lungs of 
these animals. Almostinvariably, he was able to recover a much smallernumber of 
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bacilli from the organs of the re-infected animals than from those of the controls. 
Indeed, when the primary infection was still active, though restricted to the site 
of initial inoculation, the destruction of the bacilli in the four organs he sampled 
was complete. This accelerated ingestion and intracellular destruction of the 
circulating tubercle bacilli might well depend upon the presence of opsonizing 
antibodies in the serum, even though their titre might be low by ordinary 
serological standards. 

Histological examination of the organs of the control and re-infected rabbits 
showed that the destruction of the circulating bacilli was mainly accomplished 
by macrophages, which in the animals of the latter group were mobilized 
more quickly round the sites of lodgement of the bacilli in the tissues. Since 
tubercle bacilli may sometimes survive ingestion by phagocytic cells, the possi
bility has been raised on many occasions that in addition to inducing the forma
tion of humoral antibodies, the development of tuberculous allergy may lead 
to sorne intracellular change in the macrophages that renders their cytoplasm 
inhibitory to the growth of, or even bactericida! for, any ingested tubercle 
bacilli. At present this problem is unsolved, and the relevant literature is contro
versia! (Suter 1954; Mackaness 1954). It is possible, however, as Raffel (1955) has 
suggested, that any such change in a particular macrophage may occur only 
after it has itselfingested one or more tubercle bacilli, thus becoming exposed to 
tuberculoproteins, and may not be a general indiscriminate transformation of 
all the macrophages throughout the body under the infiuence of sorne circulat
ing humoral factor. 

GENERAL OBSERVA TI ONS 
ON PROTECTIVE IMMUNITY 

The majority of infections that are incurred under natural conditions are of the 
nature of first infections, and for protection the animal must initially rely wholly 
on defences of an unspecific kind. Success or failure in the struggle between 
host and parasite depends very largely on the relative speeds with which the two 
contestants can bring their offensive or defensive armaments to bear in the mutual 
struggle. Indeed, as Miles (1955) has emphasized, it is during this early phase 
that the outcome of the infection is often decided. Any lag phase in the multi
plication of the organisms allows a longer period for the mobilization of the 
host's defences. Among these, the series oflocal tissue changes that comprise 
the infiammatory reaction are, for many types of infection, the most effective 
in combating the organism. If the natural development of this mainly vascular 
reaction is hindered, as it can be experimentally through inducing prolonged 
vasoconstriction by a local injection of adrenaline, the usual protective mechan
isms of the host may be placed at a disadvantage for a sufficiently long period 
for the organisms to establish themselves and to overrun any defences that may 
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subsequently be raised against them. Similarly, should the rate of multiplication 
of the organisms be rctarded, as is often possible through the use of bacterio
static drugs, the balance may often be swung permanently to the advantage of 
the host. 

Each instance of infection has its own unique character-the distinctive 
features imposed on its course by a combination of the peculiarities of both 
host and parasite. Any attempt to generalize from one form of infection to 
another, therefore, is necessarily hazardous, but if any generalization is justified 
it would seem to be that the value of the form of speciftc immunity that is 
regarded as protective is to be attributed to the acceleration of a wide range of 
allergic reactions in the mesenchymal tissues of the host, most, if not all, of which 
have some defensive value. Humoral antibodies are formed more promptly 
and in greater amount by the previously sensitized tissue, while the cellular 
reaction evoked, with its usual culmination in phagocytosis, is more vigorous 
and effective, especiallywhen it is fortifred by the action ofhumoral agents. It is 
the greater promptitude with which it can react to attack by the parasite that 
places the allergic animal in a position of advantage and endows its specific 
immunity with protective value. 
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THE HOMOGRAFT REACTION 

The fate of an autogrq{t, i.e. piece of tissue or a whole organ transplanted from 
one place to another in the same organism, depends on whether or not it is 
provided with, or is able to acquire, an adequate supply of nutrient material, 
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adcquate facilities for removal of waste products, and, in a few special cases, 
appropriate nervous connections. If conditions are favourablc in thcse respects 
the graft becomcs established and survives indefinitely. Under similar conditions 
a homograft, i.e. a piece of tissue or a whole organ transplanted from one indi
vidual to another of the same species, behaves initially like an autograft but 
sooner or later, as a general rule, lymphocytes and plasma cells begin to accumu
late in the graft, the circulation (assuming this has become re-established) slows 
and is finally arrested, the cells of the graft all die, and the graft itself is either 
cast off or gradually replaced by tissue derived from the recipient. 

This local reaction is typically accompanied by enlargement of the regional 
lymph nodes associated with the appearance of large cells with pale-staining 
nuclei, and sometimes by systemic manifestations of various kinds such as 
enlargement of the spleen. 

EXCEPTIONS TO THE RULE THAT 
HOMOGRAFTS ARE RAPIDL Y DESTROYED 

lt sometimes happens that a homograft appears to survive when it is in fact 
destroyed because it provides a scaffolding for regenerating recipient tissue and 
undergoes a process known as creeping replacement. This occurs characteristically 
with massive bone grafts and with grafted segments of blood vessels, but may 
also occur with various other tissues transplanted orthotopically, i.e. to an ana
tornically natural environment. 

True prolonged survival, which may in some cases persist throughout the 
normal life span of the recipient, also occurs under certain conditions. The 
factors responsible may be grouped under the following headings: 

r. Compatibility of donor and host. 
2. Special properties of certain tissues. 
3· Special properties of certain sites. 
4· Constitutional abnormalities of the recipient. 
5· Experimental and therapeutic procedures. 

COMPATIBILITY OF DONOR AND HOST 

Many experimcnts have been performed in which there was some clearly 
defined genetic difference between the donor and the recipient of a homograft, 
and as a result it has become possible to distinguish a special class of dorninant 
genes, named by Snell (1948) histocompatibility genes, which determine the fate 
of typical homografts. The necessary and sufficient condition that a homograft 
of any tissue from a given donor D will be treated like an autograft by a reci
pient R which has not been subjected to any special treatment, is that D should 
not possess any histocompatibility genes which are absent from R. 

This condition is satisfied when D and R are identical twins, and advantage 
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has been taken of this fact clinically in treating irreversible renal failure by 
transplantation of a whole kidney when the patient happened to be lucky enough 
to have a healthy identical twin willing to serve as donor. 

The condition may also be virtually satisfied experimentally when D and R 
are members of a strain of animals which has been maintained by brother-sister 
mating for many generations, or when R is the F1 hybrid of two such strains 
and D is a member of one of them, provided also that D and R are of the same 
sex, or that D is female and R male. The necessity for the qualification about the 
sex of D and R, which was first recognized by Eichwald & Silmser (1955), 
arises from the fact that, at any rate in mice, sorne histocompatibility genes are 
located on the Y chromosome. 

In the special case when donor and host have the same genetic constitution 
the graft is described as isogeneic; all other homografts are termed allogeneic. 

Histocompatibility genes have been studied most extensively in mice, and 
several histocompatibility loci ha ve been identified, of which the most import
ant is that known as the H2 locus. The histocompatibility genes of the H2 
system all appear to be strong genes, in the sense that if the donor possesses even 
one of these which the recipient lacks the graft is likely to be destroyed rapidly; 
most if not all of the histocompatibility genes relating to other loci, on the other 
hand, are weak, and differences in respect of them may ha ve only a slight effect 
on homograft survival. 

Little is known definitely about histocompatibility genes in man, but Simon
sen (1965) has suggested that the strong antigens are determined by a single 
genetic locus with a small number (possibly three) of alleles. 

Various tests are used clinically to assess the degree of histocompatibility 
between patients needing organ transplants and available donors; these will be 
considered later. 

SPECIAL PROPERTIES OF CERTAIN TISSUES 

Homografts of avascular tissues like cornea and cartilage may survive indefin
itely provided that they remain a vascular. 

A homograft of ovarían tissue, for sorne reason which has not yet been elu
cidated, is likely to survive considerably longer than a skin graft from the same 
donor to the same recipient. Moreover, as Linder (r962a, b) has shown, the 
survival of a skin homograft may be prolonged (and in weak histocompatibility 
situations prolonged indefinitely) in a recipient which has previously received 
an ovarian homograft from the same donor strain. Homografts of testis, and of 
various endocrine tissues, sometimes also survive for a surprisingly long time, 
especially if the recipient is deficient in respect of the endocrine in question. 

Tissue from embryos sometimes survives longer than the corresponding 
tissue from a normal adult donor, but this is by no means always the case. 

Tumour homografts often behave very much like homografts of normal 
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tissues though the histological reaction they evoke is more varied (see Gorer 
1960). Sometimes, they grow progressively and kili the recipient even when 
the genetic disparity is such that homografts of normal tissues from the same 
donor would be rapidly rejected. 

SPECIAL PROPERTIES OF CERTAIN SrTES 

Homografts of various tissues may survive for a long time, or even indefinitely, 
in the white matter of the brain and in the anterior chamber of the eye. Sorne
times this happens because the graft has failed to develop a blood supply, but 
it may also happen, at any rate in the anterior chamber, with well vascularized 
grafts. Possible reasons for this phenomenon ha ve been discussed by W oodruff 
& Woodruff (1950). 

The mammalian foetus in u tero, which is a form of homograft, may also be 
considered in this category. Although many factors contribute to its survival 
the necessary and sufficient condition appears to be isolation of the foetus from 
maternal circulating cells by the placenta! barrier (Woodruff 1957). 

CüNSTITUTIONAL ABNORMALITIES OF THE 
RECIPIENT 

It has been reported that in man homografts may survive abnormally long if the 
recipient is suffering from chronic uraemia (DAMMIN, CoucH & MURRAY 1957), 
Hodgkin's disease (KELLY et al 1960), or agammaglobulinaemia (Good & Vareo 
1955, and see Chapter 19). In experimental animals homograft survival has been 
found to be prolonged when the recipient is pregnant (Heslop, Krohn & Spar
row 1954). 

EXPERIMENTAL AND THERAPEUTIC PROCEDURES 

These may be subdivided into two main groups: non-speci.fic procedures, which 
may reduce an individual's capacity to reject homografts in general, and speci.fic 
procedures which reduce the capacity of an individual to reject homografts 
from a particular donor. Some of these will be considered in detaillater. 

THE MECHANISM BY WHICH 
HOMOGRAFTS ARE DESTROYED 

A decisive step towards an understanding of the mechanism by which homo
grafts are destroyed was provided by the observation of Gibson & Medawar 
(r943) that a second skin homograft from the same (human) donor to the same 
recipient was destroyed more quickly than the first. This second-set phenomenon, 
as it is called, has since been demonstrated in many mammalian species, and 
also in fish and amphibia, and with a wide variety of tissues. It has been shown 
further that a first graft of 011e kind of tissue may provoke accelerated rejection 
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of a second graft of a different kind provided that both come from the same 
donar. The frrst graft may take the form of a whole organ transplanted by 
vascular anastomosis, a free graft of a small piece of tissue, or an injection of a 
suspension of living cells. The rate at which the state of increased reactivity 
develops depends among other things on the type and magnitude of the graft, 
and its location in the recipient. 

These observations suggested that the rejection of a homograft was an im
munological phenomenon stimulated by antigens liberated from the graft, 
and further, that different tissues from the same donar had at least sorne antigens 
incommon. 

Direct proof that homografts may be antigenic is provided by the demonstra
tion of humoral antibodies in homograft recipients. In rodents, as was first 
shown by Lumsden (1938) and Gorer (1937, 1938), haemagglutinins may appear 
in the recipient's blood during or immediately after regression of a tumour 
graft. Further analysis, in which Gorer has played a leading part (see e.g. Gorer 
1956, 1960), has shown that in mice haemagglutinins regularly appear following 
homotransplantation of tumours, and probably also of normal tissues, when the 
donar possesses histocompatibility genes of the Hz system which are lacking in 
the recipient. Haemagglutinins have also been demonstrated following homo
grafting of skin in other species including man, but the precise conditions under 
which they appear have not been defined. Cytotoxic antibodies, demonstrable 
by a variety of in vitro or combined in vivo and in vitro tests (for review see 
Woodruff, 1960), may also appear in the serum ofhomograft recipients. 

Despite these observations there is much evidence to suggest that the role of 
humoral antibodies in the rejection of homografts of normal tissues, and pro
bably also of many tumours, is at most a subsidiary one. 

It the first place, it has been shown that increased resistance to homografts 
from a particular donar can be transferred from the recipient to another animal 
of the same inbred strain by means of cells obtained from lymph nades draining 
the graft, but not as a rule by serum or erythrocytes. This was fmt shown by 
Mitchison (1954) working with a transplantable mouse tumour, and confirmed 
by Billingham, Brent & Medawar (1954) with skin homografts in mice. More 
recently Lawrence et al (1960) have succeeded in transferring increased resistance 
to homografts in man with leucocyte extracts. 

Secondly, as Algire and his colleagues have shown (Algire, Weaver & 
Prehn 1957), homografts enclosed in 'diffusion chambers', thc walls of which 
are made of a membrane permeable to large molecules but not to cells, will 
survive indefinitely provided that their metabolic needs can be adequately met. 
Further analysis has shown that such grafts do not invoke immunity nor 
are they destroyed in pre-immunized recipients; it thus seems likely that cir
culating recipient cells play a crucial role on the afferent as well as on the efferent 
side of the homograft reaction, since non-cellular antigenic material would be 
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expected to escape through the membrane and enter lymphatics in thc vicinity. 
This hypothesis, and other evidence in support of it, is discussed in a recent 
review by Gowans & McGregor (1965). 

Experiments with diffusion chambers suffer from the disadvantage that even 
with very small grafts nutritional exchange may be inade(}Uate. This objection 
does not apply to experiments with the mammalian foetus which, as we have 
seen, is a form of homograft in a specially privileged si te. It has been shown, 
however (Woodruff 1957), that the foetus does not ordinarily immunize the 
mother, nor does it suffer if the mother has been pre-immunized with a homo
graft from the father, the effect of which must have been to immunize the 
mother against foetal antigens determined by histocompatibility genes inherited 
from the father. These results are not due to sorne peculiarity of foetal tissuc, 
because grafts of such tissue in extra-uterine si tes in the mother do induce a state 
ofimmunity and are rejected like other types ofhomograft. 

A third piece of evidence of the dominant role of recipient cells in the homo
graft reaction comes from the observation of Brent, Brown & Medawar 
(1958) that delayed-type hypersensitivity reactions occur when a guinea-pig 
which has rejectcd a homograft is injected intradermally with donor lymphoid 
cells, or even with antigcnic material prepared from such cells, and also when cells 
from the regionallymph nodes of the recipient are injected intradermally into 
the donor. 

It is possible that in some circumstances humoral antibodies and cellular 
mechanisms act synergistically in destroying homografts, and in the special 
case of the transplantable mouse leukaemias it may well be, as Gorer has sug
gested, that humoral antibodies play thc dominant role, since immunity to these 
tumours can be transferred passively with serum (Gorer & Amos 1956). On 
the other hand, as we shall see when considering the phenomenon of enhancc
ment, humoral antibodies may also have the opposite effect, and help to protect 
a graft against cellular attack. 

THE ANTIGENS CONCERNED 
IN THE HOMOGRAFT REACTION 

Much work has bcen done with the object of isolating and determining thc 
chemical nature of the antigcns conccrncd in thc homograft rcaction. A fcw 
:ifars ago it was widely believed that, at any rate in mice, therc werc two sets 
oT antigens: 'T antigens' which elicit transplantation immunity as manifested 
for example by the second-set response, and 'H antigens' which elicit the forma
tion of haemagglutinating antibodies. Billingham, Brent & Medawar (1956b) 
reported that the T antigens were present in the nuclei of cells, and succeeded in 
extracting antigenic material by ultrasonic distintegration of cell nuclei and 
centrifugation at 25,000 g. The solubility properties of the material, and the fact 

R 
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that it was inactivated by DNA-ase but not by RNA-ase suggested that the antigens 
were in fact DNA proteins, but further investigations (Billingham, Brent & 
Medawar 1958) showed that DNA was nota necessary constituent of antigenically 
active preparations, and suggested that the antigens were probably amino-acid 
polysaccharide complexes chemically related to the human blood group sub
stances. More recent investigations have cast doubt on the validity of the 
distinction between T and H antigens (Brent, Medawar & Ruszkiewicz 1961, 
1962), and have established that in mice, while a small amount of antigenic 
activity may be present within cells, most of it is located in a fraction derived 
from cell membranes which is predominantly lipoprotein but is not entirely 
devoid of carbohydrate (Kandutsch 1961; Castermans 1962; Davies 1962, 1964 
I966; and others). Antigens determined by the Hzlocus ha ve been most studied, 
but the H2 active lipoproteins contain also antigens determined by other loci. 

Insoluble or 'semi-soluble' antigenic material may be ptepared from lym
phoid cells and tumour cells by breaking up the cells mechanically or lysing 
them in hypotonic solutions, or more simply, as Davies (r966a) has shown, by 
washing the cells with hypotonic salt solution up toa point short of lysis. Similar 
material may also be prepared from ascitic fluid (Davies 1962). The antigenic 
activity of these preparations has been demonstrated in vivo by their capacity to 
sensitize mice of a different strain to homografts from mice of the strain from 
which the antigen was prepared and to evoke the formation of cytotoxic iso
antibodies, and in vitro by their capacity to inhibit the cytotoxic effect of iso
immune antisera. 

It was shown by Medawar (r963) that intravenous injection of semi-soluble 
antigen may induce tolerance of homografts (v. infra) in weak histocompati
bility systems, and it seems likely from the work of Dresser (1962a, b) that toler
ance might be induced in stronger histocompatibility systems if the antigens 
were available in soluble form. Solubilization is also the key, as Davies (1966a) 
has pointed out, to further elucidation of the chemical structure of the trans
plantation antigens. Kandutsch and his colleagues (Kandutsch & Stimpfling 
1963; Kandutsch, Jurgeleit & Stimpfling 1965) attacked this problem by using 
a non-ionic detergent, Triton, but material solubilized in this way became in
soluble when the detergent was removed. Further treatment with phospholipasc 
yielded a water soluble preparation consisti11g of lipoprotein with a small 
amount of carbohydrate but in this form the H2 a11tigen was polydisperse 011 
ultracentrifugation at physiological pH. Da vi es ( 1 966b; se e also N athenson & 
Davies 1966a, b) has developed two methods of solubilizatio11 which ope11 up 
new a11d exciting prospects for future work. One is based 011 the autolytic 
i11cubation oflipoprotein derived from fresh mouse lymphoid cells in Tris-HCI 
buffer at 37°C; the other 011 the treatment of lipoprotei11 from freeze-dried 
tumour cells with fici11 (a mixture of e11zymes, mainly proteolytic, from the 
latex of certain flgs). 
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NON-SPECIFIC INHIBITION 
OF THE HOMOGRAFT REACTION 

The capacity of an animal or person to react to a variety of antigenic stimuli 
including that provided by a homograft may be reduced by cxposure to whole 
body X-irradiation, thymcctomy in early lifc, dcplction of lymphocytes by 
drainage through a thoracic duct fistula, and administration of im¡nunosuppres
sive drugs or antilymphocyte serum. Thc immunosuppressivc drugs include 
corticosteroids, alkylating agents such as nitrogen mustard, and various anti
metabolitcs such as 6-mcrcaptopurine and azathioprine. 

WHOLE BonY IRRADIATION 

It was shown many years ago by Mnrphy that the resistance of rats to tumour 
heterografts was diminished by exposing the animals to X-rays (see Murphy 
1926). Much more recently Dempster, Lennox & Boag (1950) showed that the 
survival of skin homografts in rabbits was increased up to about three-fold by 
exposing the recipients to approximately 250 rads whole body irradiation the 
day before grafting. On the other hand irradiation in sinúlar dosage has no 
effcct on survival time ofkidney homografts in dogs. 

In man irradiation in a dosage of about 400-600 rads has been found to pro
mote the survival of kidney homografts; only in exceptional circumstances 
however is it likely to result in very long survival (see Hamburger et al 1959; 
Merrill et al 1960; Küss et al 1961; Tubiana, Lalanne & Surmont 1961), and the 
risk of death from overwhelnúng infection is prohibitive (Woodruff et al 1962). 

The possibility of using very much higher doscs of irradiation became appar
cnt when it was shown that mice and guinea-pigs could recover after irradiation 
which would otherwise be lethal provided that they rcceived transplants of 
haemopoietic tissue either from an animal of the same inbred strain or, undcr 
ccrtain conditions, from an animal of a different strain (Lorenz, Congdon & 
Uphoff 1952). Thc same phenomenon has subscquently been demonstrated in 
other species. 

There has been much discussion of the nature of the protective effect of trans
planting haemopoietic tissue, but it has now bcen proved beyond doubt that, 
if the dd&e of irradiation is sufficient, cells derivcd from the transplanted tissue 
may persist indefinitely in the recipient (Ford et al 1956; Porter 1957). Animals 
in which this occurs are termed irradiatíon chímaeras. 

Bcyond a certain dose level of irradiation, which varíes with the species, 
transplantation of haemopoictic tissue is unable to promote recovery because 
death results from damage to intestinal epithelium. The safe dose of irradiation 
may be incrcascd considerably by prior adnúnistration of certain sulphydril 
compounds such as AET (S,2-aminoethylisothiouronium. Br.HBr). Mice pro
tectcd by this drug show less inhibition of thcir immunological reactivity, 
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including thcir capacity to reject homografts, than unprotected mice given the 
same dose of irradiation: Raffel (1962) has shown, however, that this effect is 
relatively slight as compared with the protection afforded to the gut, so that it is 
possible to achieve a greater degree of inhibition of immunological reactivity 
without killing the animal by using the drug in combination with irradiation 
than by irradiation alone. 

Irradiation is much less effective if given after transplantation of a homograft. 
There is sorne suggestive evidcnce, however, that the rejection of a kidney 
homograft in man may be retarded by post-operative irradiation of the patient 
generally, or of the size of the graft, or both (Merrill et al 1960; Küss et ali961), 
and in mice whole body irradiation may reduce the immunizing effect of an 
intravenous injection of spleen cells from an animal of a different strain (W ood
ruff1961). 

THYMECTOMY 

It has been established, largely by the work of Millcr & Good, and their re
spective colleagues (see e.g. Miller 1965), that thymectomy of newborn mice 
and various other animals results in marked impairment of the capacity to 
reject homografts whereas thymectomy of adult animals without other treat
ment has no such effect. Mice which have been thymectomized as adults are, 
however, slower to recover their immunological responsiveness after whole 
body irradiation thannon-thymectomized mice. 

THORAcrc DucT FrsTULA 

It was shown by McGregor & Gowans (1963) that a specific depletion of small 
lymphocytcs in rats can be produccd by chronic drainage of cells from a thoracic 
duct frstula. This depletion is associated with impaired immunological respon
siveness including impairment of the homograft reaction (McGregor & Gow;ns 
1964; Woodruff& Anderson 1963, 1964). 

IMMUNOSUPPRESSIVE DRUGS 

The drugs which have been shown to have an inhibitory effect on the homo
graft reaction fall into three main categories: corticosteroids, alkylating agents 
and anti-mctabolites. The anti-metabolites include 6-mercaptopurine and the 
related compound azathioprine, which have become widely used in the treat
ment of human renal transplant recipients since their capacity to inhibit the 
homograft reaction was first demonstrated experimentally by Calne & Murray 
(Calne 1960, 1961; Calne& Murray 1961). 

The investigations ofBerenbaum and othcrs (for review see Berenbaum 1965) 
ha ve thrown much light on the mode of action of these agents, and the optimal 
time of administration in relation to the time of grafting. 
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ANTI-LYMPHOCYTE SERUM (ALS) 

Thc demonstration by Chew & Lawrence (1937) that serum prepared by im
munizing an animal of one species with lymphoid tissue from another had a 
powerful anti-lymphocytic effect in vivo suggestcd that serum prepared in this 
way might have immunosuppressive properties. Initial attempts to confrrm 
this failed (Woodruff 1960), apparently beca use the serum was oflow potency, 
but subsequently Waksman, Arbouys & Arnason (1961) succeeded in producing 
marked depression of the tuberculin and contact allergic reactions and slight 
prolongation of homograft survival in guinea-pigs treated with rabbit anti
guinea-pig lymphocyte serum, and Woodruff & Anderson (1963, 1964) ob
tained striking prolongation of skin homograft survival in rats treated with 
rabbit anti-rat lymphocytc serum. 

Similarly spectacular results have now been reported with skin homografts 
in mice (Gray, Monaco & Russell 1964; Monaco, Wood & Russell 1965; 
Levcy & Medawar 1966a) and with kidney and liver homografts in dogs treated 
with horsc anti-dog lymphocyte serum (Abaza et al 1966; Starzl et al 1966). 
It has becn shown moreovcr by Levey & Medawar (op. cit.) that a pre-existing 
state of immunity to skin of a particular donar strain may be weakened or even 
abolished by treatment with ALS in a dosage which is wcll tolerated, a frnding 
which distinguishes ALS from all other known immunosuppressive agents. 

ALS (horse anti-human lymphocyte serum) has been used in several human 
renal transplant recipients by Starzl (Starzl et al 1966) and in one such case by 
Woodruff(1966b). 

The mode of action of ALS is still thc subject of speculation. For a discussion 
of current theories the readcr is rcferrcd to a recent review by Levey & Medawar 
(1966b). 

SPECIFIC INHIBITION 
OF THE HOMOGRAFT REACTION 

In this section wc~hall discuss a group of conditions in which the capacity of an 
organism to rcact to homografts from a particular donar is reduced or abolished 
by prcvious cxposure to antigenic material derived from the graft donar or 
another animal of thc same genetic constitution. 

SPEC1F1C lMMUNOLOG1CAL TOLERANCE 

lt was predicted by Burnet & Fenner (1949) that if an animal was exposed while 
it was still sufficiently immature, to a particular antigen, it would fail to react 
if challenged later in life with the same antigen. 

In fact, an example of the phenomenon predicted occurs in nature when 
dizygotic twins beco me blood chimaeras as a result of the persistence of haemo-
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poictic tissuc exchanged during intrauterine life. The true explanation of this 
condition, which is common in cattle, was established as long ago as 1945 by 
Owen, but the first experimental confirmation of the Bumet-Fenner prediction 
carne from the discovery of Billingham, Brent& Medawar (1953, 1955, 1956a) 
that CBA mice injected on the 15th to 16th day of intra-utcrine life with cells 
obtained by chopping up the kidney, spleen and testis of an A-strain donor, 
would subsequently in postnatal life accept permanently grafts of A-strain 
skin. Soon afterwards it was shown that non-reactivity to skin homografts 
could be induced by injecting donor (or donor strain) cclls to newbom rats 
(Woodruff & Simpson 1955) and mice (Billingham & Brent 1957a), and also 
that the non-reactivity extended to donor tissues other than skin, including 
ínter alía thyroid (Woodruff& Sparrow 1958) and adrenal (Woodruff& Sparrow 
1958; Medawar&Russell 1958). 

Billingham et al found howevcr that thc non-reactivity did not extend to skin 
grafts from mice of a third strain, and they thereforc namcd the phenomenon 
specí.fic immunologícal tolcrance. They showed further that tolcrancc could be 
abolished by rc-equipping the tolerant animal with lymphoid cells from a nor
mal member of the recipient strain, or more quickly with cells from thc regional 
lymph nodes of an animal of the recipient strain which had previously been 
immunized against donor strain skin. They concluded in consequence that toler
ance was the result of a specific central failure of the mechanism of immunologi
cal response. 

It was concluded from all this work that there are three stages in immunologi
cal development. During the first stage, which ends at about the time of birth 
or soon afterwards, exposurc to antigen results in the development of specific 
tolerance. During the second stagc, which is of short duration and is sometimcs 
known as the null period, exposure to antigen evokes neither tolerance nor 
imml111ity, while during the third and final stage the organism exhibits full 
immunological maturity. 

It is now apparent that this scheme is a gross over-simplification. 
In the first place, tolerance is not an all-or-nothing phenomenon. An animal 

may become partially tolerant, in which case its capacity to react to the antigen 
in question is impaired but not abolished. In the case of skin homotransplants 
this may lead to the curious situation (Weber, Cannon & Longmire 1954; 
Woodruff & Simpson 1955) in which a first transplant may be permanently 
accepted while the second one from the same donor is sooncr or later reje::ted. 
Secondly, the result of exposure to antigcn in the form of allogeneic cells 
depend> not only on the age of the recipient but on the species and strain of 
donor and host, the number of cells injected, and the route of injection. Indeed 
it may be possible at the same time to induce tolerance to onc antigen (ora set 
of antigcns) and immunity to another, a condition which is known as split 
tolerance (Billingham& Brent 1959; Brent& Courtenay 1961). 
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Thirdly, it has been shown that a state of unresponsiveness to skin homografts 
which is at least partly specific may be índuced in adult mice by a variety of 
procedures including irradiation in lethal dosage, and resuscitation by the in
jection of haemopoietic tissue from the prospective skin donor or an animal 
of the same genetic constitution (Main & Prehn 1955; Trentin 1957; Barnes 
& Loutit 1959); sub-lethal irradiation followed by the injection of donor strain 
splecn cells (Main & Prehn 1957; Michie & Woodruff 1962); parabiosis (Rubín 
1959; Martinez et al 1960); rcpeated intravenous injection of donor strain spleen 
cclls o ver severa! weeks (Shapiro et al 1961); intravenous injection of donor cpider
moid cells in rabbits (Billingham 1957), and injection of antigenic extracts, with 
or without treatment in the form of whole body irradiation or the administra
tion of cytotoxic drugs (Medawar 1963). 

It is not suggested that the mechanism is the same in all these cases. After lethal 
irradiation and resuscitation with haemopoietic tissue, for example, the recipi
cnt's immunological functions may be taken over completely by cells of donor 
origin, but in so me circumstances, as in the experiments of Michie & W ood
ruff (op. cit.) the non-reactivity has been shown to be due to speciftc central 
inhibition akin to that described by Billingham, Brent and Medawar in their 
original experiments on tolerance induction in the foetus. 

Fourthly, Howard & Michie (1962) have adduced evidence that newborn 
mice become immtme, not tolerant, if injected with a sufficiently small dose 
of allogeneic cells. 

A fuller discussion of tolerance and its significancc from the point of view of 
immunological theory will be found in a recent review by Woodruff(1965). 

ENHANCEMENT 

The term enhancement was applied originally to prolonged survival of tumour 
homografts following the injection or transplantation of tissue from the same 
tumour which had been _{-illed by heating, freezing and thawing, or freeze 
drying, or by injection of tumour tissue extracts. It was discovered by Kaliss and 
his colleagues (Kaliss 1957) that this phenomenon depends in sorne way on 
the presence of antibody in the serum of the recipient, and the term enhancement 
is now applied to all forms of specific non-reactivity mediated in this way, 
including non-reactivity to homografts of normal tissues, although this is 
admittedly not very appropriate. 

Enhancement may be quite drama tic in the case of tumours, but with homo
grafts of normal tissues the most that has been achieved so far is to prolong the 
period of survival by a few days or occasionally to double it (Billingham, Brent 
& Medawar 1956c). 

It appears from the work ofMoller (1963) that enhancing antibody may inhi
bit both the uptake of antigen from homografts and the destruction of homo
grafts by cellular immune mechanisms. 
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REACTION OF GRAFT AGAINST HOST 

Sornetimes when living cells are transplanted the recipient suffers llljury, 
which rnay be serious and even fatal, due to sorne of the grafted cells reacting 
irnmunologically against the tissues of the recipient. 

For this to occur the following conditions nmst be fnlfillcd: 
1. The recipicnt rnust possess at least one antigen which is not prcsent in thc 

ccll donor. 
2. The rccipient rnust be either completely unable to rcject the grafted cells, 

or only able to reject thern relatively slowly. This rnay occur for exarnple if the 
recipient is irnrnature, or possesses all the antigens which are present in the donor, 
or has been subjected to sorne procedure such as whole body irradiation which 
has reduced its capacity for irnmunological response. 

3. Thc injected cells must include a snfficient number which are imnnmo
logically competent, i.c. capable of n1.onnting an inunnnological rcaction whcn 
cxposcd to antigenic stimulation. 

Immunologically compctent cells are present in large numbers in the spleen 
and lymph nodes, and in thoracic duct lymph. They occur also, but in smaller 
numbers, in bone marrow, and in thc peripheral blood. Since thoracic duct 
lymph contains only two kinds of cell, namely large and small lymphocytes, 
it follows that one or both of these cell types must be immtmologically com
petent, and it appears from the work of Gowans et al (r96r) that this property 
belongs to the small but not to the large lymphocyte. 

Disease due to graft-versus-host reaction, which may appropriately be de
signated G v H disease, takes various forms. It was first recognized by Billingham 
& Brent (r957b) in mice following intravenous injection of allogeneic spleen 
cells irnmediately after birth, and by Simonscn (r957) in chickens injected with 
allogeneic spleen cells or buffy coat leucocytes 3 days before hatching. In mice 
the main features described by Billingham & Brent were wasting, diarrhoea 
and hypoplasia of lymphoid tissue, and they named the condition runt disease. 
In chicks Sirnonsen observed severe haemolytic anaemia, associated with the 
appearance of numerous plasma cells in the spleen, bone marrow and thymus. 
A condition closely rescmbling runt disease in mice has since been described in 
rats injected at birth with allogeneic spleen cells (W oodruff & Sparrow 19 57) 
or thoracic duct lymphocytes (Anderson, Delorme & Woodruff, 1960). 

Another condition which appears to be due largely to a graft-versus-host 
reaction is that known as secondary disease, which sometimes dcvelops in heavily 
irradiated animals which have recovered temporarily following injection of 
allogeneic spleen or bone marrow cells. This was first observed in mice by 
Barnes et al (1956) and has since been reported to occur in many other species 
including rnan (Mathé et al 1960). 

G v H disease has also been observed in mice following irradiation in a dose 
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of 3 50 to 500 rads and intravenous injection of about 1000 million allogeneic 
spleen cells (Michie & Woodruff 1962), but in this case the term secondary 
disease is not appropriate since the condition was not preceded by primary illness 
and temporary recovery. 

Yet another form of G v H disease occurs when spleen cells from an animal 
of a strain which has been inbred sufficiently to become virtually uniform and 
homozygous in respect of all histocompatibility genes, are injected in appro
priate dosage into a normal adult hybrid of this and another inbred strain. 
The situation, simplificd by treating each strain as if it possessed only a single 
histocompatibility gene, may be schematically represented thus: 

(AA) x(BB) 

1 
(AA) spleen cells -+ (AB)F1 = Cells accepted but rcact agaínst antigeus in 

rccipient determined by gene B. 

Finally, the 'intoxication' whích often develops in animals connected in 
parabiosís is probably due, at least in part, to each partner reacting immuno
logically against the other; it may therefore be regarded as a form of mutual 
G v H disease. 

It must be emphasized that the severity of G v H disease depends on many 
factors, including the degree ofhistoincompatibility of cell donor and recipient, 
the source of the injected cells, and thc number of cells injected. Moreover, 
animals developing G v H disease of mild to moderate severity may subse
quently recover more or less completely, either because the grafted cells dis
appear or because they become immunologically tolerant of the recipient 
(Símonsen 1960; Michie, Woodruff& ieiss 1961). 

One of the characteristic features of graft-versus-host reactions is enlarge
mcnt of the recipient's spleen. Simonsen & Jensen (1959) havc taken advantage 
of this fact in developing a method known as the discriminant spleen assay for 
aualyzíng a mixed population of immunologically competent cells. A slightly 
modified version of their procedure is illustrated in Fig. I 7. I. 

This type of assay has been applied to the analysis of animals injected with 
allogeneic splecn cells in the neonatal period (Michie, Woodruff & Zeiss 1961), 
or in adult life after sublethal (Michíe & Woodruff 1962) or lethal (van Bekkum 
1 <)62) írradiation. One curious conclusion which has emerged is that most of 
thc ímmunologícally competent cells in the spleens of míce showíng marked 
symptoms and signs of G v H dísease are of recipient orígin. Parallel investíga
tions, using donors possessíng an easíly recognizable chromosomal translocation, 
havc shown that the same ís true of most of the proliferatíng cells in the 
rccipients' spleens, irrespective of whether or not they are immunologically 
compctent. 

n* 
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It secms likcly, therefore, that the manifestations of G v H cliscase are the 
result of damage caused by thc foreign cells within a short time of their being 
injected. Evidencc in support of this conclusion is providcd by experimen:ts 

A-stroin mouse previously 
injected with CBA spleen cells CBA Normal A-strain mouse 

~ q~ ~-B 
IO'Ymt suspension tü'Ymt suspension 10

8
/mt suspension 

l l l 

T r~' ~~:r~ 
~ ~~ 

T2 T s, s2 

1 1 
O·lml O·lml O·lml O·lml O·tml 

¡ l ¡ 
5-dayold ~~~~~ ~ 
litterof ~~-::~-.__~ ~-=-~~~ 
~~~?BU~ · 

hybrids '-.. -....,¡--- ~ 
Kitted and spteen weighed 9 days la ter 

Frc. 17.1. Form of discriminant spleen assay for deterrnining the relative number 
of immunologically competent cells of recipient origin in a suspected A-CBA 
chimaera as compared with a normal A-strain mouse. The s-day-old hybrids are 
mature enough to reject CBA cel!s but they accept A cells and these react against 
antigens inherited from the C57BL parent and cause splenomegaly. The logarithm 
of the relative spleen weight (i.e. ratio of weight of spleen to weight of mouse) 
about 9 days after injection has been shown by Michie and Simonsen to be a linear 
function of the logarithm of the number of immunologically competcnt A-strain 
cells injected. An assay of the donor component of the immunologically competeut 
cells in the sp!ecn of the suspected chimaera is performed similarly in 5-day-old 
{CEA x C57BL)F1 hybrids (after Michie and Woodrutf). 

in which it has been shown that the symptoms and signs of G v H disease 
following the injection of allogeneic spleen cells to newborn or irradiated mice 
may be reduced in severity, or even suppresscd cntirely, by treating thc recipient 
with an anti-metabolite, A-methopterin (Vphoff I95 8; Russcll r962), ro 
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altcrnatively by injccting normal recipient strain spleen cells (Russell 1960), 
provided that the treatment is given within a few days ofinjection of the foreign 
cells. Spleen cells from an animal of the recipient strain which has been immu
nized against donor strain tissue are effective as a prophylactic agent for a few 
days beyond the time at which normal recipient strain spleen cells cease to be 
cffcctive, but once overt manifestations of G v H disease have developed no 
treatment so far tried appcars to alter the course of evcnts. For a more detailed 
discussion of the natural history of G v H reactions and their use as tools of 
rcsearch the reader is referred toa revicw by Simonsen (r962). 

CLINICAL IMPLICA TI ONS 
OF THE HOMOGRAFT REACTION 

Some types ofhomograft are clinically useful even though they, or at any rate 
their constituent cells, do not survive very long. Thus, for example, homografts 
of skin may provide valuable temporary cover in patients with severe burns, 
and homografts ofbone providc a scaffolding which guides the regeneration of 
host tissue. Homografts of segments of arteries, which were widely used in 
vascular surgery before the development of woven arterial prosthcses, provide 
a mass of inert material, some of which persists and is gradually incorporated 
into the structure of the host, and more recently homografts of heart valves 
have been shown to behave in a similar way (Ross 1966). 

Most homografts, however, remain useful only in so far as they continue to 
survive and function, and except in the case ofhomografts of privileged tissues 
like cornea and cartilege, they will sooner or latesa,cease to do this unless either 
the donar is histocompatible with the recipient or immunological rejection is 
prevented by one of the procedures already described. 

It is doubtful if complete compatibilíty will ever be obtained except when the 
donor and recipient are identical twins; in practice however it will suffice if the 
degree of compatibilíty is such that rejection can be prevented indefinitely with 
the methods currently available. 

The clinical demand for homografts embraces many types of tissue in addition 
to those already mentioned, including borre marrow and endocrine tissue, 
and whole organs such as the kidney, liver, lungs and heart. 

The fmt organ to be transplanted in man by vascular anastomosis was the 
kidney, and even now transplantation of other organs in this way is rarely 
attempted on account of the formidable technical difficulties. Initially no 
form of immunosuppression was used other than small doses of cortisone or 
ACTH in some cases. Then came the era of whole body irradiation in which 
some grafts functioned for a few months or even for a year or more, but many 
patients died within a few weeks from septicaemia. Today it is customary 
to use a combination of immunosuppressive drugs, usually prednisone and 



492 CLINICAL ASPECTS OF IMMUNOLOGY 

azathioprine routinely with the addition of actinomycin C if acute rejection is 
threatened. Sorne hundreds of patients have been treated in this way (see e.g. 
Calne, 1963; Starzl 1964; Murray, Gleason & Bartholomay 1965; Dunea et al 
1965; Hamburger, Crosnier & Dormont 1965; W oodruff 1966a) and it appears 
that with good pre-operative and post-operative care, including haemodialysis 
or peritoneal dialysis if required before operation and during the first week or 
two thereafter, one can expect a mean graft survival time of between 1 and 2 
years even with unrelated donors selected on the basis of red cell grouping only. 
The patient survival time should be much longer if adequate dialysis facilities 
are available because when the transplant is becoming ineffective it can be re
moved and replaced by another one after a period of rehabilitation by twice 
weekly dialysis. 

It seems likely that the prognosis will be greatly improved in the near future 
as the result of improved methods of matching donor and rccipient. Various 
tests have been proposed, including the normal lymphocyte transfer test 
(Brent & Medawar 1963; see also Gray & Russell 1965), the mixcd leucocytc 
culture test (Bain, Vas & Lowenstein 1964; Bach & Hirschhorn 1964), the third 
party skin graft test (Matsukura et al 1963; Rapaport et al 1962; Murray et al 
1963), and leucocyte grouping of donor and recipient. Of these, leucocyte 
grouping, which has been developed largely by Dausset (1961, 1963), van Rood 
(van Rood & van Leeuwen, 1965), and Ceppellini (Ceppcllini, Mattius & Curtoni 
1965) in Europe, and Terasaki (Terasaki, Marchioro & Starzl 1965) in the United 
S tates, seems to be the most promising as judged by the results of retrospective 
typing of available living patients and their corresponding donors (see e.g. 
Terasaki et al, op. cit.; Woodruff 1966a). 

The results are also likely to be improved by the introduction of better or 
additional immunosuppressive agents, including anti-lymphocyte serum. 
Finally there is the exciting possibility ofbeing able to induce specific immuno
logical tolerance to the tissues of a particular donor, or multivalent tolerance to 
human homografts in general, by the injection of the transplantation antigens 
in a soluble form. 

The homograft reaction has other clinical implications which go bcyond the 
surgery of replacement. In the first place the study of homograft rejection has 
contributed greatly to our understanding of auto-allergic diseases and their 
treatment. Secondly, it has reawakened interest in tumour immunology, and 
has stimulated research which may one day culminate in the development of 
effective immunological methods for the treatment of cancer. 
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INTRODUCTION 

There are two distinct immunological problems in malignant disease. First, 
there is the effect that malignant disease may have on the normal immunity or 
allergic mechanisms, and this has been studied extensively in man. Secondly, 
tbere is the possibility of an allergic or immune reaction by the host directed 
against his own tumour, which in tum leads to the question of whether the 
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behaviour of malignant disease can be modifled by immunological proccdures. 
Bccanse of the difficulties of research into this problem in man, most of the 
experimental work has been done in animals. 

The possibility that immunological factors influence the growth of tumours 
has been considered for o ver half a century (cf. Ehrlich I909), but it is only in the 
past decade that real evidence has accumulated to support this view. There are 
two reasons for this. First, much of the early work was concerned with attempts 
to demonstrate circulating antibodies against malignant tissue, and the difficulty 
here is to prove that an antiserum is speciflc for a particular tnmour. Secondly, 
many of the earlier transplantation experiments were carried out in genetically 
dissimilar animals and the tumours were simply rejected like any other homo
graft. 

It was only when transplantation experiments with tumours were carried out 
in genetically identical (syngeneic) animals that the presencc of tumour-speciflc 
antigcns could be pro ved and immunological mcthods for modifying the growth 
of tumours could be investigated. 

Thcrc is now deflnitc evidence in animals and toa much lcsser cxtent in man 
that there are tumour-speciflc antigens of a transplantation type, that there is a 
reaction of the host against its own tumour, that this reaction is in some cases 
immunological, mediated by lymphocytes, and similar to the delayed hyper
sensitivity reaction and homograft rejection. It is necessary to consider the pro
perties ofhomograft tumours and their modiflcation by immunological mcans, 
before those of experimentally induced tumours in animals and of spontaneous 
tumours in man. 

STUDIES IN EXPERIMENTAL ANIMALS 

PROPERTIES oF HoMOGRAFT TuMouRs 

The majority of primary tumours show the same transplantation behavionr 
as ordinary tissues and will not grow as homografts unless special conditions 
prevail such as pretreatment of the host with immuno-suppressive agents or 
the induction of speciflc tolerance. The existence of sites, such as the anterior 
chamber of the eye, the cheek pouch of the hamster or the brain where for a 
variety of reasons (see Chapter I7) homograft reactivity is impaired can be 
easily demonstrated with tumour transplants. 

V ery occasionally a primary tumour will grow in genetically different 
recipients. Such tumours initially require large inocula and their transplantation 
behaviour is erratic. After prolonged serial passage stable tumour lines may be 
obtained which give successful (i.e. eventually lethal) grafts in allogeneic hosts 
every time. An important reason for the growth of such tumours is that cells 
capable of very rapid proliferation ha ve been selected, so that by the time the 
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host has dcveloped the capacity to react immunologically (i.e. about 4 to 7 days 
after immunization) the size of the tumour is beyond control by host reactions. 
The appearance and selection of cells that are less antigenic, i.e. have lost some 
of the transplantation ::mtigens, and therefore immunize less effectively also 
contribute to the growth of tumour homografts in some cases. 

In no instance, however, is the loss of antigenicity absolute and such tumours 
always retain the essential characteristics of a homograft as shown by the fact 
that animals can be immunized against them. This is best demonstrated by 
removing the homograft surgically and then challenging the animal with a 
second graft of the same tumour. Rejection of the graft demonstrates 'immunity'. 
The machinery for the elimination of the tumour cells is already in existence 
in the immunized animals and as a result the graft is destroyed before it has had 
an opportunity to attain a size which overwhelms the host response. Biologically, 
this process is closely analogous to the accclerated rejection (i.e. the second set 
response) of a skin homograft by an immunized animal, and as with normal 
tissues, tumour homograft immunity can be transferred by lymphoid cells 
from an immunc animal. 

ROLE OF LYMPHOCYTES' 

As with skin, the process of tumour graft rejection is accomplished, largely if not 
wholly, by lymphocytes (probably small) which have the capacity of either 
killing or preventing the multiplication of the 'target cells', but the nature of 
this process has not yet been elucidated. Specific cytotoxicity of immtmelympho
cytes (actively allergizcd lymphocytes, sce Chapter 15) can be demonstrated 
in vitro when it is necessary that the two cell types be brought into el ose proximity 
with one another and this raises the possibility that cell-bound antibody on the 
surface of the lymphocytes binds them to the target cells which are then des
troyed by the localized release of enzyme from the lymphocytes. 

It is not however at all certain whether the in vitro experiments constitute 
a valid model for the in vivo situation. What is clear is that more than one type of 
lymphocyte is involved (cf. Gowans et al 1965) and Fig. 18.1 gives a tentative 
scheme for three cell types. The process is initiated by an immunologically com
petent cell-morphologically a smalllymphocyte-which has beencommitted to 
a specific course of action by immunization (allergization) with theforeign tissue; 
this may be called the 'primed lymphocytes'. The process is completed by another 
lymphocyte-the 'cytotoxic lymphocyte'-and rather limited experimental 
evidence suggests that morphologically this again would be classified as a small 
lymphocyte. In between these two there are the morphologically very character
istic 'pyroninophilic blast cells'. These rapidly dividing cells lea ve the node by 
the efferent lymphatics sorne 50 hours or so after stimulation and being highly 
motile migrate throughout the lymphoid tissue of the body (see Plate 18.1). 
The electron microscope shows that they are quite distinct from plasma cells 
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as they have very little endoplasmic reticulum, but thcy are extremely rich in 
polysomes. By cannulating the efferent lymphatic of a locally stimulated node 
Ín sheep, Hall ct al (1966) were able to demonstrate that removal of these cells 
prevcnts the formation of antibody yet these cells themselves contaÍned 
relatively little antibody. They are capable of transferring Ímmunity and are 
clearly an Ímportant Íntermediary in the disseminatÍon of the immune response, 
though thcy contain no actual antigcn. Hall et al (1966) have referred to them as 
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FIG. I8.I. Different lymphocytes involved in homograft reaction. 

messenger cells and there is evidence for their transformatÍon into plasma cells 
(Birbeck & Hall 1967), but in addition they may also act by transferring a 
subcellular component possibly containing RNA (see later). 

The first stage of the immunization may occur by lymphocytes travelling 
to the tumour graft; the existence of this so-called 'peripheral sensitizatÍon' has 
been experimentally demonstrated by Strober & Gowans (1965). Another and 
possibly more important step is the transport of antigens by macrophages to the 
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local node and evidence for this has been obtained by draining the afferent 
iymphatics of a suitably stimulated node. 

ROLE OF CIRCULATING ANTlBODIES 

Gorer {1961) showed quite dearly that homograft tumours also evoke the 
formation of circulating antibodies which, in vitro, cause certain tumour cells to 
lyse as long as complement is pi·esent. Also in vitro antibody has been shown to 
actas an opsonin causing specific phagocytosis of tumour cells (Old et al 1963). 
The extent to which this antibody con tributes in bringing about the rejection of 
allogeneic tumour grafts in vivo is still uncertain, but in general it appears to play 
only a minor role possibly beca use the 195 antibodies which are most cytotoxic 
cannot gain access to the interior of tumours. Injection of antiserum has in sorne 
systems (see later) caused ascites tumours to regress, but with solid tumours this 
procedure is either without any effect or causes the tumour to grow more rapidly. 
This phenomenon is calledenhancement{see Chapter 17) and thereareatleasttwo 
ways by which this effect is brought about. The injected antiserum may combine 
with the tumour antigens and interferes with their stimulation of the allergic 
mechanism of the host. This will reduce the magnitude of the effective (i.e. cell 
mediated) anti-tumour response of the host. Possibly of greater biological 
importance is the finding-so far confined to guinea-pigs and mice-of a class 
of y-globulin in animals immunized with foreign tissue which are not cytotoxic 
even in the presence of complement, but which coat the target cells and render 
them resistant to destruction by the cytotoxic lymphocytes. Enhancement may 
therefore be a manifestation of a physiological process protecting homografts. 
The rate of graft rejcction (or indeed its survival) will be determined by the ínter
play between 'protective' antibody and the 'cytotoxic' lymphocytes. The 
production of 'protective' antibodies may be one of the factors allowing the 
genesis of primary tumours containing transplantation antigens. It would be 
interesting to learn whether such antibodies contribute to the protection of the 
trophoblast. 

THE lMMUNOLOGY OF ExPERIMENTALLY 

lNDUCED PRIMARY TuMOURS 

There is a vast literature on the use of serologicalmethods and related procedures, 
such as thc induction of anaphylaxis to detect differences betwcen cancer and 
normal cells. By preparing heterologous antiserum, tumours can be shown to 
ha ve suffered both antigenic loss and antigenic gain whcn compared with tissues 
from their cells of origin (if. Haddow 1965). The loss of organ specific antigens 
by tumours has been frequently recorded and may be of relevance to the bio
chemical nature of the malignant transformation. The significance of new anti
gens detected sero!ogically is difficult to determine; there is always the possibility 
of infection particularly by passenger viruses. Differentiation of tumour cells 
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may also cause the appearance of antigenic substances not present in the normal 
tissue but having no direct relevance to cancer. For example, in chemically 
induced hepatomata a so-called tumour antigen proved to be foetal serum 
albumin-in the adult animal this material was indeed confined to the hepatoma, 
but in no sense is it an antigen peculiar to tumours (Abelev 1965). Another 
example where an antigen present only in embryonallife reappears in the adult 
when a neoplastic process has occurred has been reported in human colon 
carcinomas (Gold & Freedman 1965). Of great importance is the relatively recent 
discovery (sec rcvicws by Old & Boyse 1964, 1966; Klein & Klein 1962) of 
antigens on the surface of primary tumour cells which have many of the pro
perties of transplantation antigens and which are: (r) truly specific to tumours, 
and (2) capable of evoking a host response which is cytotoxic to the tumour cells 

TABLE rS.r 

Protection of micc against syngeneic lymphoma cells by prior immunization 
with irradiated tumour cells (Alexander et al 1966) 

Number of L5178 Y cells injected Number of animals with tumours 

r. Non-immunized DBA/2 mice 

35% 
lO 90% 
ro3 roo% 

2. Immunized with ro7 L5178 Y cells irradiated in vitro with 3000 rads of 
X-rays 

103 o% 
ro" o% 
ro5 20% 
106 So% 

only and which does not affect the normal cells of the tumour-bearing animal. 
Such antigens were first recognized by transplantation and their identification 
depends on transplantation tests between syngeneic (i.e. genetically identical) 
animals as found in highly inbrcd lines of mice, rats and guinea-pigs. 

lNDUCED TUMOURS 

Tumours that have been induced by carcinogen (chemical, viral or physical) 
in one member of a pure inbred line of animals are almost always readily trans
plantable to other animals of the same strain and in this respect resemble skin 
grafts which invariably take between such animals. But while no method of 
immunization can prevent skin grafts from being accepted between pure line 
animals this does not apply to the grafting of tumours. Syngeneic tumours can 
be prevented from growing in the strain of origin by immunization. Immuniza-
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tion is usually achieved either by removing, surgically or by ligation, a tumour 
transplant that had grown in a syngeneic recipient or by injecting cells that ha ve 
bcen rendered incapable ofindefinite growth by exposure to X-rays or chemicals. 
Immunization is most effective if such cells are 'physiologically alive' in 
that normal metabolism continues and that they are impermeable to dyes. 
Such immunized animals fail to develop tumours when challenged with an 
inoculum of cells that causes tumours in unimmunizcd animals (sec Table r 8. r 
and Fig. r8.2). 

r----------------0 
1 é' 1 
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FIG- rS_z_ Method ofinducing immunity to syngeneic tumours. 

In the initial experiments of Folcy (r953) and of Prehn & Main (r957) im
munity could only be achieved against sorne sarcomata and the presence of 
tumour speciflc antigens in thesc tumours was not therefore thought to be 
of universal occurrence. The failure to fmd them in all of the tumours was due 
to the fact that tumour speciflc antigens are sometimes very weak so that the 
degree of immunity that is produced is only sufficient to cause the rejection of 
rclatively few cells, whilc a trocar implant of tumour will grow because it 
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overwhelms thc response (see Table 18.z). If thc procedure of challenging with 
minimal cell dose is used then many chemically and almost every virally 
induccd tumour and leukaemia that has becn studied has been found to be 
antigenic though thc nced for pnrc line animals has limited thesc studies to rats 

TABLE 18.2 

Immunization by an isogenic tumour which is removed surgically 
is only able to cause thc rejection of a second graft of the s:1mc 
chemically induced ftbrosarcomata if this challenge contains 

Challenge 
with 

Trocar piecc 
400,000 cells 

50,000 cells 
5000 cells 

relatively few cells (O Id et al 1962) 

(a) Weakly antigenic tumour 

Controls 
untreated* 

5/5 
s/s 
4/5 
3/5 

Immmlized by tnmour 
transplant killed by 

ligation 

5/5 
5/5 
o(5 
o(5 

* Animals with progressive tumour growthfanimals challenged. 

Challenge 
with 

Trocar piece 
400,000 cells 

9 3 ,ooo cells 
II ,ooo cells 

rooo cells 
500 cclls 
roo cells 

(b) Strongly antigenic tumonr 

Controls 
untreated* 

6(6 

6/7 
4/7 
I/7 
3/7 
I/7 
2(7 

Immunized by tumour 
transplant killed by 

ligation 

6(6 

I/7 
2/7 
0(7 
0(7 

* Animals with progressive tumour growthfanimals challenged. 

and mice. In these species a very wide spectrum of tumour types (e.g. sarcoma, 
carcinoma, hepatoma, lymphoma, etc.) has now been investigated and the 
carcinogens used for induction include most of the well-known chemical 
carcinogens as well as oncogenic viruses and physical agents such as inert plastic 
films and ultraviolet radiation. 
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SPONTANEous TuMOURS 

Tumours which arose in míce without exposure to any specific carcinogen were 
thought to be non-antigeníc on the basis of a trocar challenge but more refincd 
tests have shown that this is no longer true. The so-called spontaneous mam
mary carcinoma and leukaemías which arisc with a very high incidence in certaiu 
specific strains of mícc (e.g. C3H mice for mammary tumours and AK míce for 
leukaemía) are due to a virus, the infective agent being transrnitted vertically 
from mother to progcny. Such tumours are readily transplantable to animals 
that have not yet developed a spontaneous neoplasm and syngeneic animals 
cannot be immunized against such tumour grafts. This however is not-as was 
once believed-duc to the absence of tumour specific antigens. As a result of 

FrG. r8.J. Effcct ofnon-specific stimulation ofRE system ~ith Corynebacterium 
parvum on the rate of growth of syngeneic murine mammary carcinoma (Wood
ruff et al r 966). 

neonatal contact with the virus all animals in the strain are tolerant to the tumour 
specific antigen and hence cannot be immunized (Volkert & Sparck 1965). 
Hybrids in which the father is of the high tumour strain (e.g. C3H) and the 
mother of another strain (e.g. C57) will accept, in accordance wíth the normal 
laws of transplantation, both C3H and C57 cells, but they are not tolerant to the 
tumour specific antigens because there has been no neonatal exposure to the 
antigenic virus. Such F1 hybrids can be immunized against the 'spoutaueous' 
tumours of the paternal strain by standard methods like those illustrated in Fig. 
18.2. (Morton 1965.) 

The position with regard to sporadically occurring spontaneous tumours 
in míce and rats is confusing; a degree of immunity can be obtained by im
mmlization against sorne of them, iudicating the presence of weak tumour 
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specific antigens (Riggins & Pilch 1964; Baldwin 1966) but with others even the 
most sensitive tests ha ve failed to reveal any host resistance following immuniza
tion. Negative results of this type cannot, of course, exclude completely the 
existence on such tumours of specific transplantation-type antigens, but they 
should be borne in mind before extrapolating too readily from the near uni
versality of tumour specific antigens in tumours induced by viruses or chemical 
carcinogens to neoplasms of other aetiology. In this connection it may be relevant 
to point out that sarcomata induccd by ionizing radiations ha ve also not, so far, 
been shown to be immunogenic. 

PROPERTIES OF THE TUMOUR-SPECIFIC ANTIGENS 
The specific transplantation-type antigens of tumours induced by chemical 
carcinogens or by plastic films are very diverse and a cross-resistance has been 
encountered only very occasionally, if at all (Klein & Klein 1962). In general, 
cvcry tumour seems to have a unique antigen. If, say, twenty different primary 
sarcomata of identical morphology are induced in the same strain of mice by 
the same chemical agent, virtually all will be antigenic yet nonc show cross
resistance. Globerson & Feldman (1964) produccd two sarco mata at different si tes 
in the same m o use as the result of two separa te injections of 3: 4-benzpyrene. 
Both tumours were antigenic by the usual transplantation procedures, but they 
did not cross-react. The number of tumour specific antigens is unlikely to be 
infinite and cases of true cross-resistance may well be discovered, but there is 
every reason to believe that they will be rarc. 

For virus-induced tumours the situation is the exact opposite (cf. Old&Boyse 
1965) and all the tumours induced by a givcn oncogenic virus have the same 
tumour specific antigens so that one tumour can be used to immunize against 
transplants of all othcr tumours induced by this virus. Each oncogenic virus, 
however, causes the formation of a different set of new antigens. Cross-rcaction 
extcnds to tumours induced in different strains and even different species. 

Viruses need not be present in the tissue used to induce immunity to tumour 
transplants. While RNA viruses usually persist in the tumour cells even after 
prolonged transplantation this is not the case for DNA viruses which, in general, 
cannot be found in the cclls of the tumour they have induced. The specific 
transplantation antigcn in DNA virus induced tumours is not that of the protein 
of thc virus. The virus as part of the carcinogcnic proccss causes the cells that are 
transformed to make characteristic new antigens some of which are situated on 
the cell surface and it is these which elicit a cytotoxic action of the homograft 
type. With some oncogenic viruses there is also serological evidence for the 
presence of tumour specific antigens whichhowever are not of the transplantation 
type (see Table r8.3). 

Under some conditions exposure of animals to the virus is sufficient to render 
them resistant toa subsequent graft of an isogenic tumour which had originally 
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been induced by this particular virus. The reason for this can be that the virus 
used for immunization transforms sorne cells-without however causing a 
tumour-so that they contain the particular tumour specific antigen and the 
animals thereby acquire resistance to cells containing such antigens. This 

TABLE I8.3 

Specific antigens in experimentally induced tumours 

Nature of antigen 

(a) in chemically induced sarcomata 
Transplantation type on cell 
surface 

(!J) in virus-tran~formed* cells 
Transplantation type on cell 
surface (caused by infection with 
RNA and DNA viruses) 

Internal-often nuclear (caused 
by infection with RNA and DNA 

viruses) 

Components of the virus (in 
general only fotmd with RNA 

viruses) 

Cell mediated 
immunity 

+ 

+ 

+ (?)t 

Activity of serum from immu
nized syngeneic animals 

Fluorescent antibodies binding 
to tumour cells, cytotoxic (in 
presence of complement) only to 
lymphoid tumour cells. 

Complement fixation and 
immunofluorescence 

Complement fixation and 
immunofluorescence 

* Cells may be transformed in vivo without the production of a tumour; the reasons for 
this may be that they are eliminated by host reactions or that there are severa! stages of 
transformation and the induction of the capacity to make new antibodies is not sufficient 
to render cells malignant. 

t RNA viruses may be incorporated in the membrane of the cell and may be responsible 
for the cytotoxic host response, mediated by lymphocytes. The intracellular antigens in RNA 

virus induced tumours may also be the same as those in the protein coat of the virus. As yet 
there is no compelling reason for postulating that RNA viruses induce the formation of new 
proteins other than viral protein. In tumours induced by DNA viruses, at least two new pro
teins are present, one on the membrane and the other inside the cell. 

phenomenon illustrates so me of thc complcxitics in thc rclationship betwccn thc 
appearancc of the tumour specific antigcn and thc transformation to malig
nancy. Immunity to tumour grafts has also bccn produccd with killcd RNA 

virnses and this suggcsts a close relationship betwccn thc tumour antigcn d an 
thc viral protcin. 
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The chemical nature of the tumour specific antigens is not known and they 
may be very unstable or susceptible to inactivation by enzymes since activity 
is completely or partially lost when the cells are disrupted or homogenized and a 
method of preparing an effective cell-free extract capable ofimmunizing against 
syngeneic tumours has not yet becn described. Improved methods for the 
isolation of plasma membranes (cf. Davies 1966) have yieldcd cell-free prepara
tions of normal transplantation antigens which immunize effectively against 
the strong Hz transplantation barrier and such procedures may be applicable 
also to tumour specif1c antigens. Homogenates of tumour cells induced by 
RNA viruses are active not because the tumour specific antigen is preserved, 
but because a virus is relcased which, on injection, leads to immunity (see 
above). 

The antigenicity of virus-induced tumours remains unaltered after long 
periods of transplantation but the fate of the specific antigens in chemically 
induced tumours on successive transplantation is less clear. Instances have been 
reported where the antigenicity dccreases though a complete loss of antigenicity 
was not observed. 

CELL-MEDIATED HoST REACTION 

Cells from tumours-whether these were originally induced by viruses or by 
chemical carcinogens-can be prevented from growing in suitable recipients if, 
prior to grafting, they are mixed in vitro with lymphoid cells from syngeneic 
animals that had been immunized (e.g. by exposure to irradiated tumour cells) 
against the specific tumour, Klein et al (1960) used spleen cells whereas Old et al 
(1963) used cells from a peritoneal exudate. The specificity of the lymphoid cells 
follows that of the tumour specific antigens as demonstrated by immunity to 
transplantation (i.e. no cross resistance with chemically induced tumours, but 
a common determinant with virus-induced tumours). Lymphocytcs from 
syngeneic animals immunized with tumour have also proved effective against 
established tumours (e.g. primary fibrosarcoma, Delorme & Alexander 1964, 
and ascites lymphoma, Alexander et al 1966). 

In tissue culture, allogeneic immune lymphocytes (i.e. directed against 
Hz transplantation barriers) have been shown to arrcst the growth of tumour 
cells to which thcy have been claimed to adhere (e.g. Taylor et al 1963). A 
similar action of syngencic lymphocytes directed against only the tumour 
specific antigen has been observed (Delorme et al 1966; Rosenau et al 1966; 
Alexander et al 1966) but the effect is small and it may be questioned whether 
this in vitro test constitutes a valid model for the in vivo action of immune syn
geneic lymphocytes when they appear to be much more effective. 

By suitable absorption techniques, animals immunized with an allogeneic 
tumour could be shown to make cytotoxic lymphocytes directed both against 
the normal and thc tumour specific transplantation antigens (see later). 
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ROLE OF CIRCULATING ANTIBODIES 

The production of tumour speciúc circulating antibodies by animals that ha ve 
been immunized against syngeneic tumours-as judged by graft rejectión-is 
complex (see Table 18.3) and there would appear to be at least four situations: 

I. No activity can be detectcd in the serum from immune animals by either 
cytotoxic, immunofluorescent or agar diffusion techniques but their lymphocytes 
inhibit tumour growth. This appears to be the case for all chemically induced 
sarcomata (Klein & Klein 1962) and the only indication for the presence of a 
circulating factor comes from itz vitro studies of phagocytosis suggesting the 
presence of a specific opsonin (Old et al I9ÓJ). 

2. For many leukaemias and lymphomas syngcncic serum is cytotoxic (i.e. 
damages the cell membrane and allows dyes to penetrate) in the presence of 
complement in vitro and no activity can be demonstrated in vivo. 

3. Some other lymphomas (Gorer & Amos 1956; Ale:xander et al 1966) give 
rise in allogeneic animals to an antiserum which after extensive absorption with 
normal tissue also inhibits tumour growth in vivo presumably by acting against 
the tumour specific antigens. The surprising feature is that the in vivo acting 
antibody is not apparently produced in syngeneic animals. 

4. The serum from animals immuniscd against most virus-induced tumours 
whether they be sarcomata or lymphomas contain both complcment fixing 
antibodies and antibodies which by immunofluorescence can be shown to be 
absorbed by thc tumour cells. They are only cytotoxic in vitro to lymphomas 
and thcn only if complement is present (see Table 18.3). 

Even in those cases where circulating antibody has been demonstrated its role 
in the immune process in vivo is obscure and there is no evidence that it plays 
an active part in the rejection of isografts. Specific anti-tumour serum has been 
used in experimental studies to characterizc antigens and to follow changcs in 
antigenicity.ln man, where it isnot possible to use transplantation tests to detect 
tumour specific antigens, absorption of fluorescent antibody by cells has becn 
one of the few techniques available for this purpose. A positive :finding using 
autologous serum indicates thcir presence but from a negative result little can be 
deduce d. 

ESCAPE MECHANISMS WHICH PERMIT THE 

GROWTH OF ANTIGENIC TUMOURS 

The nature of the mechanisms which make it possible for malignant cells con
taining transplantation-type antigens to develop into tumours constitute a 
key problem of cancer immunology. The continued growth of a palpable 
tumour mass in the face of host resistance is probably a reflection of the fact 
that the production of new tumour cells is greater than the host's capacity for 
their elimination, but this cannot be the case in the eady stages of tumour 
development when there are relatively few cancer cells. 



512 CLINICAL ASPECTS OF IMMUNOLOGY 

IMMUNE PARALYSIS 

Gene~;alized depression of the immune or allergic response may be one factor in 
the sharp risc of cancer incidencc with age which is such a characteristic feature 
of the majority ofhuman neoplasias. In experimental animals the magnitude of 
the response to a primary antigenic stimulus has been shown to fall towards the 
end of the normallife-span. Some carcinogenic agents, notably the polycyclic 
hydrocarbons, will in relatively high doses reduce the capacity of animals to 
mount a primary immune response (Prehn 1963; S~ernsward 1965). It is doubt
ful however ifimmunc suppression is a requirement for chemical carcinogenesis 
since tumours develop in hosts which are fully competent to react immuno
logically (see below). 

IMMUNE IsoLATION 

Inert f1lms of plastic, metal or glass, when implanted subcutaneously induce 
sarcomata which contain transplantation antigens. The initial reaction to such 
implants is the formation of a pocket surrounded by an acellular dense connective 
tissue pocket on the inside of which the tumours originate. This pocket is 
isolated from normal defence reactions (Alexander & Horning 1959; Bates & 
Prehn 1965) and it is conceivable that antigenic tumour cells may proliferate here 
relatively unopposed. 

SPECIFIC TüLERANCE 

Specific tolerance to the tumour antigens has been shown to exist in mice of 
strains having a high incidence of mammary carcinoma or leukaemia (sec earlier). 
The reason for the high 'spontaneous' rate in such strains is associated with the 
vertical transmission of a virus and it is reasonable to suppose that exposure of 
the foetus to the virus carried by the mother is rcsponsible for the state of 
tolerance. In general, viruses are most effective in inducing tumours when 
the mice are infected in the first days of life; while it is tempting to interpret 
this in terms of tolerance to virus induced antigens, such tolerance is certainly 
not complete and animals can in la ter life be immunized against the transplanta
tion antigens induced by the oncogenic virus with which they were injected at 
birth. The role of tolerance seems to vary from virus to virus. Animals, carrying 
primary tumours induced by relativcly small innocula of polyoma virus seem 
to be tolerant but this is not thc case with SV 40 or the oncogenic adeno viruses. 
Factors other than immunosuppression must contribute to allowing virus 
transformed cells to grow into tumours. 

Experiments using homografts suggest that prolonged exposure to antigen 
may produce limited immunological paralysis-or specific tolerance-in the 
primary host. With chemically induced sarcoma-unlike those induced by 
polyoma-this would not appear to be the case. Klein et al ( 1960), and Mikulska, 
Smith & Alexander (1966) showed that animals react activcly against thesc 
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tumours once they have become large even without any attempts at further 
immunization. Primary chemically induced sarcomata in rats were removed 
surgically and their cells injected back into the primary host. The viability of the 
cell suspensions was tested by its ability to grow in normal syngeneic rats. 
While the cells from different tumours invariably grew as syngeneic grafts the 
autografts were frequently rejected. Autografts were only found to grow if a 
substancial portian of the primary tumour had been left in situ. An interpretation 
of these results is that the primary host was actively reacting against the tumour 
and that in the absence of the primary tumour the immunc capacity was sufficient 
to reject an autograft. When the primary tumour was present it exhausted the 
host response and hence the autograft grew. 

This interpretation was strengthened by the demonstration that spleen 
cells taken from a rat in which a primary sarcoma had been induced were 
cytotoxic to the tumour cells (i.e. spleen cells from the rat in which the primary 
tumour had occurred were capable of preventing the transplantation of cells 
from this tumour in a syngeneic rccipient). Lymphoid cells from a tumour 
bearing animal behaved in this respect in exactly the same way as lymphoid 
cells from a syngeneic animal immunized against the tumour (see earlier). 
The autochthonous spleen cells, however, were only cytotoxic if they were taken 
from animals in which the tumour had been surgically removed three weeks 
earlier. When the spleen and tumour were removed at the same time then the 
spleen cells had no appreciable effect on the growth of the autochthonous tumour 
on transplantation. The actively growing primary tumour appears to exhaust 
the supply of anti-tumour lymphocytes that are produced by the host, but 
after the tumour is removed the concentration of the cytotoxic lymphocytes 
builds up and the animal can reject an autograft. 

TUMOUR GROWTH VERSUS RATE OF IMMUNIZATION 

The existence of escape under conditions when there is no possibility of supres
sion of the immune response is evident from the growth of grafted tumours. 
Small inocula-occasionally one cell is sufficient-of tumour cells grow and 
eventually kili a normal host that after suitable immunization develops a degree 
of immunity which is capable of rejecting a challenge of somewhere between 
10

4 and 10 7 tumour cells-depending on the strength of the particular antigen 
(see Tables 18.1 and 18.2). One reason is that after inoculation tumour cells 
remain initially at the si te of injection and grow to give a locallesion without 
immtmizing the host. Old et al (r962) found that some highly antigenic sarcoma 
cells would grow from an inoculum containing either a few cells or very many 
cells, but an intermediare number of cells was rejected after they had grown to 
minute nodules. The interpretation is that few cells did not immunize because 
they remained localized until they had grown to a tumour which has passed the 
critica! size for host control. With a graft of severa! thousand cells, sorne of these 
migrated and provided an antigenic stimulus causing an allergic response or 
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immunity sufficient to reject small growths. With the large inoculum tumour 
growth was so rapid that it overwhelmed the host response. These experiments 
illustrate one mechanism by which an antigenic tumour can arise even if the 
host's immune or allergic response is normal and that suppression of the 
immune response is not necessary for chernical carcinogenesis. The observation 
ofPrehn (1963) that the most rapidly growing primary tumours are often the 
most antigenic is notas paradoxical as it may appear. 

Similar considerations might explain the greater susceptibility of newborn 
animals to oncogenic viruses. The period of relative immunological immaturity 
after inoculation tips the balance in the race between the multiplication of 
tumour cells to produce a mass too great for immunological rejection and the 
establishment of maximum host response. With chernically induced tumours the 
release of antigenic cells may be the critica! factor in determining whether a 
malignant focus develops into a tumour. 

PROTECTIVE ANTIBODY 

Reference has already been made in relation to the phenomenon of enhancement 
(see earlier and Chapter 17) to the existence of antibodies which coat foreign 
cells and thereby render them resistant to cytotoxic lymphocytes. If such 
antibodies were also formed in response to tumour specific antigens in the prim
ary host they might protect the tumour in the early stages until it has passed its 
critica! size. The paradoxical finding of Mathé et al (1964) that those chorio
carcinoma patients with the highest titre of anti-husband leukocyte agglutinating 
serum showed the slowest rejection rate of the husband's skin might be inter
prcted in terms of the presence of 'protecting' antibody. 

THE RoLE OF HosT-REACTIONS IN 

CONVENTIONAL THERAPY 

In animal cxperiments homograft tumours such as the W alker carcinoma, 
Sarcoma I 8o and Ehrlich ascites cells can be rcadily cured by a large number 
of chemotherapeutic agents. These successful resu!ts are not the resu!t of 
eradicating the last cancer cell. Far from it-these tumours grow in the face 
of a host resistance which is capable of climinating millions of cells, but not the 
vast tumour mass which has formcd by the time the host response has been 
cstablished. A procedure which kills most of the tumour cells without at the 
same time abolishing immtmity will thcrefore in conjunction with the host 
reaction bring a bout a 'cure'. While most of the cytotoxic agents used in cancer 
chemotherapy damage the lymphoid organs, immunosuppressive action against 
an established immune response is relatively small. This is clearly shown by the 
fact that animals that have had their homograft tumours 'cured' in this way are 
immune and will reject a subsequent challenge with the same tumour. 

The effectiveness of cytotoxic substances against primary or syngeneic 
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transplanted tumours is usually much lcss than against homograft tumours. 
The same phenomenon is seen with local irradiation by X-rays; the homograft 
Walker tumour is eradicated by rzoo rads, whereas primary rat tumours require, 
in general, four to five times this dose. Until the discovery of the tumour 
specific antigens it was widely held that to cure a primary tumour ora syngcneic 
graft by surgery, radio- or chemo-thcrapy, the last cell had to be destroyed. 
It would certainly be difficult to explain the effectiveness of methotrcxate against 
the syngeneic murine lymphoma L 1210 in this way. The view has been expressed 
that the last cell of a clinically evident cancer cannot be destroyed by any of the 
available therapeutic procedures and that a cure of any established tumours can 
only be achieved with the co-operation of a host reaction. The difference between 
homograft and primary tumour is then only a quantitative one in that the host 
response can deal with a much smaller residium of primary tumour than of 
homograft tumour. If the therapist cannot destroy the last tumour cell he must 
ensure that the host reaction is not impaired by treatment. This poses difficult 
and as yet unanswered problems; such as should the no des draining the tumour 
be left intact? Is it conceivable that 'prophylactic' chemotherapy given, for 
cxample, after a radical mastectomy is harmful? 

EXPERIMENTAL APPROACHES TO lMMUNOTHERAPY 

The proof of the existence of antigens which are specific to tumours and which 
are themselves capable of inducing a selectively cytotoxic host reaction have 
justifiably led to greatly renewed interest in the role which immunological 
procedures may play in cancer therapy. 

NoN-SPECIFIC STIMULATION OF THE 

RETICULO-ENDOTHELIAL SYSTEM 

Almost half a century ago Murphy (see review 1924) showed that a number of 
non-specific methods of stimulating lymphopoiesis-such as treatment with 
oleic acid-had a pronounced growth retarding effect on autografts of spontane
ous mammary tumours in mice. This approach was completely neglected until 
recently, when a range of micro bes such as BCG (Old et al 1961) Corynebacterium 
parvum (W oodruff et al 1966) and rnicrobial products such as zymosan, poly
saccharides of di verse origin and especially an ethanolic extract of BCG (W eiss 
et al 1961), all of which stimulated phagocytic activity, were found to inhibit 
the growth of a number of transplanted tumours in mice and rats. While the 
most pronounced effects were seen with homograft tumours these procedures 
also retarded the growth of grafted syngeneic mammary carcinoma (see Fig. 
r8.3) but had little or no action on grafts of chemically induced tumours. The 
failure to act against the latter is surprising, since their antigenic activity as 
judged by transplantation immunity is grcater than that of mouse mammary 
tumours. 
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AcTivE lMMUNIZATION 

Active immunization with cells prepared from the tumour to be treated might 
be expected to enhance the host' s immnne reaction beca use the actively growing 
tumour may not release sufficient antigen to induce the maximum reaction. 
Also, since the tnmour speciflc antigens are very labile it may be that necrotizing 
tnmour tissne is not very antigenic and presentation of the antigens as an auto
graft is more immnnogenic. This approach has proved successfnl with the paril
loma induced in rabbits by the Shope virus which is of great immnnological 
interest because spontaneous and complete regressions occur in an appreciable 
proportion of the animals, in striking contrast to chemically induced tumours 
in rodents which never regress spontaneously. Grafts consisting of intact papil
loma cells whether of autologous or allogeneic origin, but not of homogenates 
or of cells disrupted by freezing, or of non-tumour tissue, increased the rate of 
complete regression from 20 to about 6o/;; (Evans et al 1962). The addition of 
an adjuvant of Bordetella pertussís cells did not improve the effectiveness of the 
'vaccine'. This neoplasm being virus induced probably has the same speciflc 
antigens in all tumours (see earlier) and immunization with tumour tissue from 
other animals should therefore be as effective as injection of autologous tumour. 

With other tumours this approach has not been so successful. To prevent 
an autograft from growing, while maintaining the activity of the tumour 
specific antigen, it has usually been exposed to X-rays before being used as a 
'vaccine'. Such irradiated autologous tumour tissue produced no detectable 
effect on the growth rate of primary chemically induced sarcoma in mice 
(Matsuyama et al 1963) or rats (Haddow & Alexander 1964). Haddow (1965) 
found that very occasionally autografting of viable tumour tissue obtained by 
biopsy caused a temporary regression of primary rat sarcomata, but this 
occurred too infrequently to be amenable to study. The failure of an irradiated 
autograft to influence the growth of primary tumours in the absence of other 
treatments is not unexpected; even if the host was not optimally immunized 
against the tumour the induction of the maximum response possible by im
munization would, on the basis of the experience gained from transplantation 
experiments lead to the rejection of only a small fraction of the total tmnour 
mass. Immunization with an autograft is only likely to show an effect once the 
tumour mass had been greatly reduced by other means and Haddow & Alex
ander (1964) found that the response of fibrosarcomata in the rat to local irradia
tion with X-rays was increased by implanting autochthonous tumour biopsy 
material that had been rendered non-viable. Although there is no direct proof 
that the irradiated autograft increases the host response mediated by the tumour 
speciflc antigens this seems to provide the most plausible explanation for its 
radio-sensitizing action. The fact that only autologous tumour tissue was effective 
is to be expected from the individuality of the speciflc antigens of chemically 
induced tumours. 
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Active immunization has becn very cffective as a prophylactic measurc 
in virus induccd tumours (see revicw by Hilleman 1966). Action hcrc is possiblc 
both before and after exposure to the virus. Killed virus vaccines have bcen 
shown to prevent infection by stimulating the formation of neutralizing anti
body, but protection has also been obtained by giving live virus during thc 
latent period of carcinogencsis. The observation was made independently in the 
U.S.S.R. (Deichman & Kluchareva 1964) and in the U.S.A. (Eddy et al 1964) 
that the incidence of sarcoma induced by injecting the DNA virus SV 40 into 
1-day-old hamsters was greatly reduced by a further injcction of virus later in 
life. This effect does not requirc complete virus since injection of cells from an 
SV 40 induced tumour at 1 month of age alsó reduces the carcinogenicity of 
cxposure to virus on the da y ofbirth (Goldner et al 1964). The cells of a tumour 
that has becn induced by a DNA virus do not contain complete virus and thc 

TABLE r8.4 

Effect of a second exposure to oncogenic virus SV 40 on development of tumours induced 
by infection of hamsters with same virus on da y of birth (Deichman & Kluchareva 1966) 

Progressively Palpable nodules No detectable 
Treatment growing tumours that had regressed tumours 

Infection on da y of birth only 82% 6% 12% 

Immunized during latent 
period with SV 40 9% 74% 17% 

protection must be attributed to immunization with the tumour specific 
antigens. 

Quite recently Deichman et al (1966), by delaying the second treatmcnt 
with virus until an actual tumour had become palpable, showed that this 
procedure is not only prophylactic but brings abotlt genuinc regressions 
(see Table 18-4). The mcchanism of this effect has yet to be elucidated; the 
simple explanation that the second exposure to virus ( or tumour tissue) heightens 
the lcvel ofimmunity is difficult to reconcilc with the observation that resistance 
(measured as the mínimum number of cells to give a tumovr) to SV 40 trans
formed cells was not increased by a further exposurc to virus in adult life. 
From the point of view of immunotherapy this is a dramatic experiment, as it 
constitutes the first 'cure' of primary malignant tumours by active immuniza
tion and furthcr clinical trials with 'vaccines' from autologous tumour seem to be 
calied for in situations where the disease has not progresscd too far. 
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ANTI-SERA 

CLINICAL ASPECTS OF IMMUNOLOGY 

Where there are histo-incompatibility differences between the tumour and the 
host (i.e. in homograft-type tumours) passively transferred humoral antibodies 
inhibit the growth of sorne tumours, enhance that of others, while leaving many 
unaffected (qf Gorer 1961). In the presence of complement such antisera are 
cytotoxic in vitro, but there are indications for differences in mechanisms between 
the in vivo and in vitro systems (if. Hellstrom & Moller 1965). 

Immune sera prepared by immunizing either syngeneic, allogeneic or hetcro
geneic animals with tumour ha ve not so far been shown to ha ve any cffect on thc 
growth of established primary or syngencic-grafted solid tumours. The only 
syngeneic tumours that respond to treatment with antiserum in vivo are ascitic 
lymphomas. Gorer & Amos (1956) immunized CBA micc with a leukaemia of 
C57/Br origin and showed that the serum from thc CBA mice not only protected 
C57/B r mice against a subsequcnt challenger with tumour, but cven retarded 
the growth of a tumour that had been established by injection of cells prior to 
thc administration of the antiserum. Thc 'curative' effcct of both allogcneic 
and heterogeneic antiserum-thc latter having been rendered non-toxic by 
absorption against mouse tissue-was demonstrated by Alexander et al (1966) 
for another murine lymphoma transplanted in its host of origin. Suitable 
absorption tests showcd that the action was directed against the tumour speciflc 
antigen and that antibody directed against the normal transplantation antigen 
played no part in spite of the fact that the antiserum was obtained from allo
geneic hosts that had been immunized with the tumour. No explanation can be 
offered why the serum from syngeneic animals immunized with irradiated 
tumour-and rendered resistant to challenge with tumour-was apparently 
ineffective. Levi (1963) found antiscrum against syngeneic murine lymphoma 
prepared in rabbits rendered tolerant to mouse was effcctive in vivo. Recently 
Old et al (r967) have becn able to induce in rats an antiserum directed against 
the leukaemia specific antigen associated with tumours induccd by the Gross 
virus. This scrum has proved to be highly effectivc in irradicating in mice 
leukaemias carrying this antigen. 

SPECIFICALLY lMMUNE (ALLERGIZED) LYMPHOCYTES 
The use of lymphocytes from donors that have bcen immunized against the 
tumour to be treated has proved to be one of the most promising immuno
therapeutic proccdures against primary or syngeneic grafted tumours. 

Lymphocytes speciftcally immunized (allergizcd) against tumour speciflc 
antigens have been shown to kill tumour cclls by immediatc contact, and injcc
tion of such cells might therefore be expected to cxert an anti-tumour action by 
intcracting directly with the tumour. Such a process which can be described 
as 'passive cellular immunity' has bcen demonstrated in vivo, but is probably 
not the most promising way of utilizing lymphocytes for therapy. A number of 
experimcnts suggest that thcre is another class oflymphocytes which whilc not 
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cytotoxic themselves confer on the host the capacity to mount an immune 
reaction (see Fig. r8.r). The growth of severa! syngeneic murine lymphomas 
growing as ascites cells was arrested (see Table r8.5) by injection of spleen cells 
from donors immunized against the tumour (Alexander et al 1966). The donors 
could be either syngeneic-in which case they were immunized with irradiated 
cells-or allogeneic, but heterogeneic spleen cells wcre without effect. To 
prevent the tumour from growing-i.e. to 'cure' the animals-at least 200 im
mune spleen cells had to be injcctcd for evcry tumour cell present in the animal. 
A single immunization with tumour cells was sufficient to produce anti-tumonr 
spleen cells but to obtain an active antiserum hyperimmunization was necessary. 

A number of tests demonstrated clearly that the anti-tumour activity of 
spleen cells from allogeneic animals depended on an immune response directed 
against the tumour specific antigen and not against the normal transplantation 

TABLE 18.5 

Effect of treatment with immune spleen cells on growth of ascites tumour established two 
days earlier by injecting 103 lymphoma cells (L5178Y) into their strain of origin (DBA/2 
m ice) (Alexander et al 1966). 

So urce of spleen cells used 

None 
Syngeneic (i.e. DBA/2) mice hyperimmunized 
with irradiated tumour 
Non-immune allogeneic mice 
Allogeneic mice immunized once with tumour 

Allogeneic mice hyperimmunized with normal 
DBA/2 tissue 
Rats hyperimmunized with tumour 

Ratio of injected spleen cells 
to L5178Y cells present at 

time of treatment 

400:1 
900:1 
400:1 

} 400:1 
200:1 
100:1 

} 8oo:1 
6ooo:1 
2000:1 

% animals 
free of 

tumour 

o 
6o 
So 
4 

96 
So 
40 

7 
75 
o 

barriers. The lymphoma used grows readily in tissue culture and the spleen 
cclls were growth inhibitory in this system. In vitro, unlike the situation in vivo, 
both spleen cells directed against the tumour specific and against the normal 
transplantation barriers were cytotoxic. 

Immune lymphocytes were found effective in retarding the growth, fre
qnently causing temporary regression and very occasionally permanent dis
appearance of primary fibrosarcoma induced in rats by pellets of the carcinogen 
3 : 4-benzpyrene. These tumours are extremely malignant and no case of a 
spontaneous regression has been observed. A piece of the primary tumour was 
removed by biopsy and used to immunize: (r) syngeneic rats-in this case the 
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piece used for immunization had to be irradiated, (2) allogeneic rats, (3) sheep 
and goats. The immune lymphocytes were obtained from rats by cannulating 
the thoracic duct (Delorme & Alexander 1964) and from sheep by cannulating 
the efferent lymphatic ganglion of the node stimulated by the tumour (Alexan
der, Delorme & Hall 1966). To be effective 10

8 to ro9 lymphocytes were iryected 
intravenously, usually over a time interval of from 5-8 days aftcr immuniza-
tion. 
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o 
E 
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o 
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o 
u 
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Growth curves of treated and control rat 
tumours using sheep lymphocytes 
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Days 

70 

Frc. I 8.4. Growth curves of primary rat sarcomata after treatment with sheep 
lymphocytes. 
Lymphocytes obtained from sheep immunized with the tumour under test were 
used in the treated group. In the control group, lymphocytes obtained from sheep 
immunized with another tumour were used. 

so 

A significant featurc of this therapy was thc absencc of wasting or lymphoid 
atrophy, suggesting that the foreign lymphocytes provoked no adverse reactions 
in healthy animals. Typical graft versus host disease symptoms were seen in 
animals that had been exposed to whole body irradiation with X-rays prior to 
receiving the foreign lymphocytes. The action seems to be wholly directed 
against the tumour specific antigens since the lymphocytes were only effective 
against the particular tnmour that had been used for immunization. This was 
shown clearly (see Fig. 18.4) when sheep were used since sufficient lymphocytes 
could then be obtained to treat two tumours, the biopsy from one being used for 
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immunization, whereas the biopsy from the other was rejected. This specificity 
is to be expected if the activity relies on the tumour specific antigens since for 
chemically induced tumours these are different for each tumour. The surprising 
aspect of this interpretation is that a heterologous donor should recognize a 
minor antigenic variant. 

There are indications that the active cells are the 'messenger' lymphoblasts 
(see Fig. 18.1) released by stimulated nodes. Autoradiography as well as other 
tests (see Alexander et al 1966) shows that the injected lymphocytes do not act 
directly on the tumour and the anti-tumour action of lymphocytes in vivo 
would appear to be different from that seen in the in vitro systems. The life-span 
of the injected cells-particularly of heterologons origin-is fairly short and 
they may initiate a process which is carried to completion in the host' s lymphoid 
organs. The possibility that transfer of a subcellular component carrying a 
message from the injected lymphocytes to the tumour bearing host is suggested 
by the finding (Alexander et al 1967) that RNA extracted from the immune 
lymphocytes also has a growth inhibitory effect which shows the same degree 
of tumour specificity as that of the intact cells. 

It would appear that there are severa! and distinct mechanisms by which 
lymphocytes directed against the tumour specific antigens can retard the growth 
of primary and syngeneic grafted tumours. These different processes may in
volve different populations of lymphocytes. 

NoN-SPECIFIC FoREIGN LYMPHOCYTES 

Unsensitized foreign lymphocytes can interfere with the growth of tumour 
cells in severa! ways if the tumour-bearing animal is suitably pretreated (e.g. 
by exposure of the whole body to X-rays), the injected cells take over the 
haemopoietic system and effect a general graft versus host reaction which will 
be inimical to the growth of the tumonr. This procedurc has been cxploited by 
W oodruff et al ( 1962) against syngcneic mammary carcinoma and by Mathé et al 
(r965) in both murine and human leukaernias. 

Snell & Stevens (1961) found that certain tumours grew less well in F1 

hybrids than in the parental strain and since then many examples of what 
is called hybrid resistance have been observed and the phenomenon may be 
basically similar to that of 'allergic death' described by Gorer & Boyse (1959). 

In vitro expcriments by Holm et al (1964, 1965) showed that tumour cells can be 
killed by being bronght into close contact (i.e. by agglutination) with a very 
large number ofimmunologically competent cells so long as these are genetically 
dissimilar (i.e. are not histocompatible). This phenomenon which has been called 
'callogeneic inhibition' has been claimed by Hellstrom& Moller (1965) to explain 
hybrid resistance in vivo but at the present time this hypothesis should be treated 
with caution as it fails to account for many of the salient features of the pheno
mcnon (cf. Oth and Burg 1967) and Cudkowicz (1965) has provided genetic 

s* 
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evidence to show that F1 hybrids react against certain parental antigens thereby 
making it unnecessary to invoke a non-specific reaction. The in vitro property of 
lymphoid cells to inhibit quite unspecifically allogeneic cells could not so far be 
exploited for immuno-therapy and the growth of established primary or syn
geneic tumours was not slowed down by the injection of non-immune foreign 
lymphoid cells under conditions where specifically sensitized lymphoid cells 
were effective. 

STUDIES IN MAN 

THE EFFECT OF MALIGNANT DISEASE ON 

lMMUNOLOGICAL REACTIONS TO fOREIGN 

ANTIGENS 

Patients with malignant disease are more prone to develop infections for one of 
three reasons : 

I. A failure to form adequate amounts of circulating antibody (the antibody 
deficiency syndrome), occurring particular! y in chronic lymphocytic leukaemia. 

2. Impairment in cellular immunity (delayed hypersensitivity and graft 
rejection), particular! y in Hodgkin' s disease. 

3· A failure to form normal granulocytes, particularly in acute leukaemia. 
Only the fmt two are regarded as immunological reactions, and will be 

considered in detail. Since both the formation of circulating antibody and cellu
lar immunity are mediated by cells of the reticulo-endothelial system it is not 
surprising that the greatest disruption in the immunological responses occurs in 
the primary malignant diseases of lympho-reticular tissue. 

CIRCULATING ANTIBODIES 

The term 'reticulosis' is used to include all primary malignant diseases oflympho
rcticular tissue, which as far as antibody formation is concerned may be divided 
into two groups. 

(i) Malignant disease oflymphocytes and plasma cells-Chronic lymphocytic 
leukaemia; Lymphosarcoma; Myelomatosis. 

(ii) Other reticuloses-Hodgkin's disease; Reticulum cell sarcoma; Myelo
proliferative diseases: ( Acute leukaemia, Chronic granulocytic leukaemia, 
Myelofibrosis, Polycythaemia rubra vera). 

Since the work of Moreschi in 1914 it has been known that antibody forma
tion is impaired in chronic lymphocytic leukaemia, and this has been confirmed 
many times; a similar immunological incompetence (see Chapter 19) exists in 
myelomatosis (Howell 1920; Bernstein 1934; Weinstein & Fitz-Hugh 1935; 
Larson & Tomlinson 1953; Zinnerman & \Vendell 1954; Lawson et al 1955; 
Shaw et al 1960; Fairley & Akers 1962). 

However, with the other reticuloses there ha ve been conflicting reports; in 
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Hodgkin's disease variable responses have been recorded, some patients forming 
antibodies normally with others failing to do so (Dubin 1947; Evans 1948; 
Geller 1953; Larson & Tomlinson 1953; Hoffmann & Rottino 1950; Schier et al 
1956). In chronic granulocytic leukaemia and acute leukaemia, antibody 
formation has bccn found to be impaired, normal and in the case of acute 
leukaemia sometimes even incrcased (Weinstein & Fitz-Hugh 193 5; Larson & 
Tomlinson 1953; Silver et al 1960). The variable results in these diseases are due 
to the difference between the response to primary immunization, when the 
patient is immunized with an antigen which he has never met befare, and the 
secondary response to antigens which the patient has experienced in the past. 

Both the primary and secondary antibody responses are impaired in malignant 
diseases of lymphocytes and plasma cells, whereas in the other reticuloses the 
secondary response is normal and only the primary response impaired (Green
wood et al 1958; Barr & Fairley 1961; Fairley & Akers 1962). 

The concentration of the naturally occurring blood group iso-antibodies 
anti-A and anti-B, is also reduced to a much greater extent in patients with 
malignant diseases oflymphocytes and plasma cells than in the other reticuloses 
(Davidsohn 1938; Brem & Morton 1955; Fairley & Akers 1962). Despite this, 
measuring antibody levels befare immunization is not as sensitive a guide to 
the ability to form antibodies as measuring the response following the injection 
of an antigen. For example, with influenza antibodies, both the resting levels 
and the response to immunization are impaired in myelomatosis, but in chronic 
lymphocytic leukaemia the ability to form new antibody is lost befare the level 
of existing antibody starts to fall (Heathet al 1964). Thisinfactparallels the changes 
in immtmoglobulins in these diseases. Hypogammaglobulinaemia giving rise 
to the antibody deficiency syndrome (see Chapter 19) is common in chronic 
lymphocytic leukaemia, the incidence varying between 36 and 68% (Jim 1957; 
Creyssel et al 1958; Ultmann et al 1959; Shaw et al 196o; Hudson & Wilson 
1960; Fairley & Scott 1961). Further, the concentration of immunoglobulin 
in the serum tends to fall with the passage of time. 

A monoclonal increase in the immunoglobulins IgG, IgA, IgD is found in 
myelomatosis andan increase in IgM in macroglobulinaemia; and frequently in 
these diseases the production of an abnormal globulin is accompanied by failure 
to produce normal immunoglobulin, resulting in the antibody deficiency 
syndrome (Snapper et al 1953; Porges 1956; Firkin & Blackburn 1958; Eastham 
& Yeoman 1960; Hobbs 1966). In malignant diseases of lymphocytes a poly
donal increase in immunoglobulins may occur and a few patients with chronic 
lymphocytic leukaemia and lymphosarcoma with macroglobulinaemia have 
been recorded (Mackay et al 1957; Glenchur et al 1958; Braunsteiner & Sailer 
1960; Martin 1960; Onat & Cooper 1960; Prasad & Block 1960). 

With the other reticuloses, although abnormalities in immunoglobulins occut 
they are neither as common nor as dramatic as with malignant diseases of 
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lymphocytes and plasma cells. In Hodgkin's disease hypergammaglobulinaemia 
is commoner than hypogammaglobulinaemia, but there is no characteristic 
pattern in the myeloproliferative syndromes (Neely & Neill 1956; Creyssel 
et al 1957; Teitelbaum et al 1959). 

Auto-antibodies 
When auto-allergic disease occurs in reticuloses it takes the form of auto-allergic 
haemolytic anaemia, and usually occurs in malignant diseases of lymphocytes 
(chronic lymphocytic leukaemia, and lymphosarcoma. See Dacie 1962). It 
would appear that in these diseases the inability to form normal immuno
globulins is accompanied by the formation of an abnormal protein. In chronic 

TABLE 18.6 

GROUP I GROUP 2 

Malignant diseases 
of lymphocytes Other 
and plasma cells reticuloses 

Primary Impaired Impaired 
response 

Secondary Impaired Normal 
response 

Serum Usually Usually 
immunoglobulin abnormal normal 

concentrations 

Iso-agglutinin Usual! y Usual! y 
ti tres low normal 

lymphocytic leukaemia gross hypogammaglobulinaemia may be accompanied 
by an auto-allergic haemolytic anaemia with a positive direct antiglobulin 
reaction (Pisciotta ct al 1960) and auto-allergic thrombocytopenic purpura 
(Ebbe et al 1962). 

It is also of great interest that the NZB strain of mice which spontaneously 
develop auto-allergic haemolytic anaemia, also develop both lymphocytic 
thymomas and malignant proliferation of reticulum cells leading to death from 
reticulosarcoma (East et al 1965; East 1967). 

It is therefore possible to divide patients with reticuloses into two groups as 
far as antibody formation is concerned, as shown in Table r8.6. 

Until recently, reports on the formation of circulating antibodies on antigenic 
challenge in patients with carcinoma have also been confused, but the results of 
Lytton et al (1964) suggest that the situation is similar to Group 2. That is, the 
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primary response is impaired leaving the secondary response unimpaired. The 
difference between carcinoma and reticuloses is that the inununological dcficit 
is present early in patients with rcticuloses, but only becomes prominent in late 
cases of carcinoma. 

CELLULAR RESPONSES 

Delayed hypersensitivity 
Most of the early work in man was done on the tuberculin reaction. There is no 
doubt that delayed hypersensitivity is suppressed in widespread diseases of 
lymphoreticular tissue, whether these are benign or malignant, although the 
mechanism of suppression is not necessarily the same in all thesc diseases; for 
example, it is clearly different in sarcoidosis than in the reticuloses. In so% 
of the patients with sarcoidosis who fail to respond to tuberculin, the Mantoux 
reaction becomes positive if cortisone is injected with thc tuberculin (Citron & 
Scadding 1957). This is not just a local effect as systemic cortisone has a similar 
action (Pyke & Scadding 1952). However, in patients with reticuloses who are 
insensitivc to tuberculin, cortisone has no such effect (Fairley & Matthias 1960). 
This strongly suggests that the mechanism of suppression of the tuberculin 
reaction in sarcoidosis is different from that in reticuloses, although the mechan
ism in the latter is unknown. 

In all reticuloses classical delayed hypersensitivity responses to antigens 
encountered befare the onset of the disease, e.g. tuberculin, mumps, etc., is 
impaired (Dubin 1947; Schier et al 1956; Lamb et al 1962; Aisenberg 1966); 
and there is also a reduced capacity to develop a delayed hypersensitivity re
action to a new antigen, such as dinitrofluorobenzene (nNFB) (Rostenberg et al 
1956; Levin et al 1964a). The impairment in delayed hypersensitivity is much 
greater in Hodgkin's disease than in the other reticuloses and Miller (1962) 
has stressed the importance of this in rendering thesc patients more liable to 
tuberculosis and cryptococcosis. 

In carcinoma and sarcoma, delayed hypersensitivity to antigens encountered 
before the onset of the disease, e.g. tuberculin and mumps, as well as to new 
antigens such as DNFB may also be impaired (Lamb et al 1962; Levin et al 1964a; 
Hughes & Mackay 1965), but most workers have found that the depression is 
not as marked as in patients with reticuloses, occurs later in the course of the 
disease, and is related to the extcnt of the disease (Solowey & Rapaport 1965). 

There are, however, sorne significant differences in the anergic statc of patients 
with reticuloses and carcinomas. For example, it is not possible to transfer 
delayed hypersensitivity using lymphocytes from a normal allergic donor to 
anergic patients with Hodgkin's disease (Kelly et al 1960; Warwick et al 1961), 
whereas it is possible to do this in anergic patients with carcinomas (Hattler 
& Amos 1965) and sarcoidosis (Urback et al 1952). Levin et al (1964b) have 
shown that the impairment of delayed hypersensitivity in both reticuloses and 
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carcinomas is not dueto general debility, because patients with debilitating non
neoplastic disease show normal delayed hypersensitivity responses. However, the 
work of Hughes & Mackay (r965) suggests that patients with malignant 
disease and anergy to tuberculin may have a worse prognosis than those who 
respond to tuberculin. 

Skin homograjts 
If skin from a patient without malignant disease is grafted on to a patient with 
cancer the ability to reject this homograft is related to the ability to form a 
delayed hypersensitivity reaction. The survival of the graft is only prolonged in 
patients who show a marked suppression in the delayed hypersensitivity response, 
i.e. in the reticuloses, particularly those with Hodgkin's disease and with car
cinomas, particularly the late cases (Kelly et al 1960; Grace 1964). The rejection 
of tumour homografts follows the same pattern and will be discussed la ter. 

However, when skin from patients with malignant disease is grafted either 
on to other cancer patients or on to recipients without any evidence of neo
plastic disease the situation is different. For example, Amos et al (1965) grafted 
skin from four patients with breast cancer, and one with a rhabdomyosarcoma 
on to 'normal' recipients and found that, in five out of six grafts, rcjection was 
delayed. In the case of the rhabdomyosarcoma, one of the grafts was still present 
6o days later when the rccipient disappeared. Robinson et al (1965) showed that 
if a cancer patient received a skin graft from a normal control on one arm and 
skin from another cancer patient on the other, the normal skin was rejected 
before the skin from the cancer patient. 

It is difficult to understand why this should be so. It is very unlikely that the 
skin of patients with malignant disease will have undergone antigenic loss, 
whatever antigenic change may ha ve occurred in the tumour itself. It is possible, 
however, that there may be a delay in the antigens from the skin reaching the 
lympho-reticular 'tissuc if the rccipient of the skin graft was deficient in 
mobile cells such as lymphocytes and macrophages. 

Lymphocyte Tran~fer Reaction 
Iflymphocytes from one individual are injected intradermally into a genetically 
dissimilar recipient an inflammatory response occurs in 24-48 hr, which 
represents a graft versus host reaction (Brent & Medawar 1964). It therefore 
depends on the immunological competence of the injected lymphocytes. 
Robinson & Hochman (r966) took patients with advanced local malignant 
disease and injected lymphocytes from a normal donor into one arm and lym
phocytes from a cancer patient into the other. In fifty-two out of sixty-two such 
studies the size of the lesion was larger with the normallymphocytes than with 
thosc from the canccr patients; in ninc it was lcss, and in one thc reaction was the 
same. This result is in keeping with the findings of impaired immunity in 
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advanced malignant disease, already described, and it is interesting that the 
lymphocyte transformation response to phytohaemagglutinin is impaired in 
patients with Hodgkin's disease (Hersh & Oppenheim 1965) and chronic 
lymphocytic leukaemia (Oppenheim et al 1965), but in carcinoma the lympho
cytes react normally to phytohaemagglutinin but ha ve impaired activity to other 
cell extracts (Robinson 1966), i.e. the lymphocytes of the carcinoma patient are 
deficient when tested by the lymphocyte transfer test, but respond normally to 
phytohaemagglutinin. 

Recently it has been shown that the lymphoid cells in the peripheral blood 
in untreated Hodgkin's disease differ from normal controls in three ways 
(Crowther et al 1967): First, there is an increased number of large lymphoid 
cells which synthesize DNA; Secondly, there is an increased number of medium
sized lymphocytes with basophilic cytoplasm; Thirdly, occasional plasma cells 
are seen. These changes are identical with those seen under conditions of 
known antigenic challenge in man, following immunisation, in infections, and 
in rheumatoid arthritis and systemic lupus erythematosis (Crowther et al 1967). 
It may be that these cells in Hodgkin's disease represent an immunological 
response possibly directed against the malignant tissue. 

Thus, as expected, the immunological abnormalities arising in malignant 
diseases are accompanied by an impaired function of cells of the lymphocyte
plasma cell series. However, the significance of impaired immunological 
responses in relation to the aetiology and prognosis of spontaneous malignant 
disease in man remains largely unanswered. 

One practica! result of impaired immune (allergic) reactions is the occurrence 
of severe and often unusual infection, but the type ofinfection and its prevention 
or treatment depends on which defence mechanism is at fault. For example, 
regular injections of gamma-globulin may prevent infections in patients with 
chronic lymphocytic leukaemia with the antibody-deficiency syndrome (Shaw 
ct al 196o; Fairley & Scott 196r) but are ineffective in acute leukaemia where 
the basic defect is a failure to form normal granulocytes. In Hodgkin's disease, 
where the basic defect is a failure in cellular immunity, unexpected infections 
such as miliary tuberculosis and cryptococcosis may occur, and it is imperative 
that fever in this disease should not be attributed to the disease until infection 
has been excluded. 

Thc theoretical intcrest in impaircd immunity in malignant disease lies in its 
relationship to the reaction of the patient against his own tumour which will 
now be considered. 

ALLERGIC REACTIONS BY THE PATIENT 
AGAINST HIS OWN MALIGNANT DISEASE 

From the work alrcady described it is clear that in animals therc is an immuno
logical (i.e. allergic) reaction by the host against many experimental tumours, 
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but, beca use of the difficulties of research in man, the situation is notas clear as in 
animals. There are two reasons for this: first, there is the ethical pro blem of 
transplanting malignant tissue in man (see below); and secondly, unlike animals, 
'pure-line' (syngeneic) human beings do not exist apart from identical twins. 
For this reason tumour specific antigens have not as yet bcen demonstrated in 
human malignant diseasc, although the work ofKlein (1967) suggests that anti
gens of the type sccn in virus-induced tumours in animals may be prcsent in the 
Burkitt lymphoma, and of COllrSe on thcorctical grounds a choriocarcinoma 
would be expected to contain transplantation antigens not present in the host. 
However, there is evidence in man that there may be a reaction of the host 
against his own tumour, that this reaction is cellular rather than humoral 
and as in animals is mediated by lymphocytes. Its exact nature is not known and 
there is no proof that the reaction is immunological although the evidence, 
suggesting that it is, may be snmmarized as follows: 

TUMOUR GRAFTS IN MAN 

Homogrcifts 
Grafts of malignant tissue into recipients receiving immunosuppressive drugs 
may be accepted. D.C.Martin et al (1965) successfully transplanted a cadaveric 
kidney from a patient with carcinoma of the bronchus and 4 months later 
malignant cclls were found in the transplanted organ; the recipient died from 
widespread metastases of the transplanted carcinoma 5 months after the graft. 
Presumably, in this case the graft of malignant cells took for the same reason 
that the kidney transplant was successful, i.e. that the immunosuppressive treat
ment with azathioprine, prednisolonc and actinomycin C was so effective. 

The subcutaneous transplantation of human cancer cells into normal people 
almost invariably results in transient growth followed by complete regression 
during the 3rd and 4th weeks (Southam et al 1957). As with other tissues rejected 
by the homograft reaction, further transplants lead to an accelerated response. 
Rejection of homografts of malignant cells in patients with advanced cancer is 
delayed sometimes indefinitely and in one patient with advanced cancer who 
received a homotransplant of anothcr tumour, the latter actually metastasized 
to the regionallymph nodes (Southam et al 1957). In patients with debilitating 
non-neoplastic disease the rejection ofhomografts of malignant cells is the same 
as in normal controls (Levin et al 1964b). 

However, as with animals (Delorrne & Alexander 1967), malignant cells 
transplanted into genetically dissimilar normal recipients occasionally take. 
Scanlon et al (1965) took a small biopsy of a melanoma from a woman of 50 
and transplanted it into the patient's So-year-old mother who subsequently died 
of widespread metastases from this tumour. The fact that 9 months after the 
implant her Mantoux test was negative, and that she was old, raises the possibility 
that there may have been sorne impairment in hcr immune responses which 
encouraged this tumour to metastasize. It is also intercsting that 5 years before 



PLATE 18.1. The pyroninophilic lymphoblast: 
(a) Cells obtained from the efferent duct of a sheep lymph-node draining the si te 

of a foreign tissue graft. 
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PLATE I8.Ib 

(b) Electron-photomicrograph oflarge basophil sheep lymph cell from the efferent 
lymph of a stimulated node. The cytoplasm lacks endoplasmic reticulum but 
numerous polysomes are present. 



PLATE rS.rc 

(e) Plasma cells in a sheep lymph node. These cells are full of endoplasmic reticulum 
and Birbeck and Hall (1967) showed that they can be derived from the baso
phil cells shown in a and b. 
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this, she hada carcinoma of the uterus which was successfully removed. Another 
explanation could be that because the donor and recipient were so closely 
related there was a high degree of histocompatibility. In view of this case it is 
clearly dangerous in sorne circumstances to transplant human malignant tissue into 
apparently healthy recipients, particular! y if the donor and recipient are relatcd. 

Autograjts 
The subcutaneous implantation of malignant cells or biopsy material ±rom the 
patient's own tumour may give rise to 'takes' depending on the experimental 
conditions. For example, Grace (1964) using biopsy material found that only 
two out of sixteen implants grew, and Nadler & Moore (1965a) only obtained 
eleven out of eighty-two transplants. Southam ( 1965) by injecting cell suspensions 
found that the development of a subcutaneous tumour depended on the number 
of malignan! cells injected; 108 cells always produced a nodule, whereas 104 

cells invariably failed to do so. With Io5-IO 7 cells the number of tumour cells 
required to produce a successful autograft was relatcd to the ability of the patient 
to reject a homograft of tumour cclls, and this in turn was rclated to the im
munological state of the patient as judgcd by the tuberculin test, the ability to 
develop delayed hypersensitivity to DNFB and the macrophage response in 
inflammatory exudates. The greater the immunological defect, the fewer cells 
were required to establish a tumour autotransplant. 

Patients with carcinomas may respond to the injection of cell free extracts 
of their own tumours, in about 25/o of cases, by a delayed hypersensitivity 
response and in a small number of cases by an immediate response (Hughes & 

Lytton 1964). 

HISTOLOGICAL EVIDENCE 
The natural history of malignant disease is related to the morphology of the 
tumour. Black et al (1955, 1956); Black & Speer (1958) showed that the 
prognosis in carcinoma of the breast and stomach was rclated to the degree of 
nuclear differentiation, the amount of lymphoid infiltration in thc primary 
tumour and the presencc of sinus histiocytosis of the regional lymph nades. 
The greater the degree of differentiation, lymphoid infiltration and sinus 
histiocytosis, the bettcr thc prognosis. A similar situation arises in Hodgkin's 
disease where lymphocytic depletion is associated with a poor prognosis and 
widespread disease; lymphocytic andjor histiocytic proliferation is associated 
with a better prognosis and localized disease (Lukes 1964). 

THE PHENOMENON OF SPONTANEOUS REGRESSION 
There are now a number of cases of malignant disease in man in which the 
disease has regressed unexpectedly, although not necessarily without any form 
of treatment (Everson & Cole 1956; Smithers 1962; Everson 1964). 

Everson & Cole (1956) have defined spontaneous regression of canccr as 'the 
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partial or complete disappearance of a malignant tumour in the absence of all 
treatment or in the presence of therapy which is considered inadequate to exert a 
signifrcant influence on neoplastic disease'. Regressions have been recorded in 
carcinomas of the bladder, breast, kidney, lung, ovary, stomach, uterus and with 
melanoma and neuroblastoma. 

Everson (1964) collected 130 cases in which the evidence of spontaneous 
regression of malignant disease was beyond all doubt, and of these, 28 had 
occurred in ncuroblastoma, 21 in hypernephroma, 13 in choriocarcinoma and 
12 in malignant melanoma. Many of these regressions occurred in metastases 
after th~ primary tumour mass was removed, and in these cases it may be that 
the host reaction against the tumour is being overwhelmed by the mass of 
malignant tissue, and removal of part of this tissue might enable the host to 
deal with the remainder. This is a comparable situation to the experiment 
described under 'Escape mechanisms which permit the growth of antigenic 
tumours' in the first section of this chapter. 

EVIDENCE FROM TREATMENT 

A total of seventy-one patients with undoubted acute leukaemia who have 
survived from periods of 5 to 12 years since diagnosis has been collected by 
Burchenal & Murphy (1965). Thirty-six out of fifty-three children and six out 
of eighteen adults are alivc and well with no evidence ofleukaemia more than 
5 years after diagnosis. They received a variety of treatments and as yet no 
common factor has been detected in these patients. 

A more drama tic situation has now arisen with the Burkitt Africanlymphoma. 
Regressions of tumour masses with freedom from recurrence from up to 5 years 
have followed the single injection of either methotrexate or cyclophosphamide 
(Burkitt 1967). lt is extremely unlikely that this treatment could have killed all 
the malignant cells, and this is further evidence that there is host resistance as 
well, and this could be immunological. For this reason it has been suggested that 
in certain circumstances it might be disadvantageous to irradiare or remove the 
drainage lymph nodes with a localized carcinoma, e.g. Crile (1965) has shown 
that the survival with Stage 1 carcinoma of the breast is slightly better when a 
simple mastectomy is performed than after a radical mastectomy. However, 
with other tumours, e.g. seminoma, thc practice of irradiating the pelvic and 
abdominal lymph nodes has revolutionized the prognosis (Whittle 1957; 
Hope-Stone et al 1963; L.S.J.Martin et al 1965). Presumably, the efficacy of 
irradiating the drainage lymph no des depends on the sensitivity of the tumour to 
radiotherapy. With radio-sensitive tumours the treatment may harm the tumour 
cells more than the lymphocytes, which may be reacting against them. On the 
other hand with radio-resistant tumours, irradiation may harm the lympho
cytes more than the malignant cells. 

It is with the background of this evidence that there may be a reaction, 
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mediated by lymphocytes, by the patient against his own malignant disease, 
that the problem of immunotherapy in man should be considered. 

IMMUNOTHERAPY 

IMMUNOTHERAPY USING V ACCINES AND ANTISERA 

In 1922 Kellock et al attempted to .¡nfluence the course of malignant disease by 
immunizing patients with material from their own tumours without any real 
beneflt. Graham & Graham (1959) prepared a 'vaccine' from the patient's own 
tumour, injected it together with Freund's adjuvant and concluded that it 
might exert an effect in potentiating radiotherapy given subsequently-a 
similar effect has been observed experimentally (see earlier section). However, 
there are theoretical reasons from the animal work already described why 
vaccines might even lead to tumour enhancement and Milner et al (1964) have 
drawn attention to this potential danger. 

Similarly, antiscra produced against human malignant tissue in animals have 
not been successful in modifying the course of cancer in man with thc possible 
exception of choriocarcinoma, and this form of treatment carries the potential 
danger of tumour enhancement. 

Of all malignant tumours in man, choriocarcinoma should be the most 
antigenic, for it is derived from the placenta and presumably carries antigcns 
derived equally from each parent. Doniach et al (1958) were the fmt to attempt 
treatment by immunizing the patient against her husband's cells by skin grafting 
and by repeated injections of his leucocytes. Cinader et al (r961) described a 
patient in whom chemotherapy had been unsuccessful, and who was subse
quently successfully treatcd with active immunization of her husband's leuco
cytes and antisera prepared in rabbits against the husbands' seminal fluid. In 
both cases immunotherapy was used in addition to orthodox treatment and it is 
difficult to assess the benefits. 

IMMUNOTHERAPY USING LYMPHOID CELLS 

Non-specific reactíons 
The results of using spleen cells, lymphocytes and peripheralleucocytes have 
proved more intcresting. Woodruff& Nolan (r963) treated eight paticnts with 
advanced carcinomatosis by injecting spleen cclls from another individual aftcr 
preparatory treatment of the recipient with a cytotoxic drug designed to delay 
rejection of the foreign cells. All cases showed sorne slight improvement. 
These cells had, of cotme, not been immunologically activated as the donor had 
not bcen immunized with tumour cclls. 

Schwarzcnberg et al ( 1966) ha ve trcatcd twcnty-one patients with acute 
leukaemia with lcucocytc transfusions from donors with chronic mycloid 
lcukaemia, and obtained nine remissions although these were only tcmporary. 
They concluded that the anti-lcukacmic effect was clependent on the immuno-
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logically competent cells in thc transfused population, as the remissions were 
rclatcd to thc onset of a secondary syndrome identical with that complicating 
marrow grafts in man. 

Spccific rcactions 
Following the cxperience with primary rat tumours (see previous section) 
Nadler & Moore (1966) took pairs of patients with incurable malignant disease. 
A biopsy of the malignant tissue was taken from each patient and implanted 
subcutaneously into the othcr patient and vice versa. After roto 14 days white 
cells were collected from the recipients of the tumour grafts and injected back 
into the donor. They used the white cells from soo ml ofblood on each occasion 
and repeated the transfusion once or twice daily for 3 weeks. Seven out of 
twenty-six patients derived some bcnefit from this, and two patients had 
complete objective remission, one of which had lastcd for 2 years at the time of 
publication. 

Southam (1965) found with tumour autotransplants that by mixing thc 
tumour cells with thc patient's own lymphocytes therc was sometimes an inhi
bition of growth at the si te of ii*ction. Autologous plasma was less inhibitory 
whcn mixed with thc tumour cells but did havc some cffect. 

CoNcLusroN 

From all this evidence it is reasonable to postulate that in some instances there is 
a host reaction in both man and animals against ma!ignant disease, that this 
reaction is largely cellular and related to the activity of lymphocytes, and may 
wcll be an immunological reaction allied to the delayed hypersensitivity re
action and graft rejection. 

The frequency and significancc of such reactions, and their relationship to 
other factors, such as hormonal balance, in human malignant disease remains to 
be established. As yet immunotherapy in manis still in the experimental stage, 
but it may well be that in the future it will prove of value, probably being used 
in conjunction with other forms of treatment. An excellent summary of this 
may be found in the Report of a W.H.O. Scientific Group (1966) on Immuno
thcrapy of Cancer. 
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IMMUNITY DEFICIENCY ST ATES 
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DEVELOPMENT OF lMMUNITY MECHANISMS 

MAIN SYNDROMES OF lMMUNITY DEFIC1ENCY 

ANTIBODY DEFICIENCY SYNDROME 
Hypogamma-globulinaemia: Immunoglobulin metabolism in hypo
gammaglobulinaemia: Antibodies in hypogammaglobulinaemia: 
Dysgammaglobulinaemia: Symptomless immunoglobulin deficiency 

CELLULAR lMMUNITY DEFICIENCY 

MISCELLANEOUS fAMILIAL lMMUNITY DEFICIENCY DISEASES 
Ataxia Telangiectasia: Reticular dysgenesis: Aldrich's Syndrome: 
Dystrophia myotenica 

SECONDARY DEFECTS 

lNHERITANCE 

HAEMATOLOGY IN lMMUNITY DEFICIENCY STATES 

ÜTHER CLINICAL AssociATIONs 
Pneumocystis carinii infection: Diarrhoea: Rheumatoid arthritis: 
Amyloidosis: 

HYPERSENSITIVITY REACTIONS 
Types I-IV: Auto-allergic diseases: Reation to tissue grafts 

MüRBID ANATOMY OF THE SYNDROMES 

POSSIBLE AETIOLOGICAL MECHANISMS 

lNCIDENCE, DIAGNOSIS AND TREATMENT 

CüNCLUSION 

INTRODUCTION 

Resistance to infection depends on many functions, some of which are listed in 
Table 19.1 Deficiency of these may lead to overwhelming acute infection, orto 
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chronic abnormal susceptibility to infection. Both improvement in the medical 
care of the former and advances in techniques have led to increasing recognition 
of the latter. Treatment, and, proba bly more ímportant, adequate nutrition and 
housing has led to a profound fall in mortality and morbídity to infection over 
the years, particularly in earlier life, but, in spite of such measures, infection 
is exceeded only by injuries and congenital abnormalities as a cause of death 
in the first year oflife (Registrar General's Statistica/ Review 1964), besides leading 
to much chronic illness. Some individuals have such a remarkable incidence of 

TABLE 19.1 

Sorne structures and functions relevant to resistance to infection with examples 
of diseases of each system, both quantitative and functional. 

Structure 

Skin 

Mucous membranes 

Polymorphonuclear 
leucocytes 

Complement 

Interferon 

Immunoglobulins 

Cellular immunity 

Example diseases 

Quantitative 
deficiency 

Trauma 

Trauma 

Neutropenia 

Hypocomplement
aemia (C'2) [2, 3] 

Not established yet, 
but see [4] 

Hypogammaglobulin
aemia 

Lymphopenia 

Functional 
deficiency 

Eczema 

Cystic fibrosis 

Chronic granuloma
tous disease[ I] 

Antibody deficiency 
syndrome without 
hypogammaglobulin
aemia 

Sarcoidosis [5] 

[ I] Holmes et al (1966) 
[3] Gewurz et al (1966) 
[5] Aisenberg (1962). 

[2] Silverstein (1960) 
[4] Baron& Isaacs (1962) 

infection to multiple organisms in multiple sites that the suspicion arises that 
there may be defects of some of these mechanisms. A number of syndromes 
of extreme disturbance of one or more has airead y been recognized and it seems 
likely that subtler tests of function will reveal a much higher incidence of such 
defects in patients with chronic infection. Current work has initially concentrated 
on gross abnormalities, with attempts to correlate clinical syndromes with dis
turbances ofindividual functions. 
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The relative role of specific immunity, the last two functions in Table 19.1, 
in protection against infection, as against that of the other functions listed, is 
difficult to assess, but attention to defects of these mechanisms has been greatly 
increased lately, as a result of the detection of primary defects of the mechanisms 
involved. It has long been known that patients with abnormal serum proteins, 
whether due to abnormal loss (e.g. the nephrotic syndrome), or abnormal or 
deficient production (e.g. myelomatosis or lymphatic leukaemia) may be liable 
to repeated infection and their serum may be deficient of antibodies following 
immunization (Larson & Tomlinson 1952, 1953). Such phenomena of secondary 
deficiency of humoral immunity was paralleled by a similar demonstration 

TABLE 19.2 

Deficiency states of specific immunity 

Deficient 
Syndrome mechanism Possible basic defect Example diseases 

I Antibody Humoral Gastrointestinallymphoid Hypogammaglobulinaemia in 
deficiency immunity tissue deficiency, or boys 
syndrome disturbance of function or Dysgammaglobulinaemia 

loss, etc. Nephrotic syndrome 

2 Cellular Cellular Thymus dependent Isolated thymus dysplasia 
immunity immunity lymphoid tissue deficiency 
deficiency or disturbance of function 
syndrome 

r and 2 1 and 2 Perhaps r aud 2 Lymphopenic hypogamma-
Perhaps a more profound globulinaemia 
thymus deficieucy Ataxia telangiectasia 

4 r and 2 and All reticular Reticular dysgenesis Reticular dysgenesis 
neutropenia structures 

of def1eiency of humoral immunity (Bruton 1952), and of cellular immunity 
(Glanzmann & Riniker 1950) arising from no obvious cause. Attention 
was soon focused on the very characteristic sex-linked form of hypo
gammaglobulinaemia (Bruton et al 1952), and since then a complex of 
díseases affecting all ages and both sexes, associated with deficiency of both 
humoral and cellular immune mechanisms have been recognized. This chapter, 
concemed almost entirely with defects of the specific mechanisms, deals with 
defects of the other functions only when they are associated with them. It is 
probable that all combinations of quantitative and qualitative defects of each 
one of the ímmunoglobulins and of cellular immuníty may exist independently 
or together with others as a familia! phenomenon andas acquired diseases, some 
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of known cause and sorne of Lmknown cause. Techniques for study of the 
immunoglobulins and ofhumoral immunity are more advanced than those for 
cellular immunity, so the quantitative basis of these deflciencies can be established 
more satisfactorily. Existing evidence suggests that it is unlikely that an absolute 
deflciency of any one of the immunoglobulins occurs, and one is inclined 
to speculate that this is also true of defects of cellular immunity. 

Table 19.2 indicates a basic classiflcation of the immunity deficiency syn
dromes. Aetiologic speculations on the existence of independent humoral and 
cellular immunity and combinations of the two will be discussed later. But the 
probable role of the thymus in bothis one way of tying the phenomena together. 

DEVELOPMENT OF IMMUNITY 
MECHANISMS 

A normal child is born with its mother's IgG, ata concentration slightly higher 
than that in the mother's serum, a little of its own IgG, IgM and very little 
IgA or IgD. The maternal lgG decays, and the child increases IgM, lgG and 
IgA production (in that order) to produce the serum levels of each immuno
globulin which are described in Chapter 13. The newborn child is therefore 
passively protected by maternal IgG antibodies for sorne weeks after birth, 
but only to antigens against which the mother has circulating antibodies. Thc 
physiological roles oflgG, IgM, and IgA are discussed in Chapter 13, and from 
these one can speculate on the possible relevance of the concentrations of the 
differcnt immunoglobulins on the child's immunity to different infections, 
apart from the question of presence of speciflc antibody to the infection. The 
first antibody to be produced in response to primary immunization is IgM (see 
Chapter 13). This is largely intravascular, so it will provide little protection in 
interstitial fluid, but IgM antibodies to Gram-negative bacteria are particularly 
effective in killing the bacteria, and Gitlin, Rosen & Michael (1964) have sug
gested that this may be relevant to the susceptibility ofinfants to such organisms 
as E. coli, which are oflittle pathogenicity in adults. Also, IgA is secreted speci
fically in mucus (Tomasi et al 1965) and this may well have a local protective 
function in the upper respiratory, gastro-intestinal and urinary tracts so that 
absence of it soon after birth may well be associated with transient increased 
susceptibility. In contrast to thesc limitations of humoral immunity in infancy, 
cellular immunity-capacity to react to dinitrochlorobenzene and other skin 
sensitizing antigens-is prcsent soon after birth (Uhr, Dancis & Neumann 1960). 

MAIN SYNDROMES OF 
IMMUNITY DEFICIENCY 

The common feature in the clinical presentation of patients with the various 
immunity deflciency syndromes is the increased incidence of infection. Certain 
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patterns of infections in different groups of patients are recognized, and it is 
claimed that they are related to defects of different immune mechanisms. 

The best established and most commonly reported syndrome is the antibody 
deficiency syndrome (Barandun et al 1959). This is characterized by predomin
ance of bacteria! infections, particular! y of Gram-positive cocci involving many 
systems (Gitlin et al 1959). The incidence of infections of various organs of such 

TABLE 19.3 

Illnesses recorded in eighty-two patients prior to diagnosis classified by age and sex 
(Note that an average of more than four different kinds of illness pcr patient was 

recorded) 

Children 
(o-14 years) Adults 

Total 
M F M F 

Total patients 41 9 lO 22 82 

Disease involving: 
Lungs 68 13 21 51 153 
Upper respiratory tract 

(including middle ear) 51 17 17 24 !09 
Skin (including conjunctivae 

and externa! ear) 40 II II 29 91 
Specific infectious disease 35 4 22 21 82 
Digestive tract 9 5 6 23 
Urinary tract 2 o o lO 

Female genital tract 6 7 
Bones and joints 3 o 7 
Other congenital disease o o 2 3 
Miscellaneous 14 4 4 II 33 

---
Total disease 223 53 81 161 518 

(From Squire 1962) 

patients is indicated in Table 19.3. Conspicuous is the lack of evidence of ah
normal susceptibility to virus disease. Repeated infection in multiple sites is usual. 
Symptoms are not usually apparent in the first few months oflife, presumably 
because of thc passively acquired maternal antibody. But thereafter the severity 
of infections may vary very greatly, and sorne patients with a known family 
history have been shown to have a gross deficiency of all immunoglobulins 
in spite oflittle evidence of abnormal incidence of infection. Apart from such a 
congenital defect, antibody deficiency syndrome may arise at any stage in life, 
after a previously normal history of immunity (Wollheim et al 1964). Hobbs 
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(1966) has shown the development of hypogammaglobulinaemia in one such 
case. It seems likely that tissue damage from chronic infection also leads to 
increased susceptibility to reinfection, and so this will add to the variation of 
severity of symptoms from patient to patient, but one factor for this variation is 
undoubtedly the degree of the defect of cellular immunity, which is ofteu 
associated with the antibody deficiency syndrome. 

The second group of patients emerging as a syndrome are those in whom there 
is a deficiency of cellular immunity. This is demonstratcd by a failurc of de
layed type allergy and the presentation is one of recurrent or progressive virus 
or monilia infections. In these patients homografts survive abnormally long. 
Such a defect is usually associated with hypogammaglobulinaemia-the lym
phopenic form ofhypogammaglobulinaemia (Hitzig & Willi 1961) or the com
bined immunity deficiency syndrome (see later), but clear descriptions of the 
deficiency of cellular immunity with normal immunity (Fulginiti et al 1966) 
associated with abnormal susceptibility to virus infection justify the separate 
recognition of the cellular immunity deficiency syndrome. The association of 
such a state with hypoparathyroidism in patients with no detectable parathyroids 
or thymus as a result of failure of third and fourth bronchial arch development 
provides important confirmation that the thymus does have a function related 
to cellular immunity in man (Di George et al 1968). 

These three syndromes have in common the feature of presenting only after 
sorne months of life. In a very rare group of patients a very severe form of 
combined (humoral and cellular) immunity deficiency is associatcd with gross 
neutropenia, aplastic anaemia and thrombocytopenia (de Vaal & Seynhaeve 
1959); infections start far earlier, and are rapidly fatal, in spite of the maternal 
IgG. 

These three syndromes, which partly overlap, are now fairly clear, in ternlS of 
disturbance of function, but the pathogenesis of various patterns of familial 
disease such as Aldrich's syndrome, and the immunity defects related to ataxia 
telangiectasia is less clear, though the abnormal susceptibility to infection can 
largely be cxplained by deficiencies of humoral and cellular immunity. It 
should also be stressed that the association of susceptibility to virus infections, 
for instance, with cellular rather than humoral defects results from a clinical 
suspicion rather than critical statistical analysis. There is reason to doubt sorne 
such assertions-for instance whether immunity to tuberculosis, pneumocystis 
carinii, etc., are related mainly to cellular or humoral defects, and since it seems 
likely that we are always dealing with quantitative rather than absolute defects, 
which usually coexist, such correlations will only be clearly substantiated by 
statistical analysis of incidence of each infection, with quantitative data on the 
defect of each function. 

T 
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ANTIBODY DEFICIENCY SYNDROME 

HYPOGAMMAGLOBULINAEMIA 

Beca use it is possible to define quantitatively certain aspects of the defect, it is 
in the field of hypogammaglobulinaemia that such correlations can best be 
attempted. IgG is the predominant immunoglobulin, so knowledge in this field 
has first been developed by study of patients with low levels of IgG, but, as 
described above, the syndrome of antibody deficiency is similar, whether it is 
related to a quantitative or qualitative deficiency of the immw10globulins. 
Initial reports (Bruton et al 1952) of failure to detect y-globulin electrophoreti-

Cause 

r. Physiological 

2. Transient 

3· Loss 

4· Myelomatosis 

TABLE 19.4 

Antibody deficiency syndrome 
(Quantitative disturbance of immunoglobulins) 

IgG IgA 

--+ --+ 

~ ~--+ 

~ ~--+ 

i'--+~ i'--+~ 

S· Other secondary diseases of production ~ ~--+ 

6. Familial 
(a) Sex-linked ~ ~--+ 
(b) Non sex-linked (Thymus dysplasia) ~--+ ~--+ 

7· Congenital rubella ~ (!)--+ 

IgM 

--+ 

~--+ 

t--+ 

t'--+~ 

~--+ 

~--+ ¡<x) 

~--+ 

t 
8. Cause unknown ~ --+(') ~--+ ~ __.(x)¡(x) 

' = immunoglobulin without detectable antibody function 
<•> immunoglobulin sometimes without detectable antibody function 

t--+! = raised normal or low for age 

IgD 

cally led to the description of agammaglobulinaemia in boys. Soon, however, 
adult patients (Grant & Wallace 1954; Gitlin & Janeway 1956) and girls (Squire 
196o) were described, and the application of immunological techniques to the 
study of the serum proteins of these patients showed that IgG is probably never 
completely absent (Kekwick et al 1961) and that, in addition to IgG, two other 
immunoglobulins, IgA and IgM, are sometimes also deficient (Gitlin, Hitzig 
& Janeway 1956). But the other immunoglobulins, IgA, IgM and IgD are not 
necessarily low in patients with low IgG; even in the primary form, they may 
be normal, or (for IgM) high in concentration (Kekwick et al 1961; W est, 
Hong & Holland 1962.) 
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In Table 19.4 the possible combinations of concentrations of immuno
globulins are indicated for different types of antibody deficiency syndrome. 
First is the physiological type of early life, after decay of maternal IgG, as al
ready outlined. The levels of all immunoglobulins are, of course, normal at 
this time, but this does not imply that this does not sometimes represent a 
serious risk to life, and an indication for administration of y-globulin. The 
transfer oflgG from mother to baby occurs in late pregnancy, and the immuno
globulin levels may be very low in premature babies; y-globulin treatment is 
probably valuable here (Davies & Hobbs 1967). Occasionally there is a marked 
dclay in IgG production by the infant, though subsequently, even after a 
year or two's delay, normal levels are reached, apparently with normal 
immunity (Gitlin& Janeway 1956); this transient form ofhypogammaglobulina
cmia is perhaps the most rewarding to treat, and it is important that permanent 
tissue damage is avoided. With heavy proteinuria, or protein-losing entero
pathy smaller proteins are lost more readily than large, and the serum concentra
tion of slowly metabolized proteins is more affected than that of the quickly 
mctabolized (Squire, Hardwicke & Soothill 1967); so IgG is profoundly affected, 
whereas IgM is at normal or raised concentration. Infections are common and 
dangerous in the nephrotic syndrome, and the local effect of oedema may be 
important here, but it seems likely that the immunity defect is probably less 
profound than in the hypogammaglobulinaemia associated with production 
dcfects, perhaps because the patient can react to an infection by a secondary 
antibody response, and cellular inununity is presumbly normal. 

Hypogammaglobulinaemia dueto loss, and the effects ofknown generalized 
diseases of the reticulo-epithelial system have been called secondary hypogamma
globulinaemia, but it is doubtful whether this latter term is meaningful as a 
distinction from 'primary acquired' hypogammaglobulinaemia; the word 
'primary' means 'cause unknown' and is becoming progressively less frequently 
applicable, as more causes are established. Deficiency ofhumoral immunity has 
alrcady been mentioned in such diseases as leukaemia (particularly chronic 
lymphatic leukaemia), but the situation in myelomatosis needs special considera
tion, as, though the total y-globulin may be raised, much of it is abnormal 
material of a single immunoglobulin class, of circumscribed electrophoretic 
mobility and single light chain type, which apparently has no antibody function 
(scc Chapter 13), and the normal immunoglobulins are usually at low concen
tration. This is a definite instance of qualitative defective immunoglobulins, 
in association with hypogammaglobulinaemia; this will be discussed later. 

All these diseases associated with 'secondary' hypogammaglobulinaemia 
ha ve their own specific symptoms as well as the common factor of susceptibility 
to infection, particularly bacteria!. Of the two main groups of familia! hypo
gammaglobulinaemia (see later)-the sex-linked form can only be identified 
li-tnn the other types if there are, in fact, affected male relatives; there are no 
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objective differences in the effects of the defect. The non-sex-linked form, 
associated with lymphopenia and thymus dysplasia bcsides exhibiting the anti
body deficiency syndrome, is associated with the effects of cellular immunity 
deficiency-recurrent progrcssive virus infections, etc. Probably in both these 
forms, and in the group of acquired hypogammaglobulinaemia of unknown 
cause, the other immunoglobulins may be low, normal or (for IgM) high, 
but one exception is hypogammaglobulinaemia duc to congenital rubella, 
which has a high IgM (Soothill, Hayes & Dudgeon 1966). 
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FrG. 19.1. Immunochemically determined decay ofigG, IgM and IgA in a patient 
with hypogammaglobulinaemia following infusion of fresh whole human plasma 
(IgG =X, IgA = o, IgM = e). (Soothill 1967-reproduced by kind permission 
of the Athlone Press.) 

lMMUNOGLOBULIN METABOLISM 

IN HYPOGAMMAGLOBULINAEMIA 

Apart from hypogammaglobulinaemia dueto loss, the defect is one of produc
tion of the deficient immunoglobulins. This was shown to be so for IgG by 
decay of iodine labelled IgG (Gitlin et al 1959); the decay time was normal or 
slow, as is consisten! with thc more recent observation that the decay of IgG 
is related to concentration (see Chapter 13). Interpretation of such data is more 
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difficult in the presence of intestinal disease, which is often associated with 
hypogammaglobulinaemia; the production defect may be accentuated by loss, 
when the decay of IgG may be abnormally fast, but so is the decay of albumin 
(Waldman & Schwab 1965). Comparable data for three immunoglobulins 
can be obtained in patients with very low levels, by infusion of whole serum 
followed by serial immunochemical estimation of the serum concentration of 
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FrG. 19.2. The relationship ofigA to IgM in the sera of II9 patients with hypo
gammaglobulinaemia (IgG < 200 mgjroo ml) over the age of r year, without 
evidence of protein loss, etc. Mean and ± 2 standard deviations of a healthy adult 
population are indicated by the bracket. Though there is a signiftcant correlation 
(P ""'o.oor) the scatter is very great. 

each. Fig. 19.1 gives such data; the survival of the IgG is abnormally long, but 
that ofigA and IgM are probably normal. 

In 'primary' hypogammaglobulinaemia, arbitrarily defined by IgG level, the 
serum concentrations of the four immunoglobulins show no correlation with 
each other. This is illustrated for IgA v. IgM and IgD v. IgG in Figs. 19.2 and 
19.3, and applies to all combinations of immunoglobulins, in boys, girls, men 
and women, and even within families with severa! affected male relatives 
(Soothill, Hill & Rowe 1968). 
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ANTIBODIES IN HYPOGAMMAGLOBULINAEMIA 

Lack of antibodies-the apparent basis of the syndrome-is usually not absolute 
in these patients. The range of normality of antibody production to any particu
lar stimulus is difficult to define. Antibodies which are present normally in all 
sera except those of blood group AB are the anti-A or anti-B iso-haemagglu
tinins. These are easy to detect, and failure to find them during routine cross
matching for blood transfusion has been the means of suspecting the diagnosis 
(Cooke, Weiner & Shinton 1957), as well as affording a useful means of con
firmation. But, as is shown in Fig. 19.4, they may frequently be present, even at 
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FIG. 19.3· Data for IgD and IgG, similar to Fig. 19.2. There is no signiücant 
correlation. 

abnormally high titres, in the sera of patients with hypogammaglobulinaemia. 
They are normally largely IgM and they are present in sera of patients with 
hypogammaglobulinaemia only when the concentration of IgM is normal or 
high (Soothill 1962; Cruchaud et al 1962). On the other hand, sorne of the pati
ents represented in Fig. 19.4, who had high IgM concentrations, did not have 
the expected iso-agglutinin activity, showing that, in patients with hypogamma
globulinaemia, this protein may be functionally deficient. This is presumably 
a similar situation to the functionally dcficient immunoglobulins in patients with 
antibody deficiency syndrome with normal concentration ofigG (see later). 

Antibodies, to bacteria with which thc patients are infcctcd, are deficient, 
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and frequently undetectable by current techniques. Gitlin et al (1959) summarize 
their antibody findings in the serum of twenty-one patients with 'congenital 
agammaglobulinaemia' after natural or artificial immunization with strepto
cocci, Staphyloccus aureus, pneumococcus, diphtheria and tetanus antigens, 
typhoid and paratyphoid A and B vaccine, and S. typhimuríum. Though the anti
body responses were defective, low titres wcre occassionally found. Antibodies 
to bacteria which are IgM, such as anti-typhoid O, may be produced normally 
by patients with hypogammaglobulinacmia who have normal concentrations 
ofigM (Cruchaud et al 1962). 

In spite of the normal clinical course of virus infections, which is the usual 
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Frc. 19.4. The relationship between the iso-agglutinin and the IgM concentration 
in the serum of forty-nine patients with hypogammaglobulinaemia. (Reproduced 
from Soothill 1962a). 

cxperience in patients with hypogammaglobulinaemia, antibodies to viruses are 
deficient from thc sera after natural or artificial stimulus; but here too very sensi
tive techniques have demonstrated the presence of very small concentrations of 
anti-virus antibodies in patients with severe hypogammaglobulinaernia (Baron 
et al 1962). 

Sorne patients with hypogammaglobulin\lemia recover, partly or wholly, 
their ability to produce y-globulin (see later) and they also recover the ability 
to make antibody (MacCallum 1962) both anti-bacterial and anti-viral. It 
seems, in general, that, in most patients with hypogammaglobulinaernia, the 
small amounts of immunoglobulins present in the serum appear to be effective 
antibody-quantitative rather than qualitative defects-but there are exceptions. 
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DYS IM M U N O GLOBULINAEMIA 

The phenomenon of IgM in hypogammaglobulinaemia serum without iso
agglutinin activity (Fig. 19.4) is an example of an apparcnt qualitative or func
tional defect of one immunoglobulin, associatcd with quantitative defect of 
another. It is the converse of the syndrome described by Giedion & Scheidegger 
(1957) of antibody deficiency syndrome with normal concentration oflgG, but 
deficiency of IgA andjor IgM. This has been shown also to be an acquired 
condition (Gilbcrt & Hong 1964). Such defects can be very profound, as was 
shown by Williams (r966), whose patient, with high level oflgM and near nor
mal levels of IgG, not only had a poor antibody response to various injected 
antigens, and no iso-agglutinins as measured by standard techniques, but failed 
to eliminate tracer quantities of labelled incompatible red cells. This was also 
true of a girl with abnormal susceptibility to infection (she died of infection 
in spite of antibiotics and y-globulin treatment) with capacity to make some 
antibodies, but not others, normal cellular immunity, and normal levels 
of all the immunoglobulins (Blecher et al 1967). 

The immunoglobulins, in such patients, are usually normal on conventional 
qualitative studies, including the presence of both K and L light chains (Black
bum, Chakera & Soothill 1965) but more critica! studies are required in this 
field, beca use the concept of'nonsense' y-globulin, so long debated, is more prob
able here than elsewhere. But it is impossible to establish that all the immuno
globulin molecules are not antibody to antigens other than those tested for. 
Such patients are quite typical in their presentation with the antibody deficiency 
syndrome. This phenomenon seems to be the right meaning for the word 
dysgammaglobulinaemia (or, perhaps better, dysimmunoglobulinaemia-see 
later) which has also been applied to patients with low level of IgG but high 
level oflgM whether the IgM is functionally effective antibody or not, 1 think 
erroneously. 

SYMPTOMLESS IMMUNOGLOBULIN DEFICIENCY 

In contrast to this, there is also the phenomenon of gross deficiency of IgA in 
healthy individuals without evidencc of abnormal snsceptibility to infection 
(Rockey et al 1964). Whether this is necessarily a partial manifestation of a defect 
related to the symptomatic ones under discussion is not clear, but Heremans 
(r96o) has reported low levels of IgA in some mothers of patients with hypo
gammaglobulinaemia. The absence of an obvious excess of upper respiratory 
infection in such patients, even though their mucous lacks IgA, raises doubts as 
to the importance of the secrctory IgA mechanism. IgD is often undetectable 
in healthy subjects (Rowe & Fahey 1965), so the occasional detection of igD 
in hypogammaglobulinaemia is interesting. 
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Though first recognized in the combined form with hypogammaglobulin
aemia, the syndrome of abnormal susceptibility to virus infection, with normal 
immunoglobulin concentrations and sometimes with normal antibody produc
tion to both bacteria! and viral infections, and no a bnormal incidence of bacteria! 
infcctions, has rccently been described (Fulginiti et al 1966; Di George et al 1961). 
Cellular immunity is deficient, with lymphopenia and immature dysplastic 
or absent thymus. This does much to confirm the previously made assertions of 
correlation of bacterial immunity largely with humoral mechanisms, and viral 
immunity largely with ccllular, thymus dependent mechanisms. The combined 
defect is commoner than the isolated cellular defect, and has been most 
clearly described as a very severe non-sex-linked farnilial defect, which has 
been called the lymphopenic or Swiss form of hypogammaglobulinaernia 
(Hitzig & Willi 1961; Gitlin & Craig 1963). In these patients, therc is abnormal 
susceptibility to bacterial, viral and Candida infcctions, and one likely way of 
presentation is by progressive necrotic vaccinia. Abnormality is usually apparent 
after the fmt few weeks of life, and in all typical patients it has been rapidly 
fatal. The lymphopenia is not absolute, or constant, but lymphocyte cotmts 
ofless than 1000 per cu. mm. are usual. Homografts are usually accepted which 
is in contrast to the sex-linked form of hypogammaglobulinaernia. 

MISCELLANEOUS FAMILIAL IMMUNITY 
DEFICIENCY DISEASES 

ATAXIA TELANGIECTASIA 

Another form of combined defect of cellular and humoral immunity is that 
often, but perhaps not always, associated with the odd syndrome called ataxia 
telangiectasia. Thc syndrome, of progressive disturbance of cerebellar function 
and dementia, with telangiectasia of the conjunctiva and around the eyes, has 
long been known to be associated with abnormal susceptibility to infection. 
Varying deficiencies of the immunoglobulins, absence of iso-haemagglutinin, 
varying deficiency of delayed hypersensitivity, and graft rejection, and, even 
when the scrum concentration of IgG was normal, defective antibody responst:. 
to bacterioplage have been reported in such patients (Gutman & Lemli 
1963; Peterson, Kelly & Good 1964; Fireman, Boesman & Gitlin 1964). 
Circulating lymphocyte count is often normal, but has been reported to be low 
(Young, Austen & Moser 1964). Multiple infection is characteristic, but fatal pro
gressive virus infection is not so prominent as in the lymphopenic form described 
above. There seem therefore to be more than one form of combined defect 
ofhumoral and cellular immunity, of differing severity. There is no satisfactory 

T* 
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explanation of the relatiohship between the immurtity defect and the neurologi
cal or skin abnormalities. 

The most severe combined form is that called reticular dysgenesia by de Vaal 
and Seynhaeve (1959); (see also Gitlin, Vawter & Craig 1964). Profound defici
ency of all immunoglobulins (except for maternal IgG), cellular immunity, 
and all blood cells is associated with rapid death from infection soon after birth. 
This familial defect, perhaps sometimes sex~linked, clearly is very rare. 

ALDRICH' S SYNI)ROME 

Ühe other farnilial syndtorhe of abnorrnal susceptíbility to infection should also 
be rhehtioned. Sihte the descriptioh by Aldrich, Steinberg& Campbell ( 1954) of a 
family ih whith btl'ys were suffering from eczema, purpura, diarrhuea and fre
quent íhf:tctions, others have confirmed the symptom cornplex (krivit & 
Good 1959) ahd have showh varying defects of immtmity mechanisms, of 
whích the órtly consistetlt one is absent iso-haemagglutinins. IgA may be high. 
thete is no satisfactory unifying hypothesis for the syndrome at present. 

SECONDARY DEFECTS 

Meéhanishls ofhüí:hotál imhlunity defrciency due both to loss or toleukaemia, 
myeloma, etc., ·are ptobably more cohlplieated than the simple direct effects 
ofimmunoglobulin loss or 'crowding out' of producing cells. Immunoglobulin 
decay studies ín these fi.elds h:1ve helped to clarify them. But this subject cannot 
be reviewed here. Mention ·should be made, however, of 'secondary' defects 
of cellular immunity in Hodgkin's disease (Aiscnberg 1962) and sarcoidosis 
(Sones & Israel 1954). These are apparendy associat-cd with sorne defect of 
humoral response ·also. The former is discussed more fully in Chapter t'8. A 
farther complexity has arisen as a tesult of the stuJy of tu'berculin non~ 
converters following BCG immU:nization (Sutherland, Mitchell & Hart 196.5). 
There are apparen:tly healthy individuals in the population who are incapable of 
reacting with ·delayed hypersensitivity, a defect which has something in common 
with the sarcoidosis, as the Kveim test may be positive. 

INHERIT ANCE 

Many family trees, such as tha't in Fig. 19.5, ha ve been published, showiug that a 
fotm ofhypogammag1obulinaemia may be inherited as a sexwlinked recessive 
charactcristic. Sangcr & Racc 1(T963) ha ve shown that it is not li-riked close1y with 
the Xg blood group, in such famtlies. The hypogammaglobulinaemia associ.lted 
W'ith 'iymphopcn:ia ap.pears to 'ha ve a fam'ilia1 incidence-suggestive·of an autosomal 
recessi'v'e inheritance {Hitzig & Wi1li 1961) as does t-'he defect a:ssocia:ted with 



IMMUNITY DEFICIENCY STATES 555 

ataxia telangiectasia. The three patients with reticular dysgenesis so far reported 
were all boys (two were twins) (de Vaal & Seynhaeve 1959; Gitlin et al 1964). 

Other patients with 'primary' hypogammaglobulinaemia who developed 
the syndrome of susceptibility to infection in later life, may have a family 
history, not only ofhypogammaglobulinaemia but also ofhypergammaglobu
linacmia and various abnormalities of the auto-allergic type (W ollheim et al 
1964; Wolf 1962; Fudenberg, German & Kunkcl 1962). These include the pre
sence ofLE cells and rheumatoid factor in symptomless individuals, and patients 
symptomatic with arthritis, DLE and sarcoidosis. 

:n:: 

m 

Familia! Hypogammaglobulinaemio 

• Hypogammaglobulinaemía 

[SJ6) Díed under 36 months old. Figure in brackets índícotes oge ot death in months 

Order in sibship no! necessarily as shown 

~ Binovulor twins miscarried at 4t months 

FIG. 19.5· A family tree showing sex-linked inheritance of hypogamma
globulinaemia. Most of the relatives who died in infancy had infective illnesses, 
and many may also have had the disease, though this was not preved. (From 
Jamieson & Kerr 1962, by courtesy of the Editors of the Archives of Disease in 
Childhood.) · 

HAEMATOLOGY IN IMMUNITY 
DEFICIENCY STATES 

Patients with antibody deficiency syndrome frequently have haematological 
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abnormalities. Such defects listed by Good, Zak, Condie & Bridges (1960) as 
occurring in patients with hypogammaglobulinaemia include neutropenia 
(persistent and transient), lymphopenia, hypoplastic anaemia, absence of eosino
phils, thrombocytopenia and hypersplenism. Haemolytic and megaloblastic 
anaemia also occur, the latter respondi11g to B12, and probably independent of 
associated steatorrhoea (Crowder, Thompson & Kupfer 1959). The neutropenia 
may be permanent in the short life of patients with reticular dysgenesis (de Vaal 
& Seynhaeve 1959), or transient-marked early in asevere infection with a pro
found polymorphonuclear leucocytosis during the recovery period, or terminal, 
particularly in patients with lymphopenia and hypogammaglobulinaemia. 
Neutropenia, hypoplastic anaemia and thrombocytopenia, may also be 
associated with hypogamm;¡globulinaemia and thymoma (see later), (Ramos 
1956; Peterson, Cooper & Good 1965) and splenomegaly may play a part 
(Citron 1957). Lymphopenia has already been discussed in relation to the non
sex-linked, familiallymphopenic form ofhypogammaglobulinaemia (Hitzig & 
Willi 1961). Auto-allergic haemolytic anaemia occurs in association with hypo
gammaglobulinaemia (Fudenberg & Solomon 1961). 

Besides the association of secondary hypogammaglobulinaemia with lym
phatic leukaemia, sorne patients with 'primary' hypogammaglobulinaemia, 
whether of the sex-linked type, the acquired type, or, particular! y, with ataxia 
telangiectasia may develop leukaemia or lymphoma (Page, Hansen & Good 
1963; Peterson et al 1964). 

OTHER CLINICAL AS SOCIA TI ONS 

Special mention must be made of the remarkable association of hypogamma
globulinaemia, whether sex-linked, familia! with lymphopenia, acquired, or 
secondary to cytotoxic therapy, with pneumonia due to pneumocystis carinii 
(Hutchison 1955; Marshall, Weston & Bodian 1964). This parasitic in
fection, common in central Europe, apparently occurs in Britain, U.S.A. etc. 
only in the face of profound immunity defect. Possibly the organism may be a 
widespread saprophyte for many animal species, human and others, which 
becomes pathogenic only in circumstances of failure of host reaction. Diagnosis 
is important, as it is treatable, and is an important cause of death of patients 
with hypogammaglobulinaemia (see later). Persistent, antibiotic resistant, 
diffuse pneumonia, with conspicuous dyspnoeia and cyanosis should raise sus
picion in these cases. Diagnostic confirmation currently usually requires lung 
biopsy. 

Diarrhoea, with intestinal malabsorption is a common association with the 
various form of hypogammaglobulinaemia (Huizlinga et al 1966). The cause of 
this is unclear, though it is attractive to relate it to the diarrhoea and wasting of 
thymectomized animals (Parrott & East 1964). It may be that bacteria! infection 
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plays a part in this; perhaps lack of IgA antibodies in mucous, or of bacterio
cidal IgM antibodies rcnders chronic infection by normal bacteria flora possible. 
Mucosa! biopsy, though often diagnostic of intestinal disease associated with 
hypogammaglobulinaemia, owing to the flattened swollen villi with sparse 
lymphocytes and plasma cells in the submucosa, does not give a lead to the 
mechanisms. The problem of differentiating hypogammaglobulinaemia due to 
failure of production, with secondary gut diseases, from the hypogammaglob
linaemia dueto protein losing enteropathy (Waldmann & Schab 1965) has al
ready becn mentioned. 

There ha ve been frequent reports of arthritis of the rheumatoid type occurring 
in patients with various forms ofhypogammaglobulinaemia (Good et al 1960). 
The patients themselves do not ha ve rheumatoid factor in their sera, and it occurs 
not only in the acquired form in which relatives may ha vean abnonnal incidence 
of rheumatoid factor, but also in the sex-linked form, in which this does not 
occur (Fudenberg et al 1962). The possibility that it could arise as a result of 
y-globulin trcatment has been suggested but cases ha ve been reported to have the 
typical arthritis before y-globulin treatment, and it has also been suggested that 
the arthritis may be improved by starting, or increasing the dose of y-globulin 
(Rosen & Janeway 1966). lt may be important in this context to recall that these 
patients are usually capable of sorne antibody production (see above) and so 
perhaps antigcn excess complexes may particularly frequently circulate. Such 
complexes are probably responsible for Type III allcrgic reactions, which cer
tainly includes artbritis in experimental situations (see Chapter zo). The possible 
role of soluble complexcs in this arthritis requires further study. 

Anothcr interesting association is the fact that amyloidosis may occur in 
patients with hypogammaglobulinaemia (Teilum 1964). The mechanism of 
amyloid formation remains in doubt, but clearly high concentrations of 
immunoglobulins cannot- play a major part. 

HYPERSENSITIVITY REACTIONS 

Though patients with the antibody deficiency syndrome usually fail to rcspond 
to antigens by antibody formation, some of the fonns of hypcrsensitivity 
(see Chaptcr 20 for classification) may occur. The systematic study of this field 
has been well revicwed by Gitlin et al (1959) and Good et al (1960). Available 
data were obtained mainly from children with the sex-linked form of the 
disease; results in adults are essentially similar though less severely abnormal, 
but more work is required on them, and on other forms of the 
syndrome. 

TYPE l. ANAPHYLACTIC RESPONSE 

Urticaria following penicillin injection, and immediate reaction to skin tests 
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with allergens have been recorded, including the sex-linked form (Gitlin et al 
1959) but such reactions are certainly rare in these patients, perhaps rarer than 
in the normal population. In the remarkable case recorded by Crowder et al 
(1959), a man of 30 years with hypogammaglobulinaemia who had hay fever, 
asthma and cutaneous hypersensitivity to a very wide range of allergens, reagins 
were demonstrated in his serum by passive transfer. Reactions of this type have 
been recorded in a man with isolated symptomless deflciency of IgA (Rockey 
et al 1965). 

TYPE Il. CYTOTOXIC RESPONSE 

Auto-allergic haemolytic anaemia has been described in hypogammaglobulin
aemia (Fudenberg & Solomon 1961). Anti-gastric parietal cell antibodies may 
also occur (see later). 

TYPE III. REACTION DuE TO Toxrc CoMPLEXES 

As antibody production occurs, but is quantitatively deflcient, it is possible 
that this might readily lead to the formation of antigen excess soluble com
plex in these patients. The high incidence of'rheumatoid arthritis' (which could 
possibly be included in this group) is therefore interesting. Pepys (r966) has 
observed Bird Fancier's Lung (probably a disease of this type) in a patient with 
hypogammaglobulinaemia, whose serum had detectable precipitins to the 
budgerigar antigen to which she reacted on inhalation, in spite of the very low 
level of all immunoglobulins. 

TYPE IV. DELAYED RESPONSE 

The heterogeneity of response to tests for this type of allergic reaction are dis
cussed in other sections. It does not seem to be particularly associated with 
symptomatic illness in these patients. 

A UTO-ALLERGIC DISEASES 

The relationship of immunity deflciency syndrome to possible auto-allergic 
states is discussed in the clinical and aetiological sections. In a striking instance 
of profound cellular deflciency, with functionally defective immunoglobulins, 
Schaller et al (r966) report both auto-allergic haemolytic anaemia and glo
merulonephritis, and give a full review of this fleld. It seems clear that many 
forms of immunity deflciency state can be associated with such phenomena. 

REACTION TO TISSUE GRAFTS 

Homografts of skin, lymph nodes, thymus, and other tissue ha ve been under
taken by a number of workers for both investigation and therapeutic purposes. 
The initial success reported by Good and his collcagucs (scc Good et al 1960) 
of skin and lymph node grafts in boys with severe hypogammaglobulinaemia 
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led to optimism. Stimulation of the lymph nodes with antigcns eithcr before 
or after transplant, resulted in the detection of antibody in the serum of the 
recipient. Some skin grafts survived for 5 years and more, and the cells in the 
surviving skin grafts from females into male patients were shown to maintain 
their nuclear sex. But the capacity of the lymph node grafts to react to antigenic 
stimulation waned after about 2 months, and it was found that only unusual 
cases of hypogammaglobulinaemia would take grafts so readily. Adults and 
children with transient hypogammaglobulinaemia rejected grafts normally, or 
after a few weeks, often with considerable reaction. Greater success has been 
reported in the lymphopenic form of hypogammaglobulinaemia (Hitzig & 
Willi 1961) which is consistentwith the view thatcellular immunity mechanisms 
are the most important in graft rejection, and that, whereas many patients with 
the various forms ofimmunity deficiency have some deficiency of such mechan
isms, it is most profound in these ones. The group of patients with partial 
cellular immunity deficiency and ataxia telangiectasia are rather slow at graft 
rejection (Peterson et al 1965). Gross defect of cellular immunity with normal 
humoral response is also associated with survival of homografts (Fulginiti 
et al 1966) consistent with the concept that graft rejection is largely a function of 
cellular immunity (see Chapter 17). 

MORBID ANATOMY OF THE SYNDROMES 

The morbid anatomical bases of the syndromes described ha ve been very fully 
reviewed by Peterson et al (1965). In essence, usually the histology is consistent 
with the functional disturbance. Apart from the effects of chronic infection 
(bronchiectasis, lung collapse, etc.) the abnormalities are confined to the lym
phoid tissue, and are consistent with the view that dcvelopment of such organs 
depends on two sources-thymus-derived cells which are concerned withcellular 
immunity (sce Chapter II) and gasto-intestinal derived cells which are rcspon
sible for humoral immunity but which are also to some extent influenced by a 
humoral function of the thymus (see Chapter II). The concept of dual origin 
of such cells, originally demonstrated in the fowl (Warner, Szenberg & Burnet 
1962 and many other workers), has apparently some mammalian equivalent 
(Cooper et al 1966). In the lymphopenic form of hypogammaglobulinaemia, 
thcre is a conspicuous lack of lymphoid tissue and lymph nodes, generally; 
what lymph nodes are present show gross deficiency oflymphocytes and plasma 
cells, very little of the normal architecture of cortex and medullary differentiation, 
germinal centres, etc.; the cells are mainly reticular in type. The thymus may 
be so small as to be difficult to find, and it may fail to descend from the neck 
(Tobler & Cottier 1958). It consists of a small collection of epithelial cells and 
fibrous tissue, with few lymphocytes, or Hassell's corpusclcs (Peterson et al 
1965)· 
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In other immunity deflciency states the histological defccts are more varied. 
Where immunoglobulins are formed, plasma cells are present, and can be shown 
by immunof!uorescent study to contain the immunoglobulins that are, in fact, 
being made; for instance, Cruchaud et al (1962) showed that the plasma cells 
of a patient with low level ofigG and high levd of IgM reactcd for the latter, 
with very few reacting for the formcr. Gastro-intestinal lymphoid tissue is 
particularly dcflcient in patients with antibody dcflciency syndrome and 
hypogammaglobulinaemia. This is well seen in the appendix (Good et al 
1962), and the tonsils may be obviously deflcient clinically and radiologically 
as well as on sectioning. This phenomenon parallels closely the appearances of 
chicks after removal of the bursa of Fabricius. Peripheral lymph nodes may 
not be grossly deflcient in such patients, though the organization of germinal 
centres is poorly delineated and plasma cells are deflcient. In these patients the 
thymus is usually normal. 

In patients with acquired hypogammaglobulinaemia (that is, those with no 
family history) the appearances may be similar to those described above, but 
there may be also marked hypertrophy of lymph no des and spleen, with in
flltration with giant cells. Lymphomas may occur, and the thymus, though 
usually normal, may be the site of a thymoma. The incidence and details of 
these are revicwed by Peterson et al (1965). 

Such histological information as there is in the rarer immunity deflciency 
states are consistent with this outline. 

POSSIBLE AETIOLOGICAL MECHANISMS 

With such a coroplicated combination of diseases, clearly one must anticípate 
roultiple aetiologies. In the sex-linked forro of hypogaroroaglobulinaeroia, the 
lymphopenic form and in reticular dysgencsis, there are apparently clear-cut 
genctic defects, though one roust still speculate on their roode of action. The 
parallel with thymus and bursa ablation experiments suggests that the flrst may 
be a gross deflciency of gastro-intestinal dcrived 1 ymphoid cells, the second a 
thymus deflciency, and the third a failure of lymphoid cells generally. But 
there remain roany difficulties. For instance, in the sex-linked form, IgM levels 
can range from low to abnormally high values from family to family, and even 
in the same family (Soothill 1962) andan individual's defect of production of 
each imrounoglobulin roay be very variable (Soothill et al 1968). It seems likely 
that the direct si te of gene action is considerably scparated from development of 
cells specialized for immunoglobulin production. If the defect of humoral 
immunity in the lymphopenic forro depends on lack of a humoral factor from 
the thyrous, how is it that isolated cellular immunity with thymus dysplasia can 
occur also, and it is remarkable that the defects of immunoglobulin production 
are so similar in this group to those in the sex-linked form. The corobination 
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of quantitative and qualitative defects in the same patient are also odd in the 
light of thcsc hypotheses. 

It is clear, too, that 'acquired' hypogammaglobulinaemia is also sometimes 
partly a familial phenomenon (sce the Inheritance section). The association with 
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FrG. 19.6. Serial estimations of the immunoglobulins in the serum of a patient with 
pernicious anaemia and hypogammaglobulinaemia, on treatment with Vitamin 
B12 , and prednisolone. (Soothill 1967--reproduced by kind permission of the 
Athlone Press). 

auto-allergic phenomena in the relatives, and in the patients, raise two possibili
ties. One, supported perhaps by the production of an auto-allergic haemolytic 
anaemia in neonatally thymectomized animals (Sutherland et al 1965), is that 
patients with immunity deficiency states are lacking feedback regulatory 
mechanisms-perhaps thymus dependent-which result in isolated immuno
logically competent cells breaking through the normal tolcrance. Another 
possibility is that the hypogammaglobulinaemia may be, in itself, an auto-
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allergic phenomenon-the immunity mechanism behaving like a snake eating its 
own tail. In view of this possibility a patient with hypogammaglobulinaemia, 
pernicious anaemia and anti-gastric parietal cell antibodies was given predni
solone (Soothill 1967); all the immunoglobulins rose (Fig. 19.6), and fell again 
after stopping thc drug. Clearly this possibility needs further study, but if this 
does represent suppression of an auto-allergic mechanism, one would guess 
that it would act at some stage earlier than the actual production of immuno
globulins. 

The possibility that an excess of Mowbray's factor (Mowbray 1963), an a2 

globulin perhaps of thymus origin, which inhibits antibody production, might 
lead to sorne forms of immunity deficiency states, needs further study, perhaps 
particularly in thosc with thymoma and those with functionally defective 
immunoglobulins. 

The high incidence of thymoma in acquired hypogammaglobulinaemia 
suggests that the thymus may play a part herc too, but the association of various 
immunity deficiency states, both 'primary' and 'secondary', with various forms 
of lymphoid neoplasia raises the possibility that the immunity deficiency is the 
primary defect, and that the neoplasm is an effect of failure of postulated 
mechanisms of immunological elimination of abnormal cells (Peterson et al 
1965). But, in that case, why are they usually tumours of cells of the lymphoid 
series. The background to this is discussed more fully in Chapter 11. 

There are sorne circumstances in which the aetiology of a form of immunity 
deficiency seems more finnly based. In congenital rubella, sorne infants have a 
characteristic 'acquired congenital' hypogammaglobulinaemia (Soothill et al 
1966). But even if this can be fairly confidently ascribed to the intra-uterine 
virus infection, aetiological puzzles remain, not least becausc, though IgG is 
deficient, IgM is high. The specific deficiency of thymus and parathyroids, 
clearly relatable toa basic failure ofbranchial arch development (Di Georg e ct al 
1968) indicates the role of the thymus in both cellular immunity and humoral 
immunity, and provides one basic aetiological entity in this fteld. 

It seems likely that such a complex mechanism as the immune response will 
have defects at different stages (afferent, central and efferent) and at different 
levcls of development of these. Only when techniques are available to study 
thcse individual! y will thc complexity bccome clearer. 

INCIDENCE, DIAGNOSIS AND 
TREATMENT 

INCIDENCE 

Without better definitions, it is impossible to give a clear idea of the incidence 
of thc various types of defect mentioned. Data on patients with hypogamma
globulinaemia, as defined above, in Britain, collected under the auspices of the 
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Mcdical Research Council W orking Party of Hypogammaglobulinaemia, 
provide the most complete information available. The age and sex of eighty-two 
paticnts is shown in Table 19.3. Boys predomina te over girls by nearly 5: 1, 
but in adults, females predomina te. Cohort analysis by year of birth shows that 
the incidence in Britain of diagnosed male children aged 5 to 9 years exceeds 
1 per 1oo,ooo births; this is, of course, a minimal incidence in a frequently 
f:1tal, and not obviously diagnosable condition (Squire 1962). The other im
munity deficiency states are probably rarer. 

DIAGNOSIS 

In order to establish a ground for treatment, and to advance knowledge by 
accurate classiftcation of individual patients, it would be very desirable to 
have a system for separating those patients with recurrent infection in whom 
there is a defect in one or more immunity mechanisms from those without. 
Unfortunately a body of control infonnation is not yet available to attempt this 
rationally. 

Quantitative deficiencies of immunoglobulins can be defmed using a gel 
diffusion precipitin technique (see Chapter 13), and, since Gitlin & Janeway 
(1956) suggested that infections were particularly troublesome if the IgG con
centration were less than 200 mg/100 rnl, the Medical Research Council 
Working Party on Hypogammaglobulinaemia took the view that this provided 
a prima Jacie case for giving y-globulin. This still seems rational, but patients 
with recurrent infection with high levels ofigG than this may ha ve qualitatively 
defective immunoglobulins. Deftciency of IgM or IgA may point to this, but 
antibody response testing seems needed, ultimately, and adequate control 
information is not available. A search for antibodies usual! y present, such as iso
agglutinins and anti-streptolysin O, is useful, but tests of response to admini
stered antigens are also needed. 

Similarly, such tests for cellular immunity are needed, but available tests are 
cven less quantitative. Development of contact sensitivity to dinitrofluoro
benzene or dinitrochlorobenzene have been used, with sorne control data 
(Uhr et al 1962) but the normal reaction can be disturbingly severe. Measure
ment ofhumoral and cellular response toa number of antigens in different physical 
forms would seem to give the best chance of testing the immune mechanisms 
at both afferent and efferent levels. But only dead antigens should be used, in 
view of the possibility of unexpected susceptibility. To parallel cutaneous 
delayed hypersensitivity in vitro, lymphocyte transformation to phytohaemag
glutinin and to antigens, and inhibition of macrophage migration in tissue 
culture would appear to be promising lines, but many difficulties are still inter
fcring with their quantitative use in human material. 

In addition to these specific tests of immune mechanisms, a standard clinical 
examination, and work-up, is, of cotlfSe, needed. 
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TREATMENT 

There are a number of possibles lines of treatment for the immunity deflciency 
states, with varying relevance to the different forms indicated above, but 
Table 19.5, shows how relatively ineffective these are. 

CHEMOTHERAPY OF INDIVIDUAL INFECTIONS 

Gitlin & Janeway (1956) early noted that individual infections responded well 
to chemotherapy suitably chosen according to the sensitivity of the infecting 
organisms. This is shown for tuberculosis in Fig. 19.7. Marshall et al (1964) 
reported success in one patient with pneumocystis carinii infection, using penta
midine, and this has since been conflrmed. Undoubtedly these various measures 
are effective and life-saving. But in spite of them, chronic tissue damage results 
from the frequent occurrence of infections and these patients almost always 
require more than treatment ofindividual infections as they occur, to avoid fatal 
progression. 

TABLE 19.5 

Crude death-rates by sex and age 
(Note the high death-rate among the female children) 

Children 
(0-14 years) Adults 
M F M F 

Deaths 6 5 5 
Total at risk 41 9 10 22 

Death rate% 15 56 10 23 

(From Squire 1962) 

PROPHYLACTIC ANTIBACTERIAL DRUGS 

All 

17 
82 

21 

Gitlin & Janeway (1956) proposed the use of these and it seems a reasonable 
line of treatment, though there is no proof of their efficacy. 

REPLACEMENT OF y-GLOBULIN 

Gitlin & Janeway (1956) outlined a rational policy of administering y-globulin 
prepared from pooled donors in doses equivalcnt to 0.025 g/kg body wtfweek and 
reported a clinical impression of improvement in the patients as a result. One 
would certainly not anticipa te spectacular results by any such measures in view of 
the fact that the patients ha ve all the effects of tissue damage rcsulting from chronic 
infection leading to increased susceptibility to infection again, and the replace
ment treatment cannot be expected to provide a full range of antibodies to all 
possible infecting organisms, and there would be nothing in the nature of a 
booster response of antibody which normally occurs in an immunized individual. 
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Nor is any deficiency of cellular immunity replaced. On the other hand, a 
conspicuous lack ofhistory of the usual epidemic fevers of childhood in children 
with hypogammaglobulinaemia receiving y-globulin treatmcnt strongly 
suggests that it is providing cffectivc protection against these infections. 

Such treatment seems rcasonablc whcnever there is a deficicncy of circulating 
antibodies, whcther this is due to a quantitativc or qualitative dcfcct of IgG, 
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FrG. 19.7. Temperature chart of a boy of 5 years with hypogammaglobulinaemia 
who had had BCG in infancy, with transient Mantoux convcrsion, and who had 
been treated with weekly injections of y-globulins for 4~ years. He had had fever 
and gross swelling of the tonsils and cervical lymph nodes for 4 months, which 
failed to respond to various antibiotics. A cervicallymph nade biopsy was done on 
day 9 for suspected lymphosarcoma. The biopsy histology showcd tuberculosis, 
and Myco. tuberculosis were seen and cultured (human strain) from it. He developed 
radiological evidence of pulmonary miliary tuberculosis on da y 12, and chemo
therapy was started onda y 13 with very rapid response, which led to full recovery. 

The chart dernonstrates that fulminating tuberculosis may occur in patients with 
hypogarnrnaglobulinaemia, with norrnallyrnphocyte count, and capacity to react 
with delayed hypersensitivity, and that, like other acute infections in these patients, 
it responded norrnally to chemotherapy. 

33 

provided this is not dueto loss. There scems littlc rationale for y-globulin treat
ment in thosc paticnts with a predominantly ccllular dcfcct. 
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The transient form ofhypogammaglobulinaemia is perhaps the most profit
able of all to treat, and Da vis & Hobbs (I967) ha ve producedsuggesting evidence 
that y-globulin is effective in protecting premature babies from fatal infections. 
It is also possible that there may be a case for giving IgM to babies affected 
with intestinal infcctions, and IgA in those lacking it in the mucous sccretions, 
but such treatmcnts are only spcculative at prcsent. 

y-globulin replacemcnt treatment is not without risk. A characteristic form of 
reaction, entailing dyspnoea without whcczing, tightness in the chest, distress 
lcading to angor animi, fever, and even death occurs within minutes to hours of 
the injection. Kamme et al ( 1966) ha ve described the clinical features. The 
mechanism is not clear, but it is not related to any measurable competence of 
the immune mechanism, and signif1cantly spares boys with affected male rela
tives (Soothill et al 1968). The reactions are similar to ones obtained when 
y-globulin is injected intravenously (Barandun et al 1962), which may entail 
fixation of complement by IgG aggregates. A hypothesis consistent with these 
facts is that reactions occur to intramuscular y-globulin in sorne patients with 
hypogamma globulinaemia as a result of failure of filtering of such aggregates 
in defective lymph nodes. 

REPLACEMENT OF DEFICIENT CELLS 

Grafts of immunologically competent cells provide a further possible line of 
treatment in those who lack mechanisms to reject them. Graft versus host re
actions would, of course, be expected, so foetal tissue seems indicated. Grafts 
oflymph nodes and thymus have taken in such patients and sorne evidence has 
been reported of increase in IgG concentration, production of antibodies to 
antigens against which the donor had been immunized, and increase in circulat
ing lymphocytes (Gitlin et al 1964; Hitzig, Kay & Cottier 1965; Harboe et al 
1966) but all such patients have died, so this approach must be regarded more as 
a potential for the future in a very small group of these patients rather than as a 
currently effective form of treatmcnt. 

IMMUNIZA TION 

Defects of immunity are rarely, if ever, complete in these patients, so it is 
reasonable to try to protect them against as many infections as possible by active 
immunization. There is good evidence to believe that the majority of patients 
with hypogammaglobulinaemia react normally to virus infections, so immu
nization against them would be likely to be particular! y useful. But the pheno
menon of progressive necrotic vaccinia is proof that, until it is possible to 
distinguish with confidence which patients with the various immunity deficiency 
states will respond favourably to any individual organism, only dead antigens 
should be used. BCG has also been shown to disseminate in sorne such patients 
(Bouton, Mainwaring & Smithclls 1963). 
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SUPPRESSION OF CAUSATIVE MECHANISMS 

The Aetiology section and Fig. 19.6 contain data suggesting that suppression of 
a postulated auto-allergic mechanism might perhaps have a place in treatment. 
In the secondary immunity deficiency states, the efficacy of trcatment of the 
underlying cause is clearly established in some instances. 

PREVENTION 

Until retently, a eugenic approach seemed about the only one possible in this 
field, but it now seems likely that immunization of all girls against rubella should 
prevent post-rubella acquired congenital hypogammaglobulinaemia, as well as 
the other associated defects. 

CONCLUSION 

These fascinating defects would appear to provide a means of disentangling 
sorne of the relative roles of the various immune mechanisms. Greater detail, 
and further up-to-date references may be fmmd in the Proceedings of the Third 
Developmental Immunology W orkshop (Good, Miescher & Smith 1968). At 
present they seem only to add to the complexity, but that is, perhaps, progress. 

It has becotne clear that present means of description of individual combina
tions of defects which ha ve been described as, for instance, dysgamma globul
inaemia types I . 2 • 3 .. n, are becoming increasingly cumbersome. A three
tier system of classification is needed, one based on techniques of measurable 
disturbances of immunity fw1ctions and their related symptomatic effects, 
one on structural concepts (presumably of thymus and lymph nades), and 
one on aetiological concepts. Then asscrtions of correlation, such as many of 
the ones given in other sections of this chaptet, can be exposed to statistical 
analysis. Currently the structural and aetiological classifications are poorly 
systematized-essentially lists given in the relevant sections above-but the 
functional classification, given in Fig. 19.8, can be made rational, when 
based on the assumption of the basic duality of imtnune mechanisms, humoral 
and cellular, and the strong clinical impression that symptomatology in the 
inunt1nity deficiency states are explicable in terms of defects of one or other 
or both. The statistical and technical bases for deflnition of humoral and cell
ular mechanisms still require development (see diagnosis section above), and this 
must include quantitative and qualitative defects of mechanisrns-both general 
and antigen•speciflc. Short cuts to the dassification of any individual patient 
will often be possible~gross deficiency of IgG will mean antibody deficiency 
syndrome, with or without cellular immunity deficiency. The way in which 
such defects arise in terms of quantitative or qualitative disturbance of any 
particular function can be listed, giving the 40 million possibilities, but such 
detailed diagnosis will rarely be required. 
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System Defecl syndrome Defect group Defect closs 

j
hypo lgG 1 

/ complement hypo lgM2 

humoral - interferon 
non-specific ~ ~ hypo lgA3 

etc. hypoimmunoglobulin-<: 

dysimmunoglobuhn- ;:--...... dys lgM 6 

lmmunity 
~

oemio (hypo lg) hypo lg0 4 

humoral, specific-antibodies- ontibody deficiency . } 

. oemio (dys lg) ~ 

) 

syndrome / dys lgG' 

combmed immunity ~ \ \dys lgA7 

general or 
ontigen 
specific 9 

deficiency syndrom 
dys lgD' 

lymphopenia 10 

cel!ul.a.r,-lymphocytes -- cell.u~ar immunity 
spec¡f¡c def1C1ency syndrome dys!ymphocytosisH 

cellular, 
/ surfaces 

- polymorphs 
non-specific ~etc. 

FIG. 19.8. A functional or syndrome classification of the immunity deftciency states, 
based on the current concept of the duality of speciftc immunity. Examples of non
specific mechanisms are indicated but defects are not included (see Fig. 1). All 
patients with defects of specific immune mechanisms, whatever the structural and 
aetiological type, can be classified into defect syndromes, defect groups (according 
to quantitative or qualitative defects of each mechanism) and defect class. There is 
reason to believe that most, if not all, of the eleven parameters (numbered in the 
figure) on which the defect classes are defmed vary independently in these patients, 
provicling ! 1 1 "" 4 x 1 o 7 combinations. 
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CHAPTER 20 

CLASSIFICATION OF ALLERGIC REACTIONS 

RESPONSIBLE FOR CLINICAL HYPERSENSIVITY 

ANO DISEASE 

R.R.A.CooMBS AND P.G.H.GELL 

INTRODUCTION 

CLASSIFICATION OF ALLERGIC REACTIONS PRODUCING 

TISSUE DAMAGE AND OPERATIVE IN CLINICAL 

HYPERSENSITIVITY 

Defmition of the four types of reaction: Discussion of the four types of 
reaction: Type I Reaction (Anaphylactic, Reagin dependent; Release 
of vasoactive hormones): Type II Reaction (Cytotoxic): Type III 
Reaction (Arthus-type, Damage by toxic complexes): Type IV 
Reaction (Delayed, Cell-mediated) 

INTRODUCTION 

In this chapter, and to a lesser extcnt throughout this book, we have attempted 
to use an m1equivocal and precise terminology, in which the 'allergic state' is 
taken to denote a state of altered reactivity to an antigenic substance. A main 
stumbling block to clear thinking has always been the use of the words 'immun
ity' and 'immune'-implying as they do by their common meaning absolute 
protection against a noxious agent, or at least the occurrence of sorne process 
strictly advantageous to the organism. In many reactions 'with an immune 
basis' the 'immune' process actually constitutes the disease, while in others, such 
as tuberculin sensitivity, one cannot say for sure whether in the long run they 
are disadvantageous or not. In our usage the 'immunc state' is specifically the 
state of protection against the biological effects oj an antigen or organism carryíng the 
antigen. 

On ilie other hand, in the minds of many practising physicians, the term 
'allergy', though a useful and indeed a fashionable one, implies no precise con
cept; it is used as a rough and ready label for all conditions in which the active 
reaction of a patient' s own tissues, rather than a disordered physiological process 
like cancer or diabetes or direct damage by an invading organism, determines 
the · manifest lesions of the discase, or at least a large part of them. Si de by si de 
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with this rag-bag of generally obscure conditions are those diseases normally 
dealt with by the clinical allergist-serum sickness, drug sensitivities, hay fever 
and asthma, various dermatological conditions-and empirically used tests such 
as the tuberculin and Schick tests, which are immunologically determined. 

Our contention is that reason and clarity can only be achieved if we adherc to 
the suggcstion originally put forward by von Pirquet; he coincd the word allergy 
as uncommitted in thc clinical sense to either immtmity (protection) orto thc 
opposite, paradoxically deleterious, effects of these so-called 'immune' re
actions, such as anaphylaxis. This vicw is expressed with thc greatest precision in 
his paper published in 1906. The whole of this classical paper is translatcd in 
Appendix A. The following extracts from it are strictly relcvant to the present 
discussion: 

'The vaccínated person behaves ... in a díjferent manner Jrom him who has not 
previously been in contact with such an agent. Yet he is not insensitive to it. We can 
only say of him that his power to react has undergone a change. 

'For this general concept of a changed reactivity 1 proposc the term allergy . ... 
'Thc vaccinated, the tubcrculous, the individual injected with serum becomcs 

allergíc towards the corresponding foreign substance. A foreign substance which 
by one or more applications stimulates the organism to a change in reaction is 
an allergen. This term-not quite in accordance with philological usage-traces 
its origin to the word antigen (Detre-Deutsch) which implies a substance 
capable of giving rise to the production of antibody. The term allergen is more 
far-reaching. The allergens comprise, besides the antigens proper, the many pro
tein substances which lead tono production of antibodies but to supersensitivity. 

'The term ímmuníty must be restricted to those processes in which the introduction of 
the Joreign substance into the organism causes no clinically evident reaction, where, 
therifore, complete insensitivity exists; whether this be due to alexins (natural 
immunity), or even to sorne kind of adaption to a poison (Wassermann and 
Citron).' 

Thus the term 'allergy' should be taken to mean the specifically altered state of 
a host following exposure to an allergen. This altered biological state or allergy 
has in itself no implied connotation as regards the production of either clínica[ 
hypersensitivity or clinical immunity; it may entail either or both simultaneously 
in the same individual. 'Hypersensitive' and 'immune' are descriptive terms 
only, useful in indicating a clinical state, and are not mutually exclusive. 

Von Pirquet's clear foresight in putting forward such an untethered basic 
concept allows without any difficulty the inclusion of actively acquired toler
ance amongst the allergic phenomena. We would, however, suggest that 'trans
plantation allergy' would be a more precise designation that 'transplantation 
immunity' and likewise 'auto-allergic diseases' rather than 'auto-immune 
diseases'. Moreover, if we can be persuaded to accept the concept of allergy as it 
was originally stated, it will be seen that the scope of the subject broadens to 
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contain examples not usually dealt with in textbooks of allergy. Besides the 
phenomena of true 'immunity' (protection), and the recognized hypersensitivity 
reactions, there must be included transfusion reactions, haemolytic disease of 
the newborn, iso-'immune' neonatal purpura, the tentatively grouped 'im
munopathological' diseases such as allergic thyroiditis and rheumatoid arthritis, 
the reactions of homograft rejection and finally the experimentally produced 
runt disease and actively acquired tolerance. 

At the cellular level, the term 'allergized cell' is a useful one, in that it includes 
changes in the cell of a broadly immunological nature, without implication asto 
what such changes are: thus the 'committed cell' (committed to respond to a 
particular antigen) and the 'tolerized cell' (committed not to respond to a par
ticular antigen)-if such a cell exists-both come under the same general 
heading of'allergized cells'. Moreover, the 'change' in such a cell can come by 
the activation of interna! mechanisms or wholly from without, i.e. actively or 
passively: thus we can consider the plasma cell, or the 'sensitized 'cell ofDelayed 
Allergy (Type IV below) actively allergized: the cell which is coated with 
Reagin (Type I below) or with cytophilic antibody, passively allergized. 

Apart from devotion to the rather loose common usage the prime objection 
to this terminology is often a purely aesthetic one: the sound of the letter 'g', 
whether hard or soft, is in its combinations phonetically harsh and often 
comical in English speech. The fault líes primarily with the Greeks, who used 
the word epyov = ergon, to mean work, something which nobody likes. 

A RATIONAL BASIS FOR CLASSIFICATION OF 

TISSUE-DAMAGING ALLERGIC CONDITIONS 

The conventional basis for classification of diseases, in terms of a clinical syn
drome, of an anatomical or a biochemical lesion and so on works well enough 
in practice, for the purpose of sorting out patients into their appropriate wards 
and deciding whether to subject them to the tender mercies of a physician or a 
surgeon. But as von Pirquet realized, a number of quite distinct though all 
fundamentally 'allergic' processes may be going on simultaneously in one 
patient, and even in the one local lesion. Therefore, if we are to apply an 
aetiological classification to the conditions discussed in this section of the book 
we must first distinguish the sorts of allergic process which may be occurring. 
This has to be done mainly on the basis of experimental work on animals, where 
the variables can be properly controlled. The next stage is to attempt to sort out 
which of these processes are going on in any patient with a particular clinically 
classified disease. In all too few of the diseases considered here is only one kind 
of allergic process in volved; and it is an easy error to assume that, even when one 
given process is demonstrable, this process, and only this, is responsible for the 
whole trouble, or indeed for any of it. The mere demonstration of the presence 
of an antibody characteristic of a clínica! syndrome, usually in amounts only 
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detectable by sens1t1ve tests, is little contribution to our knowledge of the 
pathogenesis of such a syndrome, however useful in diagnosis: there must be 
sorne demonstration, too, that such an antibody in such an amount can in fact 
contribute to the actual pathologicallesions which are found. In many diseases, 
nevertheless, it is now possible to say not merely that they have, vaguely, 'an 
allergic basis', but that such and such a well-defined process underlies the 
lesions. 

W e feel that any illuminating classification, which is surely necessary for the 
physician faced today with allergic manifestations seen not only in the allergy 
clinic but also in general medicine, must indicate and indeed be founded on the 
mechanism involved. For this reason we set forth a fairly simple, yet we hope 
comprehensive, scheme which does not divorce the clinical from the acadernic 
and laboratory side. As the basis of this classification we have chosen the cir
cumstances of the initial reaction between allergen ( or antigen) and antibody or 
specifically modified or allergized cells (as far as this is known), subgrouping 
subsequently on other secondary phenomena. Hence this is primarily a classifi
cation of initiating mechanisms and not of the subsequent events or the diseases 
themselves. 

CLASSIFICA TION OF ALLERGIC 
REACTIONS PRODUCING TISSUE DAMAGE 

AND OPERA TIVE IN CLINICAL 
HYPERSENSITIVITY 

W e consider here only the types of allergic reaction which may produce tissue 
damage of sorne kind, whether or not the effect in the long run may be bene
ficia!. There are four main pathways or types of reaction (see Fig. 20.1) by 
which the animal or individual, 'sensitized' by- a previous experience of the 
allergen, may react and, if the reaction is intense enough, suffer as a result of the 
allergic state. 

Excluded from this classification are certain important types ofimmunological 
mechanism. Firstly, imm1111ological tolerance, though an allergic reaction on our 
definition and though it may be deleterious (if, for example there is specific 
neonatally induced tolerance to a pathogenic organism), is not responsible as 
such for any locallesion. Secondly, 'allogeneic reactions', i.e. reactions such as 
the normallymphocyte transfer reaction, rnixed cell reactions (see Chapter 1), 
lymphocyte plaquing effects (Moller & Moller 1967), etc., are excluded for the 
time being since no allergization of the reacting cell apparently takes place, but it 
reacts according to its own intrinsic nature based on its genome-at least as far as 
is at present known. 

This classification, finally, cuts across the classification according to the nature 
or source of the allergen, into drug reactions, autoallergic reactions and so on. 
Whatever the allergen the basic reaction mechanisms are the same. 
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FIG. 20.1. Highly diagrammatic illustration of the four types of allergic reaction 
which may be deleterious to the tissues and harmful to the host. 

Type l. Free antigen reacting with antibody passively sensitizing (allergizing) 
cell surface. 

Type 11. Antibody reacting with (a) cell surface or (b) with antigen or hapten 
which becomes attached to cell surface: complement plays a major destructive role. 

Type III. Antigen and antibody reacting in antigen excess forming complexes 
which, possibly with the aid of complement, are toxic to cells. 

Type IV. Specifically modified mononuclear cells (actively allcrgized cells) 
reacting with allergen or antigea deposited at a local site. 
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DEFINITION OF THE fOUR TYPES OF REACTION 

TYPE 1 REACTION (ANAPHYLACTIC, REAGIN-DEPENDENT) 

Initiated by allergen or antigen reacting with tissue cells passively sensitized 
(allergized) by antibody produced elsewhere, leading to the release of pharma
cologically active substanccs (vasoactive hormones). 

TYPE II REACTION (CYTOTOxrc) 

Initiated by antibody reacting with either (a) an antigenic component of a cell 
or tissue element or (b) an antigen or hapten which has become intimately associ
ated with these. Complement is usually, but not always, necessary to effect the 
cellular damage. 

TYPE III REACTION (DAMAGE BY TOXIC COMPLEXES) 

Initiated when antigen reacts in the tissue spaces with potentially precipitating 
antibody, forming microprecipitates in and around the small vessels causing 
damage to cells secondarily; or when antigen in excess reacts in the blood 
stream with potentially precipitating antibody forming soluble circulating 
complexes, which are deposited in the blood-vessel walls or in the basement 
membrane and cause local inflammation. 

TYPE IV REACTION (DELAYED, TUBERCULIN

TYPE, CELL-MEDIATED) 

Initiatcd essentially by the reaction of specifically modified mononuclear cells 
(actively allergized cells) containing a substancc or mechanism capable of 
responding specifically to allergen deposited ata local si te. The exact mechanism 
of this type of reaction is stilluncertain, but it is manifested by the infiltration of 
cells, at the si te where the antigen is, without the necessary participation of free 
antibody. 

The mechanisms of these four types of reaction are illustrated diagram
matically in Fig. 20.1. 

It must be stressed that the circumstances in which any of these four basic 
types of reaction may be studied in an uncomplicated form may be very special, 
and may, in fact, be seen only in certain animal species under quite strict 
experimental conditions. Again it must be emphasized that the pattern seen in 
any one human disease is often complex, involving not just one but severa! of the 
above pathways or responses. 

DISCUSSION OF THE fOUR TYPES OF REACTION 

TYPE 1 REACTION (ANAPHYLACTIC, REAGIN-DEPENDENT) 

Care has to be taken in thc use of the words 'anaphylaxis' or 'anaphylactic'. 
Although a Type 1 response is the essential underlying mechanism in anaphylaxis, 
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the word has, on occasion, been applied to Type II and even Type III reactions. 
For instance, the Type II (cytotoxic) reaction produced as a generalized reaction 
or locally in the skin of a guinea-pig, by the injection of Forssman antiserum 
has been called passive reversed anaphylaxis (see Redfern 1926, 1928; van den 
Ende 1940). Again, the Type III (Arthus-type) reaction produced in the skin of a 
rabbit (and which may also be produced in man) after repeated injections of 
antigen and the development of circulating antibody, was referred to as an 
anaphylactic reaction by Arthus himself and was also referred to as 'localized 
anaphylaxis' by Richet (cf. Arthus 1903). 

Our understanding ofType I reactions has been immensely clarified in recent 
years by studies on the various sorts of antibodies in a number of animal species. 
We shall first consider, therefore, the nature of the antibodies whose prime 
characteristic is to fix to cells, and then the subsequent steps which lead to 
local and general effects in animals and man. It is no longer necessary to deal 
separately with man and laboratory animals until the final stage where differ
ences between species in reactivity to various pharmacological substances in
fluence the syndromes produced. 

Reagin-líke antibodies 
It is now possible to make a number of precise statements about the nature of 
'anaphylactogenic' antibodies. 
r. A number of species produce antibodies which are fully comparable to human 
reaginic antibodies (see Benacerraf 1967) in their tendency to bind strongly and 
lastingly to the cells of the species which produced them. In sorne, at least, the 
antibody is physicochemically similar to human reagin and produced in similar 
small amounts. 
2. In no cases will this sort of antibody bind in the same way to the cells of a 
different species (with the exception that human reagin will bind to sorne extent 
to monkey tissues). 
3· The guinea-pig is possible unusual in that non-reaginic antibodies from some 
species (rabbit, man) will bind to its cells in the same way apparently as its own 
y 1-antibodies bind. W e therefore ha ve the paradoxical situation that this 
species binds exclusively one fraction of its own antibodies which may be 
analogous to reagins and also hetero-specific non-reagíníc antibodies. This 
property is related to the structure of the Fe. piece of the immunoglobulin 
molecule in both cases. 
4· In practice reaginic-type antibodies are detected in experünental animals by a 
test essentially identical with the Prausnitz-Küstner test used in man, known as 
the passive cutaneous anaphylactic reaction (PeA). It should be noted that 
relatively large amounts of any precipitating antibody, injccted intradermally 
into the skin of any species, will if followed promptly by intravenous antigen 
produce an inflammatory lesion. This is, however, nota Type I reaction, although 
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histamine release does occur, but an Arthus (Type III) reaction. The essential 
point about the PeA reaction is that time must be allowed to elapse sufficient 
both for fixation of the reagin-type antibody to cells, and for diffusion away of 
any non-reaginic antibodies present. After this time antigen is injected intra
venously, mixed with a dye to demonstrate local oedema formation (Ovary 
1958). 

Reaginic-type antibodies are relatively thermolabile and there is sorne evi
dence that in man sorne at least belong toa specialnew class ofimmunoglobulin, 
IgE (Ishizaka, Ishizaka & Hornbrook 1967). The extensive experimental data 
upon which this account is based is lucidly reviewed by Benacerraf(r967) and 
Ovary (1958). 

Damage induced by reagin-type antibodies 
Since the cytological and pharmacological aspects of Type I reactions, once the 
reagin is produced and bound, are discussed in Chapter 22, we shall do no more 
here than summarize the steps in the process. 
r. Apart from the fact that it takes time, little is known about the mechanism 
and si te of binding on the cell. · 
2. The cells involved: in the blood, about half the hormone release is from 
basophils and about half from other polymorphonuclear cells (Graham et al 
1955). It is probable that in the tissues the basophils ('mast cells') play the main 
part, but it is quite possible that other cells (such as vascular endothelial cells) are 
also involved. The cell which produces the antibody almost certainly releases it 
to be secondarily bound by the reacting cells; it does not react itself. (In our 
terminology, the antibody producing cell is actively allergized, the reacting 
basophil is passively allergized.) 
3· In the guinea-pig injected intradermally with rabbit antibody, competition 
occurs between antibody and 'normal' gamma globulin (Biozzi et al 1959) 
There are therefore a limited number ofbinding sites on the cell, which can be 
occupied either by heterologous IgG or (presumably) by homologous y1-

antibody, which binds in the same way, as described above. 
4. Antigen coming in contact with antibody bound on the cell produces an 
injury (whose exact nature is still to be elucidated) leading to the release of 
vasoactive substances, such as histamine. The mode of action of such substances 
is discussed in Chapter 22; their main effects are local oedema and contraction of 
smooth muscle. In the guinea-pig, for example, spasm of the unusually well
developed bronchiolar musculature produces intense constriction of the bron
chioles with the result that the animal is unable to force air out of its lungs; this 
is sufficient to cause death by suffocation (acute anaphylaxis). In less acute cases 
where the animal is not rapidly asphyxiated there is time for the other effects of 
general hormone releas e to beco me manifest. Clinically this is seen as generalizcd 
shock. 
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Various local manifestations of the anaphylactic reaction in the guinea-pig (as 
in man) can be studied independently by experimental means either in vitro or 
in vivo. The contraction of the isolated ileum or uterus of a sensitized animal in 
the Schultz-Dale test is well known. Less known perhaps is the in vitro contrac
tion of a chain of bronchial rings on the addition of antigen (Schild et al 1951). 
In man, many attempts to develop in vitro tests have been made in order to 
avoid the use of the in viuo Prausnitz-Küstner test; some of these are described 
in Chapter r. lt is still not certain whether human antibodies other than 
classical rcagins can sensitize human cells to produce a Type 1 reaction. 

Type I reactions in man 
lt is not our intention to discuss Type 1 reactions in man in any but very general 
terms, since the clinical pictures are presented in later chapters. There are, how
ever, one or two considerations on the antibodies responsible in man which are 
of importance. 

First there are certain individuals, given the name atopic by Coca & Grove 
(1925), who produce a type of antibody which has par excellence the property of 
passively sensitizing tissue cells, the reagin or atopic antibody. Itl vivo it has very 
pronounced biological activity, initiating histarnine release from passively 
sensitized cells in the presence of antigen and it may be shown to be present in 
the serum by mcans of a passive transfer test, the well-known Prausnitz
Küstner (PK) test. Since this human antibody will not produce a reaction in the 
skin of the guinea-pig, the reluctance, in this country at least, to do passive trans
fer tests in normal persons with human serum (for fear of serum hepatitis) makes 
investigations on this antibody difficult. 

General anaphylactic (Type I) reaction in man. The syndrome is one of profound 
generalized shock. If the patient does not die rapidly, more local signs are 
manifest such as bronchial asthma, pulmonary oedema and urticaria (see 
Chapter 23). Such a reaction could result from antigen reaching the circulation of 
a highly sensitized person in the course of serum or drug therapy, from desensi
tization procedures with pollen extracts, after bee or wasp stings or from the 
classic example of hydatid cysts burst during operation. Should 'cot death' in 
infants be proved to be a modified anaphylactic reaction (Parish et al 1960), then 
absorption of antigen via the lungs must be considered another hazard, although 
here the shock may result from vasoactive hormones liberated following a 
Type III reaction (see below). 

Local anaphylactic (Type I) reactions in man. As examples of this we have 
the ordinary prick and scratch diagnostic skin test where a local wheal results 
around the small site where antigen is introduced into the skin. Hay fever 
and allergic asthma are again local manifestations of a Type 1 rcaction. These 
reactions are localized because of the local access and action of the antigen 
or allergen. It must be remembered that the person nevertheless has a general 
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sensitization which would be revealed if cxcessive amounts of antigen were 
absorbed. 

What is not understood is why some people with such a general sensitization 
experience only hay fever symptoms or none at all when naturally exposed to 
the antigen as an inhalant, while others expcrience asthma. This is hard to 
explain simply as a quantitativc effect. Rather it suggests thc influencc of as yet 
unknown local predisposing factors (see Chaptcr 23). 

Extensive urticaria may be an expression of cutaneous anaphylaxis. The 
Prausnitz-Ki.istner reaction is thc comparable reaction in manto that of passive 
cutaneous anaphylaxis in the guinea-pig, no dyc, howcver, being needed as the 
histamine wheal is seen clearly in human skin. 

Finally, as will be seen from Chapter 22, histamine is by no mcans the only 
mediator liberated from cells by the Type I reaction in man, so one must not 
expect all the symptoms and signs of thcse reactions to be inhibited by more or 
less specific anti-histaminics. 

An essential element in our definition of Type I reactions is that pharmaco
logically active substances of a characteristic typc are releascd from the passively 
allergized cells when acted upon b'y antigen. Other cytophilic antibodies are 
known which passively allergize cells (Boydcn 1964), but herc there is no evi
dence for release of any vasoactive hormone. The biological role of these cyto
philic antibodies is yet to be established, though they may be of importance in 
the induction of antibody formation. 

TYPE II REACTION (CYTOTOXIC) 

In this type of rcaction we ha ve antibody reacting directly through its combining 
reccptors with either an antigenic component of a tissue cell or with an antigen 
or hapten which has become intimately associatcd with the tissue cells. The 
antibody is usually of classical type, i.e. IgG or IgM. The mechanism of 
destruction depends partly on the nature of thc antibody and partly on the 
kind of cell; complement is frequently involved. 

The reaction of antibody with non-cellular membranes and supporting 
tissucs is properly classified here also, although the 'cytotoxic' element of direct 
damage to tissue cells is absent. 

Antibody reacting with an antígenic component oj tissue cells 
Transjusion reactíons. There is a wide familiarity with the lysis of red cells by 

antibody and complement in vítro. In the body, under the circumstances of 
incompatible transfusion, lysis may occur intravascularly, or the sensitized cells, 
either with or without the participation of complement, embarrass the reticulo
endothelial system. White cells of the blood may be similarly in volved. 

In most books on blood transfusion, reactions due to previous sensitization 
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and red cell incompatibility are not described as 'allergic' although according to 
von Pirquet' s defmition they surely qualify. In these books the use of the term 
'allergic' is generally confined to those reactions following transfusion which are 
characterized by urticaria, oedema and bronchial spasm, i.e. to those reactions 
thought to be caused by traces of soluble foreign antigens in the donor's 
plasma reacting with atopic reaginic antibody in the plasma of the recipient or 
vice versa. In our way of thinking this latter situation is a Type 1 reaction, while 
the reaction dueto cell incompatibility and destruction is Type 11; both, how
ever, are allergic reactions. 

Haemolytíc disease ojthe newborn. This disease of man and of many other animal 
species (Roberts 1957) in which the mother produces antibodies which, on 
gaining entrance into the foetus or newborn, cause destruction of the red cells, 
must, by the same reasoning, be considered an allergic disease. Iso-allergic 
neonatal thrombocytopenia (see Chapter 28) is a comparable situation. 

Lesions produced in tíssues by the action o.f antíbody and cornplement. Antibodies 
against surface components of the cell may, in the presence of complement, 
produce specific cell damage (cf. Goldberg & Green 1959). This type of reaction 
could well play a role in many of the auto-allergic diseases; auto-allergic 
haemolytic anaemia is an obvious example. However, in auto-allergic thyroid
itis lrvine (1960) considers a Type 11 reaction to play a role. Also in experimental 
auto-allergic orchitis humoral factors are concerned, in combination with 
cellular (Type IV) allergy (Brown, Glynn & Holborow 1967). An antigen has 
also been shown to be shared by human cardiac myofibrils and components of 
certain streptococci; the possibility of a Type 11 reaction here may be relevant to 
the pathogenesis of rheumatic fever (Freimer & McCarty 1966). 

Lesions produced by the injection of heterologous antisera against tissues are 
primarily of this type: e.g. with nephrotoxic sera (see Chapter 34) and anti
'Forssman' sera into guinea-pigs (Redfern 1926, 1928). In the latter case the 
pathology is one of haemorrhage, necrosis and gross tissue destruction, stem
rning apparently from the cytotoxic action of antibody and complement on 
vascular endothelial cells (see Berkinshaw Smith et al 1962). 

Homogrcift rejectíon. The extent to which a cytotoxic reaction is involved in 
homograft rejection is still an open question: but it is likely that the 'white 
graft' reaction in a highly allergized animal is of this nature (see review by 
Stetson 1963 and Chapter 17). 

Cytotoxicity and cytostímulation. Logically, the blast transformation oflympho
cytes tmder the influence of antilymphocytic (Ling & Knight 1967) and anti-IgG 
(Sell & Gell 1965) antisera, are examples ofType 11 reactions: their immediate 
relevance is, however, rather to basic processes of antigen recognition and 
stimulation than to deleterious tissue reactions of the type which we are con
sidering. In these experiments, larger doses than the stimulating dose were often 
found to be toxic, by a mechanism which is not yet clear. 

u* 
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Conversely, sublytic doses of complement and antibody, instead of being 
necrotic, may have a stimulatory effect on certain cell activities and even induce 
cell modulation. In organ culture experiments, antibody to membrane antigens 
together with complement increased the synthesis and release of lysosomal 
enzymes, without showing other deleterious effects on the cells; the tissue 
matrix showed marked pathological changes, due to the activity of the liberated 
enzymes (Fell et al 1966; Dingle et al 1967). 

Atltibody reacting with antigen or hapten adsorbed on or 
combined with tissue cells 
Possibly of great importance in connection with Type II allergic reactions and 
disease is the rendering of tissue cells temporarily susceptible to the cytotoxic 
action of antibody and complement by adsorption of an antigen (bacterial 
product) or hapten ( drug) on to such cells. Reaction of the bacterial antibody or 
antibody to the cell-drug complex might then bring about cellular destruction. 

Cytotoxic reactions in drug hypersensitivity. The generalized purpura, which is 
the form in which the hypersensitivity reaction to the drug Sedormid manifests 
itself and which has been worked out by Ackroyd (see Chapter 26) is a clear 
example of a Type II reaction as defined by us. Quinine and quinidine may 
act similarly. 

A comparable syndrome with haemolytic anaemia, instead of generalized 
purpura, may follow the use of drugs showing an affinity for the red cell 
(Muirhead, Holden & Graves 1958; Dausset & Con tu 1964). Some such mecha
nism involving the white cells may also underlie certain fonns of drug-induced 
agranulocytosis (Moeschlin 195 8; see Chapters 26 and 29). 

Acute nephritis. Another possible mechanism, still Type II, which is postulated 
as an explanation for acute nephritis following streptococcal infection, is that 
certain cells of the kidney combine with a bacterial product and then become a 
target for a cytotoxic reaction mediated by complement and antibody against 
the bacteria! product. This and other mechanisms producing renal damage are 
discussed in Chapter 34· Other situations can also be envisaged where localiza
tion of a bacterial product could result in tissue damage by such a process. 

It may seem unorthodox to group together under one heading haemolytic 
transfusion reactions, the reaction produced in guinea-pig skin on injection of 
anti-'Forssman' serum and purpura due to Sedormid hypcrsensitivity, but in 
each case the underlying mechanism is essentially the same, i.e. antibodies of a 
specifically sensitized or allergic individual reacting with cells and damaging 
them. 

Not only should this realignment clarify the way of thinking about these 
reactions, but it seems very probable that in the next few years further examples 
will be found to fall under this heading when mechanisms producing in vivo 
tissue damage receive closer study. 
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TYPE III REACTION (ARTHUS-TYPE REACTIONS, 

DAMAGE BY TOXIC COMPLEXES) 

Basic to the modern conception of this type of reaction is the observation that 
complexes between antigen and antibody formed in moderate antigen excess are 
locally toxic to the tissucs, probabl y with the participation of complement (for 
full discnssion, see Weigle 1961). The mechanism of such damage is multiple; 
hormonal, vascular, and cytotoxic complexes are all involved, and the exact 
histological site where the complexes are produced or lodge entails differences 
in the overall pattern. 

Such complexes between antigen and antibody may be formed in two situa
tions; firstly, in the blood stream, when large amounts of antigen are circulating 
and antibody is beginning to be produced in the lymphoid system but is im
mediately combined with antigen as it enters the circulation; and secondly, 
when antibody is present in the blood and antigen is injected into the tissues in 
high local concentration-the first being the 'serum-sickness' situation, and 
second the 'Arthus-type' situation. Serum sickness will be considered in more 
detail in Chapter 24 and it will be sufficient to say here only that the si te of the 
localization of complexes from the blood stream is naturally in the vessels 
themselves. In the Arthus-type situation, antigen deposited intra- or sub
dermally will presumably diffuse from the si te, and at sorne point in the diffusion 
zone it will meet and combine with blood-borne antibody at the concentration 
required to produce antigen-excess irritant complexes. After this the mechanism 
in the two sorts of Type III situation may be identical, although the initial 
events and exact histological site are different. 

Once complexes of the right sort are formed (i) they will tend to produce both 
local histamine release, and also possibly the release of actively cytotoxic en
zymes, (ii) circulating leucocytes will be attracted by them and by complement
induced factors causing accumulation locally, (iii) activation of local vascular 
endothelium (Biozzi et al 1948) will also promote the lodgement of affected 
leucocytes, platelets and fibrin, with resultant thrombosis and haemorrhage; 
(iv) owing to the systemic absorption of chemotactic factors the leucocytes 
become 'sticky' and will tend to aggregate elsewhere, e.g. in the lungs and at 
other inflamed sites (Stetson 1951). Thus, according to the amonnt of complexes 
produced, anything from transient polymorph infiltration and oedema to 
extensive vascular thrombosis and local necrosis may develop. The late develop
ment of plasma cells suggests the occurrence of local antibody formation. 

We use advisedly the term 'Arthus-type'. The Arthus reaction as originally 
described (Arthus 1903) is probably more complicated since there is evidence 
that both a delayed (Type IV) (Tremayne and Jeter 1955) and possibly also a 
Type I component are involved. The simple model is the Passive Arthus, in 
which antibody is injected intravenously and antigen locally. (It should be 
noted that the routes of injcction are different to those of Ovary's 'Passive 
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Cutaneous Anaphylaxis' reaction, where antibody is injected intradermally.) 
The Reversed Passive Arthus, in which antibody is injected locally and antigen 
intravenously has presumably, mutatis mutandis, a similar mechanism. 

Antigen-antibody complexes may produce damage by a mechanism less 
direct than the primary irritant effects of the complexes themselves, namely by 
the activation of complement components to produce anaphylotoxin which 
among other things releases histamine (see Chapter 14). Indeed, it is possible 
that the 'cot death syndrome' may be an example of this phenomenon. 

Differentiation Jrom Type I Reactions 
Since it is a characteristic of a Type I reaction that the antibody is fixed to cells 
the use of a non-fixing type of antibody, e.g. horse antibody in the guinea-pig, 
should provide a model in which the anaphylactic type of passive sensitization of 
cells and histamine release is eliminated. However, histamine release is an element 
of any inflammatory reaction, particularly where complement is involved; and 
therefore although Arthus-type reactions are not inhibited by antihistaminics, it 
is not surprising that sorne elements in them, in particular the oedema, may be 
reduced. On the other hand the intensity of a Type III reaction is greatly re
duced by eliminating the animal's circulating platelets or polymorphs (Hum
phrey 1955) or by heparin (Benacerraf & Biozzi 1953). Again the intensity of a 
Type III reaction is proportional to the level of circulating precipitating anti
body, which is not the case in a Type I reaction. Finally, in performing a passive 
reaction, no interval for fixation to the tissues is required in a Type III reaction, 
as it is in a Type I reaction. 

The important consideration from the point of view of the classification we 
are presenting is that the initiating antigen-antibody interaction proceeds 
independently of cells or tissues. These become involved in the reaction and 
damaged only secondarily, owing either to the primary irritant action of com
plexes of a particular antigen to antibody ratio or to pharmacologically active 
agents released under the influence of these complexes. 

Significance of Type III reactions in medicine 
r. The full Arthus.reaction used to be seen quite commonly in man following 
repeated administration of antitoxic or antibacterial sera derived from animals; 
for an illustration of a very severe reaction see Kohn, McCabe & Brem (r938). 
It may be seen toda y after severa! injections of horse tetanus antitoxin or as a 
rarity in persons receiving long-continued courses of materials such as insulin. 
2. Similarly serum sickness proper is not so often seen today as in the days of 
extensive serum-therapy, at least not in severe form. In typical 'delayed serum 
sickness' occurring in nonatopic individuals a Type III reaction involving circu
l.ating complexes probably plays the main role in the pathogenesis. So-called 
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'immediate serum sickness' is on the other hand an 'atopic' manifestation in
volving reagins, a typical Type I reaction (see Chapter 24). 
3. There is reason to believe that many cases of drug sensitivity, in particular 
those involving penicillin and sulphonamides, are examples of a Type III serum
sickness-like mechanism (see Chapters 24 and 26). 
4· Finally, because the lesions and other findings in experimentally produced 
'hyperimmunization serum sickness' in animals are suggestive of a similar 
mechanism being operative in nephritis, polyarteritis, rheumatoid arthritis, dis
seminated lupus erythematosus and other diseases, it is possible that when these 
diseases are more fully understood it will be found that a Type III reaction plays 
an important role. 

Befare concluding this section a word should perhaps be said on the signifi
cance of the so urce and supply of antigen in these Type III reactions. If the antigen 
is adrninistered as a single dose, the lesions should regress and heal as in classical 
serum sickness. If on the other hand the antigen is given repeatedly, as during 
treatment with penicillin, or is endogenous, as is presumably the case with the 
desoxyribonucleoproteinantigen of lupus, the lesions will recur in crops. 
Corticosteroids will be effective both as 'anti-inflammatory' agents and as 
damping-down antibody production. 

TYPE IV REACTIONS (DELAYED OR CELL-MEDIATED 

ALLERGY) 

The Type IV reaction, usually referred to as delayed hypersensitivity, bacteria! 
or tuberculin-type allergy (also underlying contact dermatitis), is an allergic 
reaction whose importance in human disease is well recognized but not yet well 
understood. Since it is generally accepted as being due to the activities of cells 
independent of free antibodies, the term 'cell-mediated allergy' would appear 
to be an ideal one, were it not that both Type I and Type III reactions, though 
antibody dependent, also require the mediation of cells. For the present it would 
appear best to stick to the conventional if unsatisfactory adjective 'delayed', 
even though this draws attention to only one, operational, element in the 
complex situation. It is likely, however, that the action of antigen on the cell 
which is allergized in the delayed way does in fact take longer to be manifest 
than the action of antigen on, say, a reagin-coated basophil. 

It is important at the outset to distinguish carefully between the induction of 
the state of delayed hypersensitivity and its reaction manifestation, the delayed 
reaction or test. Since we are here classifying reaction mechanisms, we shall not 
consider in detail the induction process; great though the interest of this ques
tion, it is still somewhat obscure, and the exact conditions under which we may 
expect the development of a state of delayed allergy with or without antibody 
production are really only known for one animal species, the guinea-pig. It 
is helpful but still a little risky to extrapolate principies established in the 
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guinea-pig to man; but in practice most workers in human diseases are ready 
enough to postulate the intervention of delayed allergy as a response to virtually 
any substancc known to be potentially antigenic, and to accept that such 
reactions are to be expected in the absence of any demonstrable antibodies, thc 
two most important principles derived from animal work o ver the last twenty 
years. As for the induction process, however, animal work, although it throws 
light on how, tells us rather little of why a state of delayed allergy sometimes 
develops in human diseases and sometimes does not. 

The induction of delayed allergy (nA). Animal work on the histology ofinduction 
is well reviewed by Turk (r967); in summary we may say that clear-cut differ
ences are detectable in the architecture of lymph nodes reacting either to a 
delayed (contactant) allergen orto an antibody production stimulus; in partic
ular, germinal follicle and plasma cell formation are much more prorninent when 
antibodies are being produced. As far as the gross processes are concerned, Gell 
& Benaccrraf (r96r) discuss the conditions for the experimental production of 
'pure' _delayed allergy in the guinea-pig; for most of these the use of Freund' s 
adjuvant with tubercle bacilli added is essential, and so they can throw little 
direct light on natural processes in man, but it is of significance that very small 
doses and 'poor' antigens do favour DA. Some contactant chemicals, such as 
dinitro-fluorobenzene, seem however to act in exactly the same way in man as 
in guinea-pig, and this substance, togcther with tests using various bacteria! and 
viral antigens of less well-defined modes of activity, are regulad y used in testing 
for the 'sensitizability' of human subjects (cf. Chapter 19). 

Although every antigen which has been tested, with the exception of pure 
polysaccharides, can whenappropriatelyused be shown to induce DA in the guinea
pig (see review by Gell & Benacerraf 1961) either a contact reactant or tuberculin 
reactivity is generally used in investigative work, especially in man. In addition, 
the rejection of homografts is usually treated as a Type IV reaction, although 
it is not certain that this is entirely parallel to dela yed responses to soluble or non
living antigens, or that DA is indeed the only mechanism involved. 

The tuberculin reaction is the locus classicus of the Type IV reaction but as a 
prototype for analysis of the mechanism it has certain disadvantages, the chief 
of which are that the complex nature of the tubercle bacillus complicates the 
study of the conditions initiating sensitization and that the difficulty of a rigid 
purification and characterization of'tuberculin' complicates the test. The violent 
response of the tuberculous animal to parenteral injection of tuberculin was 6rst 
observed by Koch (r89r) and it was not long before it was realized that the 
judicious intradermal injection of small amounts of tuberculin could be used as a 
diagnostic test for tuberculosis. The clear separation of this kind of reaction, 
which we are now calling the Type IV reaction, from the other allergic or 
'anaphylactic' reactions has been a long and arduous process. 

Manifestation of delayed allergy: the local lesion. Much illuminating work has 
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been done u pon the development of the delayed lesion in recent years and it is 
now possible to put down a theoretical scheme for the course of events from the 
injection of minute amounts (1-25 p.g) of antigen into a normal area of skin of 
an allergized animal to thc presence 18-48 hours la ter of an in tense inflammatory 
lesion packed predominantly with mononudear cells. 
r. Antigen injected into the skin escapes in most cases fairly rapidly: By 5 
hours only 10-20% of the initial dose persists: this was shown by Norton & 
Ziff (1966) to be all contained within macrophages. No differences are found 
between allergized and normal animals. 
2. A mild inflammatory reaction occurs at this period which is occasioned by 
the presence of any high molecular weight potentially antigenic substance in the 
tissues: as long as no antibodies of any sort are present (e.g. to tubercular carbo
hydrate) this is similar in normal and in allergized animals; the relative propor
tions ofleucocytes in the lesion are similar to those in the blood (Paz & Spector 
1966). 
J. In the next phase there is increasing localization of mononuclear cells in the 
lesion largely though not entirely derived from blood monocytes (cf. Spector 
1967) and exudation becomes far greater in the allergized than in the normal 
animal, in which it soon ceases. 
4. This comes about (and here we cnter the field of speculation suggested 
though not proved by the work ofWilloughby et al (see Schild & Willoughby 
1967 and Kolin, Johanovsky & Pekárek 1966)) beca use a soluble inflammatory 
hormone is specifically rcleased, from the contact of a few allergized cells present 
in the non-specific exudate with the antigen held by macrophages. The number 
of such 'specifically sensitized' (allergized) cells is very small, and the probability 
is that they are lymphoid cclls. 
5. Although the cells lea ve the blood vessels under a non-specific inflam
matory stimulus and consist of all types of leucocytes, thc mononuclear cells 
are held at the site while the other cells, in particular the polymorphs, move on 
and out. There is therefore built up a stage of mononuclear predominance. 
6. The specifically allergized cells may be presentas a constant proportion of the 
circulating leucocytes or may possibly be shed into the bloodstream as a result 
of the primary escape of antigen from the site. In either case they will be present 
in the 'non-specific' exudate and their subsequent reaction with antigen at the 
site willlead to more hormone release and more exudation. A 'cascade' reaction 
is thus built up. 
7· When all antigen has reacted with allergized cells (by a mechanism which is 
still unknown), hormone release stops and the progress of the lesion ceases. The 
retained mononuclear cells may, however, remain at the site for many days. 

This rather complicated analysis of the process is derived from the observa
tions of Spector, Willoughby and co-workers (reviewed by Schild & Wil
loughby 1967 and Spector 1967) and to explain such essential observations as 
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those of Waksman & Matolsky (1958), McCluskey et al (1963) and Turk & 
Oort (1963) that the bulk of the cells in such lesions are ofhost origin when the 
lesions are produced by the passive allergization of an animal by the injection of 
actively allergized cells from another compatible donor. 

This observation, fmt made by Landsteiner & Chase (1942), namely that 
delayed reactivity could be transferred by cells though not by serum, is now 
considered an essential characteristic of the delayed allergic state, and is our main 
justification for postulating the 'specifically sensitized (allergized) cell' as the 
mediator of delayed reactivity. Although it is hard not to conclude that such a 
cell contains a substance of the nature of an antibody, the term 'cell-bound' 
antibody often used is misleading partly because there is no defmite evidence 
that any antibody can be extracted and partly because of the confusion with 
demonstrably cell-bound antibodies such as cytophilic antibodies and reagins. 

A substance which is extractable from cells, though exclusively at present 
from human allergized cells, is the 'transfer factor' ofLawrence and co-workers 
(1959, 1963). This substanceis dialysable andinsusceptible to proteolytic enzymes, 
so cannot be an antibody, yet is able to transfer delayed reactivity. The absence 
of any animal model still makes intensive work in this interesting field slow and 
difficult. 

Relatíonship between delayed allergy and antibody production. It is simplest for the 
time being to regard delayed hypersensitivity and antibody production as 
independent allergic mechanisms in spite of the close relationship between the 
two. There is evidence that 'delayed reactivity' and production of serum anti
body to the same antigen can coexist, although sometimes 'delayed reactivity' 
tends to wane and disappear, or at least becomes difficult to demonstrate when 
appreciable amounts of antibody are being produced (Leskowitz & Waksman 
1960). In sorne cases, at least, this may be due to 'deviation' of antigen by the 
more rapidly occurring Arthus reaction. 

Nevertheless, it would appear that delayed allergy is related, in sorne way 
which is still obscure, to the inductive and prolíferative phases of the immuno
logical process, while antibody production is of course related to the productive, 
or rather to the mass-productive, phase. There are analogies which we do not 
feel to be inept between the early proliferative phases of the secondary response, 
as studied in vitro, and the response of delayed allergized cells to antigen (cf. 
Oppenheim et al 1967). The block would appear to be between the prolifera
tive phase of the secondary response (although sorne antibody is produced at this 
stage in suitable systems) and the turning-on of full antibody production by 
morphologically identifiable plasma cells. 

Di}ferentiation from Type III reactions 
Theoretically Type IV reactions may be clearly differentiated from reactions of 
Types I, II and III by the time taken to mount the reaction after injection of 
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antigen, say, into the skin and by the fact that it occurs in the absence of cir
culating antibody. From this it may be gathered that it is not possible to transfer 
the reaction passively by means of serum-although this is possible using cells. 
Again, the reaction has a fairly characteristic though not diagnostic histology 
(Gell & Rinde 1951). 

In practice, however, it may be exceedingly difficult to differentiate with 
absolute certainty a Type IV from a Type lll reaction. Absence of circulating 
antibodies may be a pointer and the delay in appearance of the test reaction is 
certainly a useful guide, i.e. the observation that a reaction is not maximal 
within the first few hours; although an Arthus reaction in an animal with a 
rapidly rising antibody titre could show a somewhat similar appearance. The 
macroscopic appearance may be useful; in a strong Type IV skin reaction, the 
edges are well defined with a pallid or necrotic centre while a moderate reaction 
takes the form of a uniform indurated erythema: in contrast the pure Arthus 
(Type lll) reaction usually has a haemorrhagic centre and ill-defined edges. 

Histologically the test sites show infiltration with cells, particularly around 
the small blood vessels, and in a mild reaction without necrosis such cells are 
predominantly mononuclear, though even in the mildest a few polymorphs 
occur. Sorne of the swelling and induration may be put down to the packing of 
the tissues with such cells, though oedema and hyperaemia also play a part. In 
general, however, it is not possible or wise to draw firm conclusions as to the 
'delayed' nature of a lesion from histological criteria alone. 

Role cif Type IV reactions in disease 
It is possible that a relatively mild delayed reaction may play a part in defence, 
perhaps by (specifically) stimulating non-specific defence mechanisms (see 
Chapter 15). A violent, and especially a 'chronic', reaction can certainly cause 
evident damage to the host, in two ways: firstly, by causing vascular blockage 
and necrosis, and, secondly, by replacing normal tissue with infiltrating mono
nuclear cells. There may well be further activities of the specifically modified 
'sensitized' cells, which are still unknown to us. 

In an intense reaction necrosis may occur, just as in an Arthus reaction, and 
histologically this is often associated with obvious vascular damage and throm
bosis; nevertheless, fairly strong delayed reactions can occur in the absence of 
microscopic evidence for any events of this sort. Thus, although there may be 
both a vascular and a 'hormonal' element in the reaction, it seems most likely 
that the main chronic damage is produced by the infiltration, disorganization 
and replacement of the tissue by mononuclear cells. 

In many 'auto-allergic' diseases, the demonstration of circulating antibodies 
has been taken as an indication that the antibodies cause the disease. This is un
justified, for two reasons: firstly, beca use stimulation of the immunological 
mechanisms may be the mere effect of specific tissue changes which have 
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themselves a non-allergic pathogenesis; secondly, because the antibodies may be 
accompanied by a state of delayed sensitivity, and it may be this rather than any 
antigen-antibody reaction which is at least the initial cause of the lesions. 

In concluding this chapter we would apologize for at times appearing to be 
somewhat dogma tic. This resu!ts from trying to keep within our limits of space 
and from our attempt to emphasize the simplicity and yet comprehensiveness of 
this dassiftcation of the allergic reactions. W e would stress again that this is 
essentially an immunological classification based on the mechanism of the 
initiating antigen-antibody reaction. Nevcrtheless, in reflecting the basic 
immunological mechanism it should prove helpful to the clinician. 
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The prevention of auto-allergy: Interference with pathogenetic 
mechanisms 

CONCLUSION 

INTRODUCTION 

It must ha ve been at just about the time that Ehrlich (Ehrlich & Morgenroth 
1901) was advancing the concept of'horror autotoxicus'-that disease resulting 
from antibody formation to an organism's own tissue antigens would not 
occur-that Donath & Landsteiner (1904) described the auto-antibody still 
known by their name. This antibody binds at low temperature to a defined 
blood-group antigen (P+P1) on the patient's own red cells and gives rise to 
complement-dependent haemolysis on warrning. Although it is not clear how 
this antibody is stimulated, its presence is associated with the syndrome of cold 
haemoglobinuria and is thus related to the pathogenesis in a readily compre
hensible way. 

In the intervening decades it has become apparent that the occurrence of 
allergic reactivity towards an animal's own antigens is by no means uncommon 
and it is widely suspected that in sorne cases it may play a part in causing 
disease. Massive speculation and not inconsiderable experimental work has been 
devoted to the question as to how auto-allergy may arise and how it rnay be 
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involved in pathogenetic mechanisms. Itis proposed here to give in very general 
terms some account of these matters. Most of the material mentioned in this 
chapter can be found more fully discussed elsewhere in the book and, for this 
reason, references to sources have been kept to a mínimum. 

THE ORIGIN OF A UTO-ALLERGY 

Allergic reactions are the result of only two known phenomena: the formation 
of antibodies and of specifically allergized cells. In this section, the origin of auto
antibodies is mainly discussed, but it seems unlikely that the factors responsible 
for the development of cells allergized to auto-antigens are much different. 

lt is self-evident that the consideration of auto-antibody formation is merely a 
facet of the general problem of antibody formation and tolerance. More detailed 
discnssion of this topic is to be found in Chapter I I and, for the present purpose, 
the following points may suffice. 

Firstly, the induction ofboth antibody fonnation and tolerance opera te at the 
level not of the antigenic molecule, but of the antigenic detenninant-that por
tion of the antigen, probably generally of a size of roughly rooo molecular 
weight, which is able to combine with a single antibody. Protein molecules 
nearly always have multiple determinants and except where a protein shows 
quaternary (sub-unit) structure, it may be assumed that these determinants are 
all different. 

Secondly, it appears to be now well established that the outcome of an anti
genic stimulus-whether it leads to antibody formation or to tolerance-does 
not depend solely on the age of the host at the time of stimulation. It is possible 
both to cause antibody formation in utero and to induce tolerance in adult life. 
A number of other factors are known to be involved. These include: 

Dose oj aHtigen 
Large doses of antigen can produce tolerance even in adult life. Very large doses 
of rather weak antigens (like bovine plasma albumin) can even induce tolerance 
in animals already making antibody. Very low doses of this antigen can also 
induce tolerance. 

Chemícal nature oj antígen 
Certain antigens are much better at promoting tolerance than antibody 
formation. Certain bacteria! polysaccharides and D-amino acid polymers are 
examples. 

Physical state oj the antígen 
Human or bovine IgG, when given to rabbits, gives rise to antibody formation 
when aggregated material is present. Injection with monomeric material pro
duces tolerance even in adult animals. This may be a particularly striking 
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example of a general thesis advanced by Mitchison (r966) that antigens given for 
the first time give rise to antibody formation whcn presented to the lymphoid 
cells by way of the macrophage-i.e. having been phagocytosed; but give rise to 
tolerance if presented directly to the lymphoid cell. 

Route cif administration 
Mitchison's thesis would also explain why giving antigens into the portal cir
culation favours the induction of tolerance, as phagocytosable material is then 
largely cleared in the liver, where there are no lymphoid cells. 

Nevertheless, all these other factors notwithstanding, it remains generally true 
that the age of the host on primary stimulation is an important factor, and that 
animals generally become tolerant to such antigenic determinants as are acces
ible to their own reticuloendothelial system in foetallife. 

SELF-RECOGNITION 

It may be gathered from what little has been said above that there is no need to 
postulate-nor indeed is there any experimental evidence to suggest-some 
special mechanism by which organisms can 'recognize' their own antigens. The 
outcome of antigenic stimulatíon-whether antibody formation or tolerance
would seem to depend on the same factors for auto-antigens as it does for 
any othcr antigen. 

It is, none the less, perhaps still profitable to consider auto-antigens in two 
main groups: those to which tolerance is not normally fully established and 
those to which antibody formation is a result of the breakdown of previously 
established tolerance. This distinction means only that antigens in the first 
group will-if extracted and injected in suitable dosage and by a suitable method 
-give rise to antibody formation in normal animals, whereas antigens in the 
second group will not. Although this is useful as a basis of discussion, the dis
tinction is quantitative rather than qualitative, and often breaks down in prac
tice. Thus there is undoubtedly an important genetic element in the case with 
which animals form antibodies to auto-antigens, even in the first group and 
adjuvants (vide infra) also play an important part in facilitating auto-antibody 
formation. Furthermore, immunization with related or chemically modif1ed 
antigens may cause auto-antibody formation even wherc thc autologous antigen 
does not. 

AuTo-ANTIGENS WHICH NoRMALLY FAIL 

TO ESTABLISH COMPLETE TüLERANCE 

In the main these are antigens which fail to gain access in early life to the host's 
reticuloendothelial system. One factor recognized as leading to this failure is the 
anatomical sequestration of the antigen-i.e. it just never meets a reticuloendo-
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thelial cell. There are certain 'privileged si tes' in the body, of which the anterior 
chamber of the eye is the prime example, whose lack of the normallymphatic 
and vascular connections leads to the situation that even extraneous antigens 
will not reach the reticuloendothelial system. Antigens in 'privileged sites' 
therefore do not give rise to antibody formation-or tolerance. If antibody 
production is stimulated by parenteral administration of the antigen, an allergic 
reaction in the privileged site can follow. 

This state of affairs is to be distinguished from another (pseudo-) type of 
anatomical sequestration-basement membrane protection. Here it is not that the 
antigen cannot get at the reticuloendothelial system but that the reticuloendo
thelial system (and antibody and complement) cannot get at the antigen. Thus 
antibody formation may occur (and therefore this phenomenon is not strictly 
relevant here), but the antigen is protected against such allergic reactions as 
would otherwise occur. An example of this is the testis. Animals normally have 
a cytotoxic antibody directed against their own spermatic tissue, but no cytolysis 
occurs unless the basement membrane is damaged. 

The commonest si te of anatomical sequestration is undoubtedly the inside of 
cells. However, the question of how much tolerance is normally present to 
intracellular components is complex and may be related to the extent to which 
the components spill into the circulation on cell death-a point to be considered 
further below. Experimental evidence suggests that it is organ-specific antigens, 
in particular those of organs that may show sorne degree of 'privilege' (eye, 
brain and testis), but also others that can regularly induce auto-antibody forma
tion if given in Freund's adjuvant, whereas the intracellular materials common 
to most (and therefore also circulating) cells generally do not. 

A second factor leading to the failure to establish tolerance may be termed 
biochemical sequestration and includes two types of phenomenon-one well 
established, the other rather speculative. The well-established phenomenon is 
that of the 'hidden determinant'. The idea that as a result of interactions occur
ring in vivo a molecule could acquire new antigenic determinants which are 
'hidden' in the native state was proposed by Coombs (1947, 1961) with respect 
to the fixation of complement and the stimulation of antibodies, the immuno
conglutinins, reacting with fixed-but not with free-complement components. 
Rheumatoid factors, similarly, contain antibodies reacting with fixed, but not 
with free, IgG and the phenomenon may well be much more general. The more 
speculative phenomenon is concerned with the survival of the potential antigen 
in the circulation (or the reticulo-endothelial system). It is reasonable that mater
ials which are extremely rapidly broken down in the circulation should not be 
antigenic and that no tolerance should be established to them. This may be 
among the reasons why nucleic acids in normal circumstances are not antigenic, 
although there is evidence (see Plescia & Braun 1967) that animals are not 
normally tolerant to the relevant determinants. 
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Where tolerance toa potential auto-antigen has not becn establishcd, stimula
tion of antibody may be expected to result if the antigen gains access to the 
reticuloendothelial system. A clear example of this is the formation of antibody 
to lens protein spilled into the circulation during cataract extraction. Leakage of 
antigen into the circulation may also account to sorne extcnt for antibody 
formation to intracellular components following tissue damage. Thus, experi
mcntally, antibody production to liver antigens follows treatment with carbon 
tetrachloride, and clinically antinuclcar antibodies have been found for a 
limited period after pulmonary infarction. It is likely that the amount ofleakage 
is an important factor. Thus, it is now recognized that small amounts of thyro
globulin normally escape into the thyroid lymph without provoking antibody 
formation. Nevertheless, there is no tolerance to thyroglobnlin in as much as 
injection of this material does give antibody formation. 

Asan alternative to stimulation by the auto-antigen itself, stimulation may be 
induced by an exogenous cross-reacting antigen. There are many authenticated 
examples of this phenomenon. In man antibodies to heart muscle are formed as 
a result of stimulation by the cross-reacting antigen on the streptococcal plasma 
membrane; allergic encephalomyelitis can be induced by immunization with 
heterologous brain-containing vaccines; antibodies to posterior pituitary can 
result from treatment with heterologous pituitary snuff. In experimental animals 
it has frequently becn found that auto-antibody formation toan 'organ antigen' 
can be induced by immunization with organ extracts from other spccies. In 
fact, the heterologous organs are generally much better than isologous organs in 
producing auto-antibodies. This is probably associated with the presence of a 
state of partial tolerance to these auto-antigens, the immunization with cross
reacting antigens being sufficient to break the tolerance. Alteration of auto-anti
genic determinants in vivo by virus or mycoplasma infection or other agencies 
such as to make them behave as cross-reacting antigens has been suggested to 
explain, for example, the auto-antibodies to erythrocytes formed in mycoplas
mal pneumonia. 

A UTO-ANTIGENS TO WHICH TüLERANCE IS 

NüRMALLY ESTABLISHED 

When auto-antibodies are formed to the surface antigens of circulating cells-as 
is the case in sorne forms ofhaemolytic anaemia-it is clear that a pre-existing 
state of tolerance has broken down. Similarly, loss of tolerance is most likely to 
be in volved at least to sorne extent in the formation of such auto-antibodies as, 
for example, the LE cell factor, which has not been reproduced by experimental 
immunization. 

Since this state of affairs is difficult to reproduce experimentally, the explana
tions for how it may arise tend to be plausible rather than well established. 

It has been generally supposed that changes primarily in the antibody-
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forming system itself are involved. Thus, Dameshek & Schwartz (1959) sug
gested that the auto-allergic haemolytic anaemia associated with malignant 
reticuloses might be due to somatic mutation in malignant lymphoid cells, 
resulting in their acquiring the capacity to form the relevant auto-antibodies. 
Burnet ( 19 59) developed this idea further in terms of the clonal selection theory 
of antibody formation. This postulares that new lines oflymphoid cell with the 
potential offorming different antibodies arise continuously by somatic mutation 
from lymphoid stem cells. Tolerance toan antigen is explained by inhibition or 
destruction by the antigen of emerging celllines with the potentiality to produce 
antibody against it. 

If this process of 'immunological homeostasis' is upset-and Burnet suggests 
that the thymus may be the organ responsible for it and that disturbances here 
may upset the homeostasis-'forbidden clones' may arise which can produce 
auto-antibodies. This attractive idea has, however, at least one major difficulty. 
Mutation being a random process, one would predict from this hypothesis that 
the formation of auto-antibodies would show a markedly random distribution 
among potential auto-antigenic determinants. This, however, is not the case. In, 
for example, systemic LE, antibodies are found not only toa considerable variety 
of different nuclear components but to multiple determinants in a single com
ponent such as the DNA-nucleo-protein. This high degree of multiplicity in auto
antibodies to nuclei is not accompanied by an equivalent frequency of antibodies 
to other potential auto-antigens (such as, for example, thyroglobulin). It there
fore seems unlikely that the origin of these antibodies can be ascribed to a purely 
random process. It would appear more probable that antigens themsclves (or 
immunologically related material) play some part in the breaking of tolerance. 

A further possibility of change in the antibody-forming system is provided 
by the analogy of graft versus host reactions. If, for example, lymphoid stem 
cells from an inbred parent strain are transferred to an FI hybrid the donated 
cells will be tolerated having no antigens not shared by the F1 host, but they 
themselves are able to react against the unshared host antigens. This produces a 
syndrome bearing some similarity both to diseases like systemic LE and to reticu
loses like Hodgkin's disease. The possibility that maternallymphoid stem cells 
could líe dormant in offspring and become activated on sorne suitable stimulus 
(virus infection, irradiation, etc.) is ingenious, but has no experimental support. 

THE ROLE OF ADJUVANTS 

Adjuvants are materials that-without necessarily being antigenic themsclves
enhance the antigenicity of other substances. A considerable number of such 
materials are known, including metallic salts such as potassium alum, bacteria! 
endotoxin and fincly divided silica. However, Freund's adjuvant-an emulsion 
of antigen in light mineral oil and, if'complete', with the addition ofheat-killed 
mycobacteria-is probably now the most widcly used for experimental purposes. 
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It produces, besides an increase in circulating antibody, a marked increase in the 
manifestation of Type IV (delayed) hypersensitivity. In severa! situations, 
Freund's adjuvant can lead to the breaking of immunological tolerance, again 
emphasizing that the distinction between lack of tolerance and breakdown of 
tolerance is none too clear. 

lt also gives rise to myelomatosis in mice and to a disseminated arthritis in 
rats. Many of the organ-specific experimental auto-allergic diseases can be 
produced only with the aid of this adjuvant. The exact mechanism of its action is 
unknown, but it is known that it is wax in the mycobacterium that is the active 
ingredient. Such mycobacterial products, naturally acquired, could be pictured 
as playing a role in human disease, and may do so with regard to the lesions of 
tuberculosis itself, but there is no evidence of a particular relation between 
tuberculosis and other auto-allergic disease. 

THE RoLE OF GENETIC FAcToRs 

In man it is well known that the diseases ascribed to auto-allergy are much com
moner in women than in men and that certain groups of diseases and the 
serological abnormalities associated with them tend to run in particular pedi
grees. For example, systemic LE, rheumatoid arthritis, hypergammaglobulin
aemia (and agammaglobulinaemia) and positive antinuclear antibody and 
rheumatoid factor tests tend, as a group, to show familia! incidence. Another 
group with raised familia! incidence comprises thyrotoxicosis, auto-allergic 
thyroiditis, pernicious anaemia, idiopathic Addison's disease and the presence of 
the organ-specific antibodies associated with these diseases. 

Similarly in mice, inbred lines (NZBJBI) and (NZW) have been found that 
apparently spontaneously develop a Coombs positive haemolytic anaemia and 
who frequently develop LE cells, positive antinuclear factors and lesions resem
bling lupus nephritis. It is therefore inescapable that there is a genetic background 
to the development of auto-allergic phenomena. This would appear to be of the 
nature of a 'diathesis' or genetic predisposition rather than direct inheritance, and 
the diathesis for the systemic LE group of diseases appears to be distinct from that 
of the allergic thyroiditis group. In the predisposed population it seems that a 
number of environmental factors may provoke the onset of the disorder. This 
situation would be analogous to the development of haemolytic anaemias in 
subjects with glucose 6-phosphate dehydrogenase deficiency, where the posses
sion of the genetically determined biochemical abnormality crea tes a 'population 
at risk', which is clinically normal but will in response to such diverse environ
mental factors as eating Fava beans, inhaling the pollen of Verbena hybrida or 
taking various drugs all of which are harmless to the normal population
develop a haemolytic anaemia. 

Unfortunately in the case of the diatheses leading to auto-allergic disease the 
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nature of the genetic predisposition is obscure and even the environmental 
provoking factors are only incompletely known. 

Before leaving the topic of how auto-allergy may arise, it should be em
phasized again that it is by no means always an 'abnormal' process even in the 
sense of being associated with disease. Thus certain auto-antibodies are found 
almost universally in both man and experimental animals. These indude the 
cytotoxic antibody to spermatic tissue already mentioned; low levels of im
munoconglutinin and (in sorne species) of rheumatoid factors; and an auto
antibody to components of skin, particularly the sweat ducts and the basal 
layers of the epidermis. 

THE PA THOGENETIC MECHANISMS OF 
A UTO-ALLERGIC DISEASE 

So far only the mechanisms by which auto-allergic reactions may arise have 
been discussed. As has already been mentioned, sorne auto-allergic phenomena 
are associated regularly with a particular group of diseases while others are 
found regularly in the normal population. It is therefore necessary to inquire 
how auto-allergic phenomena can produce tissue damage. In this respect again 
there is no essential difference between the allergic response to auto-antigens 
and to any others. The four types of allergic reaction that cause tissue damage 
described by Coombs and Gell in Chapter 20 provide thc best framework for 
this discussion. 

TYPE I (ANAPHYLACTIC) REACTIONS 
A particular dass of antibody-the reagin-is responsible for most Type I 
reactivity in man. The ease with which reagins are formed is genetically 
influenced-'the atopic diathesis'. This diathesis carries with it an increased 
susceptibility to hay fever and asthma but is not associated with an increased 
incidence of diseases believed to be due to auto-allergy. Furthermore, the 
pathogenetic mechanism in Type I reactions is basically pharmacological-the 
result of mediators released from mast cells-and this type of mechanism is also 
not characteristic of auto-allergic disease. Nor have reaginic antibodies to auto
antibodies so far bcen described. It seems improbable, therefore, that Type I 
reactions play much part in auto-allergic disease. 

TYPE II (ALLERGIC CYTOTOXICITY) REACTIONS 
These are the reactions where antibody reacts with antigens on or attached to a 
cell membrane-or a basement membrane. If the system is complement binding, 
cytolysis usually follows: if not, the affected cells may be abnormally sequestered 
in the reticuloendothelial system. In the case of solid organs othcr more subtle 
results may also cnsue. Thus organ cultures of chick borres grown in antibody 
and complement show lysosomal activation with loss of the cartilage matrix. 
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During this type of allergic reaction, direct damage to the target cell is the 
main pathogenetic mechanism, infl.ammatory changes being secondary to such 
damage. 

Where auto-antibodies to cell membrane or basement membrane antigens 
are found in auto-allergic disease, Type II allergic reactions can in general be 
expected to play a part in producing the lesions. Thus, auto-antibodies to 
crythrocytes in auto-allergic haemolytic anacmias and similar antibodies to 
leucocytes and platelcts produce their pathogenetic effects in this way. In auto
allergic thyroiditis cytotoxic antibodies are often found and probably play a 
part in the lesions of this disease. The long-acting thyroid stimulation (tA:rs) 
appears to be an auto-antibody and it may act in a manner analogous to the 
effect of antibody and complement on the bone organ cultures. 

Antibodies to glomerular basement membranes are well known to be able 
to produce nephrotoxic nephritis in experimental animals. It has recently beco me 
apparent that a number of cases ofhuman glomerulo-nephritis-including those 
patients with 'Goodpasture's syndrome'-are of the same type and show auto
antibodies to glomerular basement membrane. This type of nephritis can be 
distinguished by the pattern of deposition of immunoglobulin and complement 
in the glomerulus from the 'immune complex' type of ncphritis discussed in the 
next section. 

Antigens which become attached to cell or basement membranes can partici
pate in Type II reactions. Although not strictly auto-allergic in nature sedormid 
purpura provides a fine example of this, platelets with sedormid loosely bound 
on them being lysed by an antibody directed against this complex. However, 
the phenomenon may well be more general than this. Bacterial polysaccharides 
are often very adept at fixing passively on to cells-a phenomenon of which 
advantage is takenin passive haemagglutination tests, and antibodies to thesemay 
provoke Type II reactions. Sorne cases of allergic vasculitis are thought to be of 
this type. 

TYPE III ARTHUS REACTIONS 

Type III allergic damage is due to the presence of circulating antigen-antibody 
complexes. This is primarily an acute infl.ammatory reaction, the damage being 
mainly vascular and mediated by complement with polymorphs, the essential 
cellular component. 

Serum sickness is the characteristic disease associated with Type III reactions. 
The lesions of this disease occur at sites of election for the localization of im
mune complexes. These sites appear to relate to vascular anatomy where this 
favours retention of complexes-as in the glomeruli, lung and skin-and to 
regions of increased capillary permeability which also favours the sticking of 
complexes. Trauma appears to be a significant cause of increased permeability 
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in vivo and may account for the high susceptibility of synovial membranes and 
heart valves to serum sickness lesions. In contrast to Type II reactíons the local
ization oflesions thus bears no necessary relationship to the si te where antigen is 
ini tially released. 

In relation to human auto-allergic disease, Type III reactions are probably of 
importance in relation to certain forms of nephritis and of sorne of the lesions of 
diseases like systemic LE and perhaps rheumatoid arthritis. 

The characteristics of 'immune complex nephritis' are well known from the 
work ofDixon and his group (see Chapter 34), and the pattems of deposition of 
immunoglobulins and complement typical of this condition are seen in a number 
of types ofhuman nephritis. These are by no means all necessarily auto-allergic, 
the antigen responsible being often unknown, and occasionally either known or 
suspected to be exogenous (plasmodial antigens in malaria or drugs like penicil
lamine), but, for example in lupus nephrítis, complexes of nuclear auto-antigens 
and antinuclear antibodies have been demonstrated. Substantial evidence for the 
existence and pathogenic role of immune complexes in systemic LE has been 
accumulated. The part which these complexes play in this disease are likely to be 
concemed with the perpetuation of the inflammatory reaction-a point to be 
discussed below. 

TYPE IV {DELAYED) REACTIONS 

Type IV reactions are associated with the presence not of antibody but of 
specifically allergized cells. The pathogenetic mechanism is again largely in
flammatory but the inflammation is granulomatous in type and characterized by 
infiltration by mononuclear cells. The antigens provoking Type IV reactions 
are more often than not sessíle at the reaction site. 

In experimental auto-allergic situations Type IV reactions have been im
plicated in allergic encephalomyelitis and similar 'organ specific' allergic diseases 
provoked by immunization with extracts of organs in Freund's adjuvant. In 
man it is plausible to believe that Type IV reactions may similarly be involved 
in diseases like auto-allergic thyroiditis and perhaps also in the systemic LE group. 
However, in an outbred species where transferred cells are rejected it is difficult 
to experiment directly in Type IV situations and clear evidence for this belief is 
hard to come by. 

TRANSFERABILITY OF A UTO-ALLERGrc DrsEASE 

Witebsky (1959) sorne years ago proposed that conditions analogous to Koch's 
postulates should be fulfilled before a disease has ascribed to it an auto-allergic 
cause. Transferability-in this case by serum or allergized cells-from an 
affected to a normal animal is perhaps the key postulate and is one that has 
generally been very difficult to achieve. A consideration of the pathogenetic 
mechanism does, however, make it clear that such difficulty is to be expected. 
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Only in the case of Type II reactions to readily accessible cells would transfer of 
serum alone seem likely to reproduce the disease at will. If the cells are normally 
protected by basement membrane even Type II reactions would not be trans
ferable in this way. In the case of Type III reactions a source of antigen in or 
accessible to the circulation as well as antibody is required and if the presence of 
the antigen in the circulation is itself the abnormal event, transfer of antibody 
would not be expected to produce disease. It is possible that the same is true of 
Type IV reactions. 

THE PERPETUATION OF INFLAMMATION 

The natural history of inflammation due to allergic reactions to exogenous 
antigens is self-limitihg. When the supply of antigen is exhausted by 
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Frc. 21.1. Schema to show how allergic reactions to the products of inf!ammation 
can lead to the perpetuation of inf!ammatory reactions. 

(Reproduced from Lachmann P.J. (r967) The Scientific Basis of Medicine Annual 
Reviews. By permission.) 

excretion or catabolism, the allergic reaction wanes and the disease disappears. In 
contrast, the inflammation associated with, for example, the systernic LE group 
of diseases is characteristically prolonged, and subject to remission and relapse. 
A possible explanation of this chronicity is that allergic reactions are occurring 
to the products of the inflammatory reaction itself and therefore allowing the 
process to cycle: more inflammation giving rise to more antigens, which elicit 
more allergic reactions, which produce more infiammation, and so on. A 
schematic version of this is shown in Fig. 21.1. 

A number of changes occurring during the infl.ammatory reaction are listed 
which are known or thought to produce new antigenic determinants. Damage 
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to cells may release nuclear and other intracellular components not normally 
accessible to the reticuloendothelial system as already described. That the clot
ting of f1brin could be associated with development of allergic reactivity was 
shown by Dumonde & Glynn (1962) who were able to show Type IV reactivity 
to autologous fibrin in rabbits immunized with this material in Freund' s 
adjuvant. They also produced an arthritis histologically similar to human rheu
matoid arthritis in such animals by implanting fibrin into their joints. Inflam
matory exuda te used in place of fibrin produced a similar arthritis. Whether it is 
fibrin itself that is the ncccssary antigen or whether it is material incorporated 
into fibrin clot is not certain. The binding of antibody and frxation of comple
ment are known to give rise to auto-antibodies as a result of the exposing of 
hidden determinants. Type III and Type IV reactions involving these newly 
exposed antigens can then give rise to more infl.ammation and more antigens 
are produced. 

lt can be seen that this is a mechanism for the perpetuation of infl.ammation 
quite independent of how the infl.ammatory process originally arose. It would 
therefore help to explain how a sub-population genetically predisposed in some 
way to produce this type of auto-allergic response unusually readily could de
velop chronic self-perpetuating allergic infl.ammation in response to a variety of 
infective, traumatic or allergic insults, which in the normal population produce 
only an evanescent response. Weissmann et al (r965) have shown in rabbits that 
repeated intra-articular injection of an apparently non-antigenic lysosome
damaging agent-streptolysin S-produced an arthritis and that this was 
associated with the appearance of antibodies to intracellular components. These 
experiments are wholly consistent with the type of scheme outlined above and 
suggest that, given powerful enough stimulation, even normal animals can be 
made to react in this way and to reinforce the suggestion that genetic predis
position is likely to be a quantitative rather than a qualitative phenomenon. 

IMPLICA TI ONS FOR HUMAN DISEASE 

THE PREVENTION OF AuTo-ALLERGY 

From what has been said about the origins of auto-allergy, it would follow that 
there is unlikely to be any specific way of preventing the allergic response to 
auto-antigens as a class. Nor would this necessarily be a desirable goaL Many 
auto-allergic phenomena are certainly harmless and some are known to have 
beneficia! functions; for example, immuno-conglutinins increase resistance to 
certain infections. 

Present knowledge of the factors responsible for immunological tolerance 
makes it feasible by suitable adjustment of dose, physical state and route of 
administration to induce tolerance to some potential auto-antigens artificially. It 
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is just conceivable that such a proccdure could ha ve a clinical use in subjects who 
are considered to be at spccial risk of developing a particular auto-allergy. It 
would clcarly be much more useful clinically-and not only in relation to auto
allergy-if tolerance could be induced in subjects already producing antibody. 
This has been achieved in mice to bovine plasma albumin by giving extremely 
high doses of antigen, so that the idea is not impossible. However, there are 
likely to be great practica! difficulties. It is not clear that any antigen can be used 
in this way; many antigens would be toxic at the very high dosage lcvels 
reqnired, and serum sickness could complicate the procedure. 

Non-speciüc immunosuppression can, of course, also be used to suppress an 
auto-allergic response, but since the allergic responses as a whole ha ve important 
physiological functions, this approach on a long-term basis is a hazardous one. 

In such instances as the systemic LE group of diseases a diathesis is belicved to 
underlie the origin of the particular auto-allergic state. If the nature of this 
genetic predisposition were clearly known, ifit could be recognized in unaffected 
people and if a method of infl.uencing it could be devised, genuine causal pro
phylaxis might be possiblc. At present none of thcse conditions is met and pre
vention ofknown environmental provoking factors is the most that can be done. 

INTERFERENCE WITH PATHOGENETIC MECHANISMS 

There are a number of possible methods of interfering with pathogenetic 
mechanisms of the different types of allergic reaction. Particular! y in the Type III 
and possibly Type IV reactions where a vicious circle involving allergic reactions 
to the products of infl.ammation is believed to act as a perpetuation mechanism, 
it is possible that temporary interference of this kind may cause the condition to 
remit. 

Thus, cortícosteroíds stabilize lysosomes and reduce the intensity of infl.amma
tion produced in response to a Typc III reaction. 

Interference with complement actíon is anothcr way of attaining this object. 
This is now possible in at least one way. A factor from cobra venom in associa
tion with a protein normally present in human serum fonns an enzyme which 
destroys C' 3. This has been shown to prevent Type III reactions in vivo. Its 
clinical use is hampered by the antigenicity of the cobra venom factor. How
ever, it seems likely that other ways of speciücally and temporarily inactivating 
complemcnt will be deviscd. 

Allergic damage due to antigcn-antibody complexes may also be reduced in 
experimental situations by hindering their localization by inhibiting increases of 
vascular penneability; for example, with antihistarnines. This is not effective 
once localization has occurred and thus makes clinical application difficult. 
Destruction of antigen in thc circulation provides another approach to reducing 
allergic damage. This can be done only if the antigen is clinically 'unusual' but 
has been used succcssfully in pcnicillin allergy, using penicillinasc to destroy the 

V 
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antigen, and in the auto-allergic situation desoxyribonuclease has been used to 
destroy desoxyribonucleo-protein antigens. 

CONCLUSION 

Perhaps the main condusion about auto-allergy that can be drawn is that it is 
not an immunological phenomenon apart requiring special hypotheses and 
postulates to account for it, but that the mechanisms underlying both the origin 
of allergic responses to auto-antigens and the role they may play in causing 
tissue damage are basically the same as those in volved in the case of exogenous 
antigens. 

The balance of factors determining whether antigenic stimulation gives rise to 
tolerance or antibody formation are gencrally such that potential auto-antibodies, 
for example to spermatic tissue, to some components of skin and to frxcd com
plement, are ubiquitous and a variety of disturbing factors can cause other 
potential auto-antigcns to give rise to antibody formation. 

Whether an auto-allergic response is pathogenic or benefrcial or neither de
pends on the circumstances in which antigen-antibody or antigen-allergized 
cell interaction occurs, and the factors involved are discussed in detail elsewhere 
in this book. It is suggested that special importance may be attached to auto
allergic reactions directed to the products of infl.ammation as these may provide 
a dinically significant mechanism for perpetuating infl.ammatory reactions. 
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CHAPTER 22 

PHARMACOLOGICAL MEDIATORS OF 

HYPERSENSITIVITY REACTIONS 

W.E.BROCKLEHURST 

RECENT TRENDS OF STUDY 

EVENTS PRECEDING THE APPEARANCE OF 
PHARMACOLOGICALLY ACTIVE SUBSTANCES 
Indications that the rcaction involves enzymcs: Mast cells: Attcmpts to 
identify specific enzymes: Anoxia and metabolic activity: Ions: The 
site of the reaction: Factors influencing the reactions of different tissues 

fiNAL MEDIATOR$ OF TISSUE REACTIONS 
IN ANAPHYLAXIS 
Histamine: Antihistamine drugs: The physiological role of histamine: 
Histamine metabolism: Slow-reacting substances: s-hydroxytryp
tamine (s-HT: serotonin: enteramine) : Bradykinin: Acetylcholine: 
Prostaglandins: Permeability factors: G2 a-globulin: Lymph node 
permeability factor {LNPF): Therapeutic measures 

RECENT TRENDS OF STUDY 

The historie association between histamine and allergy is now recognized as true 
but misleading. Histamine has many useful functions as a 'local hormone', 
particularly in the removal of the toxic products of tissue damage, and the 
processes of growth and repair. Its role in hypersensitivity reactions is now seen 
in close relation to the inflammatory reaction in any given tissue, with other 
active substances making substantial contributions to the reactions. The impor
tance of any given substance will obviously be determined by the amount pro
duced and its persistence; it will thus· depend u pon the natureof theinitial antigen
antibody reaction and the presence. of stores or precursors of active substances. 
There will obviously be great differences between different organs, and one 
would expect to find marked differences between species. Experiments with 
human tissue are clearly desirable, but have such severe limitations that animal 
cxperiments must usually serve as a basis for a much narrower range of clinical 
cxperiments in man. In an attempt to follow the reaction in allergic tissue step 
by step, pharmacologists ha ve used sorne of the methods of the biochemist to 
trace the events in the immediate type reaction. These studies have shown that 

6II 



612 CLINICAL ASPECTS OF IMMUNOLOGY 

one of the first events resulting from antigen-antibody combination is the 
activation of enzymes, or a change in balance between existing active enzymes 
and their inhibitors. This in turn leads to the release or formation in the tissue of 
substances having pharmacological activity. The biochemist, for his part, has 
recently become interested in the possible effects of cathepsins and lysosomal 
enzymes set free from various types of ce!! by damage caused by allergic 
reactions, including the activation of complement, on or near to the cells. 

Studies have been directed mainly to reactions ofimmediate type, but there is 
also suggestive evidence concerning some of the events of the delayed reaction. 
The delayed-type reaction must take place in vivo and this excludes the new 
techniques by which we have gained more understanding of the immediate 
reaction. The most useful way of modifying reactions in vitro has been depletion 
and/or inhibition of the active agent. A recent addition is the use of antisera, but 
this is obviously not always practicable, and all these approaches may have 
unexpected complications. 

EVENTS PRECEDING THE APPEARANCE OF 
PHARMACOLOGICALLY ACTIVE SUBSTANCES 

The technique which has contributed very greatly to knowledge of these events 
is the use of chopped tissue in the study of anaphylaxis in vitro. Tissue, usually 
guinea-pig lung, taken from a sensitized animal is chopped into slices or frag
ments and thoroughly washed in Ringer solution (usually Tyrode's solution). 
The material can be pooled and then subdivided to give a large number of 
replicate samples. The undamaged tissue is living and retains its histamine 
stores well. If this tissue is incubated at 37°C in Ringcr solution at pH 7-5-7·9 in 
tubes gently agitated to ensure diffusion and modera te oxygenation, the addition 
of the antigen causes a sudden release of so me of the stored histamine. The re
leased histamine is easily and accurately assayed biologically on the guinea-pig 
ileum. The percentage released from the tissue varíes in different experiments 
between IO and 30%, dcpending on the leve! of sensitization of the tissue. In 
any one experiment the leve! of histamine release is surprisingly constant in 
replicate samples, but is readily altered by modifying the treatment of the tissue. 
Reduction of the histamine yield can therefore be used as an indication of inter
ference with the normal chain of events set off by challengc of the tissue. Very 
recently human lung obtained at pneumonectomy has been passively sensitized 
in vitro, thus permitting experiments similar to those with guinea-pig tissue. The 
use of human tissue will explore the relevance of the guinea-pig experiments to 
human allergy, and it will also make possible direct studies on the nature of 
sensitizing antibody and the effect of other globulins u pon the process of sensi
tization. The passive sensitization of tissue from the higher apes has also been 
reported recently. All this work is still at an early stage. 
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lNDICATIONS THAT THE REACTION lNVOLVES 

ENZYMES 
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Mangar & Schild (1956, 1957, 1958, 1962) worked cxtcnsivcly with actively 
sensitizcd guinea-pig lung. They found that the reaction was dependent on thc 
presence of calcium, that it had a pH optimum at 7.8, and was very dependent 
upon temperature; at 30°C the relcase ofhistamine was very slight, at 38-4o°C 
it was maximal, and after the tissue had been warmed to 44°C for 15 minutes 
no reaction occurred. They also obscrved that many antipyretic substances, e.g. 
phenol, phenylbutazone, cinnamic acid, amidopyrine, phenazone, and salicylate, 
if present at the time of challenge, prevented histamine release, whilst not pre
venting desensitization of the tissue. In thc course of this work it was shown that 
iodoacetate, N-ethylmaleimide, azide and dinitrophenol, and also complete 
deprivation of oxygen could prevcnt histamine release. Mangar and Schild 
therefore concluded that the tissuc must be capable of oxidative metabolism for 
the anaphylactic reaction to occnr. This has since been interpretcd by others as 
'auaphylaxis is an cnergy-rcquiring reaction', but this statement is not fully 
justified, as will be discussed later. Severa! groups of workers using modifica
tions of the technique have confirmed and extended the findings of Mangar 
and Schild (Hogberg & Uvnas 1960; Chakravarty et al 1959, 196o; Yamasaki et 
al 1961; Hayashi et al 1960). Moussatche & Prouvost Danon (1956, 1960) also 
used intermedia tes and inhibitors of the tricarboxylic acid cycle to show that this 
source of energy influenced anaphylaxis in chopped tissue. 

Diamant (1962) showed that glucose could compensare for the lack of oxygen, 
indicating that if energy was required it could be supplied by the glycolytic 
pathway. The substances thought to inhibit histamine release by an effect upon 
the Krebs cycle may therefore be acting in other ways not necessarily concerned 
with metabolic energy. Mangar & Perera (1965) found that lack of oxygen and 
the inactivation of SH enzymes with thiols hadan additivc effect in inhibiting the 
anaphylactic release ofhistamine. This suggests that the tertiary structure of the 
proteins, which is greatly dependent upon s-s bridges, may be the point at 
which oxygen lack (considered as changed redox potential) acts. Such an effect 
might be at the antibody itself or its attachment to the tissue, but would be more 
likely to affect the enzymic stages triggered by the antigen-antibody union. 

MAST CELLS 

Mota (1957, 1959, 1960) and Boreus & Chakravarty (1960) used the mast cell 
count as a means of evaluating the severity of anaphylaxis. Nearly all the hista
mine in practically every tissue is found in the granules held within the mast 
cells (Riley 1959). These granules contain heparin, and can therefore be stained 
with basic dyes such as toluidine blue. In anaphylaxis and in many forms of 
tissue damage these granules are lost from the mast cells which often totally 
disintegrate. The numbers ofidentifiable mast cells present in a tissue befare and 
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after challenge will thus give a semi-quantitative evaluation of the severity of the 
antigen-antibody reaction. Mota studied mast cells in fragments of various 
tissues, and experimented particularly on sheets of the very thin mesentery 
supporting the small intestine of the guinea-pig. He has obtained results in agree
ment with those of Mongar and Schild, and has also shown that the anaphylactic 
damage to mast cells can be reduced if nicotinamide or other inhibitors of 
diphosphopyridine nucleotidase are present. It has until recently been assumed 
that histamine and heparin (ora rclated acidic polymer) were loosely united in 
the mast cell granule because they were base and acid, and 'artificial' granules 
have been produced by mixing the two substances in the presence of zinc to 
promote binding. The work ofUvnas (1967) has shown that the granules from 
rat peritoneal mast cells are quite stable ifkept in distilled water or any sodium
free medium, and that over a wide range of concentration sodium and histamine 
can compete for combination with the heparin in a reversible manner. The 
granule thus behaves like a bead of ion-exchange resin, with sodium as the sol e 
exchanging cation. It is thus easy to visualize the situation in vivo, and to see that 
histamine will be lost explosively from granules discharged from the mast cells, 
but gradually and incompletely within cells which have become abnormally 
permeable to sodium as a result of damage or impaired metabolic activity. 

ATTEMPTS TO lDENTIFY SPECIFIC ENZYMES 

Studies on anaphylaxis in vitro ha ve contributed much to our knowledge, but the 
interpretation of results relies upon the specificity ofthe antagonist or the enzyme 
inhibitor, and in many instances the degree of specificity is poor or uncertain. 
This criticism applies particularly to experiments in which high concentrations 
of inhibitor have to be added, because an increase of 20 mM or more in the 
ionic strength of Tyrode solution will itself reduce the amount of histamine 
released in anaphylaxis. High concentrations also invite the danger of inhibition 
by a subsidiary property of the inhibitor, which will thus lead to incorrect con
clusions regarding the mechanism involved. Since the results of Mongar and 
Schild clearly indicated an enzymic step or steps as intermediate events in the 
release of histamine, the obvious development was the identification of the 
enzymes. Austen & Brocklehurst (1961) approached this problem by offering 
alterna ti ve substrates (synthetic esters and peptides), to act incompetition with the 
normal substrate in guinea-pig lung and thus reduce the effectiveness of the 
events leading to histamine release. 

This technique relies upon the readiness of enzyme and synthetic substrate to 
combine and is not concerned with the ability of the enzyme to split the sub
strate subsequently. Thus the results in respect of any given enzyme might differ 
quantitatively from those of the biochemist who is concerned with the splitting 
of substrate. The method nevertheless provides objective information about 
the type(s) of enzyme which must be directly in volved in the chain of reactions 
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leading to the releasc or formation of pharmacologically active products. 
By building up a pattern of experimental data showing the relative effective

ncss (or failure) of a large number of substrates, Austen and Brocklehurst con
cludcd that an cnzyme having thc charactcristics of chymotrypsin was cssential 
to the reaction, and were able to cxclude the enzymes known to be activated 
from the first, second and fourth componcnts of complcment. They obtaincd 
suggestivc but inadequate evidence that the third component was involved in 
the reaction. Now that this component of complement has been further sub
divided and shown to includc a permeability factor when activated, it seems 
possible that this might contribute directly to histamine release, but it must be 
remembered that human reaginic antibodies do not actívate complement in the 
usual tests. These results do not mean that other enzymes may not be activated, 
but indicate that these are not essential factors in the release of histamine and 
formation of SRS-A during anaphylaxis. 

ANoxrA AND METABOLrc AcnvrTY 
Edman et al (1964) investigated the actuallevels of oxygenlack needed to prevent 
the antigen-antibody reaction and found that so per cent inhibition is produced 
by 0.5 per cent oxygen in nitrogen. This inhibition is greatly potentiated if small 
amounts of cysteine are present during anoxia. From this, and studies of sub
stances able to disrupt or inactivate S-H and s-s groups in tissue, it was concluded 
that the way in which Orlack reversibly influences the tissue is probably by 
altering these active groups or bonds on the enzymes or their precursors or 
possibly on the antibody itself. The need for 0 2 would then not necessarily be 
related to metabolic processes, and indeed it is difficult to see how oxidative 
metabolism could survive the combination of oxygen-lack ar.d co treatment 
which failed to prevent the anaphylactic release ofhistamine in the experiments 
of Austen and Brocklehurst. The use of very delicate methods for detecting 
oxygen utilization during the first minutes after challenge with antigen have 
failed to show any increase in the rcquirements of the tissue in spite of the rapid 
rclcase of histamine during this time (Mongar & Perera 1965). These results 
negate the carly work and fall into line with that quoted above. Nevertheless, 
some of the products of tissue metabolism can influence antigen-antibody 
rcactions since in the guinea-pig small increments of succinic acid enhance 
anaphylactic histamine release. However, maleic acid is at least as potent as 
succinic acid in this respect, whereas fumaric acid is inactive, and the effect 
therefore seems to be at best only indirectly related to the level of available 
metabolic energy. Furthermore, these substances are without effect in rat tissue 
and have little effect on passively sensitized human lung. Table 22.1 is an attempt 
to present in an accessible form the more important observations and their 
probable meaning. Hypothetical schemes for the actual course of events in the 
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TABLE 22.1 

Procedures which modify the anaphylactic release ofhistamine 

Fea tu res 

pH: optimal range about 7.8: 
barely any reaction at 6.2 

Temperature: optimal range 38-41°C: 
total inhibition at 15°C and 45°C: 
15 minutes at 45°C irreversibly prevents the 
response of tissue to events subsequent to the 
Ag-Ab union 

Ionic strength: limited enhancement if moder
ately hypotonic, inhibition ifhypertonic 

Ca+ + : total lack prcvents reaction; levels 
below about 1 mEq/litre depress it 
Mg + +: thought to be neccssary 

Reaction reduced or abolished by: 
Reduction in s-H groups 
(r) by very low 0 2 tension 
(2) by iodoacetate, N-ethyl maleimide, oxi
dized glutathione, and many other thiol in
hibitors including sulphite 

Inhibitors of chymotrypsin 
(r) antipyretics and compounds of índole, 
phenol, nicotinic acid, etc. 
(2) ester and peptide substrates 
(3) di-isopropylfluophosphonate 

Salicylaldoxime and phlorizin 
saturated fatty acids pentanoic to dodecanoic 
(also e-aminocaproic) 

Reaction enhanced by: 
Succinic acid and othcr substanccs in the Krebs 
cycle which are capable of raising thc concen
tration of succinic acid 
Maleic acid 

No effect with: 
Cytochrome poisons ca and 2-heptyl 4-
hydroxyquinoline N-oxide 
(dinitrophenol and CN effective only in largc 
doses, and in anomalous fashion) 

Fumaric acid 

Notes 

pH and temperature depcndence 
confirms the cnzymic nature of thc 
reaction 

Raised ionic strcngth decrcases thc 
forces involved in protein intcraction 

Ca+ + and pcrhaps Mg + + may be 
in volved in activation of cnzymes by 
Ag-Ab complex (cf. complcment) 

Dependencc on oxygen and/or glu
cose varies with the species, and may 
not be related directly to s-H stability 

In corresponding tests, inhibitors of 
trypsin, carboxypeptidase and lcucine 
aminopeptidase do not suppress the 
reaction 

Salicylaldoxime and phlorizin pre
sumed to be acting against the esterase 
from C'3 

Effect not understood, and seen 
chiefly in guinea-pig tissues: much 
less striking with rat cells and human 
tissue 

Dinitrophenol and CN produce thcir 
cffects by actions not related to 
cytochromes 

Cornponent of the citric acid cycle, 
structurally related to succinic acid, 
and also to maleic acid which is not 
part of the cyclc 
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reaction are oflittlc merit because the total numbcr of stcps is unknown, and the 
sequencc of those considercd to be identificd is largcly a matter of speculation. 

ION S 
Calcium ion is essential, since complete rcmoval of Ca+ + by the chelating 
agent EDTA* will prevent the release ofhistamine and the Schultz-Dale reaction, 
although desensitization occurs. The anaphylactic reaction is reinstated on 
restoration of the Ca+ + by adding excess, but this will also restore Mg + + by 
displacing it from the EDTA. Thus we can show that Ca++ is essential, but cannot 
be sure that Mg + + is not also necessary, or at least normally in volved in hyper
sensitivity reactions. New chelating agents permit better discrimination and 
preliminary work suggests that Mg + + is necessary in so me types of reaction. 

THE SrTE OF THE REACTION 

The mast cell provides visible evidence of anaphylactic damage and histaminc 
release both in vítro and in vivo in many species. When small pieces of mesentery 
are used in in vitro tests, mast cell damage and histamine release occur. V ery few 
other types of cell are present, and it has been concluded that the mast cell con
tains all the requirements for anaphylactic release of its contained histamine. 
Speculation that the mast cell is not only the source ofhistamine, but the specific 
tissue type where antibody is localized and from which all the processes of the 
anaphylactic reaction originare, cannot be accepted for several reasons. Firstly, 
passive anaphylactic reactions can be produced in the skin of rats which have 
been intensively treated with compound 48/8o to destroy the mast cells. 
Secondly, visible anaphylactic damage occurs to other cell types. Thirdly, the 
amount of antibody necessary to sensitize any tissue is so small that localization of 
uptake at this level cannot be demonstrated. Fourthly, anaphylactic activation of 
SRS-A has been shown without release of histamine or damage to mast cells. 

W orkers on isolated mast cells and on destruction of mast cells by relativel y 
speciflc agents such as compound 48/80, have used the rat because such studies 
are not satisfactory in the guinea-pig, nor, as far as we know, practicable in other 
species. The isolated mast cells of the rat contain an active enzyme resembling 
chymotrypsin, and lose their histamine rather easily. Other species examined 
have mast cells which probably contain a precursor but do not contain the 
active enzyme, and are less ready to lose their histamine. Rat tissues may thus 
prove to be atypical in respect of reactions involving histamine release. 

fACTORS INFLUENCING THE REACTIONS OF 
DIFFERENT TrssuEs 

W e know that antibody is easily and rapidly taken up on tissue, and now think 
that this is a rather non-speciflc surf:'lce phenomenon which will vary somewhat 

* EDTA = Ethylene diamine tetra-acetic acid, disodium salt. 

v* 
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for different cell membranes. If this is true, we must expect that the union of 
antibody and antigen will occur on the membrane of many if not all types of 
cell, but that the subsequent events will be dependent on the type of cell and its 
immediate surroundings. It is evident that cell membranes must differ beca use of 
the wide range of reactivity shown by different tissues in contact with the same 
biologically active agent-e.g. histamine or s-hydroxytryptamine. This is true 
even in tissues as closely related as the smooth muscle of the trachea and the 
bronchioles of the same animal. Histamine does not contract all smooth muscle, 
neither do es s-hydroxytryptamine. W e should therefore expect so me variation 
in the intensity of the initial trigger (antigen-antibody union) anda considerable 
variation in the effect this has on the cell membrane. This fmt set of variables 
might thus be called 'membrane susceptibility'. 

A second variable will be the 'nature of the antibody' involved in the reaction. 
In the last few years the importance of this variable has become more gcnerally 
recognized especially in animal experiments. The clinician has recognized the 
existence of reaginic antibody for a long time, but apart from knowing that it 
could sensitize skin in minute amounts, the chemistry of this antibody has 
remained quite obscure. The experimental scientist had originally to be content 
with whole serum or the total globulin fraction of serum for passive sensitization 
and we now know that this must have produced mixed reactions which were 
often misleading. The use of purer fractions in recent years has greatly clarified 
the situation and has shown that complement-requiring y2-globulins act quite 
differently from human reaginic antibody, whereas y1-globulins have much in 
common. Further fractionation and characterization of y1-globulins is still 
necessary, and a method for separating reaginic antibody without the use of 
Zn + + would be welcomed. We are now in an intcrmediate stage; enough 
progress has been made to show what has to be done, but we still have to find 
out how to do it, and we may not be sure that it has been done properly even 
then. Fortunately, methods in immunochemistry and protcin separation are 
advancing quickly and by the time these remarks are read, it is to be hoped that 
they will already be out of date. Thcre is now evidence that in the guinea-pig 
different antibody globulins are responsible for the activation of each of the 
major mediator substances of anaphylaxis (Stechschulte et al1967). Differentia
tion in other species may be anticipated. 

The next variable might be headed 'intermedia te reactions', and this would 
include the activation of enzymes. If complement is activated, as in reactions of 
Arthus type, the range of active enzymes and products will be wide, but prac
tically independent of the site in the body. Reactions involving principally 
reaginic or y¡-antibodies must be brgely dependent u pon the cells to which these 
antibodies are fixcd. Enzyme activation could result from changes in ionic 
environment or the effects of co-enzymes or tmmasking of active groups. 
Whilst there must be a general scheme of enzymes in allliving cells, the special 
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functions of each type of cell make it safe to assume that the pattern of enzyme 
activation will vary from one tissue to another. 

The ncxt phase concerns pharmacologically active mediators and the number 
and quantity of these will obviously depend both on the stores or precursors of 
such mediator substances, and on the effectiveness of the enzymes able to free or 
form them. Thc range and persistence of the active enzymes will thus determine 
in very large measure the severity and the characteristics of the whole reaction. 

Finally, the mediators (possibly with sorne contribution by the intermediate 
reaction and also some from the primary membrane reaction) produce the 
clinical picture. Here the difference between tissues willlargely be one of physio
logy, that is, the range of possible effects which a mediator can produce in one 
particular tissue, for example skin or gut or bronchiole. In addition, there will be 
modifying factors such as the proximity between susceptible cells and the active 
mediator, and the rate of destruction or dilution of the mediator in the tissue 
spaces. In the case where mediation is by polypeptides, the active level may rise 
or fall very sharply, since it depends on the minute-by-minute rates of formation 
aud destruction. In most other instances, release or formation is apparently fairly 
rapid, and destruction thereafter reduces the level progressively. A less obvious 
factor which may limit the range of the effect of a mediator, but incidentally 
prolong its local action, is the adsorption of the substance close to its site of 
formation. In sum, there would be great differences between the observed 
reactions in different tissues even if the same amounts of the same mediators were 
freed in each. With the increasing number of known mediator substances, the 
range of effects becomes correspondingly multiplied and the overall picture 
infinitely more complex. 

FINAL MEDIATORS OF TISSUE REACTIONS 
IN ANAPHYLAXIS 

We may reasonably assume that a substance is mediator of an effect observed in a 
sensitized tissue challenged with antigen if the following points can be demon
strated: 
1. That addition of thc substance can mimic the effect. 
2. That the substance is present at an effective level in the tissue at the time of 
the reaction. 

Additional evidence, which might be acceptable instead of 2, would be: 
(a) Abolition of the effect by a modera te concentration of an antagonist posses
sing a high degree of specificity. 
(b) Reduction of the effect by depletion of the substance or its precursor in 
tissue ( or if blood-borne, in the whole animal). 

The exclusion of any particular substance from a reaction is much more 
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difficult, and may well be deduced from clinical experience rathcr than experi
ment. 

HISTAMlNE 

There are severa! useful reviews of the reasons for connccting histamine with 
anaphylaxis (c.g. Dragstedt 1941; Dale 1950, 1952; Feldberg 1961). The first 
intimation of such a connection was by Dale & Laidlaw (1910), yet the fmal clear 
connection with clinical practice did not come until the work of Schild et al in 
1951. This work was an application of the classic methods of pharmacology to 
prove that histamine was set free when living bronchioles and lung tissue from 
human asthmatic subjects were challenged in vitro by the various speciftc 
allergens. This work showed clearly that histamine was rcleased from human 
tissue in vitro in the same experimental procedure as had been previously used for 
guinea-pig tissue, but the failure of these workcrs to fmd any additional sub
stance led them to attribute an important role to 'intrinsic histamine', which we 
would not now accept (see later). 

The well-known pharmacological actions of histamine are as follows: 
1. Contracts many smooth muscle organs including human bronchioles. 
2. Given locally (e.g. by iontophoresis or intradermal injection) causes an 
increase of vascular permeability and constriction of small venules leading to 
oedema. Larger amounts cause spasm of both arteriales and venules of the 
capillary bed. 
3· Intravenous infusion in man, causes headache (with a sensation of pressure) 
and flushing of the face, with some fall of carotid blood pressure and some 
tightness of the chest. There is a considerable increase of acid gastric secretion. 
The release of endogenous histamine by chemical releaser substanccs causes 
similar effects (Lacomte 1957). The rise in haematocrit reading indicates loss of 
fluid from the circulation into the extravascular compartment. 
4· Increases nasal and lacrymal secretions and is thought to increase secretion of 
bronchial glands. 

Thus the local release ofhistamine could easily be the cause of urticaria! con
ditions, hay fever and angio-neurotic oedema, and also of the bronchospasm 
seen in acute anaphylactic shock. 

Antihistamine drugs 
The clinical conditions listed above are effectively controlled by potent modern 
antihistamine drugs in very many cases, and this fact directly implicates hista
mine and, moreover, suggests that it is the sole majar causative agent. Unfor
tunately, this conclusion is not well founded, beca use the antihistamine drugs are 
not entirely specific, and are usually used near the highest tolerable leve!, so 
that their other actions may be responsible for some part of the clinical im
provement. This likelihood is strengthened by the facts that experimenta!ly the 
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anti-allergic potencies of drugs do not follow thc order of their anti-histaminic 
potency, and that many drugs succcssful clinically are not the most potent anti
histaminics, but have numerous other actions. These unspecific actions include 
local anaesthesia, atropine-like activity, antagonism of 5-hydroxytryptamine 
and reduction of tonus in certain smooth muscle preparations. The most general 
of these is the local anaesthetic potency, which is often as great as that of xylo
caine. This may be thc cause of scdation expcrienced as a side-effect, and could 
also help to account for the reduction of pruritis and the axon reflex fiare in 
skin reactions. The other propertics, such as antagonism of acetylcholine, vary 
enormously between different drugs. It is clearly probable that such a special 
property may be particularly useful to supplement the antagonism ofhistamine 
in treatment of the symptoms of a particular type of allergic reaction, depending 
on the site or the tissue involved. 

The physiological role oj hístamine 
It used to be thought that in spite of its ubiquity histamine had no physiological 
role except in gastric sccretion. It is now recognized that the relcase ofhistamine 
locally in trauma or other forms of tissuc damage assists in thc mobilization of 
phagocytes (Goszy & Kato 1957) and stimulates or facilitates tissuc repair. The 
latter effect may be indirect, the important factor being the release of ground
substancc material from the mast cells; however this may be, the depletion of 
histamine stores, or the local application of antihistaminics, retards healing and 
gives a weaker repair after incisions (Boyd & Smith 1959; Kahlson 1960, 1962). 
These observations may indeed offer a teleological exphnation ofhow histamine 
comes to be in volved in anaphylaxis. The mechanism begins as a line of defence, 
with products giving physiological advantages, but when grossly magnified the 
same process can cause grave distress to the body by an excess of those same 
products. One may thcrefore question the desirability of using antihistamine 
drugs continuously over long periods, but in acute allergic manifestations excess 
histamine is released, and it is logical to counteract its effects by specific drugs. 
Antihistamine drugs alone may not be enough to suppress all symptoms because 
histamine may be only one of severa! active agents, as will be shown later. 

If there was not already wide experience showing the safety of antihistamine 
drugs, we would have misgivings about using them, since the work ofKahlson 
and of Schayer (see la ter) has shown that histamine is formed locally in response 
to physiological demand, as in the foetus and in granulation tissue. 

HrsTAM1NE METABOL1SM 

The importance of histamine must be considered in the light of evidence 
regarding the dynamics of histamine release, destruction and resynthesis. These 
findings are mainly to the credit of Schayer (1959, I96I), who has developed an 
isotope-labelling technique to follow these physiological events. For instance, 
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intravenous 14C histidine is decarboxylated in vivo to give 14C histamine, which 
can then be estimated quantitatively after repeated recrystallization with carrier 
histamine. The advantages of the technique are that physiological amounts are 
used, and the animal is not subjected to stress, restraint or trauma, quite apart 
from the usual advantages that labclled material can be followed with ccrtainty 
and considerable quantitative precision. Furthermore, the final products of 
metabolism can be separated by chromatography and identified by parallel 
comparison with known materials, they can then be quantitativcly estimated by 
the 14C label, and this can also show the presence of tmknown end-products. 
Schayer' s important results include the following: 

Excretion 
Histamine ingested in food or formed in the gut by bacteria, is all excretcd, 
much of it bcing deaminated in the wall of thc intestine before it even reaches 
thc blood stream. The excretion products vary greatly with species. In man the 
urine contains imidazol-acetic acid (rAA), methyl IAA, and IAA riboside, showing 
that deamination by mono-amine oxidase, before or after conjugation, is the 
main metabolic pathway. Vcry little is excrcted unchanged, and all of this has 
bcen formed in the body. 

Storage 
Histamine which is stored in mast cells, and which constitutes nearly all of thc 
content of the tissue, is formed from histidinc, and is presumcd to be formed in 
the cell. The turno ver of thc stored histaminc is slow beca use this secms to be an 
emergency supply, but once freed this histamine is treated as extrinsic and is not 
returned to storage, but detoxicated and excreted, in the same way that injected 
histamine is handled in the body. 

Utilízation 
Many tissues (and possibly all), ha ve a fairly high turnovcr ofhistamine fonned 
in or near thc vascular endothelium by histidine decarboxylase. This is not 
stored, and the rate of destruction is high, therefore it contributes little to the 
amount ofhistamine extracted from tissne. The activity ofhistidine decarboxyl
ase is increased as a resnlt of stress (including cold) and any tranmatic or chemical 
or other histamine-releasing process to which the animal is subjected. Kahlson 
has shown that it is present in high concentration wherc growth is rapid, e.g. 
regeneration of tissue, wound healing, foetal development and malignant tissne. 
Schaycr considers that it is probably a local regulator of circulation at the level of 
the capillaries, thus reminding us of the views held by Dale and Lewis at least 40 
years ago. Kahlson' s work shows that an enormons increase of histidine de
carboxylase occurs in tissue nndergoing rapid growth bcforc adequate vas
cularization has occurred, suggesting that nutrition by increased lymph flow may 
be controlled by histamine acting as a 'local hormone'. 
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Histidine decarboxylase 
When tissue is repeatedly subjectcd to histamine release, as in repeated trauma, 
or frequent treatment with chemical releasers, the histidinc dccarboxylase rises 
during the rcsynthesis and restoration of histaminc storcs, and continues higher 
than normal afterwards (Schayer 1960). Since repeated histamine release is 
inevitable in all allergic states it seems likely that allergic tissuc will have ab
normally high histamine synthesis and a correspondingly raiscd leve! of active 
histamine continually present. Unless tachyphlaxis occurs, such tissue would be 
expected to ha ve a lowered threshold of response to histamine from mast cells or 
other extrinsic sources, and might also be expected to inactivate the extra hista
mine ata comparatively slow rate. This would offer an explanation of the many 
reports that asthmatics respond to lower doses of histamine and other sub
stances than do non-asthmatics, or, correspondingly, give a response where 
normal subjects do not. 

Possib/e actíon oj glucocorticoíds 
The striking anti-allergic action of the glucocorticoids is probably dueto many 
separa te effects, which include the increased stability of many membranes such 
as thosc of endothelial and smooth-muscle cells and of lysosomes, as well as a 
general reduction of enzyme activity. It is also known that the levels of tissue 
histamine fall, that tissue repair is slowed and that antibody synthesis is reduccd 
under the influence of the anti-inflammatory corticoids. Depression of enzyme 
synthesis by glucocorticoids would produce particularly striking changes where 
the symptoms were enhanced because an enzyme was abnormally active, as 
postulated regarding histidine decarboxylase in chronic allergic states. This is, of 
coursc, only one of severa! possible ways in which the corticoids might act. Two 
obvious oncs are, firstly the suppression of thc enzymic events triggered by the 
union of antigcn with :mtibody and leading to the release of active substanccs, 
and secondly thc decreased reactivity of all tissues to the active products pro
duced. 

SLOW-REACTING SUBSTANCES 

Occurrence and role 
Therc is remarkably little of clinical interest to add to the author's 1962 review of 
SRS-A (slow-reacting substance of anaphylaxis). The chemical structure of this 
substance is not yet known, and its clinical significance remains uncertain. 
Nevertheless, there is a strong case for believing that in asthma this substance 
may be of great importance in the production of prolonged bronchospasm. 

There are many 'slow-reacting substances'-the term simply implies a 
material of unknown composition which can cause the relatively slow contrac
tion of an isolated smooth muscle preparation. The one now called SRS-A was 
fmt noted by Kellaway & Trethewie (1940). They found that when the lungs of 
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a sensitized guinea-pig were perfused through the vascular tree with Tyrode 
solution at 37°C, anaphylactic bronchospasm was caused by adding antigen to 
the solution and at this time biologically active substances were detectable in the 
effluent perfusate. When tested on the guinea-pig ileum, the perfusate caused a 
contraction which resembled that produced by histamine, but the subsequent 
relaxation was much slower than that after pure histamine. The main contrac
tion was attributed to histamine, and the persistent late effect to a subsidiary 
contraction caused by a 'slow-reacting substance'. Brocklehurst (1956) un
masked the SRS by the use of antihistamine drugs, and by parallel quantitative 
assay against bradykinin, substance P, and 5-hydroxytryptamine showed that it 
differed from them. As the pattern of pharmacological activity compiled from 
tests on many different tissues did not correspond to that of any substance pre
viously described, the suffix -A was added to indicate that this was a particular 
slow-reacting substance associated with anaphylaxis. Even in relatively large 
doses, it fails to cause the contraction of many types of smooth muscle, but 
quite small doses cause bronchoconstriction in isolated human bronchioles. This 
contraction is not inhibited by mepyramine or clinically tolerable levels of 
atropine. Thus the occurrence ofsRS-A could explain the failure of antihistaminic 
drugs in allergic asthma. It can also account for the mepyramine-resistant com
ponent of the anaphylactic reaction of the isolated bronchioles from an asthmatic 
patient, which was observed by Schild et al (1951), but attributed to 'intrinsic 
histamine'. SRS-A is formed in many tissues, notably in lung and blood vessels, as 
a result of an antigen-antibody reaction in the tissue itself. In vitro the greatest 
amount is fonned in the ftrst 5 minutes after sudden brief exposure of sensitized 
tissue to antigen, but it it still detectable r hour later. When excess antigen is left 
in contact with the tissue the release of SRS-A is more prolonged. Little or none 
can be extracted from unchallenged sensitized tissue. 

SRS-A obtained by perfusion of human asthmatic lung taken fresh after 
pneumonectomy for carcinoma of the bronchus (and in othcr cases from tissue 
fragments of asthmatic lung) has been compared with the SRS-A from guinea-pig, 
which is the usual source. In purification and pharmacological tests the two are 
indistinguishable. A table indicating the relative importance of histamine and 
SRS-A in asthmatic bronchospasm can be calculated from the actual amounts of 
each coming from the tissue, and the ratio of the equi-active doses on isolated 
human bronchioles. For instance, if during one particular minute 4/-lg histamine 
and 400 units of SRS-A are found in the effluent perfusate, and it takes 0.2 f.lg and 
4 units respective! y to produce equal contractions of the chain ofbronchioles, it 
follows that we ha ve twenty do ses of histamine and roo doses of SRS-A set free 
during the same minute. The results of such calculations show that only during 
the first 3 or 4 minutes after antigen is histamine present at more effcctive levels 
than is SRS-A, and that 5 minutes later, the response to SRS-A is twice that to 
histamine, and by 30 minutes is six times as great. There are other considerations, 
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such as the very persistent effect of SRS-A, and suggestive evidence that it is ad
sorbed in tissue near the site of its formation, which make it likely that the 
relative effectiveness of SRS-A is even greater than these values suggest. There 
is no good evidence yet for or against the participation of SRS-A in any reaction 
othcr than asthma, but it would scem to be a likely factor in food allergy at 
least, because the gut (of guinca-pig) will both form and respond to SRS-A. Mar
quis (1967) has rccently found that threc or fonr rathcr large doses intravenously 
produce lethal cardiovascular effects in the rat and thc guinea-pig. The rat 
shows great congestion and haemorrhage in the duodenum, similar to that seen 
when rats die from anaphylactic shock. There is only little congestion in the 
intestine of the guinea-pig, but the rise in thoracic venous pressnre seen prior to 
death shows that there is either a toxic cffect on the heart itself, or an increase in 
pulmonary vascular resistance lcading to right heart failure, which is the classic 
pictnre of anaphylactic death in thc rabbit. 

Chemistry 
SRS-A is an acidic substance, vcry soluble in water. It readily associates with lipids, 
and the complex then acquires some degrce of solubility in organic solvents. 
Aftcr purification it shows a marked tendency to adsorb on glass or agar or any 
solid medium, and for this reason can best be separated by electrophoresis using 
a density gradient. It has resisted destruction by a wide rangc of enzymes and is 
only slowly destroycd at 20°C and pH 2 or pH 13, or by boiling at pH 7-5· It is 
quite quickly destroyed by organic pcroxides and by bacteria! action. The 
methods for purification of SRS-A ha ve utilized extraction in ethanol containing 
somc water, which excludcs the protein and sorne lipids and salt, solubility in 
cther from wcakly acid solution, or adsorption on to charcoal, silicic acid or 
alumina. Usually a combination of thcsc mcthods is cmployed (Anggard et al 
1963; Brocklehurst 1962; Marquis 1967; Collicr & James 1967). Thin-layer 
chromatography of partly purified SRS-A on silicic acid has shown that thc 
activity is often associated with lecithin, and that after trcatment with a-phos
pholipase the activity rcmains with the lysolccithin (Anggard et al 1963). Other 
methods of purification and chromatography give a product in which phos
phorous cannot be detected but some lipid constituents are prescnt (Marquis 
1967). It is possible to assay less than o.I pg per mi of purified material on thc 
isolated guinea-pig ileum, which is the most sensitive test preparation. SRS 

obtained by perfusion of the cat's skin with the histamine-relcascr compound 
48/80, and the 'sRs-A' found in the peritoneal washings of the rat or guinea-pig 
following a local antigen-antibody reaction, have both been compared with 
authentic SRS-A from lung, by the most discriminating chemical purifrcation and 
pharmacological tests available, and no diffcrence has been observed. It must be 
concluded that SRS-A can be fonncd by mild tissue damage other than allergic 
shock. 
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Iuhíbítion 
As yet no studies have been reported with reasonably potent and specific in
hibitors of SRS-A, but all the bronchodilators in common use are effective. It is 
notable that as soon as short-livcd bronchodilators (e.g. adrenaline) are meta
bolized or washed away, the SRS-A contraction returns. Calcium exerts a 
definite but limited antagonism in vítro. Homochlorcyclizine is only a weak 
antagonist, and has many other properties (Fisherman et al 1960): flufenamic 
acid is a modcrately potent antagonist, but has general anti-inflammatory prop
erties (Collier & James 1967). Drug-screening schcmes now often include tests 
for SRS-A antagonism, so the dcvelopment of effective drugs may be expected. It 
is said that some promising compounds exist already, so full investigation of the 
pharmacology of SRS-A should soon be possible. 

5-HYDROXYTRYPTAM1NE (5-HT: SEROTON1N; 
ENTERAM1NE) 

There is no direct cvidencc connecting 5-HT with human anaphylactic con
ditions, although it is important in some species. For some time it was thought 
that 5-HT might be the cause of asthmatic bronchospasm in man beca use 5-HT 
given as an aerosol was bronchoconstrictor in guinca-pig, dog and cat, and 
sometimes in man. The results of recent trials of new drugs having strong anti-5-
HT action show that this property does not suppress asthma. 

BRADYK1N1N 

Bradykinin is a basic nonapeptide. It has been known for many years that when 
the pseudoglobulin fraction of plasma is digested with pure trypsin, bradykinin 
(or kinins of similar chemistry and pharmacologicd properties) is formed, and 
that chymotrypsin will degrade the peptide further and destroy its biological 
activity (Rocha e Silva 1951). The substratc (bradykininogen) has beenlocated 
in the arglobulin fraction. Plasma, which contains both the substrate and the 
precursors of suitable enzymes, can be activated by glass so that bradykinin is 
formed and later destroyed (Margolis 1960). Bradykinin is the best known and 
most fully characterized of a group of similar substances referred to as plasma 
kinins (Lewis 1960; Rocha e Silva 1960, 1963). This substance is formed in lJÍtro 
from plasma following contact with glass or processes associated with clotting or 
by treatment with trypsin or certain proteolytic venoms. It causes contraction of 
many, but not all, types of smooth muscle, is vasodepressor, causes increased 
vascular permeability, and is associated with increased secretion of sweat and 
salivary glands (Schachter 1959). 

Participation in allergic reactíons 
Considerable fluctuations in the protease-antiprotcase balance of blood during 
anaphylaxis ha ve been recognized for many years, and it seemed highly probable 
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that bradykinin would reach effective concentrations at least in some organs. 
Detection presents some difficulty because of the ease with which bradykinin 
may be formed inadvertently by the experimenter. 

In recent years there has been clear evidence that kinins are formed during 
anaphylactic shock in animals and allergic asthma in man (Beraldo 1950; 
Brocklehurst & Lahiri 1961; Sicuteri & Periti 1963; Jonasson & Becker 1966; 
Spragg et al 1966) and further evidence that it contributes significantly to the 
symptoms of shock in rats and guinea-pigs at least. 

The enzyme which forms bradykinin is derived from tissue such as lung and 
skin but apparently not from the blood, and whilst the antigen-antibody re
action frees this activity, histamine does not. There may be severa! such enzymes 
including one found in leucocytes. Since the precursor of bradykinin is present 
in the plasma as a small globulin, sorne at least must be present in lymph and this 
amount will increase with raised vascular permeability. Release of suitable 
enzymcs from cells damaged by an allergic reaction or resulting from activation 
of complement is therefore virtually certain to form bradykinin, but the produc
tion of symptoms will depend very much on the rate of destruction. W e know 
that destroying enzymes must normally be prescnt, beca use intravenous injection 
of bradykinin produces only shorf-lived reductions in blood pressure or in
creased vascular permeability. Destruction by kininases in the lung is very strik
ing, but the distribution of this activity in most tissues, and the effect of allergic 
reactions on relative rates of fonnation and destruction, are unknown. In 
human skin, bradykinin causes redness, oedema and itching, it also stimulates 
pain receptors (Armstrong et al 1957). When given by aerosol it produces 
bronchoconstriction in the guinea-pig and in man (Collier et al 196o; Herx
heimer & Stresemann 1961). During asthma the increase of vascular perme
ability and the possible stimulation of the bronchial mucus glands may be 
particularly important. 

AcETYLCHOLINE (ACH) 

The inclusion of this substance among the transmitters is prompted only by the 
need to explain the usefulness of atropine, because ACh has never been im
plicated directly in any allergic reaction in tissue. For instance, it is not found in 
the effiuent from isolated physostigmine-treated lung during anaphylaxis. 
Parasympathetic nervcs supply the secretory tissue of the respiratory tract and 
stimulation of the vagus causes bronchoconstriction. It must be assumed that 
secretion is controlled and smooth muscle tone is maintained by normal para
sympathetic activity associated with sensory endings in the lung. There is no 
doubt that stress, whether physical or psychological, can unbalance the auto
nomic nervous system, and it has been rcasonably assumcd that vagal activity 
incrcascs during an asthma attack. The use of atropine will suppress both 
bronchial tone and secretion to subnormal lcvels and will also abolish any 
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effects which parasympathetic over-activity would otherwise cause. This is 
rational therapy, but does not mean that ACh is a product of the hypersensitivity 
reaction. It thus seems to be unwise to study the effects of ACh as a model of 
asthma, beca use even if the pattern of response is nearer to the natural picture 
than that produced by any other substance, all the available evidence shows that 
the underlying pharmacology is quite different, and the effectiveness of various 
treatments will differ correspondingly. 

THE PROSTAGLANDINS 

This group of unsaturated hydroxy aliphatic acids has been extensively studied in 
the last 5 years and found to be widely distributcd in most tissues. Their pharma
cological action is strongest on the smooth muscle of the intestine and uterus, 
and weak on bronchial muscle* and blood vesscls. Recently a small fraction of 
the biological activity diffusing out of tissue subjected toan anaphylactic reaction 
ín vítro has been tentatively identified with prostaglandin. At present it seems 
unlikely that substances of this group are important in the bronchospasm of 
asthma, but they could contribute to allergic reactions in the víscera. 

THE PERMEABILITY fACTORS 

G2 alpha-globulíu 
Since the properties of this substance were reviewcd by Wilhelm in 1956, 
'permeability globulins' have received little attention. G2ct is a blood-protein 
which produces a great increase in vascular permeability by an enzymic mech
anism, and is only active when separated from the other plasma proteins. There 
is no direct evidence that it plays a part in allergic or inflammatory reactions, but 
there is a strong possibility that it does, especially where the permeability of 
blood vessels has already been altered by histamine, bradykinin, or lymph no de 
permea bili ty factor. 

Lymph node permeabílity factor (LNPF) 
One of the characteristics of allergic reactions is the accumulation ofleucocytes. 
There is an influx of eosinophils to the site in chronic reactions of immediate 
type, and a very grcat influx of monocytes which roughly parallels the develop
ment of the tuberculin response. These effects can only be due to chemotaxic 
material produced as part of the reaction. The nature of these materials is 
unknown, and studies on chemotaxis are notoriously difficult (Harris 1961), but 
since polypeptides have been shown to possess this property, we have some 
justification for supposing that the enzymes active during antigen-antibody 
reactions form leucotaxic products from the proteins of the tissue and lymph 

*Recently F2a prostaglandin has been shown to contract human bronchiolar smooth 
mus ele in vítro (Collier et al. Demonstration to the British Pharmacological Society, J anuary, 
!968). 
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which will vary with the site and the enzymes involved and thus give the 
various observed patterns of leucocyte infiltration. The monocytes themselves 
contain a very potent penneability factor, and there is evidence that this is 
important in the production of dclayed rcactions (discussed by Schild & Wil
loughby 1967). LNPF has no important biological property other than leucotaxic 
activity and its effect on vascular permcability. lt is present in association with 
RNA, but is not destroyed by ribonuclease. lt is antigenic, indicating sorne degree 
of species specificity. An important finding is that antibody to LNPF does not 
produce leucopenia, but greatly suppresses the tuberculin reaction and contact 
sensitivity to dinitrochlorbenzene. Local injections of salicylate or intravenous 
indomethacin suppress the extravascular leakage of dye caused by intradermal 
injection of LNPF, as they do the tuberculin reaction. The release of LNPF from 
monocytes may be more complicated than mercly damage of antibody-bearing 
cells on contact with antigen, sincc release from tuberculin-sensitive cells by 
tuberculin does not take place in vitro. The monocytes from lymph nodes or 
spleen seem to be the best source of LNPF, but similar permeability factors ha ve 
been extracted from liver, thyroid and other tissues. The discovery of LNPF is the 
first important step towards unravelling the pharmacology of the delayed type 
of skin reaction, and similar substances may well be involved in less clearly 
defined examples of antigen-antibody damage to cells. 

THERAPEUTIC MEASURES 

Much new knowledge has been acquired in recent years concerning the details 
ofhypersensitivity reactions, but so far none of this has provided any significant 
advance in therapy. In fact, there has been a tendency to use drugs having a 
wider range of action (e.g. antagonism to histamine, s-hydroxytryptamine, 
acetylcholine, etc., and often being bronchodilators also) rather than having few 
and more specific actions as would seem to be the ideal. Drugs providing such 
an e:ffective blanket must inevitably bring a corresponding range of side-e:ffects. 
The trend probably reflects the swing away from unitarian ideas centred on 
histamine towards the acceptance that severa! agents contribute to allergic 
reactions, and suspicion that many remain unrecognized. Proof that this is an 
unduly pessimistic view must await effective antagonists against the agents at 
present known. The present aim should be to provide both the research worker 
and the clinician with such tailor-made antagonists, if possible without many 
other actions. The three major agents encountered in immediate-type reactions 
are the base histamine, the acidic substance SRS-A, and the nonapeptide bradykin
in. These are all so different that a single antagonist to all three is most unlikely 
and thus three separate treatments will probably be needed. This is important, 
for it may quite well be that each of these agents separa te! y contributes so much 
to the total reaction that antagonism of only one of them will provide uncon
vincing relief, and even antagonism of two simultaneously might stillleave an 
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embarrassingly sevcre reaction. For this reason the pharmacologist will continue 
to ha ve dou bts until the effects of each known substance can be annulled, and the 
clinician must be aware that severa! active agents may each require individual 
treatment by drugs, and not be too ready to discard the drug for which specific 
activity is claimed, because of its inability to control the whole range of symp
toms. 
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THE PATHOGENESIS OF ASTHMA, 
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ALLERGY AND ATOPY 

Hereditary factors: Reaginic antibody: Transference of antibody: Fixation 
of reaginic antibody 
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SENSITIZING ANTIGENS 

CLINICAL SYNDROMES 

Atopic eczema: Urticaria and angioneurotic ocdema: N on-reaginic 
urticaria: Allergic urticaria: Drug-induccd urticaria: Papnlar urticaria: 
Asthma, nasal polyposis and high blood eosinophilia: Allergic 
asthma. 

THE CHEMICAL NATURE OF ALLERGENS 

MECHANISM OF HYPOSENSITIZATION 

CONCLUSION 

ALLERGY AND ATOPY 

Thc term 'allergy' indicatcs that a patient has a changed reactivity as a result of an 
antigenic stimulus. lt became obvious that in man, allergic diseases might well 
include so many clinical conditions that in 1923 Coca introduccd the word atopy 
meaning 'strange diseasc'. Coca later defined atopy as a 'typc ofhypersensitive
ness peculiar toman, subject to hereditary influence, presenting the characteristic 
immediatc whealing type reaction, having circulating antibody reagin, and 
manifesting peculiar clinical syndromes such as asthma and hay fever' (Coca 
1923). 

In Chapter 20, when dealing with classification of allergic diseases, it was 
pointed out that an aetiological classification based on the initial rcaction of the 
allergcns in the tissues meant a classification of mechanisms and not of diseases. 
A clinician is faced with a disease whose mechanism is often not understood and 
it is for this rcason when rcferring to one group of allergic diseases the word 
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atopy seems a useful one. There are, howev-er, many difficulties confronting us 
when considering Coca' s defmition. It may be useful to classify separately the 
spontaneously occurring diseases in man such as hay fever and asthma from 
induced states of sensitivity in the experimental animal which can be referred to 
as anaphylactic. We know that the sensitized anaphylactic dog, rabbit, guinea
pig and rat behave differently from each other and it used to be thought that it 
would be unwise to argue that atopic man behaved in a similar manner to the 
anaphylactic animal. It now seems that induced sensitization in man and 
induced sensitization in the animal are very similar, with the dog behaving 
clinically much more like man than the anaphylactic guinea-pig. It is easy to 
sensitize rnost animals anaphylactically. Man, too, can be sensitized by an 
injection. The clinical disease of 'serum sickness' caused by injection of horse 
serum was accurately described by v. Pirquet and Schick (Pirquet & 
Schick 1905). Thejoint pains, fever, urticaria and blood picture were so charac
teristic that the disease could have a name while the spontaneously occurring 
disease ofhay fever and asthma have another general name, atopy, to describe 
them. It thus carne about that anaphylaxis was the disease of the experimental 
animal, serum sickness was induced sensitivity in nun and the atopic diseases 
occurred spontaneously in man. This classification of diseases rather than 
mechanisms has served the purpose of stressing that man when atopic does have 
peculiar antibodies present. These reaginic antibodies are present in all the tissues 
and in blood serum and give the characteristic wheal and fiare reaction of the 
'immediatc' type (Type I) and can be transferred to normal non-sensitized man. 

It must be remembered that skin-sensitizing antibodies can be produced in a 
variety of ways in normal and atopic people. We cannot be certain, however, 
that the reaginic antibody of the atopic is the same as the skin-scnsitizing antibody 
of the non-atopic which follows injections from insects or of penicillin or from 
drugs and ncmatodes such as ascaris (Terr & Bentz 1965). Atopic man if he is 
horse scnsitive will show Type I reactivity to horse scurf and often to the 
components of horse serum. Induced serum sickness due to horse serum can 
occur in the atopic and the non-atopic. It would seem that the reaginic-like 
antibodies formed in serum sickness occur in association with some of thc 
symptoms of serum sickness such as urticaria, while a Type III mechanism in 
which antigen-antibody complexcs are formcd gives rise to the other symptoms 
of serum sickness of leucopenia, joint pains and lymphadenopathy (see Chapter 
24). Now that it is possible more accurately to charactcrize the reaginic anti
bodies, it should be possible to study what happens in an atopic patient who is 
not sensitive to horse serum but is made so by injection ofhorse serum albumin. 
Stanworth (1963) points out that the 'horse asthmatic' can often react violently 
to the administration ofhorse scrum fractions, whereas patients who have serum 
sickness do not become sensitive to horse dander. It is on such clinical observa
tions that the immunologists are able to build tentative thcories about reagin 
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formation. But as minor antigenic components are probably responsible for the 
formation of reagin-like antibodies, there seems hardly any justification to come 
to definite conclusions when highly pure antigens are not available. Ortiz (1966) 
has described how he became sensitized to rabbit serum when carrying out 
passive transfer tests on himself 

Hay fever arising spontaneously in animals is rare, but it docs occur (Wittich 
1941). Dogs who have hay fever havc positive skin tests to pollen and rcact 
with urticaria, sncezing and wheezing towards pollen in a similar manner as 
does man. Moreovcr, Patterson& Sparks (1962) have shown that it is possible to 
transfer to the skin of a normal dog a wheal and erythema sensitivity by means 
of a hcat-labilc factor in the serum of a dog with spontaneously occurring pollcn 
scnsitivity. Experiínentally, Feinbcrg & Chopra (1966) have been able to induce 
a condition not unlike serum sickness but which thcy call the quasi-atopic state 
in the guinea-pig. W e may conclude that atopic man may not after all be so 
very different from animals in whom similar complaints also may arise spon
taneously or can be induced. 

Local as well as general anaphylaxis has been known to occur in sensitized 
animals since the classical experiments of Arthus in 1903. \Vhether the Arthus
type phenomenon ever forms the basis for clinical syndromes in man has not as 
yet been fully investigated. Perhaps such an antigen(s) as produced by Aspergillus 
{umigatus can produce in different clinical conditions reaginic antibodies and/or 
circulating precipitating antibodies with local vascular damage. It would seem 
that any organic dust can givc rise to a Type III response in the lungs of suscep
tible patients (Pepys et al 1964) (Chapter 36). 

There might be ways of distinguishing the 'allergic' from the 'non-allergic' 
patient other than looking for specific antibodies. Laborde et al (1953) suggested 
that 'allergic' patients were unable to bind histamine in their sera like 'non
allergic' individuals. This power of serum to bind histamine they called 'hista
minopexy', but Kirtchev & Frankland ( 196 5) wcre unable to confirm this finding 
when comparing 'allergic' and 'non-allergic' individuals. 

HERED1TARY fACTORS 

In 1916 Cooke and Van der Vcer and subsequently many other authors have 
strcssed the hereditary nature of the allergic diseases. Y et there seems to be no 
good evidence that thc atopic diseases are inherited. Sometimes there does seem 
to be very suggestive clinical evidence of inheritance of the atopic diseases and 
perhaps Schwartz's (1952) evidence is so far the best available to suggest that 
asthma is an inherited disease and that there is a gcnetic relationship between 
asthma and vasomotor rhinitis. Also he found that Besnier's prurigo and hay 
fcver (seasonal) werc genetically related to asthma. Urticaria and angioneurotic 
oedema wcrc genetically linked in fcmales. At prescnt it is impossible to fit in 
any genetic hypothcsis to the existing data. The association between atopic 
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eczema and respiratory allergy (asthma and hay fever) seems well substantiated 
frommany workers' observations, including those ofRatner & Silberman (1953), 
who found that 59% of children with atopic eczema later have rcspiratory 
allergies. Rajka (1960), in an extensive study of 1200 patients with atopic derma
titis, once more points out that it is not the allergic manifestation that is 
inherited but the allergic disposition. So me of the o bserved differences in inheri
tance may stem from our basic lack of knowledge of behaviour of genes. 
Intermittent dominance may occur because the limit between dominant and 
recessive genes is not very sharp since the difference between homo- and hetero
zygotes in certain 'hereditary' diseases in only quantitative. Rajka's data on 
identical twins showed considerable discordance in all respects and atopic 
heredity could only be demonstrated in the ancestors of about half the cases. The 
influence of hereditary atopic factors on the combination of atopic dermatitis 
with respiratory manifestation or the age of onset of the dermatitis did not seem 
to be greatly influcnced by an hereditary atopic factor. 

In a study by Schnyder (1960) of 361 families, the findings strongly support 
the hypothesis of a single, autosomal, dominant gene with reduced penetrance. 
It was concluded that sporadic cases of atopy were genetically determined. He, 
too, found that bronchial asthma, atopic rhinitis and different types of atopic 
dermatitis were genetically dosel y connected but that drug idiosyncrasy, contact 
eczema and the major part of cases of urticaria, bore no genetic relationship to 
the atopic group because these diseases were no more frequent in the atopic 
group than in normals. 

In general when considering possible inherited diseases, the genetic basis may 
be single genes or it may be multifactorial. Environmental influences can be 
expected to contribute appreciably or substantially to the variation of traits whose 
genetics is multifactorial (Roberts 1961). The importance of quantitative as well 
as speciftc factors was well illustratcd when studying the development of locust 
sensitivity (Frankland 1953). Insects are strong sensitizers and it was found that if 
an already atopic individual was put into an environment of locusts such as 
obtained in the insect-breeding rooms, then a specific sensitivity towards 
locusts developed in a few months in most patients who were 'allergy prone'. 
Spoujitch (1960) has shown that asthma and other allergic manifestations in 
individual cases and in various regions are the result of severa! factors, some 
known and some not understood. He points out that in Yugoslavia the per
centage of skin-test-positive individuals is high-zo to 40% while the percentage 
of persons showing allergic manifestations was low-3 to 10 '!;;. Latent allergy 
made into manifest allergy depends too upon an increased sensitivity of the 
shock organ to histamine and other mediators. Tiffeneau (1958) uses histamine 
and acetylcholine in inhalation tests to distinguish between asthma and other 
diseases causing airway resistance of the lung. 

It seems, however, that as the clinicians cannot even agree on a definition of 



PATHOGENESIS OF ATOPIC DISEASES 637 

asthma, andas all that wheezes is not asthma and all that wheezes is not allergy, 
it would appear to be impossible to state whether a disease which cannot easily 
be defined can be proved to be inherited. Unfortunately, dermatologists do not 
agree on a definition of eczema particularly as it affects the infant. Moreover, 
the typical so-called allcrgic nosc may or may not be 'allergic'. Coca' s atopic 
discases hay fcver and asthma thus tcnd to be dcfined in tcrn1S of the 'character
istic whealing reaction'. A defmition of diseases based on the presence or absence 
of reaginic antibodies, in theory is excellent, but as these antibodies ha ve not 
yet been characterized andas the allergens are not standardized, quite obviously 
difficulties will arise in any defmition of a clinical disease if it is based on the 
presence or absence of a 'positive skin test'. 

Kallio et al ( 1966) studied whether there was a familia! tendency to develop 
skin-sensitizing antibodies to grass and ragweed pollens. It was shown that the 
ability to develop skin-sensitizing antibodies is familia! and probably genetically 
determined. In such a study the ability to form reaginic antibodies was followed 
and not the symptoms ofhay fever. 

Van Arsdel & Motulsky (I949) pointed out that with a r6.7 percentage fre
quency of allergy in the population, if the medica! background of even five 
members of a family is known, the probability of allcrgy being reported might 
be 6o% on the basis of population incidence. 

W e are left with the thought that as nearly all the population can beco me 
allergic to tubercle bacilli, why does not al! thc population become allergic to 
pollen? A person is not sensitizcd on first coming in contact with pollen, it 
generally takes 3 to 30 years beforc clinical sensitivity develops. The requisite 
conditions for antibody formation seem to arise by chance but once established 
they persist for longer or shorter periods of time. This suggests that what occurs 
is either a somatic mutation which mayor may not be inheritable, or that sorne 
kind of adaptation analogous to the production of drug resistance in bacteria 
may occur (Davies 1958). 

REAGINIC ANTIBODY 

While Coca originally stated that reaginic antibodies were peculiar to man, we 
now know that the Northwestem colon y of atopic dogs ha ve antibodies that are 
physicochemically similar to those in atopic man (Patterson et al 1963). Monkey 
skin and intestine can be sensitized by human reagins so that monkey but not 
other animals can be used in passive transfer of reaginic antibodies. The half-life 
of persistence of reagins in monkey skin was found to be only 30 hr, while for 
human skin about I4 days (Angustin et al 1966). It has also beenfonnd that there is 
a good correlation between allergen-induced histamine release from reagin
sensitized human lung or from monkey gut. Stanworth (r963) in a compre
hensi ve review of the biological and physicochemical properties of reagins stresses 
the need to develop an in vitro method of assaying antibody activity. He 
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suggests that ultimately the key will be in the identiflcation of the antigenic 
determinants against which the reagin molecules' receptor groups are directed. 
lt secms likely that the carbohydrate groupings of the glycoprotein allergens will 
likely play a critical role. Because no in vítro tests have been developed, Stan
worth & Kuhns (1965) ha ve carried out a critical study of the factors influencing 
the P-K test. This test, it was shown, was as accurate as many other tests used to 
estímate other typcs of antibodies, but in man there always remains the pos
sibility of transmitting infective hepatitis so it sccms likely that monkeys, 
although cxpensivc, will be used in futurc expcriments. Reaginic antibody is 
heat labile and thcrefore differs from the blocking antibody that is formed 
during hyposensitization. Unfortunately neither the original size of the skin test 
nor the amount of blocking antibody that is formcd following a series of 
desensitizing injections bears any direct relationship to the degrec of clinical 
sensitivity of the patient. 

There has been much controversy about whether the reaginic activity followed 
the IgG or IgA globulins. It seems likely from work by Ishizaka & Ishizaka 
(1966) that reaginic activity is largely associated with a múque immunoglobulin 
IgE. As little as o.oo1 ]lgN was enough to demonstrate the P-K reaction. Their 
work does not exclude the possibility that reaginic antibody in sorne patients 
may be associated with IgA globulins. Measurement of immunoglobulins 
quantitatively has been used in the diagnosis of atopic eczema by Varelzidis and 
his colleagues (1966). It must be remembered that the skin-sensitizing antibodies 
occurring spontaneously may not only differ in different individuals, but they 
may be diffcrent from those that are induced in serum sickness or from insects, 
penicillin, drugs and ascaris. Now that it is possible to characterize reaginic anti
bodies more accurately, any such difference in skin-sensitizing antibodies, if they 
exist, should be possible to measure. It will be particularly interesting to see 
whether the already atopic individual who dcvelops skin-sensitizing antibodies 
during serum sickness can form two different kinds of skin-sensitizing antibody. 

Feinberg, Dewdney & Temple (1965) have shown that by injecting very 
small (0.01 ml) amounts of foreign semm into the skin of the guinea-pig, 7-10 
days la ter produced a generalized erythema of the skin with oedema of the ears, 
eyelids, muzzle, feet and genitalia and bristling of the facial hairs. The onset of 
the symptoms is accompanied by a 24-48 hr rise in blood eosinophils, followed 
by a basophilia of similar duration. Subsequently Feinberg & Chopra (1966) 
have shown that it is possible to provoke positive reactions on challenging the 
nose or conjunctiva with the appropriate allergen. Even if the guinea-pig can 
have an induced serum-sickness-like disease as well as being made anaphylactic, 
it seems doubtful whether it is correct to use the word atopic when describing 
such symptoms in the guinea-pig. Attempts to characterize human reaginic 
antibodies ha ve been amazingly unsuccessful in that we still have to rely on man 
or monkey to show their presence. Sorne deny that it is even an antibody and 
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that what we read about in Appendix B of this book only demonstrates that 
somcthing in the blood of the atopic patient can be transferred. 

TRANSFERENCE OF ANTIBODY 

It is worth while considering briefl.y whether or not reaginic antibodies can be 
transferred directly from mother to young. Primates behave very differently 
from other animals in transmission of immunity befo re and aftcr birth. W e 
know that in rats and mice most of the transmission of immunity takes place 
after birth and continucs until near the end oflactation. In ruminants there is no 
transmission beforc birth but antibodies ate transmitted in the colostrum for the 
first 36 hr. Man resemblcs animals in showing thc phenomenon of selective 
transmission (Brambell 1961). Many maternal antibodies, including antitoxins, 
antistreptolysins, etc., ate found in the cord serum at concentrations equal or 
exceeding the maternal concentrations while other antibodies such as typhoid 
'O' agglutinins are either absent ftom the cord blood or present in very low 
concentrations. Transplacental transferencc of y-globulins occurs from the 
mother to the foetus. Antibodies associated with IgG are freely transferred 
while the IgM which constitutes 5-10% of the total y-globulin and which is 
itself heterogeneous, do es not pass the placenta. Reaginic antibodies responsible 
for human allergic disease also fail to pass the placenta. Certainly Brambell' s 
studies in man show that the failure of reaginic antibodics to pass the placenta 
does not indicate that such antibodies are n1.acroglobulins. All that we can say in 
our present state ofknowledge is that potentially harmful antibodies are held up 
by the placenta! barrier by a mechanism not yet fully undcrstood. Sherman et al 
(1940) not only showed that reaginic antibodies failed to pass the placenta! 
barrier, but noted that in two out of six colostra of allergic mothers there was a 
small amount of skin-sensitizing activity (1j10o to rjrooo of P-K activity of the 
serum). As saliva also contains reaginic antibodies, it would scem that these 
antibodies can cross some cell membranes. It would seem that it must be the 
chemical configuration of the serum protein which ultimately decides whether 
transmission across foetal membranes will occur. 

fiXATION OF REAGINIC ANTIBODY 

Reaginic antibodies have the property of fixing to tissues, but we are not yet 
certain to which cells they become attached. They react with their specific 
antigen (allergen) and give rise to clinical symptoms of the atopic diseases. 
Unfortunately, the biological reaction that results in such a union has many 
qualitative and quantitative characteristics which are not understandable when 
applied to clinical practice. There are so many factors that determine the 
availability of antigen and antibody that skin testing may give many perplexing 
results (see Chapter 7). 

Chan (1963) showed that in two subjects whose sera were apparently equally 
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active, as judged by PK testing, there werc concentrations of 0.8 and 29 pg of 
reaginic antibody pcr millilitrc of serum. The levcls of blocking antibody were 
stated to be I.5 and 66 pg/ml respectively, so that thc ratio ofblocking antibody 
to reaginic antibody was about 2: r in each case. This finding may give the clue 
to those patients who very easily, even with low dosage of injected allergen, 
develop systcmic generalized reactions. Although it has been noticed that at the 
beginning of a cotme ofinjections, the size of skin test may increase, any change 
in the ratio of blocking antibody to rcaginic antibody has not yet been studied 
in detail. 

Occasionally children and adults are seen who have classical symptoms of 
sneezing, eye irritation and asthma due to pollen and in whom, during the first 
few months of the complaint, have negative skin tests towards the presumed 
allergens. (A skin test is 'negative' when no immediate wheal and fiare response 
is obtained towards a pollen extract, using the highest concentration of skin
testing material that normally gives a positive skin response in a patient with hay 
fever.) Within a few months the skin test becomes positive only to the highest 
concentration. Whcther the patient does or does not have injcction treatment 
the skin test will react positively over a period of r or 2 years to a ten- or thous
and-fold increase in dilution. It does not necessarily follow that the patient 
becomes clinically more sensitive. 

ILLUSTRATIVE CASES 

A female operatic singer aged 24 years was secn in the summer of 1960 at thc height of the 
grass-pollen cloud with what appeared to be her first summer of sevcre hay fever. The skin 
tests, performed when she had not recently taken any symptomatic drugs, gave a doubtful 
positive response to the highest concentration of mixed grass pollens. The symptoms disap
peared as the pollen count diminished. Seen 6 months later, the skin test to the highest con
centration of grass pollens was markedly positive. She was then advised to ha ve a coursc of 
pre-seasonal injections. Still she had some hay fever in the summer of 1961 but was able to 
sing throughout the summer. Six months later in the winter, her skin test gavc a positive 
response to a ten-fold dilution of pollen extract. 

Immunologically this patient seems unable casily to fix antibodics in her skin. In other 
words at the beginning of sensitization, skin tests in no way could be used to judge quanti
tatively the clinical symptoms. More commonly the converse is seen when clinical symptoms 
have disappeared but positive skin tests remain. 

A malc patient aged 44 was first scen in 1947 with marked symptoms ofscasonal hay fever. 
The symptoms corresponded to the pollination of the grasscs. He had positive skin tests to 
all the pollens of grass, trees and weeds against which he was tested. Grass-pollen extract was 
used in the first year of iqjection treatment. For the second and third year of injection treat
ment he was given a mixed extract of the appropriate grass and weed pollens. The patient's 
symptoms during the summer improved so that after 3 years of injection treatment it was 
decided to use symptomatic treatment only. He has been followed up each year since and 
slowly his symptoms ha ve become less sevcre. Yet his skin tests are as marked as they were in 
1948. 
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THE SHOCK ORGAN 

The placenta shows selective transmission of antibodies and clinically these 
antibodies show a selective organ fixation. Normally the 'shock organ' is at the 
site of entrance of the allergens, but sometimes the shock organ occurs at an 
unusual site. Grass pollen in the air typically causes, in a sensitive patient, eye 
irritation, rhinorrhoea and sneezing. Antibodies are fixed in these tissues so that 
antigenic pollen causes an immediate reaction at the site of entry. There may be 
local urticaria from pollen on the cxposed skin if the skin is abraded. Sorne 
patients during the height of the season are going to develop asthma dueto their 
sensitivity. These patients do not normally grow out of their sensitivity without 
injection treatment. W e ha ve no means immunologically of distinguishing these 
patients from those who are not going to get asthma and who after a few years 
normally grow out of their complaint. Statistically if a patient has had hay fever 
for 15 years or more, the symptoms are going to persist or develop into asthma 
if this has not already occurred. Clinically the pollen asthmatic is 'more sensitive' 
but immunologically we cannot distinguish the hay fever patient with or without 
asthma. 

W e will be discussing in so me detail la ter the clinical conditions that occur in 
the atopic diseases. It is to be expected that a food would cause symptoms in the 
gastro-intestinal tract but sometimes according to Rowe & Rowe (1963) the 
gastro-intestinal tract may have become the main shock organ for an inhalant 
allergen. It is a not uncommon clinical experience that patients who are sensitive 
to the inhalant yeasts, e.g. sporobolomycete, are quite unable to eat gravy made 
with a yeast extract (Marmite, etc.) The patient may have an immediate un
comfortable feeling in the mouth but normally the symptoms that occur 
following ingestion are those of asthma. The acutely fish-sensitive atopic patient 
develops swelling of the mouth when a mouthful of fish is taken. If swallowed, 
the throat swells and there is gastric mucosa! oedema and vomiting. If the food 
is able to pass the pylorus, abdominal cramps and a watery diarrhoea occur. 
Inhalant symptoms may occasionally arise when an acutcly sensitive patient 
passes a shop where fish is being fried. There is no necessity to postulate that egg 
protein in the milk of the breast-fed baby sensitizes it. The baby must ha ve met 
many millions of molecules of egg protein when its mother has used them in 
cooking, long before coming across the first egg yolk (or white) as a food. 
When the skin is the shock organ of an allergic reaction, 'generalized' urticaria 
occurs, yet it seems strange that the urticaria remains amazingly localized in 
different parts of the body. Also if swelling oflips or eyelids occurs, sometimes 
only one lid or half of one lip is involved. There is no easy explanation for this 
very localized oedema. 

McKee (1966) when investigating the familia! occurrence of allergy found that 
patients with scasonal allergic complaints were more susceptible to the common 

w 
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cold than the non-atopic individual. He postulated that the allergic shock organ 
showed sorne difference in susceptibility of the mucous membrane to infection. 
It is notoriously difficult for an allergic patient to distinguish between an allergic 
rhinitis andan infective cold and for this reason McKee's postulation may have 
arisen from faulty symptomatic recordings from patients. Indeed, the patient 
with seasonal pollinosis in spite of gross hypertrophy of the nasal mucosa, rarely 
has an infective sinusitis. It would seem that the atopic may even develop less, 
rather than more, chances of local infection. This is in complete contrast to the 
group of patients who have nasal polyposis with or without asthma who are 
non-atopic, and who often have infective sinusitis. 

SENSITIZING ANTIGENS 

Therc is no method to distinguish between a pollen that is very allergenic or one 
that is hardly cver allergenic. In London more pollen is shed from plan e (Platanus) 
trees than is shed by the grasses (Hamilton 1959). Yet of 2930 cases of pollinosis 
investigated in a London clinic (Frankland 1955) only 0.2/;; were clinically tree
pollen sensitive. In contrast I have one patient whose only sensitivity by skin 
testing and clinically is to plane pollen, another who only reacts to plantain 
(Plantago) and another who only reacts to nettle (Urtíca) pollcn with clinical 
symptoms. The conifers produce vast quantities of buoyant pollen, yet pine 
pollen normally does not cause clinical allergy. The cypress (Cupressus) and 
juniper (]uniperus) may cause allergic symptoms. Sometimes patients are seen 
who clinically and by skin tests give positive responses to the pollens of all of one 
family, e.g. the catkin-bearing trees (Amentaceae). Such patients may get symp
toms from February onwards when the hazcl (Corylus) begins to flower until the 
summer time. Sorne of these patients clinically may not be sensitive to the com
mon sensitizers like grass pollen. Sometimes a patient has positive skin tests to 
many pollens of one family but clinically is sensitive to only one. I have one 
such patient who has symptoms in April up to the beginning of May who 
clinically is only sensitive to silver birch (Betula). With the help from the daily 
pollen counts which are carried out at the Wright-Fleming Institute by the 
Allergy Department, it is often quite easy to pick out the clinical sensitivity of 
patients who keep a daily record of their symptoms, with very little reference to 
their skin tests. The skin in an atopic individual is a very sensitive test organ in 
that dilutions of 10 -l2 can give a specific response, but quantitatively the skin 
test is grossly inaccurate. It cannot be over emphasized that until we have stan
dardized allergens and have standard methods of performing skin tests with such 
allergens it will be impossible to characterize reaginic antibodies. Ultimately we 
ha ve to use skin tests as the mcans of identification of allergens and antibodies 
because as yet we have no in vitro method whereby reaginic antibodies can be 
identified. 
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CLINICAL SYNDROMES 

AToPrc EczEMA 

This condition general! y starts about the age of 6 months, often beginning on the 
face and later on has a predilection for the flexor surfaces of the limbs. Sorne
times the disease disappears at the age of about 2 years only to reappear especial! y 
at puberty. Sometimes there is no tendency towards spontaneous recovery. 

This itching and often oozing complaint is ill understood by thc dermatolo
gists who refer to it by names other than atopic dermatitis. Constitutional 
eczema, flexura! eczema, neurodermatitis, diathetic eczema, Besnicr's prurigo 
and atopic dermatitis are all names for a skin condition which is easily influenced 
by many factors some of which are causal and many only aggravating. Positive 
skin tests are frequently obtained to foods and inhalants but the allergic manage
ment of atopic eczema is disappointing (Frankland 1958). It will be found that 
over half the infants with the complaint will givc positive skin tests to egg. Most 
of thesc children will not eat eggs. When forced to eat a boiled egg, vomiting 
occurs followed by diarrhoea. The lips and tongue and throat become swollen, 
asthma occurs and there may be a generalized nettle rash. A mother who first 
gives her baby an egg will often try a little egg yolk on a spoon. It is so often 
this egg yolk that produces alarming symptoms of a generalized allergic reaction. 
Generally egg-white sensitivity remains for a longer time than egg-yolk sensi
tivity. This may be the reason for the often repeated statcment that it is the egg 
white that causes the cgg sensitivity. Mothers who have allergic babies will often 
testify that they know that egg yolk causes trouble. In the same way that patients 
can have general patterns of sensitivity, individuals so often have their own 
specific pattern. Examples of this ha ve already been given with the tree pollens. 
So far as foods are concerned an example can be quoted ofidentical twins; both 
are allergic-this in itself is un usual (Frankland 1958), but what is more unusual 
is that one can eat egg yolk and one can eat egg white. 

In a food sensitivity it is sometimes quite easy to denature the antigen by 
cooking. The egg-sensitive child can, if very sensitive, not eat anything con
taining egg. Later on the usual tendcncy is towards lessening of sensitivity so 
that eggs when well cooked (denatured) in cakes, puddings, etc., can be enjoyed 
without any symptoms. La ter still egg can be ea ten if fricd or scrambled but not 
if lightly boiled. Egg sensitivity persisting or developing in adult life is rare, but 
rccently two asthmatic women aged 49 and so years werc seen who had both 
developed sensitivity to egg yolk. Clinically and on skin testing this was their 
only sensitivity. 

Some food sensitivities remain throughout life. Perhaps the commonest 
foods causing acute allergic trouble in adults are nuts and fish. Some patients 
find themselves sensitive to one fish only, more usually the sensitivity is spread 
to include all fish. However, if the fish is autoclaved it is often no longer 
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antigcnic, so tinned fish, e.g. salmon, but not cooked fresh salmon, can be ea ten. 
The original experiments of Prausnitz & Küstner concerned the transfer of fish 
sensitivity (see Appendix B). Although 70/o of patients with an atopic eczema 
ha ve reaginic antibodies present, patients know that exacerbations of eczema are 
more likcly to follow emotional disturbances, clima tic changes or sweating rather 
than from sorne allergic insult. The stigmata of atopy rather than allergy are 
found in these patients. There is a tendency to vasoconstriction of the skin 
capillaries so that the skin always appears white. Children and adults have such 
white faces that they are often wrongly thought to be anaemic. When the skin 
is firmly stroked a white and not a red line appears in many of the atopic 
eczematous patients. This white dermographism is very easy to demonstrate and 
a similar paradoxical vasoconstriction occurs after an intracutaneous injection of 
acetylcholine (Lobitz & Campbell 1953). 

The prelude to the wheeze is the sneeze, the prelude to the sneezeis often atopic 
eczema. Reaginic antibodies are found in all these complaints as suggested in 
Coca's defmition of atopy. Unfortunately, atopic eczema is only rarely success
fully treated using allergic management. There seems no doubt that, when 
urticaria is produced in a patient with an eczematous tendency, the result of 
urticaria irritation is an exacerbation of the eczema.* 

URTICARIA AND ANGIONEUROTIC ÜEDEMA 

These dermatoses have the same aetiology and the same pathogenesis often 
alternating in a patient. The intensely irritating urticaria can occur anywhere on 
the body, appearing and disappearing in minutes or hours. Sometimes the attacks 
occur daily for months, but often they have an unexplained periodicity recur
ring at short intervals. In angioneurotic oedema the lesion is non-pruriginous, 
but like urticaria its appearance is often sudden and transient. There may be 
involvement of eyelids, lips, tongue and larynx. Even if the explanation were 
that the swelling occurs in tissues with most mast cells and therefore in a situation 
of high tissue histamine, this do es not explain the unilaterallocalization of the 
swelling to one eyelid or to one lip. 

NON-REAGINIC URTICARIA 

There are many causative factors which may be involved in urticaria, but un
fortunately it is often very difficult to prove by any procedures the importance 
of suspected factors. Often the cause has been blamed on an alimentary origin 

* It seems significant that in boys with the congenital sex-linked agammaglobulinaemia 
with y-globulin levels below 10 mg%, atopic dermatitis occurs without any wheal and 
erythema-type sensitivity. Moreover, it is impossible to induce the immediate-type sensi
tivity in such patients using injections of Ascaris extract. Y et a delayed sensitivity to Ascaris 
is developed. It may be that 'atopic eczema' involves delayed-type allergy rather than the 
immediate-type allergy which is so often present (Peterson et al 1962). 
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and certain foods such as milk, chocolate, strawberries and shellfish are thought 
to be causative. Inhalant allergens have occasionally been implicated. During the 
first 30 or 40 years of this century, the role ofbacteria and the importance of the 
toxic focus were held to be of predominating importance. The role of so-called 
microbial allergy has never been proved although this rather loose concept is still 
held to be important by sorne workers, especially those who notice the benefrt 
derived from removal of foci of infection, and giving bacteria! vaccines. Yet, 
endocrine and psychological factors would seem to play a dominant role in most 
cases of chronic urticaria, especially when the complaint occurs in women. 
Sometimes physical agents such as heat and cold or mild trauma may provoke 
the reaction. It would seem as if cellular trauma in any form can spill out hista
mine and related substances in such sufferers. None of these suggested causes is 
based on an antigen-antibody reaction and therefore should not in any way be 
considered 'allergic'. Skin testing would not be of any value in attempting to 
find a cause. It seems that in a few cases of exercise urticaria as well as in heat, 
cold and light sensitivity, there is a very definite familia] history of a similar 
complaint based on an inherited enzymatic defect and therefore fundamentally 
not allergic. 

It is a common clinical observation that strawberries will produce an acute 
attack of urticaria. Y et positive skin tests to strawberries do not usually occur. 
There could be two reasons for this, either the antigenic testing fluid is too weak 
or has some unstable components present that do not allow a sufiiciently active 
material to react with the corresponding antibody, or the oederna is not based 
on an antigen-antibody reaction. This seems the more likely explanation. Many 
adults know that they are liable to very severe anaphylactic-like attacks with 
gross urticaria, vomiting and diarrhoea after eating shellfish. The reaction does 
not always follow eating the suspected food and this observation suggests that it 
is not an allergic reaction. This reaction to shellfish does not seem to occur more 
often in those who are atopic and who cannot eat fish. Again it would seem that 
the reaction is more a metabolic upset than an immunological one. Fish is one 
of the commonest foods to cause allergic reactions in atopics and differs from 
other foods in that this sensitivity quite often remains to adult life from infancy. 
Reaginic antibodies are always easy to demonstrate in such patients. The clinical 
state of collapse in an adult after eating shellfi~h must not be confused with a 
rather similar picture seen in infants who are food sensitive. Infants who allergic
ally can be very sensitive to cow's milk can be brought to the point of death if 
made to have a drink of cow's milk. 

Another difiiculty that aris¡_;s in allergic man, and particularly in cases of 
urticaria due to foods, is that although a food may be responsible for the allergic 
symptoms, no antibodies can be found towards the offending food-the so
called non-reaginic food allergy. Elimination diets are the only reasonable 
method of discovering the offending foods. Whether non-reaginic allergy is a 
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good term to use can only be decided when we ha ve a better knowledge of the 
mechanism of sorne of these reactions. It is perhaps in drug allergies that most 
advances in the mechanism have been made (see Chapter 26). 

ALLERGIC URTICARIA 

There thus remains to be considered that group of patients in whom it could be 
said that the symptoms of urticaria are basically allergic in that thereactionis due 
to a speciflc immunologicalmechanism. 

Any patient who has a humoral allergy may develop urticaria. These patients 
often have eczema, hay fever and asthma; at the same time they will show im
mediate positive skin tests and circulating reaginic antibodies can be shown to be 
present. When a child has become cat sensitive, the cat may carry out its own 
skin test as its daws are dug into the skin and in a few minutes an irritating 
urticaria! wheal develops. The rough tongue of a dog as it licks the dog-sensitive 
patient will often produce a local irritating patch of urticaria. A child with 
seasonal hay fever may play out of doors in the summer when pollcn is in the air 
and on the vegetation. The pollen settles on the skin and minute abrasions of the 
skin sometimes produce a very severe generalized urticaria on the exposed parts. 
A local irritating urticaria of the vulva due to pollen occasionally occurs in 
young girls before puberty (Mitchell, Sivon & Mitchell 1948). 

Foods can produce urticaria particularly of the giant type. That one man's 
food is another man's poison has been known for thousands of years. The associ
ation between food sensitivities and atopic eczema has already been considered. 
A food that has reaginic antibodies towards it, in a very high dilution, will not 
be eaten by the sensitive individual. Thus the acutely egg-, fish- or nut-sensitive 
patient feels an immediate tingling in the mouth when the offending (ood reaches 
the mouth. The food will be spat out immediately and subsequently will not be 
taken as a food except by mistake. An egg sensitive child, years after it has grown 
out of its egg sensitivity will remain faddy about eggs and probably refuse eggs 
in all form. Sometimes, however, eggs will be eaten and even enjoycd in small 
quantities when reaginic antibodies are still present towards egg. Presumably 
at this stage of sensitivity, eggs are doing no harm though it is doubtful whether 
they are doing much good. The response is often quantitative because too much 
egg will produce even at this stage, when the sensitivity is disappearing, sorne 
allergic symptons. 

DRUG-INDUCED URTICARIA 

W e can generalize by saying that the immediate whealing response and passive 
transfer tests for demonstrating Prausnitz-Küstner antibodies are very rarely seen 
in allergic drug reactions (Frankland 1962), In sorne cases of penicillin sensitivity, 
reaginic antibodies towards penicillin are present. These are the patients who are 
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very sensitive to penicillin and in whom skin tests themselves can cause severe 
constitutional effects. Occasionallysulphonamides, aminophylline and otherdrugs 
will givc an immediate positive (Type I) skin test. Although aspirin is the com
monest drug to cause urticaria, yet we ha ve no immunological test to provc such 
a sensitivity. It is unwise for any patient who has urticaria to take aspirin because 
Warin (1960) has shown that sorne patients with urticaria are quantitatively made 
worse by aspirin. Aspirin under these conditions is acting not specifically as an 
antigen, but in some non-specific way. Penicillin oftcn seems to act in a rather 
similar manner in that an induced penicillin urticaria can continue for o ver 18 
months, waxing and waning in severity until it finally does not recur. There is 
no doubt that in rare cases, small amounts of penicillin in the daily milk supply 
can act as an unsuspected cause for the continuation of the symptoms. 

It seems unlikely that drugs oflow molecular weight could in themselves give 
rise to reaginic antibodies and it seems likely that before they can become aller
genic these drugs combine with body proteins to beco me haptens. Many attempts 
have bcen made to make complex allergens by incubating the patient's serum 
with the drug. Such mcthods have been successful in producing immediate 
positive skin tests to various drugs, while Rajka (1957) combined penicillin with 
y-globulin and was able to obtain positive immediate skin responses in thirty
four out of forty cases of suspected penicillin sensitivity. 

In summary we can state that urticaria and angioneurotic oedema are in sorne 
cases specifically produced or made worse by drugs, but only rarely are reaginic 
antibodies demonstrable in this type of drug sensitivity. 

In general studies on cells of sensitised patients would secm to be the method 
of choice whcn investigating drug induced urticaria (sec Chaptcr 26). 

P APULAR URTICARIA 

This complaint is also known as prurigo strophulus, lichen urticatus, Brocq's 
prurigo simplex or urticaria papulosa. This is a separate morbid entity from 
angioneurotic oedema and urticaria. It is common in young children in the 
spring and summer. The rash usually occurs on the arms, legs and buttocks. The 
salient features are small urticaria! papules. The urticaria! reaction diminishes as 
the papules become more distinct. Often a vesicle forms on top of the papules. 
This becomes excoriated and infected from scratching. The irritation comes and 
goes. It is especially liable to recur when the skin becomes heated with exercise, 
during a hot bath or when in bed at night. Although there have been many 
theories about the possible aetiology of this complaint, there seems to the writer 
to be no doubt that it represents a phase of sensitization to biting insects and as 
such is of considerable interest to the immunologist. There is no direct evidence 
to show that the atopic individual differs in his response to biting insects from the 
so-called normalnon-allergic. First we will considcr what happens to patients 
who become sensitive to stings. Some patients when stung by bees or wasps 
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develop a severe constitutional reaction. This sort of rcaction develops on the 
second sting or after many stings. The patients note that with each succceding 
sting the reaction tends to become more severe. In Grcat Britain between six 
and twelve people die each year following such stings. The reaction in its severe 
form is very like that shown by a guinea-pig having an acute anaphylactic 
reaction. The skin becomes hot and irritating, urticaria! wheals break out ovcr 
the body, swollen eyelids and lips and laryngeal ocdcma are followed by a fall 
in blood pressnrc, loss of pulse and unconsciousness. Involuntary dcfaecation 
and urination (as in the anaphylactic guinea-pig) precedes death. It would seem 
as ifimmunity has gone wrong. Whether such a reaction occurs more often in a 
person with an atopic constitution is impossiblc to statc with certainty. Over 70~~ 
of over a hundred cases of bee- and wasp-sting sensitivity seen by the author 
have no other stigmata of atopy. There would seem to be good presumptive 
evidence that histamine is primarily responsible for most of the symptoms of 

TABLE 23.I 

Man's Reaction to Insect Bites 

Stage r 
2 

3 
4 
5 

Immediate 
reaction 

+ 
+ 

Delayed 
reaction 

+ 
+ 

acute shock becausc in three of the author's patients, the disease urticaria pig
mentosa is also present. Patients with urticaria pigmentosa have an increase of 
mast cells in the skin and therefore have an increase ofhistamine available to be 
spilled out. Normally slight stroking of the skin will cause the pigmentcd spots to 
wheal and flush. Thcse patients who ha ve beco me sensitive to wasp (2) and bee (r) 
stings, and who become unconscions after a sting, one presumes have available 
more histamine than a normal subject. The aspirin-sensitive patient with urticaria 
pigmentosa will also have a vcry severc reaction if aspirin is ingested, but this 
effect is not specific for aspirin in patients with urticaria pigmentosa as has been 
suggested (Frankland 1957). 

As a wasp sting contains many painful and whealing substances, it is easier to 
study the effect of mosquitoes or bugs taking their blood mea! from man to 
investiga te the local effect on the skin. The results of such experimcnts ha ve been 
previously reported when using the bug Rhodnius prolixus (Frankland 1955). The 
pattern of sensitization that develops would seem an ideal way to investigate 
some of the differences between the immediate (Type I) and delayed (Type IV) 
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type of sensitivity. Using a bug such as Rhodnius which feeds directly from the 
blood capillaries (like the mosquito) the saliva only will be acting as the antigen. 
At first no local response is produced. After a varying number ofbites a dclayed 
papule is produced. lt is this papule which represents the stage of papular urticaria. 
Histologically the skin is shown to be oedematous with an inflammatory infiltra
tion of neutrophils and eosinophils. Following subsequent hites the time of 
maximallocal induration changes from 2 days to 5 or 6 hr. When this stage is 
reached there appears with the next bite an immediate wheal and flare reaction 
but no dclayed reaction. On subsequent hites the immediate reaction at fmt 
becomes larger but finally the reaction disappears (Table 23.1). 

A few people instead of losing their sensitivity become more sensitivc with 
thc devclopment of generalized urticaria and laryngeal oedema. Presumably 
death could occur with a minute amount of saliva of the insect. (Rhodníus may be 
peculiar in its sensitizing properties comparcd with mosquitoes, because in two 
laboratories using Rhodnius a dangerous degree of sensitization has arisen.) 

It would seem to thc writer that because a very marked delayed reaction was 
followed by the first 'immediate' reaction with the next bite, the differencc 
between dclayed- and immediate-type sensitivity may basically be quantitative 
rather than qualitative. 

A:.THMA, NASAL PoLYPosrs AND HrGH BLoon 

EüSINOPHILIA 

Before considering allergic asthma due to extrinsic causes, tlús would seem to be 
a suitable opportunity to discuss those patients who have the triad ofhigh blood 
cosinophilia, nasal polyposis and asthma. Drug sensitivity, particularly aspirin 
sensi ti vi ty, is common in this gro u p. In Rackcmann' s ( r 94 7) original classifica tion 
of asthma, he referred to one group as 'intrinsic'. Thesc asthmatics typically 
began their complaint over the age of 40 years, no obvious cause could be found 
for their complaint and nasal polyposis and drug sensitivity were common. The 
word 'intrinsic' has come to mean among other things that the asthma had no 
definite allergic cause and antibodies usually could not be demonstrated in 
patients with this type of asthma. Rackemann has since realized (Rackemann & 
Edwards 19 58) that many cases of 'extrinsic' allergic asthma if followed up for 
a sufficient number of years becomc 'intrinsic' in type. Y et Jimenez-Diaz (1955) 
has strcssed that in only 25 per cent of cases of asthma are the clinical symptoms 
based on an antigen-antibody reaction. Does this mean that the remaining 75 
per cent are based on a mechanism other thansensitization? Or does it mean we are 
unable in the present state of our knowledge to recognize the antigen-antibody 
mechanism? Clinicians ha ve tended to defme asthma as an allerglC disease 
(Unger 1945). lt is much better to use a definition of asthma in which neither 
the mechanism nor the patho-physiology has to be defined beca use asthma is not 

w* 
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one disease and the patho-physiology differs with different types of asthma. It 
might be said at this point that the author does not object to workers having 
diffcrent definitions for asthma, but it is most important for each writer to give 
his definition. 

Asthma can be defined thus: 'Asthma refers to the condition of subjects with 
widespread narrowing of the bronchial airways, which changes its severity o ver 
short periods of time either spontaneously or under treatment, and is not due to 
cardiovascular disease.' 

Before proceeding with any other discussion about asthma we must for a 
short time cor,sider the eosinophil cell. It seems to be the hallmark of the allcrgic 
reaction yet we do not know its function. In paticnts with seasonal hay fever as 
their only allergic manifestation, there is a blood eosinophilia during the sum
mer when symptoms are present, but not during the winter when there is no 
antigenic stimulation. Eosinophils are found in nasal smears, in asthmatic sputum 
and in the tissues where allergic reactions are occurring. lt is therefore of con
siderable interest that in those patients with nasal polyposis and asthma, there is 
not only a blood eosinophilia but also the nasal polypi themselves have many 
eosinophilic cells in them. Y et we are unable to find any offending antigen in 
these patients. Prognostically it is very important for the clinician to distinguish 
between various types of asthma on the onc hand and air obstruction and air 
trapping dueto recurring bronchitis and emphysema. In the latter conditions the 
patient has a cough, is breathless with exertion and has attacks of wheezy 
respiration. Undoubtedly there are many different histopathological reasons 
why parts of the lung parenchyma are permanently destroyed with resulting 
emphysema and airway resistance. If we think in clinical terms that 'asthma' 
means a reversible airway obstruction, then in uncomplicated asthma the airway 
obstruction is completely reversible-one of m y asthmatic patients is an Olympic 
runncr. Asthmatic patients may, however, have infective episodes with bron
chitis and pneumonia. It seems likely that in later life, especially with the likeli
hood of infective episodes in the chest increasing, the asthmatic will eventually 
develop sorne degree of emphysema. Some asthmatics seem to develop emphy
sema at an early age. The question then arises how many of these patients pre
viously had 'asthma'. The difficulties of diagnosis between various combinations 
of asthma, bronchitis and emphysema is not only of acadernic interest beca use of 
the very different therapeutic methods used and prognostic outlook. 

The anti-inflammatory steroid drugs help patients with asthma. So marked is 
this effect that Bukantz (1961) considers that in any definition of asthma there 
should be included the words 'benefited by the anti-inflammatory steroids'. The 
reason that steroids benefit asthma is not known, but at least there would seem 
to be grounds for believing that the very marked effect of the corticosteroids on 
tissue and blood eosinophils may give some clue as to the function of the eosino
phil cell in asthma. 
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It was found that when patients were adrnitted to hospital in acute breathless 
attacks not due to cardiac disease, that bronchial biopsy gave a fairly specific 
histological picture to allow bronchitis to be distinguished from asthma (Glynn 
& Michaels 1960). The essential histological finding in patients with asthma was 
a subepithelial collection of eosinophil cells. This finding was absent from the 
bronchitics who showed a marked hypertrophy of the serous-secreting cells. 
Samter (1959) has probably followed up more cases of nasal polyposis and asthma 
than anyone else. Although he has usually constructive ideas he is worth quoting 
on the cause of eosinophilia. 'Eosinophils are found in nasal and bronchial 
tissues after certain antigen-antibody reactions have taken place; but neither 
antigen nor antibody alone, neither histamine releasers nor histamine itself, nor 
antihistarnine drugs, nor any other chemical mediators which are released during 
antigen-antibody reactions have induced eosinophilia in experimental animals. 
Function and fate of eosinophils are still unknown.' While local and peripheral 
blood eosinophilia has been studied for many years, it is only recently that the 
mast cell has been studied, but unfortunately more in the rat than in man. In man 
the mast cells are one, but probably only one, ofthe sources ofhistarnine. There 
seems to be no doubt that we will in the future look not only for eosinophil 
cells but also for mast cells in sputum and nasal smears in suspected allergic 
patients (Shioda & Mishima 1966). Y et it is claimed that most of the blood 
histamine in man is carried by the blood basophils (Graham et al 1955). Shelley 
(r962) dcvised a test which he claimed showed that basophil degranulation occurs 
when allergen is added to either human or rabbit leucocytes that have been 
incubated with allergic sera. Unfortunately many subsequent workers have 
been unable to repeat Shelley's work because of the spontaneous basophil 
degranulation that occurs in the controls. Ridges & Augustin (r964) have 
devised an in vitro test to measure reagins, but like Shelley' s test, other workers 
have had difficulties in reproducing this test (see Chapter r). 

Talmage (1957) too has pointed out when discussing the complexity of allergic 
injury that this depends primarily on the complexity of the physiochemical 
properties of the three maj or components of the reaction: the allergen, the anti
body and the cell. The substanccs that are released during an allergic reaction are 
discussed elsewhere (Chapter 15) as is the mechanism of their release. It seems 
apparent that the release of histamine in the anaphylactic animal is different in 
different species. In man the release of histamine involves chernical and enzym
atic reactions which are not yet fully understood, while the importance of 
heparin, serotonin and slow-reacting substances have perhaps in the past been 
minirnized while stressing the importance ofhistarnine release. The disappointing 
clinical results in the atopic diseases of the so-called antihistarnine drugs would 
seem to indicate that the antigen-antibody reaction releases a complex chain of 
reactions with the production of pharmacologically active agents only one of 
which is histamine. 
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ALLERGIC AsTHMA 

Asthma not due to discoverable allergic causes has been described in some 
detail. W e must now consider the pathogenesis of allergic asthma in the atopic 
individual. Clinically the dominant causes of asthma can be considered under the 
three main headings of (i) infecti ve, (ii) psychological and (iii) allergic. Usually, 
the asthmatic attacks are not produced by one cause, but by many canses and the 
dominant cause alters with different age groups (Williams 1959). In a child under 
the age of 7 years we generally find that infective and emotional causes are 
dominant. These children by skin tests may be shown to have reaginic anti
bodies towards specific inhalant allergens, but their importance is subclinical. It 
seems strange that ata time a child is growing out of food sensitivities (e.g. egg), 
the inhalants such as pollens which are being absorbed by everyone only sensi
tize the atopic. It is tempting to guess that the allergens are in fact haptens so that 
if this theory is correct, then the allergic individual differs from the non-allergic 
in possessing some tissue moiety which can alter the atopic antigens. On this 
theory the non-atopic might be made atopic by tissue injury, especially naso
pharyngeal infection. Removal of nasal polypi by operation is quite often fol
lowed by asthma. Severe upper or lower respiratory infection in patients with 
rhinitis seems often to be the start of asthma. Yet these patients have no dis
coverable reaginic antibodies. It may be that we are not using the correct antigens 
to test such patients. The old idea ofbeing allergic to one infecting organism has 
been brought up to date by the work ofHajos (1960). She has prepared specific 
extracts of various organisms obtained from nasopharyngeal and sputum speci
mens. Skin tests are performed with these organisms and notice is taken of both 
the 'immediate' and 'delayed' responses. Provocation inhalation tests of atomized 
solutions of the organisms are given and any degree of airway obstruction pro
duced is measured. The work is in its preliminary stages, but at least it does seem 
that a more rational approach to bacteria! allergy is now being made, and more 
will be heard on the general importance of bacteria acting not only as antigens 
but as allergens (Frankland 1961). 

Bronchial provocation tests have been much used to seek out the possible 
diagnosis of specific allergic asthma in confirmation of positive skin tests. Un
fortunately the provocation used may be given in an unphysiological manner. A 
concentration of pollen allergen can be inhaled in 30 sec which normally is 
inhaled in 24 hr. Much can be learnt from such procedures. Not only is informa
tion obtained from known inhalant allergens but also it is possible to gauge 
whether the patient after a series of injections is less sensitive (Citron et al 1958). 
W e learn that an allergenic inhalant insult in the morning can cause typical 
allergic asthma 14 or 16 hr la ter. The mechanism of this delayed response when 
one would expect the reaction to be maximal in 1 5 min, is not understood. 

Antibiotics are causing an added interest to the possible importance of 
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Gandida albicans as an atopic allergen. Itkin & Dennis (1966) showcd that C. 
albicans was capable of producing asthma on bronchial testing if positive skin 
responses were present. But even normal subjects may, on bronchial challenge to 
an E. coli endotoxin, develop airway obstruction. Some strains of C. albicans 
contain endotoxin-like fractions and so do some dust extracts. The positive 
skin test and the positive bronchial provocation test may therefore ha ve nothing 
todo with an atopic oran allergic reaction. However, it now seems likely that 
there are many organic dusts that give rise not to a Type I but to a Typc III 
reaction (Pepys et al 1964). Thc patient complains of a wheezy cough in certain 
dusty environments. A speciflc sensitivity is present, although reagins are absent, 
but precipitins towards speciflc antigens if looked for are present. 

It has been known for over 20 years that it is possible to shock a guinea-pig by 
a nebulized antigen. Halpem (1950) showed that the antigen given by inhalation 
after a suitable interval would kill the guinea-pig with acute respiratory obstruc
tion apparently in the same way as an inhalation of histamine. Histologically, 
however, the appearances wcre quite different. Asthma provoked by histamine 
produced a pure bronchospasm without oedema or cosinophilia. Asthma pro
voked anaphylactically produced not only bronchospasm but also oedema in the 
flbro-connective zone betwcen the muscle and cartilage. Eosinophils also appear 
in the oedema fluid. Although studies using isotope-labelled antibodies suggest 
that the distribution of antibodies is widespread, we still do not know why some 
pollen-sensitive patients do or do not develop pollen asthma when they are 
sensitive to pollen. It is possible that the capillary cndothelium may protect an 
organ. If an overdose of a pollen extract is given, a constitutional reaction occurs. 
Quite often there is very little local reaction at the si te of injection and neither 
is there generalized urticaria, but only asthma. It would seem that the pollen 
allergens can circulare through the skin without establishing contact with the 
antibodies. Thus a constitutional reaction is a focal reaction in tissues which in 
any individual represents the site of the allergic disease. The 'shock organ' in any 
patient may thus depend u pon the lack of this hypothetical substance in the organ, 
and conceivably this trait could also be inheritable. 

In allergic asthma the antibodies are flxed in the bronchial mucous membrane 
and normally the exposure to the specific allergen is by inhalation. We presume 
that a non-stable enzyme system is set into motion with the production of 
histamine and other active substances. Histamine then exerts its pharmacological 
action of contraction of smooth muscle, increased capillary permeability and 
stimulation of mucous secretion. It is not known exactly where the antigen
antibody reaction takes place, but from the work ofWarren & Dixon (1948) 
using 1311-labelled globulin, it seems that it is in connective tissue proper where 
antigen-antibody union takes place with release ofhistamine. This ground sub
stance is a highly complicated matrix which can take up molecules and ions rather 
like an exchange resin. It would scem that ground substance could prevent 
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histamine from diffusing while an antigen-antibody reaction might encourage its 
diffusion. 

It is certain that although we do not know the exact mechanism ofhistamine 
release in bronchial asthma, histamine has been studied more than any of the 
other chemical mediators. Heparin may be important in the anaphylactic reac
tion; it certainly is in the dog. Heparin is also inlarge amounts in the mast cells 
which hold on to the histamine. Y et antihistamine drugs do not help allergic 
asthma (Frankland & Gorrill 1953). This means that other substances such as 5-
hydroxytryptamine-serotonin-may be important. Yet antiserotonin drugs, 
like the anti-histamine drugs, are of no use in asthma in man. The 'slow reacting 
substance'-sRS-A-of Brocklehurst (1956) which forms in atopic man might 
explain why antihistamines are not effective therapeutically in man. There well 
may be other chemical mediators which cause the clinical entity of asthma. 

W e must also remember that parasympathetic impulses induce bronchocon
striction and secretion of mucus. Under strong parasympathetic control, a 
patient might react to a relatively small dose of histamine, while if the patient 
was predominan ti y under adrenergic control, larger doses of histamine might 
be required before overcoming sympathetic resistance. These ideas gave rise to 
the term 'nervous diathesis' or 'vagotonic' patient. Atropine sulphate inhibits 
smooth muscle constriction and secretion of mucus induced by acetylcholine. 
Why then do atropine sulphate or antihistamine drugs, which often have a 
marked anti-acetylcholíne effect, not help asthmatic patients? The explanation 
may be that the essential phase of cholinergic asthma (if it exists) is due to vas
cular reactions and oedema of bronchial tissue. This tissue oedema would be 
líttle affected by atropine sulphate. Experiments to determine the role of vagal 
afferents from the lung in man both in the control of breathing and the 
sensation of breathlessness, have shown that man is unique among mammals 
(Guz 1966). Bilateral block of the vagus nerves had no effect whatever on rate, 
tidal volume or pattern of air flow. In view of these ideas, 1 would make a 
strong plea that the word 'bronchospasm' is not used when referring to asthma. 
This word seems to indicate a knowledge of the pathogenesis of asthma, 
which at least seems tmlikely in many if not most forms of asthma. 

THE CHEMICAL NATURE OF ALLERGENS 

It seems strange that the immuno-chemists have so far been unable to fmd any 
distinguishing feature common to allergens in general that distinguishes them 
from other antigens. Immunologically pure allergens in the past have not been 
used to study the various properties of allergens and antibodies in allergic 
patients, but with the methods now available, chemically pure substances can be 
prepared. These must be tested against patients whose only scnsitivity is towards 
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such apure allergen, so that the antibody towards such an allergen can be charac
terized. In this country most work on the purification and standardization of 
allergens has been done on horse scurf (Stanworth 1957) and on grass-pollen 
allergens (Augustin 1959). During the last decade many immunological studies 
have used various gel-diffusion methods to measure antigenic components. 
Rabbits can be immunized with pollen to produce precipitating antibodies to
wards pollen. Attempts ha ve been made to standardize pollen extracts using such 
a precipitating system. Moreover, immuno-electrophoresis has been used to 
compare human serum against rabbit serum and pollen solutions against anti
pollen rabbit serum. It has been found that pollen antigens exhibited a wider 
range of electrophoretic mobilities than serum proteins, but in general they were 
of a comparable complexity. Eight, tenor more antigens can be distinguished in 
this way. But are these antigens allergens? We now have a lot of evidence that 
these precipitating antigens do not represent the allergens responsible for sensi
tivity. Pollen extracts can be sterilized for 10 minutes at I00° without loss of 
activity-this method was originally used by Noon in 1911. This procedure 
destroys the well-characterized so-called A line which has been used to standard
ize pollen solutions. It is found that this antigen which is not a pollen allergen is 
particularly unstable and breakdown products andjor aggregates are produced 
which no longer precipitate with antisera to the original extracts, but act as 
inhibitors. Piper (1955) claimed successful hyposensitization in hay fever with a 
few injections of large doses of pepsin-treated grass-pollen extracts. In theory, 
destruction of the reactive allergens without interfering with the desensitization 
of the individual, would be a great step forward. Piper's experiment was un
controlled so it seemed very important to do a properly controlled experiment 
along similar lines. This showed (Frankland & Augustin 1962) that inactivated 
pollen extracts give very poor clinical results compared with standard skin 
active pollen extracts. 

The ideal method of hyposensitizing an asthmatic has yet to be found. 
Multiple ínjections with aqueous extracts has been the method of choice for over 
50 years. The hope that water in oil emulsions would be a safe and effectíve 
method of hyposensitizatíon giving one or a few injections has not been 
realízed (Pearson 1965). Only a few doctors use emulsions as the method of 
choice for hyposensitization. An alum-precipitated pyridine complex has been 
formulated which seems to be an advance in injection therapy, in that rela
tively few injections are necessary (Frankland & Noelpp 1966). However, the 
ideal method free from any unpleasant untoward effects has not yet been 
devised. If we use allergens that ha ve been denatured and do not give a positive 
skin test, they are not effective in treatment. When we use any conventional 
method we may cause most unpleasant generalized constitutional reactions, and 
when an overdose is given by mistake the patient can die in a few minutes líke 
an anaphylactic guinea-pig. 
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MECHANISM OF ACTION OF 
HYPOSENSITIZATION 

Since we do not know the si tes of formation, nor indeed has there been general 
agreement as to the nature of the skin-sensitizing reaginic antibody, there are 
considerable difficulties in our understanding of the possible mechanism whereby 
a series of injections gives clinical benefit to a patient. In vitro methods for 
measuring the beneficia! responses in allergy have been the goal of many in
vestigators. Subjective clinical impressions of the patient and his doctor may be 
very faulty in gauging results of injection treatment of an allergic complaint 
such as hay fever, unless a very careful double blind control tria! is carried out. 
However, many reports of objective in JJÍtro methods to study various injection 
treatments ha ve been reported. In spite of work suggesting the opposite view 
there is now no doubt that there is no correlation between pollen reagin and 
pollen haemagglutinating antibody titres. The limitations of very sensitive 
haemagglutination procedures in evaluating the immune responses to repository 
injections of ragweed emulsions have been well documented (Friedman, Spiegel
man, Blumstein, Gershenfeld & Fishman r96r). Anti-ragweed antibodies were 
measured in pre- and post-treatment sera by haemagglutination procedures. 
Both the bis-diazotized benzidine method and the tannic acid method with rabbit 
erythrocytes coated with ragweed extract were used. There was no correlation 
of serum antibody ti tres obtained with any of the haemagglutination procedures 
used or between the clinical effects or injection dosage used. 

CONCLUSION 

Advances in the understanding of the pathogenesis of the atopic diseases will only 
come when standardized methods using 'pure' antigens and antibodies are 
available. It is to be hoped that the immunologists, physiologists and pharma
cologists with the new techniques available will be able to characterize for the 
clinician these impure substances. 
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INTRODUCTION 

Serum sickness now causes little morbidity in countries where active protection 
against diphtheria and tetanus is widely employed in childhood. In the five 
years 1961-65 in Birmingham only three cases of diphtheria occurred. There is, 
however, no alternative at present to serum treatment of diphtheria, although 
doubt has been expressed recently about the value of serum in the treatment of 
tetanus (Vaishnava et al 1966). When diphtheria was common and when scarlet 
fever was also treated with horse serum in doses up to 200 ml, serum sickness was 
very common and occurred in up to so/o of patients given such treatment. 

The occurrence of serum sickness was related to the size of the dose of serum 
given and decreased as more concentrated serum preparations became available. 
It was also related to the ro u te of administration, being more common in patients 
given part or all of the serum intravenously. In the 1930s, when large fever 
hospitals gave serum to several thousands of patients each year-and the doses 
used were commonly ro-20 cc.-intramuscular injection of ro ce. resulted in 
about ro/o of patients developing serum sickness, and with 20 ce. about 30/;; 
developed serum sickness. When intravenous senun was given, 45-50/o of 
patients usually developed serum sickness. When a second dose of serum was 

66o 
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given, it resulted in an increase in symptoms of serum sickness equivalent to the 
effect of the total dose of serum if given within the first 6 days, as had been so 
clearly shown byv. Pirquet & Schick and described in their monograph published 
in 1905 (translation, 1951). If the second dose was given after sensitization had 

TABLE 24.1 

Anti-diphtheritic serum reactions 
(From the Report on the City of Birmingham Infectious Diseases Hospitals for 1935 by 

Dr John McGarrity, Medica! Superintendent) 

Dose given 

Patients 
Serum reaction 

Up to 16,ooo 
units LM. 

603 

24,000 units 
or more LM. 

LV. or 
LM.+LV. 

258 1145 

Total 

6o (9-95%) 122 (47.29%) 265 (23.14%) 

Note: Serum used contained 1500 units per mi. 

TABLE 24.2 

Anti-diphtheritic serum (1500 units/ml) 
(From the Report on the City ofBirmingham Infectious Diseases Hospitals for 1936 

by Dr John McGarrity, Medica! Superintendent) 

Up to 8ooo Over 8ooo LV. or 
Dose units LM. units LM. I.V.+LM. Total 

No. treated 702 237 144 1083 
Urticaria 19 30 38 87 
Rigor 
Morbilliform rash I 

Total 20 (2.85%) 30 (12.66%) 39 (27.08%) 89 (8.23%) 

Anti-streptococcal serum 
No. treated 477 IOO% 
Urticaria 122 27.29% 
Arthritis 10 2.24% 
Pyrexia 2 0-45% 
Erythema I 0.22% 

occurred, an accelerated reaction occurred in 4-6 days instead of the usual6-10 
days, and this was likely to be accompanied by a local or general immediate 
reaction suggesting that after sensitization two types of serum sickness occur, an 
anaphylactic (Type I) reaction, and a Type III, more slowly developing, serum 
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TABLE 24-3 

Incidence of reactions following anti
rabies serum 

(From KARLINER & BELAVAL 1965) 

Age Number Serum sickness 

o- 5 309 38 (12.3%) 
6-10 134 20 (14-9%) 

II-15 42 9 (2!.4%) 
Over 15 41 19 (46.J%) 

Total 526 86 (16.3%) 

Dose usually 6-10 ml for a child and up to 
30 ml for an adult. 

sickness like that occurring after only one injection of serum, but accelerated and 
usually more severe. 

CLINICAL MANIFESTA TIONS 

lMMEDIATE ANAPHYLACTIC REACTIONS 

The immediate anaphylactic reaction is by far the more important and dangerous 
reaction dueto serum, but its occurrence in persons not previously given horse 
serum more than a week before is very rare indeed. The clinical importance is 
that it may be rapidly fatal, but even if it is not fatal, it will be very alarming. 

It is characterized by faintness, itching of the skin or urticaria, tightness in the 
chest, wheezing, collapse, and in severe cases cardiac arrest and possibly death. 
The reaction usually comes on within half an hour and the sooner it does so, the 
more severe are the manifestations likely to be. There may or may not be local 
swelling, redness and itching at the site of injection, coming on in the same 
period of time. In many cases, only the local manifestations occur. It was com
mon practice in fever hospitals to give o. r ml of serum subcutaneously in the 
first place and watch for a local reaction occurring within 2o-3o min before 
giving the remainder of the therapeutic dose. In urgent cases of diphtheria, the 
rest of the dose was usually given in small divided amounts if a local anaphylactic 
reaction occurred. This procedure was often described as 'desensitization', but it 
was not truly this. Results, however, over the years when many thousands of 
patients received treatment, were good and only very rarely did a general 
anaphylactic reaction occur and then it was extremely rare for death to occur. 
(Dr R. Fothergill assures us that no such death occurred in the Birmingham 
Fever Hospitals in the past 30 years.) 
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'DELAYED SERUM SrcKNEss' REACTIONS 

It is essential not to confuse the syndrome which is usually called 'delayed serum 
sickness' with delayed (Type IV) allergy, which is not, or not likely to be, 
involved. The allocation of the symptoms in man to types of allergic reaction 
(cf. Chapter 20) is discussed later. 

No better account of this condition is available than that of v. Pirquet & Schick 
(1905: 1951) and there is nothing of importance to add to their account of the 
condition, its clínica! manifestations and pathogenesis. 

There is an interval of 8-12 days usually following the injection of serum 
before the manifestations appear. Sorne local swelling at the si te of injection and 
cnlargement of the related lymphatic glands usually appears first, followed by 
an urticaria! rash spreading from the si te of injection to involve part or all of the 
skin surface elsewhere. An urticaria! rash is the most frequent type and is by far 
the most common single manifestation of this condition. Other types of rash, 
however, occur such as morbilliform and scarlatiniform rashes, but these are 
usually associated with constitutional upset of which pyrexia and rigors are 
frequent signs. 

Pain and swelling of thc joints occur lcss commonly, probably in only about 
2-3% of all cases, but the careful studies of v. Pirquet and Schick showed that 
oedema of ncphritic type and leucopenia usually occur. The oedema is usually 
only evidcnt if daily weights of the patients are recorded and the leucopenia may 
be very short-lived so that daily leucocytic counts are required to show it. 
Eosinophilia is nota feature of this condition. Most of the lcucopenia is due to a 
fall in polymorphonuclear lcucocytes. Albuminuria is rare and there is no 
increase in cells or casts in the urine. Hildreth (1965), however, commenting on 
the report ofDe la Pava et al (1962) which described three fatal cases of glomer
ulonephritis following administration of horse serum, does suggest that the 
renal lesions of serum sickness may be more serious than has previously been 
thought. He suggests that renal biopsy might show whether or not patients who 
have had serum sickness reactions are in danger of developing chronic glomer
ulonephritis. He fecls that the occurrence of subtle chronic renal complications 
of serum sickness is possible and a deliberate study of such a series as that re
ported by Karliner & Belaval (1965) by renal biopsy wculd clarify the position. 

With reinjection of serum after the first wcek, a smaller dose will cause similar 
symptoms and the onset may be within 24 hours, but usually by the fourth day. 
In thc case of reÍI*ction, up to 90% of patients will give an accelerated reaction 
and nearly al! will at least have a local reaction. With reinjection, immediate 
anaphylactic reactions will, of course, also be more common. 

In rare cases, diarrhoea, abdominal pain, pericarditis; myocarditis, meningitis, 
meningo-encephalitis, peripheral neuritis and myelitis have bcen described. 
Even in such cases, death is rare and the symptoms usually clear up in 3-5 days, 
leaving no sequelae. 
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PROPHYLAXIS OF SERUM SICKNESS 

IMMEDIATE ANAPHYLACTIC REACTIONS 

It should be emphasized that serious immediate reactions were rare even in the 
days when large doses ofhorse serum were given therapeutically to thousands of 
patients each year. Von Pirquet and Schick note that they had heard of one fatal 
case in a patient given serum for the first time, but had no personal knowledge 
of a fatal reaction although they mention one nearly fatal case and advise against 
giving serum intravenously. The patients at risk are those who have previously 
had any serum treatment and also those people who ha ve a particular liability to 
develop Type 1 reactions and who have a personal or family history of asthma, 
eczema or hay fever. Sorne of these may have been sensitized by contact with 
horses or horsehair or even by prophylactic inoculations. It should be noted, 
however, that for the majority of thc population, contact with horses is now 
uncommon and horsehair is no longer in common use in upholstery and bed
ding, but it is likely that sensitization of sorne subjects toan exquisite degree may 
well occur by inhalation of extremely small quantities of antigen. Sensitization 
has been noted in nurses sometimes to an extremely high degree by inhalation 
of fine droplets of antibiotics when giving injections. 

Sensitization to horse serum as a result of ingestion of horse meat is probably 
very rare. Trinca & Reid (1967) reporta virtual absence of reactions to bovine 
antitetanus serum which may in part be due to treatment of the serum by 
ethanol fractionation but may be also partly due to an inherent lesser reactivity 
of bovine serum compared with horse serum. Their results certainly do not 
suggest that previous sensitization by ingestion is likely. 

Precautions which have proved adequate in practice have consisted of giving 
o.r ml of serum undiluted subcutaneously asan initial dose and waiting half an 
hour before giving the rest of the dose. Adrenalin should be kept ready in a 
separate syringe with a long fine needle so that it can be givcn intracardially if 
necessary, and the patient should not be left during the half-hour. If a severe 
reaction occurs, resuscitation may be required immediately and at the first com
plaint of tightness in the chest or faintness, adrenalin 0.5 mi should be given, 
followed by a further 0.5 ml if symptoms are not rapidly relieved, and repeated 
if required. 

In the patient in whom the risk of an immediate reaction is serious, either due 
to a history of asthma, eczema or hay fcver or prcvious serum treatment, the 
procedure advised by Smith (1965) may be used. This takes rt-2 hr, a deiay 
which can have little effect on the therapeutic outcome of a case of diphtheria, 
and the procedure, although a little tedious, is not at al! difficult. He advises 
intradermal injection of 0.1 ml of I in roo million, I in I million, I in roo,ooo, I 

in ro,ooo, I in rooo, r in roo and I in ro dilutions of serum at 15 min intervals. 
A marked local reaction will give warning of possible general reaction with the 
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next dose. It may be preferable to give the injections subcutaneously, however, 
since the size of the local reaction with intradermal injections may be misleading. 
In many cases it will be found that the history of previous reactions has been 
inaccurate and the therapeutic dose of serum can be safely given. 

This procedure does not, however, constitute true desensitization, and in 
persons found to be acutely sensitive desensitization would be extremely difficult 
and likely to take severa! weeks, so that the therapeutic indication for serum 
would probably be over. In such cases even massive doses of steroid drugs might 
not protect adequately against severe immediate reactions and might well be 
therapeutically undesirable. Antihistamines are of some value in preventing 
reactions in highly sensitive subjects, but as treatment of acute reactions they 
are of little or no value, since their action, even if given intravenously, is too 
slow in these circumstances. Adrenalin is the only drug of real value in the 
trcatment of acute anaphylaxis. 

The only safe way to deal with the rare individual requiring prophylaxis or 
treatment with antidiphtheria or antitetanus serum is to use human immune 
globulin, but recently it has been reported that serum produced in the cow is 
safer than horse serum and may be used in some of these cases. 

'DELAYED SERUM SrcKNEss' REACTIONS 

As already noted, the manifestations of this condition are rarely serious and 
should not prevent the use of serum therapeutically when required, except that 
intravenous dosage should be avoided and the dose should not be repeated 
especially after the first weck, when sensitization may have occurred. Concen
trated serum preparations giving the therapeutic effect in the smallest amount 
ofhorse serum antigen are desirable. Steroids can be used in moderate dosages 
such as 2o-30 mg of prednisolone daily with effect to control delayed serum sick
ness, and will be required for only a few days. Adrenalin has been used in the 
past, given four-hourly, and is helpful. Antihistamines may help to relieve and pre
vent milder manifestations, but ha ve on the whole a disappointing value and ha ve 
only a minar place in treatment. In urticaria! rashes they are of value and will 
give symptomatic rclief if given by mouth or injection in adequate dosage. 

SERUM SICKNESS DUE TO DRUG ALLERGY 

Although this subject is more properly dealt with in Chapter 26, serum-sickness
like syndromes are produced by drugs, especially by penicillin, and something 
may be said about them here. Most drugs probably combine with protein but it 
is unlikely that mere unstable adsorption to protein gives rise to antigenicity; · 
Parker (1963, 1964) considers that it may be necessary for the drug to combine by 
stable covalent binding to protein befare it becomes antigenic. It has been shown 
in the case of penicillin by de Weck & Eisen (r96o) and by Levine and his 
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colleagues (r96o, 1961, 1962, 1964) that binding to protcin is usually with one of 
the active degradation products of pcnicillin such as penicilloic or penicillenic 
acid. The dcgradation products concerned may form only a very small part of 
the amount of the therapeutic dose of the drug. It is, however, only in the case 
of penicillin that this proccss has been invcstigated. The protein combinations 
with active substances have an antigcnic specificity dependent upon the drug 
element in the combination. It is not surprising if they can cause clinical mani
festations resembling serum sickness. Clearly we have an ideal situation for the 
development of antigen-excess complexes as a result of continual dosage with 
the drug, and its steady breakdown in the tissues to produce antigenic conjugates 
with tissue protein. Since no more than three or four molecules of attached hap
ten are sufficient to render homologous protein antigenic, a drug like penicillin 
will potentially ha ve an antigenicity of about 100 times that of the same weight 
of protein. Owing to this continual parenteral production of antigen, and especi
ally if dosage with the drug is continued, it is not surprising if scrum sickness is 
produced and occasionally proceeds to chronic arteritic inflammation resembling 
polyarteritis nodosa and similar to that described by Rich & Gregory (1943) 
resulting from sulphonamides. 

Reactions may either be of an acute anaphylactic nature, presumably a Type I 
(reaginic) sensitivity ora less acute, predominantly Type III sensitivity, resembling 
ordinary serum sickness. The anaphylactic reactions are clinically most im
portant and account for most of the deaths, but are less frequent than those so 
often associated with urticaria! rashes. Smith and his colleagues (1966) put the 
incidence of penicillin reactions occurring in Johns Hopkins Hospital at 7.8%. 
This figure is very similar to that given by Smith& Zirk (1961) for both PAS and 
streptomycin. Anaphylactic reactions to PAS and streptomycin are very rare. 
Most of the reactions seen clinically occur after 1-3 weeks of treatment and the 
common manifestations are rashes which may be urticaria!, scarlatiniform or of 
other types, fever, hepatitis (Smith & Springett 1966), and occasionally asthma, 
joint swelling and glandular enlargement are seen. When test doses are given to 
establish the cause of the reaction it is usually safe to give 10 mg as an initial dose 
followed by 100 mg then 1 g on subsequent days and finally ro g in the case of 
PAS if no reaction occurs after earlier doses. Owing to the greater frcquency of 
anaphylaxis associated with penicillin, test doses are very rarely used. 

'Desensitization' is usually quite easily accomplished toPAS or streptomycin in 
2-3 weeks by giving daily doses starting from one-tenth of the dose which 
caused the recurrence of reaction and increasing daily. Thus if 100 mg of strepto
mycin caused recurrence of the reaction and ro mg did not the 'desensitization' 
is started with 10 mg increasing by 10 mg daily to 100 mg and then by 100 mg 
daily to the full therapeutic dose of 1 g. 

Such a procedure is seldom attempted with penicillin because good alterna ti ve 
antibiotics are available and because the danger of anaphylaxis is much greater. 
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Although it is usually stated that drug reactions occur more frequently in 
atopic individuals or in those with an atopic family history this is probably only 
true of the anaphylactic (Type I) reactions. There is no evidence that the majority 
of the reactions which occur in the less severe form and seem to be of serum
sickness type are more common in atopic individuals (Samter & Berryman 1964; 
Smith 1962). This in itself suggests that two different n1.echanisms occur in 
allergy to these drugs. It is possible that there may be fundamental differences in 
the manifestations of drug serum sickness depending upon the extent to which 
any drug is bound in a particular tissue. 

Levine (1964) states that most patients treated with penicillin have detectable 
serum antibodies but clinically allergic patients ha ve much higher titres of anti
bodies of several types. He considers that penicillin allergy may be mediated by 
both 'frxed' reagin-type antibodies and by toxic soluble complexes. A report of 
the Food and Drug Administration of the United S tates of America on penicillin 
allergy occurring in Soo hospitals in a period of 4 years notes 793 cases of anaphyl
actic shock with 72 deaths, all from intramuscular injection. There were also 
1616 cases of less severe reaction comprising urticaria and oedema in 1224 cases 
(4 deaths), other rashes in 319 cases (6 deaths), 'serum sickness' in 65 cases, diar
rhoea in 2 cases and local moniliasis in 6 cases. It seems possible that the cases of 
urticaria and of other rashes were largely of the same immunological type as those 
classifred as 'serum sickncss'. 

Clinical syndromes resembling erythema nodosum, Stevens-Johnson syn
drome, Henock-Schonlein purpura, periarteritis nodosa and systemic lupus 
erythematosus have also becn attributed to penicillin allergy. 

Direct skin testing with drugs has been unsatisfactory but much work has been 
done to develop a test for penicillin allergy which would be reliable at least in 
identifying subjects likely to react with anaphylaxis. These efforts have not been 
entirely successful (British Medica! Journal 1964). A protein combination with 
penicilloyl might sensitize subjects not previously sensitive if used clinically, but 
penicilloyl-polylysine has been rcported by Parker (1964) to give up to 90/;; of 
positive immediate reactions in subjects clinically sensitive. It has not, however, 
been so successful in other hands and this again may be due to failure to separate 
patients with a Type I sensitivity who could be expected to give an immediate 
skin reaction from patients with a Type III sensitivity who would not. 

PATHOGENESIS OF SERUM SICKNESS 

ExPERIMENTAL WoRK ON ANIMALS 

Dixon et al (1959) and Weigle (1961) have fully reviewed the experimental work 
on animals which has led to much clarifrcation of our ideas on the pathogenesis 
of serum sickness in man. This has entailed thc production of an analogous 
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disease by means of the intravenous injection of rather large doses of foreign 
proteins into animals, usually rabbits. 

An intravenously injected foreign protein, say bovine serum albumin (BsA) in 
the rabbit, is removed at much the same rate as the animal's own autologous 
albumin until about the eighth da y: the rate of remo val then rapidly increases 
until none is detectable by about the twelfth day: from this time onwards anti
bodies specif!C to BSA begin to be detectable in the serum in rising titre. It can be 
shown that this sudden inflexion of the antigen-disappearance curve occurs as a 
result of the secretion of antibody into the circulation which is immediately 
combined with the excess circulating antigen: the complexes so formed are 
therefore soluble, as in the 'antigen-excess' zone of an in vitro antigen-antibody 
titration. A valuable advance was made when it was pointed out (Hawn & 

Janeway 1947; Germuth 1953; Dixon et al 1958) that under these circumstances 
lesions were demonstrable in the animal' s tissues from the eighth day onwards, 
consisting of a generalized arteritis affecting especially the renal glomeruli and 
the endocardium. About the fourteenth day these lesions began to heal, and the 
tissues had returned to complete normality 2 or 3 weeks la ter. An essential point 
made early in this work was that the timing of the disappearance of the antigen, 
the appearance of antibody, and the development of the lesions was a function of 
the particular pure foreign protein; thus if y-globulin was used instead of albu
rnin, the inflexion of the disappearance curve occurred earlier, about the frfth day 
instead of the eighth, free antibody began to be demonstrable on the seventh to 
eighth days, and lesions first appeared on the sixth or seventh. lt could be shown 
directly by appropriate techniques that during the stage of accelerating disap
pearance of antigen, complexes of antigen and antibody were present in the 
circulation (cf. Weigle & Dixon 1958) and, since free antigen was also demon
strable, these were naturally soluble, antigen-excess complexes. This and other 
work showed that complexes in a ratio of around three antigen to two antibody 
molecules (the molar equivalence ratio for BSA being of the order of one to five), 
are not readily filtered out by the liver and lungs, but are readily taken up by 
polymorphs and deposited in the intima of blood vessels, where they cause 
inflammation. Complexes formed in vitro behave in a similar way, and can pro
duce an acute anaphylactic-like symptom in the guinea-pig (Germuth & 
McKinnon 1959) and characteristic cutaneous reactions as studied by Ishizaka & 
Campbell (1958). Cochrane & Weigle (1958) produced in the rabbit a lesion 
similar in all respects to a local passive Arthus reaction by the injection of 
BSA-anti-BSA complexes at 3 x equivalence with respect to antigen. It was shown 
by McCluskey & Benacerraf (1959) that intravenous injection of complexes 
made in vitro into mice could provoke the lesions of experimental serum sick
ness, although it has not been easy to reproduce this in the rabbit; in the latter 
species it appears that the complexes must be built up serially in the circulation 
before they can provoke the characteristic lesions in the deeper tissues. 
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PATHOGENESIS IN MAN 

Two essential points have been brought out by the work: (i) It is very little use 
talking about the effects of antibodies to 'horse serum'. Horse serum, like any 
other mammalian serum, contains at least thirty antigenic components; and the 
amount of antibody produced against any one of them (which is cntircly specific 
to that one particular component) and especially the timing of its appearance, is 
a function both of the concentration and of the intrinsic 'antigenicity' of that 
protein. (ii) Complexes between antigen and antibody in a particular ratio, of 
modera te antigen excess, can be demonstrated as being peculiarly noxious to the 
tissues in a variety of ways, while complexes in gross antigen excess, at equiva
lence, or in antibody excess, do not have this property. Taking these two points 
together, it is clear that damage may still be dueto complexes in antigen excess, 
even though antibody to 'horse serum' is demonstrable in excess in the circula
tion-because the complexes are with a different scrum protein from that against 
which the antibody is dirccted. This caveat is applicable also to 'purified' y
globulin preparations, since they are unlikely to be wholly free of trace compo
nents ofhigh antigenicity, such as the o: 2-macroglobulin. 

It is probable that at least two types of hypersensitivity are involved in thc 
symptoms and signs of serum sickness in man. 

Type I (anaphylactic) reactions may be involved when reagins are produced to, 
for example, trace components of crude or partially purified serum, or to very 
small amounts of conjugates of a particular kind with drugs. There is no reason 
to suppose that normal non-'atopic' subjects cannot produce typical reaginic
type antibodies, to judge from the animal experiments (see Chapter 24); the only 
difference may be that these are less regulad y produced and last for a far shorter 
time. On the other hand it is still an open question whether under sorne circum
stances 'ordinary' antibodies may be able to flx to cells in the same way that 
proper reagins do. The essential difference is, however, a quantitative one; if the 
amount of free antigen is at sorne time in considerable excess of the amount of 
antibody, either because antibody production is sluggish or because the dose of 
antigen is very large, a Type III reaction will result from the formation of toxic, 
antigen-excess complexes. Such complexes will form both in the blood stream, 
(as has been shown in experimental animals) and be localized in the walls of small 
blood vessels, and also at sites in the tissues where antigen is flxed in high con
centration, in particular the initial injection site. 

Though it is difficult to sort out the complexities of the lesions produced in 
man, one may postulate that the urticaria is probably due to Type I, the joint 
pains and general malaise, and also the lymphadenopathy, to Type III. Of course, 
if the total amount both of antigen and of antibody is small, or the phase of 
antigen excess over antibody is very short, damage and symptoms will be 
negligible or absent; and in any case as soon as antigen is eliminated either by 
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phagocytosis in complex with antibody or by normal metabolism, the damage 
heals completely. Variations in these quantitative, temporal and constitutional 
factors can, however, rationally explain the protean manifestations of human 
serum sickness and related syndromes. 
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CHAPTER 25 

HORMONE RESIST ANCE AND 

HYPERSENSITIVITY 

J .G.DEVLIN 

lNTRODUCTION 

GENERAL lMMUNOLOGICAL PROBLEMS 
Size and structure of antigen: 'Impurities': Species source: Physico
chemical characteristics: M o de of administration: Individual variations 

lNSULIN 
RADIO-IMMUNOELECTROPHORESIS: Total binding capacity: Insulin
binding immunoglobulins: Insulin resistance: Insulin hypersensitivity: 
Theoretical implications of allergic response: Therapy 

ÜTHER HORMONES 
Growth hormone: Adrenocorticotrophic hormone: Folliclc stimulat
ing hormone and human chorionic gonadotrophins: Vasopressin: 
Parathormone. 

INTRODUCTION 

The fundamental concept of distinguishing between self and non-self forms the 
basis for the immunologic problems associated with protein and polypeptide 
hormone administration. The intensity of the allergic response varíes with the 
size and molecular weight of the hormones, ACTH m.w. 4500 being very 
weakly antigenic, even when heterologous hormone is used, while GH (growth 
hormone) m.w. 21,500 (Andrews 1966), used only as the homologous hormone, 
may induce antibody production in a very high proportion of cases (five out of 
six subjccts, Roth 1964) to whom it is administered. Insulin, m.w. 6ooo, is 
intennediate in competence as an antigen, although antibody response to both 
heterologous and homologous administration is known (Brunfeldt & Deckert 
1964; Renold et al 1964). The nature and extent of the antibody response to 
hormones will be influenced by the same factors which influence the immune 
response in general, some of which, however, require general consideration 
befare proceeding to a more detailcd study of the particular issues involved 
with the individual hormones. 
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GENERAL IMMUNOLOGICAL PROBLEMS 

SIZE AND STRUCTURE OF ANTIGEN 
Immunological potency is determined by a number of factors which are as yet 
not clearly understood but include in addition to the number of amino-acids the 
variety of the particular antigenic amino-acids, and their interna! structural 
relations (Borek et al 1965; Edsall 1966). The size of the antigen is also important, 
as polypeptides below 5000 (Humphrey 1962) are unlikely to be antigenic 
although sorne very low molecular weight antigens (1000 and less) have been 
described (Dietrich 1966). In addition to these factors consideration must also 
be given to the degree of sirnilarity between the hormone acting as antigen and 
the existing endogenous hormone, and also to the possible difference in anti
genicity resulting from total absence of the endogenous hormone. The latter has 
been postulated as one possible cause of antibody response to exogenous HGH 
(Prader 1964). ACTH (m.w. 4500) is now virtually non-antigenic (West 1962, 
Buytendijk & Maesen 1964), but a third special consideration must be taken into 
account in defining the antigenicity of this hormone, i.e. the effects of the 
increased steroid output in inhibiting the allergic response. Indeed, the effects of 
the varied altered metabolic states for which hormones have been administered 
on the allergic response in man ha ve not been studied in detail. The specific sig
nificance of structure in relation to hormone antigenicity is exemplified by the 
different immunological cross-reactions observed by Berson (1963) between 
sperm whale and pork insulins which have a similar amino-acid structure with 
presumably different tertiary structure. 

IMPURITIES 
The whole question of the antigenicity of polypeptide and protein hormones has 
been clouded and continues to be clouded by the possible presence of small traces 
of protein 'impurities' in the preparations used. Local and systemic hypersensi
tivity phenomena to insulin and ACTH are decreasing, with improvements in 
extraction procedures. However, with reference to insulin sorne authorities 
(Brunfeldt 1966) believe that it much more difficult to extract beef insulin 
without associated impurities than pork insulin. 

SPECIES SOURCE 
As the differences in structure between hormones from heterologous species 
increases, their antigenicity increases also. It follows that the ideal hormone for 
man is human or the closest related heterologous hormone. With the small 
molecular weight hormones (ACTH 4500, glucagon 3500, parathormone 8500 
and insulin 6ooo) which are relatively weak antigens, resistance problems are 
not as serious as with the larger hormones such as growth hormone (21,500). 

X 
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Clínica! resistance when it does occur to the human preparations of these hor
mones is a more serious problem as the Iimited availability renders adequate 
therapy impossible. 

PHYSICOCHEMICAL CHARACTERISTICS OF 

ADMINISTERED HüRMONE 

Anrigenicity is increased by the necessity to administer hormones as relatively 
insoluble preparations. Solubility of the extracted preparation has been a limiting 
factor in permitting administration at physiological pH, although with improve
ment in extraction techniques, preparations of insulin, for example, at neutral 
pH are becoming available. At the lower pH (3.0, Prader 1964) at which growth 
hormone is administered, aggregation is known to occur (Andrews, 1966). Not 
only does polymerization improve antigenic potency, but it can also render non
antigenic preparations potendy antigenic (Dresser 1962; Edsall 1966; Claman 
1966). Sorne such mechanism is probably responsible for rendering the homolo
gous honnone antigenic, although other possibilities, viz. alteration of tertiary 
structure during extraction, or thc inclusion of minute traces of non-hormone 
protein from the parent gland must be considered. The differences in solubility 
between beef and pork insulin (Schlichtkrull 1958) resulting in the administered 
beef insulin more frequently existing in an insoluble form at the illjection area 
(e.g. ultra lente v. semi-lente) probably accounts for some of the described 
greater antigenicity of the becf preparation. 

MODE OF ADMINISTRATION 

Three factors known to influence the allergic response must be considered here: 
(a) the administered dose, (b) thc route of administration, and (e) the frequency 
of administration. 

The áose admínistered 
This is determined by the pathophysiological needs of the patient. With the 
increase in dose of ínsulin required by stress, e.g. infection, íncrease in antibody 
response has been noted, in accordance with the general principies described by 
Stevens (1956, 1957). Accurate cstimations of antibody concentration in relation 
to antigen are not available, howcver. 

Route oj adminístratíon 
Most hormones are administered by the subcutaneous route. It is known that the 
antibody response to many protein antigens in adjuvant in experimental animals 
can be drastically reduced, or the animal may even be rcndercd tolcrant by thc 
simultaneous or prior administration of thc antigen in an aqueous solution 
(Weigle r966; Dresser 1962). Insulin is frcquently administered initially in a 
highly soluble form intravenously which could theoretically reduce the allergic 
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response. Unfortunatcly no studies are available relating the intcnsity of the 
allergic response to the initial mode of administration of the antigen. Such a 
study, ifit should indicate a reduction in antibody titre orbe associated with the 
induction of a state of tolerance as a result of initial intravenous therapy in a 
proportion of cases would serve as a directive to future hormone therapy. 
Practical application of the Liacopoulos (1962) phenomenon (induction of non
speciflc immune suppression with large doses of unrelated antigen), has yet to be 
made in this fleld. 

Hormones administered by inhalation (see under Vasopressin) can induce an 
allergic response, and the antibodies so produced can cross-react with the endo
genous hormones. A retrospective study carried out by me sorne time ago, 
attempting to relate diabetes to ingestion of pancreas, yielded negative results 
(unpublished obs.). 

The Jrequency of administration 
Although precise data are lacking the most advantageous time interval between 
flrst and second exposure to antigen in man to induce maximum antibody 
response is considered to be 4 weeks (Edsall I966). With most protein and 
polypeptide hormones, the rate of administration varíes from two to three times 
daily (insulin in sorne cases) to once or twice weekly (growth hormone). In sorne 
cases the latter hormone is administered once monthly. No definite relationship 
between frequency of administration for therapeutic purposes and the allergic 
response in man has been established, beyond the enhancement of the allergic 
response which has been noted on reinstitution of therapy following cessation. 
The more frequent administration demanded by therapeutic requirements has 
probably diminished the possible maximal antibody response. 

Individual Variations 
As with the guinea-pig (Arquilla & Stavitsky 1956; Wright 1966) many workers 
ha ve demonstrated (Berson 1959b; Devlin & Brien 1965; Feldman 1963) not 
only a varying allergic response in terms of overall antibody concentration but 
also marked individual variations in the cross-species-specific reactivity of the 
antibody produced. Presumably such differences are based on genetic considera
tions (Arquilla & Finn 1965) although the influence of slight variations in the 
other factors mentioned already would have to be considered, in addition to 
variations in the species homogeneity of the commercial hormone preparations. 
The allergic response to the individual hormones will now be discussed in 
greater detail. With the exception of insulin, information is scanty. The greater 
part of the discussion, therefore, is taken up with an account of resistance and 
hypersensitivity problems pertaining to insulin, and it is assumed that the 
general principies relating to techniques of investigation, binding capacity and 
hypersensitivity phenomena apply also to the other protein and polypeptide 
hormones in greater or lesser clegree depending on their antigenicity. 
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INSULIN 

Shortly after the introduction of insulin therapy, reports of local and systemic 
hypersensitivity reactions were reported in addition to insulin resistance. lt was 
noted that changing the brand of insulin frequently effected a cure, thus sug
gesting an allergic response to either the species source of insulin or else to 
associated impurities in the preparation (Lawrence 1925). Although the sig
nificance of the role of'impurities' in the insulin preparation in the actiology of 
the local hypersensitivity reactions has not yet been finally solved, the immuno
logic basis for resistance and systemic hypersensitivity has been finnly established. 
Lerman' s ( 1944) hypothesis of an irnmunologic basis for insulin resistance was 
confirmed by Lowell's demonstration of an insulin-neutralizing factor in the 
serum of an insulin-resistant diabetic patient. By means of parallel determinations 
of the titre of the passive transfer reaction (Prausnitz-Küstner) and of the serum 
quantities required to protect mice from insulin hypoglycaernia he differentiated 
between the 'reaginic' and neutralizing antibody. Loveless (1945) subseC}uently 
fractionated two antibodies to insulin from human serum, and de Filippis et al 
(1952) localized the neutralizing antibody in the y-globulin fraction. Befare 
describing the allergic response in greater detail and discussing its clinical sig
nificance, it is necessary to describe so me of the laboratory procedurcs used and 
their lirnitations in addition to giving an account of the immunoglobulins to 
insulin which have been observed. 

RADIO-IMM UNOELECTROPHORESIS 

This technique has been used successfully by a number of authors (Morse & 
Heremans 1962; Yagi et al. 1963; Devlin & O'Donovan 1966) to characterize 

. insulin immunoglobulin patterns. The technique can detect less than 1 Jlg of 
reacting antibody, and has been found to be roughly quantitative. Briefly the 
technique consists in reacting the serum under examination with labelled insulin 
(l-13 1 or l-125) and effecting separation of the immunoglobulins by electro
phoresis on microslides and precipitation of the individual immunoglobulins 
with immunoglobulin-specific antiserum. The presence or absence of insulin 
binding by the precipitated immunoglobulin is then detected with sensitive film. 

lnsulin binding by immunoglobulins which are themselves present in low 
titre, e.g. lgM, can be difficult to detect, due to failure to obtain adequate 
precipitin lines. Frequently more than one batch of specific lgM immnno
globulin antiserum must be used therefore befare a satisfactory result is obtained. 
Adequate purification of the labelled insulin ( < 5% damaged products) and the 
introduction of normal sera as controls are essential as sorne non-specific adsorp
tion of the labelled material by serum proteins always occurs (Merrimee et al 

1965). 
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ToTAL BINDING CAPACITY 

Following thc procedures established by Berson & Yalow (1959a) many authors 
have estimated total or maximum binding capacity ofhormones by sera, using 
the same basic technique with minor modifications. Basically the concept is to 
determine the percentage binding by the test senun of different concentrations 
of the hormone, using a fixed quantity of isotopically labelled hormone to trace 
the percentage bound (B) and the percentagc unbound or free (F). A straightfor
ward calculation gives thc amount of hormone bound at each concentration of 
added hormone. Then by plotting the B/F (tracer hormone) on the ordinate 
against the total hormone bound on the abscissa, and extrapolating the curve so 
obtained until it intercepts the abscissa when the B/F = o, a figure for the total 
binding capacity is obtained (see Fig. 25.1). Altematively the reciproca! of the 

M. M.~ 13"! rnp.g /0·1 mi 

Totol horrnone bound rnp.g /0 ·1 rn 1 

FrG. 25.r. Determination oftotal binding capacity; serum diluted I/3; total binding 
capacity 137 illJtg/o.I ml. 

bound hormone on the ordinate may be plotted against the reciproca! of the total 
hormone on the abscissa when a straight-line relationship obtains, which can be 
cxtrapolated back to the ordinate from which the total binding capacity may be 
cstimated. The basic laboratory procedures are identical, i.e. determination of the 
conccntration of hormone bound by antibody at varying concentrations of 
addcd hormone. Thc separation of bound and free hormone may be accom
plishcd by a variety oftechniques (Chapter 10). Sorne technical problems must be 
apprcciated before results obtained by this technique from different centres are 
compared. 
I. Damaged isotope fractions and non-specific adsorption oflabelled hormone 
to plasma protein fractions. As is seen in Fig. 25.1 the Ag/Ab reaction is biphasic, 
with two equilibrium constants. Accuracy in detcrmining the points on the 
stcep first part of the curve where highly significant alterations in the B/F for 
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relatively small changes in total hormone bound occur, is easy to achieve, but in 
the second phase where quite large alterations in hormone bound for rclatively 
small changes in B/F occur difficulties arise. From 4 to 6/o of the determined total 
activity bound is non-specific due to adsorption by proteins of the damaged 
fraction and possibly some of the intact hormone. As the B/F approaches zero 
the alteration produced in percentage bound (tracer) approaches and becomes 
less than the total non-specific 'bound', thus introducing the possibility of 
additional error. A variation of at least Iü-15/o between replicare experiments 
occurs as a result of this problem (Berson 1959a). 
2. Alteration in antigenic reactivity of the hormone with labelling. Inherent in 
this technique is the assumption that the unlabelled and labelled hormone are 
roo/o immunologically similar. Berson has found that whether he uses labelled 
hormone alone or tracer amounts oflabelled hormone plus unlabelled hormone, 
identical results are obtained. However, Brunfeldt (1966) has shown that the 
addition of only one atom of iodine/molecule insulin can result in a 20/;; drop 
in immunologic competence, hence all deterrninations of total binding capacity 
are subject to error, an error which may vary from laboratory to laboratory, 
and within the same laboratory to a lesser extent depending on the degree of 
iodination (however, see Glover et al 1967). 
3· Antigen-antibody equilibrium. The experimental conditions at which 
equilibrium is established must be rigidly controllcd as the antigen-antibody 
reaction is known to be temperature dcpendent. With insulin and growth 
hormone at least 5 days and 10 days respectively are rcquired at 4°C to establish 
equilibrium, while the glucagon-antibody reaction is extreme! y unstable at room 
temperature (Heding 1966). The age and method of storage of the labelled 
hormone can also alter its antigenic reactivity significantly, e.g. Jorgensen ( 1966) 
finds that storage of labelled insulin at room temperature for 3 days results in a 
20/;; drop in immunologic reactivity. Protein and anion concentration can also 
influence the insulin-antibody reaction significantly (Heding 1966: Devlin & 
Stephenson 1967). 

lNSULIN-BINDING IMMUNOGLOBULINS 

Although precipitating antibodies to insulin are well documented in experimen
tal animals (Birkinshaw et al 1962-sheep and guinea-pig: Jorres & Cunliffe 
1961-guinea-pig; Moloney & Aprile I959-horse; Steigcrwald 1960-dog) 
most workers agree with the observations of Skom & Talmage (1958) and Ber
son (1959a, b) that the human insulin-antibody complex is non-precipitating. 
So me early publications (Tuft 1928; Karr et al 193 I) contained accounts of 
precipitation in capillary tubcs, but the possibility of antigen contamination 
with impurities seems the most likely explanation for thcse observations in view 
of subsequent experience. Recently Penchcv et al (1966) demonstrated precipitin 
antibodies in untreated diabetics, an observation at variance with thc experience 
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of all studies using traccr insulin to dctect antibody; the sensitivity of the latter 
technique is such that less than I mJig antibody can be detected. 

IgG ímmunoglobulin 
IgG insulin-binding antibod y has been detected as early as the 14th da y of insulin 
therapy {Devlin 1967) and is well established by the 4th week. It has been 
characterized by chromatogra phic,ultracentrifugation and radio-immunoelectro
phoretic techniques (Chao et al 1965; Toro-Goyco ct al 1966; Morse& Heremans 
1962; Yagi et al 1963; Devlin & O'Donovan 1966). lt is the antibody associated 
with insulin resistance, and in the vast majority of insulin-treated patients it is thc 
only insulin-binding immunoglobulin present. Fast- and slow-moving com
ponents which can be readily separated by ion-exchange chromatography, and 
which have similar equilibrium constants, have been identified. Both fast- and 
slow-moving components appear simultaneously (Devlin 1967). 

IgM ímmunoglobulin 
Insulin-bínding immunoglobulins of this class ha ve been found as the antibody 
of the primary response (Devlin 1966). It may be presentas early as the 2nd da y 
of insulin therapy and can persist for up to 43 days. It has also been found, 
although rarely, in patients on long-tcnn insulin therapy and Yagi et al (1963) 
have notcd its presence in addition to IgA insulin-binding immunoglobulin in 
one patient with systemic hypcrsensitivity. 

IgA immunoglobulin 
With the exception of the patient mcntioned above by Yagi no definí te evidcnce 
for the existence of insulin binding in this immunoglobulin class exists. It has 
been presumed hithcrto that the antibody responsible for passivc transfer 
rcactions and which was also described carlier by Loveless (1945) as a heat-labilc 
antibody was the 'reagin' antibody associated with systemic hypersensitívity. 
Howevcr, the recent observations of Ishizaka and his co-workers (see Ishizaka 
ct al 1966c), in wbich a ncw immunoglobulin class, IgE, has bcen reported in 
association with reaginic activity, would indicate that previous reports on the 
incidence of IgA reaginic antibody be considcred with caution and that a fresh 
reappraisal of reaginic antibody in iusulin thcrapy is indicated. 

INSULIN RESISTANCE 

INCIDENCE 

Absolute figures on the incidence of insulin resistance (i.e. insulin requirements 
in excess of 200 u/ da y in the absence of aggravating factors, e.g. infection (Martín 
ct al 1941), are not available, but thc suggested figure from literature surveys is 
less than o.r/o (Shipp ct al 1965). There are no figures on the incidence of anti-
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body-related resistance amongst resistant cases, due to the inadequate technical 
procedures available for such studies until recently, although the available 
evidence suggests that it comprises at least 6o/,; of cases studied (see Shipp et al 
1965). However, as the basic physiological insulin requirement of the de
pancreatectomized subject lics in the region of 40 units(day, a state of relative 
insulin resistance is much more common, as the mean insulin requirement of a 
juvenile diabetic is closer to 70 units(day. Studies of the maximum insulin
binding capacity in insulin-resistant cases yield figures in excess of 6o units(litre, 
and usually in excess of 200 units/litre (i.e. 2.6-7.3 J.tg/ml, or higher) (Berson 
& Yalow 1959a; Morse 1961; Feldman et al 1963). There is only a very approxi
mate relationship between binding capacity and insulin dosage from patient to 
patient (Berson & Yalow 1959a; Prout and Katins 1959) although there is a 
definite relationship between alterations in total binding capacity and insulin 
requirements within the same patient (Morse 1961). The failure to demonstrate 
an exact relationship between binding capacity and insulin dosage arises from a 
number of factors. 
I. Total binding capacity is an in vitro f¡gure established by extrapolation under 
steady-state conditions which cannot obtain in vivo. The free hormone concen
tration and therefore the available biologically active hormone concentration 
is determined by the eqnilibrium constants of the antigen-antibody 
reaction, and the concentrations of antigen and antibody according to the general 
formula 

(antigen :antibody) K= . 
(antigen) (antibody) 

As the rate of destruction of free insulin is independent of concentration over a 
very wide range, the permitted available concentration of free hormone is 
determined by the biological requirements. Adequate hormone must be admin
istered, therefore, to satisfy the antibody characteristics at the required biological 
concentration of free hormone. This is determined by the rate constants of the 
reaction in addition to the total binding capacity. Antibody with quite different 
affmity for antigen can ha ve similar total binding capacity; for example, the total 
binding capacity for different species of insulin by the same serum, assuming 
there is immunologic cross-reaction, is similar, although the equilibrium con
stants are quite different (Berson 1959a). Hence the antigen-antibody affinity 
must also be considered in any quantitative study of the effect of antibody on 
hormone requirements. That the affinity of antigen for antibody relates to the 
hormone requirement even in the relatively resistant diabetic patient, was 
demonstrated by the observation that there is a straight-line relationship between 
the clinical requirements ofbeef and pork insulin and the relative affinity of the 
antibody for beef and pork insulins as determined in vitro (Devlin et al 1967), see 
Fig. 25.2. 
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2. The pathophysiological insulin requirements of the diabetic state vary from 
patient to patient depending on a number of known factors, e.g. infection, and 
on the presence or absence of inhibitors or antagonists. Thus the biologically 
determined concentration of available honnone is independent of the immuno
logical factors. It seems unlikely that complexed hormone is biologically active. 
3. Earlier studies in which insulin haemagglutination antibody titre studies 
failed to correlate with insulin dose (Moinet 1958) can be partly explained by the 
relatively greater effect of insulin-binding IgM antibody on this reaction (Devlin 
& Laher 1966). The 'blocking' antibody of insulin resistance as was mentioned 
earlier has been shown to belong to the IgG immunoglobulin class. 

INSULIN HYPERSENSITIVITY 

This may be local or systemic. Local reactions may be immediate, i.e. develop
ing within -!-2 hr after injection and persisting for 12-24 hr, or delayed, i.e. 
developing within 6-24 hr after injection and persisting for 1-4 days. They never 
occur with the first insulin injection, usually develop within the first week and 
persist for 2-4 weeks, and frequently recur on resumption of insulin therapy 
when the latter has been omitted. They can appear for the first time during the 
course of insulin treatment, however, without any speciflc relationship to onset of 
insulin therapy or to alteration (Kreines 1965). Local reactions may persist and 
progress to systemic reactions. The systemic reactions may take the form of 
anaphylaxis, serum sickness, gastro-intestinal symptoms and very rarely throm
bocytopenic purpura (Constam 1956). Hypersensitivity phenomena occur in a 
high percentage of cases of true insulin resistance (from 7 to 30/;; of cases, 
Burkart et al 1963; Daweke 1966; Davidson et al 1950; Shipp et al 1965). 

SYSTEMIC INSULIN HYPERSENSITIVITY 

The overall incidence of systemic hypersensitivity is probably less than that of 
insulin resistance, i.e. 0.1/;;, with which it is frequently associated. Positive 
Prausnitz-Küstner reactions, and insulin-binding IgA immunoglobulin have 
been found in this condition (Yagi et al 1963). No speciflc study with reference 
to IgE has been completed. With the possible exception of the reports by 
Harris-Jones et al (1963) gamma A antibody to insulin has not becn found 
cxcept in thc presence of systemic insulin hypersensitivity (Morse 1962; Devlin 
& O'Donovan 1966). lntradermal testing with crystalline insulin results in a 
positive weal and fiare reaction (Kreines 1965; Pfeiffer 1966), and can be used to 
distinguish species-specific hypersensitivity. 

LOCAL INSULIN REACTIONS 

As with systemic reactions the incidence oflocal reactions is decreasing with the 
improvement in thc purity of insulin preparations. Severe local reactions, im
mediate in type, described as being Arthus phenomena (Type III reactions, see 

x* 
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Chapter 20), were a much more prominent feature of earlier publications 
although sporadic case histories continue to be published (Schirren 1953). Three 
types oflocal reactions are discussed-weal and fiare, Arthus reaction and delayed 
hypersensiti vity. 

WEAL AND FLARE REACTIONS 

Studies of the weal and flare reactions to insulin ha ve produced fruitful but con
fusing results. Earlier studies in this field (see Paley & Tunbridge 1950, 1952) ha ve 
highlighted the importance of outruling false positive reactions due to either the 
physicochemical state of the test substance or to 'secondary' proteins. With the 
single exception of the observation that it is positive in patients with systemic 
hypersensitivity reactions, i.e. with urticaria! reactions and eosinophilia, uni
versal agreement on the remaining aspects of the reaction is lacking. There is 
good evidence that the reaction is positive in a high percentage ofinsulin-treated 
patients (53%) compared with normal controls (ro%) (Arkin et al 1962). These 
studies are supported by the report that so% of a beef insulin only treated dia
betic population show positive reactions to beef insulin while only 6% show 
similar reactions to pork insulin (Devlin & O'Donovan 1966). 

There is good evidence, therefore, to indicate that the reactiou is due to an 
antibody to insulin presumably tissue fixed as the weal and fiare reaction in a 
local variety of a Type I reaction. The nature of the antibody in this reaction is 
obscure. In the presence of a systemic hypersensitivity state with eosinophilia, 
etc., presumably a specific reagin antibody is involved. However, in the absence 
of systemic hypersensitivity it must be postulated that either a reagin antibody is 
present, but is rendered ineffective by excess blocking antibody, or else that 
reaginic activity can be associated with more than one immunoglobulin class. 
While no specifiC studies with reference to IgE have been reported, it is known 
that neither IgA nor IgM is essential for the reaction, and there is evidence 
from radioimmunoelectrophoretic studies (Devlin & O'Donovan 1966) sug
gesting a relative increase of the fast-moving (y 1) component of the IgG com
plex. IgG is certainly widely distributed in the human dermis (Allansmith et al 
1964) and it is possible that in sorne circumstances it may have reaginic activity 
(Terr & Bentz 1965). Heat aggregation of human y-globulins which are other
wise non-toxic, can result in the production of dermal toxicity (Ishizaka 1963), 
and perhaps the interaction of antigen with the skin-fixed IgG antibodies can be 
associated with the development of 'reaginic' activity. On the other hand, 
perhaps the newly discovered reaginic IgE antibody is widely distributed. 

ARTHUS REACTION 

There is some doubt as to whether these reactions are due to an allergic response 
to insulin alone or to insulin plus an associated 'secondary' protein. The case 
described by Schirren, in which careful histological studies are reported, was 
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ccrtainly due to an associated protein in the depot insulin preparation. Also 
Poulsen (r966) reports that with the increasing purity ofNordisk insulin prepara
tions no local reactions have been observed at the Steno Memorial Hospital for 
over IO years. It is possible, thereforc, that the reaction bctween crystalline and 
IgG antibody may not be associated with an Arthus-type reaction in man 
especially as (r) the reaction is not complement dependent (see Chapter ro), (2) 
there is a relatively low incidence of local reactions despite the presence of IgG 
antibodies, in varying titres, both high (Oakley et al 1959, etc.) and low in 
insulin-treated patients, (3) the reported absence of local reactions in 106 cases 
treatcd only with crystallinc insulin (Altshuler 1937) and (4) the extreme 
solubility of the crystalline insulin-antibody complex (sec Berson & Yalow 
1959, etc.). Of some significance, maybe, is the observation that local reactions 
are more frequent in the early stages of insulin therapy, during the time of the 
primary antibody response. They are associated with a demonstrable IgM 
insulin-binding antibody (Devlin & O'Donovan 1965; Devlin 1966). IgM anti
body is capable of inducing reversed Arthus-type reactions in guinea-pigs 
("fada & Ishizaka 1965), and theoretically would be more likely to be associated 
with the aggregation which is probably necessary for Arthus-type reactions 
(Levenson & Cochrane 1964). The fact that precipitation with this antibody 
and insulin has not been demonstrated using whole sera may be a question of 
titre and time of tcsting. Further study, both histologic and experimental, is 
required before the true incidence of Arthus-type reactions can be statcd, and the 
antigens involved described. 

DELAYED HYPERSENSITIVITY 

Although local reactions to insulin have been subdivided into immediate and 
delayed, the clinical descriptions do not permit a distinction between a delayed 
immediate response and a true delayed Type IV reaction. There are very few 
accounts of detailed sequcntial histological studies. Recently, however, Federlin 
et al (r966) have demonstrated the existence of true delayed hypersensitivity to 
insulin mediated by lymphocytes. The reaction was species specific. In sorne of 
the cases studied there were also humoral antibodies (immunoglobulin class not 
determined). 

THEORETICAL IMPLICATIONS OF THE ALLERGIC RESPONSE 

Apart from the problems of resistance and hypersensitivity there are two further 
theoretical possibilities which require brief mention. 

Allergíc response and diabetic complícations 
The possible role of antigen-antibody reaction in the mechanism of diabetic 
glomerulosclerosis and retinopathy has been investigated by Berns et al (r962) 
and Coleman et al (1962), who observed that f!uorescein-labelled insulin will fix 
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to these lesions. Howevcr, as thc glomerular and vascular lesions associated with 
diabetes can apparently be observed both in the experimental animal and in the 
man, in the absence of any exogenous insulin therapy (see MacDonald & 
Ireland 1964; Rees et al I964), an allergic basis for these diabetic complications 
seems unlikely. Also ftxation of fl.uorescein insulin to hyalin material can be 
relatively non-spccific (Berns et al 1963). 

Is/itis oj islcts oj Langcrhans in insulit~-treated animals 
Round-cell infiltration of the islet tissue has been reported by Renold (1964) and 
Grodsky (1965) in the cow and rabbit respectively which ha ve been treated with 
insulin and in whom there has been a detectable allergic response. In so me of the 
rabbits diabetes has occurred. The incidence of diabetes is, however, quite low, 
despite high levels of antibody which can cross-react with the endogenous 
insulin. However, the fact that proven diabetes has occurred in the experimental 
animal, as a result of an allergic reaction, certainly suggests that a similar reaction 
can take place in treated human subjects. There is no documentary evidence 
as yet of such a reaction. The histologic nature of the lesion in the islet tissue of 
the diabetic animals was closely rclated to the histology of auto-allergic disease 
in general. It has been considered, therefore (Grodsky 1966; Federlin 1966), that 
the reaction is a manifestation of delayed hypersensitivity (Type IV). The ulti
mate prognosis of the reaction, if it does occur in man, may be good, as one of 
the two diabetic rabbits described by Grodsky et al improved spontaneously. 

THERAPY OF INSUL1N RES1STANCE AND 

SYSTEM1C HYPERSENS1T1V1TY 

This problem, occurring in less than 0.1% of diabetic patients, is not frequently 
encountered. Resistance also frequently regresses spontaneously, and often 
quite rapidly, resulting in serious hypoglycaemia (Michel 1965; Shipp et al I965) 
and death. 

RES1STANCE 

By determining the effectiveness of insulin from different species to displace a 
labelled insulin, a preferential binding factor of the serum for one species of 
insulin with reference to another is obtained. Assuming, for example, that the 
patient is resistant to beef but sensitive to por k insulin the preferential binding 
of the serum for beefinsulin is obtained in the following manner. Serum aliquots 
are incubated with labelled beef insulin. Three groups of sera are incubated; to 
one (control) group buffer alone is added, to another group a fixed aliquot of 
cold beef insulin and to the third group a similar aliquot of cold pork insulin is 
added. The preferencial binding of the serum for beef with reference to por k 
insulin is then obtained from the formula: 
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% binding (control)-% binding (beef) 

% binding (control)-% binding (pork)" 

This factor has been shown to be directly related to the subsequent clinical 
requirements of the test insulin (see Fig. 25.2). If an obvious preference is de
tected then appropriate therapy can be instituted. In this manner a number of 
patients have been satisfactorily treated with pork insulin. Where mixtures of 
beef/pork insulin have been used, species-specific resistance is apparently always 
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FIG. 25.2. Relationship between predicted and clinical effectiveness of por k insulin 
in a beef-insulin-treatcd diabetic population (Devlin, Brien & Stephenson 1967). 

developed against the becf insulin. If no spccies specificity can be demonstrated, 
then steroid therapy can reduce insulin requirements. Immunosupprcssi ve 
agents may be of sorne value, but available evidence is insufficient. 

The prognosis following alteration from beef to por k insulin is good, as no 
gross change in either the preferential binding factor or insulin-binding capacity 
was detected in patients up to rS months after such a changeover (Devlin et al 
1966) nor was there any detectable evidence of a primary antibody response to the 
pork insulin. 
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HYPERSENSITIVITY 

Hypersensitivity may exist to all available species of insulin or m ay be limited 
to insulin from one species. The intensity of the weal and flare reaction to the 
intradermal inoculation of insulins either from different species or modified in 
sorne other way (viz. dealanineated porcine insulin) can be used to determine 
whether the hypcrsensitivity reaction is restricted to one species or type of 
insulin. In this way porcine, dealanineated porcine (Krcines 1965), sulfi1ted 
insulin (Menczel et al 1966) and human insulin can be used to overcome specific 
hypersensitivity statcs. Should the patient be hypersensitive to all types of insulin 
then, if insulin therapy must be continued, the patient must be desensitized 
(Corcoran 1938). The report on the value ofhcating the insulin (Dolger 1952) 
has not been confirmed (Loveless 1958). With sorne patients (Jorpes 1949) 
crystalline insulin has been of some use in overcoming both local and systemic 
hypersensitivity states. The latter report, however, of 300 cases of insulin h yper
sensitivity treated with crystalline insulin, arose directly frorn the difficulties in 
obtaining highly purified preparations for therapcutic purposes during thc last 
war. 

OTHER HORMONES 

GROWTH HoRMONE 

The allcrgic response to non-human growth hormone precludes its use in man. 
Human growth hormone, m.w. 21,500 (Andrews) would be expectcd to be 
antigenic in man on thc basis of the experience above with hornologous insulin. 
Antibody formation has becn reportcd fi·om numerous centres (Prader 1964; 
Roth 1964; Frasier 1966; Parker 1964), and has been associated with resistance 
to the honnone, although this is not invariable. Significant resistance in so/';; of 
cases treated with human growth hormone has bcen reported by Parker & 
Daughaday (see Melick et al 1967). This has not been observed in all centres 
(Cerasi & Luft 1966). The variable incidcnce of serious rcsistance relates in part 
to the purity of the preparation (Prader et al (1964) used a preparation at pH 3 
which was not always a clear solution). Other factors such as biological variation 
may also be in volved. The question of pH and of aggregation has alrcady been 
discussed. 

Growth hormone binding-capacity studies carried out on resistant patients 
ha ve revealed binding capacities varying from 1.9 to roo Jlg/rnl. Thcre is a rapid 
fall in antibody titre on cessation of therapy which rises rapidly on rcinstitution. 
Trials of steroid or other immunosuppressive therapy in resistance have not 
been reported. Hypersensitivity phenomena, of eithcr a local or systemic nature, 
have not so far been reportcd. Thc antibody involved in resistancc has been 
localizcd to the IgG immunoglobulin class. 
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ADRENOCORTICOTROPHIC HüRMONE 

Local and systemic hypersensitivity reactions rcsulting oc<:asionally in anaphyl
actic reactions causing death occur in 5/;; of cases treated with ACTH (Buytendijk 
et al 1964). The local reactions are both acute and delayed in type. The incidence 
of these reactions is decreasing, a dccrease which is attributed to the increasing 
'purity' of the prcparations (W est 1962). Both bovine and porcine ACTH are used. 

Therapy 
The synthctic polypeptidc containing the first twenty-four amino-acids of the 
ACTH molecule can be used in hypersensitivc patients. 

FoLLICLE-STIMULATING HoRMONE AND HuMAN 
CHORIONIC GüNADOTROPHINS 

Human FSH and chorionic gonadotrophins have been used intermittently for 
periods of up to 2 years in some patients and after a lapse of 3 to 4 years in others 
without evidence of either resistance or hypersensitivity phenomena (Gemzell 
1964, 1967). Crookcs (1966) from a group of eighteen patients reported the 
development of local reaction in one patient to FSH but not to HCG. The patient 
also became resistant to FSH. 

V ASOPRESSIN 

Antibodies capable of reacting with lysine vasopressin (m.w. 1056) and presum
ably also with arginine vasopressin have been reported by Pepys et al (1966), as a 
result of inhalation therapy of crude bovine and porcine pituitary extracts as 
snuff. Reaginic antibody resulting in positive weal and fiare reactions and passive 
transfer reactions with the crude extract was noted. Also precipitin antibodies 
to antigens of both heterologous and homologous pituitary glands were noted. 
Positive immunofluorescence by two sera with human pituitary, adrer;a\ medulla 
and brain tissue was also observcd. The latter appeared to be dueto an antibody 
response to the heterologous pituitary extract and not to be a trne auto-antibody. 
The precipitin antibodies were associated with pulmonary mottling similar to 
farmer' s lung. 

The un usual mode of entry of the antigen in this case suggests that a break
clown of tolerance as a result of exposure to cross-reacting antigenic material by 
other routes, e.g. gastro-intestinal tract, could occur and, if so, could con
ceivably form a thcoretical basis for thc demonstration of auto-antibodies to 
insulin found by Penchev (1966) and suggested by the complement-fixing 
insulin:serum reaction in untreated diabetic patients reported by Pav (1963). 

pARA THORMONE 

Melick et al (1967) reported the association of clinical resistance to parathyroid 
hormone with antibody formation in one patient. The preparation used was 
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relatively crude. Antibody formation in man to highly purified parathormone 
has not been reported. Clinical resistance to p3rathormone is nota serious clinical 
problem as therapy of hypoparathyroidism with vitamin D is satisfactory. 
Idiopathic hypoparathyroidism is not associated with auto-antibodies (Melick 
et al). 
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ALLERGIC DRUG REACTIONS 

J.F.AcKROYD AND A.J.RooK 

INTRODUCTION 

CLASSIFICATION OF DRUG REACTIONS 
The differentiation of idiosyncrasy and hypersensitivity 

fACTORS DETERMINING THE DEVELOPMENT 
OF HYPERSENSITIVITY 
THE P A TIENT: Age and sex: Genetic factors: Occurrence of drug 
reactions in paticnts with a previous history of asthma, hay fever or 
infantil e eczema. DISEASE. THE DR u G: Chemical structure and sensi
tizing capacity: Cross-sensitization: The ro u te of administration and 
thc vehicle: Dosage 

CLINICAL PATTERNS 
CUTANEOUS REACTIONS: Pruritus: Urticaria: Exanthematic erup
tions: Exfoliativc dermatitis: Bullae: Erythema multiforme: Epi
dermal necrolysis: Lichenoid eruptions: Fixed eruptions: Purpuric 
eruptions: Eczema: Photosensitization: THE AssocrATION OF 
CUTANEOUS REACTIONS WITH BLOOD DYSCRASIAS SYSTEMIC 
REACTIONS: Fever: The serum sickness type of reaction: Reactions 
characterized by the development of a state of shock: Bronchial 
asthma: Polyarteritis: Syndrome resembling disseminated lupus 
erythematosus: Liver damage: Nephropathy: Retroperitoneal fibrosis: 
Lymph gland enlargement simulating malignant lymphoma: Blood 
dyscrasias 

IMMUNOLOGICAL MECHANISMS 
MECHANISMS OF CUTANEOUS REACTIONS. MECHANISMS OF 
SYsTEMIC REACTIONS: Fever: Asthma, urticaria, the serum sickness 
type of reaction and reactions characterized by a state of shock: B Lo o D 
DYSCRASIAS: Thrombocytopenic purpura: Haemolytic anaemia: 
Agranulocytosis 

DIAGNOSIS 
SKIN TESTS: The technique of patch testing. IN VITRO TESTS: 
Reactions involving the release ofhistarnine: Demonstration ofhaem
agglutinating antibodies to penicillin: In vitro stimulation of peripheral 
blood lymphocytes: Thrombocytopenic durpura: Haemolytic 
anaemia: Agranulocytosis: The significance of positivc serological 
findings: TEsT DosiNG: The teclmiquc of test dosing 
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TREATMENT 

Prophylaxis: Desensitization 

INTRODUCTION 

Untoward reactions to drugs, their early recognition, their prevention and 
treatment, and the investigation of the mechanisms which underlie them, con
stitute one of the most urgent problems of modern medicine. Although rare, 
fatal reactions to drugs are more common than is generally recognized. It has, 
for instance, been estimated that up to 1956 penicillin had probably caused one 
thousand deaths in the United States (Feinbcrg & Feinberg 1956). More in
directly, by precluding the use of an essential therapeutic agent, or by the diag
nostic confusion for which they are often responsible, drug reactions are a 
serious hazard. Of several hundred new pharmaccutical products made available 
each year, some 10-15/;; are new chemical compounds. No effective measures 
have yet been devised for screening drugs by animal experiments for their 
sensitizing capacity in man. 

CLASSIFICATION OF DRUG REACTIONS 

The following classification is based on that ofBrown (1955). 
1. Overdosage. The toxic effects are directly relatcd to the total amount of the 

drug in the body. The overdosage may be dueto excessive intake orto cumula
tion as a result of some abnormality in the patient, which prevents the normal 
breakdown or excretion of the drug. 

2. Intolerance. The effects of the drug are qualitatively normal but quanti
tatively increased. 

3· Idiosyncrasy. The reaction to the drug is qualitatively abnormal and, in this 
way, idiosyncrasy resemblcs hypersensitivity (see below). However, unlike 
hypersensitivity, the reaction does not depend on an immunological mechanism. 

4· Síde effects. This term, often employed more loosely, should be reserved for 
the undesirable but unavoidable pharmacological actions of a drug. 

5· Secondary ejfects. The sccondary effects are an indirect and not inevitable 
consequence of the primary drug action. The disturbance of the normal balance 
of the bacteria! flora of the bowel in patients receiving long-term antibiotic 
therapy is an important example. 

6. Hypersensitívity reactions. Hypersensitivity reactions are the result of allergic 
sensitization to a drug by previous exposure to the same drug orto a chemically 
related substance. They are mediated by antigen-antibody reactions. 

Frequently it is not possible to state with certainty that a symptom or syndrome 
is dueto drug hypersensitivity. In fact it may not be possible evento be certain 
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that the reaction is due to the drug at all. It may be due, for instance, not to the 
drug but to the disease for which the drug is being given. Thus, although aplastic 
anaemia may develop as a reaction to the drug itself in a patient receiving 
chloramphenicol, it may occasionally occur because the patient's borre marrow 
has been damaged by the overwhelmi:ng infection for which the drug is being 
given. Furthermore, a syndrome apparently due to drug hypersensitivity may 
be due to the development, by the patient, of an entirely different disease. As an 
cxample of this may be quoted the condition now known as homologous serum 
jaundice. This was at one time thought to be dueto a reaction to arsphenobenzol 
compounds and other drugs given by injection but is now known to be due to 
contamination of syringes with a hepatotoxic agent. 

THE DIFFERENTIATION OF IDIOSYNCRASY 

AND HYPERSENSITIVITY 

Recent advances in the investigation of drug reactions have made it clear that 
one of the major difficulties is in the differentiation of reactions due to idiosyn
crasy from those dueto hyperscnsitivity. This is shown by recent studies of cases 
ofhaemolytic anaemia caused by therapeuti:c doses of primaquine (Beutler 1959). 
It has been found tl1at this drug causes haemolysis in patients whose red cells are 
deficient in the enzyme glucose-6-phosphate dehydrogenase. It seems probable 
that other drugs, including nitrofurantoin, sulphonamides, para-amino-salicylic 
acid, naphthalcne and phenacctin can also cause haernolytic anaemia in such 
individuals. Also, the condition favism-an acutc haemolytic anaemia which 
rcsu1ts when the broad bcan, Vicia Jaba, is caten by a susceptible individual-has 
becn shown to be associated with a deficiency of this samc cnzyme (Zinkham, 
Lenhard & Childs 1958), although favism has been widely bclievcd in the past 
to be duc toan immunological mechanism. Sideroblastic anaemia occasionally 
dcvclops in the cotme of treatment with certain antituberculous drugs. This 
appcars to be due not to an immunological mechanism, but to interferencc by 
the drugs with pyridoxine metabolism (Molli:n 196 5; Verwilghen, Rcybrouk, 
Callens & Coscmans 1965). The drugs with which these patients have been 
treated-and almost all of them have been receiving more than one drug 
-include i:soniazid, cycloserine and pyrazinamide. As further examples of 
drug reactions w!th no immunological basis may be mentioned the prolonged 
apnoea occasionally produced by suxamethonium compounds, and the 
megaloblastic anaemia occasionally seen during treatment with anticonvul
sant drugs. The prolonged apnoea has been shown to be due to a gcnetically 
determined abnormality of the enzyme pseudocholinesterase. The megaloblastic 
anaerr1ia is thought to be due to interference by the drug with the metabolism 
of folie acid. A further example of a drug reaction in the genesis of which a gen
etically determined f:'lctor probably plays an important role is the development 
of peripheral neuritis by patients being treated with iso-nicotinic acid hydrazide. 
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Sorne individuals are able to acetylate, and so inactivate, this drug much more 
rapidly than others and this difference is genetically determined {Evans & White 
1964). Patients who inactivate the drug slowly develop peripheral neuritis much 
more ferquently than those who inactivate it rapidly {Devadatta et al 1960; 
Evans & Clarke 1961). The acetylation of hydrallazine seems to be similarly 
genetically determined (Evans & White 1964). However, no correlation has been 
demonstrated between the rate of acetylation of this drug and the development 
of a syndrome resembling disseminated lupus erythematosus that patients being 
treated with this drug apparently sometimes develop (see bclow). Another in
teresting example of a drug reaction closely rcsembling hypersensitivity but not 
duc to an immune mechanism is the precipitation by barbiturates and other 
drugs of the symptoms of acute intermittent porphyria. Not all patients with 
this disease develop symptoms in response to the same drug, although a patient 
who has once developed symptoms in response to one drug apparently always 
does so in response to the same drug. The mechanism is unknown but the drug 
is certainly not the only factor involved, for attacks of acute porphyria may 
occur in patients who have not recently takcn drugs. However, a history of 
symptoms repeatedly precipitated by the same drug may strongly suggest a 
hypersensitivity reaction and the true nature of the condition may not be 
recognized if porphyria is overlooked as a cause. 

The following criteria have commonly been quotcd as characteristic of drug 
hypersensitivity and necessary for its diagnosis. However, none of these cxcludes 
idiosyncrasy. These criteria are: 
I. The reaction does not resemble the pharmacological action of the drug. This 
is, of course, also true of idiosyncratic reactions. 
2. There is a latent interval befare the reaction occurs, during which the drug 
has been taken with no untoward result. This can vary from a few days to many 
years. Although the existence of such a symptom-free period suggests that the 
condition is due to drug hypersensitivity the latent interval will, of cottrse, be 
exactly mimicked if the patient develops an intercurreut illness unconnected with 
the drug during a course of trcatment with that drug. Furthermore, in glucose-6-
phosphate dehydrogenase deflciency, drugs such as primaquine do not cause 
haemolysis immediately; haemolysis occurs only after 2-3 days of treatment. 
3. Identical reactions may be provoked by chemically dissimilar drugs. This, 
also, is true ofidiosyncrasy. There is, for example, no obvious similarity betwcen 
the drugs which can cause haemolytic anaemia in patients with glucose-6-
phosphate dehydrogenase deflciency. 
4· The reaction may be reproduced by minute doses even after long intervals. 
This phenomenon is also observed in idiosyncrasy. Perhaps thc best example is 
favism in which attacks of haemolytic anaemia may occur at long intcrvals in 
the same patient and in which haemolysis has been reported in response to the 
eating of a single bean and has even been described as having resulted when a 
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susceptible patient has walked near a field ofbeans in flower, the reaction pre
sumably resulting from inhalation of pollen. 
5· The pathological changes resemble those present in reactions known to be 
due to drug hypersensitivity. Although this is clearly true, the histological 
changes in many hypersensitivity reactions are not specific. For example, there 
are few, if any, significant differences bctween the morbid anatomical changes 
seen in cases of haemolytic anaemia, agranulocytosis or thrombocytopenic 
purpura dueto drug hypersensitivity, as compared with cases in which the cause 
is not known. Furthermore, this type of argument has often been used un
critically; for example, the facts that polyarteritis may occur in patients taking 
drugs, and that lesions resembling polyarteritis in man can be produced in 
rabbits by the repeated intravenous administration of very large doses ofhorse 
serum have been construed as demonstrating that polyarteritis in man may be 
due to drug hypersensitivity. Evidence from human studies is, however, by no 
means conclusive (see Rose & Spencer 1957). 
6. Administration of the same drug to the patient after recovery causes recur
rence of the same reaction. As already indicated, this is also true of reactions due 
to idiosyncrasy. Thus, except during the refractory period immediately follow
ing haemolysis dueto primaquine, the administration of the drug always causes 
haemolysis. Similarly, once a patient has developed the symptoms of acute 
porphyria in response toa drug, he always develops these symptoms in response 
to the same drug. 

A diagnosis of drug hypersensitivity can be made with certainty only when 
an antibody can be demonstrated either in vitro or by means of the passive 
transfer test in vivo. In the vast majority of cases of reactions occurring in the course 
of drug therapy, no antibody can be demonstrated. It is clear, thcrefore, that a 
diagnosis of drug hypersensitivity can often not be made with certainty and it 
may well be that increasing knowlcdge will show that nuny drug reactions now 
believed to be due to an immune mechanism are due to enzymatic or other 
abnormalities in the patient. 

FACTORS DETERMINING THE DEVELOPMENT 
OF HYPERSENSITIVITY 

The factors which determine the development ofhypersensitivity by a particular 
patient toa particular drug are largely unknown, and too few facts are available 
to pennit any general conclusions to be drawn. 

THE PATIENT 

AGE AND SEX 

Drug hypersensitivity may occur at any age and in either sex. It is commonly 
stated that children are less susceptible than adults. Smith & Zirk (r96r) found 
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that reactions to antituberculous drugs were m1common below the age of 15 
years. On the other hand, Huguley, Erslev & Bergsagel (1961) have reponed 
that in a series of thirty-three cases of blood dyscrasias due to chloramphenicol, 
twenty-seven were children 1-10 years old. Furthermore, Sulzbcrger and Baer 
found that sensitivity to picryl chloride was more readil y induced in thc skin of 
young than of elderly individuals (Baer & Schwarzschild 1955). It is generally 
believed that drug reactions are commoner in females than in males. Smith & 

Zirk ( 1961) found this to be true for streptom ycin; and of the thirty-thrce cases of 
blood dyscrasias dueto chloramphenicol (Huguley et al 1961) mentioned above, 
twenty-eight were females. 

GENE TIC F ACTORS 

The possib!e importance of genetic susceptibility in the development ofhyper
sensitivity to specific chemicals or groups of chemicals is suggcsted by experi
ments with guinea-pigs (Chase 1958), but has not been dcmonstrated in rnan. 

ÜCCURRENCE OF DRUG REACTIONS IN PATIENTS 

WrTH A PREVIOus HrsTORY oF AsTHMA, 

HAY fEVER OR INFANTILE ECZEMA 

The statement has frequently been made that patients who ha ve a history of 
asthma, hay fever or infantile eczema develop drug reactions more frequently 
than do normal individuals (Cooke 1919; Prickman & Buckstcin 1937; Berko
witz, Glaser & Johnstone 1953; Brown 1959). This opinion is, however, based on 
inconclusive evidence. Smith & Zirk (1961) were unable to confirm this in a 
study of reactions to antituberculous drugs. Wayne (1958), however, considers 
that it may be truc for those drug reactions characterizcd by the development of 
asthma, urticaria or a state of shock. It does appear that there is a group of 
patients with asthma and nasal polypi in whom aspirin tends to precipita te severe 
and somctimes even fatal asthma (Samter 1959). There is also evidcnce which 
suggests that penicillin is more liable to produce severe reactions in asthmatics 
than in normal individuals. Thus Corr & W ellman ( 19 56) reported that sixty of 
250 patients who had experienced severc reactions to penicillin gave a history of 
asthma. In endeavouring to asscss the signiflcancc of such fmdings it should, 
however, be borne in mind that patients with chronic asthma have often re
ccived a great dcal of drug therapy and may therefore have had much more 
opportunity than healthy individuals of becoming sensitized. 

DISEASE 

The frequcncy of reactions to many anti-infcctious drugs has led to the sugges
tion that certain infections may increase susceptibility to sensitization, but this 
has not bcen proved. A very high incidencc of photosensitization to sulphon
amides in recently vaccinated subjccts (Watkinson & Hillis 1947) lends some 
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support to this suggestion. The findings of Harvey and his colleagues (1954) 
suggest that susceptibility to drug reactions is increased in patients with dis
serninated lupus erythernatosus. However, during the long course of this disease, 
these patients often receive a great deal of drug therapy which will inevitably 
increase their risk ofbecoming sensitized. It has also been said that drug reactions 
occur less comrnonly in patients with sarcoidosis than in normal individuals. 
Certainly sensitivity to tuberculinis depressed in this condition and it has recently 
been shown that there is a reduced susceptibility to contact dermatitis which is 
also rnediated by a cellular rather than a humoral mechanism (Epstein & May
ock 1957). In hypogammaglobulinaetnia, delayed-type allergic responsiveness 
is often unimpaired and contact sensitivity to dinitrofluorobenzene can be 
readily induced (Good, Kelly, Rotstein & Vareo 1962). However, other forms 
of dtug reactions are rare in hypogammaglobulinaeruia, although reactions to 
penicillin have occasionally been reported. 

In thc course of a study of antithyroid antibodies Blizzard, Hamwi, Skillruan 
& Wheeler (1959) formed the clinical impression that patients with thyroid 
disease had an abnormal tendency to devclop hypersensitivity reactions to 
penicillin. They then showed that there was a high incidence ofhaemagglutinat
ing antibodies to penicillin in the sera of patients with antithyroid antibodies. 
Although the significance of these findings is uncertain, they do raise the pos
sibilities cither that endocrine factors rnay ha ve sorne influence on the develop
ment of drug hypersensitivity or that there ruay be sorne association between 
the rnechanisrns underlying autoimmunity and drug hypersensitivity. Both these 
possibilities are, howcver, entirely conjectural. 

THE DRUG 

CHEMICAL STRUCTURE AND SniSITIZING CAPACITY 

Some drugs rarely if ever provoke teactions, whereas others will do so in the 
ruajority of those exposed. Attempts to correlate sensitizing capacity with chern
ical structure have been unsuccessful beca use our knowledge of the mechanisms 
of sensitization is fragmentary and because ruany variables, such as the rate of 
rnetabolisrn and excretion of the drug, may be concerned in addition to the 
chemical structure of the drug itself or its metabolic products. The problem has 
been reviewed by Davies (1958). Landsteiner & Jacobs (1936) were able to 
correlate the capacity of a series of halogenated nitrobcnzene compounds to 
sensitize guinea-pig skin with their reactivity with aniline which is a measure 
of their ability to form stable compounds with protein. However, although 
the ability of the drug itself or its metabolic products to combine with protein 
may be a factor influencing sensitizing capacity, sorne of the drugs cornmonly 
causing reactions are not known to react directly with protein. 

Thc possibility that the patient has become sensitized, not to the drug itself, 
but toan impurity must always be considered. Thís has recently bcen shown to 
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be of particular importance in some cases of reactions apparently caused by the 
penicillins (Batchelor et al 1967; Knudsen et al 1967; Stewart 1967). 

CROSS-SEN SITI ZATION 

Cross-sensitization may be said to occur when allergic symptoms induced by 
one compound are subsequently also produced in the same patient by one or 
more related compounds. The compound originally inducing sensitivity is 
referred to as the primary allergen; other compounds to which the patient 
reacts are called secondary allergens. Most secondary allergens can function as 
primary allergens but some can only cause symptoms of hypcrsensitivity after 
primary sensitization with a more potent allergen. Theoretically, cross-sensitiza
tion may be due to a close immunochemical relationship between primary and 
secondary allergens or to metabolic conversion into immunochernically similar 
or identical compounds (Baer 1954). The range of cross-sensitization is not 
predictable in the individual patient. It may be specific for a single compound 
or may extend to many chemically related compounds. The patient reported by 
Meltzer & Baer (1949) provides an excellent example. He was clinically sensitive 
to benzocaine, sulphaguanidine and monoglycerol para-arninobenzoate. To 
these three substances he gave strongly positive patch tests. He was also patch 
tested with twenty other chemically related substances. Some of the positive 
reactions are listed in Tablc 26.I. In general the stronger the sensítivity to the 
primary allergen-in this case benzocaine-the wider the range of secondary 
sensitivities. However, so great is the variation in individual response that not all 
patients sensitized to the same primary allcrgen show cross-sensitivity to the 
same secondary allergens. 

The clinical importance of cross-sensitization is obvious. Exposure, perhaps 
by a different route, and sometimes unsuspected, may ha ve induced sensitization 
to a drug. The failure to appreciate the chemical relationship bctween different 
drugs, a danger increased by the widespread use of proprietary names, may 
lead to the inadvertent substitution of a secondary allergen in a patient with a 
severe drug reaction. A few of many examples may be cited. In a patient sen
sitized by topical applications of paraphenylenediamine or benzocaine the 
systemic administration of sulphanilarnide or certain other aromatic amines 
(Mayer 1950) may provoke a reaction. Neomycin may cross-sensitize to strepto
mycin (Sidi, Hincky & Longueville 1958). Cross-sensitization within the 
expanding group of phenothiazine derivatives (promethazine, chlorpromazine 
and related compounds) is of common occurrence. The possibility of cross
sensitization, now recorded for drugs of many types, must be considered in all 
reactions whose origin or persistence is not readily explained. 

THE RüUTE OF ADMINISTRATION AND THE VEHICLE 

Apart from contact dermatitis which is rarely, if ever, produced in man except 
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TABLB 26.1 

Cross-sensitization with chemicals causing eczema (from Baer 1954) 

Substance 

Benzocaine 

Butesin 

Para-aminobenzoic acid 

Para-phenylenediamine 

Aniline 

Monoglycerol 
para-aminobenzoate 

Procaine 

Sulphaguanidine 

Chemical structure 

HlNO 

Reaction 

++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

+++ 
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TABLE z6.x-contd. 

Substance Chemical structure Reaction 

Sulphanilamide +++ 

Saccharin e 

CX>H 
S 

++ 

/\. 
o o 

by the repeated application of the drug to the skin, the route of adrninistration 
of a drug is of little importance in determining the type of hypersensitivity 
reaction. 

Vehicles which provoke local inflammatory changes appear to facilitate 
sensitization. Beeswax and oils enhance the sensitizing capacity of penicillin 
(Lepper et al 1949). Their action is probably similar to that of Freund's and 
other adjuvants which are used experimentally to enhance antibody response 
to antigenic stimuli. It is not altogether clear how they produce this effect (see 
Munoz 1964). When rnixed with antigen, they probably delay absorption and 
so prolong antigenic stimulation. They may also increase the number of 
inflammatory cells attracted to the area. 

DosAGE 

In general, the higher the dose and the longer the period of adrninistration, the 
greater is the possibility of sensitization. Once the patient has become sensitized, 
the reaction may sometimes be provoked by extremely small doses. As ex
amples of this, a severe penicillin reaction has followed the intradermal injection 
of 3 x ro - 6 of a unit of procaine penicillin G (Bierlein 1956) anda rnild attack of 
generalized purpura with thrombocytopenia has been produced by the 
intradermal injection into a highly sensitized patient of 1.4 x 10 -

6g ofSedorrnid 
(Ackroyd 1949). However, in the course of time, if no further drug is given, the 
concentration of antibody may fall to a level at which even a therapeutic dose of 
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the drug given on a single occasion may fail to precipitate a reaction. Further 
administration of the drug, however, invariably stimulates rapid antibody 
formation, and thereafter the drug again causes the reaction. The fall in antibody 
concentration may occur quite rapidly over the course of a few weeks or it may 
occur so slowly that a reaction can be provoked by a single small dose after an 
interval of several years during which the patient has not taken the drug (see 
Ackroyd 1964). 

CLINICAL PATTERNS 

In patients who ha ve not previously taken the drug, the onset of the reaction 
seldom occurs after less than a week of continuous treatment. It may develop 
at any time thereafter, even after years of continuous or intermittent administra
tion. If the drug fonns a depot from which it is slowly liberated, the reaction 
may develop weeks or even months after the drug has been discontinued. As an 
example of this may be quoted a patient who developed thrombocytopenic 
purpura 6 months after his last injection of a gold salt. This responded to treat
ment with dimercaprol (BAL) but relapsed when the treatment was discontinued 
(Hazlett &Yendt 1958). In such cases, unless a careful history is taken, the true 
cause of the condition may be overlooked. In highly sensitized patients symp
toms appear rapidly-within seconds or a few hours-after administration of 
the drug itself or of a chemically closely related compound. This may happen in 
response to the first dose taken after a long interval but, as already stated, if the 
degree of sensitivity has become less with the passage of time, the patient may 
tolera te a single therapeutic dose with no untoward reaction. Eventually, usually 
within a few days, or at most within 2 or 3 weeks, if the administration of the 
drug is continued, symptoms ofhypersensitivity will reappear. 

Certain dmgs provoke certain reactions sufficiently frequently for the type of 
reaction to be of value in diagnosis; for example, the fixed eruption due to 
phenolphthalein and the itching purpuric rash caused by carbromal. However, 
sorne drugs are capable of provoking almost any reaction. Thc extraordinary 
variety of drug reactions defies logical classification in the present state of our 
knowledge. In the following section, only a rclativcly small number of reactions 
are considered but many others have been attributed to drugs, some on very 
questionable evidence. It must be emphasized that, although thc different re
actions are discussed separately, more than one reaction is commonly seen in the 
same patient. Systemic and cutaneous reactions are often associated, although in 
published case reports so much emphasis is placed on the most conspicuous 
featurc that reliable ínformation on the frequency of systemic manifestations in 
drug eruptions, and of skin rashes in blood dyscrasias and othcr systemic reac
tions, is largely lacking. The drugs mentioned below are eh osen only as examples 
of familiar drugs known to provoke the reaction described. For detailed lists. 
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the textbooks of Alexander (1955) and Meyler (1952) and the latter author's 
periodical reviews of the world literature (1955 onwards) should be consulted. 

CuTANEous REACTIONS 

PRUR1TUS 

Pruritus is a conspicuous feature of many drug eruptions but may occasionally 
be the only symptom, or may precede othcr cutaneous or systcmic reactions, 
particularly to sulphonamides or gold salts. 

URTICARIA 

Urticaria has been the commonest cutaneous drug rcaction since the widespread 
use of penicillin. It frequently occurs alone. It is a troublesome feature of the 
serum sickness type of reaction. It usually subsides in a few days if treatment is 
discontinued but, when due to penicillin, it sometimes persists for 2-3 months, 
or even longer. lt increases in severity with continued administration of the drug 
but rarely evolves into other types of reaction. Othcr common causes are sera, 
pollen extracts and salicylates. 

EXANTHEMATIC ERUPTIONS 

The exanthematic eruptions vary greatly in their morphology and extent. There 
may be a simple or scarlatiniform erythema, macules, or a combination of 
macules and papules closely simulating an infective exanthem. The papular 
eruptions sometimes have a violaceous or cyanotic tint, which should suggest a 
drug rather than an infective origin. The exanthematic eruptions may be con
fined to the extensor aspects of the hands, forearms and legs, or may involve 
predominantly the trunk, or they may be almost universal. If the offending drug 
is not discontinued exfoliative dermatitis may develop. They are amongst the 
commonest reactions caused by drugs. They have been produced by a very 
large number of chemically unrelated drugs; in particular the barbiturates, 
pyrazolones (phenazone and related compounds), and the sulphonamides. They 
are rarely due to penicillin. 

ExFOLIATIVE DERMATITIS 

The term exfoliative dermatitis should be strictl y confincd to a universal or 
widespread persistent erythema and oedema with continued exfoliation. lt is 
often wrongly applied to the secondary exfoliation which so often complicates 
exanthematic eruptions. Exfoliative dermatitis is a very serious reaction. The 
grossly increased heat loss, the prolonged loss of protein in exudate and scale 
and the added circulatory burden of the continued peripheral vasodilation may 
prove fatal in weak or elderly patients. Chills and fever are frequent. Exfoliative 
dermatitis may be of rapid onset, or may develop by gradual extension of 
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flexural erythema and scaling, or may follow an exanthematic eruption. The 
compounds of the heavy metals, the barbiturates and the sulphonamides are 
important causes. 

BuLLAE 

Purely bullous eruptions dueto drugs are relatively uncommon and are classically 
associated with iodides and bromides, although many other drugs may be con
cerned. Bullae are a conspicuous feature of eruptions more correctly classified as 
erythema multiforme oras fixed eruptions. 

ERYTHEMA MULTIFORME 

Dull red oedematous papules and plaques, often with central bullae, develop 
symmetrically on the extensor aspects of the extremities. Fever and malaise are 
common and occasionally there may be joint pains and abdominal pain. 
Sulphonamides, barbiturates and pyrazolones (phenazone and related com
pounds) are perhaps the commonest of many drugs incriminated. A serious, 
predominantly bullous variant, with severe involvement of ocular, oral and 
genitalmucous membranes, is indistinguishable from the Stevens-Johnson syn
drome. It is usually attributable to phenobarbitone. 

EPIDERMAL NECROLYSIS 

Tender plaques of erythema cover large arcas of the bod y, usuall y reaching their 
greatest extent within a few hours. The lesions closely resemblc scalds. After 
r2-48 hr vast flaccid bullae form quite suddenly on the erythematous skin. The 
necrotic epidermis is shed and healing takes place in ro--r4 days. Severe toxaemia 
and death may occur when a large proportion of the skin surface is involved. 
Phenylbutazone, sulphonamides and many other drugs have been incriminated 
(Beare r962; Braun-Falco & Geissler I962). It is interesting that staphylococci 
also provoke this reaction, especially in infants (Jefferson 1967). 

LICHENOID ERUPTIONS 

Pink or lilac flat shining papules, simulating lichen planus clinically and histo
logically are produced by many common drugs. The eruption, which may 
be extensive, often persists for weeks after the drug is stopped, usually !caves 
pigmentation and may leave scarring. Gold and bismuth, mepacrin, chloroquine 
and quinine, thiazides and amiphenazole are known offenders. The pheno
thiazines (promethazine, chloropromazine and related compounds) have also 
been incriminated, (Groth 1961) but much more often cause other types of 
eruption. 

FIXED ERUPTIONS 

This term is applied to eruptions which recur in the same site or sites each time 
the drug is administered. Characteristically the lesion is a dull red oedematous 

y 



706 CLINICAL ASPECTS OF IMMUNOLOGY 

plaque ora bulla, which heals to leave persistent pigmentation. The lesions may 
be single or multiple, and additionallesions may appear each time the drug is 
given. lnvolvement of buccal or genital mucous membranes may accompany 
skin lesions or occur alone. Fever and malaise are sometimes present but are less 
common than in erythema multiforme. Phenolphthalein, phenazone, barbitur
ates and sulphonamides are most often incriminated. As with most drug reac
tions, cross-sensitivity to chemically rclated drugs is often observed, but 
occasionally chemically apparently unrelated drugs will also provoke a recur
rencc (Alexandcr 1955). 

p URPURIC ERUPTIONS 

Nonthrombocytopenic purpura 
By far the commonest cause of nonthrombocytopenic purpura due to a drug 
is the hypnotic carbromal (diethyl-bromo-acetyl carbamide). This causes a very 
characteristic picture in which the skin haemorrhages are associated with a 
s~aling, itching dermatitis. In long-standing cases, in addition to fresh haemor
rhages, the skin is stained with numerous ptmctate haemosiderin deposits-- the sites 
of previous purpuric haemorrhages. Patch tests are often positive (see Ackroyd 
1960), but the causative mechanism is unknown. The condition often persists 
for weeks and, occasionally, for months after the drug is withdrawn; an observa
tion whích suggests that a purely immunological mechanism is perhaps unlikely. 

Simple purpc¡ra unaccompanied by other skin lesions is not a common mani
festation of drug hypersensitivity. lt has been described as a result of treatment 
with iodides, gold, sulphonamídes, barbiturates and quinine. No imtnunological 
mechanism has bcen demonstrated. 

Anaphylactoid purpura (Henoch-Schonlein syndrome) 
Anaphylactoid purpura is rarely attributable to any cause (Ackroyd 1953, 1960)._ 
Occasionally foods have been implicated. Although some cases have been 
attributed to drugs, very few of these reports will bear critical analysis. Most 
have been cases of nonthrombocytopenic purpura (see above). However, the 
case reported by Symmers (1958) does appear probably to have been a true 
example of a11,o1phylactoid purpura due to aspirin. The case described by Creger 
& Houseworth (r954) resembled anaphylactoid purpura in many ways although 
the rash was not typical. The attacks were precipitated by quininc. An interesting 
finding in this case was that the patient's serum could sometimcs be shown to 
contain a factor which caused erythrophagocytosis in his own blood, and on one 
occasion also in normal blood in the presence of the drug. 

ECZEMA 

Eczema is the characteristic response to a drug applicd topically, of skin which 
has been sensitized by the same drug previously applied to it. In patients thus 
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sensitized, the systemic administration of the drug often, but not invariably, 
provokes a recurrence of the eczema. Eczema, however, rarely occurs as a mani
festation of hypersensitivity to drugs, which have only been administered 
systemically. Antibiotics, phenothiazines (promethazine, chlorpromazine and 
related compounds), mercurials, sulphonamides, antihistamines and quinine 
are sometimes incriminatcd. Occasionally a snbstance topically applicd may 
cwss-sensitize to an immunochemically related drug administered systemically 
(see cross-sensitization abovc). The subject of cczematons rcactions to drugs has 
recently been well reviewed by Fisher (r966). 

PHOTOSENSITIZATION 

Drugs may increase thc sensitivity of the skin to light by two distinct mechan
isms: phototoxic and photoallergic. In phototoxic reactions the drug potentiates 
the effects of those wavelengths of light which it absorbs. The reaction, which 
clinically resembles an exaggerated sunburn, develops within a few hours of the 
administration of the drug. lt occurs in all those in whom the dose of the drug 
and the exposure to light are adequate. The reaction sometimes provoked by 
dimethylchlortetracycline is of this type (Harber et al 1961). 

In photoallergic sensitization there is a latent period which may last for days 
or even months during which the patient takes the drug but reacts normally to 
light. Then, whilst still taking the drug, the patient develops an abnormal 
reaction to light in areas of skin exposed to it. This type of reaction occurs only 
in a small proportion of those taking the drug. lt may be urticaria!, papular, 
eczematous, bullons, purpuric or lichenoid and may recur over a period of days 
or months after every further exposure to light, with or even without further 
administration of the drug. The fact that there is a latent period has suggested to 
severa! workers that the condition has an immunological basis (Epstein & May
ock 1957; Jillson & Curwen 1959). The drugs most commonly implicated are 
phenothiazines (promethazine, chlorpromazine and related compounds), 
thiazides, sulphonylurea derivatives (tolbutamide, etc.) and the sulphonamides 
(Knox 1961). 

It should be noted that so me drugs which can cause a phototoxic reaction may, 
in the same patient, also produce a photoallergic reaction(Jillson& Curwen 1959 ). 

The subject of photosensitization due to drugs has been extensively reviewed 
by Kirshbaum & Beerman (1964). 

THE ASSOCIATION OF CuTANEOUS REACTIONS 

WITH BLOOD DYSCRASIAS 

The drugs which are most liable to cause exanthematic and fixed eruptions, 
erythema multiforme and exfoliative dermatitis include some of the principal 
causes ofblood dyscrasias, yet the association of any of thesc reactions with blood 
dyscrasias is sufficiently unusual to suggest that essentially different immuno-
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logicalmechanisms rnay be concerned in their production. However, the asso
ciation does sometimes occur, and in patients with these eruptions the blood 
picture should be kept under careful observation. 

SYSTEMIC REACTIONS 

FE VER 

Fever is one of the commonest manifestations of drug hypersensitivity. It may 
occur alone. More commonly, it accompanies other reactions, either cutaneous 
or systemic. 

Drug fever is particularly characteristic of reactions to sulphonamides, anti
biotics, antithyroid drugs, para-aminosalicylic acid and mercurial diuretics. 

THE SERUM SICKNESS TYPE OF REACTION 

A considerable number of apparently unrelated drugs, of which penicillin is by 
far the most commonly implicated, occasionally produce a reaction which 
closely resembles serum sickncss. The essential features are fever, joint pains and 
urticaria. Whereas urticaria, when it occurs alone, commonly develops during 
treatment, the serum sickness type of reaction almost invariably develops a few 
days after treatment has been discontinued. 

REACTIONS CHARACTERIZED BY THE 

DEVELOPMENT OF A STATE OF SHOCK 

Within seconds or minutes of the administration of thc drug, the patient com
plains of malaise anda feeling of extreme apprehension. The face may be flushed 
although more commonly the patient will be pale. He may begin to cough and 
usually complains of pain anda sense of tightness in the chest. There is increasing 
difficulty in breathing and the patient's mucous membranes become cyanosed. 
As a result of the combination of pallor and cyanosis, the skin now becomes 
ashen grey. Unconsciousness and death may ensue within minutes. If the patient 
does not die within the ftrst few minutes, erythema and urticaria may be noted 
and this may be important in distinguishing the condition from other causes of 
acute collapse. The patient commonly develops asthma and characteristically 
complains of severe upper abdominal pain. With adequate treatment, the 
majority of patients recover. Penicillin, local anaesthetics, sera and pollen ex
tracts are the most frequent causes. 

BRONCHIAL AsTHMA 

Bronchial asthma due to drug hypersensitivity occasionally occurs alone, but is 
more com~only associated with urticaria. The patient usually has a past history 
of asthma and often has nasal polypi (Samter 1959). Although many drugs have 
occasionally been reported as having caused bronchial asthma, aspirin does so 
more frequently than any other drug. 
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POLYARTERITIS 

lt is widely believed that polyarteritis may be a manifestation of drug hyper
sensitivity. This view appears to be based on the following evidence: 
r. There is often a history of drug administration before the diagnosis of poly
arteritis was made. In many cases, however, the drug might well ha ve been given 
for symptoms which were early manifestations of the polyarteritis itself. 
Occasionally, readministration appears to have caused an exacerbation of the 
polyarteritis. Although it is impossible to exclude coincidence, this is probably 
the best evidence that polyarteritis may sometimes be a manifestation of drug 
hypersensitivi ty. 
2. Rabbits repeatcdly injected intravenously with large doses of hcterologous 
serum develop lesions histologically similar to those of polyarteritis nodosa 
in man (Rich & Gregory 1943). This suggests that polyarteritis may be a 
reaction to a state of hypersensitivity. It should, however, be noted that therc 
is no experimental evidence that drug hypersensitivity can cause arteritis. It has 
been stated that a single injection of the compound 4 fluoro-1o-methyl-r,2-
benzanthracene causes polyarteritis in rats (Hartmann, Miller & Miller 1959). 
This was observed in all rats killed 6 weeks or more after the injection, a 
finding which suggests that the polyarteritis was probably a primary toxic 
effect rather than a manifestation of hypersensitivity. G.E.Davies (personal 
communication) has failed to produce any arteria} lesions by administering a 
wide variety of different drugs in large doses to rats. This is, perhaps, not sur
prising because if polyarteritis is a hypersensitivity reaction then it might be 
uecessary to give one drug to severa! thousands of animals before a single case 
of polyarteritis, due to that drug, was produced. 
3. It has been claimed that polyarteritis may develop in patients in whom a 
drug has caused the serum sickness type of reaction, i.e. fever, joint pains, 
urticaria, etc., if treatment has been continued or, if discontinued, has becn 
reinstituted la ter with recurrence of the same symptoms on one or more occa
sions. By analogy with the observations on rabbits injected intravenously with 
heterologous sera, quoted above, it has been argued that the drug caused the 
serum sickness type of reaction and that continued administration of the drug 
intensified the hypersensitivity reaction and so caused the devclopment of the 
arteritis. Such a history is, however, rarely obtained in cases of polyarteritis 
nodosa and as fevcr and joint pains are common manifestations of this disease, 
the supposed drug reaction might well have been an early symptom of the 
polyarteritis itself. 

In conclusion, it may be said that the evidence that polyarteritis can result 
from drug hypersensitivity is circumstantial only. The best evidence comes from 
the occasional case in which readministration of the drug appears, sometimes on 
more than one occasion, to have caused exacerbation of the disease. The subject 
of the aetiology of polyarteritis has been reviewed by Rose & Spencer (1957). 
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SYNDROME RESEMBL1NG D1SSEM1NATED 

LUPUS ERYTEMATOSUS 

As long ago as 1953 (Morrow et al), it became clear that patients being treated 
with the antihypertensive drug hydrallazine occasionally developed a condition 
that mimicked extraordinarily closely the clinical syndrome of disseminated 
lupus erythematosus. In the fully developed condition the patient might have 
arthritis of the rheumatoid type, fever, skin rashes and enlargement of the liver, 
spleen and lymph glands. In addition, the lupus erythematosus cell phenomenon 
could be demonstrated in the blood of a small proportion of the more severely 
affected of these patients (Dustan et al 1954). Some clements of this syndrome 
were seen in 7-10/';; of those taking large doses of the drug regularly for several 
months. Withdrawal of the drug usually resulted in rapid clinical improvement 
(Dustan et al 1954; Moser 1956), but in a few cases some elements of the syn
drome persisted for years after cessation of therapy (Hildreth et al 1960; Alarcón
Segovia et al 1965). Comens (1956) succeeded in producing a syndrome that 
fairly closely resembled that seen in man by administering hydrallazine to dogs. 
Gardner (1957), who repeated this work, was only able to confirm sorne of 
Comens's (1956) findings and Dubois and his collaborators (1957), who also 
repeated it, obtained entirely negative results. The reason for these conflicting 
reports is not clear. Since then many workers have tried to produce the syn
drome in other laboratory animals, anda few have claimed success (see Cruick
shank 1966). Alarcón-Segovia and his colleagues (r965), in a retrospectivc study 
of patients who had developed this condition (referred to below as the hydral
lazine syndrome) reported that, even before treatment was started, many of the 
patients who developed this syndrome had had clinical or laboratory signs which 
could ha ve been early manifestations of disseminated lupus erythematosus. They 
therefore suggested that such patients 'have an underlying lupus diathesis that is 
uncovered by the drug.' This would imply that 7-10/';; of all hypertensive 
patients have an occult lupus diathesis. Although this seems improbable, the 
findings of these workers do strongly suggest that some paticnts who ha ve been 
reported to have developcd the hydrallazine syndrome were actually suffering 
from disseminated lupus erythematosus before treatment was started. These 
are probably the patients who develop the severest forms of the syndrome and 
in whom the condition persists after the drug has becn withdrawn. The hydral
lazinc syndrome may therefore comprise two groups of patients: those who 
already have disseminated lupus crythematosus, and those who have not but in 
whom hydrallazine produces one or more of the classical signs or symptoms of 
this disease. 

Since the hydrallazine syndrome was first described, many claims have been 
made that a condition resembling disseminated lupus erythematosus can be 
caused by a widc variety of other drugs (Holley 1961). Lupus erythematosus 
cells have been reported in patients sensitive to penicillin, and antinudear 
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factors ha ve been demonstratcd in the sera of patients being treatcd with isonico
tinic acid hydrazide. However, the most convincing evi.dence has come from 
studies of patients being trcatcd with procaine amide (Ladd 1962; Kaplan et al 
196 5) and with various anticonvulsants, particularl y hydantoin com pounds 
(Jacobs 1963; Shulman LE. 1963). 

The frequency with which treatment with some drugs has been accompani:ed 
by the development of a syndrome resembling disseminated lupus erythematosus 
suggests a causal relationship. Although such a relationship cannot be proved in 
any individual case, strong circumstantial evidence is provided by those cases in 
which withdrawal of the drug has been fol10\.ved by remission and readministra
tion by recurrence of the syndrome. However, such evidence has only rarely 
been produced. The relationship of the syndrome caused by drugs to the idio
pathic disease, disseminated lupus erythcmatosus, is uncertain, as is the mechan
ism by which drugs cause this type of reaction. The finding of Schroeder (1959) 
that three years after recovery 'the peripheral blood of a patient has been found 
loaded with LE ce1ls a week or two after readministering small doses ofhydral
lazine', suggests that it may be a hypersensitivity reaction and the occurrence 
of the lupus erythematosus cell phenomenon makes it probable that it is 
immunologically determincd. 

LIVER DAMAGE 

It has been known for a long time that some drugs such as chloroform and 
carbon tetrachioride are potent liver poisons and will cause irreversible liver 
damage if given in suflicient quantities. More recently other forms ofliver 
injury dueto drugs ha ve been described. These fall into two groups. In the first, 
intrahepatic biliary obstruction dominates the picture, whereas the second is 
characterized by hcpatocellular degeneration and necrosis. The clinical picture 
dosel y resembles that of infective hepatitis, either of the cholestaic type or of the 
commoner type in which hepatocellular damage predominates. Unless irrever
sible ccllular damage has been caused, recovery is usual once the drug is with
drawn. Occasionally in the cholestatic form, jaundice may persist for many 
weeks or months. 

Cholestatic jaundice due to drugs 
This group can be subdivided into two types. 

Type I. In this type, if given over a long enough period, the drug invariably 
causes int.rahepatic obstruction as shown by bromsulphalein retention or by 
frank jaundice. This type ofliver damage has been caused by a number of CI7-
a-alkyl substitutcd testostcrones including methyl testosterone, methandienone 
(dianabol), and constituents of some oral contraceptive ovulation inhibitors 
such as norethisterone and norethynodrel. Certain non-steroid compounds 
including sulphadiazine have also been implicated. This subject has recently 
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been reviewed by Sherlock (1963). The mechanism is obscure, but it is interesting 
that this one group of testosterone compounds invariabl y causes intrahepatic 
obstruction, whereas other testostcrone dcrivatives apparently do not have this 
effect. 

Type II. In this type, only a small proportion of thosc taking the causative 
drug are affected. The drugs most frequently in volved are th~ phenothia:; in es 
(promethazine, chlorpromazine and rclated compounds). Other commonly 
used drugs wbich havc caused this type of jaundice are nitrofurantoin and 
chlorpropamide. The subject has becn reviewed by Gntman (1957), Hollister 
(1957) and by Sherlock (1963). The underlying mechanism is nnknown. Skin 
testing with chlorpromazine has provcd uninformativc (Hollistcr 1957). In 
twcnty-two cases dueto chlorpromazine reportcd by V/crthcr& Korelitz (1957) 
jaundice appeared after II-29 days' treatment and in sixtccn ofHollistcr' s ( 19 57) 
seventeen cases, jaundice appeared on thc seventh to the thirtieth da y of treat
ment. Howevcr, readministration of the drug aftcr recovery frequcntly pro
duced jaundice in under 2 days (Hollister 1957). This obscrvation suggests that 
the condition may be a manifestation of drug hyperscnsitivity . 

.Jaundice resulting Jrom hepatocellular damage due to drugs 
This type of liver damage also affects only a very small proportion of tbosc 
taking any one of the many drugs which can cause ir. Prominent amongst 
these are a number of hydrazine derivatives which are mono-amine oxidase 
inhibitors. These include iproniazid (marsilid) and phenclzinc (nardil). Jsonicotinic 
acid hydrazide, another hydrazine derivative, has also been implicated, as have 
certain non-hydrazine compounds including sulphonamides, phenindionc, 
cincophen and para-aminosalicylic acid. The subjcct is reviewed by Sherlock 
(1963). As in cases with intrahepatic biliary obstruction, the causative mechanism 
is unknown. In cases of jaundice due to mono-aminc oxidase inhibitors it 
appears that after recovery fromjaundice dueto one drug in this group, substi
tution of another drug in the same group may produce recurrence of the hepa
titis (Holdsworth, Atkinson & Goldie 1961). The rcported cases ofjaundice due 
to para-aminosalicylic acid have often devcloped other disturbanccs including 
fever, arthralgia, skin rashcs, lymph gland enlargcment and changes in the 
pcripheral blood: eosinophilia and a picture resembling infectious mono
nucleosis (Lichtenstein & Cannemeyer 1953; Sleeper, Tyor & Smith 196o; 
Simpson & Walker 1960). Lichtenstein & Cannemeyer (1953) obtained positive 
reactions to patch testing with para-aminosalicylic acid in some of their patients, 
but most authors have found skin testing uninformative (Simpson & Walker 
1960). In cases due to this drug, recurrence of the syndrome described above 
may occur rapidly if, after recovery, the drug is given again, even in relatively 
small doses (Lichtenstein & Cannemeyer 1953; Simpson & Walker 1960), a 
finding which suggests that the hepatitis in these cases may be due to hyper-
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sensitivity to the drug. Further evidence that sorne cases ofhepatitis are probably 
dueto drug hypersensitivity is strongly suggested by a fascinating case reported 
by Himsworth (1950). The patient was a woman who, after 5 weeks' treatment 
with aminothiazole for thyrotoxicosis, developed an illness indistinguishable 
from infective hepatitis. The drug was withdrawn and she recovered after a 
month. She was thcn given 100 mg of aminothiazole and within a few hours 
she developed a brief illness with fever and biliuria. Ten days la ter she was given 
a further single dose of 100 mg of the drug. She promptly developed fever and 
jaundice and her liver became enlarged. Shc made a slow but complete recovery. 

NEPHROPATHY 

It is commonly stated that certain drugs, particnlarly the sulphonamides, can 
produce renallesions as a result of drug hypersensitivity, and that these lesions 
may be entirely independent of the precipitation of crystals of the drug in the 
renal tubules. The evidence is, howevcr, circumstantial. In many cases the renal 
lesion could well have been due to the condition for which the drug was given, 
but in sorne it does appcar that the drug was probably responsible. Perhaps 
the most convincing evidence of a hypersensitivity mechanism is provided bythe 
occurrence of tubular necrosis in patients with haemolytic anacmia in which the 
anaemia has been shown by immunological methods to have been due to drug 
hyperseusitivity. Muirhead, Balden & Groves (1958) have described one case of 
this type in which the anaemia was due to quinine, and MacGibbon and her 
colleagues (1960) have described two fnrther cases, one due to phenacetin, and 
one to para-aminosalicylic acid. Even here, howcver, the cvidence is incomplete, 
for it is clearly possible that the renal damage might have been secondary to the 
acute haemolysis. · 

Attention has reccntly bcen drawn to the occurrence of renal failure, which is 
often accompanied by a shortcned red cell survival time, in paticnts who have 
taken grossly exccssivc doses of analgesics over long periods. This subjcct has 
been reviewcd by Prescott (1965). Although the renallesion has generally been 
referred toas phenacetin nephropathy it has almost always occurrcd in patients 
taking mixtures of analgesics, and the possibility that other analgcsics in these 
mixtures may be important has not been excluded. Prescott (1965) observed the 
effect on renal tubular cell excretion of giving large doses of analgesics to volun
tcers over a 5 day period. Cell excretion was markcdly incrcased in all those 
taking aspirin and in some taking phcnacctin, bnt was only slightly increased in 
those taking paracctamol, which is a metabolitc of phcnacetin. However, 
Angervall, Lehmann & Bengtsson (1964) who studied the renal concentrating 
power of rats given large doses of analgesics over long periods found that 
phenacetin and paracetamol causcd a significant dccrease in concentrating power, 
whereas aspirin had little effect. It is clcar, therefore, that therc is still a lot to be 
lcamt abont this interesting condition. Beca use not all patients taking large doses 

y* 
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of analgesics are affected, the possibility that the condition is due to a form of 
drug hypersensitivity has been considered but, in fact, the causa ti ve mechanism is 
unknown. 

The very occasional occurrence of a nephrotic syndrome in patients taking 
the anti-convulsant drug troxidone (tridione) seems to. be well established (see 
Bergstrand et al 1962). The condition usually rccovers if the drug is withdrawn. 
A similar condition has been observed in rats given large doses of this drug over 
long periods (Heymann et al 1960 ). Half the rats developed a nephrotic syndrome 
and the remainder, although they did not have proteinuria, developed histo
logical renallesions similar to those seen in the nephrotic rats. As the rats did not 
recover when treatment was discontinued, the condition seen in these anim~ls 
may be significantly different from that seen in man. This is also suggested by 
the fact that renal changes occurred in all the treated rats, whereas the Bephrotic 
syndrome is only very rarely seen in patients taking the drug. This latter 
observation suggests that in man the condition may possibly be due to drug 
h ypersensitivity. 

RETROPERITONEAL fiBROSIS 

Methysergide, a drug used in the treatment of migraine, seems to have the 
remarkable effect of producing retroperitoneal fi.brosis in a small proportion of 
patients taking it (Graham 1964; Graham, Suby, Le Compte& Sadowsky 1966). 
In thc series of cases reported by Graham and his collcagues (1966) partial or 
complete regression of the disease followed withdrawal of the drug in all the 
cases not treated surgically. The mechanism by which methysergide produces 
this reaction is tmknown. The facts that it occurs in such a small proportion of 
those taking the drug and that the condition is reversible suggest that it may be 
due to hypersensitivity to the drug. 

LYMPH GLAND ENLARGEMENT SJMULATING 

MAUGNANT LYMPHOMA 

Treatment with phenytoin (epanutin) or troxidone (tridione) or their derivatives 
occasionally causes fever and enlargement of one or more groups of lymph 
giands. There may also be skin rashes, and occasionally the liver and spleen may 
be enlarged. Histologically the picturc sometimes resembles that of mahgnant 
lymphoma (Salzstein & Ackerman 1959). The patient recovcrs rapidly if the drug 
is withdrawn. In view of the closencss with which this condition may simula te 
malignant lymphoma, it is clearly essential, before starting treatment for ma1ig
nant lymphoma, to make sure that the patient has not been taking drugs of this 
type. Attempts to demonstrate drug-dependent antibodies have generally been 
unsucccssful. Robinson and his collcagues (1965) have reported one case in which 
the addition of sodium diphenyl hydantoin to thc patient's serum caused, 
degranulation of rabbit basophilleucocytes. They iBterpreted this as indicating 
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an immune mechanism. Recently it has been shown that if peripheral blood 
lymphocytes from a patient who has been sensitized to an antigen are cultured 
in the presence of the antigen, they undergo transformation to 'blast' forms 
{Elves, Roath & lsraels 1963). Holland & Mauer (r964) have appliecl this tech
nique to the lymphocytes of a patient who had recovered from the syndrome 
of lymph gland enlargement due to phenytoin. The drug caused lymphocyte 
transformation and an increase in the uptake of tritiatcd thymidine by these 
cells. The drug had no comparable cffect on the lymphocytes of controls. These 
findings, if confirmed, provide strong evidence that this syndrome is a hyper
sensitivity reaction. 

BLOOD DYSCRASIAS 

A considerable number of cases of thrombocytopenic purpura and a much 
smaller number of cases ofhaemolytic anaemia have been shown unequivocally 
by in vitro immunological methods to have been due to allergic drug hyper
sensitivity. That agranulocytosis may be caused by such a mechanism is reason
ably well established, but the evidence is less complete. With regard to aplastic 
anaemia, there is good circumstantial evidcnce, but no immunological evidence, 
that this also may be due to an immune mechanism. These conditions are all 
indistinguishable clinically from cases which are not due to drugs. Aplastic 
anaemia generally persists long after treatment has been stopped but, unless the 
initial illness is fatal, or unless the drug forms a depot from which it is slowly 
released, cases of thrombocytopenic purpura, haemolytic anaemia and agranulo
cytosis usually recover rapidly once the drug is withdrawn. Bouma (1966) has, 
however, rccently claimed that thrombocytopenic purpura due to aspirin 
sometimes persists after the patient has stopped taking the drug. He was able to 
show in sorne ofhis cases that the thrombocytopenia was probably dueto a drug
dependent complement-fixing antibody, but he considered that the prolonged 
thrombocytopenia indicated that the drug had caused bone-marrow depression. 
Bouma (r966) also made the interesting alternative suggestion that salicylatcs in 
the patient' s food might ha ve been sufficient to cause persistence of thc thrombo
cytopenia. This, however, implies a very high degree of sensitivity, as the salicylic 
acid content of the fruits thought by Bouma to be responsible is only of the arder 
of r mg per kg (Lancet 1903). The concept that acetylsalicylic acid may cause 
bone-marrow depression is supported by a recent report from Wijnja and his 
colleagues (1966) on the occurrence of pancytopenia in patients taking very 
large doses of acetylsalicyclic acid over long periods. Recovery occurred on 
withdrawal of the drug and the condition recurred if the drug was readminis
tcred. In thc two patients in whom they were investigated, platelet and red-cell 
survival times were normal during the period of pancytopenia, suggesting that 
the drug, if taken in cxccssive amounts over a long period, may act as a marrow 
dcpressant. 
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Thrombocytopenic purpura 
An immunological basis has been demonstrated in cases due to many different 
drugs (Ackroyd 1964). Of these, the most commonly involved are allyl-iso
propyl-acetyl-carbamide (Sedormid), quinidine, quinine, gold salts, the sulphon
amides, antazoline, acetazoleamide and the thiazides. 

Haemolytic anaemía 
Haemolytic anaemia has been caused by a wide variety of diffcrent drugs (sec 
Wintrobe 1961). Immunological mechanisms have been demonstrated in cases 
due to para-aminosalycylic acid, phenacetin, quinine, quinidine salicylazo
sulphapyridine, chlorpromazine, stibophen (see Ackroyd 1964), am idopyrine 
(Dausset et al 1963) and penicillin (Petz & Fudenberg 1966; Rosner ct al 1966). 
The haemolytic anaemia caused by a-methyldopa has also been shown to havc 
an immunological basis (Worlledgc et al 1966). 

Agranulocytosis 
Agranulocytosis has been much less extensively investigated. It has been associ
ated with treatment with many drugs (see Wintrobe 1961). By far the most 
frequently implicated have been amidopyrine, the sulphonamides and the anti
thyroid drugs, thiourea and thiouracil and their derivatives. 

Aplastic anaemia 
Of the many drugs which ha ve caused aplastic anaemia, chloramphenicol is by 
far the most frequcntly implicated in current therapeutic practice. Other im
portant drugs are the hydantoins, gold salts and the arsenobcnzole compounds. 
Sorne cases in which an initial course of chloramphenicol has apparently been 
well tolerated ha ve developed aplastic anaemia when given a relatively small dose 
in a subsequent course. A case of this type has been reported by Huguley, Erslev 
& Bergsagel (1961). Such cases suggest the possibility of an allergic mechanism. 
Recent studies, however, have shown that reversible functional (Rubín, Weis
berger, Botti & Storaasli 1958; Saidi, Wallerstein& Aggeler 1961) and morpho
logical (Krakoff, Karnofsky & Burchenal 1955; Saidi, Wallerstein & Aggeler 
1961) changes are probably present in many patients receiving large doses of 
this drug. These changes may well be due to a disturbance of bone-marrow 
metabolism caused by the drug. This view receives sorne support from the 
observations of Amos (r964) on the effect of chloramphenicol on protein syn
thesis by chick fibroblasts in tissue culture. It seems possible, therefore, that it 
will ultimately be shown that chloramphenicol causes aplastic anaemia more 
frequently by an effect on the metabolism of the borre marrow than by an 
immunological mechanism. 
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IMMUNOLOGICAL MECHANISMS 

MECHANISMS OF CUTANEOUS REACTIONS 

The mechanism of eczematous contact dermatitis has bcen thoroughly investi
gated because it is readily induced in the guinea-pig and can be elicited experi
mentally in man with no danger and with little inconvenience to the patient. A 
full account is given in Chapter 27. Eczematous reactions to drugs administercd 
systemically probably depend on a similar mechanism. 

W e also ha ve so me knowledge of the mechanisms causing urticaria! reactions 
(see below), but of the mechanisms deterrnining the wide variety of other 
cutaneous reactions little is known. They cannot be reproduced in laboratory 
animals and their experimental induction in manis usually unjustifiable, except 
perhaps in the case of the fixed eruptions. It is not known why one drug will 
produce the same rcaction in all patients who become sensitized, while another 
drug may provoke different reactions in different paticnts or cvcn in the same 
patient (Urbach & Gottlieb 1946). 

Experiments with skin autografts in patients with fixed drug eruptions havc 
given confl.icting results. Wise & Sulzberger (1933) uscd full-thickness skin 
grafts. In a patient with a fixed eruption to phenolphthalein they transplantcd 
skin from a normal area to a site previously affected by the eruption, and skiu 
from this area to the normal area. When the grafts had healed (7 wceks aftcr 
grafting) the drug was again administered to the patient. The eruption app?arcd 
in the normal skin transferred to thc prcviously affected area, but not in thc 
previously affected skin transfcrred to the normal arca. Loveman (r934) con
firmed this observationin a case dueto aprobarbital. Urbach& Sidaravicius (1930) 
and Naegeli and colleagues (1930) repeated these experiments in cases due to 
phenolphthalein and antipyrine respective! y. Unlike Wise & Sulzberger (1933) 
and Loveman (1934) thcy observed recurrence in the transplantcd abnormal skin 
but not in the transplanted normal skin. However, these workers used super
ficial Thiersch grafts. Knowles and his colleagues (1936) repeated thesc cxperi
mcnts using full-thickness grafts in a patient with a fixed eruption due to 
phenolphthalein. Five weeks after grafting, readministration of the drug caused 
recurrcnce in the previously affected skin but not in the grafted normal skin. 
When thc drug was again given to the patient 2 months later, thc eruption 
appeared only in the previously normal skin, as in the experiment of Wise & 
Sulzbcrgcr (193 3). Chargin & Leifer (1940), using full-thickncss grafts in a paticnt 
with a fixed cruption due to arsphenamines, were unable to produce a recur
rence in either transplant, although the patient continued to react in other 
previously affected sites. It could be assumed on the basis of thcse expcriments 
that fixed eruptions involve predominantly the dceper vessels rather than the 
epidermis or upper dermis, and that differences in the thickness of the grafts 
account for the inconsistcnt experimental results. This, howcver, is difficult to 
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reconcile with the histological changes which show involvement predominantly 
of the vessels of the papillary and subpapillary dermis (Goodman & Arthur 
1941). 

MECHANISMS OF SYSTEMIC REACTIONS 

FE VER 

Extraordinarily little work has been done on the mechanisms causing drug fever. 
The subject is, for instance, not mentioned in Atkins's (196o) exhaustive mono
graph on the pathogenesis of fever. An investigation of a single case of fever due 
to streptomycin has been reported by Snell (1961) who removed 420 ml of 
blood from the patient when his rectal temperature was J9°C. The blood was 
taken into acid citrate dextrose, centrifuged and the cell-free supernatant plasma 
was stored at 4°C. Four days later, when the patient's temperature had returned 
to normal as a result of withdrawing the drug, the plasma was reinjected into the 
patient. This caused no rise in the patient's rectal temperature. Apart from this 
failure to demonstrate a circulating pyrogenic factor in drug fever, no clinical 
investigations appear to have been made on this subject. Studies on fever pro
duced by antigens in sensitized animals suggest that the interaction of antigen 
with humoral or cellular antibody in vivo causes release of circulating pyrogen. 
The latter can be demonstrated by observing the febrile reaction caused by pas
sive transfer of serum from febrile to normal, unsensitized animals (see Atkins & 
Snell 1965). By analogy, fever in drug hypersensitivity would seem probably to 
be dueto a reaction of an antibody with the drug itself or with a combination of 
the drug with sorne bodily constituent. This hypothesis, however, does not 
explain Snell's (1961) negative findings, referred to above. 

AsTHMA, URTICARIA, THE SERUM SrcKNESS 

TYPE OF REACTION AND REACTIONS 

CHARACTERIZED BY A STATE OF SHOCK 

These four types of reaction can be considered togcther beca use they overlap to 
a considerable extent, so that more than one commonly occurs simultancously 
in the same patient. Also, as all these reactions may be caused by penicillin, they 
ha ve often been studied together in the course of investigations on reactions to 
this drug. 

Various workers have tried to demonstrate immune precipitate formation by 
adding thc appropriate drugs to the sera of patients who had devcloped these 
and other types of drug hypersensitivity (Hoigné 1958; Muelling et al 1958; 
Mendes et al 1959). The results have, in the main, been inconclusive and have 
not been generally confirmed. Definite floccular immnne precipitates have, 
however, very rarely been produced by adding the appropriate drug, in solution, 
to sera from cases with thrombocytopenic purpura (Ackroyd 1958, 1960, 1964) 
or with both granulocytopenia and thrombocytopcnia (Tullís 1961) dueto drug 
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hypersensitivity. The phenomenon ofimmune precipitares causcd by drugs will 
be considered below. 

The sera of some patients who have bccn treated with pcnicillin will agglutin
ate penicillin-coated red cells. This phenomenon was first observcd by Ley and 
his colleagues (1958). Its signiflcance is obscure because it is not seen in the sera 
of all patients who are sensitive to penicillin and has been observed in the sera of 
many patients who, alth ough they have been treated with the drug, are not 
apparently sensitive to it (Ley et al 1958; Watson,Joubert & Bennett 1959, r96o; 
de W eck 1964). The signiflcance of this rcaction has becn discussed by van 
Arsdel and his collaborators (1963). Although it seems that the antibodies 
causing haemagglutination of penicillin-coated red cells may well not be those 
responsible for the type of penicillin hypersensitivity considered here, studies 
of the haemagglutination reaction have thrown considerable light on the 
antigenicity of peni-cillin. By discovering which penicillin derivatives can in
hibit haemagglutination it has been shown that, in the majority of sera, the 
penicilloyl group is the most immunologically active. These sera usually also 
react strongly with the penamaldate and penicilloate derivatives of penicillin. 
Although this is the commonest pattern of reactivity a signif1cant proportion 
of sera show different reaction patterns (Parker 1964). The signiftcance of the 
haemagglutination reaction in the rare cases of haemolytic anaemia due to 
penicillin is considered bclow. 

In 1961 Shelley and Juhlin introduced a test based on the assumption that some 
drug reactions in vol ve releas e of histamine from tissue mast cells and from the 
basophils in the blood. They reported that penicillin caused 'degranulation' of 
basophils in vítro in the blood of sensitive patients. This test has the major dis
advantage that it involvcs observation of a cell which is present in human blood 
in only very small numbers. In an attempt to overcome this difliculty Shelley 
(1963) later described an indirect test using rabbit blood which contains a much 
higher concentration of these cells. In this test a drop of the patient's serum is 
mixed with a drop of the drug in solution and a drop of rabbit buffy coa t. 
Degranulation of the basophils in the rabbit buffy coat is then observed. Shelley 
( 1963) has daimed that this test can be used to detect hypersensitivity to a wide 
range of different drugs. Although there seems to be no doubt that tbe addition 
of a drug to the serum of a sensitive patient does sometimes cause a striking 
degranulation ofbasophilleucocytes, these tests ha ve not been general! y accepted 
as reliable indicators of drug hypersensitivity. Even in Shelley's laboratory 
(Shelley 1963) the direct test gave ninety and the indirect test seventy-seven 
negative results on testing, respectively, 138 and 137 patients thought to be 
sensitive to penicillin. Katz and his colleagues (r964), working in collaboration 
with Shelley, and using the indirect test observed thirty-f1ve negative and fifteen 
equivoca! results on testing a total of roo patients thought to be sensitive to 
penicillin. 
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Noah& Brand (1954, 1955), who ha ve developed a method for demonstrating 
histamine release when pollen extracts are added to the blood of pollcn-sensitive 
patients, ha ve applied the same technique to the investigation ofhypersensítívity 
to penícíllín. They were unable to demonstrate any release of histamíne on 
addíng penicíllín to the blood of sensítíve patíents (Noah 1964). Recently, how
ever, beca use of his observations on basophíl degranulation whích he considers 
to be a manifestatíon of histamíne release, Shelley, working in collaboration 
with Comaísh, has tríed to increase the sensitívíty of Noah & Brand's (1954, 
1955) technique. Because rabbít blood contaíns a much hígher concentratíon 
ofhístamíne than does human blood, these workers have estimated hístamine 
released by penícíllin in rabbit blood to which samples of serum from penicíllin
sensitive patients had been added (Shelley & Comaish 1965). The reliability 
of this method remains to be determined, for three of twenty-one controls 
gave positive results and ftve of twenty-sevcn patíents thought to be sensitive 
to penicíllín gave negative results when their sera were tested in this way. 

In a study of these types of reaction, whether due to penicíllin or other drugs, 
Halpern and his colleagues (1967) have recently claimed that if the patient's 
lymphocytes in his own plasma are cultured in a suitable medíum in the presence 
of the drug the cells undergo transformation to lymphoblastic forms. These 
results were highly speciftc. These workers observed similar fmdings in cases of 
contact dermatitis. As stated above, Holland & Mauer (1964) had previously 
made similar observations in a case of lymph gland enlargement due to 
phenytoin. 

The results of skin testing penícíllin-sensítive patients (Parker, Shapiro, Kern 
& Eíscn 1962) and animals with experimcntally induced contact sensitivity to 
penicíllin (Levine 1964) have shown that positive skin reactions may be speciftc 
for a number of penicillin derivativcs. As with positive haemagglutination 
reactions, the penicilloyl group is clearly important although some reactions are 
nndoubtedly speciftc for other haptenic dcterminants. These findings led to 
attempts to discover a penicilloyl-containing reagent which could safely be used 
for skin testing in man. Penicíllin itselfis too dangerous as it has caused a number 
of severe and at least one fatal reaction (see below). Parker and his colleagnes 
(1962) suggested that penicilloyl polylysine might be a suitable reagent and this 
has been used extensively for skin testing patients suspected ofbeing sensitive to 
penicillin. The results have, however, by no means been clear cut. Rytel, Klion, 
Arlander & Míller (1963) gave I,2oo,ooo units of penicillin by injection to 
twenty-six patients who had just produced strongly positive wheal and fiare 
reactions to penicilloyl polylysine. Two developed delayed cutaneous reactions, 
but the remainder showed no reaction of any kind. These workers also studied 
thirty-six patients whose skin reactions to penicílloyl polylysine had become 
strongly positive after they had been given penicíllin. They gave each of these 
patients I ,zoo,ooo units of penicíllín: none experienced either an immediate or 
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a delayed reaction. In another series reported by Brown, Price & Moore (1964), 
206 patients giving strongly positive skin reactions to penicilloyl polylysine 
were subsequently treated with penicillin. Only twenty-one developed reactions 
of any sort. Although reactions to penicillin in patients with negative skin tests to 
penicilloyl polylysine are rare, they do occur. Brown and colleagues (1964) 
observed reactions to penicillin treatment in sixty-three of 13,530 patients with 
negative penicilloyl polylysine skin tests. Perlman (1965) has recently reported 
four patients with negative skin tests to penicilloyl polylysine whose skin 
reacted strongly to scratch testing with penicillin G. In two of these patients the 
scratch test caused a generalized reaction; one of such severity asto show that a 
therapeutic do se of penicillin might well ha ve been fatal. It is clear, therefore, that, 
in the individual case, no conclusions can be drawn from the results of skin 
testing with penicilloyl polylysine in man. Finally, consideration must be given 
to the safety of skin testing with this reagent. Although reactions are rare, 
Brown and his collaborators (1964) have observed five reactions to skin testing 
with penicilloyl polylysine of which three-possibly four-were generalized. 

Attempts to transfer these types of sensitivity passively by means of the Praus
nitz-Kiistner reaction have sometimes, but not always, been successful (Mayer 
et al 1953; Swift 1954; Peters, Henderson & Prickman 1955; Mendes et al 1959; 
Siegel 1962). Using this technique, Halpern (1958a) has made a remarkably 
detailed immunological study of a single patient who was sensitive to anúdo
pyrine and in whom the drug caused symptoms resembling anaphylactic shock. 
This investigation is worth considering in detail, although it must be borne in 
mind that the fmdings in a single case may not apply to all drug reactions charac
terized by symptoms of shock. If the patient's serum was injected into the skin of 
normal individuals, wheal formation occurred at the injection site if the recipi
ents were subsequently given the drug by mouth or by intramuscular injection. 
When, in a further experiment, the drug was injected intradermally at the site of 
an intradermal serum injection there was no reaction, but when the recipient 
was later given the drug by mouth wheal formation did occur at the injection 
site, showing that the injectcd drug had not reacted with the patient's serum; for 
it did not cause wheal formation, nor did it inhibit the action of the ingested 
drug. If an excess of the drug was added to the patient' s serum itz vitro and the 
mixture was injected intradermally, wheal formation did not occur even when 
the recipient was subsequently given the drug (Halpern 1958b). Wheal forma
tion did, however, occur if the mixture was dialysed against saline before being 
injected, and the recipient was subsequently given the drug (Halpern 1958a). 
These last two experiments suggest that the drug may combine with sorne 
component of the serum but that if it does, the union is so labile that it can be 
separated by dialysis. This is extraordinarily interesting in view of the facts that 
the union of drugs with platelets and the antibody in the sera of patients with 
throm bocytopenic purpura dueto drug hypersensitivity can also be separated by 
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dialysis, and furthermore that the union of drugs with red cells and antibody in 
the sera of patients with some types of drug-induced haemolytic anaemia is 
equally labile. The possible significance of this lability is discussed below in the 
section on the Ílmnunological mechanisms causing thrombocytopcnic purpura 
and haemolytic anaemia dueto drug hypersensitivity. 

An interesting fmding-as yet unconfinned--which may throw some light 
on the immunology of drug hypcrsensitivity has been reported by Torii & 
Kohoriuchi (1961). These workers found that rabbits could be immunized with 
a penicillin-egg albumin complex. If the antibody from the rabbit was injected 
into the skin of guinea-pigs which were later challenged with penicillin, there 
was no sign of passive cutaneous anaphylaxis; but if the animal was challenged 
with the penicillin-egg albumin conjugate or with normal human serum which 
had been in{;ubatcd with penicillin at an acid pH, then passive cutaneous ana
phylaxis did occur. Torii & Kohoriuchi (1961) then found that, whcreas normal 
human serum had to be incubated with penicillin at an acid pH in arder to 
produce cutaneous anaphylaxis, serum from patients with 'anaphylactoid reac
tions or angioneurotic oedcma' dueto penicillin did not need acidification. These 
workers concluded that the sera of patients hypersensitive to penicillin contaín a 
peculiar protein which has a strong capacity for binding penicillin. 

BLOOD DYSCRASIAS 

Thrombocytopeníc purpura (Ackroyd 1958, 1964) 
An antiplatelet factor can often be readily demonstrated in the patient's senun 
and plasma. This causes agglutination of the paticnt' s own platelets and of com
patible normal platelets in vítro in the presence of the drug but not in its absence. 
The quantity of the drug used is not critica!, and the reaction is not inhibited even 
by large concentrations of the drug. In the presence of complement, this factor 
may canse platelet lysis. The factor is found in the y-globulin fraction of the 
patient's serum. The y-globulin nature of this f.'lctor, the fact that it causes 
agglutination of platelets in the absence of complemcnt and may cause platelet 
lysis in the presencc of complement, all suggest that it is an antibody. The antigen 
cannot be the platclct alone, since platelets are not agglutinated by the antibody 
except in the prcsencc of the drug. One possibility, therefore, is that thc antigen 
is formed by union of the drug with the platelet, and it may be suggested that the 
drug acts as a hapten and so modifies the platelet that it becomes auto-antigenic. 
This implies that the drug, on the surface of the platelet, forms the determinant 
group with which the antibody combines. Evidence that this is sois provided by 
the following obscrvations. First, if platelets are incubated with the serum of a 
sensitive patient, in the prcscnce of the drug but in the absence of complement, 
and thc platelets are then washed, both antibody and drug are removed from 
the platelets. (The complement has to be inactivated in arder to prevent platelet 
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lysi~.) Second, if the platelets in the above experimentare washed, not in saline, 
but in a saturatcd solution of the drug in saline, the antibody remains in contact 
with the platelets; but if the platelets are now dialysed against saline the drug 
dialyses away and the platelets separa te from the antibody, which can be made to 
combine with platelets again if further drug is added. This seems clear evidence 
that the drug acts as a link between the platelets and the antibody, and strongly 
supports the concept that the drug acrs as a hapten. On tbis hypothesis, when the 
drug is removed the platelets mnst separate from the antibody because they are 
no longer antigenic. 

Occasionally, th:: addition of the drug to the patient's serum causes immune 
precipitate formation. This reaction may or may not fix complement. In a case 
dueto antazoline it was shown that the precipitin was probably identical with 
the anti-platelct antibody. This suggestcd that while platelet lysis resulted from 
the action of the antibody on intact platelets, precipita te formation might result 
from the action of the same antibody on platelet breakdown products liberated 
into the serum during coagulation. This, however, was found not to be so, for 
precipitate formation occurred equally in sera prepared from platelet-rich 
plasma and from plasma from which the platelets had been removed by centri
fugation. The antigen must therefore ha ve been some other constituent of the 
serum, and since precipita te fonnation occurred only in the presence of the drug, 
it seems reasonable to suppose that the antigen was one of the serum proteins 
which had been rendered antigenic by union with the drug. 

The capillary lesion appcars to be independent of any effect of the drug on the 
platelets for, by patch testing, purpuric haemorrhages can be produced in the 
skin in the absence of any change in the platelet count. For this reason, and 
because the capillary lesion can be produced only in the presence of the drug, it 
seems possible that the drug may combine with the endothelial cells to form 
yet a further antigen which then reacts with the antibody which causes platelet 
lysis and sometimes, also, precipitate formation; this reaction being responsible 
for the capillary damage and resultant purpura. lt should, however, be noted 
that no such anti-endothelial activity of the antiplatelet antibody has, as yet, been 
demonstrated. 

This review of the immunology of thrombocytopenic purpura due to drug 
hypersensitivity has, so far, considercd only the immunology of the hyper
sensitive patient; it has not considered how the patient becomes sensitized. One 
of the most striking facts about drug hypersensitivity in general is that, although 
hypersensitivity reactions have been described in response to treatment with a 
wide variety of different drugs, yet only very few of thosc taking any of these 
drugs develop such reactions. It has been shown that platelets from normalnon
sensitive individuals con1.bine with sedormid whcn in contact with serum 
(Ackroyd 1958) or plasma (Dausset 1958) from the same individual. If this 
combination occurs in the blood of all patients taking this drug and if thc 
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combination is antigenic, then it must presumably be a very weak antigen since 
antibody formation, and consequently purpura, occur so rarely. Another 
observation which suggests that it may be a weak antigen is the lability of the 
drug-platelct combination mentioned above. A combination of drug and platelets 
which, even in the presence of antibody can be readily separated by dialysis, 
will presumably be only weakly antigenic because such a labile compound 
will not often remain in contact with the antibody-forming tissues long enough 
to stimulate antibody formation. 

It may, therefore, be suggested as a tentative explanation for the development 
of thrombocytopenic purpura as a manifestation of drug hypersensitivity, that 
the drug forms a very labile compound with the platelets of most, if not all, of 
those taking the drug. This combination is antigenic, the drug acting as a hapten. 
Because it is so labile, it stimulates antibody formation very rarely. Once the 
antibody has formed and is present in the blood, the patient develops thrombo
cytopenia whenever he takes the drug because the drug combines with the 
platclets which consequently become antigenic and rcact with the antibody. In 
the presence of complemcnt, the drug-platelet antigen undergoes lysis with 
resultant thrombocytopenia. Vcry occasionally, the drug combines also with 
plasma protein forming a further antigen which reacts with the samc antibody. 
The significance of this reaction is unknown. Finally, it ~eems possible that thc 
capillary lesion rcsults from thc action of the same antibody on vascular endo
thelial cells rcndercd antigenic by union with the drug. This hypothesis explains 
the two most striking features of drug-induced throm bocytopenic purpura: the 
infrequency with which purpura occurs in those taking the drug and its almost 
invariable occurre11cc whenever the drug is taken by thosc who have become 
sensitizcd. 

The above hypothesis provides what is perhaps the simplest explanation of the 
observed facts. There are, however, certain objections to it, for if the drug in these 
cases does act as a hapten then it is unlike any other known hapten. Haptens are 
small molecules which are incapable by themselves of stimulating antibody 
formation but which can do so if firmly attached to protein. Free haptens 
unattached to protein will, howcvcr, react with antibody once this has been 
formed, and so block the interaction of antibody with the complete antigen 
(hapten plus carrier protein). If the above hypothesis conccrning the immuno
logy of drug-dependent thrombocytopenia is correct, then the hapten (drug) in 
this condition is so loosely attached to the carrier protcin (platelet) that even 
after reaction of the drug-platelet antigen with antibody the drug can readily be 
removed by dialysis. Furthermore, the interaction of antibody with the complete 
antigen (platelet plus drug) is not inhibited by excess ofhapten (drug). Because of 
thesc difficulties, Shulman (r963a, b; 1964) has suggested that the antibody is 
formed, not against a drug-platelet antigen, but against 'a stable complex ofthe 
drug with some soluble noncellular macromolecule' and that the resulting 
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antigen-antibody complex is then adsorbed on to the platelcts. This causes their 
agglutination and lysis. Beca use the formation of this antigen-antibody complex 
might be expected to be inhibited by excess of the drug, Shulman has further 
suggested that, once formed, the antibody can combine with the drug itself and 
that the resulting drug-antibody complex may also be adsorbed on to platelets 
and cause their agglutination and lysis. According to this hypothesis, the platelet 
plays a purely passive role and is, to use Dameshek's (1965) vivid phrase, an 
'innocent bystander'. 

A major objection to this concept is that although antigen-antibody com
plexes can be taken up by platelets and cause them to become agglutinated, 
when such an effect is produced experimentally in vivo the condition bears almost 
no resemblance to the clinical syndrome of drug hypersensitivity. Agglutination 
of platelets and ofleucocytes in the presence of antigen-antibody complexes can 
be demonstrated in vitro and this probably explains the thrombocytopenia :md 
granulocytopenia seen in anaphylactic shock produced by the intravenous 
injection of protein antigens into sensitized animals. The counts often fall to 
levels quite as low as those seen in drug hypersensitivity, but whereas in the 
latter condition they usually remain low for a matter of days, in anaphylactic 
shock the counts have usually returned to normal within an hour or so. These 
experiments involved sensitization to protein antigens. In order to produce an 
experimental model more closely resembling that cnvisaged in Shulman's 
(1963a, b; 1964) hypothesis, Cronin (1965) and Hartl (1965) have immunized 
animals with antigens made by conjugating drngs to proteins by diazotization. 
Both workers produced evidence to show that the chemical manipulations had 
not altered the immunological specificity of the original drugs. They then in
vestigated the effects of the antibodies produced in these animals on the blood 
cells in the presence of the appropriate drugs. Cronin (1965), who worked on 
thrombocytopenic purpura due to sedormid, could not dcmonstrate any effect 
of the animal antibody on animal or human platelets in the prescncc of sedormid 
in vitro and Hartl (1965) in a study of amidopyrine agranulocytosis failed to show 
any effect of the antibodies he produced on white cells in the presence of 
amidopyrne either in vivo or in vitro. Thcse experiments, therefore, provide no 
support for the hypothesis that the antibody in this type of drug hypersensitivity 
is stimulated by a stable union of the drug with a soluble macromolecule and 
that adsorption of complexes of the antibody with the drug by cells or platelets 
causes thcir lysis. 

Further evidence against this hypothesis derives from the fact that the dialysis 
experiments described above seem to show that although the drug acts as a link 
between platelets and antibody it does not form a stable union with a soluble 
macromolecule, for such a tmion would clearly prevent removal of the drug 
during dialysis. 

According to Shulman's (1963a, b; 1964) hypothesis, the platelets play a 
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purcly passive role in this type of drug hypersensitivity, but there are severa! 
observations which suggest that, in fact, they probably take an active part in the 
reaction which leads to their destruction. One such observation is that, except in 
the very rare cases with a drug-dependent precipitin, complement fixation only 
occurs in thc presence of platelets. If the majar immunological reaction was bet
ween the antibody and the drug or a drug-macromolecular complex then com
plement fixation would be expected to occur cven in the absence of platclets. 

Evidence has been produced (Dausset 1958) which shows that sorne consti
tuent of normal serum or plasma is necessary in arder for platclets to be able to 
take up sedormid. This, however, does not support the concept that the platelets 
are involved non-specifically but rather suggests that they play an active role 
since the plasma component fixes the drug specifically to platclets but not to 
white cells. It seems probable that the study of this component may provide an 
important key to the understanding of the mechanisms causing thrombocytopenic 
purpura and possibly, also, other conditions due to drug hypersensitivity. 

Evidence that the platelets play more than a purcly passive role is also provided 
by the observation that each individual drug causing a haematological hyper
sensitivity reaction tends to produce the same type of reaction in every patient 
who becomes sensitized to it. Thus, for instance, sedormid and quinidine aímost 
invariably cause thrombocytopenic purpura whereas amidopyrine causes 
agranulocytosis. Although different types of cells are involved, the immuno
logical findings in thrombocytopenic purpura, haemolytic anaemia and agranu
locytosis are often very similar (see bclow), and according to Shulman (1964), 
not only is thrombocytopenia due to 'non-specific' adsorption by platclets of 
complexes of antibody with a drug-macromolecular antigen but haemolytic 
anaemia is due to adsorption by red cells of similar complexes. Consequently, if 
the affected cclls in drug-dependent thrombocytopenic purpura, agranulo
cytosis and haemolytic anaemia are in volved passivcly it would be expected that 
any drug capable of causing, for instance, thrombocytopenia would cause some 
destruction of all the formed clements in the blood in the same patient, since 
the complex of antibody with the drug-macromolecular antigcn would be taken 
up passively by platelets, white cells and red cells. Similarly, complement fixa
tion would be expected to occur when red or white cells are added to a solution 
of the appropriate drug in the serum of a case of drug-dependent throm
bocytopenia. In fact, complement is fixed only in the presence of platelets. 

Very rarely, a drug does combine with a constituent of serum to form an 
antigenic compound. When the drug is added to the cell-free serum of such a 
patient an immune precipitate is formed (Miescher & Miescher 1952; Ackroyd 
1958, 1964; Tullís 1961). Shulman (1964) has quoted such cases in support ofhis 
concept that the drug or a drug-macromolecular complex reacts with the anti
body and that the platclets are involved secondarily and non-specifically. How
ever, the drug does not appear to behave like a classical hapten when it causes 
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immune precipitate formation any more than it does whcn it causes cdl agglu
tination and lysis. In general, haptens do not cause immune precipita te formation; 
in fact, if the drugs behaved like classical haptens, the high concentration.s used 
to cause preópitate formation in the sera of patients with drug hypersensitivity 
would be expected to inhibit it. The failure of high concentrations of the d:rug 
to inhibit precipitate formation suggests that the union of the drug with the 
carricr protein and antibody may be as labilc as thc union of the drug with cclb 
and antibody which is also not inhibited by high concentrations of the drug. 
This suggcstion receives considerable support from the observations that in the 
case due to antazoline (Ackroyd 1958) immunc precipitate formation and plate
let agglutination were almost certainly dueto thc same antibody. The rare occur'
rence of drug-dependent precipitins, therefore, does not necessarily provide 
evidence that antibody formation in thrombocytopenic purpura, haemolytic 
anaemia and agranulocytosis due to drug hypersensitivity is stimulated by 
antigens formed by stablc complexes of drugs with soluble macromolecules. 

It will be clear from this brief rcview that neither of the hypotheses con
sidered here can be accepted without reservation. In a discussion on the conccpt 
that the drug confcrs antigenic properties on the cell, Coombs ( r 964) has pointed 
out that since the drug does not appcar to behave like a classical hapten, it is 
worth considering whethcr this typc of drug hyperscnsitivity may not represent 
a hitherto unrecognized phenomcnon in immunology. An altemative hypo
thesis which is in accord with cbssical immunological thcory is suggested bysome 
recent speculations of Levinc (1965). If the drug is not the hapten then thc reat 
hapten may be a mctabolic product of the drug which makes a stable union 
with the ccll and so stimulates antibody fonnation. When the whole drug is 
used in in vitro cxperiments it might 'fit' the cell and antibody less well than the 
real hapten and might thercfore readily bccome dissociated from both. The 
fail ure of cxcess of the drug to inhibit the reaction might be explained if higp 
concentrations wcre needed to ovcrcomc the tendency of the drug to dissociate 
from cell and antibody. Although this hypothesis would explain why the drug 
docs not behave like a classical hapten it raises the problem why a stable antigen 
formed by union of a metabolíte of the drug with the cells so rarely stimulates 
antibody formation. One of the attractions of the concept that the antigen is 
labile is that because of its lability it might only rarely stimulate antibody 
fonnation. Although this is pure speculation, the rarity of this type of drug 
reaction might be explained if it could be shown that those patients who 
bccome sensitized metabolize the drug in an un usual way and that it is only those 
who can forma metabolite capable of making a stable antigenic union with the 
cell who can become sensitizcd to the drug. 

In conclusion, it is clear that the cause of platelet destruction in thrombocyto
penic purpura due to drug hypersensitivity is still obscure. The explanatiOn of 
this inter-esting group of disorders must await further investigation. 
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Haemolytic anaemia 
The mechanísms by which drug hypersensitivíty causes haemolytic anaemía 
have been studied in less detail than have those causing thrombocytopenic 
purpura, but in many of the reported cases the ímmunological findings have 
been very similar (Ackroyd 1964). This latter type of case will be considered 
first and those forms of haemolytíc anaemía due to drugs which appear to be 
caused by different immunological mechanisms will then be díscussed. 

In the cases in which the immunological fmdings resemble those just de
scribed for thrombocytopeníc purpura, the patient' s serum causes agglutination 
of the patíent' s own, or of compatible normal red cells, only in the presence of 
the drug. Haemolysis of these cells in the presence of complement has sorne
times, but not always, been observed. In sorne cases in which haemolysis has not 
occurred, the patient's serum has caused haemolysis of compatible normal 
trypsinízed cells or of compatible cells from cases of paroxysmal nocturnal 
haemoglobinuría, in the presence of complement and the drug. The antiglobulin 
test performed by incubating red cells with the patient's serum and the drug, 
washíng the cells and exposing them to antiglobulín serum has often been 
positive, suggesting that the union of drug and antibody with the red cell will 
withstand washing. However, the positive antiglobulin test in these cases appears 
to be due to complement whích remains on the red cells after the drug and anti
body have been removed. This was shown by Shulman (1964) in a case of 
haemolytic anaemia dueto stibophen (fouadin). Further evidence that the drug 
and antíbody are not firmly bound to the red cells is provided by Freedman, 
Barr & Brody's (1956) study of a case dueto quinidine. These workers found 
that the unían of the drug with the red cells in the presence of the patíent' s serum 
was so loase that neither the drug nor the serum antibody remaíned in contact 
with the red cells after washing, so that the antiglobulin test was negative. It 
appears, then:fore, that in haemolytic anaemia, as in thrombocytopeníc purpura 
dueto drug hypersensitivity, the drug and antibody do not forma stable union 
with the cell. 

Apart from cases of the kind just described, there are other types ofhaemolytic 
anaemia due to drugs which are apparently due to different mechanísms. 
Three of these, two of which ha ve been clearly shown to ha ve an immunological 
basis, are considered below. 

It has recen ti y been reported that penicillin can cause haemolytic anaemia. The 
direct antiglobulin (Coombs) test in these cases has been positive and the patient's 
serum has agglutinated penicillin-coated red cells. Thís latter findíng does not, 
however, by itself prove that penicillin was the cause of the anaemia for, as 
mentioned above, an antibody capable of doing this can be demonstrated in the 
sera of some patients who have been treated wíth penícillin but who are not 
allergic to it. This antibody can also be demonstrated in the sera of sorne patients 
who ha ve developed classical hypersensitivity reactions to penicillin but ha ve not 
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developed haemolytic anaemia. Proof ofthe causative role of penicillin has 
recently been provided in two cases ofhaemolytic anaemia. In each, readminis
tration of the drug after recovery caused recurrence of the anaemia (Petz & 
Fudenberg 1966; Rosner, Lai & Ritz 1966). The mechanism by which penicillin 
causes haemolytic anaemia is not clear. Although the haemagglutinating activity 
of the antibody found in penicillin-treated patients who have not developed 
haemolytic anaemia can be inhibited by prior treatment of the serum with 
penicillin, the drug has not always inhibited this reaction in the sera of patients 
who ha ve developed haemolytic anaemia (see van Arsdel & Gilliland 1965). This 
suggests that penicillin may be capable of stimulating the formation of more than 
one antibody. Such a possibility is also implied by Parker's (1964) observations 
on haemagglutination inhibition which indicate that more than one derivative 
of penicillin can form the antigenic (hapten) determinant. Swanson and her 
colleagues (1966) have recently described a patient with penicillin haemolytic 
anaemia who had, in fact, developed two antipenicillin antibodies. The macro
molecular (IgM) antibody agglutinated penicillin-coated red cells in saline and 
the reaction was inhibited by prior incubation of the patient's serum with 
penicillin. The other (IgG) antibody did not cause agglutination of such cells in 
in saline, but did sensitize them so that they were agglutinated by antiglobulin 
serum. This antibody was not inhibited by prior incubation with the drug. 
These wotkers considered that since it was responsible for the positive direct 
antiglobulin test in the patient's blood, this latter antibody was most probably 
the cause of the haemolytic anaemia. 

As mentioned above, analgesics, when taken in excessive quantities over long 
periods, cause renal damage, and this is sometimes associated with a reduction 
in the survival time of the patient' s red cells (Friis et al 1960). It also appears that 
a very slight shortening of red cell survival may occur in these patients even 
when they have not developed renal damage (Friis et al 1960). The syndrome is 
generally ascribed to phenacetin, but it is possible that other analgesics incor
porated in analgesic mixtures may be responsible. Although phenacetin may 
cause haemolytic anaemia by an immunological process (Muirhead, Halden & 
Groves 1958; MacGibbon, Loughridge, Hourihane & Boyd 1960), no such 
mechanism has so far been demonstrated in cases ofhaemolysis associated with a 
prolonged and excessive intake of analgesics. 

Recently, a number of reports ha ve appeared of cases of haemolytic anaemia 
occurring in patients being treated with the hypotensive drug IX-methyl-dopa 
(see Worlledge, Carstairs & Dacie 1966). Rapid recovery has followed with
drawal of the drug and treatment with steroids. This apparent association of the 
drug with haemolytic anaemia led to the fascinating observation that about 
20/;; of patients who have been treated with the drug for over a year but who 
are not clinically anaemic have a positive direct antiglobulin test (Carstairs et al 
1966). The erythrocyte survival time of one of four such patients in whom this 
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investigation was carried out was shorter than normal. The antibody in sorne of 
these cases and in nearly all of those with frank haemolytic anaemia has been 
shown to ha ve specificity for one or other of the Rh antigcns (Carstairs et al 1966; 
W orlledge et al 1966). Since the antibody reacts with the Rh antigens on the 
patient' s own red cells it has the characteristics of an autoantibody. All attempts 
to demonstrate an anti-erythrocyte antibody dependent for its action on thc 
presence of the drug in vítro ha ve proved unsuccessful. A possible cxplanation for 
these extraordinary fmdings is that the drug so modifies the Rh antigens on the 
patient' s red cells that they beco me antigenic and stimulate antibody 
formation. 

Agranu locytosís 
Relatively little is known about the immunological basis of agranulocytosis due 
to drug hypersensitivity. As stated above, the little that is known suggests that it 
may be produced by a mechanism similar to that which causes thrombocyto
penic purpura (Ackroyd 1964). 

In the acute stage of agranulocytosis, the patient's serum may cause agglutina
tion of compatible normalleucocytes. The clegree of agglutination can sometimcs 
be increased by the addition of the drug to the suspension of white cells in the 
patient's serum. In almost every case, however, the leucoagglutinin has disap
peared during the phase of recovery. 

Very occasionally a case has becn reported in which the leucoagglutinin has 
persistcd after recovery and could be shown to cause leucocyte agglutination in 
the presence of the drug but not in its absence. This was first shown by Moes
chlin (1954) in a case due to sulphapyridine. This patient' s serum agglutinated 
compatible normalleucocytes for 3 days after the onset of the agranulocytosis 
but did not cause any agglutination after the 5th day. From then until the 15th 
day, however, leucocyte agglutination did occur if the drug was dissolvcd in the 
patient's serum. Thereafter, the agglutinin could not be demonstrated. For a 
long time, this was the only reported case of agranulocytosis in which a leuco
agglutinin, dependent for its action on the presence of a drug, had been demon
strated. This phenomenon, which must be very rare, has, however, recently been 
described in cases of agranulocytosis due to sulphamethoxypyridazine (Johnson 
& Korst 1961), amidopyrine (Magis et al 1962; Thierfelder et al 1964) and chlor
promazine (Hoffman et al 1963). Agglutination and lysis of leucocytes by the 
drug in the patient's serum in the presence of complement has been observed in 
cases dueto chloral hydrate and to promazine (Tullís 1961). Lysis ofleucocytes 
occurring only in the presence of salicylazosulphapyridine has been observed 
in the serum of a patient who had recovered from agranulocytosis due to this 
drug (Ritz & Fisher, 1960). 

The agglutination ofleucocytes by the patient's senun in th~ absence of added 
drug during the acute stage of the agranulocytosis could be explained as being 
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due to the persistence, during this period, of the drug in the paticnt's serum 
although this would suggest that only very minute quantities of the drug are 
necessary. The reason why leucocyte agglutination can usually be demonstrated 
only for so short a time has not been explained. In cases of thrombocytopenic 
purpura due to drug hypersensitivity, the antibody may occasionally persist for 
only a very short time, and it seems probable that in agranulocytosis the antibody 
may be even more evanescent, in which case the shortness of the pcriod during 
which leucocyte agglutination can be demonstrated may be dueto rapid disap
pearancc of both drug and antibody; in the early stagcs, during wbich the 
antibody is still present, agglutination may be increased by adding the drug; but 
after the antibody has disappeared no further agglutination can be demonstrated. 
This concept would bring the rare group of cases in which the leucoagglutinin 
can only be demonstrated after addition of the drug into line with those cases in 
which it is active in the absence of added drug or in which its activity can be 
enhanced by the addition of the drug; the only difference being that in cases in 
the first group the antibody persists after the drug has disappeared, in contrast 
with the remaining cases in which the antibody seems to have disappeared at or 
about the same time as the drug. 

Reference has already been made to the difficulty of distinguishing between 
idiosyncrasy and hypersensitivity. The complexity of this problem is underlined 
by recent studies of agranulocytosis due to chlorpromazine. As mentioned 
above, chlorpromazine may apparently cause agranulocytosis by a purely 
immunological mechanism. More commonly, however, no antibody can be 
demonstrated in cases of agranulocytosis dueto this drug (Pisciotta et al 1958) 
and in these the agranulocytosis appears to be dueto a totally different mechan
ism. Pisciotta ( I 965) has recently claimed that chlorpromazine almost completely 
inhibits cell division of granulocyte prccursors in vitro in bone-marrow cultures 
from patients who have recovered from agranulocytosis dueto this drug. This 
effect was much greater than that seen in controls. It is apparently produced by 
interference with the synthesis of desoxyribonucleic acid. Since the patients 
who had recovered from agranulocytosis were haematologically normal at the 
time of investigation, Pisciotta considered that the action of the drug was 
possibly a manifestation of a constitutional abnormality in the patient. Such 
an abnormality could result from a gcnetically determined enzymatic defect. 

The above review shows that there are large gaps in our knowledge of the 
immunological mechanisms involved in causing the wide variety of clinical 
syndromes which can result from drug hypersensitivity. Not only are many 
drugs and many tissues involved, but in different paticnts the same drug may 
not always produce the same reaction. It is dear that no single fundamental 
mechanism could possibly cause all these phenomena. Indeed, even in a fleld as 
small as haemolytic anaemia dueto drug hypersensitivity (see above) it appears 
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that different immunological mechanisms may underlie the haemolysis caused by 
different drugs. It may be expected, therefore, that with increasing knowledge, 
many further mechanisms will be discovered. 

DIAGNOSIS 

The most important factor in diagnosis is that the physician should be aware 
of the enormousl y wide variety of clinical syndromes that may result from drug 
hypersensitivity and of the particular reactions to which the drug he is 
prescribing most frequently gives rise. 

During treatment with a drug known to be particularly liable to cause hyper
sensitivity reactions, a careful watch should be kept for unexplained fever as this 
may be the first sign of developing hypersensitivity. If treatment is stopped as 
soon as the fever develops, a serious illness may be averted. 

Once a reaction has developed, it is essential to inquire about all the drugs the 
patient has been receiving. One of thc difficulties quite frequentl y encountered is 
that the patíent may deny taking any drugs at all. Drugs popularly regarded as 
hannless andregularly consumed such as, for example, phenolphthalein, are often 
forgotten, or not regarded as 'drugs'. Not infrequently, when the cause is found 
the patient will say wíth astonishment: 'Oh! Doctor, I never thought you 
meant things like that !' Sometimes the patient is complete! y unaware that he is 
exposed to a drug or other sensitizing agent. This is partícularly true when thc 
drug ís incorporated in a food. Antibiotícs, for instance, are present in sorne 
dairy products, and some food dyes and preservatives are potential causes of 
hyperscnsítívíty reactions. Quinine, which is an ingredient of certaín drinks, is 
another example. 

An attempt must be made to establish that the reaction ís due to drug hyper
sensitívity. Careful correlation of the time of onset of the reactíon wíth the dates 
of administration of each drug the patient has been taking rnay provide suggest
íve evídence. In general, a reaction is unlikcly to be dueto a drug if symptoms 
have appeared more than 4 or 5 days at the most after the last dose was taken. 
This clearly may not be true of drugs such as long-acting sulphonamídes (e.g. 
sulphamethoxypyridazine) or drugs which are admínistered in a fonn in which 
they are slowly released into the gut. Even more important, sensítízatíon to 
drugs administered in depot form may develop weeks or even months after the 
drug was given. It should also be borne in mind that cases ofhypoplastic anaemia 
involving predominantly the red-cell precursors do not immediately become 
apparent, for even with complete aplasia, the haemoglobin level will not fall by 
more than about 1/,; per day, and patients rarely complain of symptoms of 
anaemia until the haemoglobin has fallen to about 70/,;. The survival of white 
cells and platelets is much shorter but with incomplete failure of production of 
these elemmts, symptoms may not appear for several weeks. 
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Whenever a drug reaction is suspected all therapy should, if possible, be 
stopped. If the reaction now subsides, this will strengthen the suspicion that it 
was due to one of the drugs the patient was taking. It does not, of course, 
confirm this, for the reaction may have been a naturally occurring self-limited 
event unrelated to drug therapy. Nor does it pro ve that the reaction was allergic. 
It m ay ha ve been due to one of the other mechanisms discussed above. Further
more, the failure of the reaction to subsidc when the drng is withdrawn does not 
necessarily exonerate it. The drug may be excreted only very slowly, or it may 
have been administered in depot form. Occasionally the reaction may not sub
side because an immunochemically related drug has been inadvisedly substi
tuted for the one omitted. Finally, in sorne cases, the hypersensitivity reaction 
may have caused irreversible tissue damage before the drug was withdrawn, so 
that the reaction pursues a relentlessly progressive course. 

A history of remission of symptoms when the drug was withdrawn, and 
recurrence whcn it was resumed, provides strong evidence that the drug was 
responsible for the reaction. However, it should be realized that the readministra
tion of a single do se of the drug may not cause symptoms to recur even though, 
by other means, the condition can be shown to have been a hypersensitivity 
reaction to the drug being administered. Although minute doses sometimes cause 
recurrence of symptoms, increasing doses over a period of a fortnight or more 
may be required to provoke a recurrence. This subject is dealt with more fully 
below in the section on test dosing. 

Beca use the readministration of a drug may give rise to a dangerous reaction 
in a highly sensitive patient, skin tests and in vitro tests (see below), if these are 
applicable to the particular reaction from which the patient is suffering, should 
be performed before a test dose is given. 

SKIN TESTS 

In general, skin tests are oflittle value in the diagnosis of drug hypersensitivity. A 
positive reaction of the wheal and fiare type to an intradermal, or a scratch, or 
prick test, indica tes only that the patient' s skin is hypersensitive to the drug; it does 
not necessarily imply that the drug has caused or will cause a systemic reaction or, 
except when applied to the skin, a cutaneous reaction. In other words, a patient 
who gives a positive skin test to a drug may tolerate its administration by any 
but the percutancous route. Furthermore, negative skin tests have not 
infrequently been reported in patients who have subsequently experienced 
systemic reactions. 

Intradermal tests have produced severe reactions and Rose (1953) has reported 
a fatality as a result of intradermal testing with penicillin. The problems of skin 
testing in cases of suspected penicillin hypersensitivity have been considered 
above. Although the procedure using penicilloyl polylysine seems reasonably 
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safe, the results are not clear cut and the method cannot be recommended for 
routine use (Levine 1964). The antigen can be obtained from the Sigma Chemi
cal Co. Ltd, 12 Lettice Lane, London, S.W.6, under the trade name of Cilligen. 
It is injected intradermally (0.02-0.04 ml) and the injection site is inspected at 
intervals for 20 min for a wheal and flare response. The maximum diamctcr of 
the wheal should be recorded (see Budd et al 1964). 

Althoughno serious generalizedreactions ha ve been rcportedfrom patch testing, 
the dangers of percutaneous absorption should be borne in mind. Blanton & 
Blanton (1953) produced a mild generalized reaction by patch tcsting a patient 
who was highly sensitive to penicillin, and Donaldson & Scarborough (1945) 
observed a generalized increase in capillary fragility and a slight, but probably 
significant, fall in the platelet count on two occasions as a result of applying 
su1phathiazole for 1-!- hr to the intact skin of a patient who had recovered from 
thrombocytopenic purpura due to this drug. Had the drug been left in contact 
with the skin for a longer period, the patient would probably have developed 
a further attack of thrombocytopenic purpura. 

Patch tests are of value in patients whose primary sensitization was of contact 
dermatitis type, even although the eruption under investigation may have been 
provoked by systcnúc administration of the drug. They are also of value in 
eczematous eruptions due to antibiotics, sulphonamidcs, antihistamines, 
phenothiazincs (promcthazine, chlorpromazine and related compounds), 
mercurials and quinine. 

In photosensitization reactions, whether or not of eczematous type, patch tests 
are also of some value. The test may be positive after 48 hr, or may become 
positive only after subsequent exposure to light (see below). Further details 
are given in Chapter 7· 

In fixed drug eruptions patch tests are negative, but Goncalves (1956) found a 
friction test useful. The suspected drug in a 3% concentration in propylene 
glycol was lightly rubbed into previously affected skin. A positive reaction 
developed in 3-II hr. This test requires further evaluation. 

In patients who have recovered from thrombocytopenic or non-thrombo
cytopenic purpura due to drug hypersensitivity, patch testing may cause a local 
increase in capillary fragility or cven the appearance of purpuric haemorrhages 
in the area of skin which has been exposed to the drug. Such reactions occur 
only in highly sensitized patients. A negative result should not be taken as 
evidence that the patient is not sensitive to the drug. 

THE TECHNIQUE OF p ATCH TESTING 

If the drug is a liquid, it may be used undiluted or dilutcd with an inert sol ven t. 
If it is a salid, a vehicle should be used in which it is both stable and readily 
soluble. Both water and propylene glycol have proved satisf:1ctory. The drug is 
added toa small volume ofthe solvent in a test tu be which is heated ata tempera-
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ture at which the drug will not decompose. Heating is continued until aU the drug 
has dissolved. If a sufficient quantity of the drug has been added, crystals wlH 
separa te out as the solution cools, and eventually the preparation sb.ould forma 
fairly fluid paste of crystals in a saturated solution in the solvent. Befare use it 
should be established that the preparation does not cause changes in the skin of 
normal individuals. If it does, increasingly dilute preparations should be tried 
until a concentration is found which is non-irritant to normal skin. This pre
paration is spread over an area of the patient's skin which has previously been 
cleaned with ether or acetone. It is covered with a piece of fllter paper backed 
with oiled silk, and the whole preparation is held in place with a wide strip of 
Elastoplast or other adhesive dressing. As a control, the solvent alone is applied 
in a similar manner to a corresponding area of skin on thc other si de of the body. 
The skin should be inspected at intervals. A positive result is indicated by the 
reproduction of the original skin condition in the area to which the drug has been 
applied. The skin exposed to the solvent alone should show no more than slight 
erythema and superficial epithelial desquamation. If no reaction has occurred in 
the test area after 48 hr, the test may be regarded as negative, except in the 
conditions mentioned below. 

In photosensitization rcactions, if the skin shows no change the test and control 
arcas should be exposcd to an erythema dose of ultra-violet light. Only if the 
skin test area still shows no change as compared with the control area should it 
be concluded that the test is ncgative. 

If the patient has recovcrcd from thrombocytopenic purpura, patch tcsting 
should be undertaken only if the platelet count is normal. Beca use of the dangers 
of percutaneous absorption of the drug, platelet counts should be performed at 
intervals whilst the drug is in contact with the skin If the count should fa11 to 
so% or less of the initiallevcl, the drug must immediately be removed from the 
skin as complete! y as possible. A positive result of patch testing is indicated by 
the appearance of purpura which is conflned to the area exposed to the drug. 
If patch testing fails to cause the appearance of purpura, the arm should be con
gested ata pressure of8o mm of mercury for 5 minas in the Hess (1916) capillary 
fragility test, or the arca of skin exposed to the drug should be subjected to a 
negative pressure as in the Dalldorf (1933) method of demonstrating increased 
capillary fragility. An increase in capillary fragility conflned to the area to which 
the drug was applied, and not scen in thc area of the control patch, indicates an 
effect of the drug on the capillaries. 

IN VrTRO TEsTs 

In the following section the principies underlying various tests which can be 
used as aids in the diagnosis of cases of drug hypersensitivity are described. 
References are also given to articles providing detailed instructions for the 
performance of these tests. 
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REACTIONS INVOLVING THE RELEASE OF 
HISTAMINE 

Basophil degranulatíon tests 
Histamine is thought to be released from tissue mast cells and from the baso
phils in the blood, as a result of a reaction involving antibody and the drug to 
which the patient is sensitive. These tests attempt to demonstrate the loss of 
granules from the basophils during this reaction. 

(a) Direct test (Shelley & Juhlin 1961, 1962) 
A solution of the drug in saline is mixed with the patient's whole heparinized 
blood. After allowing time for any reaction to occur, the blood is fixed and the 
white cells concentrated and stained. The granules in the basophils are then 
observed microscopically and compared with those seen in control preparations. 

(b) Indirect test (Shelley 1962, 1963) 
The main difficulty in performing the direct test is due to the fact that baso
phils are present in only very small numbers in normal human blood. For this 
reason the indirect test was developed. This employs rabbit blood which con
tains much larger numbers of basophils. One drop of the patient' s serum is 
placed on a slide which has been covered with dried stain and is mixed with one 
drop of a solution of the drug in saline and one drop of rabbit buffy coa t. The 
preparation is covered with a cover glass and sealed with vaseline. The basophil 
granules are observed microscopically and compared with those seen in appro
priate control preparations. 

Histamine release (Shelley & Comaish 1965) 
In this test, a solution of the drug in Tyrode's solution is mixed with diluted 
whole heparinized rabbit blood and diluted serum from the patient. After 
incubation at 37°C for 30 min, the histamine released is estimated chemically and 
compared with that released in control experiments in which the patient's 
serum has been used in the absence of the drug. Further control experiments 
using normal serum should also be performed. 

DEMONSTRATION OF HAEMAGGLUTINATING 
ANTIBODIES TO PENICILLIN (Ley et al 1958; 
Thid et al 1964) 
In the original techniquc of Ley and his colleagucs (1958) compatible human 
blood is dil uted wi th Alzever' s solution and then added to a vial containing 
powdered penicillin. After incubation, the cells are washed three times in saline. 
These cells are then put up against the patient's serum and against normal 
serum. If no agglutination is observed, the cells are washed and then 
suspended in antiglobulin serum and again inspected for red cell agglutination. 
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Hapten inhibition studies can be performed by incubating the serum with peni
cillin or one of its deriva ti ves before performing the haemagglutination test. 

Thiel and his colleagues (1964) wash the red cells and then incubate them with 
a solution of penicillin. After the incubation the cells are washed again and are 
then put up against severa! dilutions of the sera to be tested. These workers ha ve 
found that with sorne sera much higher titres are obtained if the red cells are 
incubated with penicillin at pH 8.6 rather than at neutral pH. 

In vitro STIMULATION OF PERIPHERAL BLOOD 
LYMPHOCYTES (Holland & Mauer 1964; Halpern 
et al 1967) 
The patient's venous blood is heparinized and the lymphocytes are isolated 
in the patient's plasma. They are then cultured for 3-6 days in a tissue culture 
medium containing the drug thought to have caused the reaction. Stained 
films of the cultured cells are prepared at intervals and the proportion of lym
phocytes showing 'blast' transformation is compared with the proportion 
seen in a similar preparation of the patient's cells cultured in the absence of 
the drug. The proportion of cells synthesizing desoxyribonucleic acid can be 
determined by adding tritiated thymidine to the cultures and making autora
diographic preparations 1 hr later (Holland & Mauer 1964). 

THROMBOCYTOPENIC PURPURA 

Platelet agglutination and lysis (Ackroyd 1964; Dausset 1958) 
Platelet agglutination by the drug can be demonstrated in many cases if 
the drug is added to the patient's platelet-rich plasma taken within a few days of 
recovery. Platelet lysis by the drug occurs less commonly. It requires the presence 
of complement, whereas platelet agglutination does not. If the patient still has 
thrombocytopenia, platelets from compatible normal blood may be added to 
the patient' s plasma. 

The sedimentation test (Ackroyd 1964) 
This me asures platelet agglutination and 1 ysis. The patient' s blood, after recovery 
is mixed with a solution of the drug in an anticoagulant, and the preparation is 
allowed to stand, and the red and white cells to sediment. Agglutination and 
lysis of platelets by the drug cause a striking fall in the platelet count in the 
supernatant plasma as compared with that in the control preparation in which 
the patient's blood is mixed with a solution of the anticoagulant alon~. 

Inhibition of clot retraction (Ackroyd 1964) 
The patient' s blood is mixed with a solution of the drug in saline and is allowed 
to clot. The clot retraction is compared with tlut of the patient's blood diluted 
equally with saline alone. Since clot retraction is a function of the blood platelets, 

z 
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a significant reduction in clot retraction caused by the drug may be taken as an 
index of the action of the drug on the patient' s platelets. 

Complement fixatíon tests (Ackroyd 1964) 
(a) Wíthout antíbody concentration. The patient's blood is mixed with a solution 

of the drug in saline and is then allowed to clot. The serum is separated and its 
complement is titrated. If complement fixation has occurred, the titre will be 
significantly lower in the serum in this preparation than in the serum from a 
control preparation of the patient' s blood diluted with saline alone. 

This is the simplest way of demonstrating complement fixation. It is essential 
that there should be a normal number of platelets in the patient's blood, or the 
test will usually be negative. If the patient's platelet count is stilllow, washed 
platelets from compatible normal blood should be suspended in the patient's 
serum and a solution of the drug in saline added. If the patient' s fresh serum is 
used, the patient's own complement may be titrated. Alternatively guinea-pig 
serum may be added as a source of complement. After allowing time for the 
reagents to interact, the preparation is centrifuged and the complement in the 
supernatant is titrated and compared with that in a control preparation of 
the platelet suspension in the patient's serum to which saline has been added 
in place of the solution of the drug. 

(b) Wíth antibody concentration. The antibody titre is sometimes so low that 
complement fixation cannot be demonstrated by the techniques just described. 
In this case, advantage is taken of the fact that antibody becomes attached to 
platelets in the presence of the drug. Compatible normal washed platelets are 
suspended in as large a volume as possible of the patient' s serum, the complement 
of which has previously been inactivated by heating at 56°C for 20 min. To 
half this suspension a solution of the drug in saline is added, and to the remainder 
an equal volume of saline alone. After allowing time for the reagents to interact, 
each preparation is centrifuged and an equal quantity of the supernatant is 
removed from each, leaving the smallest amount required for complement 
titration. The platelets are then resuspended in the remaining serum. Equal 
volumes of guinea-pig serum are added to each preparation and the complement 
in each is titrated after allowing time for complement fixation to occur. Using 
this technique the antibody in the large volume of serum in the presence of the 
drug is concentrated on the platelets in the remaining smaller volume, and the 
degree of complement fixation is thereby greatly increased. 

A simple method for demonstrating antibodies to platelets by complement 
fixation has been described by Aster and his colleagues (1964). This may well 
prove sui table for the investigation of cases of drug-dependent thrombocytopenic 
purpura. 
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Precipítate Jormation by the drug (Ackroyd, 1964) 
This is very rare. It can be demonstrated by preparing doubling dilutions of the 
patient' s serum in saline and adding to each tu be an equal volume of a solution of 
the drug in saline. A control series of tubes is put up, in which saline alone is 
added to each dilution of the patient' s serum. A further series of controls using 
normal sera are also observed. The preparations are mixed by shaking and in
cubated at 37°C. A floccular precipita te developing in one or more of the tu bes 
containing the patient' s serum and the drug, and not seen in the control tu bes, 
indica tes the presence of a precipitin. 

Líberatíon oJ platelet factor 3 (Horowitz, Young & 
Nachman 1964; Horowitz, Rappaport, Young & 
Fujimoto 1965) 
This test measures the release of platelet factor 3 from platelets damaged as a 
result of the addition of the drug which has caused the reaction, to the patient's 
platelet-rich plasma. Alternatively, the drug may be mixed withnormal platelet
rich plasma to which the patient' s inactivated serum has been added. In the latter 
type of test, a sample of normal platelet-rich plasmais incubated with the patient' s 
inactivated serum and the drug, and the amount of platelet factor 3 liberated is 
estimated at intervals and compared with that liberated in a control mixture in 
which the patient's serum is replaced with normal serum. Although this may 
prove to be a simple and satisfactory technique, its specificity has not yet been 
established and Horowitz and his colleagues (1965) ha ve seen one patient on long
term quinidine therapy whose serum repeatedly gave positive results with this 
test over a period of 6 months but who did not develop thrombocytopenia. 

Amíno-acíd generation (Horowitz, Y oung & Nachman 
1964; Horowitz & Nachman 1965) 
In this test, a suspension of normal washed platelets is incubated with the patient's 
serum and the drug which has caused the reaction. The amount of oc-amino 
nitro gen liberated in 1 hr is compared with that liberated in a mixture of normal 
washed platelets, normal serum and the drug. The sera used in these tests are 
adsorbed with barium sulphate before use (Horowitz, personal communica
tion). 

Choice of test 
For reasons which are not clear, not all these tests are positive in every case of 
thrombocytopenic purpura which can be shown to be due to drug hypersensi
tivity. In consequence, ideally, all the tests should be performed on each patient. 
If this is impracticable, the complement fixation test with antibody concentra
tion is probably the most reliable single test. 

In vítro tests should be performed as early as possible in the course of the disease, 
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for the period during which the antibody remains detectable is very variable. lt 
may persist virtually unchanged for years (Ackroyd 1958), or it may become 
rapidly less in successive samples of the patient's fresh blood. Asan example of 
this, a case of thrombocytopenic purpura dueto quinidine (Barkham & Tocan
tins 1954), may be quoted. In this case, II days after the patient had developed 
thrombocytopenia in response to a test dose of quinidine, in vitro tests performed 
on her freshly drawn blood were negative although, before the test dose was 
given, they had been positive. 

HAEMOLYTIC ANAEMIA 

The in vitro tests available for investigating cases of haemolytic anaemia due to 
drug hypersensitivity (see Ackroyd 1964) are essentially similar to those de
scribed for thrombocytopenic purpura. 

Red cell agglutination and lysis 
The addition of the drug to a suspension of the patient' s red cells, or of compatible 
normal red cells in the patient' s serum, causes red cell agglutination. Occasionally 
red celllysis will occur if complement is present. Although lysis occurs infre
quently, the lytic nature of the antibody can often be demonstrated if compatible 
trypsinized red cells or red cells from cases of paroxysmal nocturnal haemo
globinuria are used. Lysis of these cells also requires the presence of comple
ment. 

Techniques for coating red cells with penicillin in order to demonstrate 
haemagglutinating antibodies have already been described. As stated above, 
although such antibodies are found in cases ofhaemolytic anaemia due to penicil
lin they are also found in other types of penicillin hypersensitivity and in the 
sera of patients who have been treated with penicillin without developing any 
abnormal reactions to it. 

The antiglobulin test. The initial steps in this test are the same as those just 
described for demonstrating red cell agglutination. If the drug does not cause 
red cell agglutination or lysis, in this test, the cells are washed and suspended in 
antiglobulin serum. This may cause them to become agglutinated, the 
agglutination being usually, if not always, due to components of complement 
on the red cell surface, the antibody having been removed during the washing 
procedure. 

The exclusion of cases of haemolysis by drugs due to 
enzyme deficiency 
As mentioned above, haemolytic anaemia due to drugs in patients with red 
cells deficient in the enzyme glucose-6-phosphate dehydrogenase may closely 
mimic that caused by drug hypersensitivity. lt is for this reason desirable that the 
level of this enzyme in the patient's red cells should be investigated in every case 
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in which it appears that a drug has caused haemolytic anaemia. A low level of 
this enzyme can readily be demonstrated either by the screening test ofMotulsky 
& Campbell (Doxiadis, Fessas, Valaes & Mastrokalos 1961) or that described by 
Brewer, Tarlov & Alving (196o). The concentration of this enzyme is higher in 
young cells than in old cells and, as it is the older cells which are destroyed during 
the stage of acute haemolysis, the enzyme content of the remaining cells is likely 
to be higher than the mean content of the cells befare haemolysis occurred. It is 
possible, therefore, that if the enzyme is estimated immediately after a haemo
lytic crisis, the rise in the mean enzyme content caused by the destruction of the 
older and more enzyme-deficient cells might mask a deficiency of the enzyme. 
If, therefore, the first estimation indica tes a normal enzyme level, the estimation 
should be repeated after the patient has recovered. 

AGRANULOCYTOS1S 

In 11itro tests ha ve proved of relatively little value in the investigation of cases or 
agranulocytosis due to drug hypersensitivity. The following may be tried (see 
Ackroyd 1964). 

Leucocyte agglutination 
It has been shown in a number of cases that the serum of the patient taken during 
the acute stage of the agranulocytosis contains a leucoagglutinin which causes 
agglutination of leucocytes from compatible normal blood. Unlike the red cell 
or platelet agglutinins described above, which cause agglutination of red cells or 
platelets only in the presence of the appropriate drug, this agglutinin causes 
agglutination of white cells even if no drug is added to the suspension of cells 
in the patient's serum. It disappears as the patient recovers. It is of no value in 
diagnosis beca use such leucoagglutinins are also found in sorne cases of agranulo
cytosis which are not dueto drugs. However, an indication that the drug may 
be responsible is occasionally provided by the observation that the activity of the 
agglutinin can be increased by the addition of the drug to the suspension of 
white cells in the patient' s serum. 

Leucocyte agglutination dependent on 
the presence of the drug 
Although platelet agglutination and red cell agglutination by the causative drug 
in the sera of sensitized patients have been reported fairly frequently, leucocyte 
agglutination dependent on the presence of a drug in the serum of a patient who 
has recovered from agranulocytosis due to that drug has been reported only 
very rarely. As in Moeschlin's (1954, 1958) case, described above, the antibody 
may be demonstrable for only a very short time after recovery. In order to detect 
this type of antibody it is therefore essential to attempt to demonstrate leucocyte 
agglutination by the drug in the patient's serum as early as possible. 
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THE StGNIFICANCE OF PosrTrvE SEROLOGICAL 

fiNDINGS IN PATIENTS WITH HAEMATOLOGICAL 

DrsoRDERS SusPECTED OF BEING nuE TO D RUG 

HYPERSENSITIVITY 

Positive results with any of the serological tests described above may be of the 
greatest help in diagnosis and, taken together with an accurate history and careful 
physical examination, may obviate the necessity for administering a test dose of 
the drug¡ a procedure which can never be entirely free from danger. None the 
less, a positive result of a serological test designed to show that a drug has caused 
a haematological disorder does not necessarily prove that the drug has caused that 
disorder. Thus, Dausset & Bergerot-Blondel (r96r) have described a patient in 
whose serum para-aminosalicylic acid caused agglutination of red cells, white 
cells and platelets, although the patient had never had clinical haemolytic 
anaemia or agranulocytosis, and it seemed improbable that the thrombocyt
openic purpura from which he subsequently suffered was dueto this drug. Other 
workers ha ve also encountered reactions of this type. Reference has already been 
made to the agglutination by certain sera of red cells which ha ve been exposed 
to penicillin. Only a minute proportion of the patients from whom these sera 
were obtained had suffered from haemolytic anaemia due to penicillin. Of six 
patients whose sera agglutinated red cells which had been exposed to chloram
phenicol, five had no history of ever having been treated with this drug (Watson 
& Joubert 1960). It is clear, therefore, that in vitro tests for haematological dis
orders suspected of being due to drug hypersensitivity may be misleading unless 
they are interpreted in the light of the clinical and pathological findings. 

TEST DOSING 

If skin tests and in vitro tests, when these are applicable, give negative results, the 
administration of a test dose of the drug, after recovery, is the only means of 
establishing that the drug has caused the patient's symptoms. In a highly sensi
tized patient, this procedure may be dangerous, and test dosing should be 
performed only when it is essential to establish the identity of the causative 
agent. The potential danger of the procedure is indicated by the fact that, as 
mentioned above, Rose (1953) has reported a fatal reaction to the intradermal 
injection of penicillin given as a skin test to a sensitive patient. Drug hypersensi
tivity reactions causing a reduction in the number of the formed elements in the 
blood have not been reported as having caused death when such extremely 
small doses have been given. However, a fatal attack of thrombocytopenic 
purpura with death from intracranial haemorrhage has resulted from an oral 
test dose of one grain (65 mg) of quinine (Ackroyd 1958). 

In highly sensitized patients, the reaction may develop within a few minutes or 
a few hours of taking a small dose of the causa ti ve drug. In less sensitive patients 
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there may be no detectable response to a single small dose, and the administra
tion of the drug may have to be continued for several days or even for 2 or 3 
weeks, and large doses may have to be given before the drug causes a reaction. 

The dose required to produce a positive response may change markedly in 
the same patient. This is shown very strikingly by one patient who was sensitive 
to antazoline (Ackroyd 1964). Shortly after she had recovered from an attack of 
thrombocytopenic purpura due to this drug, she developed severe thrombo
cytopenia in response toan oral dose of s.o mg of the drug. As she vomited 5 
min after taking the drug, the amount absorbed must have been considerably 
less. Eighteen months later she was given a test dose of 0.5 mg of the drug. This 
produced no reaction and the dose was increased daily until, on the 12th day, 
she received 300 mg; still with no untoward result. On the following day she 
was given 100 mg and developed a very mild attack of thrombocytopenic 
purpura from which she rapidly recovered. The total quantity of antazoline 
given during the 13 days was 817.5 mg. Nine days later, by which time it was 
thought that she might be highly sensitive to the drug, she was given 1.0 mg by 
mouth. There was no reaction and the dose was slowly increased until, on the 
sth day, she was given 50 mg, making a total of 71 mg in 5 days. About 3 hr 
after this last dose had been given, she was found to have developed thrombo
cytopenia, and there were a few scattered pin-point petechial haemorrhages in 
her skin. She again recovered rapidly. 

THE TECHNIQUE OF TEST DOSING 

It will be clear from what has been written above that much of what passes for 
test dosing in current clinical practice employs doses so large that they might well 
kill a highly sensitive patient and yet, when given as a single dose, might not 
reveal the sensitivity of a less sensitive patient. According toa standard textbook 
of X-ray diagnosis, the usual method of detecting sensitivity to intravenous 
iodine-containing contrast media is to inject '3 c.c of the solution very slowly 
into the vein. If the patient shows a marked systemic reaction, further injection 
is stopped'. A well-known textbook of therapeutics recommends that 'a test 
dose of 0.2 ml of serum should be injected subcutaneously and the patient ob
served for a period of half an hour' before a therapeutic dose of antiserum is 
given to a patient not known to be sensitive. Such procedures could be guaran
teed to kill almost any highly sensitive patient, and could better be described as 
treating the coroner rather than the patient. 

It has already been emphasized that although quite large doses of a drug may 
be required to produce a reaction, extremely small doses have sometimes 
caused severe and even fatal reactions. Bierlein (1956) has reported what is 
probably the smallest recorded dose which has produced asevere reaction. This 
was 3 x IO- 6 of a unitof procainepenicillin. Itisclearlyquiteimpracticabletomake 
a routine of starting courses of test doses with quantities as small as this, beca use 
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the time which would be required slowly to increase the dose to a therapeutic 
level would be prohibitive. Moreover, in cases where the patient is likely to be 
sensitive to such minute doses, the chance ofincreasing the dose too rapidly, and 
accidentally giving a fatal dose, would be too great. Test dosing should there
fore never be performed in conditions in which a fatal reaction is known to 
be a possibility unless treatment is essential and no alterna ti ve immunochemically 
unrelated drug can be given. Also, test dosing should never be attempted with 
drugs which form depots; the danger of precipitating a reaction which cannot be 
controlled because the drug is being continually released is too great. Test 
dosing should be undertaken only if the patient has recovered complete! y from 
the reaction thought to have been caused by the drug; if there is no immuno
chemically unrelated drug which can be used in place of this drug; if the patient 
is likely to suffer if he does not receive the drug; and if it is unlikely that test 
dosing will cause a fatal reaction. Certainly, if the patient has recovered from a 
severe reaction associated with a state of shock, or from aplastic anaemia, test 
dosing should never be attempted. 

As already stated, before giving a test dose, it is essential to ensure that the 
patient has recovered completely from the condition thought to have been due 
to the drug and in the case of haemolytic anaemia, agranulocytosis or thrombo
cytopenic purpura a blood count should be shown to be complete! y normal. In 
the latter condition it should also be shown that the capillary fragility is normal. 

If it is decided to undertake test dosing, it will clearly be essential to start with 
a very small dos e, and it is recommended (Ackroyd r964) that the initial oral dose 
should not be more than a microgram. If the patient has recovered from haemo
lytic anaemia, agranulocytosis, or thrombocytopenic purpura, a blood count 
should be performed immediately before, and again about 3 and about 6 hours 
after the test dose is given, and this routine should be repeated with each suc
ceeding dose. If no change in the blood count or other signs ofhypersensitivity 
are noted, the dose may be increased daily until the patient develops a reaction, 
or until a therapeutic dose is reached. The dose should be increased as follows: 
Io Jlg is given on the 2nd day and then o.r mg; r.o mg; ro mg; 50 mg; roo mg; 
and so on, on successive days. If a therapeutic dose has been reached and no 
signs of hypersensitivity have developed, the dose should be maintained at that 
level for at least r4 days before it is concluded that the patient is not sensitive to 
the drug (Ackroyd r964). 

If the drug has to be given parenterally, itisrecommended that the initial dose 
should not be more than r nanogram ( r.o n = ro- 9 g) and that, if necessary 
ro.o n should be given on the 2nd day; o.r }lg on the 3rd; and r.o }lg on the 4th. 
Thereafter, the dose may be increased as in the scheme for drugs given orally. 

There is an important warning which must be given at this stage. If a previous 
attempt to demonstrate hypersensitivity by the administration of a test dose has 
been made, even though this produced no detectable evidence ofhypersensitivity 
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it may have caused a rise in antibody titre so that the patient may be found to 
be highly sensitive when next tested. For this reason, the initial dose given 
should be much smaller than the one previously tolerated. 

TREATMENT 

The detailed treatment of the actual systemic or cutaneous reaction is well dealt 
with in textbooks of therapeutics, and needs no further rnention here. Sorne 
points of value in prophylaxis and in the technique of desensitization rnay, 
however, not be out of place. 

PROPHYLAXIS 

The first point to ernphasize is that drugs with a high potentiality for causing 
serious reactions should be given only when treatrnent is essential and there is no 
alternative drug. lt rnight be thought that this is so obvious as not to be worth 
stating, but the annual consurnption of drugs such as chlorarnphenicol rnakes it 
clear that this principie is not sufficiently widely observed. Chlorarnphenicol 
rnay be life-saving in typhoid fever and other infections due to organisrns 
which are not highly sensitive to any other antibiotic. Owing to its well-known 
capacity for causing aplastic anaemia, it should be used only for such infections; 
yet as Garrod (1958) has pointed out' ... rnany unfortunate victirns (of aplastic 
anaernia) have received the treatrnent (chlorarnphenicol) for quite trivial 
conditions'. * 

The second point of irnportance in prophylaxis is that if treatrnent with a 
drug which is known to cause serious reactions is conternplated, the patient 
should always be asked if previous adrninistration of the drug has caused syrnp
torns. Furtherrnore, the patient's staternent that he is sensitive to a drug rnust 
never be ignored. Failure to observe these rules has led to a disturbingly large 
nurnber of severe reactions, and sorne deaths. In this connection, it should be 
rernernbered that drugs, the' sale of which is not in any way restricted, rnay 
occasionally cause severe and even fatal reactions. Asan exarnple of this, aspirin 
administered by a doctor who was unaware that the patient was highly sensitive 
to it, has caused the death of the recipient (Halpern 1958a). If the patient has 
previously developed syrnptoms suggestive of serious drug hypersensitivity, a 
chernically unrelated drug should be substituted. In cases where no other drug 
can be substituted, the patient' s sensitivity should be investigated by the rnethods 
described above. If the sensitivity is confirrned, this rnust usually be taken as an 
absolute contra-indication to the use ofthe drug although, occasionally, a course 
of desensitization (see below) may be tried. 

A third point is to inquire whether the patient has previously suffered frorn 

* Net sales of chloramphenicol in 1958 were over $62,ooo,ooo, and in 1959 over 
$7o,ooo,ooo (Saidi, Wallerstein & Aggeler 1961). 

Z* 
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asthma, hay fever, or infantile eczema, because as stated above, there is sorne 
evid~nce-although this is admittedly inconclusive-that such patients may be 
more liable than normal individuals to develop certain types of drug reaction. 

One further point of prophylactic value has already been mentioned in con
sidering the diagnosis of hypersensitivity reactions: unexplained fever may be 
the first sign that the patient is developing such a reaction, and a careful watch 
should be kept for even a small spike of fever which may herald the reaction. 
This is particularly important in the more severe reactions, such as those involv
ing the formed elements of the blood, because if treatment is stopped at this 
stage a fatal result may possibly be avoided. 

DESENSITIZATION 

It has been shown above that the patient's sensitivity toa drug may persist for 
years or may apparently disappear within a few days. However, if the drug is 
given again to a patient whose hypersensitivity seems to have disappeared, 
symptoms ofhypersensitivity may reappear after a few days toa week or two of 
c:ontinuous treatment. This makes it difficult to evaluate the efficacy of attempts 
at desensitization. The procedure is potentially dangerous and should be attemp
ted only when rhe patient's health urgently demands the administration of a 
drug_ for which no effective substitute is available. In practice, desensitization ís 
rarely likely to be required except in certain cases of hypersensitivity to strep~ 
tomycin or other antituberculous drugs. The technique involves the 
administration of extremely small but slowly increasing doses, and is described 
by Smith & Zirk (196r), Crofton (r953) and Alexander (1953). Sorne authors 
claim a high proportion of successes particularly with para-aminosalicylic acíd 
{cf. Chapter. 24). It is not known why this procedure sometimes enables the 
patient to tolerare the drug. 

REFERENCES 

Ac.KROYD JF. (1949} A simple method of estimating clot retraction with a survey of normal 
values and the changes that occur with menstruation. Clin. Sci. 7, ::\JI-47· 

AcKROYD J.F. (I95J) Alle~rgic purpura, il;Icluding purpura dueto foods, drugs and infections. 
Am.j. Med~ 14.605,--32. 

AcKRoyo, J..F. (1954) The role of sedormid in the immunological reaction that results in. 
plat_det lysis in scdormjd_ purpura. Clin. Sci.. 13.409-23. 

ACKROYD J.F. (1958) Thrombocytopenic purpura due to drug hypersensitivity, In Sensi
tivity Reactíons to Drugs, pp. 28'-62, ed. ROSENNEIM M.L. & MOULTON R. Oxford: 
BlackweU ScieRtifie Publications. 

A CKROYD J .F. ( 1960) The pathogenesis of p!Jrpura. In Lectures on Haematology, pp. 217-4 7, ed. 
HAYMOE F.G.J. Cambridgt:: University Press. 

AcKROYD J.F. (r964) The diagnosis of disorders of the blood due to drug hypersensitivity 
ca.used by an irnmunc rnechanism. In Imm~Jnological· Mt~thods, pp. 453-509, ed. AcK
ROYD J.F. Oxford: Blackwell Scientific PublicaJ;ions. 



ALLERGIC DRUG REACTIONS 747 

ALARCÓN-SEGOVIA D., WoRTHINGTON J.W., WARD L.E. & WAKIM K.G. (1965) Lupus 
diathesis and the hydralazine syndrome. New Engl. ]. Med. 1.71., 462-6. 

ALEXANDER H.L. (1955) Reactions with Drug Therapy. Philadelphia and London: Saunders. 
ALEXANDER L.J. (1953) Desensitization of the penicillin-sensitive patient. A.M.A. Archs 

Derm. Syph. 68, 323-7. 
AMOS H. (1964) Effect of actinomycin D and chloramphenicol on protein synthesis in chick 

fibroblasts. Biochim. biophys. Acta So, 269-78. 
ANGERVALL L., LEHMANN L. & BENGTSSON U. (1964) The renal concentrating capacity in 

albino rats after long-term consumption of phenacetin, N,A.P.A. (N-acetyl-p-amino
phenol) and acetylsalcylic acid. Acta med. scand. 175, 155-60. 

AsTER R.H., CoOPER H.E. & S1NGER D.L. (1964) Simplified complement fixation test for the 
detection ofplatelet antibodies in human serum.]. Lab. clin. Med. 63, 161-72. 

ATKINS E. (1960) Pathogenesis of fever. Physiol. Rev. 40, 58o-646. 
ATK1NS E. & SNELL E.S. (1965) Fever. In The Inflammatory Process, pp. 495-534, ed. ZwEI

FACH B.W., GRANT L. & McCLUSKEY R.T. New York: Academic Press. 
BAER R.L. (1954) Cross-sensitization phenomena. In Modern Trends in Dermatology (2nd 

series), pp. 232-58, ed. MAcKENNA R.M.B. London: Butterworth. 
BAER R.L. & ScuwARZSCHILD L. (1955) Selected allergic skin diseases in older persons. 

Geríatrics 10, 265-73. 
BARKHAM P. & TocANTINS L.M. (1954) Observations on the thrombocytopenia due to 

hypersensitivity to quinidine. Blood, 9, 134-43. 
BATCHELOR F.R., DEWDNEY J.M., FE1NBERG J.G. & WESTON R.D. (1967) A penicilloylated 

protein irn purity as a source of allergy to benzylpenicillin and 6-arninopenicillanic acid. 
Lancet i, II75-7· 

BEARE, M. (1962) Toxic epiderrnal necrolysis. Archs. Derm. 86, 638-53. 
BBRGSTRAND A., BERGSTRAND C.G., ENGSTROM N. & HERRLIN K.M. (1962) Renal histology 

during treatrnent with oxazolidine-diones (trirnethadione, ethadione and parametha
dione). Pediatrics, Spring.field 30, 601-7. 

BERKOWITZ M., GLASER J. & JoHNSTONE D.E. (1953) The incidence of allergy to drugs in 
pediatric practice. Ann, Al/ergy u, 561-6. 

BEUTLER E. (1959) The hernolytic effect of primaquine and related cornpounds. Blood 14, 
103-9. 

BIERLEIN K.J. (1956) Repeated anaphylactic reactions in a patient highly sensitized to 
penicillin. Ann. Allergy 14, 3 5-40. 

BLANTON W.B. & BLANTON F.M. (1953) Unusual penicillin hypersensitiveness.]. Allergy 1.4, 
405-6. 

BLIZZARD R.M., HAMWI G.J., SKILLMAN T.G. & WHEELER W.E. (1959) Thyroglobulin anti
bodies in multiple thyroid diseases. New Engl.]. Med. 1.6o, u2-16. 

BouMA H.G.D. (1966) Trornbocytopenie na het gebruik van acetosa!. Doctoral thesis. 
Holland: University of Groningen. 

BRAUN-FALCO, O. and GEISSLER, H. (1962) Zwei Epiderrnolysis acuta combustiformis. Med, 
Welt. 34, 1737-42. 

BREWER G.J., TARLOV A.R. & ALVING A.S. (1960) Methaemoglobin reduction test. Anew, 
simple, in vítro test for identifying primaquine-sensitivity, Bull. Wld Hlth Org. n, 
633-40. 

BROWN B. C., PrucE E. V. & MooRE M.B. (1964) Pencilloyl-polylysine asan intradermal test 
of penicillin sensitivity.]. Am. med. Ass. 189, 599-604. 

BROWN E.A. (1955) Problems of drug allergy.]. Am. med. Ass. 157, 814-19. 
BROWN E.A. (1959) Reactions to drugs. In International Textbook of Allergy, pp. 609-23, ed. 

JAMAR J.M. Oxford: Blackwell Scientific Publications. 



CLINICAL ASPECTS OF IMMUNOLOGY 

Buoo M.A., PARKER C.W. & NoRDEN C.W. (1964) Evaluation ofintradermal skin tests in 
penicillin hypersensitivity.J. Am. med. Ass. 190, 203-5. 

CAHAL D.A. (1966) Methyldopa and haemolytic anaemia. Lancet i, 201. 
CARSTAIRS K.C., BRECKENRIDGE A., DoLLERY C. T. & WoRLLEDGE S. (1966) Incidence of a 

positive direct Coombs test in patients on oc-methyldopa. Lancet ü, 133-5. 
CHARGIN L. & LEIFER W. (1940) Fixed eruptions due to the arsphenamines. J. immt. Derm. 

3, 443--ó3. 
CHASE M.W. (1958) Antibodies to drugs. In Sensitivity Reactions to Drugs, pp. 125-34, ed. 

RosENHEIM M.L. & MoULTON R. Oxford: Blackwell Scientific Publications. 
CoMENS P. (1956) Experimental hydralazine disease and its similarity to disseminated lupus 

erythematosus.J. Lab. clin. Med. 47, 444-54· 
CooKE R.A. (1919) Allergy in drug idiosyncracy.J. Am. med. Ass. 73, 759-<ío. 
CooMBS R.R.A. (1964) In Immunological Methods, p. 510, ed. AcKROYD J.F. Oxford: Black

well Scientific Publications. 
CoRR D.J. & WELLMAN W.E. (1956) Reactions to penicillin. Minn. Med. 39, 599-610. 
CREGER W.P. & HousEWORTH J.H. (1954) Erythrophagocytosis and thrombocytopathy 

occurring during the course of a Henoch-Schéinlein syndrome due to quinine. Am. J. 
Med. 17, 423-31. 

CROFI'ON J. (1953) Desensitization to streptomycin and P.A.S. Brit. med.J. 2., 1014-17· 
CRONIN A.E. (1965) The immunology of allergic drug reactions. Ph.D. thesis. University of 

Cambridge. 
CRUICKSHANK B. (1966) The basic pattern oftissue damage and pathology ofsystemic lupus 

erythematosus. In Lupus Erythematosus: A Review of the Curren! Status of Discoid and 
Systemic Lupus Erythematosus and Their Variants, pp. 10-53, ed. Dusms E.L. New 
York: McGraw-Hill Book Company. 

DAcm J. V. (1962) The Haemolytic Anaemias, Congenital and Acquired Part 11, The Auto
ímmune Haemolytic Anaemias, 2nd ed. London: J. & A. Churchill. 

DALLDORF G. (1933) A sensitive test for subclinical scurvy in man. Am. J. Dis. Child. 46, 
794-802. 

DAMESHEK W. (1965) I. T.P. In Concepts of Autoimmunity and Theír Application in Haematology, 
Series Haematologica 9, 61-75, ed. BJORKMAN S.E. 

DAUSSET J. (1958) The role of'peri-platelet atmosphere' in the mechanism of thrombocyto
penic purpura dueto sedormid. In Sensítívity Reactions to Drugs, pp. 63-74, ed. RosEN
HEIM M.L. & MOULTON R. Oxford: Blackwell Scientific Publications. 

DAUSSET J. & BERGEROT-BLONDEL Y. (1961) Étude d'un anticorps allergique actif en présence 
de para-amino-salicylate de soude (P AS) centre les hématies, les leucocytes et les plaqu
ettes humaines. Vox. Sang. (Base!), 6, 91-109. 

DAUSSET J., CoNTU L. & MAGIS C. (1963) Anémies hémolytiques médicamenteuses de type 
allergique. Proc. 9th Congress europ Soc. Haemat. Lísbon, pp. 1062-9. Basel and New 
York: Karger. 

DAVIES G.E. (1958) Chemical structure and pharmacodynamic action in relation to drug 
sensitivity. In Sensitivity Reactions to Drugs, pp. 149-72, e d. RosENHEIM M.L. & MouLTON 
R. Oxford: Blackwell Scientific Publications. 

DEVADATTA S., GANGADHARAM P.R., ANDREWS R.H., Fax W., RAMAKRISHNAN C.V., 
SELKON J.B. & VELU S. (1960) Peripheral neuritis due to isoniazid. Bull. Wld Hlth Org. 
23, 587-!)8. 

DE WECK A.L. (1964) Penicillin allergy: its detection by an improved haemagglutination 
technique. Nature (Lond.) 2.02., 975-7. 

DoNALDSON G.M. & ScARBOROUGH H. (1945) Toxic thrombocytopenic purpura following 
local sulphathiazole therapy. Archs Dis. Childh. 2.0, 69-72. 



ALLERGIC DRUG REACTIONS 749 

DoXIADIS S.A., FESSAS P., VALAES T. & MASTROKALOS N. (1961) Glucose-6-phosphate 
dehydrogenase deficiency. Lancet i, 297-301. 

DuBOIS E.L. (1966) The clinical picture of systemic lupus erythematosus. In Lupus Erythe
matosus, pp. 129-276, ed. DuBors E.L. New York and London: McGraw-Hill Book 
Company. 

DuBOIS E.L., KATZ Y.L., FREEMAN V. & GARBAK F. (1957) Chronic toxicity studies ofhydra
lazine (apresoline) in dogs with particular reference to the production of the 'hydrala
zine syndrome'.J. Lab. clin. Med. 50, II9-26. 

DusTAN H.P., TAYLOR R.D., CoRCORAN A.C. & PAGE I.H. (1954) Rheumatic and febrile 
syndrome during prolonged hydralazine treatment. J. Am. med. Ass. 154, 23-9. 

EL VES M.W., RoATH S. & lsRAELS M.C.G. (1963) The response of lymphocytes to antigen 
challenge in vitro. Lancet i, 806-7. 

EPSTEIN W.L. & MAYOCK R.L. (1957) lnduction of allergic contact dermatitis in patients with 
sarcoidosis. Proc. Soc. exp. Biol. Med. 96, 786-7. 

EvANS D.A.P. & CLARKE C.A. (1961) Phannacogenetics. Brít. med. Bull. 17, 234-40. 
EvANs D.A.P. & WH1TE T.A. (1964) Human acetylation polymorphism.J. Lab. clin. Med. 63, 

394-403. 
FEINBERG S.M. & FE1NBERG A.R. (1956) Allergy to penicillin. J. Am. med. Ass. 160, 778-9. 
F1SHER A.A. (1966) Systemic eczematous 'contact-type' dermatitis medicamentosa. Ann. 

Allergy 24, 406-20. 
FREEDMAN A.L., BARR P.S. & BRODY E.A. (1956) Hemolytic anemia due to quinidine: 

observations on its mechanism. Am. J. Med. 20, 8o6-16. 
FRIIS T., FOGH J. & N1SSEN N.I. (1960) Erythrocyte survival time in persons abusing phen

acetin, with or without renal insufficiency. Acta med. scand. 167, 253-66. 
GARDNER D.L. (1957) The response ofthe dog to oral L-hydrazinophthalazine (hydralazine). 

Brit. J. exp. Path. 38, 227-3 5· 
GARROD L.P. (1958) The production of borre marrow aplasia by chloramphenicol. In 

Sensitivity Reactions to Drugs, pp. 92-9, ed. RosENHE1M M.L. & MouLTON R. Oxford: 
Blackwell Scientific Publications. 

GoNCALVES A.P. (1956) Friction skin test in fixed erythema. Anaís bras. Derm. Sif. JI, II 5-24. 
Gooo R.A., KELLY W.D., RoTSTEIN J. & VAReo R.L. (1962) Immunological deficiency 

diseases. Prog. Allergy 6, 187-319. 
GooDMAN M.H. & ARTHUR R.D. (1941) Fixed eruptions. Report on an unusual condition 

dueto sulfanilamide. Archs Derm. Syph. 43, 692-7. 
GRAHAM J.R. (1964) Methysergide for prevention ofheadache: experience in five hundred 

patients over three years. New Engl. J. Med. 270, 67-72 
GRAHAMJ.R., SuBY H.I., LE CüMPTE P.R. & SADOWSKY N.L. (1966) Fibrotic disorders asso

ciated with methysergide therapy for headache. New Engl. J. Med. 274, 3 59-68. 
GROTH O. (1961) Lichenoid dermatitis resulting from treatment with the phenothiazine 

derivatives metopromazine and laevomepromazine Acta derm.-vener., Stockh. 41, 168-
77-

GuTMAN A.B. (1957) Drug reactions characterized by cholestasis associated with intra
hepatic biliary tract obstruction. Am.J. Med. 23, 841-5. 

HALPERN B.N. (1958a) The immunological character ofhumoral antibodies in drug allergy. 
In Sensitivity Reactíons to Drugs, pp. 135-46, ed. RosENHE1M M.L. & MoULTON R. 
Oxford: Blackwell Scientific Publications. 

HALPERN B.N. (1958b) In Díscussíon on Halpern (1958a). 
HALPERN B., KY N.T., AMACHE N., LAGRUE G. & HAZARD J. (1967) Diagnostic de l'allergie 

médicamenteuse in vitro par l'utilisation du test de transformation lymphoblastique 
(T.T.L.) Presse méd. 75, 461-5. 



750 CLINICAL ASPECTS OF IMMUNOLOGY 

HAIU!ER L.C., TROMovrrcH T.A. & BAER R.L. (1961) Studies on photosensitivitv due to 
dimethylchlortetracycline.J. invest. Derm. 37, 189-93. 

HARTL W. (1965) Drug allergic agranulocytosis (Schultz's disease). Semin. Hemat. z, 313-37· 
HARTMANN H.A., MILLER E.C. & MILLER J.A. (1959) Periarteritis in rats given a single 

injection of 4-fluoro-1o-methyl-1,2-benzanthracene. Proc. Soc. exp. Biol. Med. 101, 
626-9. 

HARVEY A.M., SHULMAN L.E., TuMULTY P.A., CoNLEY C.L. & ScHOENRICH E.H. (1954) 
Systemic lupus erythematosus; review of the literature and clinical analysis of 138 
cases. Medicine (Baltímore) 33, 291-437. 

HASERICKJ.R. (1954) Blood factor in lupus erythematosus. In Modern Trends in Dermotology 
(2nd series), pp. 76-86, ed. MACKENNA R.M.B. London: Butterworth. 

HAZLETT B.E. & YENDT E.R. (1958) Thrombocytopenia following gold therapy with success
ful treatment. Can. me d. Ass. J. 79, 31-3. 

HESS A.F. (1916) The blood and the blood vessels in hemophilia and other hemorrhagic 
diseases. Archs intern. Med. 18, 203-20. 

HEYMANN W., HACKEL D.B. & HUNTER].L.P. (1960) Trimethadione (tridione) nephrosis in 
rats. Pediatrics, Springfield 25, II2-1 8. 

HrLDRETH E.A., Bmo C.E. & McCREARY T.A. (1960) Persistence of the 'hydralazine syn
drome'. A follow-up study of eleven cases. J. Am. me d. Ass. 173, 6 57-60. 

HIMSWORTH H.P. (1950) Lectures on the Liver and its Diseases, 2nd edn., p. 164. Oxford: 
Blackwell Scientiflc Publications. 

HoFFMAN G.C., HEWLETT J.S. & GARZÓN F.L. (1963) A drug-specific leuco-agglutinin in a 
fatal case of agranulocytosis due to chlorpromazine. J. clí11. Path. 16, 232-4. 

H01GNÉ R. (1958) Nephelometric studies on the sera of patients sensitive to drugs. In 
SensitÍI'Íty Reactions to Drugs, pp. n8-23, ed. RoSENHEIM M.L. & MoULTON R. Oxford: 
Blackwell Scientific Publications. 

HOLDSWORTH C.D., ATKINSON M. & GOLDIE W. (1961) Hepatitis caused by the newer 
amine-oxidase-inhibiting drugs. Lancet ii, 621-3. 

HOLLAND P. & MAUER A.M. (1964) Drug-induced in-vitro stimulation of peripheral 
lymphocytes. Lancet i, 1368-9. 

HOLLEY H.L. (1961) Drug therapy and the etiology of systemic lupus erythematosus. Ann. 
intern. Med. 55, 1036-9. 

HOLLISTER L.E. (1957) Allergy to chlorpromazine manifested by jaundice. Am. J. Med. 
23, 870-9. 

HoROWITZ H.l. & NACHMAN R.L. (1965) Drug purpura. Semín. Hemat. 2, 287-312. 
HOROWITZ H.l., RAFPAPORT H. l., YouNG R. C. & FUJIMOTO M.M. (1965) Change in platelet 

factor 3 as a means of demonstrating immune reactions involving platelets: its use as a 
test for quinidine-induced thrombocytopenia. Tranifusion 5, 336-43. 

HoROW1TZ H.l., YoUNG R. & NACHMAN R.L. (1964) Thrombocytopenia dueto digitoxin: 
demonstration of antibody and mechanism of action.]. clin. Invest. 43, 1236. 

HUGULEY C.M., ERSLEV A. J. & BERGSAGEL D.E. (1961) Drug-related blood dyscrasias.J. Am. 
med. Ass. 177, 23-6. 

JACOBS J.C. (1963) Systemic lupus erythematosus in childhood. Report of thirty five cases, 
with discussion of seven apparently induced by anticonvulsant medication, and of 
prognosis and treatment. Pediatrics, Spríngfield 32, 257-64. 

JANEWAY C.A. (1962) Hypogammaglobulinemia and immunologic responses. In Allergology. 
Proceedings of the Fourth International Congress of Allergology, New York City, October 
15-20, 1961, pp. 241-51, ed. BROWN E.A. Oxford: Pergamon Press. 

JEFFERSON J. (1967) Lyell's toxic epidermal necrolysis: a staphylococcal actiology? Br. med. 
J. 2, 802-4 



ALLERGIC DRUG REACTIONS 751 

]ILLSON O.F. & CuRWEN W.L. (1959) Phototoxicity, photoallergy and photoskin tests. 
A.M.A. Archs Derm. Syph. So, 678-86. 

JoHNSON F.D. & KoRST D.R. (1961) Pancytopenia associated with sulfamethoxypyridazine 
administration. J. Am. med. Ass. 175, 967-70. 

KAPLAN J.M., WACHTEL H.L., CzARNECK1 S.W. & SAMPSON J.J. (1965) Lupus-like illness 
precipitated by procainamide hydrochloride.J. Am. med. Ass. 192, 444-7. 

KATZ H. l., GILL K.A., BAXTER D.L. & MOSCHELLA S.L. (1964) Indirect basophil degranula
tion test in penicillin allergy.J. Am. med. Ass. 1!¡8, 351-4. 

KrRSHBAUM M.D. & BEERMAN H. (1964) Photosensitization dueto drugs. A review of sorne 
of the recent literature. Am. J. med. Scí. 248, 445-68. 

KNOWLES F.C., DECKER H.B. & KANDLER R.P. (1936) Phenolphthalein dermatitis. An experi
mental study including reproduction of the eruption in skin transplants. Archs Derm. 
Syph. 33, 227-37. 

KNox,J.M. (1961) Clinical aspects and types of drug-induced photosensitivity. Ann. Allergy 
19, 749-54· 

KNUDSEN E. T., RoBINSON O.P.W., CROYDON E.A.P. & TEES E.C. (1967) Cutaneous sensi
tivity to purified benzylpenicillin. Lance! i, II84-8. 

KRAKOFF I.H., KARNOFSKY D.A. & BURCHENAL J. H. (195 5) Effects oflarge doses of chloram
phenicol on human subjects. New Engl.J. Med. 253, 7-10. 

LADD A.T. (1962) Procainamide-induced lupus erythematosus. New E11gl. ]. Med. 267, 
1357-8. 

LANCET ANNOTATION (1903) Salicylic acid in strawberries. Lance/ i, n87. 
LANDSTE1NER K. & JACOBS J. (1936) Studies on the sensitization of animals with simple 

chemical compounds, II. ]. exp. Med. 64, 625-39. 
LEPPER M. H., DOWLING H.F., ROB1NSON J. A., S TONE T.E., BRICKHOUSE R.l., CALDWELL E. R. 

& WHELTON R.L. (1949) Studies on hypersensitivity to penicillin. J. clin. Invest. 28, 
826-3!. 

LEV1NE B.B. (1964) Inununochemical mechanisms involved in penicillín hypersensitivity in 
experimental animals and in human beings. In Tlzerapy with the New Penicillins, ed. 
BRUMFITT W. & WILLIAMSJ.D., Post-grad. med.j. Suppl. to vol. 40, 146-52. 

LEVINE B.B. (1965) Induction of immune response and the role of antibody specificity in 
drug hypersensitivity-type hemolytic anemias and thrombocytopenias. Semin. Hemat. 
2, 338-46. 

LEY A.B., HARRrsJ.P., BRINKLEY M., LILES B.,JAcKJ.A. & CAHAN A. (1958) Circulating 
antibody directed against penicillin. Science 127, 1n8-19. 

L1CHTENSTEIN M.R. & CANNEMEYER W. (1953) Severe para-amino-salicylic acid hyper
sensitivity simulating mononucleosis or hepatitis.]. Am. med. Ass. 152, 606-7. 

LoVEMAN A.B. (1934) Experimental aspect of fixed eruption dueto Alurate, a compound of 
Allonal.J. Am. med. Ass. 102, 97-101. 

MACGIBBON B.H., LOUGHRIDGE L.W., HüURIHANE D.O'B. & BOYD D.W. (1960) Auto
immune haemolytic anaemia with acute renal failure due to phenacetin and p-amino
salicylic acid. Lance! i, 7-10. 

MAGIS C., TmERFELDER S., SA1NT-PAUL M. & DAUSSET J. (1962) Étude sérologique d'une 
agranulocytose allergique a l'aminopyrine. Nouv. Revuefr. Hémat. 2, 602-8. 

MAYER P.S., MOSKO M.M., SCHUTZ P.J., ÜSTERMAN F.A., STEEN L.H. & BAKER L.A. (1953) 
Penicillin anaphylaxis.j. Am. med. Ass. 151, 351-3. 

MAYER R.L. (1950) Compounds of quinone structure as allergens and cancerogenic agents. 
Experientía (Base!) 6, 241-50. 

MELTZER L. & BAER R.L. (1949) Sensitization to monoglycerol para-aminobenzoate: case 
report. J. invest. Derm. u, 31-9. 



752 CLINICAL ASPECTS OF IMMUNOLOGY 

MENDES E., RoDRIGUES A., FERNANDES A., ULHÓA CINTRA A. & LACAZ C. S. (1959) Allergic 
study of seven cases of sudden death ascribed to penicillin. Acta allerg. 14, 445-56. 

MEYLER L. (1952) Side E.ffects of Drugs. Amsterdam: Elsevir. 
MEYLER L. (1955 onwards) Side effects of drugs. Periodical reviews. Excerpta med. 
MrESCHER P. & M1ESCHER A. (1952) Die Sedormid-Anaphylaxie. Schweiz. med. Wschr. 82, 

1279-82. 
MrESCHER P. & PLETSCHER A. (1958) Zur Pathogenese der Anamie bei Patienten mit Abusus 

phenacetinhaltiger Analgetica. Schweíz. med. Wschr. 88, 1056-6o. 
MoESCHL1N S. (1954) Weitere Beobachtungen über Immunoleukopenien und-agranulo

cytosen. Schweiz. med. Wschr. 84, uoo-7. 
MoESCHLIN S. (1958) Agranulocytosis dueto sensitivity to drugs. In Sensítivíty Reactions to 

Drugs, pp. 77-88, ed. RosENHEIM M.L. & MouLTON R. Oxford: Blackwell Scientific 
Publications. 

MOLLIN D.L. Sideroblasts and sideroblastic anaemia. Brit.J. Haemat. II, 41-8. 
MoRROW ].D., ScHROEDER H.A. & PERRY H.M. (1953) Studies on the control ofhypertension 

by Hyphex. II. Toxic reactions and side effects. Círculatíon, 8, 829-39. 
MosER R.H. (1956) Diseases ofmedical progress. New Engl.J. Med. 255, 6o6-14. 
MuELLING R.J., BEVEN T., SAMSON R.F., JENEVE1N E.P. & GmLLORY J.D. (1958) Studies in 

human sensitivity to antibiotics. I. Testing for precipitins after reaction to antibiotics. 
Am.J. clín. Path. 29, 503-5. 

MUIRHEAD E.E., HALDEN E.R. & GROVES M. T. (1958) Drug-dependent Coombs (antiglob
ulin) test and anemia: observations on quinine and acetophenetidin (phenacetin). Archs. 
intern. Med. 101, 87-96. 

MuNOZ J. (1964) Effect of bacteria and bacteria! products on antibody response. Adv. 
Immun. 4, 396-440. 

NACHMAN R.L. & ENGLE R.L. (1965) Amino acid generation following platelet-antibody 
interaction. Vox Sang. 10, 416-28. 

NAEGELI 0., DE QUERVA1N F. & STALDER W. (1930) Nachweis des zellularen Sitzes der 
Allergie beim fixen Antipyrinexanthem (Autotransplantationen, Versuch in vitro). 
Klin. Wschr. 9, 924-8. 

NoAH J.W. (1964) Anaphylactic histamine release and the Schultz-Dale technique. In 
Immunological Methods, ed. AcKROYD J.F. Oxford: Blackwell Scientific Publications. 

NOAH J.W. & BRAND A. (1954) Release of histamine in the blood of ragweed-sensitive 
individuals.J. Allergy 25, 21o-14. 

NOAHJ.W. & BRAND A. (1955) Correlation ofblood histamine release and skin test response 
to multiple antigens.J. Allergy 26, 385-93. 

PARKER C.W. (1964) The immunochemical basis for penicillin allergy. In Therapy wíth the 
New Penicillins, ed. BRUMFITT W. & W1LLIAMS J.D., Post-grad. med. J. Suppl. to vol. 40, 
pp. 141-5. 

PARKER C.W., SHAP1RO J., KERN M. & E1SEN H.N. (1962) Hypersensitivity to penicillenic 
acid derivatives in human beings with penicillin allergy. J. exp. Me d. II5, 821-3 8. 

PERLMAN F. (1965) Value ofskin testing for penicillin allergy.J. Am. med. Ass. 192, 64-5. 
PERRY H.M. & ScHROEDER H.A. (1954) Syndrome simulating collagen disease caused by 

hydralazine (apresoline).J. Am. med. Ass. 154, 67o-3. 
PETERS G.A., HENDERSON L.L. & PRICKMAN L.E. (1955) Anaphylactic penicillin reactions: 

three nonfatal cases of reaction to oral penicillin with positive skin tests and one fatal 
case following intramuscular penicillin. Proc. Stajf Meet. Mayo Clin. JO, 634-40. 

PETZ L.D. & FUDENBERG H.H. (1966) Coombs-positive hemolytic anemia caused by penicil
lin administration. New Engl.J. Med. 274, 171-8. 



ALLERGIC DRUG REACTIONS 753 

P1SCIOTTA A. V. (1965) Studies on agranulocytosis. VII. Limited proliferative potential of 
C.P.Z. sensitive patients. J. Lab. clín. Med. 65, 240-7. 

PisciOTTA A. V., EBBE S., LENNON E.J., METZGER G.O. & MADISON F.W. (1958) Agranulo
cytosis following administration ofphenothiazine derivatives. Am.J. Med. 25,210-23. 

PRESCOTT L.F. (1965) Effects of acetyl salicylic acid, phenacetin, paracetamol, and caffeine 
on renal tubular epithelium. Lancet ii, 91-6. 

PRICKMAN L.E. & BucKSTE1N H. F. (1937) Hypersensitivity to acetylsalicylic acid.J. Am. med. 
Ass. 108, 445-51. 

RrcH A.R. & GREGORY J.E. (1943) The experimental demonstration that periarteritis nodosa 
is a manifestation ofhypersensitivity. Bull.Johns Hopkins Hosp. 72, 65-82. 

Rrrz N.D. & F!SHER M. J. (1960) Agranulocytosis due to administration of salicylazosulfa
pyridine (azulfidine). J. Am. med. Ass. 172, 237-40. 

RoBINSON D.S., MAcDoNALD M.G. & HoB1N F.P. (1965) Sodium diphenylhydantoin 
reaction with evidence of circulating antibodies. J. Am. med. Ass. 192, 171-2. 

RosE B. (1953) Allergic reactions to penicillin: a panel discussion. In BoGER W.P., SHERMAN 
W.B., ScHILLER I.W., SmGAL S. & RosE B. J. Allergy 24, 383-404. 

RosE G.A. & SPENCER H. (1957) Polyarteritis nodosa. Q.JI Med. 26, 43-81. 
RosNER F., LAI M. & RrTZ N.D. (1966) Hemolytic anemia dueto penicillin hypersensitivity. 

New Engl. J. Me d. 274, 973. 
RuBIN D., WE1SBERGER A. S., BOTT1 R. E. & STORAASLI J.P. (195 8) Changes in iron metabolism 

in early chloramphenicol toxicity.J. clin. Invest. 37, 1286--92. 
RYTEL M.W., KLION F.M., ARLANDER T.R. & M1LLER L.F. (1963) Detection of penicillin 

hypersensitivity with penicilloyl-polylysine. J. Am. med. Ass. 186, 894-8. 
SAID1 P., WALLERSTEIN R.O. & AGGELER P.M. (1961) Effect of chloramphenicol on erythro

poiesis.J. Lab. clin. Med. 57, 247-56. 
SALTZSTE1N S.L. & ACKERMAN L.V. (1959) Lymphadenopathy induced by anticonvulsant 

drugs and mimicking clinically and pathologically malignant lymphomas. Cancer 12, 
164-82. 

SAMTER M. (1959) Pathophysiology ofbronchial asthma. In International Textbook of Allergy, 
pp. 224-3 9, ed. JAMAR J. M. Oxford: Blackwell Scientific Publications. 

SCHROEDER H.A. (1959) The pharmacology of hydralazine. In Hypertension-The Fírst 
Hahnemann Symposium on Hypertensive Disease, pp. 332-44, ed. MoYER J.H. Philadel
phia: Saunders. 

SEHON A.H. (1959) The detection and nature of non-precipitating antibodies in allergic 
sera. In Mechanisms of Hypersensitivity, pp. 61-83, ed. SHAFFER].H., Lo GRIPPO G.A., & 
CHASE M.W. London:J. & A. Churchill. 

SHELLEY W.B. (1962) New serological test for allergy in man. Nature (Lond.) 195, n81-3. 
SHELLEY W.B. (1963) Indirect basophil degranulation test for allergy to penicillin and other 

drugs.J. Am. med. Ass. 184, 171-8. 
SHELLEYW.B.&CoMA1SHJ.S. (1965) Newtestforpenicillinallergy.J.Am. med.Ass. 192, 36-40. 
SHELLEY W.B. & JUHL1N L. (1961) A new test for detecting anaphylactic sensitivity: the 

basophil reaction. Nature (Lond.) 191, 1056-8. 
SHELLEY W.B. &JUHLIN L. (1962) Functional cytology ofthe human basophil in allergic and 

physiologic reactions: technic and atlas. Blood 19, 208-16. 
SHERLOCK S. (1963) Diseases ofthe Liver and Biliary System, 3rd edn., pp. 293-313. Oxford: 

Blackwell Scientific Publications. 
SHERMAN W.B. (1949) Drug allergy.J. Am. med. Ass. 140, 447-50. 
SHULMAN L.E. (1963) Inducing agents and relationship to other diseases. Arthritis Rheum. 6, 

558-7!. 
SHULMAN N.R. (1963a) Mechanism ofblood cell damage by adsorpdon of antigen-antibody 



754 CLINICAL ASPECTS OF IMMUNOLOGY 

complexes. In Immunopathology. Third International Symposium, pp. 338-52, ed. 
GRABAR P. & M:!ESCHER P. Base!: Schwabe. 

SHULMAN N.R. (1963b) Mechanism of blood cell destruction in individuals sensitized to 
foreign antigens. Trans. Ass. Am. Physns 76, 72-83. 

SHULMAN N.R. (1964) A mechanism of cell destruction in individuals sensitized to foreign 
antigens and its implications in auto-immunity. Ann. intern. Med. 60, 506-21. 

Sxm E., H:rNCKY M. & LONGUEVILLE R. (1958) Cross-sensitization between neomycin and 
streptomycin. J. invest. Derm. 30, 225-7. 

SIEGEL B.B. (1962) Studies in penicillin hypcrsensitivity. V. Further studies on the antigenic 
properties of altered penicillin. J. Allergy 33, 349-55. 

SIMPSON D.G. & WALKERJ.H. (1960) Hypersensitivity to para-aminosalicylic acid. Am. J. 
Med. 29, 297-306. 

SLEEPERJ.C., TYOR M.P. & SMITH A.G. (1960) Hepatitis dueto p-aminosalicylic acid hyper
sensitivity. A clinical-pathologic correlation in two nonfatal cases. Gastroenterology 39, 
208-!4. 

SMITH J.M. & ZIRK M.H. (1961) Toxic and allergic drug reactions during the treatment of 
tuberculosis. Tubercle, Lond. 42, 287-96. 

SNELL E. S. (1961) An examination of the blood of febrilc subjects for pyrogenic properties. 
Clin. Sci. 21., II5-24. 

STAVITSKY A.B. & ARQUILLA E.R. (1955) Micromethods for the study ofproteins and anti
bodies. III. Procedure and applications of haemagglutination and haemagglutination
inhibition reactions with bisdiazotized benzidine and protein-cofÜugatcd red blood 
cells. J. Immun. 74, 306-12. 

STEIN J .H., HAMILTON H.E. & SHEET S R.F. ( I 964) Agrauulocytosis caused by chlorpropamide 
A case report with confirmation by leukoagglutination studies. Archs intern. Med. 113, 
r86-9o. 

STEWART G.T. (1967) Allergenic residues in penicillins. Lancet i, II77-83. 
SwANSON M.A., CHANMOUGAN D. & SCHWARTZ R.S. (1966) Immunohemolytic anemia due 

to antipenicillin antibodies: report of a case. New Engl. J. Med. 274, 178-81. 
SWIFT S. (1954) Hypersensitivity to penicillin. Lancet ii, 602-4. 
SYMMERS W.ST.C. (1958) The occurrence of so-called collagen diseases, and of 

diseases systemically affecting thc connective tissues, as a manifestation of sensitivity to 
drugs. In Sensitivity Reactions lo Drugs, pp. 209-22, ed. RosENHEIM M.L. & MoULTON R. 
Oxford: Blackwell Scientific Publications. 

TmELJ.A., MITCHELL S. & PARKER C.W. (1964) The speciftcity ofhemagglutination reac
tions in human and experimental penicillin hypersensitivity.J. Allergy 35, 399-424. 

THIERFELDER S., MAGIS C., SAINT-PAUL M. & DAUSSET J. (1964) Die Pyramidon-Agranulo
zytose: eine immunhamatologische studie. Dt. med. Wschr. 89, 506-12. 

TüRII T. & KoHORIUCHI Y. (r961) Antigenicity of penicillin and its relation to albumin 
binding. Nature (Lond.), 192, 429-3 I. 

TmusJ.L. (r96r) The role ofleukocyte and platelet antibody tests in management of di verse 
clinical disorders. Ann. intern. Med. 54, r 165-80. 

URBACH E. & GOTTLIEB P.M. (1946) Allergy, 2nd edn., p. 318. London: Heinemann. 
URBACH E. & SmARAVICIUS B. (1930) Zur Kritik der Methoden der passiven Übertragung 

der Überempfindlichkeit. Klín. Wschr. 9, 2095-9, 2304. 
VAN ARSDEL P.P. & GILLILAND B.C. (1965) Anemia secondary to penicillin treatment: 

studies on two patients with 'non-allergic' serum hemagglutinins. J. Lab. clin. Med. 65, 
277-85. 

VAN ARsDEL P. P., O'RouRKE T.K., HoRAN J.D. & KuMASAKA Y. (r963) Serum hemagglu
tinating antibodies in penicillin allergy.J. Am. med. Ass. 185, 584-7. 



ALLERGIC DRUG REACTIONS 755 

VERWILGHEN R., REYBRoucx G., CALLENS L. & CosEMANS J. (1965) Antituberculous drugs 
and sideroblastic anaemia. Brit.]. Haemat. II, 92-8. 

WATKINSON G. & HILLIS B.R. (1947) Photosensitivity to sunlight from use of prophylactic 
sulphonamides: its relation to vaccination reactions. Brit. med. J. ü, 609-1 I. 

WATSON K.C. & JoUBERT S.N. (1960) Haemagglutination of cells treated with antibiotics. 
Nature (Lond.) 188, 505-6. 

WATSON K.C., JouBERT S.M. & BENNETT M.A.E. (1959) Penicillin as an antigen. Nature 
(Lond.) 183, 468-9. 

WATSON K.C.,JüUBERT S.M. & BENNETT M.A.E. (1960) The occurrence ofhaemagglutin
ating antibody to penicillin. Immunology 3, 1-10. 

WAYNE E. J. (1958) Problems of toxicity in clínica! medicine. In A Symposium on the Evalua
tion ofDrug Toxicity, pp. I-8, ed, WALPOLE A.L.& SPINXSA. London:J.&A. Churchill. 

WERTHER J.L. & KüRELITZ B.I. (1957) Chlorpromazine jaundice: analysis of twenty-two 
cases. Am.J. Med. 22, 351-66. 

WIJNJA L., SNIJDERJ.A.M. & NIEWEG H. O. (r966) Acetylsalicylic acid as a cause of pancyto
penia from bone-marrow damage. Lancet ü, 768-70. 

WINTROBE M.M. (I96I) Clínica/ Hematology, sth edn., p. 61I. London: Kimpton. 
WrsE F. & SuLZBERGER M.B. (1933) Drug eruptions: fixed phenolphthalein eruptions. 

Archs Derm. Syph. 27, 549-67. 
WoRLLEDGE S., CARSTAIRS K.C. & DAciE J. V. (1966) Autoimmune haemolytic anaemia 

associated with a-methyldopa therapy. Lancet ii, 135-9· 
ZrNKHAM W.H., LENHARD RE. & Cmws B. (1958) A def1ciency of glucose-6-phosphate 

dehydrogenase activity in erythrocytes from patients with favism. Bull.Johns Hopkins 
Hosp. 102, 169-75· 



CHAPTER 27 

ALLERGIC CONTACT DERMATITIS 

CHARLES D. CALN AN 

lNTRODUCTION 
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Methods: Positive reactions: Evaluation of reactions: False positive 
reactions: False negative reactions: Diluents: Concentration of test 
substances 

CLINICAL CONSIDERA TIONS 

Cross-sensitivity; Polysensitivity: Photo-contact sensitivity: desensi
tization: Duration of sensitivity 

lMMUNOLOGICAL MECHANISMS 

Hapten theory: Animal sensitization: The allergen: The mode of 
exposure: The skin: The individual: Role of lymphatic system: 
Transfer of sensitivity: Tolerance 

THE FUTURE 

INTRODUCTION 

DERMATITIS AND EczEMA 

For many decades there has been argument amongst dermatologists as to the 
correct use of the words dermatitis and eczema. The individual physician 
may be clear in his own mind as to what he means when he uses each of these 
terms, but there is no national or international agreement as to their usage. 
For practica! purposes, in this chapter dermatitis and eczema will be treated as 
synonymous, and will denote a pathological change in the skin with particular 
histological features (Plate 27.1*), not all of which are necessarily present in 
any one instance. These features are both dermal and epidermal. In the dermis 
the small vessels and lymphatics are dilated, with accompanying oedema and 
exudation of inflammatory cells, mostly small and large lymphocytes, with 
occasional polymorphonuclear and eosinophil leucocytes, which migrate 

* Plates in this chapter follow p. 768 
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towards and invade the epidermis. The epidermis shows focal oedema of the 
prickle celllayer, producing 'spongiosis', and intracellular oedema resulting in 
rupture and breakdown of epidermal cells to produce characteristic vesicles. 
Immigrating inflammatory cells are present in the spongiotic epidermis and 
in the vesicles, which may burst and exude serum. The normal process of 
keratinization is disturbed and is manifest by a loose hyperkeratosis or by 
parakeratosis (nucleated stratum comeum cells). 

In the majority of cases this histological change can be readily diagnosed by 
the clinician, the signs being redness, swelling, papules, vesicles or pustules, 
scaling, and sero-cellular exudation and crusting (Plates 27.1, 27.2, 27.3, and 
27.4). Again, not all these signs will be present in any one instance. The only 
symptom of note is itching. 

CONTACT DERMATITIS 

Patients with eczema are classifled on a basis of clinical pattem and aetiology, 
although an appreciable proportion (zo/;; or more) defy classiflcation. Until 
the end of the nineteenth century all eczema was believed to be of endogenous 
origin, but in 1895 Jadassohn showed that he could produce the reaction at 
will by the simple application of iodoform to the skin of a surgical patient 
who had shown an adverse reaction to it. In 1904 Nestler and Cranston Low 
independently showed that they could produce eczema with the juice from 
Prímula obconica lea ves. The extensive human and animal studies of Bloch and 
others which followed resulted in the segregation of cases of exogenous or 
contact dermatitis from all the other types, which are grouped as endogenous. 
Evidence was at the same time being provided, largely by physicians in indus
trial medicine, that dermatitis could be caused by chemical injury or irritation 
of the skin, irrespective of allergic sensitization. 

The current conception of contact dermatitis which has evolved is as follows. 
A dermatitis can be produced by contact between any part of the skin surface 
and a noxious substance. There are two distinct mechanisms possible-one 
involves purely chemical damage (the so-called irritant, primary irritant or 
toxic dermatitis), while the other is dependent on a speciflc immunological 
reaction (called allergic contact dermatitis). The two mechanisms may be 
combined in one patient, and a single substance may be capable of acting via 
either mechanism separately. Allergic contact dermatitis is the only type of 
dermatitis for which the causative agent and its effects have been subjected to 
extensive experimental analysis; partly because skin testing can identify the 
agent and partly because it can be reproduced and studied in animals. No 
satisfactory test procedure can be used to prove cases of irritant or toxic contact 
dermatitis; and the diagnosis is normally made on the basis of the history and 
clinical features. 

The causative agents in allergic contact dermatitis vary enormously. The 
most frequent in men are substances encountered in the course of their work, 
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especially chromates, formalin, synthetic resins, turpentine, and other chemicals; 
in women, nickel from nickel-plated stocking suspenders and other clips and 
fasteners on clothing is by far the most common, in addition to cosmetics, 
rubber, articles of clothing, and various cleaning agents. In both sexes topically 
applied medicaments fonn a big group of contact sensitizers. 

SKIN TESTING 

Allergic contact dermatitis is a form of the delayed hypersensitivity response 
to an allergen, although it may have immediate type sensitivity associated with 
it. Contact dermatitis is sometimes spoken of as epidermal sensitivity, in con
trast to dermal sensitivity manifest by urticaria. This distinction is inaccurate 
and a misnomer. Both the dermis and epidermis are concerned in the contact 
dermatitis reaction, although the proportional involvement of each may vary 
to extremes. Hence, the terms dermal and epidermal sensitivity should be 
regarded as anachronisms. 

METHODS 

While immediate type reactions may be demonstrated clinically in the skin 
by the prick, scratch, or intradermal tests, contact dermatitis sensitivity is 
shown by the patch or intradermal tests. The usual technique of the closed 
patch test, which is substantially the same as the method devised by Bloch, 
is as follows. The test material is applied directly to the skin surface on a piece 
of lint or linen of about I cm in size (Plate 27.4). The latter is covered by a 
slightly larger piece of cellophane, which is then kept in position with a piece 
of adhesive tape {Plate 27.4). For the open test drops of test solution are placed 
on the skin and allowed to dry. In general, this method has few advantages but 
considerable limitations, and hence is not frequently used. The same is true of 
applying the test substance by electrophoresis. Special non-spill 'adhesive 
chambers', which can be held in position on the skin of the forearm, have been 
devised for exposing a test area to the vapour only of a noxious liquid. 

Some investigators advocate preparing the skin test sites by cleaning with fat 
solvents, or by scarification or abrasion, but such procedures are not normally 
necessary or even desirable since they may be conducive to false positive 
reactions. Kligman (1966) has recently advocated the use of a 'provocative 
patch test', which increases the sensitivity of a patch test to detect weak allergic 
reactions. Magnusson (1966) has usefully discussed the pros and cons of several 
different patch testing techniques. 

Since the hypersensitivity is generalized over the whole skin surface the test 
patches may be applied anywhere. The most convenient are the back, the arms 
and the thighs. The writer's method is to use the back and apply the patches 
in rows of four, numbering them from left to right and from above downwards, 
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so that they can be listed in the patient' s case record. A control patch of lint, 
cellophane and tape is always included. The patches are removed and the 
results read after 48 hr (24 hr is adequate time for application, although the 
reaction may not be seen untíl 48 hr later). It is not necessary to apply any 
material for longer than 48 hr. A second reading is made 96 hr after application, 
since about ro% of positive reactions do not appear until this time. A few 
reactions are delayed even longer, up to 7 or ro days. If, however, a positive 
reaction appears sorne ro-r4 days or more after application, it is almost cer
tainly due to primary sensitization by the test patch. This can usually be con
flrmed by re-applying the test material, when a reaction wíll usually appear 
at 48 hr. 

PosiTIVE REACTIONS 

Positive reactions (Plate 27.5) are recorded in a standard way: + for redness 
only; + + for redness, swelling and papules; + + + for intense redness, 
swelling and numerous papules and vesicles; + + + + for large confluent 
blisters. In practice, it is not always easy to quantitate patch test 
results in this way, and the degree of reaction is not necessarily reproducible. 
For quantitation the preferred method is to use a known amount of the chemical 
dissolved in a solvent such as acetone, chloroform, or methyl ethyl ketone 
and apply it evenly over a known area of skin inside a short cylinder of metal 
or plastic material. Ten-fold increases in dilution may be applied together 
and the patient's sensitivity 'titrated'. It is, however, more important for the 
clinician to know whether a positive reaction, of any degree, indicates speciflc 
allergic hypersensitivity to the substance or not. This will only be true if: r. 
the test substance can never produce an irritant or toxic reaction in any con
centration, 2. the patient is not in 'status eczematicns', and 3· the other causes 
of false positive reactions (mentioned la ter) are not present. 

As with many biological test procedures, the patch test is simple to carry out 
but can prove extremely difficult to interpret correctly. The principal problem 
is to distinguish the toxic and false positive reactions. A typical toxic reaction 
will show redness, swelling and pustules, necrosis or bullae. One form is the 
so-called 'soap reaction' which shows a characteristic wrinkling and glistening 
of the horny layer (Plate 27.6). False positive reactions, however, may exactly 
mimic all the stages of genuine positive reactions described above. 

EVALUATION OF REACTIONS 

Experience is frequently the best guide in separating true from false reactions, 
but the following points may be a guide to the investigator, bearing in mind 
the fact that al! the evidence in a case should be assessed together: 
r. The nature of the test substance and its chemical compositions should be 
noted. Materials which are frequently applied to the skin such as cosmetics, 
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clothing and topical medicaments are unlikely to be irritant. Alkalis, detergents, 
soaps, shampoos and the common organic solvents are frequently irritant 
but virtually never sensitizers. Reference can be made to published lists of test 
materials. 
2. A specific allergic reaction is usually constant. Hence, if the test is repeated 
one or more times at intervals and gives the same result, it is more likely 
to be a true positive. Toxic reactions tend to be more variable. 

TABLE 27.1 

Effects of dilution on patch test results with irritants and 
sensitizers 

Concentration Substance Substance Substance 
(%) A B e 

roo ++++ ++++ ++++ 
50 +++ + 
25 ++ 
10 + ++ 
5 ± 

Conclusion: Sensitizer Irritant lrritant 

TABLE 27.2 

Tests on control subjects with an irritant substance showing variation in time and 
individual response 

Subjects 

Substance A 

Repeated one 
month later 

2 

+ 

3 4 5 

+ + 

+ 

6 7 8 9 IO 

+ + 

+ + 

3· Testing with graded dilutions of a sensitizer will produce graded results, 
whereas in the case of an irritant it is likely to give irregular results as shown in 
Table 27.1. 

4· Control subjects may be used. If the test material produces a positive reaction 
on a person not previously exposed to it, the substance is likely to be an irritant. 
The greater problem is when it does not. A group of about ten or twenty 
subjects should be used, since toxic reactions show considerable individual 
variation, as shown in Table 27.2. 
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5. A focal flare-up of the patient' s dermatitis coincidentally with a posrtrve 
patch test is often taken to be evidence that the test substance is the specific 
cause of the dermatitis. It would appear to be analogous to the flare-up of a 
pulmonary lesion after a strongly positive tuberculin test. While this is frequently 
a specific association, it is not always so and should not be regarded as proof. 
Strongly irritant patch test reactions may also cause such a focal fiare. 
6. It might be supposed that histological examination of the test site would be 
of value. An allergic lesion will show the changes of dermatitis with immi
gration of mononuclear cells into the epidermis. A typically toxic lesion shows 
cellular damage to the outer layers of the epidermis, and the immigration into 
it of polymorphonuclear leucocytes. The two lesions may sometimes be 
separated by a differential cell count in the blister fluid. These histological and 
cellular changes are, however, only present when grossly irritant substances 
are used; they provide no additional evidence when purely clinical examination 
of the test result requires it. However, use of the skin window technique has 
shown that basophil leucocytes immigrate early into the area of an allergic 
reaction. 

FALSE POSITIVE REACTIONS 

The greatest difficulties in interpretation occur with the false reaction that 
mimics a genuine positive result. The principal causes of the false positives are 
the following: 
r. The patient is in so-called 'status eczematicus'. It is not possible to define 
accurately the limitations of this state. In general, it indicates the presence of 

TABLE 27·3 

Comparative test results with turpentine in eczematous 
and normal subjects 

(Geiger 1929) 

Concentration of Eczema patients 
turpentine positive 

(%) 

6o most 
30 20% 

Controls 
positive 

6% 
non e 

active acute eczema of wide extent over the skin surface. The 'state' may 
persist for sorne weeks even after the eczema has subsided. It denotes a non
specific hyper-irritability of the skin surface, and may be illustrated by Geiger's 
(1929) results with turpentine shown in Table 27.3. In these circumstances the 
patch test should be repeated after the eczema has subsided for a few months. 
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Repeated patch testing of a patient will also be likely to induce this state and 
give false positive results (Calnan 1964). 
2. Local hyper-irritability of the surrounding skin may be induced by a strongly 
positive reaction, to such a degree as to produce a reaction in an adjacent test 
site. This is not common; it may be checked by repeating the doubtful test at 
a more distant site after the very strongly reacting site has subsided. 
3. Severe reactions to the adhesive plaster used may induce a false reaction to 
the test material. The test should be repeated with a more suitable adhesive*. 
4· Contamination by the applicant's finger of the lint used for subsequent 
patches may mislead. It usually only occurs adjacent to strongly positive 
reactions, but is particularly prone to happen when testing with plants. 
5. Solid materials will indent the test site and may cause non-specific pressure 
damage which can simulate a positive reaction. Solid materials should be dis
solved in a suitable solvent or grated to a fme powder before application. 

It must be remembered that these factors are non-specific. Such is the bio
logical variability of man that they do not occur in every case, do not affect 
every patch applied to a patient, and are not always reproducible under what 
appear to be the same circumstances. 

FALSE NEGATIVE REACTIONS 

False negative reactions are equally important, although they are much less 
frequently encountered. So me of the possible causes are the following: 
r. Sometimes too small an amount of the test material is applied. This may 
stem from fear of a violent reaction in a clinically very hypersensitive patient. 
Either the area of lint used or the amount of test substance applied may be 
inadequate. Pieces ofleather or fabric cut out from patient's materials may be 
too small. 
2. The concentration of the substance may be too low. lt is, of course, best 
to start with a low concentration of a substance for which there is no known 
standard, and then it can be increased in stages. 
3· The allergen may not penetrare the stratum corneum of the epidermis 
in sufficient amount to produce a reaction. This has been shown to occur 
with eosin in lipsticks, with neomycin and lanolin, and may apply to other 
substances. It can be overcome by raising the concentration of the test allergen 
considerably, or by applying it to an area of 'stripped skin' -(skin from which 
the stratum corneum has been stripped with Scotch tape). Pretreatment of the 
test area with sodium lauryl sulphate (Kligman 1966) will also obviate this 
difficulty. The use of sorne types of adhesive tape (e.g. Micropore) may produce 

* A special hypoallergenic type of patch test plasters, which contain no rubber or resin, 
is made by Laboratoires Vigier-Huerre, 9 Rue de la Gare, Levallois-Perret, Seine, France 
(Sidi & Hinck 1957). The use of a plastic-based adhesive tape also greatly reduces the 
reaction as compared with colophony resin-based tapes. 
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insufficient occlusion and maceration of the horny layer, resulting in inadequate 
penetration and a false negative response. 
4· The use of a piece of solid material (such as wood, rubber or plastic) may 
bring an inadequate amount of the test material into contact with the skin, 
while the pressure of the solid may actually suppress the eczematous reaction. 
The material should be applied as a powder. Hence solid materials can produce 
false positive and false negative reactions. Fernstrom (1954) has recommended 
additional pressure with a piece of plastic sponge, and states that it will produce 
positive responses when the routine method gives a negative result. The writer 
has not been able to confirm this. 
5· An allergen may not always be leached out of, or separated from, the material 
containing it when applied. One example is the leather of a hat band; another 
is chromate from cement. 
6. The patient may be in a refractory phase. This is a rare, but well authenti
cated, cause (Kligman 1958). It occurs especially during or following a very 
severe contact dermatitis; when the patient is re-tested after an interval of several 
weeks or months a positive reaction can be obtained. 
7· Local sensitivity (hypersensitivity confined to a local arca of the skin) does 
not occur in the strict immunological sense, although it may be apparent 
clinically. Patients with lipstick dermatitis may react to a lipstick on the lips 
only or to medicaments only on an arca of dermatitis. Patch tests should not, 
if possible, be applied to si tes of previous dermatitis. 
8. Epstein (1958) has put forward the concept of 'dermal contact dermatitis'. 
He describes this as a popular type of dermatitis produced by specific allergic 
sensitization to externally applied substances. Patch tests are negative but 
intradermal tests positive. He gives examples of causative agents as neomycin, 
gentian violet, nickel, chromate, penicillin and rivanol. Allergens do sometimes 
give a positive intradermal and a negative patch test, but it is rare and does not 
necessarily indicate a basically different immunological response. 

D1LUENTS 

The correct concentration of the test substance and a satisfactory diluent are 
important. The diluent must be entirely non-irritant itself, nor should it 
facilitate toxic reactions from test substances. Water, olive oil, castor oil or 
liquid paraffin, and soft paraffin are suitable. Propylene glycol is not completely 
satisfactory, but methyl ethyl ketone (MEK) is suitable. Butyric acid amyl ester 
has also been recommended. Materials containing an organic solvent should 
not be applied to the skin until the solvent has been allowed to evaporate. 

CoNCENTRATION OF TEST SuBSTANCES 

The usual list of standard concentrations for test substances is that of Sulz
berger, Rostenberg & Goodman (1939). Their concentrations are maximal, 
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and lower ones are often indicated. It has, unfortunately, not been revised or 
brought up to date, and its practica! value is limited. When a substance is never 
an irritant it may be applied neat (as it is), and any reaction produced is likely 
to be an allergic one. However, many substances give irritant reactions in high 
concentrations, and an appropriate dilution is necessary to detect allergic 
sensitivity. Other compounds are irritants in high concentrations, and never 
act as allergens. When dilution is necessary, an appropriate concentration to 
start with is r%. If the result is positive in the patient, it should be tested on 
about ten or twenty control subjects. If any of them react, the procedure 
should be repeated with a o.r% solution. If there is no reaction in the patient 
at r%, the concentration should be raised stepwise to s, ro, 20, so and roo%, 
using controls at each level. 

CLINICAL CONSIDERA TIONS 

CROSS-SENSITIVITY 

Although allergy is by definition a specific reaction, Cranston Low showed 
that the specificity was not absolute in the case of flowers, and that it could be 
part of a group reaction. His own skin was very sensitive to Prímula obconica, 
and less so to P. sínensis, the common wild primrose and the coloured hybrid 
primrose. He gave no reaction to P. polyanthus, P. aurícula, P. verís, and P. 
malacoides. He had seen a patient sensitive to jonquil who also reacted to 
daffodil, and knew of the cross-reactions between poison ivy, poison oak and 
the Japanese lacquer tree R. vernícefera. Bloch (1924) reported his experience 
of cross-reactions to severa! chemical compounds such as iodoform, quinine, 
resorcin and formalin. Cross-sensitization is the term used to denote the 
phenomenon by which allergic sensitivity to one substance extends to other 
chemically related substances. It is becoming more important in dermatology 
and immunology with the rapidly increasing number and complexity of 
synthetic chemicals produced for medica!, industrial and domestic usage. 
Numerous examples are known (Baer 1954), but the most widely studied is 
cross-sensitization to substances with a primary amino group in the para position 
on a benzene ring. Study of this 'para group' sensitivity began with the work 
of Meyer (r928) who showed that patients sensitive to paraphenylene-diamine 
may also react to aniline, aminophenol, diaminophenol, methylaniline, amino
azobenzene and many other related compounds (Fig. 27.1). Such patients, 
however, do not react to every substance containing a para-amino group, and 
sorne patients do not appear to cross-react to any other related compound. In 
fact, the pattern of cross-sensitization varíes very considerably from patient to 
patient, and appears to be determined partly by the primary sensitizer and 
partly by the individual himself. For example, roo% of patients sensitized to 
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sulphonamide react to paraphenylenediamine and to local anaesthetics, whereas 
only zo% of those primarily sensitized to paraphenylenediamine react to local 
anaesthetics. In general, the primary allergen gives a much stronger reaction 
than any of the secondary allergens, although aniline has been reported as an 
exception to this rule. Mayer believes that the mechanism of cross-sensitization 
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depends on the conversion of the applied allergen to a common haptenic 
substance, via oxidation, reduction, or other chemical reactions in the skin. 
In the case of para-amino compounds they could all be converted to quinone
imines and quinonediamines or their derivatives (Fig. 27.r). In the case of 
halogenated hydroxyquinolines it has been suggested that all of four therapeutic 
substances, Vioform, Diodoquin, Steroxan and Quinolor (which may all 
cross-react), could be converted into carboxylated pyridines as the actual 
antigenic determinants (Fig. 27.2). Again, not all patients sensitized to any 
one of these compounds will cross-react to any or all the others. To explain 
such anomalies the protagonists of the common antigenic determinant thesis 
suggest that sorne patients have a defect in their skin which renders them unable 
to make the necessary conversion. Unfortunately, it has not been shown whether 
human skin can or does carry out these chemical reactions on the compounds 
already mentioned. The view has also been expressed that the allergenic poten
tia! of paraphenylenediamine is partly due to the para position of the amino 
group, and partly dueto its chemical reactivity and lability. A nitro group in 
the ortho position considerably reduces the chemical reactivity of parapheny
lenediamine, and with it the biological reactivity. Orthonitroparaphenylene
diamine is about fifty times less allergenic than paraphenylenediamine, with 
equally reduced effectiveness as a dye for hair or fur. 

Another example illustrating the common antigen principle is shown by 
the recent studies of Levine (1960) on penicillin. He has shown that certain 
physiologically possible degradation products of penicillin, particularly 
D-benzylpenicillenic acid, D-penicillamine and D-cx-benzylpenicilloic acid, are 
potent inducers of delayed contact sensitivity in the guinea-pig, and that they 
cross-react with penicillin G. The antigenic determinant is probably a benzyl
penicilloyl-lysine group. 

POL YSENSITIVITY 

Polysensitivity is more of a clinical term than an immunological concept. 
It may take three forros: first, the cross-sensitization between a number of 
substances which are closely related chemically, as discussed above; secondly 
multiple acquired specific sensitivities to chemically unrelated substances; 
and thirdly, multiple non-specific or false positive reactions. If a patient's skin 
is in a very reactive state as a result of a severe or extensive dermatitis, they 
may react to numerous patches in a test series, most or all of which do not appear 
to be of clinical significance; and which, when re-tested separately after allowing 
sufficient time for the skin to return to normal, will give negative results. 

PHOTO-CONTACT SENSITIVITY 

Photo-contact dermatitis is another clinical concept with a questionable and 
poorly understood immunological basis. Sorne patients develop an apparently 
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allergic contact dermatitis from a specific substance only on areas of skin 
exposed to light. It may only be possible to obtain a positive patch test by 
exposing the test si te to a suberythema dose of ultraviolet light 24-48 hr after 
application of a patch or intradermal injection of the test substance. Examples 
of such photo-contact sensitizers are sulphonamides, phenothiazine derivatives 
and halogenated salicylanilides (Harber et al 1966). The mechanisms involved 
are obscure, but it is usually suggested that photo-decomposition of either the 
hapten or a hapten-protein conjugate results in the formation of the actual 
antigen to which the antibody is directed. (pl. 27.7) 

DESENSITIZATION 

Specific desensitization of hyposensitization to low molecular weight allergens 
can be achieved, but only with great difficulty. It frequently requires severa! 
months and involves the risk of quite severe reactions. It has been successful 
with penicillin, streptomycin and poison ivy. It is usually only a temporary 
state and should not normally be advised or attempted. 

DURATION OF SENSITIVITY 

Allergic contact sensitivity tends to persist indefmitely-certainly for many 
years. There is a tendency for it to diminish in old age, perhaps as part of a 
general decrease in immunological reactivity. Photo-contact sensitivity is far 
less persistent and hence it may have a somewhat different pathogenesis. 

IMMUNOLOGICAL MECHANISMS 

HAPTEN THEORY 

Antigens have always been considered to be proteins or polysaccharides and 
immunological theory was based on this assumption. Specific and apparently 
allergic reactions to simple chemical compounds such as iodoform and para
phenylenediamine must therefore involve a different mechanism or else 
undergo sorne modification. ('Low molecular weight' is a more acceptable 
term than 'simple' to describe these chemicals, since many of them are extreme! y 
complex.) Landsteiner (1945) bridged the gap with his hapten theory. The low 
molecular weight chemical is called the hapten, which conjugates with a protein 
to form a complete antigen. This complete antigen is then capable of initiating 
antibody production and sensitization of either the immediate or delayed type; 
the antibody, however, is normally specific to the hapten but the carrier protein 
may sometimes impart specificity as well. The hapten has acquired antigenic 
properties by the proteinlinkage. Although it has not been entirely proved that 
such a protein linkage is the mechanistn involved in vivo, there is a great deal 



CLINICAL ASPECTS OF IMMUNOLOGY 

of circumstantial and experimental evidence to support it; and no alternative 
theory has a greater claim. 

ANIMAL SENSITIZATION 

Few animal species are capable of developing contact type sensitization, but 
it can be induced in the guinea-pig, the rabbit and the primates. The guinea-pig 
is the most suitable, although its behaviour in this regard differs from man in 
a number of ways. First, its epidermis is too thin to show the histological 
changes of eczema, except on the skin of the nipple, but the dermal changes 
by producing redness and swelling are adequate for diagnostic purposes. If 
required, the epidermis can be thickened by pre-treatment with acanthotic 
agents. Secondly, the degree of sensitization it develops is comparatively low. 
Mancan readily be sensitized to react to dinitrochlorbenzene at one part per 
million, whereas with the guinea-pig the maximal sensitivity is one in forty 
thousand. Thirdly, neither focal responses nor secondary dermatitis lesions are 
at all frequently encountered in the guinea-pig except under special conditions 
(de Weck & Frey 1966). Without the guinea-pig, however, our knowledge of 
this subject would be scanty indeed. The factors involved in the pathogenesis 
of allergic contact dermatitis are now moderately well understood, as a result of 
studies of various parameters, principally the contact agent or allergen, the mode 
of exposure, the skin, and the individual. 

THE ALLERGEN 

The low molecular weight substances capable of causing contact sensitization 
vary enormously-from single ions such as mercury, iodine, nickel, cobalt, 
zirconium and beryllium, to simple compounds such as formaldehyde, iodo
form, paraphenylenediamine, halogenated nitrobenzenes and mercaptans, up 
to more complex substances such as epoxy resins, higher alcohols, and sterols. 
It is not easy to see what chemical property, if any, all the known contact 
sensitizers have in common. A strong affinity for protein is thought to be the 
most important, but sorne appear to possess none at all. At least, chemical 
lability or a high reaction constant is necessary. If the hapten theory is correct, 
the formation of a stable non-dissociable covalent type of bond is essential. 
Halogenated nitrobenzenes react with the terminal amino group of lysine in 
this way. Similarly, sorne sulphur-containing nitrobenzenes will react with the 
cystine and cysteine of epidermal protein, and the reaction may be dependent 
on pH. Mercaptans are especially reactive chemically, and are potent contact 
sensitizers. Any form of dissociable chemical bond would not be effective. 
When a chemical cannot itself readily conjugate with protein, one of its 
degradation products may do so; for example, the D-benzyl-penicillenic acid 
or penicilloic acid formed from penicillin (Levine 1960). In addition to its 
chemical character, the concentration of the contact agent is of paramount 



PLATE 27.1. Histology of dermatitis. Note patchy 'spongiosis' and vesiclc formation 
with immigration into the epidermis of inflammatory cells from the perivascular 
inültrate. 

facing p. 768 



PLATE 27.2a. Contact dermatitis on the front of the chest from nickel-plated 
brassiere ring. 



PLATE 27.2b. Contact dermatitis of the popliteal spaces from azo dye in nylon 
stockings. 



PLATE 27.3a. Contact dermatitis of the forehead from a leather cap band. 

PLATE 27.3b. Contact dermatitis of fmger-tips from garlic. 



PLATE 27.4. Method of patch testing. 



PLATE 27.5. Positive patch test reaction. Note group of closely set papules and 
vesicles. 



PLATE 27.6. False positive patch test result (from a soap). Note the wrinkled appear
ance of the horny !ayer and absence of grouped vesicles. 



PLATE 27.7. Positive photo-patch test-results at 96 hours, after application of 
phenergan. The patch on the left was irradiated 48 hours after application 
with a sub-erythema dose of ultra-violet light. The patch on the right (which 
was not irradiated) remains negative. 
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importance. Sensitizing power is directly proportional to concentration, and 
not dependent on the quantity of chemical or the area of skin to which it is 
applied. The whole body may be immersed in an extremely dilute soh1tion of 
dinitrochlorbenzene without inducing any reaction, whereas one drop of the 
pure substance will sensitize. 

There is sorne evidence that the sensitization index of a chemical does not 
necessarily parallel its sensitizing potency. Sorne substances may induce a very 
high degree of allergic sensitivity, but only sensitize few of the individuals 
exposed. Other substances may sensitize a high proportion o[ persons exposed 
but not produce a very high degree of sensitivity in any of them. 

THE MODE OF EXPOSURE 

The special feature of contact dermatitis type sensitivity in man is that it is 
induced by application of the sensitizer on to the skin surface. Intradermal, 
subcutaneous, intravenous or intramuscular rou~es are generally ineffective. It 
is normally mandatory in man, but not in experimental animals, to apply the 
agent in this way, apart from three exceptional circumstances. One is with 
overwhelmingly strong sensitizers such as dinitrochlorobenzene which, applied 
by almost any route in high concentration, will induce contact type sensitivity. 
The second is by the use of tubercle bacilli, and Freund's adjuvant, injected 
with the hapten, or by previous conjugation with a protein. The third is by 
injection directly into lymph nodes. But for almost all examples in clinical 
practice, contact type sensitization only results if the allergen has been applied 
to the skin surface and never from a purely parenteral route. Beryllium is an 
exception to this rule. Cases of pulmonary berylliosis and sarcoidal nodules 
in the dermis are usually associated with a positive eczematous patch test. 
However, in animals sensitization has been obtained by injecting hapten which 
has been conjugated with either serum protein, skin protein or red cell stromata. 

The precise role that the epidermis plays is obscure. The usual explanation 
is that it supplies the protein moiety or pro-antigen with which the hapten 
conjugates. It has been shown that such conjugation (in the case of dinitrochlor
benzene) does take place in vitJo, but it has not been demonstrated that the 
resultant conjugate plays any further part in the sensitization process although 
hapten-protein complexes prepared in vitro can induce sensitization. Such a 
conjugate ca1mot readily enter the immunologically competent cells with the 
ease of the hapten alone. Mayer (1957) has put forward the thesis that delayed 
hypersensitivity results when a hapten conjugates with a fibrous type protein 
(s~ch as keratin or collagen); whereas conjugation with a globular protein 
(such as the serum proteins) elicit classical antibody formation with immediate 
type sensitivity. It is true that many low molecular weight chemicals can pro
duce both types of antibody, but there is no experimental evidence to support 
the view that it is the type of protein which is determinan t. 

AA 
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THE SKIN 

Many substances merely require to be applied to the normal epidermal surface 
on one or more occasions to induce contact sensitivity in man. There is con
siderable evidence, however, that certain alterations of the epidermis will facili
tate sensitization; chemical irritation, bums, freezing, epidermal 'stripping', 
sandpapering and scarification will have this effect. Many clinicians believe 
that the presence of dermatitis also predisposes the contact site, but there is 
little experimental evidence to support the view. Kligman & Epstein (1957) 
found that maximal sensitization occurred when the allergen was applied at 
weekly intervals on three occasions to a skin site prepared by freezing or light 
sandpapering. The three si tes should all be drained by the same group of regional 
lymph nodes. The particular solvent in which the allergen is diluted may 
sometimes facilitate sensitization, possibly by some action on the epidermis. 
A solvcnt consisting of ethyl alcohol, methyl cellosolve and Tween 8o has a 
remarkable influcnce on penicillin contact sensitization. 

Climate and season also appcar to be relevant factors and can considerably 
alter the incidence of sensitization, although whether they act by altering the 
skin surface or in some other way is not known. 

A notable feature of contact type sensitivity as encountered in clinical 
practice is the refractory period. The skin may be repeatedly exposed to a 
contact allergen for months or years before tl1e immunological processes for 
sensitization (which only require a latent period of 6-ro days) are initiated. 
With the very potent antigens used for experimentation, there is virtually no 
refractory period; a single exposure is enough. lt is not known what specific 
or non-specific changes, if any, take place in the skin or elsewhere, but it is 
possible that the individual has been 'altered' in sorne way by such repeated 
exposures before the 10-day latent period begins. 

In the guinea-pig it has been shown that oral pre-feeding of the antigen, 
before application of a sensitizing dose to the skin, will effectively prolong the 
refractory period and induce one form of immunological tolerance. Such an 
effect has not been shown to occur in man. 

THE INDIVIDUAL 

Genetic predisposition is of in verse importance to the potency of the sensitizer. 
The skin of all persons can be made to show the pathological changes of 
dermatitis by the application of very potent sensitizers, but with progressively 
weaker allergens fewer can be sensitized. Animal studies, particularly, and some 
human studies, show that this susceptibility or 'preparedness' (Chase 1957) is 
genetic. Guinea-pigs can be bred to produce strains which are highly susceptible 
or highly resistant to individual allergens. They can also be made resistant to 
sensitization by prior oral feeding of small doses of thc allergen. lt is not known 
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whether these findings are true for man, but they are likely to be so. Of racial 
differences it is agreed that the Negro is rather less sensitizable than the Caucasian 
or Mongolian. 

Systemic disturbances may influence the contact sensitization rate in man. 
Disorders of the reticulo-endothelial system such as leukaemia, Hodgkin's 
disease, reticuloses and sarcoidosis tend to diminish the sensitizing capacity but 
do not abolish it. Age alone does not affect it. Sorne clinicians believe that 
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Frc. 27.3. Schematic representation of contact sensitization with dinitrochloro
benzene and challenge results on skin explant and on normal skin (Frey & W enk 
1956). 

(a) Primary contact on explant island (lymphatics cut)-test on explant and 
normal skin positive. 

(b) Primary contact on normal skin-test on explant island and normal positive. 
(e) Primary contact on explant with isthmus (lymphatics intact)-test on explant 

and normal skin positive. 
(d) Primary co11tact 011 expla11t with isthmus, but regio11allymph nodes excised

test 011 expla11t and normal skin negative. 

psychic trauma predisposes but no satisfactory evidence is available. Persons 
with agammaglobulinaemia behave no differently from normals. 

ROLE OF LYMPHATIC SYSTEM 

For a long time it was thought that contact dermatitis allergy was entirely 
confined to the skin, and that when an allergen was applied to the skin sensiti
zation became generalized via, and beca use of, the continuity of the epidermis 
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over the whole surface. This erroneous idea was fostered by certain faulty 
experiments: Strauss and Coca cut a 'ditch' around an isolated island of skin 
in a monkey and concluded that a chemical applied to the island was unable to 
sensitize the rest of the skin of the animal; Bloch transferred a Thiersch graft 
from a patient sensitive to iodoform and said that the graft remained sensitive. 
These statements are now known to be wrong, as shown by the work of 
Landsteiner, Chase, Kligman, Frey and Wenk, and others. Frey & Wenk 
(1956) devised a most ingenious experiment. They found that they could 
isolate and explant a reasonably large area of skin on the flank of the guinea-pig 
so that it would remain viable when connected to the body only by a neuro
vascular pedicle. They prepared sorne animals in which the island was complete, 
and others in which the island was attached to the skin of the groin by a narrow 
isthmus of skin (so that the regionallymphatic drainage was intact). They then 
proceeded to sensitize the animals with dinitrochlorobenzene, either on the 
explanted island or on the opposite flank, and to test each site for the develop
ment of sensitization 2 weeks la ter. The experiment and the results are illusttated 
in Fig. 27.3. 

The conclusions which they were able to make are: 

I. Intact lymphatic drainage from the site of application and regional lymph 
nodes are necessary. 
2. Contact sensitivity, once developed, is transmitted to the whole skin via 
the blood stream. 
3. The minimal time of contact for the sensitizing substance is 32 hr. (A figure 
of 6-8 hr is more correct for man.) 
4· The incubation time is 6-9 days. 
5· The integrity of the nerve supply to the skin is not essential. 

It was previously thought that the vital processes of sensitization took place 
only in the lymph nodes. It is now accepted that sensitization can also be 
peripheral to the nodes. lmmunologically competent cells are found in the 
peripheral blood, and sensitization can be induced in these percolating lym
phocytes at the skin si te before going to the regional nodes. It is possible that all 
sensitization is a combined process, both peripheral and nodal (Medawar 1965). 

The cellular changes in the regionallymph nodes during contact sensitization 
have been studied by various techniques (Turk & Stone 1963; Oort & Turk 
1965; Diengdoh & Turk 1965). The major activity is in the paracortical region 
of the cortex of the gland adjacent to the medulla, whereas in classical antibody 
production of immediate type sensitivity the cellular activity is in the medulla. 
Contact ·sensitization induces an initial increase in large pyroninophilic cells in 
the paracortical area, followed by a progressive decrease and the appearance 
oflarge numbers of smalllymphocytes. These cells show evidence oflysosomal 
activation in response to the allergenic stimulus. 
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TRANSFER OF SENSITIVITY 

The important role played by lymphocytes or other mononuclear cells has 
been demonstrated in many ways since Landsteiner and Chase successfully 
transferred sensitivity to picryl chloride by peritoneal exudate cells. Transfer 
has since been achieved in guinea-pigs with cells from the thymus, lymph 
nodes, spleen and direct from the thoracic duct. Lymphocytes and not poly
morphonuclear leucocytes are necessary. Large quantities must be used, usually 
req!liring the pooled cells from six to eight animals. A similar transfer of sensi
tivíty has been claimed in man by Epstein & Kligman (1967) using poison ivy, 
dinitrochlorbenzene and paranitrosodimethylaniline. For success they found 
that I. the donar must be very highly sensitized, 2. the recipient must be 
genetically susceptible, 3· the allergen must be selective, and 4· the quantity of 
cells must be large-at least 200 million lymphocytes (which is in marked 
contrast to the smallnumber of cells required to transfer tuberculin sensitivity). 
Dead or ruptured cells are not effective (again contrasting with tuberculin 
sensitivity). Two unexpected findings were: first, that sensitivity to dinitro
chlorbenzene (which is a much more potent antigen than poison ivy) was only 
transferred with difficulty, and secondly, that the acquired sensitivity in sorne 
patients persisted for many months-long after the transferred lymphocytes 
must have been destroyed by the homograft reaction. However, serious 
objections have been raised to such claims (Harber & Baer 1961). 

Sensitivity is not transferred across the placenta. The Prausnitz-Küstner 
passive transfer test with serum is negative in contact dermatitis, as have been 
most attempts at transfer with cell-free fluids. Successful transfer of contact 
se11.sitivity to picryl chloride with cell-free extracts of lymphocytes has been 
claimed by Jeter et al (1954) and by Turk (I96I), and it might appear to be but 
a matter of time befare the technical problems are solved and the 'transfer 
factor' or 'contact type antibody' is separated from cells and identified. However, 
Turk has since shown that the transfer was not passive but active sensitization 
by antigen. 

TOLERAN CE 

The conception of immunological tolerancc or immunotolerance originated 
in relation to tissue antigens. Therc are ftve patterns of 'unresponsiveness' or 
absence of apparent response to an antigenic stimulus (Medawar 1960): 

I. Immunological tolerance-as a result of antigen contact befare or shortly 
after birth. 
2. Radiation induced tolerance-following whole body X-irradiation. 
3· Pre-feeding tolerance-induced by previous oral feeding or intravenous 
injection of chemical allergens. 
4· Inununological paralysis-a centrally induced failure of the immunologic 
system. 
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5· Tolerance from protein overloading-induced by massive quantities of 
protein antigens. 

In relation to contact type sensrtlvrty immunotolerance has been studied 
in detail by de Weck & Frey (1966) using a single very large intravenous 
injection of allergen in guinea-pigs as their tolerogenic agent. The tolerogen is 
not necessarily identical with the antigen; and tolerance to immediate and 
delayed type responses can be dissociated. It is likely that the general principies 
of tolerance apply to contact sensitivity, but they ha ve not yet reached a stage 
of application to man. The same may be said of immunosuppressive drugs, 
although experimental evidence suggests that complete inhibition of sensitiza
tion may not be achieved for some time to come. 

THE FUTURE 

A number of gaps in our knowledge remain to be fllled by evidence in order 
to answer the following questions. lt is established that the chemical, whether 
conjugated or not, must come into contact with immunologically competent 
cells, but does this occur in the skin or in the lymph nodes? Does the chemical 
conjugate with skin protein or with an intra-lymphocytic protein to form the 
effective allergen? Eisen et al (1957) have shown that dinitrochlorbenzene 
readily permeates the cell wall of lymphocytes and becomes concentrated at 
least twenty times inside these cells. Does any reaction take place in vítro 
between the haptenic chemical or its conjugate and the sensitized lymphocytes, 
similar to the lympholysis described with tuberculin? Can lymphocytes be 
sensitized in vitro by exposurc to the conjugated or unconjugated chemical, 
as can be done with bacteria! antigens? How is the sensitivity perpetuated? 

Although this branch of immunology is at present being studied extensively 
there is still a great deal that has to be learnt before we can fully understand 
al! of the precise mechanisms involved in contact type sensitization. 
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CONGENIT AL NEUTROPENIA AND 

THROMBOCYTOPENIA 

INTRODUCTION 

Not many readers of this book will remember the time when 'erythroblastosis 
foetalis' was dealt with in textbooks as a condition bearing the label 'ill
understood'. The understanding of the disease came about through the genius 
of Levine who with his co-workers (Levine, Katzin & Burnham 1941) gave 
for the first time an explanation which co-ordinated all the known (and some 
of the then unknown) facts. Since then, knowledge has increased rapidly and 
though we cannot claim today to understand fully everything about the disease 
-and the understanding of a disease should lead to its prevention-we know a 
good deal more about it than even a few years ago. As with all great ideas, the 
theory proposed in this fmt paper was fundamentally simple. It has since been 
proved to be correct by innumerable papers and has been shown to apply not 
only to the rhesus systcm for which it was proposed but to all the other blood
group systems where 'immunization' of the mother can occur. Levine et al 
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( 1941) suggested that foetal cells carrying antigens inherited from the father 
entered at so me stage the maternal circulation. If the mother' s cells lacked any 
of these antigens (if she was 'negative' for any of them) they could, under 
certain circumstances, lead to antibody in the mother. This antibody ( or 
antibodies) would be passed through the placenta and when entering the foetal 
circulation cause damage to the foetal cells eventually resulting in 'erythro
blastosis foetalis'. 

BLOOD GROUP SYSTEMS INVOLVED 

RHESUS SYSTEM 

Levine's et al (1941) first paper described iso-immunization within this system
and this system still provides by far the greatest number of cases. At first 
haemolytic disease of the newborn (HDN) due to the D antigen only was recog
nized (the antigen went by different names to start with but it is proposed to 
use the eDE terminology as it is certainly the most widely used and best 
understood). However, soon other antigens E, e and e, were recognized and 
proved to be capable ofimmunizing 'negative' mothers. Anti-E can be produced 
by either rhesus-negative or rhesus-positive E-negative mothers (e.g. eDejeDe) 
whereas the production of anti-e is rare in D-positive people. Anti-c can, of 
course, be produced by e-homozygous mothers only (e.g. eDejeDe). Anti-e 
is produced by mothers homozygous for the E antigen (for instance cDE/cDE). 
Rare antigens also lead occasionally to immunization, e.g. the ew, and a most 
intriguing case of this sort was published by Van Loghem & Bakx (1953) 
where a mother negative for the e and ew antigens (eDejeDe) produced 
children with HDN due to anti-c and ew consecutively. HDN due to the very 
rare antigen ex has been described by Stratton & Renton (1954). Jakobowicz 
& Simmons (1959) described HDN due to the newly discovered G antigen 
and there is no doubt that if more antigens are discovered within the rhesus 
system, they will be responsible for HDN. It may even be that these rare (or 
frequent) antigens will be discovered through illness in babies. 

The occurrence of anti-D in D +ve mothers is somewhat puzzling but at 
least nineteen cases of this type are known at present (Rosenfield, Haber & 
Gibbel 1958; Geiger & Wiener 1958). Two of our own cases (Weiner & 
Battey) had in their sera an antibody indistinguishable from a typical anti-D. 
The D of the first case was a Du (genotype eDuejcde) whereas the second case 
was a strong D, probable genotype cDejcde. All three babies (one mother had 
twins) were severely affected. The explanation of this phenomenon is not easy. 
It is possible that Wiener's mosaic theory (Wiener, Geiger & Gordon 1957) 
is right and it is conceivable that the D antigen of these people lacks one or 
other determinant group. When challenged with a 'complete' D, they might 
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produce an antibody against this 'determinant' group andas the latter is present 
in almost all 'normal' D antigens this antibody will behave like any other 
respectable anti-D. On the other hand, it is possible that what appears to be an 
anti-D, has in fact anti-G specificity. Sorne of the cases published by different 
authors have been re-investigated by Tippett& Sanger (r962) and theseworkers 
have indeed come to the conclusion that sorne antibodies mimic the anti-D 
pattern but could in fact be much more easily cxplained by the assumption that 
they were some sort of anti-G. One of our own cases apparently also falls into 
this catcgory whcreas the antibody of the other must still be regarded as an 
anti-D. 

0THER BLOOD GROUP SYSTEMS 

The Kell and its allelomorphic antigen, Cellano, have been responsible for 
HDN and the Kell antigen is probably as efficient an antigen as the D. Fcwer 
cases, however, must be expected as although approximately 90/';; of all mothers 
are Kell-negative, only about rol';; of all fathers are positive. The cases of HDN 
duc to Fya-anti-Fya are rare and occasional cases due to anti-Jka and anti-Jk b 

have been described. In the MNSs system, anti-S has on several occasions been 
shown to be able to produce HDN (though it may occur as a 'natural antibody' 
and be quite harmless) and several cases of HDN due to anti-s are known. As 
to the M, there are several reports in the literature where this antigen wa 
reported as the villain of the piece but thcrc is no doubt about its antigenic 
role in the case reported by S tone & Marsh (1959). The antigen Mia put in an 
appearance for the first time through HDN (Levine, Stock, Kuhmichael & 
Bronikovsky I95I). Anti-N has so far not caused any trouble. 

In all the othcr systems (Lutheran, Lewis, Wright, etc.) occasional well
documented cases do occur but seem to be rather mild. In different ethnic 
groups still other systems might play an important part and in Mongolian 
people the Dia is certainly worth watching. In short, no antigen, be it frequent 
or rare, seems to be unable to produce HDN. However, there is still the ABO 
systcm. 

ABO SYSTEM 

Here the position is, to say the least, confused. A number of authors claim 
that disease due to incompatibility within the ABO systcm is as frequent as 
the one caused by incompatibility within the rhesus system or more frequent 
still. Others hardly ever recognize it. The truth might be somewhere in the 
middle. The controversy no doubt arises from the fact that while the diagnosis 
of HDN in most systems is rcally simple, viz. by a positive direct Coombs 
test on the infant's cells, this is not so in the ABO system. Here the diagnosis 
must be made on clinical grounds and is only scantily supported by a confusing 
and confused serology. 
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PATHOGENESIS 

As pointed out, immunization is dueto the entry of red cells carrying a' foreign' an
tigen ( or antigens) into the maternal circula tion. This can be most ea sil y achieved 
by injecting them intravenously, intramuscularly or subcutaneously. In HDN, 

immunization is produced by foetal red cells entering the maternal circulation 
at some stage. The question is when? It was noted that in a first pregnancy, 
HDN is very rare (unless the mother had received an antigenic stimulus before
hand). Subsequent children were affected and it was assumed that the antibody 
was produced by leakage of cells in the second or subsequent pregnancy. It 
was a further assumption that a first sensitizing dose must ha ve occurred during 
a previous pregnancy and that the affected baby produced with his cells a 
'secondary' response. We could show that in some patients, antibody was 
present some 6 months to a year after delivery of the first rhesus-positive 
baby (Weiner & Hallum 1950). Further, we found in our material fifty-five 
mothers (up to the end of 1966) whose sera during their second pregnancy 
contained typical anti-rhesus antibodies. None had ever received a transfusion 
or blood injection and the first children had al! been rhesus positive with a 
negative direct Coombs test (ncr). Surprisingly the second babies were cdejcde 
and had, of course, a negative DCT. These could not have provided a stimulus 
for the maternal antibody production and the stimulus must therefore have 
been provided by the first baby. Most workers now assume that this first 
stimulus occurs during delivery, particularly befare the placenta is fully 
delivered, and it could be shown that some babies give quite large 'transfusions' 
to their mothers at this stage (Wiener 1948). Particularly relevant here were 
the findings of Kleihauer, Braun & Betke (1957) who, with an elegant elution 
and staining technique, could show that in very many cases foetal cells, 
characterized by the different properties of the foetal haemoglobin, appeared 
in the maternal circulation. The volume of foetal blood thus transfused into 
the mother can be estimated and if the mother is rhesus negative and the foetus 
rhesus positive, a good correlation can be shown to exist between the volume 
of blood 'transfused' and the la ter development of antibodies (W oodrow et al 
1965). However, there is good evidence that this cannot be the only time when 
foetal cells enter the maternal circulation. Amongst our material we have 
thirty-two primigravidae (up to the end of 1966) who during their first preg
nancies developed antibodies against the rhesus factor and gave birth to affected 
babies (affected by the criteria enumerated below). None of these mothers had 
received a transfusion or blood injections and as far as humanly possible the 
fact that they were primigravidae was confirmed by interview with the mothers 
themselves (and sometimes their mothers). In no case did the clinical examina
tion give ground to doubt their statements. 
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ABO PROTECTION 

The curious fact that women who bear babies with a compatible ABO group 
are more easily immunized against the rhesus factor than if the baby is incom
patible was first noticed by Levine (1958a). Many further papers have since 
confirmed this on a large material. From our own material (W einer & Battey 
1962) we selected for investigation the primigravidae and the mothers immu
nized after the first baby (whose second baby was rhesus negative). Amongst 
the primigravidae, we could find only three exceptions (one mother Group O, 
child Group B; two mothers Group B, children Group AB) whereas there 
was only one exception amongst the twenty-nine mothers of the second 
category (a Group A baby born to a Group O mother). Nevanlinna & Vaino 
(1956), in a large-scale statistical investigation, arrived at the same conclusions. 
Only a few cases are known where a Group O mother married to a Group AB 
father became immunized. In their paper they mention two such matings. 
W e ourselves ha ve also encountered two such families. However, once immuni
zation against the rhesus factor is established, the ABO group of the next baby 
is of no importance and though incompatible it will be affected. It should be 
noted, however, that Vos (r966) has lately shown that ABO incompatibility 
between child and mother often produces an antibody of lower titre (in la ter 
pregnancies) than if mother and child are ABO compatible. The 'protection' 
which incompatible ABO groups afford within the rhesus system extends also 
to the Kell system (Levine 1958b), and in alllikelihood to other blood-group 
systems as well. 

So far the facts: an explanation, however, is difficult. Severa! theories have 
been advanced and the most widely accepted at present seems to be the one 
suggested by Race & Sanger (1958). They assumed that incompatible cells 
would be destroyed rapidly and thus would not be able to provide an antigenic 
stimulus. One could think, however, that a different explanation (Weiner & 
Battey 1962) might fit better all the known facts and that the rapid sequestration 
of incompatible cells might play a different part. It is, of course, true that 
incompatible cells are sequestered rapidly but on the other hand it is also true 
that compatible cells will survive. Nevanlinna & Vaino (1956) point out that 
cells which are circulating and are not in contact with antibody-producing cells 
will not stimulate antibody production. This too must be true but we must not 
forget that these compatible cells consist of different populations with regard 
to their age. These cells are being sequestered over a much longer period (which 
may extend up to 3 months) and will thus provide a continuous stimulus. 
Thus the individual immunizing dose will be small but stimulation will go 
on for a very long time. This is analogous to the experience in experimental 
immunology when more potent antibodies are produced by repeated injections 
rather than by a single large dose. It also fits the known facts well: in an investí-
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gation (unpublished) which was done sorne years ago, not a single rhesus
negative primigravida was found who had developed antibodies 10 days after 
delivery of her first baby but antibodies were found 4 months later in a few 
and the fifty-five mothers mentioned previously who in their second pregnancy 
gave birth to a rhesus-negative infant fall also into the same group. This theory 
would also explain the fact that on rare occasions primigravidae may produce 
an anti-rhesus antibody if one assumes that during the pregnancy foetal cells 
escape on frequent occasions into the maternal circulation. That this may happen 
is well known (W einer et al 1958) and recent work using the Kleihauer et al 

(1957) technique gave evidence that this may happen quite frequently. If the 
assumption is accepted, it would also explain the occasional occurrence of 
immunization even if the foetus is incompatible (for instance the two incom
patible matings quoted by Nevanlinna & Vaino (1956) and in our own material). 
Obviously even incompatible cells, if escaping frequently enough into the 
maternal circulation, will provide the same long-lasting stimulus though they 
are sequestered rapidly. It has already been mentioned above that the size of 
thc foeto-matemal 'transfusion' is also important and Finn et al (1961) have 
shown that as little as 1 ml of foetal blood may act as an immunizing dose. 

ABO HAEMOLYTIC DJSEASE 

The rule that a 'sensitizing' first pregnancy precedes inununization does not 
apply to HDN due to ABO incompatibility. Here it is the rule that the first 
incompatible child will show signs of HDN and that can easily be understood 
if one realizes how many people show what is regarded asan 'immune' antibody 
within the ABO system (an antibody which is mainly IgG) in their sera without 
known prior stimulation. These antibodies may be produced by injection of 
substances like horse serum (which has Group A specificity) but there are 
certainly a number of cases in our own material and elsewhere where such 
injections did not precede the pregnancy. It should, however, be pointed out, 
and this will be discussed at greater length later, that the diagnosis of ABO 
haemolytic disease is by no means as certain as it is in the other systems. 

DIAGNOSIS 

ANTE-NATAL 

It must be a unique occurrence that a probable and sometimes certain diagnosis 
is made in a patient who legally does not yet even exist. T}¡_e more one learns 
of the disease, the more one realizes the importance of anticipation. This has 
become possible through the establishment of laboratories where appropriate 
tests can be done and thus it should not happen that an immunized mothcr slips 
through these nets. Prediction of the disease has become much more accurate 
in recent years. Before the introduction of the Coombs test and testing of sera 
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by means of enzyme-treated cells, a great many cases must have been 
missed. In an up-to-date laboratory this should be an exception now. How 
many cases are diagnosed depends, therefore, on the test procedures in the 
various laboratories and that again is not always a question of available know
ledge but of available funds. It is never possible to equate human life and 
happiness with [, s. d. and ideally all the tests which are necessary to predict 
HDN should be done in every single expectant mother. This clearly is a counsel 
of perfection and sorne compromise is necessary. 

It is convenient to divide the blood specimens from expectant mothers 
into groups and to test the various resulting groups at different levels. The first 
step is to establish the ABO and rhesus group and simultaneously with this 
investigation, the first level of testing is performed. On all mothers, irrespective 
of ABO group and rhesus type, irrespective of obstetric or transfusion history, 
a simple screening test is performed, but even at this level a more extensive 
investigation is performed on all specimens which are found to be rhesus 
negative. The second level should apply to all those sera in which the screening 
tests produce sorne, even the slightest, abnormality. It comprises also those 
mothers who have a significant obstetric history and thirdly all mothers who 
have had, at any time during their lives, transfusions or injections of blood. In 
the third level, those mothcrs are followed up who in the second level have 
given defmite evidence of an abnormality. It should be noted that primigravidae 
are included and from what has bcen said above, it must be clear that in a large 
series, a certain number of genuine primigravidae who are immunized will be 
found. However, even if the primigravidae are primigravidae for their husbands' 
peace of mind or if a transfusion or blood injections which they had received 
had been forgotten, their history will still be given as 'primigravidae'. If they 
are excluded from thorough testing, sorne cases will certainly be missed. 
The tests at the various levels must be chosen taking into consideration the 
conditions in the laboratory, the number of trained staff, etc. There is, however, 
a mínimum which should be done and it can probably be agreed that in the 
first level, all that would be necessary would be to test the sera against saline
suspended cells at 37 and 22°C (the latter can be combined with the routine 
ABO grouping) and in addition, against enzyme-treated cells at 37°C. For 
ease of performance, we prefer in our laboratory papain-treated cells, and have 
found that a significant reduction in labour simultaneously with an improve
ment of the results can be achieved by using cells which have been 'papainized' 
in bulk and then frozen in glycerol. These frozen cells can easily be reconsti
tuted (Weiner 1961) and we have found that their reactivity is very well 
maintained for a number of months, possibly years. (This naturally also 
obviates the frequent bleeding of laboratory workers or donors which in a 
busy laboratory can very soon have great nuisance value to all concerned.) 
This also makes for confidence in reading the results as the technicians will 
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very soon learn to distinguish the strength and type of the agglutination and 
be able to separate the 'sheep' from the 'goats'. We have lately added to the 
papainized cells one further cell preparation treated with bromelin and prelimi
nary results have shown that bromelin-treated cells may also be stored frozen. 
At present, however, we are still using fresh cells which are bromelin-treated 
every day. The choice of the cells has regard to the antibody or antibodies 
most frequently encountered. Thus it is advisable to use a CDe/cDE cell or 
perhaps even better, a mixture of CDejcde and cDEjcde cells. Sera from 
rhesus-negative mothers are investigated more thoroughly. They are put up 
with a suspension of one rhesus-positive cell in saline, three different rhesus
positive cells in 25% albumin, one bromelin and one papain-treated rhesus
positive cell and two rhesus-negative cells in saline suspension. 

At the second level, the nature of the antibody is further investigated. W e 
use five cells in saline suspension which are: Cdejcde, cdEjcde, CDejcde 
cDE/cde and cdejcde, five cells in albumin suspension (CDejcde, cDEjcde 
CDejcDE, two cdejcde) and again bromelin and papain-treated rhesus-positive 
cells. In addition to this, indirect Coombs tests (rcT) are now done with two 
different cells and the choice of these cells for the tests is as follows: one cell 
is of the constitution CDejcDE, Kell negative and S negative. This cell may be 
either Duffy positive or Duffy negative. It should also be Le(a+ ). The second 
cell is rhesus negative and must be Kell positive, Fy(a+) and S positive. It 
should be L(a- ). From the result obtained, one can airead y at this stage ha ve a 
fairly shrewd guess at the nature of the antibody (e.g. if the first cell is positive, 
the second negative, possibly anti-rhesus; if the first cell is negative, the second 
cell positive, possibly anti-Kell or anti-S, etc.). At this level, the nature of an 
antibody will also be clarified and its specificity defined. If available, cells 
from a specimen taken from the father of the child should be included as test 
cells and used in the way other cells have given best reactions. If they are not 
available at this stage, some maternal serum may be kept back for later testing. 

The third level of testing is adjusted for each case individually. From the 
second level the nature of the antibody is often obvious. If, for example, 
reactivity was best with enzyme-treated cells and ICT an antibody within the 
rhesus system is likely. If on the other hand, ICTS only have given positive 
results, the cells which reacted will give a hint how to test further. An appro
priate cell panel is chosen and the cells used in the way in which best reactions 
have been obtained. (In saline, albumin, enzyme-treated, by rcTs and at 37, 22 
and 4°C.) Enough different cells should be selected to give at least a probability 
of I: 200 of the nature of the antibody. As these tests are usually done 2-3 days 
after the screening tests have been performed the results may be much less 
convincing than on first testing if complement is required for the demonstration 
of the antibody. If this happens, the addition of complement may restore the 
positivity of the tests. Complement may be used by either mixing the patient's 
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serum with an appropriate amount of fresh AB serum and incubating the mix
ture together with the test cells (one-stage test) or alternatively one may 
incubate the test cells with the patient's serum first and replace this serum after 
a suitable length ofincubation with fresh AB serum. This is then again incubated 
befare the final wash (two-stage test) (Polley & Mollison 1961 ). Finally, after 
the rccognition of its nature the titre of the antibody is determined. Thesc 
tests will demonstrate almost all antibodies of clinical significance but this is 
only true if the presence of an antibody is suspected from the history or the 
tests done at the first leve!. Clearly it is impossible to test all sera at the third 
leve! and thus a very occasional case (e.g. first affected baby due to anti-Kell) 
might not be found ante-natally. 

What has been said, however, does not apply fully to the ABO system. 
Here, the first indication that something might be wrong is the demonstration 
of a haemolysin in the maternal serum. As Rosenfield (1953) has shown, 
immunization within the ABO system occnrs mainly in the setting: Group O 
mother, Group A child. This observation has been supported by a number of 
authors. It is also our experience as far as Caucasians are concerned. In Negroes, 
it appears that the B antigen is very often responsible for HDN and in a paper 
Wiener & Wexler (1948) quote two cases of HDN in Negroes, both dueto the B 
antigen. If the correlation of a rhesus antibody and HDN (possibly expressed only 
as a positive DcT) in a rhesus-positive child is extremely great, the correlation 
of the presence of an a-haemolysin and an affected Group A child is nothing 
like as great. On the contrary, we have found on many occasions that the pres
ence of an immnne anti-A of great potency in the maternal serum had no 
visible, clinical or serological cffect on a Group A baby. Furthermore, very 
similar findings in the maternal serum have been obtained when the baby is 
Group O. On the other hand, clinically obvious cases of ABO disease have 
escaped prediction in many cases and post-natal maternal specimens have given 
only scanty evidence of ABO immunization, so nmch so that we are at present 
very doubtful whether the searching for and reporting of these antibodies is 
worth while. There is work going on in many laboratories to find better 
means of predicting ABO disease and sorne of the tests are promising and may 
in future achieve a better correlation between clinic and serology than exists 
at present. Various new methods described lately seem, however, to work bcst 
in the hands of the authors. The antibody absorption test by Tovey, Lockyer, 
Blades & Flavell (1962) seems to give, in their hands, an excellent prediction. 
We have tried it in our laboratory but were not so successful. It must, however, 
be added that for theoretical reasons, it might not be easy to find a test of as 
great a significance in ABO disease as the ICT or enzyme test is in rhesus disease. 
Though it is true that a severe case of HDN due to ABO incompatibility is 
almost as easily recognizable clinically as a case due to rhesus incompatibility, 
milder cases might be mistaken for physiological jaundice and still milder 
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cases might be completely overlooked. The correlation with ante-natal sero
logical findings thus becomes more and more difficult. In addition to all this, 
an anti-rhesus antibody almost always presupposes a prior experience of the 
antigen by the mother, which is not always obvious in the presence of an 
'immtme' antibody within the ABO system. 

CORD BLOOD FINDINGS 

If there exists, in medicine, a single test which when positive indica tes unequivo
cally a diagnosis, it is the positive Coombs test on cord blood cells, and apart 
from incompatibility within the ABO system, a positive DCT is a condítío sine 
qua non for a diagnosis of RDN. Occasionally one sees an apparent exception 
and that is a mother in whose serum a low-titred anti-rhesus antibody was 
discovered ante-natally giving birth to a baby whose cells gave, even when 
tested with very potent A.H.G. sera, negative results. The picture becomes 
much tidier and these cases 'fall into line' if one elutes the cord blood cells. 
A study made of just such cases (W einer & Wingham 1966) showed that one 
has a good chance of demonstrating coating by demonstrating an antibody in 
the eluate in a very great percentage of these cases. Amongst ten cases thus 
investigated only two were found where this could not be demonstrated. 
It would appear, therefore, worthwhile to attempt an elution in such cases as 
a positive result confirms one's ante-natal findings. One might have expected 
that the strength of the Coombs test would correlate with the severity of 
the illness. This, however, is not entirely so. Walker (1958a and b) and other 
authors have commented on the lack of correlation. In our own experience, 
we would agree that a strongly positive Coombs test (that is a test where 
agglutinates form rapidly and attain a large size) may occur in very severe to 
comparatively light cases. A weakly positive test (late formation of small 
agglutinates), however, is almost always indicative of a mild disease (and the 
cases where antibody could be found in the eluate have without exception also 
been very mild indeed). It was tempting to try to assess the severity of RDN 
using similar criteria as are used in acquired haemolytic anaemia (ARA) of 
adults. There, antibody is formed constantly and it depends on the amount 
formed and the cell mass whether 'free' antibody will be found in the plasma. 
In our own experience, the reactivity, that is ability to absorb antibody in 
ARA, does not vary a lot from one patient to another and therefore these two 
parameters, that is the strength of the Coombs test and occurrence or absence 
of 'free' antibody in the serum, ha ve sorne, very often good, correlation with 
the severity of the illness. In RDN, on the other hand, the amount of antibody 
is fixed once the child is born and no more is formed. If the child is born with 
a large red-cell mass, much antibody must have been passed through the 
placenta to give the red cells a heavy coating. Much less antibody is necessary 
to give the same coating if the cell mass is smallcr. Again there is a difference 
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between AHA and HDN in as much as the rcactivity of the cells in HDN differs. 
A Du, for instance, will absorb less antibody (less coating of the cells but more 
antibody left 'free' in the serum) whereas a cDEfcde will absorb much more 
and little or no antibody will be found free. As Fudenburg, Barry & Dameshek 
(1958) have shown that cells coated heavily have a shorter survival than lightly 
coated cells, one can understand that the child with the heavier coated cells 
will show more severe signs of illness than a child whose cells are only lightly 
coated. As these two parameters do not, therefore, offer much help in assessing 
the severity of the illness, one has looked round for other criteria and these 
were found in the (a) haemoglobin (Hb.) and (b) bilirubin level. It is obvious 
that a baby' s cells which had been exposed to an antibody in !Itero, must ha ve 
suffered damage, and the products of cell destruction-bilirubin mainly-will 
be found to be present at a higher level than in normal infants. While in utero 
most of these products are being got rid of through the maternal circulation 
and a raised bilirubin level in the cord blood will thus indicare severe disease. 
As the cell destruction goes on after birth, the level of the bilirubin will go on 
increasing. The position as regards the Hb. level is not so simple. The initial 
level depends, as Mollison (r956a) has shown, to a great extent on the time at 
which the cord is clamped. If all the blood is allowed to enter the baby' s cir
culation before the cord is clamped, the initial Hb. level will be higher than if 
the cord is clamped immediately after birth. In the cord blood, a normallevel 
may, having regard to what has been said before, vary widely and is usually 
assumed to be between 14.8 g and I9 g%. The bilirnbin levcl should not be 
higher than 2.5 mg% (but see discussion later). 

ABO HAEMOLYTIC DISEASE 

One might have hoped that the investigation of the cord blood would give 
diagnostic criteria suggestive for ABO HDN. In the same way, however, as the 
maternal ante-natal serology is not of the greatest help in predicting ABO disease 
of the newborn, investigation of the cord blood does not produce results in this 
disease which would be diagnostic with anything like the certainty one obtains 
in other diseases. Sorne authors (Rosenfreld 1955) claim that if a special tech
nique is used, ABO affected babies have a positive DCT. Others (Tovey, Gillespie, 
Guy, Valaes, Oppé & Lewis 1959) could not confirm these findings even with 
the same technique. Our own experience is that a certain number of Group A 
babies born to Group O mothers ha ve a positive DCT though much weaker than 
in other systems and certainly not correlated, at least in our hands, with the 
antibody level in the maternal serum. The positivity of the Coombs test does 
not seem to depend on the type of Coombs serum used. The same sample may 
be positive with anti-IgG and anti-Pic serum: others negative with both reagents. 
Tovey & Lockyer (1965) have lately described the direct bromelin test which 



HAEMOLYTIC DISEASE OF THE NEWBORN 

looks comparatively simple. The simplicity, however, is only apparent as 
much depends on the experience of the investigator. There is no doubt that, in 
the hands of the authors, this test has given good and reliable results which 
we in this laboratory, however, could not achieve. 

0[ other signs sphcrocytosis (and the increase in red-cell fragility) has often 
been regarded as an important sign. It is, however, certainly not diagnostic 
and though it is true that sorne of these babies show spherocytosis, it is not 
possible to correlate this sign with the severity of the illness. The whole problem 
hinges, as far as one can see at present, on a clear definition of ABO disease. 
In the rhesus and other systems, the scrological diagnosis can easily be made and 
though not all serologically affected babies are clinically affccted, all clinically 
affected babies are 'Coombs positive'. (The 'eluate positive' babies mentioned 
above are hardly ever clinically affected and do not even show a trace ofjaun
dice.) Therc is, therefore, one certain parametcr to support the clinical diagnosis. 
In ABO disease, on the other hand, one always looks to the clinician for thc 
diagnosis and after more or less great efforts succeeds often to support it by 
serological means. Definite criteria have still, however, to be worked out. It 
will have to be shown why sorne children badly affected by ABO disease are 
often found not to ha ve a positive Coombs test and on the other hand, children 
whose Coombs tests are positive are often not affected at all. It is likely that a 
test diagnostic for ABO disease might on occasion be 'positive', even if clinically 
the disease is absent. This would be on a par with a positive Coombs test ( or 
positive eluate test) in the absence of clinical HDN in rhesus immunization but 
would certainl y not invalida te a test as it has not invalidated the Coombs test. 
To start with, the test will have to be shown to be positive in all more severely 
affected babies and in those without any exception. 

CLINICAL ASPECTS OF THE DISEASE 

CLINICAL DIAGNOSIS 

The clinical diagnosis had for a long time been bedevilled by the fact that it 
was not realized that the various manifestations of the disease were all due to 
the same mcchanism. So it came about that ictcrus gravis, haemolytic anaemia 
of the newborn or hydrops foctalis were all thought to be different diseases, 
though some observers noted their occurrence in the same family. There is no 
difficulty today to put all the differcnt manifestations of the illness under one 
heading. The most prominent sign is jaundice. As has often been stressed every 
baby becoming jaundiced during the first 24-48 hr of life must be suspected 
of suffering from HDN. Pallor is often seen at birth and may develop later. 
Severe cases may show oedema or even anasarca. Bruising and petcchiae are 
not uncommon. Spleen and liver may be enlarged. Severely affected babies 
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may be born with signs of heart failure-a raised venous pressure is the pre
senting sign. 

CüMPLlCATIONS 

Kernicterus (K1) must be regarded as the most serious complication. Much has 
been written about this condition but only comparatively lately has it been 
definitely realized that the cause of this disorder is a high level ofbilirubin after 
birth which may occur in untreated severe cases. It is only the 'indirect' bilirubin 
which is toxic. In the adult, bilirubin is conjugated with glucuronic acid (with 
the help of the enzyme glucuronyltransferase) thus becoming 'direct' bilirubin 
and is excreted by the liver. In the newborn, the activity of glucuronyltrans
ferase is low and conjugation does not take place to anything like the same 
extent as in the adult. There is, however, a second danger point. Normally 
both direct and indirect bilirubin are bound to the albumin fraction of the 
plasma (Odell 1959). This bilirubin-albumin complex does not enter the 
cells and ifit stays in d1e circulation it does not do any damage. Only 'unbound' 
bilirubin is able to enter the cells of the CNS and interferes thcre with the meta
bolism of the cells, eventually leading to cell death. From this it is clear that if 
there is not enough albumin available to bind bilirubin the danger of Kl in
creases. Thc albumin fraction in the newborn is lower than in adults and lower 
still in premature babies (hence their liability to contraer Kl or to increase thc 
danger of Kl in HDN). There is keen competition for the albumin-binding 
sites and substances other than bilirubin often win the race. Such sub
stances are haematin, sulphonamides and salicylates and if thc latter are given 
to the infants (and as they can pass through the placenta, to the mother) they 
may 'displace' bilirubin which is then free to en ter the brain cells. Raising of 
the albumin level will, on the other hand, attract more bilirubin. The bilirubin 
level in the blood may then actually rise, but the danger to the child might 
decrease. Accordingly albumin transfusions have been tried in an attempt to 
prevent Kl (Kitchen, Krieger & Smith 1960) and results up to now seem to ha ve 
been favourable. 

The next question to answer is: What is ilie dangerous level of bilirubin? 
This seems to be a simple and straightforward question which should be 
answerable after large enough numbers have been observed. Many methods for 
the determination of the bilirubin ha ve been described but we are still without 
one which in different laboratories will always give the same answer. This 
might not apply to the spectrophotometric methods, which have three big 
advantages-they are physical methods rather than chemical ones, they enable 
bilirubin detcrminations in capillary blood samples and they do not give false 
high values in the presence of modera te amounts of Hb. They ha ve, however, 
two disadvantagcs; one that they are rather slow and thus not very well suited 
for the investigation of numerous specimens, and secondly they are not suited 
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for the differentiation between 'direct' and 'indirect' bilirubin. In most labora
tories chemical methods are used and thus results at present still vary from 
laboratory to laboratory so that difterent authors regard different levels as 
dangerous. The Newcastle group of workers (Walker 1958a and b; and Murray) 
regard a bilirubin of 25 mg% as just permissible (though one baby with a 
bilirubin of 23 mg% suffered Kr). Mollison (1956b) has provided data which 
seem to show that a bilirubin leve! of 20 mg% should be regarded as dangerous 
and this is the value which is generally so regarded. 

KI is unlikely to develop during the first few hours but may occur at any 
time during the first 5 days post-natally. Any rise of the bilirubin to near the 
danger leve! at any time must be regarded with the greatest caution and 
treatment should be instituted as soon as possible. Sorne workers haveadvocated 
frequent bilirubin determinations (this can easily be done using capillary blood 
and a spectrophotometric method) and they regard a steep rise of the bilirubin 
graph which reaches or passes the I 5 mg% leve! and shows no sign of 
levelling off as an indication for active treatment. 

For reasons mentioned above and to be discussed later, the ideal method 
should also distinguish between 'indirect' and 'direct' bilirubin. This at present 
is only possible if colorimetric methods are used. 

The signs of KI are well known. The children become lethargic. There 
may be twitching movements of their limbs, opisthotonus, rolling movement 
of the eyes with coma and death snpervening. Very characteristic is the high
pitched cry and the refusal of feeds. On the other hand, a very mildly affected 
baby, it stands to reason, need not show more than a very quickly passing state 
oflethargy ora faint twitching of an arm which may not have been observed 
ifit happened at night in the nursery. Even such minar manifestations may lead 
to serious sequelae later on. These are spastic paraphegia and mental retardation. 
Almost always there is an impairment ofhearing (Gerrard 1952) and it is sorne
times difficult to decide whether the child is mentally backward or deaf as 
deafness will not be apparent even to the parents until a much la ter age of the 
child. The defect should, however, be diagnosed as soon as possible so that 
treatment and education can be adjusted. No child shonld remain backward 
through lack of hearing. 

Another, less dangerous, but dramatic complication is the syndrome which 
has been given the name, probably wrongly, of 'inspissated bile syndrome' 
(Oppé and Valaes 1959). Experienced clinicians claim that they can diagnose the 
syndrome by the colour of the jaundice of their babies who appear much 
greener than usual. The importance of the recognition of this syndrome, which 
is apparently due to the massive extramedullary erythropoiesis in the liver 
obstructing the free flow of bile, lies in the fact that the bilirubin may reach 
what might appear to be a very dangerous leve!. This, at least in part, is con
jugated bilirubin and as such is not toxic or dangerous to the CNS. The amount 
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of this bilirubin must be deducted from the total amount. In these cases, values 
over 20 mg/o would not be dangerous provided the conjugated bilirubin 
forms a substantial part of the total and that the unconjugated bilirubin is well 
below the 20 mg/o mark. 

PREVENTION 

For sorne time now it has been assumed that the fmt sensitizing stimulus to 
produce an anti-rhesus antibody in thc maternal serum occurs during thc 
delivery of a rhesus-positive baby. It thus makes sense to advise the obstetrician 
to achieve as untraumatic a delivery as possible with every baby in a rhesus
negative mother. Prolonged labour, manual removal of the placenta, Caesarian 
section, have all been incriminated and have no doubt oftcn been instrumental 
in allowing foetal cells to escape into the maternal circulation. The fact that 
ABO-incompatible pregnancies lead to fewer cases of immunization than 
ABO-compatible ones providcd the basis for Finn et al (r96r) in this country 
to attempt prevention. Their idea was to imitate the 'natural' protection given 
by 'natural' antibody by sequestering the sensitizing cells by means of an anti-D. 
Interestingly enough the same procedure was followed by the American 
workers Freda, Gorman & Pollack (1965) who, however, started from a 
complctely different idea. They assumed that in analogy to immunization in 
infectious disease, passively administered antibody would prevent the formation 
of the anti-rhesus antibody. The American team was first to use y-globulin 
(rather than whole plasma) and both groups were able to show that by injecting 
male volunteers with IgG anti-D these could be protected against the develop
ment of anti-rhesus antibodies whereas other 'unprotected' volunteers developed 
this antibody very readily. It should, however, be pointed out that it is essential 
that the antibody injected should consist entirely oflgG as IgM had been shown 
by the Liverpool workers (Clarke 1966) to be enhancing rather than suppressing 
immunization. In addition, it seems to be important that IgG prepared by 
ethanol fractionation be used as this preparation has been shown (in other 
connections) not to be icterogenic and thus does not carry the risk of post
transfusional hepatitis. W ork in many different places on this most important 
discovery is still going on and this work should settle primarily the practical 
problem of the dosage required to prevent primary sensitization. Apparently 
the dose given at first was rather higher than necessary and it is quite possible 
that much smaller doses will suffice. A further theoretical point (which may 
have practical implications) should be settled and that is how the treatment 
actually works. The Liverpool group assumes that its mode of action is primarily 
the sequestration of the antigen-carrying cells, whereas the American group 
assumes the preventative function to be the presence of the passively adminis
tered antibody. One could think of various experiments which could settle 
the problem but it would seem that the Liverpool workers might carry the 



HAEMOL YTIC DISEASE OF THE NEWBORN 79I 

da y as the American theory does not explain the undoubted deficit ofimmunized 
mothers with ABO-incompatible babies. If the American view is right, one 
could not explain this deficit and an additional theory would be necessary. 
The Liverpool hypothesis is thus simpler and seems to be right. It should not 
be very long now befare definite results will be available and the problems 
which will present themsclves then will be somewhat different from those 
presenting themsclves now. One of thc problems will be, for instance, how to 
produce enough IgG anti-D to make it available to all mothers needing pro
tection. One will probably have to fall back on male volunteers artificially 
stimulated and the ethical problems connected with this will have to be con
sidered. The question of the dosage mentioned above should be settled rather 
quickly. For this it will be of sorne importance to settle the question ofhow the 
treatment works as if sequestration is the modus operandi it will be easy to 
estímate the amount of IgG anti-D which is necessary to sequester all cells; if 
the American view should turn out to be correct, the determination of the dosage 
would necessitate a very lengthy controlled trial. It will also be necessary to 
decide whether protection should be given after every pregnancy or only 
after the fmt andjor second etc. 

Until this, however, is decided, we have still to apply the usual precautions 
and it is, of course, still vital to prevent not only HDN but in particular KI. 

Thus, the drugs indicated above should not be given towards the end of the 
pregnancy and the use of albunún in the cxchange transfusion treatment will 
have to be tried on a stilllarger material. 

It is probably unnecessary to mention here that a rhesus-negative woman 
of child-bearing age should never be transfused with rhesus-positive blood. 
In the light of present-day knowledge, this must be regarded as a serious 
error, if not as negligence. With the growing availability of suitable blood 
for transfusion, this danger has recedcd but it is interesting that in our material 
of all mothers who were found to be immunized against antigens other than 
D, transfusion played a large part. Thus of twelve mothers (up to and including 
1962) found to be immunized against the e antigen, no less than five had 
received a transfusion of c-positive blood at sorne stage. Again of mothers 
(most of them rhesus positive) who were found to be immunized against the 
E antigen (eleven) four had been transfused, three certainly wíth E-positive and 
one with rhesus-positive, probably E-positive, blood. Of two paticnts im
munized against the e and E antigen, one was transfused and amongst the six 
mothers who developcd a more or less pure anti-C (two of them rhesus posi
tive) three had been transfused. Thc three mothers who had anti-e in their sera 
had all previously been transfused, certainly with e-positive blood. Of course, 
it would be impracticable to type all donors as far as the e, E, Kell, Duffy etc., 
and wc have to accept this, admittedly small, risk of a rarely occurring 
immunization. 
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PROGNOSIS 

What is first of all the risk of immunization? The most frequent figure quoted 
is one affected infant amongst 250 liveborn babies. Normally this should be an 
acceptable risk toa couple who intend to marry and whose rhesus groups differ. 
Wiener (1946) suggested that the ability to become sensitized was under geneti
cal control; this has been shown not to be the case (Gerrard & Waterhouse 
1953). The risk of immunization seems to be somewhat bigger with homozy
gous fathers. This is understandable as all their children carry the immunizing 
antigcn. But even within the Ds there seem to be marked differences. W e 
would agree with Murray (1957) that children of the genotype cDEjcde are as 
a rule more severely affected than those whose genotype is eDe/cde. There 
are no doubt further differences amongst the various Ds; a child with a weak 
D(Du) will no doubt be less affected than his brother who has inherited a 'proper' 
D. In this connection it does not seem to matter whether the 'Du' is a genetically 
inherited one oraD whose potency has been weakened by a e in 'trans.' position 
(e.g. eDejede). Mrs A.R.P. may be mentioned briefly. She was group A 
rhesus negative sub-group edejcde. Her first pregnancy in 1958 terminated 
with the birth of a healthy infant. In 1962 she had a 3-months miscarriage. 
In her third pregnancy, in 1963, a sample taken at II weeks showed no deviation 
from the norm. At 28 weeks, typical blocking anti-rhesus antibodies were 
found. These were ata low level. At 33 weeks, the titre had risen significantly 
and had passed the 'danger level'. The husband had been found to be Group O 
rhesus positive, phenotype eeDee (most likely genotype eDejeDe). The 
baby was born at term: Group O rhesus positive, genotype eDejcde, DCT 
very strongly positive: it required treatment. Next pregnancy started in January 
1966. The first specimen was investigated at 16 weeks andan anti-rhesus antibody 
again fotmd to be present was of a much lower titre than had been found in 
the last specimen from the previous pregnancy. Having regard to the apparent 
homozygosity of the husband, a rise in titre later in pregnancy was expected. 
This rise never materialized and the baby born at 3 8 weeks was found to be 
Group O and rhesus positive and the DCT was negative. (The eluate, however, 
yielded a typical anti-rhesus antibody.) When the cord blood cells were further 
investigated, the phenotype eeDee was determined which obviously corres
ponds to the genotype eDejede. Thus the e in trans. position weakened the 
expressivity of the D which behaved as a Du and obviously did not produce an 
efficient antigenic stimulus and also did not absorb as much antibody as it 
would ha ve done had it not been hindered by the e in trans. position. It should 
be added that the baby never showed any signs of illness. Interestingly enough, 
the titre of the maternal antibody rose after delivery but even so did not reach 
the level found during the previous pregnancy. 

Asto the prognosis of the individual pregnancy, the question of the maternal 
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titre will be dealt with later. Snffice it here to say that in an approximately 
Io-year period, 4225 cord blood specimens of babies born to mothers whose 
sera contained anti-rhesus antibodies were investigated in our laboratory. 
Of these, 478 proved to be rhesus negative (II.3%) (in spite of the fact that 
sorne of the mothers had shown high andjor rising ti tres during this particular 
pregnancy). If the baby is born alive and is affected by HDN the most important 
factor seems to be whether an experienced team is available to assess, in the 
flrst instance, the severity of the illness and in the second instance to apply 
proper, rapid and effective treatment. If KI can be prevented, the prognosis 
for these babies seems to be perfectly good and apart from the occasional child 
which shows discoloured deciduous teeth, the babies should grow up into 
perfectly healthy and normal adults. The 'inspissated bile syndrome' has not 
been known for long enough for one to be certain what, if any, sequelae there 
might be. The few cases watched for sorne time did not seem to be any the 
worse for their experience as infants and in particular (Dunn p.c.) no case of cir
rhosis of the liver had been reported as a consequence of this complication so 
far. 

The prognosis for futnre pregnancies depends of course on the zygosity of the 
husband. If he is heterozygous the couple have a so% chance of a healthy 
baby; if homozygous all babies will be affected. It was long thought that the 
inescapable sequence of events was that the illness went from bad to worse 
with each successive child. This, however, is not so. Though the above
mentioned pattern no doubt exists, families are well known where the severity 
of the babies' illness remains about the same in subsequent babies, and again in 
others, a very severely affected baby may be followed by a mildly affected one 
(Davies & Gerrard 1953). (It may well be that in these cases, the different 
antigenicity of the two Ds of the homozygous father may play sorne part, and 
see also above). It is, however, undoubtedly true that the prognosis for a 
pregnancy which follows a stillbirth is poor and it is in these cases that more 
active treatment is probably indicated. 

TREATMENT 

Whether the above-mentioned injections of IgG anti-D will always be an 
effective prophylaxis remains to be seen. For the time being, however, the 
disease does exist and treatment, early and efficient, is of paramount importance. 
Once the nature of the disease was recognized, it became clear that the children 
suffered and were killed by blood destruction. lt was clearly essential (a) not 
to let them die from anaemia and (b) to avoid further damage from the products 
of blood destruction or further action of the circulating antibodies. As the 
greatest danger to these children is still KI the prevention of this was and still 
is imperative. Whereas previously it was assumed that sorne children were 
born with KI the conscnsns of opinion now is that this is never the case and that 



794 CLINICAL ASPECTS OF IMMUNOLOGY 

it is a complication which ariscs after birth. The aim of an effectivc treatment is, 
therefore (a) to corrcct the anaemia, (b) to get rid of the antibodies and (e) most 
importantly to rid the child of the danger of KI by eliminating the bilirubin. 
Fortunately all threc aims are achieved by an cfficient exchange transfusion. 
This became a practica! possibility when Diamond (1947) described the use 
of the plastic catheter making it unnecessary to resort to the mutilating operation 
of tying thc radial artery. As thc umbilical vein can be used repeatedly, repeat 
exchange transfusions are possible vía this route. Many years were needed to 
find the proper indications for exchange transfusion. Forty per cent of all 
children born with HDN do not necd treatment at all. They are not and do not 
become anaemic nor will their bilirubin levels rise to dangerous heights. It is, 
however, of paramount importance to decide as soon as possible whether an 
exchange transfusion will be necessary, as waiting in this condition is not 
'masterly inactivity'. Walker & Murray (1954) and Mollison (1956c), besides a 
great number of other workers, havc suggested the following cord blood 
values as indications for exchange transfusion: all children with a Hb. under 
14.6 g/o (roo%) or with a bilirubin higher than 4 mg/o should be exchange 
transfused. Those children whose Hb. is between 14.6 and 17 g/o should be 
exchanged if the bilirubin is higher than 4 mg/o. The aim of the transfusion 
is to replace 90/,; of the child's cells by compatible cells and Mollison (1956d) 
gives a useful nomogram to calculate the amount of donor blood necessary to 
achieve this result. In general, for a 6lb baby, semipacked cells from two 
bottles of blood will suffice. The exchange transfusion removes a great amount 
of bilirubin and circulating antibody simultaneously. In severely affected 
babies, the bilirubin might rise again. This secondary rise is no doubt due to 
the influx ofbilirubin from the tissues and possibly toa minor extent to further 
blood destruction of the child's own cells which are still being produced and 
still subjected to the action of the antibody which has possibly not been fully 
removed. Thus a second exchange transfusion is nccessary if the bilirubin 
again rises to a dangerous level and from this it is obvious that the bilirubin 
must be watched carefully evcn after an exchange transfusion. If prematurity 
complicates the disease, and prematurity may be spontaneous or induced, it is 
the experience of most workers that three or possibly four exchange trans
fusions may be necessary. Even without prematurity, up to five cxchange 
transfusions may exceptionally be necessary in very severe cases. Whether 
the use of albumin will improve matters only further experience can 
show. 

All this applies to babies already born with the disease. The question of 
premature induction oflabour will be dealt with below but it is obviously clear 
that if the baby dies in utero befare viability is achieved, the foetalloss might 
be high in the most severely affected cases. As post-natal, so ante-natal, the 
greatest danger to the child is blood destruction and consequent anaemia (with 
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and without heart failure). It has long been known that blood delivered intra
peritoneally reaches the circulation fairly rapidly. It was Liley in 1963 who had 
the courage of his convictions and transfused for the first time a foetus in utero. 
He succeeded in saving the baby and since then a great number of intra-uterine 
transfusions have been performed. Though the technique is difficult, no doubt 
it is not too difficult to be learned by many. Equally the indications for this as 
yet heroic-appearing operation become more and more apparent and will be 
discussed below. There is, however, no doubt about it that already a 
number of children ha ve been saved by intra-uterine transfusions who otherwise 
would have died in utero before reaching a viable age. 

SELECTION OF B LOOD 

The red cells of the donor blood selccted must not carry the antigen or antigens 
against which thc mothcr has formed antibodies. Usually the rule is that the 
maternal type of blood may be used. It will certainly be compatible but there 
are cases where blood differing in some antigens from the maternal blood 
must be selected. A Group A rhesus-ncgativc infant suffering from ABO 
disease must be transfused with Group O rhesus-negativc blood even if the 
mother is Group O rhesus positive. A tricky case was a baby born to a mother 
of genotype CDejCde, who had produced anti-c. The baby girl was Cdejcde 
and the only blood suitable for her would have been the very rare CdejCde. 
Fortunately no transfusion treatment was needed. The ABO group should 
be the same in child and donor (this may again differ in the mother). Though 
it is true that agglutinins are usually 'borrowed' from the mother and are 
therefore identical, this is not always so and one would feel it quite wrong to 
transfuse a Group O baby, for instancc, with Group A blood, the mother 
having been found to be of this type. 

If by any chance the scrology of the mother is not known, and onc would 
ha veto supply suitable blood for the baby, the genotype of the baby is of no 
help whatsoever. Obviously a CDejcde baby may be affected either by anti-D, 
anti-C or anti-c, not to speak of anti-Kell, etc., and to cross-match for the baby 
with cord blood serum is an unreliable method as most of the antibody may 
be absorbed on to the cells. The cord blood serum would then not indicate 
incompatibility. The way round this difficulty is either to obtain rapidly sorne 
blood from the mother and to cross-match from this or to produce, by any 
method which one masters, an eluatc from the child's cclls and use that for 
cross-matching. It is a sound practice to cross-match always with the maternal 
serum and cord blood serum simultaneously. This is particularly important 
in multiple immunization as, for example, thc weaker antibody might be 
fully absorbed by the cord blood cells and an incompatibility thus overlooked. 

lt is important that whatever blood is chosen, this blood should be 'young'. 
It has been shown that blood older than 5 days does not survive so well in 
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newborn infants and though an efficient exchange transfusion had been per
formed, the baby might be found after the exchange transfusion with 'aged' 
blood to be anaemic a short time afterwards. Thus a further transfusion with 
its inherent dangers and unpleasantness might be necessary. It is recommended 
that to raise the Hb. of the baby sufficiently, the donor's cells should be partially 
packed and even fully packed cells have been used successfully. As in all 
procedures, it is quite wrong to proceed if there are sorne untoward reactions 
and very severely affected babies, particularly those in heart failure, do not 
tolerate a large exchange transfusion easily. It is essential, and this has been 
stressed by almost all people with experience, to ha ve due regard to the venous 
pressure which can easily be measured. If this is found to be raised, it is essential 
to start the transfusion by withdrawing blood first, or rather let it squirt out 
after the catheter has been introduced. Only after withdrawing 20 or 30 ml 
of the child' s blood should the transfusion be started. It should take a long time 
and if the baby shows signs of distress, one should stop for an hour or two and 
may lea ve the catheter Ítz situ. Even in most experienced hands, a very occasional 
unexpected and sudden death may occur during an exchange transfusion and 
Anderson, Smith & Walker (1961) found a positive correlation between high 
plasma citrate concentration and illness or death in the babies exchanged. 
Their statement 'It is possible that citrate directly or indirectly is the cause of 
this crisis' invites further investigation. It is probably, therefore, wise to inter
rupt an exchange transfusion at the slightest sign of distress and to resume it 
when the baby has again regained its biochemical balance. Other workers in 
this field (Dunn p.c.) advocate injections of small amounts of calcium gluconate. 
If a baby has withstood a first exchange transfusion well, it does not automati
cally follow that a second or third will be equally well tolerated and the same 
precautions should be taken as with the first exchange transfusion. The results 
of treatment if conducted on the abovc lines are very good indeed. W alker 
and Murray surveying the results for the year 1960 in the Newcastle region had 
amongst 205 babies born alive only seven deaths of which at least three were 
not due to HDN: of the remaining four, one baby was admitted when 26 hr old 
and was then already suffering from KI. Similar results are obtained in other 
places, but to achieve them, two things are essential. First there must be a team 
of workers fully experienced in the clinical and laboratory aspects of the disease. 
In other words, an exchange transfusion must not be a dramatic, exciting event 
which happens once in a blue moon, it must be routine. This means that as the 
number of patients is small, only a few places should be selected where this 
treatment is applied. Secondly, all babies must be assessed and if necessary 
treated as early as possible-in other words all these babies should be born in 
designated hospitals to enable early treatment if necessary. The selection of 
blood for intra-uterine transfusions presents sorne special problems. The same 
principies apply hereasin post-natal transfusion. Knowing the maternal serology, 
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it is easy to select blood with the 'missing' antigen but to select blood with a 
compatible ABO group is more difficult. One is certain only if both mother 
and father are of Group O as the baby must also be of this group, but in all 
other settings, the prediction of the baby's ABO group would be somewhat 
dicey and it is probably wise, therefore, to select for all cases, Group O blood 
from which the plasma has been removed as far as possible. 

lNDUCTION OF LABOUR 

To induce or not to induce is a question which has been discussed for many 
years. It would appear logical to assume that a baby exposed for a long time 
to the action of the maternal antibody would be more severely affected than a 
baby exposed for a shorter period. To arrive at an unbiased answer, a 'blind' 
tria! was held in Britain in 1952 (Mollison & Walker 1952) to find out whether 
babies of mothers induced earlier have a better chance of survival than those 
not so induced. The main aim of induction, however, should be to lower the 
rate of the stillbirth. It is obvious that all babies who die before or at the pnd 
week of pregnancy would not be born alive at all as an induction before 32 

weeks would produce such a degree of prematurity as to provide its own 
nearly insoluble problems. (This statement was true when the tria! was held, 
that is before the introduction of intra-uterine transfusion.) A later date was 
therefore chosen and the results obtained when induction was performed at 
36 weeks did not really improve the survival rates significantly. In the mean
time, the Australian workers Kelsall, Vos & Kirk (1958) came forward with the 
idea that an induction is necessary if the antibody titre in the mother rises or 
surpasses a certain leve!. They ti trate the maternal sera by means of ICTS and 
rely on these tests to indicate to them the severity of the illness to be expected. 
More or less the same line is taken by Tovey & Valaes (1959) in whose laboratory 
a Coombs titre of 1: 40 or over is regarded as an indication for an early induc
tion. If one, however, looks at the results of these workers, one is not complete! y 
convinced that these criteria can be applied in all cases. All workers depending 
on the results of titres stress that one of the indications for early induction is 
the homozygosity of the father of the child, thereby admitting that even with 
very high titres, a rhesus-negative and unaffected baby might be produced 
(from a heterozygous father). To improve on this, Vos (1958) described the 
'partial absorption test' for the assessment of the severity of the illness of the 
baby but again the results, after having applied this test, do not seem to be 
entirely satisfactory. Even after a positive result of this test, rhesus-negative 
babies were apparently born. This would not have been so bad had they not 
been induced prematurely. A priori it seems astonishing that the Coombs titre 
has been chosen to assess the severity of the disease as this extremely valuable 
and sensitive test is notoriously tricky, depending on many variables and on 
the thoroughness and conscientiousness of the technicians. It appeared, therefore, 



CLINICAL ASPECTS OF IMMUNOLOGY 

to us that a simpler test with the same or greatcr sensitivity might be more 
suitable and we therefore chose to determine the titres by means of enzyme
treated cells laid down in glycerol. Though, by and large, a high antibody 
titre was more likely to produce a severely affectcd baby than a low one, therc 
were a fcw disturbing exccptions (Halley & Battey in press). A fcw scvcrely 
affectcd babies were born to mothers whosc antibody ti tres, carefully followed up, 
were nevcr very high and on thc other hand, thcre wcre a few cases where a 
rhesus-negative unaffected baby was born to a mother whose titre had been 
high throughout the pregnancy and in two showed a significant and definitc 
rise towards the end. The danger of induction is the risk of prematurity of the 
baby. There might, however, be one indication for premature induction which 
seems to be agreed by all workers in this ficld and that is induction should be 
performed if the previous baby was either stillborn or very severely affected. 
One will not always achieve a surviving baby in this way but the carly induction 
in these cases seems to offer the best prospect for a living infant. lt is important 
in all these cases to be prepared for an exchange transfusion immediately the 
child is born and suitable blood should be available at the hospital before the 
induction or Caesarian section is pcrformed. If necessary severa! bottles of 
different ABO group may be prepared, having regard to the ABO group 
found in the mother and fathcr of the child and cross-matched with the maternal 
serum. 

Since the first edition of this book, matters have improved considerably. 
One is now in a very much better position to assess the prognosis of a baby after 
the investigation of the amniotic fluid obtained by means of an amniotic tap 
has given a further lead. lt was shown by Bevis (1956) that a high level of 
bilirubin in the amniotic fluid at certain stages of the pregnancy indicates a 
gravely affected foetus. Liley (r96r) and Walker & Jennison (r962) gave further 
evidence of the usefulness of this parameter and there are now two criteria to 
assess the prognosis of a pregnancy. These two parameters, the antibody titre 
in the maternal serum and the bilirubin level in the amniotic fluid, are certainly 
more reliable than anything we could offer before and even the fact that the 
father of the child is heterozygous does not prevent a more accurate prognosis 
and thus appropriate action. It appears that the following procedure might give 
the best results and this is actually the procedure followed by a great number of 
obstetricians: a low-titred antibody found in the maternal serum (unless there 
are other indications that the baby rnight be badly affected e.g. previous 
stillbirth etc.) willnot usually suggest an amniotic tap. If the titre of the antibody 
is high or rising, no matter whether the husband is horno- or heterozygous, an 
amniotic tap should be considered. In the hands of an experienced obstetrician 
this does not seem to carry a risk either to the mother or the baby and the 
information obtained is potentially so valuable that most people now advocate 
this diagnostic procedure. The determination is fairly simple (and will probably 



HAEMOLYTIC DISEASE OF THE NEWBORN 799 

be simplified in future still further) and in several cases has been performed 
repeatedly during the same pregnancy without any detriment to the patient. 

The management of a severe case of rhesus immunization might thus be as 
follows: frequent determination of the antibody titre by a method tested and 
tried in the laboratory. If the titre rises up to the danger level (this again must 
be found out for each laboratory individually) an amniotic tap is indicated. 
If the bilirnbin level is low, this should be repeated at suitable intervals. If the 
bilirubin level is high and at danger point, intra-uterine transfnsion should be 
considered to prolong the intra-uterine life of the foetus up to a point when an 
induction will produce a viable infant. The later in pregnancy this can be 
achieved, the better the prognosis, and cases have become known where an 
intra-uterine transfusion has been done repeatedly with good results. 

In spite of all these dramatic and exciting advances, there are still sorne 
cases where even the most expert management will not prevent the death of 
the foetus in utero and one is thus again driven to the conclusion that prevention 
would be bettcr than cure. 

CONGENIT AL NEUTROPENIA AND 
THROMBOCYTOPENIA 

For a long time occasional cases have been known to occur where a newborn 
infant showed a more or less scvere degree of neutropenia or thrombocytopenia. 
When the pathogenesis of HDN was clarified, it was not too far-fetched to 
postulate a similar mechanism for the two conditions. The great difficulty 
which presented itself, however, to almost all investigators was the technical 
aspect of the problem. To isolate and handle white cells appropriately is at the 
best a laborious procedure and platelets behave, if anything, still more erratically 
-one of their biological properties and justification of existence is 'aggregation'. 
It would appear, however, that three techniques are now offering good 
prospects for further elucidation. The mixed antiglobulin technique of Chal
mers, Coombs, Gurner & Dausset (1959) gives certainly convincing and re
pcatable results and in the hands of the expert is obviously an excellent method. 
The Antiglobulin Consumption Test of Steffen & Schindler (1955) and Steffen 
(1955) appears somewhat more laborious but again workers who have ex
perience find this method useful. It is astonishing, however, that when both 
techniques are used together, the results are sometimes not identical. The 
Complement Consumption Test described by Chudomel, Jdková & Libánsky 
(1959) seems simple but more experience is needed to evaluate this test for the 
conditions mentioned. None of the three tests is technically too difficult but 
they are all somewhat time-consuming and need a well-thought-out organi
zation. From this it appears that none of them can at present be used on large 
numbers of samples but results obtained up to now indicate clearly that in some 
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cases at least, immunological forces are at work. If the suspicion arises that 
further investigation on these lines is essential or indicated, the maternal sera 
should be sent to laboratories specializing in these tests. 

One must distinguish, in these conditions, two different settings. One setting 
appears to be analogous to the one found in HDN, that is the mother lacks an 
antigen on either the white cells or platelets which the child's cells carry and 
produces an antibody against this antigen during pregnancy. The other setting 
is quite different. The antibodies in the maternal serum are not due to a stimulus 
by external antigens but must be classed as autoantibodies against their own 
white cells or platelets. If these antibodies are IgG globulins, as they sometimes 
are, they may pass the placenta and affect the child's cells. This would be analo
gous to a mother suffering from AHA passing an antibody through the placenta 
which would affect the child' s red cells. Naturally both of these conditions are 
self-limiting as both are due to an antibody passively transmitted to the child. 
Examples have been given by Rood, Leeüwen & Eernisse (1959), Hitzig & 
Gitzelmann (1959) for leucocyte (iso-) antibodies and Garrett, Giles, Coombs 
& Gurner (1960) for platelet and white cell (iso-) antibodies. The cases described 
by Sauer & Van Loghem (1955) and Gwynfor Jones, Goldsmith & Anderson 
(1961) seem to be examples of an autoantibody in idiopathic thrombocytopenia 
transmitted to the child. An isoantibody against platelets demonstrated by the 
mixed antiglobulin reaction and transmitted to the child, produced in the latter 
a thrombocytopenia which, in spite of treatment, proved to be fatal (Coombs 
& Garvie p.c.). 

Cases of this sort are not too frequent and only few children are severely 
enough affected to need treatment. This, however, is still an unsolved problem, 
as white-cell transfusions are quite ineffective and, for that matter, platelet 
transfusions are not faring much better in the presence of anti-platelet antibodies. 
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AETIOLOGY AND PATHOGENESIS 

INTRODUCTION 

The recognition that certain blood disorders were brought about by an auto
antibody mechanism stems from observations made early in this century. 
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In 1904, Donath and Landsteiner showed that in paroxysmal cold haemo
globinuria the pati ent' s serum contained an antibody, a baemolysin, which 
was adsorbed to red cells at a low temperature and which lcd to lysis by com
plement subsequcntly if the cell-serum suspcnsion was warmed to bod y 
tcmpcrature. Donath and Landsteiner's observations provide a classic 
example of how laboratory tests can furnish an explanation for clinical 
phenomena. 

A few years later Widal and his associates reported in France the first obser
vations which suggested that acquired haemolytic icterus might have its origin 
in the development of autohaemagglutinins, and a little later Chauffard and 
Vincent emphasized the role ofhaemolysins in the causation of acute haemolytic 
anaemia associated with haemoglobinuria. The importance of these early 
observations was not, however, widely appreciated until the late 1930s and it 
was not until well after the introduction of the antiglobulin test (Coombs 
test) in 1946 that the role of auto-antibodies in the causation of acquired 
haemolytic anaemia was generally accepted and the terms 'auto-inunune' or 
'auto-allergic' (as uscd in this book) were commonly used. 

The idea that 'idiopathic' thrombocytopenic purpura might have a similar 
pathogenesis and be caused by antiplatelet auto-antibodies is of more recent 
origin and is even now not much more than 15 years old. Still later have 
antilcucocyte auto-antibodics been thought possibly to be responsible for 
certain leucopenias of obscure origin. 

In addition to acquired haemolytic anaemia, thrombocytopenic purpura 
and ccrtain granulocytopenias, all of unknown aetiology, ccrtain drug-induced 
blood dyscrasias are now known to be brought about by an immune-body 
mechanism. After Ackroyd's pioneer observations on thrombocytopenic 
purpura following the administration of the h ypnotic Sedonnid, a similar 
mechanism has been found to operate in purpuras due to certain other drugs 
and occasionally in drug-induccd haemolytic anaemias. It is possible, too, that 
drug-induced granulocytopenia can be brought about in this way. The anti
bodies fonned are dirccted primarily against the drug and only secondarily 
involve the red cells, platelets and possibly lcucocytes, either because the drug 
or a drug-fragment is firmly combined with thc cdl surface or because drug
anti-drug complexes are non-specifically adsorbed on to the cells. The haemoly
tic anaemia that may follow cx-methyldopa administration, however, appears 
to be serologically indistinguishable from the 'idiopathic' auto-allergic disease 
and the antibodies formed do not áppear to be directed against the drug. This 
type of haemolytic anaernia will, therefore, be discussed with the other auto
allergic anaemias of the warm-antibody typc. 

In thc following pages brief descriptions will be given of the auto-allergic 
blood disorders. The serological aspects, aetiology and pathogenesis will be 
particularly emphasized. 
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AUTO-ALLERGIC SYNDROMES 
INVOL VING THE RED CELLS 

The syndromes to be discussed in relation to the red cells comprise: 
I. The auto-allergic haemolytic anaemias. 
2. Paroxysmal cold haemoglobinuria. 
3. Allergic drug-induced haemolytic anaemia. 

The warm-antibody and cold-antibody types of auto-allergic haemolytic 
anaemia will be discussed separately. 

As is well known, both primary or 'idiopathic' and secondary or sympto
matic auto-allergic haemolytic anaemias exist, and more and more it is being 
recognized that cases apparently 'idiopathic' in origin are not infrequently 
in reality based upon an underlying disease. However, it cannot be doubted 
that 'idiopathic' cases occur and that they comprise probably the majority of 
cases met with in this country. Sccondary cases most commonly occur in 
association with malignant disease of the lympho-reticular system, chronic 
lymphocytic leukaemia and reticulosarcoma in particular, and systemic lupus 
erythematosus. A particularly interesting haemolytic anaemia occasionally 
develops in patients being treated with a-methyldopa; the haemolysis usually 
lessens fairly rapidly after the drug is withdrawn. Possible relationships between 
the drug and the antibodies are discussed under 'Aetiology and Pathogenesis' 
p. 825. Other transient haemolytic anaemias may sometimes develop after 
pneumonia, due to mycoplasma or possibly viruses, and in association with 
glandular fever; the antibody in such cases is always of the cold type. 

The auto-antibodies formed in secondary cases appear to be identical from 
the serological and immunochemical points of view with those found m 
'idiopathic' cases. For this reason they will not be described separately. 

AuTO-ALLERGIC HAEMOLYTIC ANAEMIA 

(WARM-ANTIBODY TYPE) 

CLINICAL FINDINGS ('IDIOPATHIC' TYPE) 

Auto-allergic haemolytic anaemia affects all ages, from infancy upwards, and 
both sexes. The disease is of very variable severity, and it may be transient, 
lasting weeks or months, or be of long duration, persisting for years. Not 
infrequently the patient may suffer a succession of acute relapses interspersed 
by periods of months or even years of relatively good health. In sorne patients 
the disease starts acutely and then gradually lightens in severity. The outlook 
is serious and although complete recovery is possible, the mortality is con
siderable and has even exceeded 40/';; in selected series (Dacie 1962). Steroid 
hormones are valuable in controlling the disease and splenectomy, too, is often 
of benefit. Azathioprine (!muran), 6-mercaptopurine, 6-thioguanine and 
nitrogen-mustard have all been tried by various workers and have sometimes 
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been found useful in redncing the amount of antibody produccd. At present, 
however, there is little information as to their value. Azathioprine seems, at 
the moment, to be the most useful drug in reducing antibody production and 
it appears to have the least sidc-cflects. Its use should be considered in any 
patient for w}1om prolonged high-dosc corticosteroid therapy seems to be 
necessary and in patients who relapsc after splenectomy. Thymectomy has been 
reported to ha ve been beneficia! in at least two inf:1nts with severc auto-allergic 
haemolytic anaemia uncontrollcd by corticostcroid therapy and splenectomy 
(Wilmers & Russell 1963; Karaklis et al 1964). 

SEROLOGY 

Direct antíglobulín test 
The diagnosis of anto-allergic haemolytic anaemia depends on the demon
stration of auto-antibody either attached to the patient's red cells or free in his 
serum. The former is best done by the application of the direct antiglobulin 
test, but other methods such as auto-agglutination in serum-albumin or in 
polyvinylpyrrolidone (PvP) have been used and may occasionally prove to be 
more sensitive (Evans & Weiser 1957; Jandl & Castle 1956). 

It is important not to equate the presence of a positive antiglobulin test with 
auto-allergic haemolytic anacmia. In the first place, it may not mean that 
auto-antibody protein is bound to the red cell snrface; positive results may be 
due to adsorbed antigen-antibody complexes, antibodies against drugs bound 
to the red cell surface and possibly abnormalities of the red cell surface itself. 
In the second place, a positive antiglobulin test may occur without any past or 
present evidence of increased red cell destruction, as exemplified by the vast 
m~ority of patients with a positive antiglobulin test following o:-methyldopa 
administration (Carstairs et al 1966). Nevertheless, a positive antiglobulin test, 
in a patient presenting signs of haemolytic anaemia, is strong presumptive 
evidence that the haemolytic anaemia is of the auto-antibody type. 

The use of antiglobulin sera reacting with y-globulins only or with non-y
globulins only has provided interesting information on the type of proteins 
coating the red cells. Three pattems of reaction can be found when the red cells 
of patients suffering from 'warm' auto-allergic haemolytic anaemia are tested, 
but sorne y-globulin is detected in over So/o (W orlledge 1965). Recent work 
has defined more precisely the type of antibody protein detected on the red 
cells and Leddy (1966) has published a study of the direct antiglobulin test 
using rabbit antisera against the heavy chains of yG (y), yA (o:) and y M (11) and 
against human complement (C') components. He obtained three pattems of 
reaction with this panel of antisera. Firstly, agglutination only with anti-y 
sera; secondly, agglutination only with anti-C' sera, and thirdly, agglutination 
with both anti-y and anti-C' sera. The anti-o:, and anti-11 sera and a fifth serum 
absorbed with yG, yM and yA proteins and with human complement gave no 
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agglutination. In a larger series tested with anti-yG, anti-yM and anti-C' sera, 
Engelfriet and co-workers (1966) obtained occasional agglutination with 
anti-yM sera but the majority ofthe reactions were one ofLeddy's three types. 
These three types of reactions are the same as the three types obtained with 
anti-y-globulin and anti-non-y-globulin sera (Dacie 1962; Worlledge 1965) and 
these sera can be equated with anti-yG and anti-C' respectively. 

In Leddy's (1966) series so% of the antiglobulin tests were of the 'C' only' 
variety, but he has included all patients with a positive direct antiglobulin test 
both with and without evidence of haemolytic anaemia. Binding of comple
ment without detectable immunoglobulins on the red cell surface and in the 
absence of cold agglutinins in the serum is an interesting phenomenon which is 
not uncommon. It can be the result of flxation of complement by an antigen
antibody complex which is then removed during washing or it may mean that 
the antiglobulin test, as ordinarily performed, is not a very sensitive method 
of detecting yM proteins. yA antibodies do not appcar to bind complement 
and the lack of reaction with anti-a and the fact that yA-globulins ha ve not yet 
been incriminated as auto-antibodies suggests that these immunoglobulins do 
not play a majar role in auto-allergic haemolytic anaemia. 

There is no direct correlation bctween the intensity of an antiglobulin 
reaction and the clinical evidence of haemolysis, but in an individual patient 
clinical improvement is usually reflected in a diminution in the strength of the 
direct antiglobulin test or in the amount of antibody that can be transferred to 
normal red cells in vitro. 

Free antibody in serum 
Auto-antibody can often but not invariably be demonstrated free in a patient's 
serum. In general, the worse a patient is affected, the greater are the chances of 
demonstrating free antibody. It depends, too, on how the antibody is sought. 
If enzyme-treated red cells are used, the percentage of positives will be found 
to be higher than if the indirect antiglobulin technique using normal cells is 
alone employed, e.g. 62/;; positive using enzyme-treated cells compared to 
3 S /o positive by the antiglobulin techniqne in our la test series of patients. 

A positive indirect antiglobulin test can be found to be due to }'G auto
antibodies, yG auto-antibodies and adsorbed complement components or 
adsorbed components only; the exact type parallels the direct test. The type 
of dircct antiglobulin test also gives a clue to the reaction that may be expected 
when auto-antibody is testee! for with enzyme-treated cells: thus, where the 
direct test is positive only with anti-yG sera, the free antibody agglutinates but 
does not usually lyse enzyme-treated cells and is likely to be a yG protein; 
where the direct test is positive only with anti-C' sera, the free antibody 
agglutinates and lyses snch cells and is likely to be a yM protein (Engelfriet 
et al 1966); where the rest is positive with both sera, the free anti-
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body may lysc andjor agglutinate enzyme-treatcd cells and may be cither a 
yG or yM protein. 

Unusual antíbodíes 
In most cases the auto-antibodies are of the incomplete non-agglutinating type. 
Occasionally, however, in-saline-acting auto-agglutinins are developed, in 
which case the patient is usually sevcrely ill. Very rarely, autohacmolysins are 
formed, active at 37°C, and their presence, too, is usually associatcd with 
severe haemolysis, often accompanied by haemoglobinuria. 

Specí.ficity oJ the auto-antíbodies 
Studies of red cell specificity should be done with antibody eluted from the 
patient' s cells, rather than with serum, in which the amount of free auto
antibody may be small and in which iso-antibodies, stimulated by previous 
transfusions, may be prescnt. Satisfactory eluates, however, can only be made 
when there is yG antibody on the patient's cells. Several successful methods 
of antibody elution have been described (Jensen 1959). It is now well known 
that many of the antibodies show Rh specificity, the incidence depending on 
the genotype of the cells used for the tests: with cells of the common Rh 
genotypes Rh specificity can be demonstrated in about 30/o and the most 
frequent antibody is anti-c; if -D-j-D- cells are added to the test panel about 
45% can be shown to be Rh specific, and if Rhnull (-- -) cells are used, too, 
and extensive absorption studies carried out, the incidence rises to over 70% 
(Weiner & Vos 1962), suggesting that some of the antibodies are reacting 
with a 'basal' Rh antigen common to almost all human cells, as was suggested 
by Wiener, Gordon & Gallop (1953). The antigen against which a 'specific' 
antibody is directed is usually present on the patient's cclls but occasionally 
this is not so: for example, anti-E has bcen eluted from E-negativc cells 
(Hubinont et al 1959). This suggests that cross-reacting antibodies are some
times formed. Auto-antibodies that lyse enzyme-treated cells seem to react 
indiscriminately with all cell samples. A summary of the results of antibody 
tests in these patients is given in Table 29.1 (p. 810). 

Serum complement 
Complement levels may be reduced in auto-allergic haemolytic anaemia. 
There seem to be two mechanisms producing this. When the rare warm 
haemolysins are present, complement may be utilized faster than it is regenera
ted; in such cases the absence of complement may well protect the patient 
from the worst effects of his disease. Sometimes, however, complement levels 
are low ata time when haemolysis is not intense; such cases are usually sccon
dary auto-allergic haemolytic anaemias and the complement may be utilized 

DD* 
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by antigen-antibody reactions other than those involving the red cdls, as for 
instance in systcmic lupus erythematosus. 

TABLE 29.1 

Chatacteristics of the auto-amibodies in auto-allergic haemolytic anaemia of the wann
antibody type 

Type of protein detected by the direct antiglobulin test 

yG yG and complement Only complement 
components components 

Incidence of this type of so% JO% 20% 
reaction* 

Specificity of eluted Usually rhesus Only yG antibody No antibody eluted 
antibody eluted, occasionall y 

rhcsus, usually 'non-
specific' 

Iinmunoglobulin class yG ?always yG, sometirnes yM-¡; yG not 
of free auto~antibod y yM also demonstrated 

Type (complete or in- Incomplete, very Incomplete I11complete 
complete) of free rately complete 
auto~antibody 

Reaction of free auto- Agglutination Sometimes Always haemolysis 
antibody with agglutination, (and agglutination) 
enzyme-treated cells sometimes 

haemolysis and 
agglutínation 

Specificity of auto- Usually rhesus Occasionally rhesus, Always 'non-
antibody in serum usually 'non-specific' specific' 

* Worlledge (1965). t Engelfriet et al ( 1 966). 

o:-METHYLDOPA HAEMOLYTIC ANAEMIA 

A significant proportion of patients taking a-methyldopa (Aldomet) givc a 
positive direct antiglobulin test. A positive test appears to take about 6-12 
ntonths to develop and the incidence is dose-dependent, being r r% in paticnts 
taking 1 g or less daily, 20% in patients taking 1-2 g and 36% in patients 
taking over 2 g (Carstairs et al 1966). The patient's cells are agglutinated only 
by anti-')IG sera and free yG auto-antibody is often present in the plasma. Both 
this and the antibody eluted off the cells will teact with normal red cells and 
this reaction cannot be enhanced or inhibited by addition of the drug. These 
antibodies frequently show some Rh specificity and the commonest single 
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antibody is anti-e. The vast majority of thcsc patients have no evidence of 
increased red ccll destruction. 

Nevertheless, patients taking et-methyldopa do occasionally develop auto
allergic haemolytic anaemia. The incidcnce has been calculated as 0.02/;; of the 
patients at risk, and the occurrence is not obviously dose-dependent; most 
affected patients were receiving under r g of the drug per da y (W orlledge 
et al 1966). The anaemia takcs some months to develop and the earliest reliably 

TABLE 29.2 

Scrological findings on thirteen patients with a-methyldopa-induced haemolytic 
anaemia, tested at time of diagnosis 

Direct Specificity of Specificity of Patient's 
Patient's anti-globulin antibody in the antibody in the probable 
number reaction* eluate serum Rh genotype 

4t Anti-c Anti-e rr 
3 4 Anti-e Anti-e R1R1 
4 Not tested 'N on-specific' RzRz 
7 4 'N on-specific' Weak-D-t R1R2 
8 4 Weak-D-t Weak-D-t R1r 
9 4t Not tested Weak-D-t R1r 

ro 4t Anti-e Anti-e R1r 
20 5 'N on-specific' Weak-D-t R1Rz 
2I 4t Anti-e Anti-e R1r 
29 4t Wcak-D-t Weak-D-t R1Rz 
30 4 Anti-e Anti-e R2r 
3I 4t Anti-e Anti-e R1r 
32 4t Anti-c Anti-c Rzr 

* The direct antiglobulin reaction was graded in increasing strength from 
oto 5· 

t- D- cells were agglutinated weakly; cells of all other Rh genotypes were 
agglutinated strongly and equally. 

documented case occurred after 5 months' treatment. The clinical and serologi
cal findings are the same as those in 'idiopathic' auto-allergic haemolytic 
anaemia of the warm-antibody typc and the diagnosis can only be made from 
the patient's history. These patients have antibodies which are qualitatively 
similar to those in the serum of a proportion of non-anaemic patients on this 
drug (see above); quantitatively, however, more antibody appears to be present. 
The serological findings on patients whose blood was exarnined at the time of 
diagnosis are shown in Table 29.2. The most satisfactory treatment of the 
anaemia is to stop the drug; the haemoglobin should then rapidly return to 
normal. In this respect the short course of the illness in these patients differs 
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from that of most patients who have the 'idiopathic' disease whose illness is 
usually long-continued. When withdrawal of the a-methyldopa is inadvisable 
or when the patient is very seriously ill, steroids will usual! y control the haemo
lysis but this will recur if thc steroids are discontinued and treatment with 
et-methyldopa is continucd. The direct antiglobulin test takes 7-18 months to 
become negative after cessation of therapy. 

AuTO-ALLERGrc HAEMOLYTrc ANAEMIA 

OF THE COLD-ANTIBODY TYPE 

CLINI CAL fEATURES 

Both 'idiopathic' and secondary cases occur in which the auto-antibodies are 
of the 'cold' variety. The patients present as a rule with two clinical features 
in addition to anaemia and jaundice; namely, Raynaud's phenomena and 
haemoglobinuria. The syndrome, which is conveniently referred to as the 
cold-haemagglutinin syndrome, differs in many ways from auto-allergic 
haemolytic anaemia of the warm-antibody type. 

The 'idiopathic' type of the syndrome is a disorder of elderly people, both 
men and women; it is long-continued and does not appear ever to lessen in 
intensity. It may, however, not affect the patient very seriously. 

Steroid treatment and splenectomy are relatively ineffective but treatment 
with chlorambucil may be useful when the disease is crippling. Leucopenia 
and thrombocytopenia must be guarded against and small doses of the drug 
(2 mg/day) are advisable, at least at the onset of treatment. 

Secondary cases occur most commonly in association with reticulosarcoma 
and other malignant lymphomas and after atypical pneumonias. Occasionally, 
too, a patient, for long regarded as suffering from the 'idiopathic' type of 
disease, may present signs of a lymphoma (Schubothe, Baumgartner & 
Yoshimura 1961). 

The type of disease that may follow pneumonia due to Mycoplasma pneum
oniae (and possibly sorne viruses too), is characteristically of sudden onset and 
short duration. Except for minor and often subtle difference in behaviour 
in vítro, the auto-antibodies are essentially similar in both the 'idiopathic' and 
secondary cases. Exceptionally, an acute transient haemolytic anaemia may 
follow glandular fever; in this case the antibody often has a different specificity 
(see below). 

SEROLOGY 

Dírect antiglobulin test 
The antiglobulin test is typically positive even if strict precautions are taken to 
avoid cooling the patient's blood below 37°C after withdrawal, and despite 
washing the red cells in repeated changes of warm saline. 

Tests with specific antisera show that positive results are due to complement 
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components on thc red ccll snrfacc and not to adsorbcd antibody. The antibody, 
which is a yM-globulin, is usually only active in vitro up to 30-32°C. The tem
peraturc in blood vessels in thc cxposed skin may wcll be within this range, 
and sincc this type of antibody is potcntially lytic, it will bind complement 
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FIG. 29.1. Relationship between temperature and cold-agglutinin titre. 
o Cases of 'idiopathic' auto-allergic hacmolytic anaemia of the cold-antibody 

type. 
• Cases of 'auto'-allergic haemolytic anaemia following a typical pneumonia. 

componcnts to the red ccll surface as well as causing agglutination. After 
rcwarming to 37°C, any agglutination will disappcar and the antibody will 
clute off the cells, but the complement componcnts remain and these cause the 
red cclls to agglutinate with anti-C' sera if they do not cause actuallysis. 
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Free antibody in serum 
Cold auto-antibody is characteristically present in very large amounts in the 
patient's serum, so much so that it quite often forms a definite abnormal peak 
if the serum is submitted to electrophoresis. 

Titrations of the cold antibody with normal red cells may give ti tres of or 
exceeding 64,000, and if the cells are enzyme-treated the ti tres may be higher 
still. The effect of temperature on the agglutination of normal red cells is shown 
in Fig. 29.1. 

The antibodies are potentially lytic, but they are usually only weakly so for 
normal human red cells and then as a rule only if the pH of the cell-serum 
mixture is reduced to within the range pH 6.5-7·5· Enzyme-treated cells are, 

TABLE 29.3 

Characteristics of the auto-antibodies in auto-allergic hacmolytic 
anaemia of the cold-antibody type 

Type of protein detected by the 
direct antiglobulin test 

· Incidencc of this type of reaction 

Specificity of cluted antibody 

Immunoglobulin class of free 
auto-antibody 

Type (complete or incomplete) of 
free auto-antibody 

Reaction of free auto-antibody 
with enzyme-treated cells 

Specificity of auto-antibod y in the 
sermn 

Only complcment componcnts 

roo% 

No antibody clutcd 

y M 

Complete 

Agglutination is usually markcdly 
enhanced, rarely inhibited. 
Usually some haemolysis 

Usually anti-I; occasionally anti
i; rarely 'non-specific' 

however, lysed to highcr serum dilutions and the lysin titre scems to parallel 
the degree of anacmia more dosel y than thc agglutinin titrc. The characteristics 
of the auto-antibody are summarized in Table 29.3. 

Specificity oj cold antibodies 
High-titre cold antibodies agglutinate human red cells irrespective of the 
known blood groups. However, the cells of newborn infants and certain rarely
met-with samples of adult blood have been found to be only very weakly 
agglutinable (Wiener et al 1956; Jenkins, Marsh et al 1960). As a consequence 
of these findings normal adult cells have been termcd 'I' and the relatively 
inagglutinable cclls 'i'. It is now known that I-positivity is a characteristic 
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which is normally dcveloped after birth, full positivity being achieved in about 
2 years (Marsh I96I). Sera causing strong agglutination of normal adult red 
cells and only weak agglutinatíon of cord-blood cells and adult 'i' cells are 
termed anti-I. Sera causing the opposite pattern of agglutination are termed 
anti-i. 

Most sera containing high-titre cold agglutinins react as anti-I sera, but 
occasionally some are seen in which the antibody is markedly inhibitcd by 
enzymc treatment of the cells; these scem to agglutinatc all red cell samples 
indiscriminately and cqually. 

The transicnt haemolytic anacmia which occasionally follows glandular 
fever is oftcn caused by antibodies with i-speciflcity (Jenkins et al 1965). The 
cold agglutinins which are common after Mycoplasma pneumoniae infections 
secm to have I-specificity and thc auto-allergic hacmolytic anaemia, which 
sometimes follows such infections, is caused by antibodies of similar spcciflcity. 

It is interesting to note that if the agglutinability of a patient' s own red ce lis 
by a high-titre antibody is compared with that of normal adult red cells the 
patient's cells generally appear to be less agglutinable. In part, at least, this 
could be due to selection, with the most sensitive cells (i.e. those which are 
agglutinated at the highest temperature in vivo) being diminated flrst. The 
presencc of adsorbed complement, if it does not cause lysis, may paradoxically 
inhibit agglutination to sorne extent (Evans et al 1965). In practice, the relative 
insensitivity of the patient' s cells can be life saving, as in the case of a patient 
whose serum agglutinated normal cells at 37°C, but her own cells only at 
temperatures less than 32oC. 

Serum complement 
Complement concentrations are often reduced in the serum of patients forming 
high-titre cold agglutinins. This is especiall y true of those in whom intravascular 
haemolysis is a major feature. In such patients, serum-complement activity 
may not even be demonstrable and this probably hclps to protect the patient 
from the worst effects of his illncss. 

PAROXYSMAL COLD HAEMOGLOBINURIA 

Classically associated with congenital syphilis, paroxysmal cold haemoglo
binuria is now a rare disease. Antibodies of thc Donath-Landsteiner type are, 
however, formed under severa! different circumstances and it is now widely 
recognized that paroxysmal cold haemoglobinuria is a syndrome and that 
'idiopathic' and secondary cases occur (Table 29.4). 

The duration and severity ofthe disorder vary widcly: at one end of the scale 
a patient may suffer from but a single attack of haemoglobinuria; at the other, 
he or she may experience repeated attacks whenever the weather is cold and 
this may persist for many ycars. Because it has been thought that the presence 
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of the Donat:h-Landsteíner antibody can be the only stigma of congenital 
syphílis, it is not always easy to determine with certainty whether the disorder 
is related to syphilis. Positive reactions for syphilis, too, are not uncommon 
in the acute phase of the disease (where a non-syphilitic origin is probable). 
Such reactions are usually transient and should be checked by specific reactions 
for syphilis such as the Treponema immobilization test. 

TABLE 29-4 

A classiftcation of the paroxysmal cold haemoglobinnrias 

(r) Syphilitic chronic type 

7' 
Paroxysmal cold / Acute transient type, 
haemoglobinuria "- 7' 'idiopathic' or 

\,_ / (?)secondary 
(2) Non-syphilitic types 

~ Chronic 'idiopathic' type 

(From The Haemolytic Anaemias: Congenital and Acquired. Vol. 2: The Auto
immune Haemolytic Anaemias, 2nd edn., 1962, by J. V.DACIE. London: J. & A. 
Churchill.) 

SEROLOGY 

The Donath-Landsteiner (n-1) antibody 
The most remarkable characteristic of thc D-L antibody is its ability to lyse 
normal human red cells, even when present at only modest concentrations. 
In this respect it is much more active at comparable titres than are the high-titre 
cold antibodies of the cold-haemagglutinin syndrome. 

The D-L antibody is often referred to as a biphasic cold antibody because 
chilling at 0°C followed by warming to 30-37oC is neccssary for the demon
stration of lysis. This cold-warm procedure is the basis of the Donath-Land
steiner test. In fact, lysis wíll sometimes occur 'monophasically' if the suspcnsion 
of red cells in scrum is left at room temperature (r5-25°C). Thc determining 
factor is the thermal range of the antibody which, howcvcr, in syphilitic cases 
at least seldom exceeds I5°C. 

Donath-Landsteiner antibodies will generally be found to agglutinate red 
cells at approximately the same dilutions at whích they cause lysis and to sensi
tize red cells to agglutination by antiglobulin serum at slightly higher dilutions. 
This antiglobulin reaction can always be shown to have a yG-globulin com
ponent if the test is done after washing the cells in cold saline at 4°C. The 
antibody is a yG antibody but rapidly el u tes off the red cells as the temperature 
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TABLE 29.5 

Comparison ofthe reactions i11 vitro ofhigh-titre cold antibodies (anti-I) and 
the Donath-Landsteiner antibody 

High-titre cold Donath-Landsteiner 
antibody antibody 

Titre High (->5I2,000) Moderate (->64) 

Thermal range High (->JO-J2°C) Moderate (-> r 8-2o0 C) 

Effect ofpH Usually lysis only in Lysis always lll un-
acidified serum (pH acidified serum, opti-
6.5-7-5) mum pH 7-s-S.s 

Specificity Anti-I Anti-P 

Physical-chemical nature y M yG 

TABLE 29.6 

Relationship of the Donath-Landsteiner antibody to iso-antibodies of the 
P blood group system 

Anti-P1 

pl 
cells 

(made by P2 persons) + 

Anti-P 
(made by Pk persons) + 

Anti-P+P1 +Pk 
( = anti-Tja, made by 
pp persons) + 
Donath-Landsteiner 
antibody + 

+ = reaction. 

p2 PP pk 

cells ce lis cells 

+ 
(usually) 

+ 
\or w) 

+ + 

+ 

= no reaction. 

(From WüRLLEDGE S.M. (r965) Serological aspects of autoimmune 
haemolytic anaemia. In Autoimtmmity, a Symposium of the sth CotJgress of 
the lntematiollal Academy of Pathology, p. 52, ed. BALDWIN R. \V. & HuM
PHREY J.H. Oxford: Blackwell Scientific Publications.) 
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is raised. The in tJitro reactions of Donath-Landsteiner antibodies are comparcd 
with those of high-titre cold antibodics of the anti-I type in Table 29.5. 

Role ~f pH 
As contrasted with the high-titre cold antibodies of the cold-haemagglutinin 
syndrome, lysis by the D-L antibody always seems to take place in unacidified 
serum and is almost maximal at pH 8.0. 

Specificity oj the D-L antibody 
In 1963 Levine and his colleagues showed that the Donath-Landsteiner antibody 
has a specificity within the P blood group system. Further studies with pp 
(Tja-negative) and Pk cells have shown that the haemolysin has thc specificity 
of anti-P (Worlledge & Rousso 1965). The rclationship of the Donath
Landsteiner antibody to iso-antibodies in the P blood group system is shown 
in Table 29.6. The P groups of six patients suffering from paroxysmal cold 
haemoglobinuria were found to be normal; four were P1 and two were P2 

and all six cell samples were agglutinated by anti-P and anti-Tja (anti-P+P 1 + 
Pk). Thus the Donath-Landsteiner antibody is an auto-antibody which shows 
well-defined blood group specificity. 

Relationship between the D-L antibody and the 
Wassermann or Kahn reacting material in sera Jrom 
syphilitics 
All workers seem to agree that the D-L antibody is quite distinct from the 
material in the serum of syphilitics which gives rise to positive Wassermann 
and Kahn reactions. 

Direct antiglobulin reactions 
Patients' red cells withdrawn at the time of or soon after an attack of haemo
globinuria give positive antiglobulin reactions of the 'C' only' type. The test, 
however, becomes negative between attacks. In this respect paroxysmal cold 
haemoglobinuria contrasts with the cold-hacmagglutinin syndrome in which 
the direct antiglobulin test is continuously positive. This is a rcflection of the 
lower thermal range of the D-L antibody which usually requires a majar degree 
of chilling for its adsorption. 

ALLERGIC DRUG-INDUCED HAEMOL YTIC 

ANAEMIA 

Conficmation that drug-incluced haemolytic anaemia may have an allergic 
origin stems from the work of Harris (1956) in America, with the drug Fuadin 
(stibophen), an antimony-containing compound. Harris's observations were 
made on a patient suffering from schistosomiasis who was retreated with 
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Fuadin. Within a few days of the start of the second course of treatment the 
patient experienced acute haemolytic anaemia associated with haemoglobinuria. 
Harris was able to show 
r. That the direct antiglobulin test was positive at the height of the patient' s 
illness, and 
2. That the patient' s serum contained an antibody which would unite with 
normal red cells only in the presence of the drug Fuadin or a closely related 
compound. 
Harris pointed out the similarity between his observations and those made by 
Ackroyd in thrombocytopenic purpura due to the hypnotic Sedormid. 

Since Harris' s publications, severa! other reports o[ haemolytic anaemia 
produced by the same mechanism have appeared. It is, however, clear that this 
type o[ drug-induced haemolytic anaemia is rarely met with; however, cases 
mediated by quinidine, quinine, phenacetin, PAS (sodium salt of para
aminosalicylic acid), antistin, salicyl-azosulphapyridine, insecticide prcparations 
and penicillin have been reported. In each case thc patient probably forms an 
antibody against the drug. This antibody then reacts in vivo with the drug and 
involves the red cell by one of three methods. Firstly, as Ackroyd suggested, 
the drug may be loosely bound to thc red cell; secondly, as is the case with 
penicillin (de W eck I 964) the drug or a drug-fragment can beco me chemically 
combined with the red cell; and thirdly, as Schulman (r963) has suggested, the 
drug-anti-drug complex may be adsorbed by the red cells in a non-specific 
mam1er. Although the patient's own red cells are destroyed by the antibody, 
the reaction cannot be considered as truly auto-allergic as the antibody is not 
primarily directed against the red ce!ls, and their involvement is only incidental 
to the reaction of thc drug with thc drug antibody. This type of drug reaction 
is discusscd further in Chaptcr 26. 

A UTO-ALLERGIC SYNDROMES 
INVOL VING PLA TELETS 

Many analogies can be drawn between platelet deficiency states and the anaemias 
and it is highly probable that some cases at least of thrombocytopenic purpura 
have an auto-allergic origin analogous to that of auto-allergic haemolytic 
anaemia. As with the haemolytic anaemias, thrombocytopcnia can be 'idio
pathic' or secondary. The discussion herc, however, will be confined to 
'idiopathic' cases (idiopathic thrombocytopenic purpura or rTP) and the drug
induced thrombocytopenias. 

'IDIOPATinc' THROMBOCYTOPENIC 
PURPURA (rTP) 

Thc possible relationship between antibodics directed against platelcts and 
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thrombocytopenic purpura was first demonstrated cxperimentally by Bedson 
who, administering an antiplatelet serum to guinea-pigs, produced thrombocy
topenic purpura and also obtained evidence of damage to capillary endothelium. 
Much later, Evans and his associates (1951) pointed out that thrombocytopenia 
was a common accompaniment of auto-allergic haemolytic anaemia and 
suggested that the thrombocytopenia, too, could be due to an auto-agglutinin. 
They also pointed out that transitory thrombocytopenia was not infrequently 
found in infants born of mothers suffering from ITP, which suggested that a 
platelet-destroying factor might have passed through the placenta. Other 
evidence of the presence of a platelet-destroying mechanism, which might ha ve 
been an antibody, was the observation of the unusually short survival of plate
lets after transfusion into patients suffering from ITP. In the same year, Harring
ton, Minnich & Moore (1951) showed that the transfusion into normal recipients 
of blood or plasma from patients with ITP was followed by thrombocytopenia 
in 6o/'~ of the cases studied. They also showed that the factor responsible for 
this thrombocytopenia was probably a serum globulin and relatively stable on 
storage. Recently, Shulman, Marder & Weinrach (1964) have extended these 
observations by showing that this factor is present in the 7S y-globulin fraction, 
that it is adsorbed by normal human platelets, that it is species-specific and that 
it affects autologous as well as homologous platelets. All this evidence suggests 
that the ITP factor is an antibody but the direct demonstration of this by con
ventional immunological methods has proved surprisingly difiicult. 

CLINICAL fEA TU RES 

ITP can be divided into two clínica! groups. Firstly, a relatively transitory acute 
form which occurs mainly in children of either sex and which is usually 
associated with a previous infectious illness. In this disease there is an abrupt 
onset of purpura and a very low platelet count but the prognosis is usually 
good and the platelet count will have returned to normal levels within 3 
months in 90% of the patients. Secondly, there is the chronic form of ITP 

which occurs mainly in adults, particularly in women, and is not usually asso
ciatcd with previous infections. This disease, like auto-allergic haemolytic 
anaemia, is of very variable severity but most patients usually present with 
platclet counts below 40,000 per cu.mm and these low levels persist until treat
ment is given. Initial treatment is usually with corticosteroids and in Baldini' s 
( I 966) experience few patients fail to respond if the dosc is high enough. 

Splenectomy is usually reserved for those patients who after 6 months' 
treatment still need corticosteroids in high doses. Recently, azathioprine, 
6-thioguanine and 6-mercaptopurine have been used but it is still too early 
to asscss their value. The clinical and laboratory aspects of both acute and 
chronic ITP are discussed in detail by Gardner (1965) and Baldini (1966) in two 
recent reviews. 
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SEROLOGY 

It has at once to be admitted that even the most experienccd workers have 
failed to demonstratc antibodies in anything like aii the patients they have 
studied, and in most pcoplc's hands tests for the antibodies have given results 
which can only be described as equivoca!, unrcpeat;~ble and unpredictable. 
It is easy to set out reasons for this: the difficulty is to decide whether a failure 
to demonstrate the presence of a platclet auto-antibody unequivocally is beca use 

TABLE 29-7 

Teclmiques for the demonstration of platelet auto-antibodies in ITP 

r. On thc patient's own platelets 

Direct antiglo bulin tests 

Direct antiglobulin-consumption tests 

Direct florescein-conjugated anti
glo bulin tests 

2. In the patient's semm 

Indirect antiglobulin tests 

Indirect antiglobulin-consumption 
tests 

Agglutinin tests 

Mixed cell agglutinin tests 

Complement fixation tests 

Tests for platelet lysis 

Tests for inhibition of clot retraction 

Tests for inhibition of uptake of 14C
labelled serotonin 

Difficult to carry out; interpretation 
of positive results uncertain 

Sensitive, but difficult to carry out 
through lack of patient's plate
lets. Interpretation of positive 
results uncertain 

Not very sensitive; interpretation 
of positive results uncertain 

Difficult to carry out; confusion 
possible with iso-antibodies 

Scnsitive. Often positive; confu
sion with iso-antibodies likely 

Techniques unreliable and confu
sion likely with iso-antibodies 

Results usually negative 

Results usuall y negative 

Value disputed 

Results usually negative 

Results usually negative 

the antibody is not there or because the techniques used are clumsy and inade
quate or perhaps basically unsound and misdirected. 

Platelet auto-antibodies have been looked for in two main ways: 
r. By carrying out direct tests on the patient's own platelets, and 
2. By attempting to demonstrate free auto-antibody in the patients' serum. The 
main methods that have been used and the results that have been obtained by 
their use, are listed in Table 29.7. 
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Antiglobulin tests 
The difficulties here seem to be insuperable. For one thing very few platelets are 
obtainable in severe cases of ITP and large amounts ofblood are required in order 
to get enough platelets to work with. It is also impossible to wash the platelets 
free from plasma without bringing about sorne dumping, and it is indeed im
possible to free their surfaces from protein in this way. For these reasons direct 
antiglobulin tests have been generally abandoned and the antiglobulin con
sumption test has been substituted. 

Antiglolmlin-consumption test 
The principie of this test (see Chapter 1) is to add washed platelets to antiglob
ulin serum and to back-titrate the serum using anti-D-sensitized red cells as test 
objects. The test has to be very carefully controlled using normal platelets which 
are handled in exactly the same way as the patient' s platclets. It has the virtue that 
it does not matter whether the platelets adhere to each other in the washing pro
cess or not. A 'substantial' (at least 2-tube) difl:erence in the titre of the anti
globulin serum after absorption with the test and control platelets, respectively, 
is required before the test can be considered positive. Unfortunately, anti
globulin-consumption techniques have the major disadvantage that large vol
umes ofblood are required (in a thrombocytopenic patient) in order to obtain 
enough platelets and that even if the result is positive it may be difficult to decide 
whether this is due to auto-antibody protein adsorbed to platelets or to (non
antibody) protein adhering 'non-specifically' to damaged platclets. 

Daussett, Colombani & Colombani (1961) showed that so/;; of patients suffer
ing from ITP gave positive results when their platelets were used in the direct 
antiglobulin-consumption test. Clinically, however, there was no distinction 
between the patients who gave positive results and those who gave negative 
results. Negative results may perhaps be explained by technical difficulties or a 
wrong indicator system, andan indicator system capable of detecting the fixation 
of certain complement components might be useful. On the other hand, 
negative results may mean that the disorder is caused by a non-immunological 
mechanism in some patients. 

Tests Jor platelet auto-antibodies in serum 
A major difficulty in carrying out tests for platelet auto-antibodies has been the 
source of the antigen. Beca use of the patient' s thrombocytopenia most workers 
have been forced to use samples of normal platelets. This has led to confusion 
because positive agglutination tests under such circumstances could indicate 
merely the presence of platelet iso-antibodies provoked by past transfusion, 
treatment which nearly all patients with ITP receive at one time or another. 

The variety of techniques available emphasizes the difficulty that has been 
experienced in finding a method which gives reproducible results, and the 
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problem is by no means solvcd. A careful study using the mixed antiglobulin 
technique failed to yield a single positive result in ITP (Coombs et al 1956). 
Similar negative results using other techniques have been obtained by Bridges 
and co-workers ( 1963), Shulman, Marder & W einrach ( 196 5) and other workers. 

The failure of these techniques to demonstrate an auto-antibody docs not 
necessarily mean that the platelets are not destroyed by immunological mechan
isms: many of the techniques ha ve been shown to be rclativel y insensitive with 
iso- and hetero-antibodies, and high-avidity auto-antibody could be fixed to the 
platelets and not present in thc serum. It is possible, too, that in sorne patients the 
damage is caused by allto-antibodies acting perhaps on the megakaryocytes in thc 
bone marrow or on 'deep' platelet antigens not readily demonstrable by conven
tional tests. At present such attractive concepts are difficult to confirm or refute. 

Platelet-survival studies 
The first studies of !Jlatelet life-span in patients suffering from ITP were done by 
Hirsh and Gardner in 1952. They transfused polycythaemic and normal blood, 
collected into silicone-coated syringes, and followed the subsequent rise of the 
platelet count in the peripheral blood. They found this was much less well sus
tained in ITP than in thrombocytopenia due to aplasia and concluded that the 
thrombocytopenia of ITP was duc to rapid dcsttuction of the platelcts. Since then 
these results ha ve been confirmed and extended by many workers using methods 
oflabelling the platelets with radioactive isotopes. From this work it seems that 
the normal survival time of platelets is about ro days and that in all patients 
suffering from clinically active ITP the life-span of both autologous and isolo
gous platelets is shortened. One interesting observation that has come out of the 
work of Najean and his colleagues (r963) is that the relationship between the 
platelet life-span and the level of circulating platelets is much closer in ITP than is 
the relationship between red cell life-span and the degree of anaemia in auto
allergic haemolytic anaemia. They calculated that in ITP the peripheral platelet 
count depended almost exclusively on the length of platelet survival and that 
there was little or no compensatory increase in platelet production. The ab
normalities which have been described in the megakaryocytes in the marrow of 
patients suffering from ITP indicate that the platelet-destroying factor may also 
act on platelet production. Thc increased numbcrs of megakaryocytcs which are 
often present presumably represent an ineffective attempt at compensation. 

ALLERGIC DRUG-INDUCED THROMBOCYTOPENIC 
PURPURA 

The thrombocytopenic purpura resulting from hypersensitivity to the hypnotic 
drug Sedormid and other drugs is discussed in Chapter 26. As with drug
induced hacmolytic anaemia it is not strictly speaking an auto-allergic reaction; 
rlle platelet is involved for similar reasons to those given for the allergic 
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drug-induced anaemias (see p. 8r8). Unlike ITP, laboratory tests frequently 
demonstrate antibodies when the drug and the patient's serum are added to 
normal platelets. 

A UTO-ALLERGIC SYNDROMES INVOL VING 
LEUCOCYTES 

Although iso-antibodies against leucocytes and leucocyte iso-antigens ha ve been 
extcnsively studied in recent years very little is known about auto-antibodies 
against leucocytes. Their significance in human pathology is in fact even less 
well established than that of platelet auto-antibodies. Two syndromes in which 
leucocyte auto-antibodies may be important can, however, be mentioned. They 
are 'idiopathic' granulocytopenia and drug-induced agranulocytosis, although 
in this latter condition the antibodies cannot be classed as true auto-antibodies. 
For details of the literature up to 1959 the reader is referred to the monographs 
ofWalford (1960) and Killman (1960). 

Demonstration of leucocyte auto-antibodíes 
Because leucocytes adhere to each other if attempts are made to wash them free 
from surrounding plasma or serum, it is not possible to carry out direct anti
globulin tests on the leucocy.tes in a case ofleucopenia, although a direct mixed 
antiglobulin test may be performed (see Chapter 1). Agglutination methods 
using serum and leucocyte suspensions are more successful and these ha ve been 
the basis for the extensive work that has been carried out on leucocyte iso
antigens and iso-agglutinins. As with platelets, however, it is seldom that auto
agglutination tests are practicable in patients with marked degrees ofleucopenia. 

Some samples ofleucocyte antibody actas incomplete antibodies and for their 
demonstration antiglobulin-consumption techniques have been devised (van 
Loghem et al 1958). As with platelcts, these techniques are exacting and demand 
relatively large volumes of leucocytes. They can be used as a direct method 
using the patient's own leucocytes or indirectly using the patient's or normal 
leucocytes and the patient's serum. In either case if the patient is seriously 
leucopenic 100-200 ml of his blood may be required to obtain sufficient 
leucocytes. 

Reports oj leucocytíc auto-antíbodíes in cases oj leucopenía 
Both W alford and Killman deal critically with the many reports of the presence 
ofleuco-agglutinins in the sera of patients suffering from blood diseases includ
ing those associated with leucopenia. They conclude that the vast majority of 
such antibodies are, in fact, iso-leuco-agglutinins which have developed in con
sequence ofblood transfusion or pregnancy or even ha ve formed 'spontaneously'. 
There is, however, little reason to doubt that leucocyte auto-antibodies are 
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produced from time to time and that they may be responsiblc for some cases of 
leucopenia. In most instances the auto-antibodies have been demonstrated by 
the antiglobulin-consumption mcthod. 

A study of the direct antiglobulin-consumption test using the patient' s own 
leucocytes was reported by Dausset, Colombani & Colombani (1961) and 
Dausset (1965). They found that the leucocytes from about 40/~ of patients with 
'primary leukothrombocytopenia' gave positive results. They showed that a y
globulin could be eluted from the patient' s own leucocytes and refixcd on to 
normal leucocytes. This 'auto-antibody' also appearcd to possess species
specificity and to react with leucocyte cytoplasm rather than nuclei and more 
particularly with the ribosomal sub-fraction ofthe cytoplasm. Like in ITP, how
ever, there was no clinical difference between those patients who gave positive 
tests and those patients who gave negative tests. 

LEUCOPENIA AND AGRANULOCYTOSIS DUE TO 

ALLERGY TO DRUGS 

Moeschlin& Wagner (1952) were the first to demonstratc in vitro the prcsencc of 
a leucocyte-agglutinating mechanism in the plasma of a patient sensitive to 
amidopyrine. Their observations have been amply confinned by subsequent 
workcrs, chiefly in connection with amidopyrine itself, but other drugs such as 
sulphapyridine, gold, methylthiouracil and salicylazosulphapyridinc may act 
similarly. The exact nature of the agglutinating mechanism is, however, still 
uncertain. Several hypothescs are rcviewed by both W alford and Killmann. 

There are so me curious features associated with leucocyte agglutination dueto 
drugs. One is that the leuco-agglutinins develop (in a sensitive subject) within a 
few hours of the ingcstion of the noxious drug; secondly, that thcy apparently 
often disappear within a matter ofhours or days. It appears that the drug must 
be present in the plasma for leucocyte destruction in vivo or leucocyte agglutina
tion in 11itro to takc place. Possibly, the lcucocyte agglutinating mechanism is 
bascd on the adherencc of leucocytes to drug (antigcn)-antibody complexes, 
which circula te for only a short time after ingestion of the drug, and that the 
original antigen is not the clrug adsorbed to leucocytes but a drug-plasma pro
tein complex. Although thc attachment of antigen (drug) and antibody to 
leucocytes provides an attractive hypothetical mechanism there sccms to be no 
incontrovertible evidence that this occurs; whatever thc mechanism, it is 
unlikely to be a true auto-allergic reaction (sce Chapter 26). 

AETIOLOGY AND PATHOGENESIS 

How and why an apparently healthy person should suddenly revolt against his 
own red cells, leucocytes or platclets, still remains a mystery. In recent years, 
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however, cxciting new hypothcses havc bccn advanced, many discussions ha ve 
been held and sorne relevant experimental studies carried out. 

There are two main hypotheses. First, it is thought that the red cells, leuco
cytes or platelets of the patient undcrgo so me change rendering them antigenic. 
This, it is suggcsted, could be the result ofhidden antigens becoming exposed or 
unmasked by the action of body or bacteria! enzymes or from adsorption of 
virus or bacteria! products. The antibodies then produced by the normal im
munological mechanism cross-react with the antigens of normal circulating 
cells. There is, however, no support for this hypothesis from experimental 
studies in animals and nothing to suggest that the transfusion of circulating cells 
from patients suffering from auto-allergic blood disorders would cause the pro
duction of auto-antibodies in normal people. 

The second hypothesis locates the primary fault in the antibody-forming 
tissues of thc subject. Burnet (1959), in particular, has powerfully supported the 
idea that the auto-allergic blood disordcrs, particular! y the hacmolytic anaemias, 
could result from a failure of normal homeostatic mechanisms and the emer
gence in the body of'forbidden clones' of antibody-forrning cells which do not 
recognize the normal antigens of the blood cells as 'self' and in consequence form 
antibodie5 against them. The emergence of the clone(s), it is suggested, could be 
dueto 'spontaneous' soma tic mutation, or as thc result of thc action of virus or 
other infective agent, or it could be the conscquence of malignant disease 
affecting cells of the lymphoreticular system. 

The not infrequent development of auto-allergic haemolytic anaemia in the 
course of chronic lymphocytic leukaemia or reticulosarcoma is consistent with 
the soma tic mutation hypothesis as is also the occurrence of the cold-antibody 
type of auto-allergic haemolytic anaemia predominantly in elderly subjects 
(Dacie 1962). However, the fact that thc warm-antibody type of haemolytic 
anaemia and thrombocytopenic purpura affect subjects of all ages, even small 
children, is less easily explained on this basis, and the possibility of infection 
acting in some way as a trigger mechanism cannot be dismissed. 

The auto-antibody production that may follow a:-methyldopa administration 
might be explained in a similar way. The antibody appears to be against red 
cell antigens and not against the drug, so if the drug is altering normal red cell 
antigens it must be doing so in some subtle way perhaps by affecting the struc
ture and configuration of the antigens as they are being formed in the red cell 
precursors. This hypothesis certainly might explain the length of time that treat
ment has to be given befare the anaemia develops-usually 6 months or more
as such subtly altered cells would not necessarily be expected to have a decreased 
life-span and could not be expected to be antigenic until they had left the circula
tion, but it does not explain the rapid rise in haemoglobin level that occurs almost 
immediately after stopping the drug. This rapid restoration of the haemoglobin 
level, which seems to be the consequence of a defuúte decrease in the amount of 
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auto-antibody present, is also against the hypothesis that these antibodies are 
produced by an abnormal mutated clone of immunologically competent cells. 
Such a clone being insensitive (in theory) to normal homeostatic mechanisms 
would be expected to be self-perpetuating and no longer require the stimulus of 
the drug, unless it is assumed that the drug is repressing a mechanism that would 
normally elimina te such a clone. This is an attractive hypothesis, andas mentioned 
above auto-antibody formation does seem to diminish as soon as the patient is 
taken off the drug. The fact that the direct anti-globulin test may continue to be 
positive for many months does not necessarily indicate continuing antibody 
production; the studies of Costea, Constantoulakis & Schwartz (r963) showed 
that passively transferred iso-antibody, by passing from red cell to red cell, can 
persist in the peripheral blood for over 6 months. As already mentioned, the 
relatively rapid cessation of the haemolysis once the patient is taken off the 
offending drug differs from thc usually long persisting course in cases of similar 
serology but of unknown origin. It is tempting to think that the auto-antibody 
formation persists in the latter group beca use of the continued presence of the 
abnormal event or events which initiated the auto-immunization. 

Experimentally, haemolytic anaemia has been shown to be an important 
component of runt disease and homologous disease and it is quite clear, therefore, 
that living grafted antibody-fonning cells can react against the host's blood cells. 
The development of spontaneous auto-allergic haemolytic anaemia in the NZB/ 
BL inbrcd strain of mice, and the incidencc of auto-allcrgic disorders in hybrids 
produced between this strain and other inbred strains of mice, show the im
portance of genetic factors (Howie & Helyer 1965). In man, a peculiar proneness 
to develop antibodies has often been postulated as at least a part explanation for 
the development of auto-antibodies. This may well be important, and it is in 
fact likely that several factors play a part in the genesis of an auto-allergic blood 
disease in any particular patient. 

PATHOGENESIS 

There is little doubt but that red-cell destruction in the auto-allergic hacmo
lytic anaemias is due to damage to the cells resulting from the adsorption of 
antibodies. Less is known of the effects of antibodies on leucocytes and platelets 
but in all probability their life-spans are curtailed in analogous ways. In the case 
of the red cells at least, removal from the circulation is probably brought about 
by the antibodies affccting the surface properties of the cells and more indirectly 
perhaps by affecting injuriously the cells' metabolism. It should be added, 
however, that no abnormalities of metabolism could be detected by Jandl (r965). 
Both types of change, as well as stasis in the spleen, lead to spherocytosis. The 
incomplete type of auto-antibody causes removal largely by the spleen; 
agglutinating and complement-f1xing antibodies lead to removal widely in the 
reticulo-cndothelial system, the liver being particularly important by reason of 
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its size. An important factor in relation to the filtering action of the spleen and 
liver is the intensity to which the antibody-affected cells undergo auto-agglutina
tion (Jandl, Simmons & Castle 1961). Antibodies which are demonstrably lytic 
in vítro may cause, if present in suflicient strength, actuallysis in the blood stream, 
i.e. intravascular haemolysis. Erythrophagocytosis is particularly important as a 
means of disposing of cells coated with complemcnt-fixing antibodies. 
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INTRODUCTION 

Rheumatic fever, a relatively uncommon disease in the econom.ically most 
advanced countries, is still a major problem in many other parts of the world. 
Apart from infancy and early childhood no age is exempt; but the vast majority 
of cases first appear in late childhood and adolescence, and the incidence is 
significantly higher in females than in males. 

The disease is charactcrized by a polyarthritis associated with fever; hence the 
name. Largejoints tend to be affected more often than smalljoints and although 
the affected ones may be obviously inflamed and extremely painful, the tran
sience of the inflammation in any one joint and its tendency to flit from one 
joint to another are features of diagnostic significance. 

Accompanying the arthritis there may be some degree of cardiac involvement 
revealing itself by tachycardia, changing heart sounds and cardiac enlargement. 
In severe cases inflammation involves the pericardium and the accompanying 
pericardial effusion can occasionally further embarrass the heart's action. The 
frequency with which the heart is involved cannot be assessed with accuracy by 
clinical methods alone, but in all patients dying during an acute attack the typical 
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changcs of rheumatic fever are seen in the heart at autopsy. These are a fibrinous 
pericarditis and a highly characteristic form of endocarditis in which the 
somewhat thickened valves are studded along the closure line by transluccnt 
vegetations 2-5 mm in diameter. The mitral valve is almost invariably involved 
and the aortic valve somewhat less frequently, but the valves on the right side 
of the heart are rarely affected, at least macroscopically, in a first attack. Histo
logically the so-called Aschoffbodies are generally regarded as diagnostic. They 
are seen most typically in the perivascular connective tissue of the myocardium 
but are also present in the endocardium and in the valves where they usually 
underlie the accumulations of platelcts which constitute the vcgetations. 

The nature of the Aschoff body is still a subject of much controversy and its 
interpretation is undoubtedly influenccd by prcconceived notions as to its 
pathogcnesis. In what are rcgarded as its carlicst stagcs there is an accumulation 
of largc cclls, mononuclear as wcll as multi-nuclcar, with dccply basophilic 
cytoplasm, which are apparently infiltrating a focus of eosinophilic material. 
Controversy is mainly conccrncd with the origin of this eosinophilic material 
which most obscrvcrs interprct as fibrinoid degcncration of collagen. Murphy, 
howcver (1960), has prescntcd considerable cvidcnce that the cosinophilic 
material as well as thc multinuclcated cells of the Aschoff body are derivcd from 
necrotic muscle fibres. 

Whether or not the Aschoffbody is primarily a focus of nccrotic muscle thcre 
can be no doubt that rhcumatic fcvcr is a systcmic di seas e involving many tissues. 
In addition to the heart and joints, skin involvemcnt is not rare. The commoncst 
rash is thc highly characteristic crythema annulare, a transient but frcqucntly 
recurrcnt rash, which derives its namc from thc annular arcas which result from 
central fading associatcd with peripheral sprcading of the individual lesions. 
The subcutaneous tissues may also be involved but, unlike thc rash, the subcu
tancous lesions in thc form of nodules can rarely be detectcd befare the 3rd 
week of a first attack. 

Undoubtedly thc most important feature of rhcumatic fevcr is the tcndcncy 
to produce permanent cardiac injury. A vcry small proportion of cases die of 
congcstivc failurc in thc first attack; thc majority rccover without pcrmanent 
cardiac damagc; but in a significant minority cardiac damage is not only per
manent but also progressive, culminating in fully dcvcloped mitral stenosis 
often associated with combincd stenosis and incompetence of the aortic valve. 
The great majority of thesc progrcssive cases are associated with recurrent 
attacks of rheumatic fever, each attack leaving the heart more impaired. In 
somc patients, howevcr, progressivc cardiac damagc occurs without obvious 
clinical relapse and indccd some 30:%; of al! patients with mitra! stcnosis fail to 
give any history of an acutc cpisodc diagnosablc as rheumatic fcvcr. 

Somc light upon thc problcm of continued rhcumatic activity has been thrown 
by the study of cardiac tissue removed during surgical trcatmcnt of mitra! 
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val ves. Candidates for this type of treatment are invariably screened to excludc 
those with overt clinical activity. Neverthelcss, a high proportion of these 
patients show typical Aschoffbodies in thc excised tissue, which can onl y be intcr
preted as evidence of continuing activi ty des pi te the absencc of clinical signs. It must 
thcrefore be concluded that the clinical methods available are too insensitive. 

Of the other tissues of the body the most commonly affected are the blood 
vessels, the lungs and the central nervous system. Vascular lesions ranging from 
small foci ofintimal hyperplasia to extensive medial necrosis ha ve been described, 
cspecially in the small vesscls of the heart (Gross, Kugel & Epstein 1935). Lung 
lesions, usually a widespread consolidation by a fibrin-rich exudate, are most 
probably the result of salicylate therapy in patients with incipient congestivc 
failure. The substitution of corticosteroids for salicylatcs in the treatment of this 
type of paticnt has largely elinúnated this pulmonary complication (Bywaters & 
Thomas, 1961). 

The involvement of the nervous system as indicatcd by the clinical manifesta
tions of chorea is rarely seen in patients with overt rheumatic fever and its 
rheumatic nature was long overlooked. Thc associated cardiac injury, indistin
guishable from that of classical rheumatic fever, and many other features of the 
disease ha ve, however, clearly revealed it as part of thc rhcumatic process. 

THE RELA TIONSHIP OF RHEUMA TIC 
FEVER TO INFECTION BY 

¡'J-HAEMOLYTIC STREPTO COCCI 

The aetiological relationship between P-haemolytic streptococci and rheumatic 
fever rests u pon three indepcndent lines of inquiry, epidenúological, serological 
and prophylactic. One of the first recognized features of the disease was its 
tendency to appear some 1-3 weeks after a febrile sore throat; and with the 
development of clinical bacteriology it was soon establishcd that P-haemolytic 
streptococci of group A could be isolated with high frequency from the throat 
during this prodromal phase. 

THE EPIDEMIOLOGY OF RHEUMATIC FEVER 

AND STREPTOCOCCAL lNFECTION 

A rough parallel between the seasonal incidence of ~treptococcal infection and 
rheumatic fever has been noticed by many obscrvers, but the remarkable figure 
published by Coburn & Young (1949) based on the incidence of these diseases 
amongst U.S. Navy personnel over a 4 year period provides some of the 
strongest evidence for their aetiological relationship. Similar observations by 
Rammelkamp, Denny & Wannamaker (1952) not only afford the strongest 
support to the aetiological role of the streptococcus but suggest that many of the 
factors predisposing to rheumatic fever, e.g. poverty, overcrowding, latitude 

ce 
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and season, operate largely through their influence on the incidence of strepto
coccal infection itsel( 

jJ-haemolytic streptococci of group A have been classified into over fifty types 
by the serological reaction of their M protein, and several studies ha ve sought to 
detect whether any types are especially associated with rheumatic fever. Despite 
a few exceptions, the general consensus is that no specifically rheumatic types 
exist and that virtually any type can on occasion lead to development of the 
di sea se. 

The incidence of rheumatic fever following a streptococcal infection of the 
upper respiratory tract varíes from about 3% in streptococcal epidemics in 
relatively closed communities toas low as 0.3/;; in endemic sporadic cases. This 
striking tenfold difference has been largely explained by the studies of Stoller
man (1964) who has emphasized the important differences between the two 
forms of streptococcal pharyngitis, especially regarding clinical severity, 
cultural characteristics and typability of the infecting organisms, and immuno
logical response of the host. In any two series, if thc incidence of rheumatic fever 
is compared in patients comparable in so far as these other variables are con
cerned, the rcsults will be remarkably similar. 

THE IMMUNOLOGICAL RESPONSE TO 

STREPTOCOCCAL INFECTION 

In acldition to the group-spccific polysaccharide and the typc-specific M protein, 
jJ-haemolytic streptococci synthesize·a large number of soluble antigens which 
can be dctected in their culture media. In an elaborare study of this subject 
making use of sera from patients with rheumatic fever to detect the antigens by 
imm unoelectrophorcsis Halbert and his colleagues (see Halbert 1964) ha ve 
demonstrated twenty or more distinct antistreptococcal precipitin systems. 
Isolation and concentration of many of the antigens involved enabled sorne of 
them to be identified with known streptococcal products such as Dick toxin, 
streptolysin O, desoxyribonuclease B, proteinase precursor, diphosphopyridine 
nucleotidase, streptokinase and C-carbohydrate-protein complex. 

The ability of the human subject to produce specific antibodies to various 
biologically active products of jJ-haemolytic streptococci has been known for 
many years, and the detcction of these antibodies, especially in rising titre is, 
short of isolating the organism itself, the most reliable means of detecting recent 
streptococcal infection. It can, moreover, be argued that such a rising titre is a 
better indication of actual infection than the presence of the organisms whose 
presence could be transient and superficial and thercfore unlikely to lead to any 
post-infectious complications such as rheumatic fever. 

Of the several biologically characterized products of streptococci capable of 
inducing a specific immune response in man the antistreptolysin O is by far the 
best studied. From the extensive literature on this subject it is evident that an 
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antistreptolysin titre of under 200 Todd units is not evidence of a recent infec
tion. Following such an infection titres frequently exceed 500 or even rooo units. 
It is equally well established that a diagnostic titre is not an invariable conse
quence of streptococcal infection and that probably no more than So% of 
individuals produce such a titre even after a quite unequivocal infection. As a 
means of establishing that a streptococcal infection preceded a given attack of 
rheumatic fever it is therefore evident that the A.S.O. titre cannot ha ve more than 
an So% rcliability. Otber antibodies against streptococcal products have there
fore been studied but none has proved more rcliable than the A.S.O. These 
include antihyaluronidase, antidesoxyribonuclease and antistreptokinase, all of 
which have the added disadvantage of greater technical difficulty than the A.S.O. 
estimation. It has, however, been quite clearly shown that the immune response 
to these streptococcal antigens can vary considerably in a single individual and 
consequently attempts to demonstrate a recent streptococcal infection by sero
logical methods should make use of more than one of these immune responses. 
Thus although only So% of cases of acute rheumatic fever show an A. S. O. titre 
indicative of recent streptococcal infection, 95% provide evidence of such an 
infection if the antistreptokinase titre is also measured, and if four tests are 
employed the figure rises to virtually roo% (McCarty 1952). 

PROPHYLAXIS 

The natural sequcl to the establishment of rheumatic fever as a complication of 
streptococcal infection was to attempt to prevent the former by prevention of 
the latter. The successful outcome of the many prophylactic regimes designed 
for this purpose provides further convincing evidence of the streptococcal 
nature of rheumatic fever. Prophylaxis can be aimed at the primary attack of 
rheumatic fever by the rapid termination of streptococcal infection by imme
diate short-term chemotherapy (Denny, et al 1950). It can also be aimed at the 
rheumatic recurrence by preventing casual streptococcal infection by means of 
long-term chemoprophylaxis (Kohn, Milzer & MacLean 1950). The results of 
the many studies of this kind ha ve not only confirmed the streptococcus as the 
initiating aetiological agent but have thrown sorne light on the mechanism of 
the process (see bclow). 

THE MECHANISM OF STREPTOCOCCAL 
ACTION 

DIRECT INVOLVEMENT 

Claims to have isolated streptococci from the joints, cardiac valves or other 
lesions of rheumatic fever have been made from time to time; but the more 
stringently aseptic the technique the less frequent the organisms grown. In 
what is probably the most careful study of this kind no organisms were found 
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in the val ves of eleven patients with acute rheumatic carditis although two cases 
were positive when precautions against contamination were less stringent 
(Watson, Hirst & Lancefield 1961). 

The time relationships are also against direct participation of the infecting 
organisms in the rheumatic lesions. Typically an interval of severa! days or even 
weeks separates the throat infcction from the ftrSt clinical manifestations of rheu
matic fever. If direct bacteria! participation is necessary it is difficult to under
stand the necessity for this so-called silent interlude. The alternative suggestion 
that streptococcal exotoxins are the effective pathogenic agents comparable to 
the role of diphtheria toxin in diphtheria myocarditis is also subject to the same 
criticism. 

Finally the advent of really potent antibiotics has shown that even the most 
drastic antibiotic regime is without significant effect on the course of an acute 
attack unless begun within the first few days of the initiating throat infection. 
It is extremely doubtful, however, if any prevention of snbsequent rheumatic 
fever is to be expected if antibiotic treatment is delayed beyond the sth day, and 
it is probably essential to continue for at least ID days to ensure complete eradica
tion of the infecting organisms. The information now available of the results of 
antibiotic treatment of streptococcal infections on the subsequent development 
of rheumatic fever strongly supplements the other evidence airead y presented of 
the aetiological role of ,8-haemolytic streptococci in the development of rheu
matic fever. The time relationships also indicate that the critica! phase is in the 
first few days of infection and although the eradication of the organisms is 
desirable at all stages, the process leading to rheumatic fever is irreversibly 
launched in the first 5 days. 

INDIRECT ACTION 

W e ha ve airead y seen that there is no convincing evidence that rheumatic fever 
results from the direct action of the micro-organisms on the affected tissues. On 
the contrary, all the facts point against such direct participation. There is simi
larly no evidence for direct toxic injury attributable to secretory products of the 
organisms, despite the large number ofbiologically active materials they produce 
both in vitro and in vivo. The key to the problem lies in the so-called silent 
interlude, between the upper respiratory infection and the clinical onset of the 
disease, and it is the rising titre of antibodies against various streptococcal 
products occurring during this period which draws attention to the possible 
importance of immunological processes in the pathogenesis. 

The innumerable studies of the various antibodies to streptococcal antigens 
in patients with streptococcal infections, with and without subsequent rheu
matic fever, have revealed in a remarkably consistent fashion that, as a group, 
the patients with rheumatic fever show stronger and longer lasting immune 
responses. There is, however, no sharp demarcation between the two groups 
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despite the statistically highly significant difference between them (Rantz, 
Randall & Rantz 1948; Rantz, Maroney & DiCaprio 1952). This increased 
response to streptococcal antigens is not part of a general immunological hyper
reactivity. An investigation, for example, of the antibody response to pneumo
coccal polysaccharide Type I and of delayed hypersensitivity to tuberculin after 
BCG vaccination showed no significant difference between controls and patients 
with rheumatic fever (Quinn, Seastone & Dickie 1952). This suggests that there 
is sorne special factor responsible for the characteristically raised response to 
streptococci. The best known factor leading to an increased immunological 
response is of course previous exposure to the antigen and this may well account 
for the results in rheumatic fever. Resistance to infection by [J-haemolytic 
streptococci appears to be entirely a function of the immune response to the 
type-specific M protein. Although it is therefore unlikely for reinfection to 
occur with a streptococcus of the same type, reinfections with one of the fifty or 
more other types is commonplace. Since many of the streptococcal antigens, 
apart from the M protein, are common to most of the types it is evident that the 
sort of response to these antigens seen in rheumatic fever (i.e. higher and more 
persistent titres) could well be the result of such repeated infection (Rantz, 
Maroney & DiCaprio 1950). 

If the response to streptococcal antigens released into the tissues is an essential 
part of the pathogenesis of rheumatic fcver, there are two possible sequences by 
which tissue injury could arise. The first is the formation of complexes of antigcn 
and antibody and the ensuing lcsions would be essentially those of serum 
sickness. The second is the development of auto- or cross-reacting antibodies 
which would rcsult in lesions essentially confined to the tissues in which the 
auto- or cross-reacting antigens are to be found. 

The work of Rich & Gregory (1943) in which cardiac lesions somewhat 
resembling those of acute rheumatic fcver were produced in rabbits by massive 
injections of foreign serum protcins does at least show that cardiac lesions 
approximating those of the human disease can result from a non-specific antigen
antibody reaction provided the antigen is given in sufficiently massive dosagc. In 
view of the sheer weight of antigen used in these experiments it is difficult to see 
how a similar situation could arise from a natural bacteria! infection. From the 
work of Dixon, Feldman & Vazquez. (1961), Ishizaka (1963) and others, how
ever, it is known that the pathogenicity of antigen-antibody complexes is 
largely associatcd with the soluble forms dependent upon an excess of antigen, 
and it is therefore conceivable that similar complexes could arisc even when anti
gen was limited in amount provided the antibody was similarly limited. A 
mechanism of this kind could, moreover, explain the overlap ofhyper-responders 
between the rhcumatic and non-rheumatic groups since the rheumatic lesions 
would only arise in thosc patients in which the response, whether high or low, 
was 'out of stcp' with the amount of antigen availablc. 
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Three major facts still unaccounted for by this hypothesis are the restriction of 
rheumatic fever to the post-streptococcal state, the highly characteristic Aschoff 
body and the remarkable tendency of the lesions to select the heart in con
trast to the more widespread involvement of the tissues in typical serum sickness. 
All of these could perhaps be explained if more were known of the influence of 
the antigen both on the toxicity and the si tes of predilection of antigen-antibody 
complexes. That sorne influence is exerted by the antigen was shown 20 years 
ago by Hawn & Janeway (1947) who, in experiments similar to those of Rich 
and Gregory found that with albumin as the exciting antigen an arteritis was 
the predominant lesion found, whereas with serum globulin as the antigen the 
lesions were predominantly glomerular. 

A more attractive hypothesis, since it accounts more readily for the charac
teristic localization of the lesions, is the development of auto-antibodies as a 
consequence of the initiating streptococcal infection. Here again two possibili
ties must be considered. The first envisages the genesis of autoantigenic sub
stances as a result of tissue injury, brought about by the infection. The second 
envisages the existence in sorne streptococci of antigens that cross-react with 
antigens in the patients' tissues. There is evidence in support ofboth possibilities. 

The presence of material in mammalian cardiac tissue capable of acting as an 
autoantigen was first suggested by Brockman, Brill & Frendzell ( 193 7), when they 
reported a high incidence of complement-fixing antibodies to a saline extract of 
human heart in the sera of children with rheumatic fever. It was the Caveltis, 
however, (Cavelti & Cavelti 1945) who first claimed that the significant factor 
about /1-haemolytic streptococci was their ability to react in sorne way with 
tissue antigens to render them autoantigenic. Their earlier work related to 
glomerulonephritis, but later Cavelti (1947) reported that animals immunized 
with a mixture of killed streptococci and an emulsion of homologous heart 
developed antibodies capable of reacting with extracts of autologous heart. 
Since animals injected with the heart extract alone did not produce these anti
bodies it was concluded that the effective antigen resulted from sorne interaction 
between the organisms and the organ extracts. Unfortunately attempts to 
reproduce this work ha ve failed (Peck & Thomas 1948; Middleton & Seegal 
1953). Nevertheless, it is now well established that human heart tissue does 
contain antigenic material capable of inducing autoimmunization. Humoral 
antibodies capable of reacting specifically with extracts of human heart have 
been repeatedly found in patients with the so-called post-commisurotomy syn
drome and in a number of patients following a coronary thrombosis with 
myocardial infarction. It is presumably the traumatic release into the circulation 
of antigen normally retained within the myocardial fibres that stimulates the 
immunological tissues. 

The presence of antigens in bacteria capable of cross-reacting with some 
human antigens has been known for many years. The type XIV pneumococcal 
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polysaccharide and human blood group substancc are a typical example. But 
it was only as recently as 1962 that Ka plan and Meyescrian published their work 
showing thc presencc in a Typc 5 strain of group A ,8-haemolytic streptococci 
of an antigen capable of cross-reacting with human heart tissue. This was re
vealed both by immunofluorescent staining of frcsh frozen sections of myo
cardium as well as by complement fixation. Confirmation of these results has 
been obtained by Nakhla (1965), Lyampert, Vvedenskaya & Danilova (1966), 
and by Zabriskie & Frcimcr (1966). Lyampert et al found that the cross-rcacting 
antigen in the myocardium differed with different types of streptococcus. With 
antisera to Types 5 and 29, for example, myocardial staining was sarcolemmal 
and subsarcolemmal as illustrated by Kaplan & Meyescrian (1962), but with 
Type 1 antisera staining was principally of the intercalated disks. The findings of 
Zabriskic and Freimer, although confirming the original observations con
cerning the distribution of staining, differ in somc details from those ofKaplan. 
They find a much wider distribution of the cross-reacting antigen in ,8-haemo
lytic streptococci and localize the bacteria! antigen in thc cell membrane, not the 
cell wall. Nakhla also found a wide distribution of the antigen in group 
A streptococci, being present in nine of the ten types examined, but absent in 
other gram-positive cocci with the exception of a single strain of group G strepto
coccr. 

Thc distribution of thc antigen is not confined to the myocardial fibres. All 
the investigators are agreed that a probably identical antigen is also present in 
voluntary muscle and in the smooth muscle of small artcries. In contrast to this 
fairly narrow organ or tissue specificity the antigen is apparently widely dis
tributed amongst mammalian species where, in addition to man, it has been 
reported in guinea-pig, rabbit and rat. 

It is at present impossible to assess the significance of this cross-reacting cardiac 
antigen in pathogenesis. Nakhla found no significant cardiac lesions in any ofhis 
animals, rabbits or guinea-pigs, despite the presence of thc appropriate antibody. 
Nor were lesions found in those animals in which the immunizing streptococci 
were given with Freund' s complete adjuvant intradermally to ensure the develop
ment of delaycd hypersensitivity. It appears, therefore, that something more 
than an immune reaction, whether ofhnmoral antibody or of the cell-mediated 
variety, is needed for the production of cardiac lesions by means of the cross
reacting antigen. Somewhat greater success has been achieved with immuniza
tion with cardiac tissue itself. Jaffe & Holtz (1948) reported that cardiac lesions 
obtained in rabbits by immunization with homologous heart tissue could be 
considerably enhanced by adding some foreign antigen, e.g. horse serum, to the 
immunizing injection. These more extensive lesions obviously involved the 
myocardial fibres as well as the interstitial tissue. Similar results have been 
reported by other workers (Ka plan & Craig 1963; Davies, Laufer & Gery 1964). 
In general a greater immune response is obtained with heteroimmunization and 
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both with homologous and hetcrologous antigens the incidcncc of cardiac 
lesiom is increased if complete Frcund's adjuvant is used. It must, however, be 
emphasized that none of the lesions obtained in these ways is in any way com
parable to those of the rheumatic heart cither histologica!ly or in its natural 
history. 

It is evident from the considerable literature of the subject that mammalian 
hearts contain one or more organ-specific antigens common to most if not 
all of the species studied. It is also evident that this antigcn can, in appropriate 
circumstances, stimulate the autologous production of antibodies. What is not 
evident, however, is the rclationship between the antibodies so produced and 
any cardiac lesions simultaneously observed. The absence of a direct correlation 
between antibody titre and severity oflesions weighs against any simple cause
and-effect relationship in either direction in the various experimental animals. 
There is even some suggestion that humoral antibody may exert a protective 
influence (Davies et al 1964). It is also imperative not to extrapolate from results 
with heteroimmunization to the autoallergic state. In vítro the cytotoxic effect of 
hetero-antibody contrasts sharply with the apparent innocuousness of the cor
responding auto-antibody (Gery, Davies & Ehrenfeld 1960). Nevertheless, sorne 
recent experiments from this same unit suggest that the complexities of the in 
vivo situation can entirely alter the result. They found that a relative!y non
toxic dose of isoproterenol given to rats previously immunized with rat 
cardiac antigen results in severe and extensive myocardial injury, presumably 
beca use the relatively minor damage produced by the drug pennits the access of 
the antibody to the corresponding antigenic deterrninants (Gazenfcld, 1966). 

With possibly one major exception, all the experimental attempts to produce 
rheumatic carditis in laboratory animals ha ve failed as judged by their inability 
to reproduce the Aschoff nodule, the accepted hallmark of this disease. The one 
cxccption is the work of Murphy & Swift (1949), who showed that rcpeated 
injections ofliving streptococci into the skin of rabbits conld lead to the develop
ment of a myocarditis in which the interstitiallesions were virtually indistin
guishablc from some varietics of Aschoff body. The novelty of these experi
ments undoubtedly la y in the use of a different type of group A streptococcus for 
each reinfection. This is of course essential for reinfection to occur, since 
immunity to streptococci is essentially dirccted against the M antigen, which 
differs with each type. Animals were examined after two to ten infections ovcr a 
period of 3-20 months. Nineteen of a total of fifty-four animals receiving two 
or more injections showed the myocardiallesions. This work is of exceptional 
interest, not only beca use of the histological appearance of the lesions but beca use 
the repeated injection corresponding with the suspected importance of repeated 
throat infections in man strongly supports the hypothesis that the immuno
logical response is of fundamental importance. The identification of these lesions 
with trne Aschoff bodies has been adversely criticized by many workers, 
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notably Wagner (1960) and Ehrlich (r96o), because of thc obvious involvement 
of the myocardial ftbrcs, necrotic fragments of which are a conspicuous con
stituent of the Aschoff body-like lesions. Murphy, however, has reactcd to this 
criticism by an elaborate study of the human lcsion from which he has con
cluded that, far from disproving the 'rheumatic' nature of his experimental 
lesions, thc human lesions are also primarily the result of myocardial injury 
(Murphy 1960). In view of the frequcnt occurrence in rheumatic fever of 
humoral antibodies to human myocardial ftbres (scc below) it is obvious that 
Murphy's vicws cannot be lightly set aside. 

ANTIMYOCARDIAL ANTIBODIES IN 
RHEUMA TIC FE VER 

The concept that myocardial damage in rheumatic fever is mediated by anti
bodies against myocardial antigens is supported by two pieces of cvidence; the 
presence of ftxed y-globulin in auricular biopsies of the cardiac tissues of paticnts 
dying of acute rheumatic fever, and the presence of humoral antimyocardial 
antibodies in the serum of patients with this diseasc. 

Kaplan & Dallenbach (1961), using the immunofluorescent technique, found 
fixed y-globulin in 18 out of 100 auricular biopsies on patients undergoing 
surgery for rheumatic disease of the mitral valve. The si tes of deposition wcre 
mainly sarcolemmal and subsarcolemmal, but deposits were also occasionally 
found in segments of arteries, veins and arterioles. No similar deposition of 
fibrin or albumin was found, thus excluding a non-specific deposition of vascular 
exudate. The later demonstration of the complement components f3Ic and 
j3IE in the same arcas adds further support to the specific immunological 
nature of the deposits. Evidence of injury was surprisingly slight, as shown by 
the absence of cellular reaction, but the affected sites could frequently be identi
fted by their altered histological and histochemical reactions, which were gener
ally those of so-called fibrinoid degeneration. In the five fatal cases of rheumatic 
fever included in the study by Kaplan and Dallenbach the extent of the y
globulin deposition was indeed striking. The myocardium was massively 
infiltrated and all four chambers were involved. This discovery of fixed y
globulin in the myocardium obviously led to the search for corresponding 
antibodies in the circulation and these werc soon found. Kaplan, Meyeserian & 

Kushner (r96r) reported their presence in about three-quarters of a small series 
of rheumatic fever patients but also in a number of other conditions. The most 
comprehensive study to date is that of Hess, Fink, Taranta & Ziff (1964). They 
also used the immunofluorescent method and distinguished two types of staining, 
a subsarcolemmal sometimes accompanied by intermyofibrillar staining on the 
one hand, and a diffuse form on the other. Only the former was seen with 
rheumatic sera. In 171 acute cases positive results were given by 71 (41.5/,;) but 

ce* 
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in inactive cases the incidence in 201 patients was only r6%. Only 4 positives 
were found in a miscellaneous group of 107 patients and 2 amongst 66 normal 
individuals. Amongst the acute cases the incidence of positive reactions rose to 
63% in the presence of clinical carditis. Here again, as in most other instances 
where humoral antibodies are found in association with organ lesious, it is not 
possible to say which is cause and which effect, or even if they are causally 
related. Hess et al (r964), however, point out that the antibodies in rheumatic 
fever are generally distinguishable from those found with myocardial infarction, 
the latter producing the diffuse, not the subsarcolemmal type of staining. 

Humoral antibodies reactive with extracts of human heart have also been 
demonstrated in rheumatic fever by other methods. Employing his Coombs
consumption method Steffen (1957) found a high proportion of positive sera 
from cases of acute rheumatic carditis, but positives were by no means un
common in other unrelated conditions, and the signiflcance of these observa
tious is therefore doubtful. 

The relatiouship of the anticardiac antibodies found in rheumatic fever to the 
cross-reacting streptococcal antibodies obtained from immunized rabbits has 
also been investigated by Kaplan (Kaplan & Svec 1964). Two methods were 
employed to show the cross-reactive nature of the antibodies in the patients 
with rheumatic fever. In the flrst, a precipitin line obtained on immuno
diffusion of the human sera against the streptococcal cross-reacting antigen 
was iuhibited by prcvious absorption of the serum with cardiac extract. In the 
second the positive immunofluorescent test obtained with the sera and human 
heart was completely iuhibited by previous absorption by streptococci or the 
extracted streptococcal antigen. There can therefore be little doubt that the 
antimyocardial antibodies in the sera of patients with rheumatic fever are 
the result of an immune response to a streptococcal infection. Sincc similar 
antibodies were found in seventeen of seventy-two recent cases of uncompli
cated streptococcal infection, there can be equally little doubt that for the 
development of rheumatic carditis something more is required than the presence 
of these circulating antibodies. 

GENETIC FACTORS AND SUSCEPTIBILITY 
TO RHEUMATIC FEVER 

Des pite thc widespread distribution of streptococci and frequency of streptococ
cal infections, the incidence of rheumatic fever rarely exceeds 3% even in severe 
epidemics; but individuals who havc once developed a rheumatic attack show 
a very much increased incidencc of further attacks after cach subscquent 
streptococcal infection. It seems, therefore, highly probable that the factors 
determining whether or not rheumatic fever supervenes reside in the host rather 
than in the infecting organisms. So much is generally conceded. What is still the 
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subject of controversy is how much of the host factor is cnvironmental and how 
much genetic. Severa! reports of familia! aggregation can no doubt be explained 
either on an environmental or genetic basis. The observation by St Lawrence 
(1922) that 14.8% of the members of a family exposed to one of its members 
with rheumatic fever also developed the diseasc speaks strongly in favour of a 
genetic predisposition. E ven more striking are the observations of May Wilson 
(1940) on the incidence of rheumatic fever in the children of parents, one or both 
of whom have a history of the disease. From her results she concludes that 
hereditary susceptibility is a major factor and is based on a single autosomal 
recessive gene with 68% penetrance. 

The mechanism of any genetic susceptibility is at present completely obscure. 
A possible clue has been suggested by the studies of Glynn, Glynn & Holborow 
(1956, 1959). They were impressed by the apparent association between the site 
of the initial streptococcal infection and the subsequent development of rheu
matic fever. Thus all observers are agreed that streptococcal infections other than 
those ofthe throat are rarely, if ever, followed by rheumatic fever. This suggests 
that there is something peculiar about the throat environment which is lacking 
in other common sites of infection, e.g. the skin (erysipelas) and the uterus 
(puerperal sepsis). Since many of the constituents of the throat secretions are 
under genetic control, e.g. the blood group substances, this seemed a possible 
site of operation for genetic factors influencing the incidence of rheumatic 
fever. A study of the ABO blood groups in rheumatic fever showed no signift
cant difference in their distribution from appropriately matched controls, but 
the secretion of the blood group substances in the saliva was significantly 
deftcient. Secretion can be detected by severa! methods, the simplest being the 
precipitation of Lewisa (Lea) substance by means of a speciftc rabbit antiserum. 
By this means the incidence of non-secretors amongst 611 rheumatic children 
was 27.5% compared with the incidence of 21.2% amongst 890 healthy school
children, a difference signiftcant at the 0.01 leve!. Similar results were obtained 
by, amongst others, Clarke, McConnell & Sheppard (196o) in Liverpool, and 
Buckwalter, Neifeh, Auer & Edwards (1962) in Iowa. Dublin et al (1964), how
ever, found similar results only amongst females. Taking all the published 
figures together it seems well established that rheumatic fever subjects show a 
small but significant excess of non-secretors abo ve the normal incidence. 

One interpretation of these results proposed by Glynn et al (1959) was that if 
rheumatic fever could only occur in individuals homozygous or heterozygous 
for non-secretion, then the incidence of non-secretors in rheumatic fever would 
not differ signiftcantly from the observed figure of about 29%. If this hypothesis 
were correct, then all secretors with rheumatic fever should be heterozygotes. To 
test this hypothesis it was necessary to be able to distinguish the heterozygote 
from the homozygote secretor, and this was achieved by determining the ratio 
ofLea determinants to H determinants on the salivary blood group macromole-
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culcs. The application of this test to nincty-four rheumatic fever secretors and 
ninety-eight normal secrctors showed the expected incidence of sixteen hetero
zygotes amongst the controls but only sevcn amongst the rheumatics. Whilst 
these findings make the original hypothesis untenable, is still indicates sorne 
definite protection afforded by the homozygous secretor state (Kaklamanis, 
Holborow & Glynn 1964). 

Although it is difficult to see how the non-secretor gene can affect the develop
ment of rheumatic fever, one possibility previously suggested by Glynn & 

Holborow (1952) was the conversion of salivary haptens to complete antigens 
by their absorption on to haemolytic streptococci. Reference has already been 
made to the presence of an antigen in several strains of P-haemolytic streptococci 
which cross-reacts with an antigen in human myocardium. In arder to test for 
the presence in saliva of a hapten cross-reacting with myocardium which could 
be made antigenic by absorption on to a streptococcus, it was essential to obtain a 
strain that was itselflacking such a cross-reacting antigen. A Type 24 strain ful
filled this requirement. Rabbits immunized with this strain gave no detectable 
antibody reactive with human heart. The same strain of organism, however, 
previously incubated in human saliva, stimulated the production of cross
reacting antibody detectable by immunofl.uorescence, complement fixation and 
tanned cell agglutination. All these reactions, moreover, were inhibited by pre
treatment of the serum with either saliva, heart extract or a culture of strepto
cocci known to contain the cross-reacting antigen (Nakhla 1965). 

An examination of saliva from forty normal subjects for the presence of the 
cross-reacting hapten by an inhibition test showed it to be present in all. The 
possibility that its presence would inhibit the production of the corresponding 
antibody in response to infection with a strain of streptococcus containing thc 
corresponding antigen suggested the further possibility that individuals capable 
of developing rheumatic fever rnight be lacking in this salivary constituent. 
But eight samples of saliva from children with rheumatic fever all showed the 
presence of the cross-reacting material by an inhibition test. At present, there
fore, it is impossible to assess the signific:mce of its presence in saliva or in the 
positive strains ofhaemolytic streptococci. It is nevertheless extremely unlikely 
that its presence is purely coincidental and without signiftcance in the patho
genesis of rheumatic fever or rheumatic heart disease. 
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RHEUMATOID AR THRITIS 
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lNTRODUCTION 

lNFECTIOUS AGENTS IN RHEUMATOID ARTHRITIS 

THE RHEUMATOID FACTOR 

Early methods for detection: Isolation: Antibody nature of rheumatoid 
factor: The nature of the reactant: Histochemical demonstration: The 
nature of the cross-reactivity of rheumatoid factor: Allotypes of 
human y-globulin: the Gm groups: The immunological significance 
of the Gm groups: So me alterna ti ve views on the nature of rheu
matoid factor: Diagnostic value: Pathogenic significance: Serum 
inhibitors of rheumatoid factor: Gene tic aspects: The significance of 
rheumatoid factor 

INTRODUCTION 

Rheumatoid arthritis is a systemic disease, although as the name implies the 
joints are usually most conspicuously affected. No age is exempt, but the maxi
mum incidence is in the fifth and sixth decades. W omen are far more frequently 
affected than men in the ratio of approximately four to one. 

It is highly probable that in many aetiologically distinct conditions a poly
arthritis can occur more or less closely mimicking rheumatoid arthritis, e.g. in 
systemic lupus, sarcoidosi·s, ulcerative colitis and psoriasis. It was therefore felt 
necessary, if serious investigation was to be directed towards these arthritides, 
for a more precise classification to be made so that the studies of different groups 
be more comparable. This was finally achieved by the criteria laid down by the 
American Rheumatism Association and now generally accepted (Ropes et al 
1959). Apart from classifying cases into classical, definite, probable and possible 
categories based u pon the number of diagnostic features presented, the Associa
tion drew up an important list of criteria, any one of which made untenable a 
diagnosis of rheumatoid arthritis. 

The synovialmembrane of the affected joints is usually swollen, oedematous 
and hyperaemic, but the most striking features are the dense infiltrations of 
plasma cells and the aggregations of lymphocytes into follicular structures 

848 
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sometimes complete with germinal centres (Allison & Ghormley 193 r). The 
subcutancous nodules, which develop at points of pressure or friction, are a 
characteristic feature with a histology that, apart from granuloma annulare, is 
almost pathognomonic. lnvolvement of the serous membranes is common and 
lesions in the heart and peripheral blood vessels are by no means rare. Spleno
megaly anda generalized hyperplasia oflymphoid tissue may occnr at all ages but 
is more frequent in Still' s disease, i.e. rheumatoid arthritis in patients under r6 
years of age. W eight loss, anaemia and a raised erythrocyte sedimentation rate 
are further evidence of the generalized nature of the condition. Although in 
many patients, especially those seen within I year of onset, the disease may soon 
become arrested, one of the main pathological problems it presents is its extra
ordinary chronicity with evidence of active inflammation persisting for 30 years 
or 1nore. 

A variant of the disease in which the enlargement of thc lymph nodes and 
spleen is a major clinical fcature, usually accompanied by such signs of hyper
splenism as anaemia, leucopenia and thrombocytopenia, has long been recog
nized as Felty' s syndrome. 

INFECTIOUS AGENTS IN RHEUMATOID 
ARTHRITIS 

The last 5 years ha ve seen a remarkable resurgence of the infective hypothesis of 
rheumatoid disease. This has been stimulated by several claims to have isolated 
members of the mycoplasmataceae (sometimes known as PPLO) from the 
synovia of affected joints (Bartholomew 1965; Pease 1965). These organisms are 
closely related to the L forms which various bacteria can be induced to assume, 
but difler from them in their apparent stability, i.e.lack of any evident tendency 
to revert toa bacterial form. They are extremely difficult organisms to grow, but 
can reproduce extracellularly, which distinguishes them from the viruses with 
which they otherwise have much in common. Unfortunately these organisms 
exist widely in sera and cell cultures, and none of the positive findings have 
rigidly excluded the possibility of contamination. As a group they are highly 
susceptible to antibiotics, especially the tetracyclines, and the failure of treatment 
of rheumatoid arthritis with these substances throws further doubt on their 
possible aetiological role. 

Advances in virological techniques have also stimulated further searches for 
these organisms in rheumatoid lesions, especially in cultures of synovial tissue. 
In a careful study of this kind no evidence of virus was found, either by the 
development of spontaneous degeneration even up to 5 months, or by demon
stration ofinterference with another virus such as Newcastle disease virus (Ford 
& oh 1965). 
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THE RHEUMATOID FACTOR 

With the continuing failure to implicate living organisms in thc gcnesis of 
rheumatoid arthritis, and the absence of any consistent nutritional deficiency or 
of any metabolic disturbance such as characterizcs gout, it is not surprising that 
many students of the disease continne to give serious consideration to the possible 
role of autoimmunity in its pathogenesis. This view received its principal 
stimulus when Waaler (1940) and Rose, Ragan, Pearce & Lipman (1948) fonnd 
that the sera of most of their patients with this disease could agglutinate sheep 
cells coated with a subagglutinating dose of a rabbit anti-sheep cell antiserum. 
Although at first sight this would appear to offer little tangible support to the 
'autoimmune' hypothesis the widespread study of the reaction has clearly estab
ished it as dueto an immune* reaction by the host to one or more specific deter
minants present in his own y-globulin. As this conclusion is of far-reaching sig
nificance for immunology in general, and for thc nature of rheumatoid disease 
in particular, the steps leading to this conclusion will be followed in sorne detail. 

EARLY METHODS FOR DETECTION OF 

THE RHEUMATOID FACTOR 

A property of the rheumatoid factor (RF) frequently quoted as evidence against 
its being an antibody is its wide species specificity. This soon became apparent 
owing to the numerous efforts to improve upon the results obtainable by the 
original \Vaaler-Rose test. As a result of such experiments it was established that 
the role of the sheep cells could be taken by other cells, e.g. human (Greenbury 
1956), and that immune y-globulin of a variety of species could take the place of 
the rabbit globulin used in the original test. Thus, Foz, Batalla & Arcalis (1953) 
fmmd that positive results could be readily obtained if a guinea-pig anti
sheep cell serum were used in place of rabbit amboceptor, and Hobson & 

Gorrill (1952) were equally successfulusing an anti-sheep cell serum prepared in 
the horse. Of even greater interest was the discovery that human antisera could 
be used for sensitization: Foz & Batalla (1956) used Brucella coated with an in
complete agglutinin of human origin and Waller & Vaughan (1956) human 
group O Rh D + cells treated with incomplete anti-D antisera. Furthermore, 
Lamont-Havers (1955) showed that the high titre agglutination of streptococci 
by rheumatoid sera was due to the action of the RF u pon the organisms sensi
tized by low titre anti-streptococcal agglutinins present in most human sera. 
Still other modifications showed that the relationship of the sensitizing protein 
to the sensitized particle need not be that of antibody to antigen. Jacobson et al 
(1956) had devised an extremely satisfactory test using tanned sheep cells coated 
with human y-globulin (Cohn's Fraction II) and in the same year Plotz & 

Singer published their results using particles of polystyrene latex pretreated 
* Se. allergic: Eds. 
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with human Cohn Fraction II as the test substrate (Singer & Plotz 1956; Plotz 
& Singer 1956). 

A consideration of these various test procedures developed since the intro
duction of the Waaler-Rose test shows that they all depend for their success u pon 
the presence in rheumatoid sera of a factor or factors capablc of reacting with 
y-globulins from various species, including man. It is therefore conceivable that a 
similar interaction between rheumatoid factor and reactant y-globulin might 
occur in vivo and the precipita te observable in many rheumatoid sera on standing 
or dilution certainly supports this possibility. The study of the precipitin reaction 
between rheumatoid sera and human F II, as first undertaken by Epstein, 
Johnson & Ragan (1956), provided evidence to support the view that the 
reaction was that of an antigen with its antibody, the F II providing the antigen. 
Different batches of F II differed widely in their ability to precipitate with 
rheumatoid sera, and the subsequent demonstration that mild heat, e.g. 63°C for 
30 min, or previous exposure to an acid pH considerably increases the precipit
able fraction suggests that sorne alteration from the native state of the y-globulin 
is necessary before it can react with the rheumatoid factor (Edelman, Kunkel & 

Franklin 1958). 

lSOLATION OF THE RHEUMATOID fACTOR 

Two main lines have been followed for the isolation of the rheumatoid factor 
itself; column chromatography and ultracentrifugation. LoSpalluto & Ziff 
(1956), by means of column chromatography on DEAE cellulose, achieved a 500-
fold concentration of the factor which on electrophoresis revealed only two 
components, both in the y-region. Analytical ultracentrifugation of high titre 
rheumatoid sera by Franklin et al (1957) revealed an 'unusual protein component 
ofhigh molecular weight' with a sedimentation coefficient of 22S, which con
tained virtually the whole of the RF activity. Similar work by Svartz et al ( 195 8) 
isolated a heavy protein component with a sedimentation coefficient of 19S, in 
which again the RF activity was concentrated. This discrepancy in the sedimenta
tion coefficients has now becn resolved and is due to the existence in vivo of a 
combination of thc RF with a sedimentation coefficient of 19S with severa! 
molecules of low molecular weight y-globulin (sedimentation coefficient of 7), 
the sedimentation coefficient of the complex being 22S. Presumably in the 
technique used by Svartz et al this complex becomes dissociated. Electrophoreti
cally the 19S protein has the mobility of a fast y-globulin and has been shown by 
Edelman et al ( 195 8) to contain 10/,; of polysaccharide. The molecule is composed 
of sub-units, each with a sedimentation coefficient of 7S, apparently held to
gether by disulphide bonds, since it is readily dissociated into these units by 
reagents such as mercaptoethanol. Earlier work showed an irreversible loss of 
antibody as a result of this treatment but more recently Schrohenloher, Kunkel 
& Tomasi (1964) have shown that this was dueto exccssive reduction leading to 
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inactivation of the active centres and possibly to the presence of inactive 19S 
molecules in the original preparation whose fragments would then interfere, 
by random linkage, with the reunion of the potentially active fragments. 

THE ANTIBODY NATURE OF RHEUMATOID 

fACTOR 

The view that the rheumatoid factor is an antibody against y-globulin has re
ceived widespread but by no means universal acceptance. Aho (196r) quotes six 
arguments that have been advanced against the antibody hypothesis. These are 
given here together with the counter arguments that have been produced to 
rebut them: 

r. Apart from the easily dissociated 22S complex referred to abo ve it has proved 
difficult to demonstrate a reaction between the factor and unaltered y-globulin. 
This is not evidence against the antibody nature of the RF but merely casts doubt 
upon the role of unaltered y-globulin as the antigen. 
2. RF reacts with induced antibodies but not with naturally occurring ones. This 
is almost certainly because most naturally occurring antibodies, e.g. the ABO 
agglutinins, are r9S y-globulins whereas the RF reactant is associated with the 7S 
y-globulin. 
3· Low titre agglutination is often found with normal sera. There is little evi
dence that this is mediated by the same mechanism as is responsible for the high 
titre reactions of rheumatoid sera. 
4· The serological reactions only become positive late in the disease. Although 
this was stressed in many of the early reports, it has more recently bcen found 
(De Forest, Mucci & Boisvert 1958; Wager & Lehtinen r96r) that the appear
ance of the RF in the circulation is an early and not a late phenomenon, and may 
even precede overt disease by many years. 
5· The quantitative relationship between the reactant y-globulin and the RF as 
expressed in a standard precipitation curve differs significantly from that of a 
typica! antigen-antibody reaction; the difference is seen especially in the region 
of antigen excess where in the typical curve the amount of precipitate falls 
owing to its solubility in exccss of antigen. Glynn & Holborow (1960) havc, 
howcver, pointed out that such solubility in excess of antigen is notan invariable 
character of immune precipitin reactions and that it could be expected to be 
absent if the antigen were already denatured. 
6. Intravenously injected human F II is not eliminated more rapidly from 
paticnts with rheumatoid factor than from controls. But Vaughan, Armato, 
Goldthwaitc, Brachman, Favour & Bayles (r955) found in a similar experiment 
that the half-life of injected y-globulin was about 25/;; less in thcir rheumatoid 
subjects than in their controls. 
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THE NATURE OF THE RHEUMAT01D fACTOR 

REACTANT 

Edelman et al (1958) in an extensive study of the precipitation of human y
globulín by rheumatoid sera used severa! methods to aggregate the y-globulin 
prior to its interaction with RF. These included heating at 62-65°C for 30 min 
and treatment with urea, with or without mercaptoethanol, and the formation 
of antigen-antibody complexes in solution in antigen excess. Since all these 
methods of aggregation yield a product precipitable by the FF Edelman et al 
inclined to the view that the aggregation is merely responsible for rendering 
visible the reaction between the factor and y-globulin and not that it is necessary 
to unmask groups normally inaccessible in the native state. Presumably they 
regarded the existence of the 22S complexes as further evidence in favour of the 
former view. But in 1957 Glynn, Holborow & Johnson found that the sera of 
rabbits immunized with rabbit red cells coated with horse or sheep serum were 
able to agglutinate human group O D-positive cells, sensitized with incomplete 
anti-D serum to titres of over rooo despite insignificant cross-reactions in 
precipítin tests. On the basis of this observation they suggested that severa! 
mammalian y-globulins have specific groups in common but that they only be
come revealed when the molecule is unfolded in various denaturing processes. 
They further suggested that the various properties of the RF as known at that 
time could be most simply explained on the hypothesis that it was an antibody 
directed against one or more of these common groups. At about the same time 
Milgrom, Dubiski & W ozniczko ( 19 56) had described the existence of human 
sera capable of agglutinating human group O D-positive red cells sensitized with 
incomplete anti-D, even in the presence of free human y-globulin. From this 
latter property they concluded that the specificity of such sera was directed 
exclusivcly against the groups exposed in the y-globulin constituting the in
complete anti-D antibody as a result of its interaction with its antigen on the red 
cell surface. Such sera were described by them as containing 'anti-antibody'. 

Further evidence is now available to support the view that the RF is specífically 
directed against groups in human y-globulin molecules that are inaccessible in 
their native state. One of the strongest arguments against this interpretation was 
afforded by the exístence in vivo of the 22S complex of RF and presumably 
native, 7S y-globulin as originally described by Edelman et al (1958). That this 
interaction between the RF and native 7S y-globulin differs essentially from its 
reaction with aggregated y-globulin is now strongly suggested by two observa
tions. Firstly, líttle difference was detectable between the isolated 19S rheuma
toid factor and the native complexed factor in their ability to precipitate 
aggregated y-globulín. Secondly, with the native complex the 7S component 
of the complex is carried down in the precipitate, thus indícating that the groups 
of the RF responsible for the precipitation of the aggregated globulin are distinct 
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from those responsible for the combination with the 7S globulin (Edelman et al 
1958). Christian (1959), however, found on the contrary that when the 22S 
complex was precipitated with increasing amounts of aggregated y-globulin the 
7S component of the complex was progressively displaced by the aggregate. 
This result would be expected if the union betwecn the factor and the reactive 
site on the aggregate was stronger than the union between the factor and the 
sites on the native y-globulin, but might equally result if the combining sites 
were the same and the equilibrium displaced in favour of the aggregate because 
precipitation removed the aggregate from solution. 

According to this latter interpretation there is no need to postulatc that the 
reactive groups of the aggregate differ in any way from those on the native y
globulin. But observations on the nature of the reactant in the Heller F II test 
and in the latex test of Singer and Plotz are incompatible with this view. It has 
been known since the introduction of the Heller test that samples of human 
Fraction II (F II) differ considerably in their suitability for use in this test and it 
has now been established that it is the presence of aggregates in the F II sample 
that is essential (Oreskes, Singer & Plotz 1961). It is therefore evident that the 
tanning procedure is not itself adequate to induce a sufficient degree of aggrega
tion. Since the cells coated with unsuitable samples ofF II are readily agglutin
ated by a Coombs serum, failure of agglutination by rheumatoid sera cannot be 
dueto absence of the y-globulin from the cell surface, but most probably to the 
inaccessibility of the appropriate reactant groups. Studies on the latex test lead 
to a similar conclusion. Samples ofF II do not differ significantly in their suit
ability for coating the latex particles. This implies that if the reactant groups are 
not accessible in the native state of the F II they must become so as a result of 
adsorption on to the particle surface. That this is indeed so is shown by the 
inability of free F II to inhibit the test whereas the heat-aggregated material is 
strongly inhibitory (Singer et al 1960). The only justifiable inference from these 
many observations is that the rheumatoid factor is specifically reactive with 
groups common to many mammalian species of y-globulin but which are not 
easily accessible to it in their completely native state. Since free rabbit y
globulin can inhibit the Rose-Waaler reaction, but free undenatured human y
globulin cannot, it suggests that the reactive groups are more accessible in the 
heterospecific than in the homospecific protein. 

Further work by Singer's group (Oreskes, Singer & Plotz 1963) has clearly 
differentiated the significance of denaturation from aggregation. Thus fourteen 
commercial preparations of human y-globulin varied widely in their ability 
either to sensitize tanned red cells, to inhibit their agglutination by rheumatoid 
sera or to precipitare with it; but although in any one preparation these three 
properties showed excellent correlation, there was little between them on the 
one hand and the amount of aggregated globulin present on the other. Moreover, 
denaturation without aggregation, e.g. by treatment with alkali or urea, gave a 
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product suitable for detection of RF activity. They therefore conclude that 
denaturation is an cssential prerequisite for convcrting pooled human y
globulin into a reactant for rheumatoid factor and that aggregation merely 
serves to enhance the reactivity so produced. 

HISTOCHEMICAL DEMONSTRATION OF 

RHEUMATOID fACTOR 

Indirect evidence strongly supporting the antibody naturc of RF has been pro
vided by the histo-immunological studies of Mellors and his collaborators 
(Mellors et al 1959, 1961). Heat-aggregated human y-globulin cot~ugated with 
fluorescein isothiocyanate was used as the histochemical reagent in the earlier 
work, but later a fluorescein conjugated antigen-antibody complex was also 
used. This complex consisted of egg albumin-rabbit anti-egg albumin dissolved 
in excess of the antigen. With these reagents staining indica ti ve of the presence 
of the RF was clearly obtained in the synovial membrane, lymph nodes and 
subcutaneous nodules of rheumatoid arthritis. In all three situations it was the 
plasma cells that stained; in the lymph no des staining was also found in about 
ro/;; of the germinal centres. Since the work of Fagraeus (1948), the plasma cell 
has become increasingly accepted as the site of antibody production and the 
participation of cells in the germinal centres has becn clearly demonstrated more 
recently by White (1960). Partial conftrmation that the cell-staining by Mellors' 
reagents was indecd due to the RF was obtained by showing that these same cells 
were íncluded amongst those stained by a fluorcscent antibody specific for 19S 
y-globulin, although they constituted only a small proportíon of all the cells 
contaíníng thís globulin. Staíning with the heat-aggregated y-globulin was con
sistently stronger than with the antigen-rabbit antibody complex. Moreover, 
inhibition by pretreatment wíth the non-fluorescent reagents was complete with 
the aggregated y-globulin but only partial with the immune complex, a finding 
that agrees well with other work suggesting the presence of two factors, one 
speciftc for human y-globulin, the other cross-reactíng also with that of other 
animals. Amongst a large variety of control sections positive staining was found 
only once, in a case of Waldenstrom's macroglobulinaemia. It is of consider
able interest that positive staining in this case was only obtained with the 
aggregated y-globulin and not with the rabbit antibody-antigen complex, thus 
emphasizing once again that it is the species cross-reactivity of the rheumatoid 
factor that is the diagnostic feature for rheumatoid arthritis (cf. the latex test). 

A study by Bonomo (1965) of the distribution of the RF in various tissues of 
patients with the factor in their ~erum showed a remarkable concentration of 
RF-positive cells in the main affcctcd tissues, e.g. in the lymph nodes in Hodgkins 
discase, the bone marrow in macroglobulinaemia, the liver in hepatitis, the 
sputum in chronic bronchitis, and the synovial tissue in rheumatoid arthritis. He 
concluded that in all these instances the production of the RF was a response to 
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local antigenic stimulation, presumably in the form of appropriately denatured 
IgG. 

Tru NATURE OF THE CRoss-REACTIVITY 

OF RHEUMATOID fACTOR 

If the RF is an antibody then presumably the specific antigen responsible for its 
production is appropriately altered human y-globulin and its ability to react with 
altered y-globulins of other specics is an example of cross-reactivity, a common 
phenomenon in immunology. The experimental results of Aho (rg6r) afford 
strong supporting evidence. Thus, he was not only able to confmn the results of 
Vaughan (1956) that immunc precipitates of egg albumin-rabbit anti-egg 
albumin senun can absorb the factor responsible for the sensitized sheep cell 
test, but that they leave the titre against F II-coated latex particles almost un
affected. Nevertheless, eluates from the immune precipitates used in these 
absorption experiments were not only capable of agglutinating scnsitized sheep 
cells to high titre but gave signi6cant titres in the latex test; 2560 and 10,240 
respectivcly. Like other cross-reacting antibodies therefore the RF can be frac
tionated by appropriate absorption and elution into specific and cross-reacting 
moieties. Further confirmation of the antibody nature of RF is provided by 
Aho's observations that as with other antibodies its cross-reactivity is an expres
sion of its avidity. Thus all the RF activity eluted from immune precipita te made 
with a human antiserum and treated with a large excess ofhigh-titre rheumatoid 
serum was absorbable by a rabbit immune precipitate and vice versa, a 6nding 
in marked contrast to the factor in whole serum or in eluates made from precipi
ta tes treated with only small amounts of RF. The greater avidity of the factor for 
human than for rabbit y-globulin is also clearly shown by the effect of tempera
ture on the corresponding rcactions: at 45°C the agglutination of cells sensitizcd 
with rabbit amboceptor is completely inhibited whilst that of cells sensitized 
with human sera is virtually unaffected (Aho rg6r). 

It has been suggested by both Mellors et al (rg6r), and Milgrom, Witebsky, 
Goldstein & Loza (r962) that some of the RF molecules react with rabbit y
globulin but not with human y-globulin. This would of course throw sorne 
doubt upon the autoimmune nature of the RF. It should, however, be remem
bered that Milgrom & Witebsky (rg6o) ha ve also shown that the serum of rabbits 
immunized with their own y-globulin reacts far more intensely with human 
y-globulin than with the immunizing antigen itself. It is thus apparent that y
globulin is a somewhat unusual antigen and raises the intcresting question of the 
possible existence of specificinterfering groups ~s well as speci6cally reactive ones. 

ALLOTYPES OF HUMAN y-GLOBULIN: 

THE GM GROUPS 

The use ofhuman group O D+ cells sensitized with human incomplete anti-D 
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sera as a test for RF was introduced by Waller & Vaughan (1956). Not all anti-D 
sera are suitable; some will only detect a small percentage of rheumatoid sera, 
but others are able to dctect as high a proportion as sheep cells sensitized with 
rabbit amboceptor. Anti-D sera of this latter reactivity are referred to by 
Harboe (1960) as diagnostic anti-D sera. As judged by the variety of absorption 
and elution tests pcrformed by Aho (r96r) the configuration of the y-globulin 
molecules of these diagnostic anti-0 sera when on the red cells approximates to 
that of the F II molecules on latex particles or when tanned on to sheep cells for 
the Heller test; and those components of the RF capable of reacting with them 
show similar cross-reactivity with rabbit y-globulin, as in the Rose-Waaler test. 
For example, if a rheumatoid serum rich in RF be absorbed with an albumin 
rabbit-anti-egg albumin precipitare the eluate will not only give a high reading 
in the Rose-Waaler test but give comparable figures with human O D + cells 
sensitized with such a 'diagnostic' anti-D serum. Incomplete anti-D sera of this 
type are not common; the majority of incomplete anti-D sera are of the kind 
that are only able to react with a small proportion of rheumatoid sera. This is, 
however, a remarkable phenomenon as it demonstrates the capacity of some 
rheumatoid sera to distinguish between the y-globulins of certain other human 
individuals. 

The whole question of immunological differences between homologous 
serum proteins of members of the same species, so-called allotypes (Oudin 
1960), has been illumincd by this differentiating capacity of certain rheumatoid 
sera. This capacity was first clearly demonstrated by Grnbb & Laurell (r956) and 
led to their discovery of the Gm groups or allotypes ofhuman y-globulin. They 
found that with some incomplete anti-D sera and certain rheumatoid sera the 
agglutination of the sensitized red cells could be inhibited by some normal 
human sera, but not by others. The normal sera with this inhibitory capacity 
were designated Gm(a+) and those lacking it Gm(a- ). They further established 
that this cbaracter is an attribute of the y-globulin and that it is genetically deter
mined by a single dominant autosomal gene. Amongst Europeans about óo/;; 
are Gm(a +) and 40/;; Gm(a- ). Severa! similar genetically determined attributes 
of human y-globulin ha ve since been discovered by the use of combinations of 
appropriate rheumatoid or other sera and appropriate incomplete anti-D sera. 
These include the factors Gm(b), Gm(x), Gm-like and in accordance with the 
terminology nsed originally by Grubb & Laurell the rheumatoid sera used for 
their detection are described as anti-Gm(a), anti-Gm(b), anti-Gm(x), etc. 

This terminology is that usually applied to antibodies and it has been tacitly 
assumed by almost all workers in this field that these anti-Gm sera do indeed con
rain antibodies specifically directed against a corresponding Gm antigen. Much 
evidence exists in harmony with this view. Thus Laurell & Grubb (r958) havc 
reported that of twenty-one rheumatoid sera examined the eight that agglutin
ated the coated Rh-positive cells were derived from Gm(a-) individuals, 
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whilst the thirteen sera from Gm(a +) patients failcd to agglutinate similarly 
coated cells. Converse! y Harboe (r96o) has found by Gm typing of incomplete 
anti-D sera that all those used for detecting Gm(a) are themselves Gm(a+ ), 
those for detecting Gm(b) are Gm(b +) and thosc for dctecting Gm( x) are 
Gm( x + ). Fudenberg & Kunkel (r96r) have gone evcn further and have iso
lated the 7S y-globulin from a number of rheumatoid sera used for Gm typing 
and found that in the four sera used for Gm(a) typing the isolated 7S y-globulin 
was of the phenotype Gm(a- b+ ), in the one serum used for Gm(b) typing the 
phenotype was Gm( a+ b-), and in two sera u sed for Gm( x) typing the pheno
type was Gm(a+ b+ x- ). It would therefore appcar that with those reagents 
suitable for Gm typing the rheumatoid serum must lack the factor being songht 
and the incomplete anti-D serum must possess it. If therefore the rheumatoid 
sera used for detecting Gm groups react by virtue of specific anti-Gm antibodics, 
at least these components of the sera must be regarded as iso-antibodies not 
auto-antibodies. Grubb himself (Grubb 1958), however, was reluctant to 
regard them as antibodies because anti-Gm titres could not be increased by 
injections of y-globulin of the appropriate Gm group, nor was the catabolism of 
such y-globulin increased by the presence of the corresponding anti-Gm factor. 

Whether the anti-Gm factors are antibodies or not, absorption experiments 
with non-human serum proteins show that unlike other reactive components of 
rheumatoid sera their spccificity is entirely species specific. Thus absorption of an 
anti-Gm rheumatoid scrum by an egg albumin-rabbit anti-egg albumin 
precipita te does not significan ti y reduce the anti-Gm titre, and the eluate of such 
a precipita te although possessing considerable activity in the Rose-Waaler or 
latex tests is without significant anti-Gm activity. The same serum absorbed 
with a human immune precipitare loses all its anti-Gm activity which can, how
ever, be subsequently eluted with the other RF activities (Aho 196r). 

THE lMMUNOLOGICAL SIGNIFICANCE OF THE 

GM GROUPS 

Although the anti-Gm activities of rheumatoid sera are by definition Gm 
specific, this only applies to their reactions with native human sera or in
complete anti-D sera on appropriate red cells. Any human serum y-globulin 
when heat aggregated or as an immune precipitare with its antigen can inhibit 
the specific anti-Gm effect of a rheumatoid serum, a finding difficult to reconcile 
with specific antigenicity of the Gm groups. Such a finding would be expected 
if the specific anti-Gm activity were carried on the same molecules that react 
with the y-globulin in the immune precipitare. Antibodies, however, are 
invariably regarded as monospecific; bispecific antibodies are entities whose 
existence runs counter to general immunological expcrience. If, morcover, the 
loss of anti-Gm activity brought about non-specifically by absorption with 
human y-globulin, either as a heat aggregate or an immune precipitare, were 
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attributable to such bispecific antibodies a similar loss of activity should be 
obtainable with aggregated rabbit y-globulin. An alternative explanation of this 
phenomenon would be to regard all rheumatoid anti-Gm sera as directed against 
a single specifically human reactant group common to all human serum y
globulin. The Gm phenomenon could then be attributed to a mutual inter
ference between the RF and this specific human reactant if both proteins were 
obtained from individuals of the same Gm group. On this hypothesis the Gm 
group has the properties of a self marker, which is readily obliterated by the 
configurational changes undergone on heat aggregation or immune precipita
tion. On this hypothesis the specificity of the Gm groups is not itself an antigenic 
specificity anda rheumatoid anti-Gm serum has no specific anti-Gm antibody, as 
Grubb himself suspected in 1958. 

Although the evidence therefore suggests that the rheumatoid anti-Gm 
reagents are not antibodies directed specifically against the Gm deterrninants, 
true anti-Gm reagents have been described in some non-rheumatoid sera 
obtained from patients after multiple blood transfusions. These have been desig
nated SNagg sera (Steinberg, 1962) in contrast to the RAgg sera obtained from 
rheumatoid patients; and in contrast to the latter, SNagg sera are not inhibited 
non-specifically byimmune precipita tes or heataggregates ofhuman 7S antibodies. 

W e ha ve already referred to the existen ce of sorne anti-D sera which, when 
coated u pon appropriate red cells, react with rheumatoid sera irrespective of their 
Gm group. This could arise either because such so-called diagnostic anti-D sera 
possess all varicties of Gm determinants, or, according to our hypothesis, if the 
reaction between such anti-D sera and the red cells is unusual and results in the 
removal of the interfering Gm determinants. Study of such diagnostic anti-D 
sera has eliminated the first alternative; the demonstration that red cells treated 
with such antisera fix complement (Waller & Lawler 1962) strongly supports 
the second as it implies a configurational change not usually undergone by anti
bodies of the incomplete type. 

The ability of rheumatoid sera to react specifically only with those Gm 
detenninants absent from the individual's own y-globulin has been regarded by 
Fudenberg & Ktmkel (1961) as evidence against the autoimmune nature of 
rheumatoid factors in general. If our interpretation, however, is correct, the 
specific determinants against which the rheumatoid factors are directed are 
common to all human 7S y-globulins although access to these determinants may 
be more or less concealed in the native state of the molecules. With the deter
minants responsible for the Rose-Waaler reaction considerable unfolding of the 
native molecule is necessary for their exposure, but those responsible for the 
apparent Gm reactions are accessible even in the native state, provided there is no 
steric hindrance from the adjacent Gm determinants. If this be so then the 
objection ofFudenberg & Kunkel to the autoimmune nature of the rheumatoid 
anti-Gm reagents falls to the ground. 
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A virtually identical interpretation of the nature of the rheumatoid anti-Gm 
was recently put forward by \Villiams & Kunkel (1965) who then concluded
' ... little evidence now remains that can be cited against the concept of im
munization by some fonn of autologous y-globulin leading to the production 
of the wide assortment of anti-y-globulins found in the sera of patients with 
rheumatoid arthritis'. 

Serum globulins reacting with various determinant groups on IgG are not the 
only auto-antibodies found in rheumatoid arthritis. A significant number of 
these patients possess antinuclear factors as shown by the L.E. cell test and by 
immunof!uorescent staining of nuclei in tissue sections. Here again the reactivity 
is not directed against a single nuclear component but may include DNA, DNA 
protein, nuclear histone or other proteins of the nucleoplasm. 

It is difficult to determine the incidence of these various factors since the 
published figures show the most remarkable variations from 14 to so~,-;;. It is 
most probable that technical differences are mainly responsible for the dis
crepancies between different investigators. 

The presence oÍ a positive test for LE cells or for other antinuclcar factors 
inevitably raises the question of systemic lupus as the underlying disease. Close 
attention to the clinical manifestations has, however, clearly shown that the 
great majority of rheumatoid patients with antinuclear factors are not suffering 
from SLE. They do, however, tend to show a much higher incidence of the extra
arthritic manifestations such as arteritis, peripheral neuritis and pulmonary 
lesions. 

SOME ALTERNATIVE VIEWS ON THE NATURE 
OF THE RHEUMATOID fACTOR 

Not all investigators of the RF regard it as an antibody. Wager (1950), for 
example, originally regarded it as a non-specific potentiator of agglutination 
comparable in its action to that of albumin in the agglutination of red cells by 
incomplete Rh antibodies. In the light of the many investigations already dis
cusscd this interpretation is clearly untenable. In view of the reactivity of RF 
with antigen-antibody complexes a relationship between it and complement 
appeared not improbable despite its stability at temperatures used for com
plement inactivation. Hobson & Gorrill (1952) even claimed to have identified 
the factor with the fourth component of complement. The careful study of 
Laurell & Grubb (1958), however, revealed no significant difference between 
rheumatoid sera with positive Rose-W aaler tests and normal sera in the titres of 
complement or its individual components. 

Nanna Svartz has for severa! years supported an entirely different origin for 
the RF. In 1955 shc reported (Svartz & Schlossmann 1955) that a similar factor 
could be obtained in I'Ítro by the growth on media containing bovine or human 
collagen of organisms obtained from the throats of patients with rheumatoid 
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arthritis. More rccently she has claimed (Svartz 1960) that thc organisms 
responsible, group B strcptococci (Str. agalacteae), are capable of inducing a 
chronic arthritis in rabbits, rats and pigs, and that in many of these animals a 
globulin fraction can be obtained by cold precipitation that is capable of giving 
a positive Rose-Waaler test. Its relationship to the RF of man is further suggested 
by its sedimentation coefficient of 18. Confi.rmation of these fmdings from other 
la boratories is still awaited. 

THE DIAGNOSTIC VALUE OF RHEUMATOID 

fACTOR 

A question of considerable practica! importance is the diagnostic accuracy of thc 
RF as assessed by the incidence of false negatives, and its presence in conditions 
unrelated to rheumatoid disease, i.e. the incidence of false positives. Positive 
fmdings in RA have varied in different studies from 35% (Waaler 1940) to over 
90~,-;; (Ziff et al 1956). Increasing sensitivity as would be expected is associated 
with a raised incidence of false positive reactions. Despite this there is general 
agreement that a test of average sensitivity will detect 70-80% of patients with 
rheumatoid arthritis and give positive reactions in only sorne 2-5% of non
rheumatoid subjects. Within the group of connective tissue diseases negative 
results are consistently found in ankylosing spondylitis, psoriatic arthritis and in 
the arthritis associated with ulcerative colitis. In patients with systemic lupus 
erythematosus thc incidence of RF is about one-third that in rheumatoid 
arthritis. In juvenil e rheumatoid arthritis results ha ve been most conflicting but 
it has been claimed that even in children in whom the serum factor is not 
detected its presence can be revealed histochemically in plasma cells (Mellors et 
al 1961). 

Conceming the relative merits of the different typcs of test, those making use 
of human y-globulin as the reactant, notably the latex test, are less specifi.c for 
rheumatoid arthritis than those in which rabbit y-globulin is used, as in the 
original Rose-W aaler test. Thc reason for this paradoxical beha viour of what is 
widely regarded as an auto-antibody to human y-globulin is probably to be 
found in the relationship between avidity and cross-reactivity (Aho 1961). 
Apparently it is mainly in the rheumatoid diseases that the antibody to human 
y-globulin is sufficiently avid to cross-react signifi.cantly with the y-globulins of 
other species. In syphilis (Peltier & Christian 1959), sarcoidosis (Kunkel, Simon 
& Fudenberg 195 8), and severa! virus diseases, e.g. hepatitis (Dresner & Trombley 
1959), in which positive tests with latex particles are common the avidity is low 
and the cross-reactivity insufficient for the agglutination of sheep cells sensitized 
with rabbit antibody. 

There are nevertheless sorne rare rheumatoid sera that react with rabbit y
globulin although failing to react with the human equivalent. This type of 
reaction is difficult to explain on classical immunological theory but it could 



862 CLINICAL ASPECTS OF IMMUNOLOGY 

arise if specific inhibitory groups are present as already suggested in our dis
cussion of the Gm allotypes. According to such a hypothesis the reacting deter
minants on the rabbit y-globulin are also present on human y-globulin but the 
failure to obtain a demonstrable reaction with these rheumatoid sera is due to 
mutually interfering specifically human groups on the rheumatoid factor and 
the human y-globulin reactant. Whereas with most rheumatoid sera such 
mutual interference is avoided by mild denaturation of the y-globulin reactant, 
with those reacting with rabbit but not with human y-globulin the mild dcnat
uration associated for example with adsorption to a latcx particle is prcsumably 
insufficient. 

THE PATHOGENIC SIGNIFICANCE OF RHEUMATOID 

FACTOR 

Attempts to implicate the RF in the pathogenesis of the disease have met with 
little success. The only well-established clinical correlation is that between the 
presence of the factor and the presence of subcutaneous nodules (Ball 1952). 

Duthie et al (1957) have found, however, that the prognosis is far better in those 
patients without the RF than in those in whom it is present when flfSt examined. 
Attempts to influence the clinical picture by the transfusion of high-titre 
rheumatoid sera into other rheumatoid patients failed to reveal any obvious 
effect of the factor (Vaughan & Harris 1959): nor could any amclioration of 
symptoms be induced by thc transfusion of concentrates of inhibitors (Ziff et al 
1956). 

SERUM lNHIBITORS OF RHEUMATOID 

FACTOR 

Much study has been devoted to the nature of the serum factors capable of 
inhibiting the Rose-Waaler reaction since Ziff et al (1956) claimed that the absence 
ofinhibitor from the euglobulin fraction was a more sensitive test for rheumatoid 
arthritis than the presence of the RF. From that study the authors attributed the 
failure of so me 20-30% of rheumatoid arthritics to give a positive Rose-Waaler 
reaction to the presence in their serum of a factor responsible for inhibiting the 
rheumatoid factor. 

Separation of these two components was effected by dialysis of the serum 
against a phosphate buffer at pH 6, the agglutinator being precipitated with the 
euglobulin, the inhibitor remaining in solution. By this means the presence of 
the RF was detected in 90% of rheumatoid subjects and in only 2-7% of controls. 
Examination of the euglobulin precipita te for its inhibitory activity revealed an 
even more striking difference between the rheumatoid and non-rheumatoid 
populations; it was present in 96% of the latter and absent from roo% of the 
former. Unfortunately in other hands this inhibitor test has given an excessive 
proportion of false positive results (Clark 1957). Dresner & Trombley (1959), 



RHEUMATOID ARTHRITIS 863 

however, have claimed that for the latex agglutination test the absence of 
inhibitor is with few exceptions diagnostic of rheumatoid arthritis and that the 
exceptions themselves fall into a few easily recognized nosological entities such 
as syphilis or recent virus infections. 

The euglobulin of normal subjects has been subjected to ultra-centrifugation 
in a density gradicnt in an attempt to separate the inhibitor for further study 
(Franklin 1960). Three fractions were obtained, 7S, 19S and aggregates ofhigher 
sedimentation rate. Since a11 three fractions possessed inhibitory activity it is 
apparent that, at least as far as thc 7S fraction is concerned, ability to react 
sufficiently firmly with the factor to inhibit it can occur without previous 
aggregation of the inhibiting globulin. It would seem reasonable to conclude 
that human y-globulin in the form in which it is capable of precipitating with 
RF would also inhibit íts agglutínating activitíes, and inhibitory actívity in the 
y-fraction ofhuman serum is no doubt largely due to free reactant. It is less easy 
to account for the much stronger inhibitor found by Rantz, Randal1 & Kettner 
(1959) in the rx- and /3-globulin but at present there is no indicatíon asto whether 
this inhibition is of the specific or non-specific kind. 

The widespread interest in inhibitors of the RF has a dual origin, firstly for the 
light thcy might throw on the nature of the reactant, and secondly for any 
therapeutic action they míght possess assuming that the factor is itself harmful. 
Vaughan (1959) has, however, justifiably emphasized that 'although it is true 
that the chemical nature of substances inhibiting rheumatoid agglutination 
reactions may give accurate information as to the stereo-chemical nature of the 
configuration for which the rheumatoid factor has primary specificity, this is 
true only if all possible non-steric factors can be reasonably ruled out'. Failure to 
observe a simultaneous change in pH, for example, led to the claims that the 
agglutination reactions were specifica1ly inhibitable by relatively simple 
chemical compounds such as glycyl-glycine (Williams et al 1956) or sulphon
amides {Svartz & Schlossmann 1956). 

GENETIC AsPECTS OF THE RHEUMATOID 

fACTOR 

The RF, apart from its undoubted importance in drawing attention to the 
possible role of autoimmuníty in the pathogenesis of rheumatoid arthritis, has 
proved an invaluable too! for the study of the role of genetíc factors in this disease. 
Thus Ziff et al (1958) fmmd a significantly higher incidence of the RF in the 
relatives of rheumatoid arthritics than in similar relatives of control subjects. An 
extensive survey of a general population by Bal1 & Lawrence (1961), using the 
sensitized sheep cel1 test, revealed a striking rise in incidence of positive reactors 
from 1% in the 15-24 years age-group to 12% in those over 65 years. They also 
found a sigrúficant correlation between the ti tres of propositi and those of their 
first-degree relatives. Since no significant correlation was found between the 
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titres of husbands and wives they concludecl that thc familial aggregation of 
positive titres was mainly genetically dctermined. A study of the agglutination 
ti tres of threc pairs of idcntical twins to which they rcfer showed, howevcr, that 
environmental factors must also be important. From thc titre distribntion curve 
based on their findings both in a rural andan urban district they inferred that the 
RF is a continuous variable present in sorne dcgrce in 17-40% of adults. Even if 
we accept that the titrcs in all subjccts were due to RF this does not disprovc its 
antibody nature. If, as is not improbable, thc RF is an antibody to dcnatured y
globulin, this is an antigen to which most adults must have been exposed on 
many occasions. That antibody production to a given antigcn is a continuous 
variable is only what one would expect from the quantitative study of antibody 
production both in man and animals; and that the lcvel in the blood stream 
should rise with increasing stimulation and hence with age is also not sur
prising. 

Evidence is now available that both in man and animals RF can indeed develop 
as an immune response to IgG which has beco me denatured as a result of inter
action with specific antigen. Thus in man chronic bacteria! infection, such as 
subacute bacteria! endocarditis, can be associated with the presence of RF 

which disappears when the infection has been eliminated by appropriate anti
biotic treatment (Williams & Ktmkel 1962). In rabbits a similar situation has been 
obtained by repeated immunization with E. coli or Bacíllus subtílís (Abruzzo & 
Christian, 1961; Christian 1963). 

Recent studies ha ve been highly critical of the earlier results which indicated a 
distinct familial aggregation both of clinical cases as well as raised levels of RF. 

O'Brien, Bnrch & Bunim (1963) from their own stndies ofPima and Blackfeet 
Indians, which showcd a random distribution of both RF and rheumatoid 
arthritis, concludcd that all previons conclusions based upon hospital attendance 
were invalid because thcy overlooked the bias caused by the increased proba
bility of ascertaining the proband the greatcr the number of affected individuals 
in the family. They therefore maintain that valid conclusions can only be drawn 
from studies of whole populations. It seems that the case for familial aggregation 
and for a positive genetic influence on both the incidence of the disease and of the 
RF is much less strong than was supposed 5 years ago. Nevertheless, even when 
allowance is made for the biased selection of the probands the evidence in its 
favour is not entirely negligiblc. Note, for example, the threefold greater inci
dence of concordance of chronic arthritis in monozygotic than in dizygotic 
twins (Marshall, Hutchison & Honisett, 1962). 

THE SIGNIFICANCE OF THE RHEUMATOID 

fACTOR 

If RA is a disease based on autoimmunity it might reasonably be expected that its 
victims wonld be found mainly amongst that section of the population with the 
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greatest tendency to react immunologically to its own slightly altered proteins, 
i.e. amongst those with the higher levels of rheumatoid factor. The presence of 
the RF in any individual is then, according to this hypothesis, no more than 
indicative of a heightened degree of sensitivity of the immune mechanism by 
which it is enabled to detect as foreign a degree of change in autologous protein 
that is ignored by thc less sensitive antibody mechanisms of normal individuals. 
The undoubted correlation betwecn the presence of the RF and rheumatoid 
disease points strongly to a causal relationship between them. The increased 
incidcnce of the factor in the relatives of rheumatoid arthritics and its detection 
in the early stages of thc disease, often indeed preceding overt clinical mani
festations, point equally strongly to the factor being associated with cause rather 
than an effect of rheumatoid arthritis. 

Reference has already been made to the failure of attempts to implicare the 
rheumatoid factor in the direct pathogenesis of the disease. The development of 
typical rheumatoid lesions in subjects with congenital agammaglobulinaemia 
(Gitlin, Janeway, Apt & Craig 1959) shows, moreover, that neither circulating 
antibodies nor the plasma cells which give rise to them can play the fundamental 
pathogenetic role. This role would appear, therefore, to be taken by a mechan
ism of delaycd hypcrsensitivity comparable to that thought to underly such 
experimentally induccd auto-immune diseases as allergic encephalomyelitis or 
thyroiditis. Circulating antibodies in these conditions, as in rheumatoid arthritis, 
may then be regarded as no more than indicators of a more fundamental im
munological disturbance undcrlying them. The cause and nature of this dis
turbance remain to be elucidated but the increased incidence both of the RF and 
of rheumatoid disease in the relatives of rheumatoid arthritics may be conftdently 
attributed to sorne genetic control of the immune reactivity. 

Although the rheumatoid factors remain the strongest evidence for an auto
immune actiology of rheumatoid arthritis, attcmpts to induce a comparable 
arthritis experimentally have had their chief success when employing sorne form 
of hetero-immune reaction. Nevertheless, as clearly shown in a recent review 
(Gardner 1960), none of the then available experimental forms of arthritis 
sufficiently resembled the rheumatoid condition to suggest a closely related 
pathogenesis. Dumonde & Glynn (r962) have, however, shown that an arthritis 
virtually indistinguishable from RA can be induced in rabbits by the intra
articular injection of fibrin if the animals have been previously madc sensitive by 
intradermal injections of ftbrin in Freund's complete adjuvant. In the most suc
cessful experiments active inflammation was still present 14 weeks after a single 
intra-articular in j ection. 

The persistence of the reaction was attributed to two factors: firstly the par
ticulate insoluble nature of the antigen; and secondly to the constant renewal of 
antigen in the inflammatory exuda te beca use of the cross-reactivity between the 
human f1brin used and the rabbits' own fibrin. This cross-reactivity could be 

DD 
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readily shown by delayed hypersensitivity to intradennal injections of as little as 
5-50 {tg of autogenous ftbrin. In sorne experiments a similar arthritis was obtained 
when the rabbits' own fibrin was used exclusive! y both for the initial immuniza
tion and subsequent intra-articular injection. From these and similar experiments, 
Dumonde and Glynn concluded that the rheumatoid state might well result 
from delayed hypersensitivity to one or more products of inflammation. Since 
the hypothetical antigens would be variously altered from the native state by 
the inflammatory process the breakdown of tolerance could be more readily 
envisaged. Moreover, sensitization toan inflammatory product provides a basis 
for a chain reaction which offers a plausible explanation of the extraordinary 
chronicity of the individual lesions. The characteristic histopathology of the 
synovial membrane with its diffuse infiltration of plasma cells and its follicular 
aggrcgations oflymphocytes around germinal centres would then appear as the 
immunological response to the local persistence of antigen, such as is typically 
seen for example in Hashimoto's thyroiditis. 

The results of these and similar experiments with inflammatory exudate 
(Phillips, Kaklamanis & Glynn, 1966) suggest that the development of an auto
immune reaction to one or more products of tissue injury or inflammation 
could well be the cause of chronicity of an inflamed joint. They do not throw 
any light on the initiating agent. In our present state ofknowledge this could be 
any cause of local inflammation, trauma tic, metabolic or infective. The latter is 
the most probable beca use the immune response to it could then account for the 
appearance of the RF as a further immune response to the denatured y-globulin 
of the locally formed antigen-antibody complexes. The importance of intra
articular y-globulin in the presence of RF has been strikingly shown by Hollander, 
McCarty, Antorge & Castro-Marillo (1965), who induced asevere acute arthritis 
by the injection of the autochthonous protein into the knee joint of rheumatoid 
arthritics sero-positive for the RF. 

Two hitherto puzzling features readily explicable on the basis of an immuno
logical sensitivity to inflammatory products are the frequently observed rela
tionship between trauma and the onset of overt joint involvement, and the 
remarkable tendency for localization to one part of a joint whilst the remainder 
appears relatively normal. 

A similar relationship between trauma and the localization oflesions has long 
been suspccted as accounting for the development of the characteristic sub
cutaneous rheumatoid nodules over the bony pressure points, especially the 
elbows. A comparison of the histology of these nodules with the reaction to an 
implant of foreign fibrin in rabbits (Banerjee & Glynn 1960) cannot fail to sug
gest the possibility that a common immunological reaction underlies the two 
lesions. This by no means implies that the offending antigen is ídentical in both 
instances nor is it necessary to assume that it must be identical in different 
individuals. But the similarity between both the experimentalnodules and the 
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arthritis on the one hand, and their naturally occurring counterparts on the 
other, stresses not only a similarity in an auto-immune* pathogenesis but also in 
the inflammatory origin of the offending antigen. The rheumatoid factor as an 
auto-antibody to altered y-globulin thus receives added significance as reflecting 
the fundamental immunological reactivity to altered inflammatory products 
which may underlie the rheumatoid process. 
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SCLERODERMA AND DERMATOMYOSITIS 

SYSTEMIC LUPUS ER YTHEMATOSUS 

lNTRODUCTION 

Systemic lupus erythematosus was early recognized clinically as a complex 
disorder, and histopathological examination amply demonstrates its dissemin
ated nature. As well as skin changes, widespread involvement of other tissues
joints, serous membranes, heart, blood vessels, kidneys and the cells ofthe blood 
-are well-recognized features of the pathology of the disease. 

Klemperer, Pollack & Baehr (1941) concluded that the lesions of SLE are 
primarily lesions of connective tissue showing the histological changes described 
as fibrinoid necrosis, and seen also, to a varying extent, in the lesions of other 
diseases of connective tissue such as rheumatic fever, rheumatoid arthritis and 
scleroderma. Although fibrinoid necrosis has been regarded as a hallmark of 
allergic response on the part of connective tissue, changes more or less resembling 
fibrinoid are seen in many different pathological situations apparently uncon
nected with hypersensitivity, and it is doubtful how far significance in this 
respect can be attached to it. 

The connective-tissue changes in SLE give rise to lesions in, for instance, 
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kidney glomeruli and splenic arteriales that are characteristic in histological 
appearance, but in themselves give little clue to the nature of the disease process. 
Histochemical analysis of fibrinoid necrotic material in SLE and in other con
ditions has led to no agreement about its fundamental nature. There is some 
agreement, however, on the nature of another histological feature of lupus 
lesions-the haemotoxylin-staining (haematoxophil) bodies, which although 
not always demonstrable are believed to be pathognomonic of the condition 
(Gross 1932). These bodies, irregular aggregates of material varying in diameter 
from a few to severa! hundred microns, are often seen in the fibrinoid lesions 
themselves. There is little doubt that they contain altered nuclear material, 
because of their characteristic Feulgen-staining and ultraviolet adsorption 
properties, and they could well represent the tissue counterpart of the same 
process of alteration of cell nuclei that leads in vítro to the formation of 'LE cells'. 

The discovery in 1948 of the 'LE cell phenomenon' and its dependence on 
serum factors present in lupus patients began the prescnt change in emphasis in 
the investigation of the disease, and since then a wealth of immunological 
features has been uncovered in the condition. Among the most characteristic of 
these are the serum antinuclear factors, and auto-antibodies directed at other 
non-organ-specific cellular antigens. lt is now widely held that these are signs 
of a fundamental disturbance of the immune system that leads in some way to 
the appearance of the disseminated lesions already mentioned. Nevertheless, 
that a causal relationship exists between the known Ílnmtmological abnor
malities and the pathological tissue changes in lupus is still, save for some in
constant haematological features, far from certainly establishcd, and the nature, 
fundamental or otherwise, of the underlying immunological disturbance re
mains obscure. 

ANTINUCLEAR ANTIBODIES 

THE LE CELL PHENOMENON 
Hargraves, Richmond & Morton (1948) showed that in smears made from 
incubated bone marrow or clotted blood taken from SLE patients, leucocytes 
with inclusion bodics in their cytoplasm may be found, often in large numbers. 
These cells are called lupus erythematosus cells, or LE cells, and investigation 
shows that the inclusion bodies consist of altered nuclei (usually derived from 
other leucocytes) which have been ingested by phagocytes. lt was soon found by 
Haserick & Bortz (r949) that equally characteristic LE cells could be obtained if 
normalleucocyte preparations were incubated with SLE plasma or serum, and 
Miescher & Fauconnet (1954) showed that absorption of lupus serum with iso
latcd nuclei would remove its ability to promote LE cell formation. Subsequently 
it has been repeatedly shown by electrophoretic and chromatographic analysis 
that the activity of lupus serum lies in its y-globulin protein fraction (Haserick, 
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Lewis & Bortz 1950; Holman & Kunkel 1957; Goodman, Malmgren, Fahey & 
Brecher 1959). 

The process that gives rise to the characteristic ·morphology of the LE cells 
takes place in two stages. The first of these is a reaction between a damaged or 
dead leucocyte (in which the nucleus is therefore accessible) and the LE serum 
factor. Following this, the nucleus swells, loses its structure and becomes homo
geneous. This is the specific phase of the reaction. The second stage is the phago
cytosis of this altered nucleus by a living leucocyte, a process which requires 
complement, but no other specific factor. 

The formation of LE cells is essentially a laboratory phenomenon, and they 
have seldom been found ready made in circulating blood. However, Klemperer 
(r952) concluded that the characteristic haematoxophil bodies oflupus lesions 
are the degenerated remnants of a similar reaction occurring in the tissues. 

Ultracentrifugal analysis of SLE serum shows that the LE serum factor is a 7S 
component of the y-globulin, of molecular weight about r5o,ooo (Holman & 

Kunkel 1957; Goodman et al 1959). It is, therefore, similar to many other human 
antibodies, and in pregnant lupus patients it passes the placenta and appears in the 
foetal blood stream (Bridge & Foley 1954), where it apparently has no ill effects on 
the foetus. 

The difficulty of defining accurately the lirnits within which a clinical diag
nosis of SLE may be made makes it impossible to assert that the LE cell phenom
enon can be demonstrated in every case. Many clinicians require a positive LE 

cell test befare making the diagnosis, and most would agree that in active lupus 
the test is positive in more than 90% of cases. The number of LE cells found in 
preparations from a given case vary with disease activity, and in rernissions they 
may disappear. Technical variations in LE cell tests have been extensively ex
plored, in attempts to improve their sensitivity and specificity. They include 
direct tests, using the patients' whole blood, índírect tests, in which normal white 
cells provide both nuclear substrate for the patients' serum factor and phago
cytes, and two-stage tests in which white-cell nuclei are separately sensitized and 
then exposed to the phagocytic action of normal white cells. Reviews by 
Marmont (1959), Lachmann (r96r) and Dubois (r966a) have re-emphasized the 
morphological characteristics that define the LE cell. 

A property of the LE cell factor shared by many of the antibodies described 
below is lack of species discrirnination. It will readily react with nuclear material 
from rabbit white cells, or the nucleated erythrocytes of chickens, and sensitize 
them to give rise to LE cells (Hijmans & Schuit 1959). It is thus possible to use 
nuclear materials of animal origin (such as calf thymus, a rich source of nuclei) 
to study the properties of LE cell factor. Absorption experiments have shown 
that the latter is completely removed from lupus serum by only two types of 
nuclear material-isolated whole nuclei, and desoxyribonucleoprotein, the 
natural complex of desoxyribonucleic acid (DNA) and histone which constitutes 

DD* 
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the major nucleoprotein component of cell nuclei. DNA alone does not absorb 
LE cell activity from the serum, nor does nucleoprotein from which histone has 
been removed by HCl treatment. Nucleoprotein treated with DNAse to 
remove DNA is likcwise ineffective as an absorbing agent (Holman & Deicher 
1959). The LE cell phenomenon is thus mediated by a factor reacting with the 
DNA-histone nuclear complex as a whole, and not with either constituent alone. 
Lachmann (1961) found in absorption experiments that LE cell factor reacts best 
with nucleohistone extracted at low ionic strength, and suggests that the most 
reactive antigenic configuration is presented by native nucleoprotein. In the 
native three-stranded DNA-DNA-protcin helix the specific base-pairs point in
wards, and thus it is the sugar-phosphate chains of the DNA and the peptide 
backbone of the histone that are presented outwards to meet with the LE cell 
factor. This may explain the striking lack of specics and organ specificity re
quired in the substrate in the LE cell test. 

ANTINUCLEAR fACTOR (ANF) 
The affinity of lupus sera for nuclei is particularly well shown by Coons's 
immunofluorescent method. A section of any unfixed tissue, or a smear ofblood 
or other nucleatcd cell suspension, is cxposed to a drop oflupus serum, washed, 
and 'stained' with fluorescein-labclled rabbit antibody to human y-globulin. By 
ultraviolet microscopy such a preparation shows marked fluorescence of the cell 
nuclei, due to their uptake of specific antinuclear serum factor, which in turn is 
specifically combined with the fluorescent antiglobulin reagent (Holborow, 
Weir & Johnson 1957; Holman & Kunkel 1957; Friou, Finch & Detre 1958). 

Lupus serum usually gives nuclear fluorescence by this method with the nuclei 
of all types of ccll present in tissue sections or cell smears, whether these come 
from the patients' own tissues, from those of other individuals, or from the 
tissues of many different animal species. The only animal cells so far encountered 
which do not regularly givc specific nuclear fluorescence are the heads of mature 
mammalian spermatozoa. In these thc protein component of the nucleoprotein 
is protamine, which replaces histone during spermatogenesis (Vendrely, Knob
loch & Vendrely 1957). The nuclei of immature spermatocytes, in which histone 
has not yet been replaced, give the usual nuclear fluorescence of somatic cells 
(Holborow & Weir 1959). This fmding accords with the conclusion that both 
constituents of the DNA-histone complex participatc jointly in reacting with at 
least one of the antinuclear antibodies oflupus. It must be mentioned, however, 
that Lachmann (1964) has shown that treatment with heparin renders sperm
heads stainable by some lupus sera. 

A number of different antibodies to different nuclear constituents are identi
fiable in lupus sera and these are described below. Sera whose nuclear affinities 
are demonstrable by Coons's technique may thereforc contain multiplc 
nuclear antibodies, and the term 'antinuclear factor' (ANF) is widely used to 
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describe any y-globulins reacting with nuclear material in this immunofluores
cent context. In SLE, there is close correspondence between the results of LE cell 
tests and of ANF tests, and these two procedures might be regarded as two 
different ways of detecting the same factor. However, the fact that ANF, unlike 
LE cell factor, may belong to more than one immunoglobulin class, shows that 
this is not necessarily the case. It was observed by Goodman et al (1959) that 
while the LE cell activity of serum was confined to the 7S globulin fraction, ANF 

was demonstrable in both 7S and 19S fractions. More recently, the use of specific 
anti-IgG, anti-IgA and anti-IgM conjugates in immunofluorescence has shown 
that in SLE sera the ANF activity may reside in one, two or all three of these 
immunoglobulin classes (Barnett, Leddy, Condemi & Vaughan 1956; Roth
field, Frangione & Franklin 1965). 

Further, in patients with rheumatoid arthritis (discussed more fully below) 
ANF usually occurs without demonstrable LE cell activity. This might be attri
butable toa greater sensitivity of the ANF test, but we ha ve found (Holborow & 
Johnson 1965) that in rheumatoid sera the ANF is often destroyed by heating at 
65°C, while in lupus sera ANF withstands this treatment. In addition, heat 
lability of ANF at 65°C is usually associated with activity in the IgM fraction. 
Treatment with mercaptoethanol, which dissociates IgM macromolecules, may 
destroy the ANF activity of sorne rheumatoid sera (Weir & Holborow 1962). This 
is not so with lupus sera. 

These observations lead to the conclusion that antinuclear activity as detected 
by immunofluorescence may be quite independent of LE cell activity. 

It may be mentioned here that Rothfield et al (1965) found among fifty-three 
SLE sera eight in which antinuclear activity, although detected with specific 
anti-IgM fluorescent antibody, proved on gel-filtration analysis to be located in 
a slowly sedimenting, mercaptoethanol-resistant immunoglobulin fraction. 

Absorption of sera with calf thymus nucleoprotein usually removes ANF 

activity, while absorption with DNA alone consistently fails to do so. Sorne lupus 
sera, however, continue to show antinuclear reactivity even after absorption 
with nucleoprotein, indicating the presence of an antibody against another 
nuclear antigen. The existence of different nuclear antigens is also revealed by the 
different patterns of nuclear staining seen with positive sera (Beck 1961). In 
calf thyroid sections or rat liver sections or imprints, for example, the nuclei 
may be uniformly stained in homogeneous fashion (Plates p.a, b, e) or they 
may show 'speckled' staining (sometimes superimposed on the homogeneous 
type) so that the nuclei show numerous minute points of fluorescence (Plate 
pd.). Speckled staining is prevented by fmt washing the tissue section well 
in o.r5 M isotonic saline, but is not abolished by absorbing the serum with 
nucleoprotein, DNA or histone. It appears to be due, therefore, to a soluble 
nuclear antigen, distinct from nucleoprotein, and similar to the nuclear antigen 
extracted with phosphate buffer from nuclei by Holman, Deicher & Kunkel 
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(1959). Homogeneous staining, on the other hand, apparently involves the 
nucleoprotein itself 

Another pattem of nuclear staining was recognized by Casals, Friou & 

Teague (1963) who found certain lupus sera giving diffuse irregular staining 
spreading from the margins of leucocyte nuclei in smears of human peripheral 
blood. This 'shaggy' pattem they attribute to staining of a slowly diffusing 
slightly soluble nuclear component, probably DNA, since sera showing 
it give also positive complement fixation tests with DNA (see bclow). This 
pattem of staining appears to be due to the same antibody that gives the 
'peripheral' staining of Gonzalez & Rothfield (1965), or (Plate 32.f) the 
'membranous' staining ofBeck (r963). 

Another type of nuclear staining, less common, is of nucleoli, and is seen well 
when liver cell nuclei are used as substrate (Plate 32.e). It may well be due, as 
Beck suggests, to a factor reacting with the structural ribonucleic acid of the 
nucleolus. W e ha ve seen it with sera from dermatomyositis, scleroderma and 
rheumatoid arthritis. 

ANTIBODIES TO SEPARATED NUCLEAR 
CONSTITUENTS 
In the LE cell test, and in the immunofluorescent ANF test, the nuclear substrate 
material is provided by cells damaged in various ways that render the nucleus 
accessible to the action of serum antibodies. Complement fixation and precipita
tion methods have shown that, in lupus, antibodies may also be distinguished 
that react with severa! different components of cell nuclei. 

Polli, Celada & Cepellini (1957) and Deicher, Holman & Kunkel (1959) 
described and characterized in lupus sera an antibody giving specific precipita
tion with DNA, demonstrable by double diffusion by Ouchterlony's method in 
agar gel. When a positive lupus serum is tested against DNA in this manner a 
precipitin line forms in the intervening agar. At acid pH, DNA forms non
specific salt complexes with serum proteins; but at pH values in the range 7-8 
these do not occur, so that in fluid media at controlled pH and salt concentration 
quantitative precipitin curves may be obtained with DNA and lupus serum. The 

PLATE 32.r. Demonstration of serum antinuclear faetors (ANF) by indireet immuno
fluoreseenee using I/IO dilutions of patients' sera, standardized anti-human 
globulin eonjugate, and eryostat seetions of snap-frozen tissue-exeept (e). 
(a) SLE serum, horriogeneous pattern ANF. Substrate, ealf thyroid seetion. x I So. 
(b) SLE serum, homogeneous pattern ANF. Substrate, rat liver seetion. x24-0. 

(e) SLE serum, homogeneous pattern ANF. Substrate, rat liver imprint. X24-0. 

(d) Rheumatoid arthritis serum, speekled pattem ANF. Substrate, ealfthyroid. x 24-0. 

(e) Scleroderma serum, nucleolar ANF. Substrate, rat liver seetion. X 24-0. 

(f) Lupoid hepatitis serum, ring or membranous pattern ANF. Substrate, rat liver 
seetion. X 24-0. 
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antibody has been recovered from the precipitatcd specific complex by using 
DNAse to release it. 

Iflupus serum giving a positive precipitin reaction is absorbed with DNA until 
all the precipitating antibody is removed, little if any decrease is found in the 
ability of the absorbed serum to promote LE cell formation. The anti-DNA anti
body is thus distinct from the LE cell factor, and the two do not necessarily 
coexist. Seligmann, Cannat & Hamard (1965) have reported that most lupus 
sera from untreated cases give positivc precipitin and complement fixation tests 
with both DNA and nucleoprotein, and that during treatment or in remission 
these rcactions tend to disappear. The 'shaggy' anti-DNA factor of Casalset al (r963) 
was also noted only in sera from acutely ill cases of SLE. More lupus sera react 
immunologically with thermally denatured DNA than with native DNA (Levine, 
Murakami, van Vunakis& Grossman 1960) and this effect is dueto a complement 
fixing reaction between single-stranded DNA present in the denatured material, 
and an antibody reacting specifically with this fonn of the DNA molecule 
(Stollar, Levine & Marmur 1962). Such an antibody was present in 66/o of 
thirty-five SLE sera tcsted by Sturgill, Carpenter, Strauss & Goodman (r964) 
and also in sorne sera for rheumatoid arthritis, Sjogren's syndrome and myas
thenia gravis; it was always accompanied by other antinuclear antibodies. 

Hijmans & Schuit (1959) found that lupus sera may fix complement with 
suspensions of whole nuclei, with nucleoprotein, with DNA, and with histone, 
and Holman et al (1959) describe four differcnt factors in lupus sera that react 
specifically and respcctivcly in complement fixation tests with nucleoprotein, 
DNA, histone anda soluble component extractable from nuclei with phosphate 
buffer. LE cell activity, and ANF activity, may ncvertheless exist in lupus sera in 
the absence of demonstrable complcment-fixing antibodies against any of these 
components. 

The results of testing SLE sera with nuclei, nucleoprotein, DNA and histone are 
consistent with the interpretation that the activity of the specific LE cell factor 
in lupus serum is directed against the desoxyribonucleic acid-protein complex, 
in which both DNA and histone, present in their natural combination, participa te 
jointly in presenting the specific reactive site or sites. The reactivity of DNA 
separately, or of histone, or of the soluble material extracted from nuclei, with 
lupus sera is attributable to serum factors independent of the LE cell factor. 

Complement-fixing antibodies against these nuclear antigens are found less 
frequently in SLE than LE factors or ANF. According to Hijmans & Schuit (1959) 
the antibodies against whole nuclei, nuclcoprotein DNA and histone are found 
in descending order of frequency; 50-75/o of cases give complement fixation 
with whole nuclei, and only occasional sera are positive with histone. 

It is usually stated that antinuclear activity as demonstrated by immuno
fluorcscence is not organ specific in substrate requirement. However, Feltkamp 
( 1966) found that when several different tissues were used as substrate to test (for 
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example) a panel of rheumatoid arthritis sera, the incidence of sera giving posi
tive staining varied from 4 to 19%; the lower incidences were obtained with 
heterologous tissue, the higher with human tissue. It was shown by Faber, 
Elling, Norup, Manson & Nissen (r964) that human antinuclear factors are 
occasionally encountered that react only with an antigen present in the nuclei of 
blood granulocytes. 

ANTIBODIES AGAINST CYTOPLASMIC 
CONSTITUENTS OF THE CELL 

AuTO-IMMUNE CoMPLEMENT FrxATION 
REACTION 
During attempts to detect infectious hepatitis virus in the livers of patients 
dying with this disease, Gajdusek (1937) found that certain human sera gave 
positive complement flxation tests with saline suspensions of homogenized 
normal human or rat liver or other organs. This test is distinct from the W asser
mann test (where the antigen is an alcoholic liver extract), although both tests 
may be positive in sorne sera from both lupus and syphilis. Positive tests were 
found in acute viral hepatitis and in chronic liver disease, but the highest 
incidence (40-75% of cases) and usually the highest titres were found in SLE and 
in lupoid hepatitis (Mackay & Gajdusek 1958; Mackay & Larkin 1958; Hijmans, 
Doniach, Roitt & Holborow 1961). High titres were also found in some macro
globulinaernic sera. This is the reaction Gajdusek called the 'auto-immune 
complement flxation test' (AICF), and when positive with liver it is usually 
positive also with homogenates of a wide variety of other organs, although the 
preferential organ reactivity differs widely from case to case. The antibodies 
may be either IgG or IgM. Asherson (1959), Deicher, Holman & Kunkel (r96o) 
and Wiedermann & Miescher (r965) prepared subcellular fractions from liver 
by ultracentrifugation, and showed that in positive sera complement-flxing 
activity may be directed singly or severally at antigens of the mitochondria, 
lysosomes, microsomes or soluble protein components of the cell cytoplasm, 
and is independent of any antibody against nuclear constituents that may also be 
present. Like antinuclear factors, the AICF antibodies in general lack species 
speciflcity, and react in similar fashion with human, calf and rat organ antigens. 
When present in high titre, AICF antibodies may give immunofiuorescent 
staining of (for example) rat liver sections. The most readily recognizable 
pattern of non-organ-speciflc cytoplasm staining, however, is given by antibody 
directed against cell mitochondria ('M' antibody) and is best demonstrated on 
tissues containing cells rich in mitochondria, such as distal kidney tubules or 
gastric parietal cells. Although not unconunon in SLE, 'M' antibodies are seen 
especially in primary biliary cirrhosis (Walker, Doniach, Roitt& Sherlock 1965). 

Deicher et al (r96o) have described also an antibody which they have found 
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only in SLE, reacting specifically with a trypsin-sensitive antigen of cell micro
sornes extracted with TRis-buffer. 

ANTIBODIES AGAINST ÜTIIER CYTOPLASMIC 
CoNSTITUENTS 
Asherson & Broberger (1961) investigating sera from ulcerative colitis patients, 
found antibodies giving a haemagglutination test with sheep cells coated with 
phenol-water extract ofhuman colon or liver. Sera from a variety of other con
ditions were usually negative, but in so me cases of SLE, rheumatoid arthritis, and 
liver disease, similar haemagglutinins were present. These workers were unable 
to demonstrate complement fixation with this antigen by the usual methods, 
and it evidently diffcrs from those present in saline extracts ofliver, since there 
is no significant correlation between the presence of haemagglutinating and 
AICF antibodies. Using an agar diffusion method, Anderson, Gray, Beck, 
Buchanan & McElhinney (1962) demonstrated in twenty-one out of twenty
eight SLE sera precipitins reacting with saline extracts of human tissues; one of 
the four cellular constituents distinguished was DNA, and the other three 
(designated SjD, SjT and Lup) were considered to be cytoplasmic components 
probably capable of participating in the AICF reaction. 

BIOLOGICAL FALSE-POSITIVE TEST FOR 
SYPHILIS 
It has long been known that somc cases (1o-2o%) ofSLE give a positive Wasser
mann test. According to Harvcy & Shulman (1966) a majority of these are bio
logical false-positive (BFP) reactors, i.e. give negative treponema! immobilization 
tests. Among BFP reactors in the general population, a significant proportion 
(8%) develop SLE; in this group a long interval is usual between the initial 
serological positive and the clinical onset of the disease. In Harvey & Shulman's 
study, all SLE cases with a BFP reaction, and all BFP cases with SLE, were females. 
In addition, a familia! aggregation of thc BFP was found, and relatives of BFP 
reactors had a higher inciden ce of SLE and rheumatoid arthritis than would ha ve 
been expected by chance alone. The significance of these observations lies in the 
fact that the cardio-lipin antigen used in the W assermann test is a tissue phos
pholipid present in the organs of many species, including man, so that antibodies 
giving rise to a positive result, whether or not associated with syphilis, are 
essentially autoimmune in character. 

A circulating auto-antibody with anticoagulant effect observed in sorne cases 
of SLE is reported to be strongly associated with the presence of a BFP reaction 
(Margolius, Jackson & Ratnoff 1961). 

ANTIBODIES AGAINST BLOOD CELLS 

Positive antiglobulin tests with erythrocytes, both direct and indircct, are 
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obtained in 5-10% of cases of SLE (Dubois 1952; Damcshek 1958; Dacie 1959), 
sometimes in association with haemolytic anaemia, which may indeed be a 
principie or an early feature. The globulin reacting with the patients' O\Vn red 
cells is usually of the incomplete 'warm antibody' typc. Its specificity may be 
directed against blood group antigens of the rhesns systcm, but more conunonly 
shows no apparent blood group spccificity, reacting with any human red cells. 
The antiglobulin test in lupus is, in most cases, inhibited by pretreatment of the 
Coombs' serum with human y-globulin, which indicates the y-globulin nature 
of the antibody on the red cells. Cases of 'auto-immnne haemolytic anaemia' 
of similar typc, however, are known in which this procedure does not readily 
inhibit agglutination, and in these the rcaction may be of the complement, or of 
the mixed, type. 

The antiglobulin consumption test performed on platelets and leucocytes 
from SLE patients is often positive (van Loghem, van der Hart, Hijmans & 
Schuit 1958; Daussct, Colombani & Colombani 1961), but it is not certain 
whether auto-antibodies directed at these blood cel!s are significant causes of the 
thrombocytopenia and leucopenia that may occur in SLE. Dausset (1965) has 
shown that the leucocyte antibodies react with the nuclei or cytoplasm of 
lymphocytes but not granulocytes. 

RHEUMATOID FACTOR 

In the Rose-W aaler test, in which agglutination of sheep cells coated with 
rabbit amboceptor is measured, most normal sera are negative. In systemic lupus 
about 30% of cases give positive reactions-the highest incidence found in any 
disease group other than rheumatoid arthritis (Ziif 1957). In a series of fifty 
lupus cases, Hijmans et al (1961) found that twenty gave a positivc agglutination 
test with latcx particles coated with human pooled y-globulins. 

INCIDENCE OF NoN-ORGAN-SPECIFIC Auro-
ANTIBODIES IN ÜTHER CONDITIONS 

SLE is the only condition so far known in man in which the LE cell phenomcnon 
is at some time demonstrable in virtually every case, but it has long been known 
that positive LE cell tests are also seen, although less commonly, in discoid lupus, 
in the group of diseases of connective tissue (for scleroderma and dermato
myositis see below), in chronic active liver disease, and occasionally following 
drug administration. 

The immunofluorescent method of detecting serum ANF provides a readily 
applicable test for antinuclear antibodics that is widely used for surveying clinical 
material. Published results malee it obvious, however, that the incidence of 
positive findings is significantly influenced by the tcchniques used in carrying 
out immunofluorescent tests, and point to an urgent need for standardization of 
methods if useful comparisons are to be made. Figures quoted here from our 
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own surveys refer to results obtained using a standardized immunofl.uoresccnt 
technique (Holborow & Johnson 1967) giving less than r/o positives with control 
'norn1al' sera. 

In rheumatoid arthritis, positive LE cell tests are unusual, but 20-25/;; of the 
classical or definite cases (classified according to the criteria of the American 
Rheumatism Association) we have examined by immunofluorescence for ANF 

give a positive result at the first testing. When cases are tcstcd repeatedly, a higher 
incidence (35-40/;;) of positivcs is fmmd. A recent analysis (Holborow & John
son, unpublished) shows that positive ANF tests in rheumatoid arthritis are less 
closely correlated with particular clinical features than with the presence of 
rheumatoid serum factor. In rheumatoid arthritis the ANF titre is lower than in 
SLE, the factor is usually predominan ti y IgM and it may exhibit the heat lability 
at 65°C mentioned above (Baum & Ziff 1962; Holborow & Jolmson 1965). 
Antinuclear antibodies were also present in the sera of 13% of a large series of 
cases of Still' s disease (juvenile rheumatoid arthritis) examined by us. 

The incidence of ANF in patients with discoid lupus erythematosus without 
clinical evidence of visceral involvement is given as 35/o by Beck & Rowell 
(1966) in a recent report. They conclude that in discoid lupus ANF is more 
frequent among patients with positive rheumatoid factor tests, and that the 
presence of ANF does not materially alter the prognosis (less than 5/o progressing 
to systemic lupus). Their conclusions for discoid lupus thus resemble onr own for 
rheumatoid arthritis. 

Apart from SLE, the highest incidence of non-organ-specific auto-antibodies is 
seen in Sjogren's syndromc, especially in cases with the keratoconjunctivitis 
sicca syndrome alone, unaccompanied by rheumatoid arthritis or other systemic 
connective tissue disease. Bunim (1965) reported that in the uncomplicated sicca 
syndrome, ANF is present in 88/o, and AICF antibodies in 79% of cases. 

In myasthenia gravis, ANF has been found to a varying extent. In the largest 
series reported there is an incidcnce of ro% (Van der Geld et al 1963). Anti
nuclear factors are commonly present in cases of liver cirrhosis with chronic 
jaundice of hepatocellular type where biopsy shows the liver to be heavily 
infiltrated with lymphocytcs and plasma cells. This group (chronic active hepa
titis, post-infective cirrhosis,juvenile cirrhosis) includes those cases with positive 
LE cell tests originally distinguished under the heading 'lupoid' hepatitis by 
MacKay, Taft & Cowling (1956). Most cases of chronic active hepatitis have 
also an auto-antibody to smooth muscle (demonstrable by immunofluorescence 
using rat tissue sections); this smooth muscle antibody has not been found in 
SLE (Johnson, Holborow & Glynn 1966). Antinuclear antibodies are present also 
in many cases of primary biliary cirrhosis (in addition to the 'M' antibody 
mentioned above) and in 'cryptogenic' cirrhosis, but not in alcoholic cirrhosis or 
viral hepatitis (Bouchier, Rhodes & Sherlock 1964; Doniach, Roitt, Walker & 
Sherlock 1966). 
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Positive LE cell tests, or ANF tests, may occasionally accompany drug reactions 
-hydrallazine is the best known example, but penicillin and other antibiotics 
may also be mentioned. It has been suggested that the lupus-like hydrallazine 
syndrome is in reality a drug hypersensitivity superimposed upon a latent SLE, 
and there is sorne clinical evidence favouring this view (Alarcón-Segovia et al 
1965). Cannet & Seligmann (1966) report that 20% of a group of patients with 
pulmonary tuberculosis after prolonged treatment with isoniazid developed 
serum ANF, but could find no evidence of an undcrlying lupus diathesis. 

In all the conditions quoted here, it is unusual to find ANF in as high titre as in 
SLE (1/500 or more). 

The AICF test gives highest titres and most positives in SLE, but has also a 
considerable incidence in the chronic liver diseases in which ANF is found, 
especially in primary biliary cirrhosis, as might be expected (Doniach et al 1966). 

fAMILIAL fACTORS 
The literature contains a number of reports of striking aggregation of systemic 
lupus and other connective tissue discases in families, and of its occurrence in 
identical twins; these instances have been summarized by Leonhardt (1964) and 
Dubois (1966). Nevertheless, severa! careful studies have failed to produce 
evidence that SLE and apparently related disorders of connective tissuc are usually 
inherited on a gcnetic basis; familia! aggrcgation appears to be the exception 
rather than the rule. 

Thus in a high completion-rate study of first-degree relatives of 57 cases of 
SLE in Sweden, Leonhardt (1964) found 'collagen disease' (defined as chronic 
polyarthritis, chronic hepatitis, systemic sclerosis or SLE) in 2 of 115 male rela
tives and 12 of 110 female relatives; among the control subjects (relatives of 
spouses of cases or their families) the figures were oj18o and 2j144 respectively; 
a small but significant difference in the females. In an earlier study of white, 
negro and Puerto Rican subjects in New York, Siegal, Lee, Widelock, Reilly, 
Wisc, Zingale & Fuerst (1962) had found a small increase (4-9%) of rheumatoid 
arthritis in 142 family members of SLE cases as compared with an equal number 
of matched controls (1.4%). A subsequent study by Siegal, Lee, Widelock, 
Gwon & Kravitz (1965) confirmed a similar tendency among female relatives of 
patients with either SLE or rheumatoid arthritis. Ansell & Lawrence (1963), 
howcver, found no SLE among 127 relatives of 46 SLE probands, and no more 
rheumatoid arthritis (4 female cases) than would have been expected in a 
random population sample. 

Thc plan of studies such as these has bcen criticized reccntly by O'Brien, 
Burch & Bunim (1964) who pointed out that using affected individuals to 
ascertain families results in severe bias and that the familia! picture is more truly 
rcpresented when a population survey is used as the means of ascertaining cases. 
Clearly serological invcstigation of SLE families is subject toa similar bias, and the 
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reported results no doubt reflect this, for the incidence of ANF in SLE relatives has 
been put at 33% (Pollak 1964) and 4% (Holborow & Johnson 1964; Siegal et al 
1965). In Leonhardt' s study the incidence of ANF in the controls was about 10%, 
and in SLE relatives was increased about four-fold. These discrepancies draw 
attention again to the difficulties of making useful comparison when different 
techniques are used. Siegal et al (1965) also reported y-globulin levels in the sera 
of their subjects. They found the distribution curve oflevels in SLE relatives simi
lar to that in normals, except for a small secondary peak in the relatives in the 
upper-value range. This observation appears to support a view gaining ground 
at present regarding familia! factors in SLE, viz. in the families of most cases, 
neither clinical nor serological abnormalities are usually encountered; but in a 
few families, both cases and serological abnormalities cluster strikingly. Whether 
in these latter families genetic or environmental factors are predominant is 
unknown. 

THE RoLE OF AuTO-ANTIBODIES IN SLE IN 
PRODUCING DISEASE 

The serum auto-antibodies in SLE are not necessarily implicated in the production 
of tissue damage. Both clinical and experimental study of anaphylaxis shows that 
the union of antigen and antibody within tissues can lead to cell damage through 
the release ofhistamine and other pharmacologically active substances, and that 
antigen-antibody precipitates formed in the tissues can evoke an inflammatory 
cellular response. The antigens against which many of the defined auto-anti
bodies oflupus are directed are, as we ha ve seen, intracellular in situation. They 
are therefore apparently not accessible to circulating antibody, and unless evi
dence is forthcoming that auto-antibody can enter living intact tissue cells and 
react with these intracellular antigens there seem to be small grounds for in
criminating this type of auto-antibody in producing lesions. In biopsy material 
from patients there is certainly no evidence from immunofluorescent study that 
antinuclear factors gain access in vivo to the nuclei ofhealthy cells. The haema
toxophil bodies of lupus seem to arise rather from the combination of ANF with 
the exposed nuclei of dead or damaged cells. It is possible, however, that sorne 
tissue damage of anaphylactic type may arise from the effects of this and other 
immunological reactions involving products of disintegrated cells. 

Most workers have found little or no correlation between titres of auto
antibody against cell constituents and the symptoms or severity of the disease, 
but there are one or two exceptions that may be important. Townes, Stewart & 
Osler (1963), for example, have used a quantitative complement fixation test 
involving rabbit anti-human y-globulin to estimate antinucleoprotein anti
bodies in SLE and othcr diseases. They find that antibody levcls are highest in SLE 
sera, and are usually associated with positive LE cell tests if they cxcced 10 11g 
antibody N per ml. Their tests in thirty-five lupus patients showed a correlation 
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between high antinuclear antibody levels, low serum complement levels and the 
presence of renal disease as evidenced by renal biopsy as well as by urinary 
abnormalities and impaired renal function. In patients without evidence of 
kidney damage, antinucleoprotein antibody levels were lower, and serum 
complcment higher, even though LE cell tests were positive. These observations, 
and others mentioned above, relating to the presence of anti-DNA antibodies in 
exacerbations of SLE underline the possibility that circulating antigen-antibody 
complexes, especially soluble complexes, may arise from autoimmune reactions 
in lupus patients and contribute to the pathogenesis of their discase. This pos
sibility is strengthened when we consider together sorne other observations. It 
was shown by Tan, Schur & Kunkel (1965) that DNA may be demonstrated by 
double diffusion in agar in the sera of sorne SLE patients during febrile periods; 
in one patient, for example, they found that the decline of DNA antibody in the 
serum was followed by the appearance and persistence of free DNA. Further, the 
y-globulin bound to affected glomeruli in lupus nephritis (Mellors, Ortega & 

Holman 1957) includes antinuclear antibody (Freedman & Markowitz 1959); 
and immunologically bound complement may be demonstrated at the same sites 
on the glomerular basement membrane (Lachmann, Muller-Eberhard, Kunkel 
& Paronetto 1962). It is therefore arguable that, in the absence of demonstrablc 
specific antiglomerular antibodies, the renal lesions (and perhaps the vascular 
lesions) of lupus arise from the cytotoxic effects of deposited antigen-antibody 
complexes. On the other hand, binding ofboth y-globulin and complement has 
also been demonstrated at the dermo-epidermal junction in the skin of LE 
patients (Kalsbeek & Cormane 1964) by an immunofluorescent method, and sthe 
fact that specifrc staining was as bright in sections from unaffected as from 
affected arcas of skin appears to weaken the argument, at least in this case, that 
what is being demonstrated is a cytotoxic immune system. 

One group of auto-antibodies in lupus-the haemolytic antibodies directcd 
against red cells-has been shown to have an unequivocally destructive action, 
and these are antibodies reacting with cell surfaces. It is arguable that cyto
toxicity of lupus serum may depend upon the presence of antibodies against 
cell membranes, rather than against inaccessible subcellular components, and a 
search for antibodies against tissue cell surfaces might be relevant to the prob
lems of pathogenesis. The low complement levels in SLE (Williams & Law 1958; 
Ellis & Felix-Davies 1959), suggest that hidden antigen-antibody reactions may 
well be taking place. 

Mention must be made here of delayed hypersensitivity to human tissue. It 
has been claimed that in SLE and discoid lupus intradermal injection of the 
patient's own leucocytes gives rise to a significant delayed reaction (Friedman, 
Bardawil, Merril & Hanan 1960; Bennett & Holley 1961), but sorne have failed 
to show this (Gerstein & Knox 1963; Nikolic & Holborow, unpublished). 
Varelzidis & Turk (1966) found no skin reaction to autologous separated blood 
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mononuclear cells in SLE cases with ANF. They point out that positive results 
obtained with leucocytcs may be due to hypersensitivity to drugs or bacteria] 
products carried by phagocytic cells. In discoid lupus with systemic involve
ment, however, they found sorne delayed skin reactions to separated blood 
monocytes. 

THE NATURE OF THE lMMUNOLOGICAL 
DrsoRDER IN SLE 

The serum factors which may be present in systemic lupus are remarkable in at 
least two respects-their multiplicity and the nature of the antigens with which 
they react. They have a strong claim to be considered as antibodies, since they 
are y-globulins with immunochemical characteristics indistinguishable from 
those of many more familiar iso- and hetero-antibodies of human origin, and 
exhibit a degree of specificity which is not less striking beca use in many cases it 
cuts across the limits of species. Antigenic specificities common to several 
species were adumbrated by Landsteiner's work on serum proteins, and it is not 
surprising that macromolecular components of cells of different species may 
possess sorne determinant groups in common as a consequence of the structural 
and functional needs of cellular existence. J ust as antigens may be organ specific 
rather than species specific, so sorne determinants may be common to cell 
components rather than more narrowly to organs or species. It is characteristic 
of lupus that antibodies are produced that react with nuclear and cytoplasmic 
antigens of this sort. Two questions thus arise-do these non-organ-specific 
antibodies represent a normal immune response to macromolecular compo
nents of nuclei or cytoplasm, liberated from damaged tissue cells, and remaining 
or becoming antigenic through sorne defect or aberration of catabolism? Or 
does the production of antibodies of this type signify an inherited or acquired 
abnormality of lymphoid cell function leading to over-production of plasma 
cells and the production of y-globulin molecules with random combining con
figurations, sorne of which match nuclear or cytoplasmic determinants? 

There is considerable evidence that antibodies reacting with nuclear consti
tuents, especially DNA, may be induced experimentally by appropriate immuniza
tion with bacterial vaccines (Miescher, Cooper & Benacerraf 1960; Christian, 
De Simone, Abruzzo 1965), bacteriophage (Levine et al 1960), or with purines 
(Butler, Beiser, Erlanger, Tanenbaum, Cohen & Bendich 1962), pyrimidines 
(Tanenbaum & Beiser 1963) or nucleotides (Erlanger & Beiser 1964) conjugated 
to serum proteins. 

Injection of DNA does not result in antibody production, but if DK\ is 
complexed with a suitable protein and injected into rabbits, anti-DNA antibodies 
may be produced (Plescia, Bratm& Palczuk 1964). Recently Bamett & Vaughan 
(1966) showed that rabbits suitably immunized with human serum produce anti
nuclear antibody demonstrable by immunofluorescence but specific for human 
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leucocyte nuclei, and attributed this result to the presence of protein-bound DNA 
in human serum. When anti-DNA antibodies are obtained by these methods they 
usually react better with denatured (single-stranded) than with native DNA, but 
they may, as in Barnett & Vaughan's instance, show a narrow specificity for one 
nuclear antigen, unlike the antinuclear factors characteristic of SLE. No lesions 
have been found in rabbits producing anti-DNA antibody, but the experiments 
support the idea that immunization with tissue breakdown products could 
account for the appearance of ANF in human disease. The marked clustering of 
ANF in the disease groups discussed above, however, seems to imply also an 
unusual responsiveness on the part of these patients to antigenic stimuli of this 
sort. It is known that SLE patients are more likely than others to exhibit drug and 
blood transfusion reactions (Leonhardt 1964) but it is doubtful whether they 
show increased immune reactions in general. 

At present there is no clear evidence towards answering the second question
whether the lymphoid tissues of patients with SLE are functionally deranged, and 
whether the production of non-organ-specific auto-antibodies is a primary 
consequence of this derangement. MacKay (r966) reports a 'thymic dysplasia' 
in nine cases of SLE in which the thymus was small, depleted oflymphoid tissue, 
and contained accumulations of spindle epithelial cells. The periarticular flbrosis 
in the Malpighian corpuscles of the spleen is well known, but its significance and 
its effect on immune function is unknown. Cruikshank (1958) has drawn 
attention to the large numbers of plasma cells in the medullary tissue of the 
lymph no des in SLE, and to the lack of follicular hyperplasia; in contrast, leuco
penia, often with lymphopenia, is a well-recognized feature of the disease. 
However, to what extent, if any, these changes in SLE have their counterpart in 
abnormal immune function of the lymphoid tissues is so far conjectural. 

SCLERODERMA AND DERMATOMYOSITIS 

Scleroderma (systemic sclerosis) is another generalized disorder of the con
nective tissue. It is characterized by marked swelling and deposition of collagen 
in the affected skin and tissues, but shows little histological evidence of involve
ment of the lymphoid tissues; the synovial membranes of affected joints may 
show a mild degree of infiltration by lymphocytes and plasma cells. N everthe
less, serological abnormalities are common. In about half the cases the serum 
y-globulin is moderately raised (up to 2 g%) and positive LE cell tests have been 
reported (Rodnan 1963). ANF is present in the sera of a majority of cases of 
scleroderma-in 22 of 27 cases reported by Fennel, Rodnan & Vazquez (r962) 
in 25 of 32 cases reported by Beck, Anderson, Gray & Rowell (r963), and in 
30 of 33 cases reported by Burnham, Fine & Neblett (1966). The latter claim 
that nucleolar and speckled patterns of nuclear fluorescence are an important 
distinguishing characteristic of the ANF of sderoderma, but this is not our 
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experience (Johnson & Holborow, unpublished) nor that of Beck & Hughes 
(1966); both these patterns are seen in other conditions. 

In dennatomyositis, an uncommon intlammatory disease of the skin muscles 
and blood vessels, muscle fibre degeneration and necrosis is accompanied by 
interstitial infütration of lymphocytes and plasma cells, sometimes focal and 
sometimes diffuse. No evidence is yet forthcoming, however, of anti-muscle 
antibodies in this condition (Pearson 1966), whether of the type found in myas
thenia gravis directed at A-bands of striated muscle (Strauss, Seegal, Hsu, 
Burkholder, N astuk & Osserman ( I 960) or of the anti-myosin type demonstrated 
by Caspary, Gubbay & Stern (1964) in a proportion of cases of polymyositis, 
muscular dystrophy and muscular atrophy. 

ANF has been found in severa] cases of dermatomyositis (Burnham et al I 966; 
Pearson 1966); of 13 cases we have tested, 8 were ANF positive (Holborow & 
Johnson, unpublished). 
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INTRODUCTION 

Whitfield (r92r, 1922, 1931) was the frrst to suggest that an individualmay 
become sensitized to his own skin, as a result of which a generalized eruption 
may develop about ro days after local trauma to intact skin orto a circumscribed 
arca of dermatitis. He proposed the concept, solely on the basis of clinical 
observation, that sensitization to sorne component of skin in a local arca would 
result .in the formation of sorne type of antibody to skin capablc of causing wide
spread dermatitis. 
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Autosensitization dermatitis has remained a clinical concept and the term has 
been applied loosely to the secondary dissemination of chronic eczema usually 
of the lowcr leg. lt is not a diagnosis, for the secondary dissemination is rarely 
due to auto-allergy to skin. 

Several accounts of eruptions of this type have been published (Brown 1939; 
Hopkins & Burky 1944; Smith 1945; Haxthausen 1955; Young 1958) but with 
little agreement as to the nature of the process in volved. It has been difficult to 
isolate or demonstratc the antigen responsible for the sensitization (Parish 1960), 
and without good evidence that somc component of the body's own tissues 
provides the antigenic stimulus, a sensitivity to somc allergen of the environ
ment which has become closely associated with the skin may be ovcrlooked. 

DEFINITION OF A UTOSENSITIZA TION 
TO SKIN 

GENERAL fEATURES OF AUTOSENS1TIZATION 

REACTIONS 

Autosensitization is the sensitization of the body, by circulating antibody, or a 
delayed-type reaction, or both, to constituents of its own tissues. Therc is ftrst: 
(a) autostimulation-the formation of antibody stimulated by antigen that is a 
component of the individual's tissues, and then (b) autoreaction-this antibody 
combines specifically with tissue antigcn which may or may not produce a 
cytotoxic effect. 

Auto-allergy is a more appropriate term than autosensitization, particularly if 
disease results, but since Whitfleld's (1921, 1922) original description, autosensi
tization is the tcrm gcnerally used by dermatologists. 

The two forms of allergic response that may result from autosensitization to 
skin are Type II, in which a circulating antibody to skin may be developed that 
is capable of causing a cytotoxic effect when reacting with cells of skin containing 
the speciflc antigen, and Typc IV, in which a similar effect may be mediated by 
immtmologically active leucocytes. 

However, a Type II response may also follow the reaction bctween a cir
culating antibody and an antigen which was not part of the normal structure of 
the cell but had become intimately associated with or incorporated within it. 
Unless such an antigen was so me constituent of the body, this reaction would not 
be an autosensitization. 

The skin is constantly exposed to a large number of antigens of the environ
mcnt, sorne of which are capable of becoming intimately associated with its 
cells, e.g. micro-organisms and their toxins, cosmetic preparations, medica
ments and sorne materials used in clothing. An antibody to any of these may 
cause degeneration of tht; cells of the skin without autosensitization. This occurs 
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more often when the barrier function of the dermo-epidermal junction is im
paired or destroyed in eczema, psoriasis and sorne other skin disorders; thus 
substances such as lanoline, which rarely sensitize when applied to normal 
skin, become antigenic, especially as they are applied over long periods when 
treating chronic disease. Such sensitization is overlooked if these substances are 
not included in the skin tests, and the secondary dissemination of eczema is 
attributed to autosensitization because the exogenous sensitizing antigen is not 
found. 

Before it can be accepted that a cutaneous reaction is due to auto-allergy to 
skin, it is essential to demonstrate that thc individual has become sensitized to a 
skin antigen and that the auto-antibody can iriduce a reaction resembling that 
already present in the patient. 

ANTIGENS OF SKIN 

The skin is a complex organ containing a large number of different tissues that 
are potentially antigenic, sorne contain substances, e.g. keratin, that are organ
specific antigens. 

Keratin is a protein not found normally in any other part of the body, and is 
formed and situated on the externa! surface of the epidermis where it is sufficiently 
far removed from the antigen recognition cells that it or its precursors could 
conceivably be treated as foreign material. This may be observed particularly 
in rupture of the hair follicles in the dermis which results in a severe local 
inflammatory reaction. Several soluble substances can be extracted from stratum 
corneum and even from callus, nail and hair (Matoltsy & Matoltsy 1963). Three 
antigens believed to be skin specific have been extracted from skin taken after 
death (Aoki 1965), and four antigens extracted from callus and psoriatic scales 
and three from normal stratum comeum were distinct from serum proteins 
(Fisher 1965). These antigens must be identified before they can be accepted as 
organ specific. An electrophoretically fast pre-albumin found in extracts of 
callus (Fisher 1965) and normal stratum corneum (Parish, unpublished) is 
believed to be synthesized locally in the skin (Neuberger 1957). 

The A and B blood group antigens have been found on human epidermal 
cells (Coombs et al 1956; Szulman 1960), but though other cells of the body 
have been found to contain further blood group antigens, it has not been pos
sible to demonstratc their presence in cells of the epidermis (Ashhurst et al 1956). 
The modified cells of the epidermis present in the hair or nails also contain the 
A and B antigens (Thoma 1954; McWright 1961). These blood group antigens 
are in no way known to be in volved in autosensitization to skin, but they could 
be of importance in an allergic response to dander. 

AuTOSENSITIZATION ro DANDER 

The dander that is continually being shed from the surface of the body contains 
EE 
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a wide varicty of potentially antigenic materials, including desquamated cpi
thelial cells, fragments ofhair, micro-organisms, dust and other substances that 
may be retained in the sweat or sebum on the surface. 

It is to be expected that such material may cause an allcrgic response in sus
ceptible individuals, and the majority of the descriptions of sensitization to 
dander are based on tests using dander obtained from other individuals which 
may cause an inunediate or delayed type of reaction (Parish 1960). This material 
therefore elicits a Type 1 response in which the antigen reacts with antibody 
passively sensitizing certain cells of the skin, or a Type IV response. 

Individuals may become sensitized to their own dander (Simon 1947; 
Cormia & Esplín 1950; Esplín & Cormia 1951) but this could well be due to 
fungi or bacteria contained within it. To elimina te the effects dueto contaminat
ing micro-organisms, Simon (1948) used the epidermal scales obtained from a 
newborn infant to demonstrate sensitivity to dander in adults, and though this 
should be regarded as foreign material being derived from another individual, 
it does indicate that epidermal cells may contain a potent allergen. 

These tests carried out on sensitized patients demonstrate the difficulty of 
identifying the antigens causing the reaction, and though the majority of 
patients appear to be sensitive to some cxtraneous antigen, there remains the 
possibility that some individuals may be sensitized to the keratinized epidermal 
cdls of their own skin, which are sufficiently remote from the tissues to ha ve 
become 'foreign antigens'. 

ALLERGIC RESPONSE OF THE SKIN TO 

MICRO-ORGANISMS 

Antigens of micro-organisms in dust or dander may induce a Type 1 reaction on 
contact with sensitized skin, or occasionally a Type IV rcaction if they con
taminate materials applied to the skin. A Type I chronic urticarial reaction was 
investigated by Shelley & Florence ( 1961) in which the fungal antigcn was bound 
to the erythrocytes and reacted with the skin after trauma. Bacterial antigens 
also ha ve been detected on human erythrocytes (Weedon et al 1960) though not 
associated with skin disease. This could howevcr cause disorders apparently 
auto-allergic in origin. 

The possibility that bactcrial antigens are responsible for a Type 11 cytotoxic 
reaction is being investigated. Fibroblast-type cells from human skin and Hela 
cclls can adsorb bacterial protein and polysaccharide in vitro, so that the subse
quent addition of antisera to the acquired antigens, and complement, causes 
lysis of the cclls (Parish, unpublished). Thus bacterial antigens acquired by cells 
in vivo may predispose them to destruction by antibody or by a cell-mediated 
response in a manner similar to the rcaction of auto-antibody to cellular 
antigen. 
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A UTOSENSITIZA TION TO SKIN 

In his original description, Whitfield (1921) described three lesions which may 
have resulted in autosensitization of the patient to his own skin. The first was a 
traumatic haematoma beneath the unbroken skin; ro days later the patient 
developed a generalized erythematous and urticaria! eruption which Whitfield 
believed to be dueto absorption from the si te of injury of products to which thc 
patient became sensitized. 

In the second patient, an area of chronic eczema of the leg was rubbcd, which 
caused further inflammation followed 1 r days la ter by a generalized haemor
rhagic papular eruption. 

In the third case, fluid from vesico-bullous eczema provoked urticaria! 
wheals and vesicles as it flowed over the skin in the vicinity of the lesion, though 
the same fluid failed to induce a reaction on Whitfield's own arm. 

The clinical picture presented by Whitfield's second case, in which exacerba
tion of a local area of eczema was followed by generalized dermatitis, is of com
mon occurrence. In the more detailed descriptions (Smith 1945; Haxthausen 
1955; Young 1958), the initiallocalized lesion was usually persistent and chronic, 
and because of the situation on the lower leg it was usually regarded as varicose 
eczema. Further inflammation of the lesion from exercise, trauma, particularly 
scratching, or overtreatment, was followed in a few days to a week or more by a 
generalized dermatitis. Sometimes small vesicles around the original lesion 
preceded or developed concomitantly with the generalized reaction, though in a 
few patients this reaction occurred without any evident increase in inflammation 
of the local area. 

Certain parts of the body tend to be more frequently and severely affected by 
the generalized reaction, particularly the face, upper trunk, arms and thighs, 
though the whole body may become involved. Patchy erythema and wheals 
are soon followed by papules and vesicles which may become confluent to form 
plaques of eczema. The histological changes in these affected areas resembled 
those found in primary acute eczema (Haber 1954; Haxthausen 1955; Young 
1958). 

The cause of the generalized reaction is not yet certain, and the eczematous 
changes may result from different stimuli in different patients. 

In those individuals in whom the reaction is due to sensitization, the respon
sible antigen may be foreign material which has entered the broken surface of 
the originallesion. Bacteria were believed to be the cause of the sensitivity in 
the patients investigated by Hopkins & Burky (1944) and Yamamoto (1963) and 
in one patient ofTempleton, Lunsford & Allington (1949). 

Contact dermatitis to topical medicaments very readily develops on the lower 
leg; if the application of the sensitizing chemical is continued the acute local 
eczematous dermatitis is soon followed by secondary dissemination to other 
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areas of the body. A grcat many of the cases loosely attributcd to autoscnsitiza
tion are of this nature. They can be identificd by careful patch-testing (see Chap
tcr 19) after the eruption has subsided. Nevertheless, there are many patients in 
whom no exogenous factor can be incriminated and who appear to become 
sensitized to some component of their own skin. 

HISTOLOGICAL CHANGES IN EczEMA IN 

RELATION TO A UTOSENSITIZATION 

The histological changes of eczema are strikingly uniform in their essential 
features, but show minor variations according to the mode of action of the 
excitant, primary irrit_ant or allergen, and the route by which it gains access to 
the epidermis. The earliest change is a necrosis or degeneration of small groups 
of cells of the stratum Malpighii. The affected cells are distorted by intercellular 
oedema. Progression of this state of spongiosis leads to the formation of small 
vesicles which may coalesce to form large bullae. The vesicles may rupture with 
escape of serum and crnst formation. Simultaneously the papillary layer of the 
dermis is oedematous and infiltrated with inflammatory cells which migrate into 
the affected epidermis. In allergic reactions lymphocytes are numerous, but in 
primary irritant reactions polymorphonuclear leucocytes predominate. 

The mode of formation of the vesicles is still disputed (Civatte 1925; Miescher 
1952). The fluid is derived partly from lysis of epidermal cells but may also 
contain serum from dilated capillaries and perhaps the products of cutaneous 
glands. Percival & Hannay (1949) compared the sizes of epidermal cells and 
vesicles in serial sections and suggested that liquefaction of cells must occur on a 
considerable scale. The outer wall of vesicles may include cells of every layer of 
the epidermis including those of the stratum corneum and stratum granulosum 
which may thus be bathed in fluid. Much of this fluid escapes to the surface, but 
external rupture of the vesicles is not invariable, and sorne must be reabsorbed 
by the dilated capillaries of the dermis and spread throughout the body, 
carrying with it antigen from cells normally isolated from the circulation. 

The importance of these histological changes in a study of autosensitization is 
the evidence it provides of the degeneration and destruction oflarge numbers of 
epidermal cells with liberation of their contents, which probably contain 
material in a degraded state, potentially antigenic. 

EXPERIMENTAL EVIDENCE FOR 

AUTOSENSITIZATION TO SKIN IN EczEMA 

Due to the difficulty in isolating the antigens responsible for the sensitivity, 
autosensitization to skin has remained a clinical concept rather than a proven 
entity, but recently evidence has been obtained that circulating antibodies to 
skin may be developed by a few patients with chronic dermatitis. 

Antibodies to skin antigens ha ve been found in patients with ulceration of the 
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skin (Chytilova & Kulhanek 1960), exfoliative dermatitis and eczema (Parish 
1960, 1961; Parish, Rook & Champion 1965), chronic dermatitis (Wise, Shames, 
Derbes & Hunter 1961), pemphigus vulgaris (Beutner & Jordan 1964) and ag
glutinating antibody in nine patients with various skin diseases (Fisher 1965). 
The significance of most of these antibodies is still to be determined for they 
may combine with cellular antigen, i.e. auto-react without causing any patho
genic changes, and the speciflcity for skin was not always demonstrated, just as 
the globulin found in the dermo-epidermal junction in lupus erythematosus 
(Cormane 1964; Kalsbeek & Cormane 1964; ten Have-Opbroek 1966) was not 
demonstrated to be antibody specific for skin antigen or to be cytotoxic. 

THE DEMONSTRATION OF AGGLUTINATING 

AND CYTOTOXIC ANTIBODY IN EXFOLIATIVE 

DERMATITIS AND GENERALIZED ECZEMA 

In preliminary studies on a patient with exfoliative dermatitis, no agglutinating 
antibody by the tanned cell test was detected in the serum, but a factor believed 
to be antibody was eluted from the skin that would agglutinate skin antigen 
coated cells and flx complement in the presence of extracts of autologous and 
homologous skin; both these reactions were skin speciflc (Parish 1960, 1961). 

Four of eighty-one patients investigatcd by Parish, Rook & Champion (1965) 
had auto-antibody in their sera to their own skin. All four had a history of 
recurrent generalized eczema over several years and had, or at one time had, a 
patch of chronic eczema which was of the varicose type. During these investi
gations all developed gencralized eczematous reactions, but one, though develop
ing sorne scattered papules, was essentially a case of exfoliative dermatitis. 

During the periods of dermatitis, but not during convalescence, the sera of 
three of these patients contained antibody capable of agglutinating particles 
coated with extracts of skin and all had antibody causing cytotoxic effects on 
epidermal cells in vitro and a reaction on intradermal injection. The antibody 
producing the agglutination was not inactivated after heating at 56°C, whereas 
the cytotoxic antibody no longer caused changes in cultures of epidermal cells, 
though until the nature of the activity of such antibody is understood, there is 
insufficient reason to regard them as distinct antibodies. 

The agglutinating antibody could be adsorbed out of the sera by epidermal 
cells or neutralized by extracts of them, but cclls from other organs were unablc 
to do this, and antigen extracts of other cells used to coat the particles did not 
result in agglutination. 

When the sera taken during the period of generalized dermatitis, and demon
strated to be free ofhistamine-type activity, were injected intracutaneously into 
the patient from whom they were obtained, an immediate wheal and flare 
reaction was induced, reaching its maximum in about 30 min. This did not 
follow the injection of the samples of sera taken during convalesceuce. The same 
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results followed the injection of the samples into the skin of a normal subject. 
Adsorption of the serum with liver or spleen cells did not remove the antibody, 
but it was removed by adsorption with cells of the skin. 

When sections of fresh skin were incubated in the sera at 3 7°C and then 
examined for histological changes, the sera of the three patients tested caused 
cytotoxic effects. The cells of the stratum granulosum enlarged and the cyto
plasm became coarsely granular and developed small vacuoles. Incubation for 
longer periods produced further degeneration of these cells and pyknosis of the 
nuclei. 

The sera from a11 four patients taken during periods of eczema caused cyto
toxic changes in the stratum Malpighii of organ explants of skin taken from 
normal individuals, or from themselves during periods of remission. The severity 
of these changes depended u pon the age of the culture and duration of exposure 
to the antibody. The majority of explants taken from the four patients during 
active eczema degenerated immediately after culture, probably because the 
antibody had already reacted with the skin in vivo, though skin from other 
patients with eczema did grow in culture. 

Further evidence of the presence of a cytotoxic antibody resulted from the 
changes occurring in the cells proliferating from explants of human skin in 
tissue culture after addition of the sera. Only a small proportion of the cells 
were susceptible. These enlarged and the cytoplasm flowed out of the cell wall, 
and further degeneration resulted in ghost cells or fragments of the cells which 
had disintegratcd. 

Two other patients with generalized eczema ha ve recently been found to ha ve 
antibody to skin (Parish, Champion & Welboum, to be published). The sera of 
both agglutinated red ce1ls coated with skin antigcns, and reacted in immuno
fluorescence tests with epidermis, though only samples of sera from one 
patient have proved to be cytotoxic in vitro. 

TESTS TO DETERMINE THAT THE CYTOTOXIC 

fACTOR IS SPECIFIC ANTIBODY 

Wheal and fiare reactions after injection of material into the skin and cytotoxic 
effects on cells in vitro are not confined to the response to an antigen-antibody 
reaction, and cdls probably have a limited means of responding toa number of 
noxious stimuli. It therefore becomes important to demonstratc that the factor 
in the serum causing the changes is an antibody, and that it is specific for sorne 
antigen in the skin. 

One factor that is probably not specific antibody is the ~X2- globulin that 
kills suspensions of epidermal cells and causes necrosis of skin organ explants 
without the prcsence of complement, which was found by Anderson (1966) in 
the sera of elderly people with chronic inflammatory disease. This globulin did 
not damagc their dcrmal fibroblasts or lymphocytes, and thus resembles thc 
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factor cytotoxic for epidermal cells in the serum of normal rabbits and rats by 
Terasaki & Chamberlain (r962). 

Thc cytotoxic factor found in the four patients describcd by Parish ct al (1965) 
was a heat-labile, complement-dependent, 7S y-globulin which was active at 
37°C and weak or inactive at lower temperatures. 

It was specific for human epidern1al cells, causing cytotoxic changes in the 
skin of the patient from whom the serum was taken, and in the skin of normal 
individuals. The adsorption of the sera with partially separated cells of othcr 
human tissues and sections of rabbit and guinea-pig skin failed to remove the 
cytotoxic factor, but it was removed by the adsorption of the sera with partially 
separated cells of human epidermis. Furthermore, it only caused changes in the 
susceptible cells of explants of human skin, and not in cultures of other tissues. 
Immunofluorescence tests confirmed the epidermal cell specificity. Addition of 
the cytotoxic sera to sections of skin from normal individuals or unaffected 
skin from the same patients resulted in bright staining of the epidermis, par
ticularly in the stratum granulosum, hair follicles and sweat ducts, when thc 
sections were subsequently treated with rabbit anti-human y-globulin. 

The specificity and properties of the cytotoxic factor are characteristic of 
antibodies, and though any one of them is insufficient to determine its antibody 
nature, togcther they provide strong evidence that the factor is cytotoxic anti
body. 

DETECTION OF Auro-ANTIBODY ro SKrN BY 

fLUORESCENT LABELLING 

Two offourteen patients with chronic dermatitis were found by Wise et al (r96r) 

to have globulins in their sera which, when separated and labellcd with fluores
cein, were found to have an affmity for the dermis of punch biopsy specimens 
of their own skin. It was not possible to identify the antigen apart from the 
evidence that the reaction was confmed to the dermis, and in the patient with 
atopic dermatitis only thc affected arcas of skin were stained by the globulin 
and not normal skin from the patient or skin from other individuals. The antigen 
is unlikely to have been material absorbed from or through the epidermis as 
sorne trace of this should have been revealed by the labelled globulin, but it is 
possible that such a reaction may not have resulted from autosensitization and 
was due to the antibody combining with cxtrancous antigen that had becn 
disseminated previously by the blood and deposited widely in the skin or in a 
small area of vascular dilatation and oedema. 

The cytotoxic antibody to skin found in four patients with generalized 
eczema reacted strongly with epidermis, especially the stratum granulosum as 
described above, and sections of affected skin from the patients contained aggre
gated y-globulin or antigen-antibody complexes in the epidermis but no bound 
complement (Parish et al 1965). 
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In an invcstigation of two more patients with gencralizcd eczema both had 
IgG antibody reacting with epidermis and one also had IgM antibody com
bining with occasional cells in the dermis; thcse antibodies fixed complement 
(Parish, Champion & Welbourn, to be published). 

No spccific skin antibodies wcre detccted by immnnoflnorescence in severa! 
skin disorders apart from fixation of a small amount of globulin on the margin 
of the active lesions of one case of crythema annnlare centrifignm (Raskin 
1964). In pemphigus vulgaris, however, sera from eight of thirteen patients 
combined with an intercellular snbstance on the surface of epithelial cells which 
was present in human and monkey skin, monkey oral mucosa, oesophagus and 
anus (Beutner & Jordan 1964). Its significance is still to be determined. 

A UTO-ALLERGY TO SKIN RESUL TING 
FROM TYPE IV REACTIONS 

Detection of Type IV cell-mediated responses in anto-allergic diseases of the 
skin has been limited by the techniques available, though this may prove to be a 
valuable study. It has been claimed that the addition of extracts of skin or 
lymphocytes to cultures of leucocytes from patients with infantilc eczema 
results in mitosis (Hashem et al 1963; Hashem & Carr 1963) though the spcci
ficity of such a test requircs further investigation, and it is prcmarure to consider 
the destruction of human cmbryo fibroblasts in culture by lymphocytes from 
patients with systemic lupus erythematosus and scleroderma (Trayanova, Sura 
& Svet-Moldavsky 1966) as evidence that the discases are cell-mediated auto
allergy. 

Similarly the detection of cell-mediated auto-allergy in chronic discoid lupus 
erythematosus by injecting autologous leucocytes into the skin of the same 
paticnt (Tromovitch & March 1961) has proved unrcliable, for as many positive 
reactions were obtained in control tests as in patients with this disease (Gerstein 
& Knox 1963). 

EXPERIMENTS ON ANIMALS TO 
INVESTIGA TE A UTOSENSITIZATION 

TO SKIN 

Auto-allergy to skin has rarely been induced in experimental animals. No 
antibody, cytotoxic or otherwise, was detected after injecting homologous or 
autologous skin in guinea-pigs (Rosenthal, Baer & Hagel 1958; Moschos, 
Rosenthal & Schroeder 1964; Parish, unpubiished) or homologous skin in 
rabbits (Allgower, Blocker & Engley 1952; Walzer, Einbinder & Nelson 1964), 
and though agglutinating and cytotoxic antibodies to skin of pigs have been 
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fonnd in the sera of six animals with chronic dermatitis (Parish 1960) it was not 
possible to stimulate these antibodies or induce skin disease in normal pigs by 
causing local areas of skin degeneration, nor by the intradermal or intra
muscular injection of pulped skin or saline extracts of normal skin, with or 
without adjuvants. 

There is, however, slight evidence that animals may be sensitized to homolo
gous skin. Hecht, Sulzberger & Weil (1943) injected rabbits with non-sterile 
extracts of rabbit skin in adjuvant and some were also injected with staphylococ
cal toxins. These rabbits were fonnd to develop precipitating antibodies to 
extracts of skin, but only extracts that had been kept for more than 24 hr; thus 
both the antigen injected and the antigen used for the precipitation tests con
tained bacteria! antigen. It is possible that antibody was produced to degenerate 
skin, and animals with circulating antibody were fonnd to develop special 
kinds of lesions after skin trauma, but the possibility cannot be excluded that 
such lesions were due wholly or in part to antibody entering the damaged area 
and reacting with antigen of the resident flora. · 

In the course of skin-graft experiments Voisin & Maurer (1955) discovered 
that of six rabbits which had been injected with skin extracts and later rejected 
homografts from the same donor rabbits, four subsequently rejected autografts; 
this they believed to be due to autosensitization to skin. 

Stimulation of sensitization to skin which resulted in dermatitis in rabbits and 
guinea-pigs has been claimed by Wilhelmj, Kierland & Owen (1962) who 
injected their animals with homologous or autologous skin with Freund's 
complete adjuvant and obtained evidence of sensitization to skin in about half 
their animals by means of skin tests, complement fixation tests and tanned cell 
agglutination tests. The majority of the sensitized animals developed changes in 
the skin and loss ofhair. It was also shown that the antigens of dorsal and ventral 
skin were apparently distinct, which may be a possible explanation for the 
different patterns in which eczema may be disseminated in man. This report in 
which experimental sensitization to skin resulted in cytotoxic changes is an 
important advance if it can be confirmed, but attempts to repeat these experi
ments have been unsuccessful (Moschos et al 1964; Walzer et al 1964) though 
this could be due to variations in the antigens in the different skin extracts. 

Autosensitization to skin has been claimed to be a normal phenomenon in 
rabbits and adult rats whose sera were fonnd to be toxic to suspensions of 
autologous epidermal cells, whereas the sera of mice and newborn rats wcrc 
harmless to their autologous cells (Terasaki & Chamberlain 1962). The toxic 
factor was present in low concentrations, was complement dependent and 
could be adsorbed by epidermal cells but not by lymph-node cells or erythro
cytes. Though believed to be an auto-antibody, it could be a non-specific factor 
cytotoxic for severa! organs not normally exposed to serum, for testicular cells 
were also killed. 

EE* 
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CONCLUSIONS 

Many patients developing a generalized dermatitis of sudden onset may be 
sensitized to foreign extraneous antigenic material, but evidence has been 
obtained that some become sensitized to autologous skin antigens. 

The significance of the circulating antibodies to skin in autosensitization is 
not yet known. Their formation may be the harmless result of an inflammatory 
process, without causing any further dermatitis, or they could initiate degenera
tion in areas of normal skin. In four patients studied by the authors, circulating 
cytotoxic antibody specific for epidermis was found which could cause a Type 
II allergic response resulting in degeneration of the cells of the epidermis, and in 
these four patients the recurrent generalized dermatitis of many years' duration 
may be due, or partly due, to autosensitization to skin. 
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INTRODUCTION 

That many forms of glomerulonephritis ha vean allergic basis has been postulated 
for many years. Before adequate antibiotic control of fJ-haemolytic streptococcal 
infections, clinical acute nephritis was common, and it was found to occur 10-15 
days after a primary upper respiratory tract infection with these organisms. At 
this time very high circulating titres of antistreptolysin O antibodies were 
detected, and it was difficult to avoid postulating that the nephritis occurred at 
the time of maximum antibody response, and represented a form of allergic 
disease. In addition it had been found that proteinuria was an almost invariable 
accompaniment of acute serum sickness in man and animals, appearing at the 
time of maximum antibody response to the injected antigen. 

Over the years many attempts have been made to induce nephritis in experi
mental animals by the injection of antigenic materials. These have had variable 
success, and are reviewed in this chapter. 

Since the advent of renal biopsy (Kark et al 1955) the histological appearances 
of the various types and stages of human glomerulonephritis ha ve been fairly 
well defmed. Also evidence has accumulated to strengthen further the previous 
view that an immunological aetiology underlies most forms of human disease 
(Drummond et al 1964). However, as yet no specific antigens, whether auto
logous or heterologous, nor specific antibody, auto-immune or hetero-imnmne, 
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have been clearly defined in human disease; until this is achieved the precise 
aetiology of the various clinical types of nephritis will continue to evade medica! 
science. In this chapter it is intended first to define the anatomical components of 
the glomerulus, and to consider how these may be modified in association with 
glomerulo-nephritis; second, to analyse the nature of the lesion seen in a variety 
of, more or less, well defined clinical types; thirdly, to consider the models of 
glomerulonephritis currently known to be experimentally induceable in animals; 
and finally to consider how closely these models relate to what we so far know 
of human disease. 

A number ofkey references will be found at the end of the chapter, firstly to 
comprehensive review articles, and secondly to individual papers cited in the 
text. Through these the reader wishing to examine the subject in detail will be 
able to gain access to all the voluminous literature extant. 

A. STRUCTURE OF THE GLOMERULUS 
(Rhodin 1962) (Plate 34.1) 

The structural elements of the glomerulus consist of the afferent and efferent 
glomerular arteriole, the capillary tuft, and Bowmans capsule. The capillaries 
ha ve an endothelial cell lining, and a central stalk consisting of mesangial cells; 
these, although remote from the capillary !tunen, probably have some form 
of direct communication with it. The basement membrane consists of a rcla
tively structureless glycoprotein matrix, without any clear fibrillary structure: 
chemically it resembles a modif1ed collagen (Kefalides & Winzler 1966). 
Apposed to the outside of this membrane are modified epithelial cells or podo
cytes. Bowmans capsule also is formed of a glycoprotein matrix, continuous 
with the capillary tuft basement membrane, and lined by epithelial cells. 

The changes in these structures which can be encountered in disease can be 
summarized as: 
1. Loss of the foot processes of the podocytes. 
2. Appearance of extraneous deposits, either inside, in the substance of, or 
outside the basement membrane. Such deposits may be composed of complexcs 
of protcins involved in immune precipitates, fibrinogen or unidentified pro
teins such as amyloid (Vazquez & Dixon, 1956). 
3. Proliferation of cellular elements, endothelial, mesangial or cpithelial. 
4· Infiltration by cellular elements, round cells or polymorphonuclear leuco
cytes. 
5. Scarring and disorganization of structure consequent on the changes above. 

These relatively few changes occur together or separately in different patients, 
and in different fonns of renal disease; in the absence of any certain under
standing of aetiological processes in glomerulonephritis, it is therefore not sur
prising that considerable confusion still persists. However, some characteristic 



PLATE 34.r. Normal Human glomerulus. 

Electron micrograph of normal human glomerulus (X 9000). For description see 
page 910. 

Key (Plates 34.1-34.7) 
BM = Basement membrane. 

C = Capillary lumen. 
EN = Endothelial cell. 
EP = Epithelial cell. 
FP = Foot processes. 
A = Axial cell (mesangial). f.qcing p. 910 



PLATE 34.2. Human acutc glomeruloncphritis. 

Electron micrograph of a case of human acutc glomerulonephritis ( x r6,5oo). 
Inset shows a portian of a glomerulus staincd with fluorescent IgG from a similar 
case ( x 350). (From Figs. 2A and 5 in Michael et al (r966). By kind pennission of 
Dr R.L.Vernier.) 



PLATE 34·3· Rabbit acute serum sickness. 

Electron micrograph for a rabbit with acute serum sickness ( x 17,000). lnset shows 
capillary loop for same animal stained with fluorescent anti-rabbit IgG ( x 700). 

Both Plates 34.2 and 34·3 show deposits (M) outside the basement membrane, a 
dark halo (H) in the cytoplasm of the epithelial cell often surrounds these. Fluor
escence microscopy shows patchy deposits of IgG with an apparently similar 
distribution. 



(a) (b) 

PLATE 34·4· Human membranous glomerulonephritis. 

(a) Electron micrograph (X 5ooo), courtesy of Dr D.B.Brewer from Brewer (r96o). 
(b) PA sil ver stain (X 900). 

(a) (b) 

PLATE 34·5· Rat 'auto-immune' membranous glomerulonephritis (Heymann). 

Rat immunized intraperitoneally to homologous azomitochondria in Freund's 
adjuvant. 'Heymann model' (1959). 

(a) Elcctron micrograph (X 5000). 
(b) PA sil ver stain (X 1200). 

Human and rat glomeruli show striking similarities. Dense masses are present 
on the epithelial side of the basement membrane. In the PA sil ver preparation pro
jections can be seen on the onter snrface of the capillary loops (arrowed). 
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morphological patterns are beginning to emerge. Perhaps the most significant 
fmding has been that nearly all glomeruli showing electron-dense deposits can 
also be shown to contain host immunoglobulins, often in association with 
complement components, the distribution of which parallels the electron-dense 
deposits. In addition fibrinogen has on occasions been demonstrated, particular! y 
in those deposits found within the capillary or in the mesangial region. 

Based on this finding of immunoglobulin deposits many forms of glomerulo
nephritis are now regarded more certainly as being of immunological origin. 
This evidence supplements previous studies, which have shown lowered scrum 
complement levels (Gotoff et al 1966; Lagrue et al 19M) circulating antibody to 
kidney components (Lange et al 1955; Krammer et al 1961), and ha ve pointed 
out associations with primary immunological stimuli, or accelerated responses 
following secondary stimuli, in such instances as streptococcal infections. 

B. HUMAN GLOMERULONEPHRITIS 

Human glomerulonephritis can be classified into those lesions in which the 
kidney is apparently the primary target, and those in which the renal lesion is 
secondary to a recognized systemic disease. 

l. PRIMARY LESIONS 

(A) PROLIFERATIVE GLOMERULONEPHRITIS 

(Herdson et al 1966) 
In the acute form of this condition there is, in the majority of cases, a clear 
history of antecedent infection, usually with a nephritogenic strain of strepto
cocci. Haematuria follows after ro-15 days, and usually resolves spontaneously. 
Histologically the glomerulus shows polymorph infiltration and a striking 
proliferation of endothelial and mesangial cells, which may actually obliterate 
the capillary lumens. Host immw1oglobulin has been demonstrated as a series 
of discrete nodules in the glomeruli; on electron microscopy these show again 
as discrete nodules, mainly deposited subepithelially outside the basement 
membrane, so-called 'lumpy' deposits. Variable amounts of complement com
ponents are found in these deposits, and fibrinogen may also be found in intra
capillary situations, usually asan amorphous, non-fibrillary fonn. With healing, 
the deposits disappear rapidly, as does the endothelial cell proliferation; but 
mesangial zone thickening, with increased cellularity and marked irrcgularity of 
electron density, may persist for many months (Michael et al 1966) (Plate 34.2). 

Systcmic evidencc of an immunological reaction includes vcry high anti
streptolysin O titres, low levels of serum complement during the attack and 
high levels of serum y-globulins. 

In patients showing more persistent forms of diffuse proliferative glomerulitis 
the major cellular changes may be either cndothelial or epithelial. Electron-
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dense deposits may be found inside or outside the basement membrane, and 
immtmoglobulin and complement are usually demonstrable by fluorescent 
techniques. Eventually disorganization of the membrane occurs with splitting 
and fibrillary thickening. In individual patients the serum complement may be 
low or normal, and ASO titres are also variable. Serum protein changes are 
frequently modified towards a nephrotic pattern by the heavy proteinuria that 
many of these patients show. 

Focal glomerulonephritis (Heptinstall, 1964) 
This is another form of prolifera ti ve lesion, the affected areas being confined to 
focal parts of the tuft. Proliferation is of endothelial or epithelial cells, most 
commonly ofboth, and f1brillary thickening of the basement membrane is seen 
in involved areas. Detailed electron microscope studies have been reported in 
recent literature (Lannigan & Insley 1965). Immunofluorescent studies are few, 
but these have shown immunoglobulin deposits in the lesions. 

As in acute glomerulonephritis, the serum y-globulin is usually raised. Serum 
complement levels are, however, only seldom low. Very high ASO titres are 
found in sorne patients, suggesting a streptococcal aetiology. 

Lo bu lar g lomerulonephritis 
In the glomeruli of patients with this condition there is only modera te prolifera
tion confined to the mesangial cells, but there is gross infiltration of the mesangial 
zone with material with the staining characteristics of glycoprotein. With the 
PA silver techniques, this shows a spongy network of fibrils suggesting that it is 
relatively disorganized structurally compared with basement membrane. In 
many respects the lesion resembles the diabetic nodular lesion, but is more 
widely distributed throughout the glomeruli; in addition there is no evidence of 
diabetes. Electron microscopic and immunofluorcsccnt studies have been 
reported in this condition (Anagnostopoulos & de Montera 1964). 

(B) MEMBRANOUS GLOMERULONEPHRITIS 
(Movat & McGregor 1959) 
Clinically this lesion is found in sorne patients who develop oedema of insidious 
onset. There is seldom a history of episodes of acute infection. Heavy protein
uria (>0.15 g/kgjday) is almost the rule. 

Histologically the lesion is quite characteristic (Brewer 1964), and appears to 
be specific for the syndrome. In the fully developed lesion there is thickening of 
the basement membranes onlight microscopy; with the PAS stain this is diffuse, 
but with PA silver stain only a part of the membrane stains, giving a castellated 
appearance to the outer margin. On electron microscopy the membrane is seen 
to be grossly disorganized, bcing heavily infiltrated with deposits, usually less 
dense than the membrane itself. Splitting or f1brillary change in the membrane 



KIDNEY IN ALLERGIC DISEASE 913 

is not seen. The deposits in the membrane stain strongly for immunoglobulin. 
Epithelial cell foot processes are sometimes lost over the lesions, but cellular 
proliferation and infrltration of the glomeruli is not seen. Characteristically the 
mesangial zone is not involved. Serum complement is not depressed, nor are 
there any other systemic signs of an immunological reaction (Platc 34.4). 

(e) MINIMAL CHANGES (LrPOID NEPHROSIS) 

(Plate 34.6) 
In sorne patients with heavy proteinuria no lesion can be seen in thc glomeruli on 
light microscopy. Electron microscopy shows only a diffuse loss of the foot 
processes of the epithelial cells. With successful treatment with stcroids these 
foot processes rapidly return (Pollak et al 1958). This lesion is most commonly 
seen in childhood, though it can occur at all ages, and is found in ro-zo% of 
adults presenting with a nephrotic syndrome. Most reports havc failed to 
demonstrate immunoglobulin deposition in these cases (McCluskey et al 1966; 
Drummond et al 1966). 

In most patients there is no evidence for systemic immunological process, 
though a few have been reported in association with a hypersensitivity to a 
variety of allcrgens (Hardwicke et al 1959). Serum complement values may be 
at the lower limit of the normal range, :md these rise with successful treatment 
(Lange et al 1955). 

Il. SECONDARY LESIONS 

There are many occasions when the kidney is involved secondary to a well
recognized systcmic disease; only a few of those which ha ve bcen well investi
gated from an immunological viewpoint will be considered. 

(A) SYSTEMIC LUPUS ERYTHEMATOSUS 

(McCluskey et al 1966) 
The immunological nature of this disease is well authenticated, and glomerular 
lesions are commonly found. The type of lesion may vary widely, and can 
mimic almost any form of glomerulonephritis. Widespread dcposition of 
immunoglobulin and complement components are found in any location within 
the glomeruli, subendothelially, within the membrane, or subepithelially (Koffier 
& Paronetto 1965). Fibrinogen is also often found deposited in intracapillary 
si tes, and variable amounts of proliferation, necrosis and frbrillary thickening of 
the basement membrane are found. 

(B) GüüDPASTURES' SYNDROME 

(Duncan et al 1965) 
In this syndrome, ofhaemoptysis associated with proteinuria, asevere form of 
progressive proliferative disease is usually found. Histologically there is an 
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increase in the basement membrane thickncss, and on electron microscopy this 
is seen to be the result of linear deposition of electron-dense material subendo
thelially. This material sometimcs shows a fibrillary structure, and fluorescence 
microscopy shows it to contain fibrinogcn, in addition to immunoglobulin and 
complement. This immunofluorescent technique shows, characteristically, a 
linear deposition of IgG on the glomerular capillary walls. 

(e) DIABETES (Lannigan et al 1964) 
Fibrillary thickening of the basement membrane is thc commonest lesion in this 
disease. In addition a marked infiltration of the mesangial zones with material 
which stains with the PAS stain, but not with PA silver, may be found; when fully 
developed this beco mes the Kimmelstiel-Wilson lesion (Kimmelstiel & Wilson 
1936). Immunofluorescence shows immunoglobulin in these deposits, though 
the glycoprotein components have not been identified. 

III. LESIONS AssociATED WITH FIBRIN 
DEPOSITION 

In addition to the lesions described above, there are three conditions involving 
the kidney in man, which are associated with deposition intra-glomerularly, of 
components of the coagubtion system. In many other forms of glomerulitis 
fibrin or fibrinogen are found in association with immunoglobulin precipitates. 
No such immunoglobulins are found in these conditions, but because of the 
experimental association between fibrinogen deposition and immunological 
reactions thesc are described briefly. 

(A) TOXAEMIA OF PREGNANCY 
(Vassali et al 1963) 
Patients with toxaemia show a diffuse thickening of the basement membrane 
and mesangial zones with the PAS stain, together with a minor degree ofendo
thelial cell proliferation and marked endothelial and cpithelial swelling (Pirani 
et al 1965). With the PA silver stain the tlúckening is fibrillary. Fluorescence 
microscopy shows fibrillary deposition of fibrinogen on the membrane, and in 
addition fibrinogen reacting material in the mesangial zone and within the 
endothelial cells. Immunoglobulin and complement are rarely seen, and when 
prescnt are in occasional nodular deposits unrelated to the main lcsion. 

(B) AcurE CoRTICAL NECROSIS 
In some cases of septicaemia acute necrosis of the glomeruli and the renal cortex 
is found, often in association with adrcnal cortical necrosis. The lesion is one of 
deposition within capillaries and arteriales of platclet and fibrin emboli, with 
consequent ischaemic necrosis. 
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(e) THE HAEMOLYTIC-URAEMIC SYNDROME 

(Gianantonio et al 1966, Habib et al 1967) 

9!5 

This syndrome is almost confined to infants. The histological lesions in the 
kidney are similar to those seen in acute cortical necrosis, namely fibrin and 
platelet deposition and embolization. In addition morphological changes in the 
erythrocytes, leading to 'burr' cells are found. The blood shows a hyperco
agulable state, and scattered lesions are found in other organs. A number of viral 
infections are associated with the disease, and death or chronic renal damage is 
usual. Successful treatment with fibrinolytic agents and with heparin has been 
claimed. 

(C) EXPERIMENTAL GLOMERULONEPHRITIS 

It will now be apparent that, with the possible exception of minimal change 
lesions, most forms of glomerulonephritis are associated with immunoglobulin, 
or coagulation system components within the glomeruli; sometimes this is 
associated with systemic evidence of an immune response (Lange et al 1966). 
The next section will discuss sorne of the many experimental models which ha ve 
been developed in an effort to reproduce the diseases seen in man. 

l. EXPERIMENTAL STREPTOCOCCAL NEPHRITIS 

In view of the body of evidence implicating nephritogenic streptococci in the 
production of acute nephritis in man, many attempts have bcen made to induce 
nephritis in animals using whole streptococci or a variety of streptococcal 
antigens. In the main these have been singularly unsuccessful (Uhr 1964). 

In the rabbit and rat Type 12 streptococci grown intreperitoneally in Millipore 
chambers from which they cannot escape lead to renal tubular lesions only; 
streptolysin S is the effective agent (Tan et al 1961). Whole killed streptococci 
injected intraperitoneally with kidney homogenatcs (Cavelti & Cavelti 1945) 
have been shown to produce both tubular damage, due to streptolysin S, and 
glomerular proliferative lesions. The streptococcal M protein used as an antigen 
produces an antiserum (Kantor 1965) which cross-reacts immunologically with 
fibrinogen, and in addition the M protein itself will precipita te fibrinogen. In 
mice intravenous injection (Kantor 1965) of 3 mg of M protein will produce a 
glomcrulitis, characterized by capillary thrombi and fibrin deposition within the 
glomeruli. Serum complement is not involved in this reaction. 

It seems unlikely that these lesions are related to the human disease. Histo
logically they differ, the dose of antigen is too great and complement is not in
volved. It has been suggested that acute nephritis in man represents an acute 
toxic lesion similar to that due to M protein, followcd by a secondary 'auto
immune' nephritis (Rammelkamp 1964) in those patients in whom the lesion is 
progressive. This implies a mcchanism similar to that seen in the 'auto-immune 
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allergic disease' described below; while this could be so in the progressive 
proliferative lesions, the model of the primary lesion in no way resembles, 
histologically, acute glomerulonephritis in man. 

II. THE RoLE oF CrRCULATING ANTIGEN

ANTIBODY CüMPLEXES 

(A) ACUTE LESIONS 

It has been known for many years that proteinuria was an accompaniment of the 
acute serum sickness that follows a single large dose of antigen intravenously. In 
the rabbit proteinuria appears 10-14 days after injection, and in most instances 
recovers spontaneously after a short period. The actual nature of the damage to 
blood vessels varies with the antigen used (Hawn & Janeway 1947), but little 
detailed work is available on the relative nephritogenicity of different antigens. 
Proteinuria appears, together with maximum systemic effects, at the time of 
increasing antibody production and consequent rapid antigen destruction 
(Feldman 1958); the peak of the renal damage just follows the time when a high 
proportion of the remaining intravascular antigen can be shown to be circulating 
as complexes with antibody in antigen excess (Talmage et al 1951). Histological 
damage onlight microscopy of the glomeruli at this time is usually remarkably 
slight, at least with the antigens mainly studied (bovine serum albumin, human 
serum albumin, bovine IgG and human IgG) in spite of the large amounts of 
complexes disappearing daily from the circulation. There is a moderate proli
feration of endothelial cells, with occasional polymorph infiltration, but this 
seldom approaches that seen in the human acute glomerulonephritis (Feldman 
1958); red cells are not seen in the tubules, nor is haematuria commonly present. 

Much more striking damagc is seen on electron microscopy. There are 
numerous dcposits in relation to the basement membrane; most of these are 
subepithelial in si te, separated from the membrane itself, and typically small and 
nodular (the 'lumpy-bumpy' deposits). Antigen and antibody can be dcmon
strated in the nodules by immunochemical techniques. The lesions rcsolve 
rapidly within 14-21 days, leaving no sequelae (Fish et al 1966). Largc amounts of 
antigen (>roo mg/kg) are required to produce the typical 'one-shot' lesions in 
rabbits (Plate 34.3). 

In view of the suggestive evidence provided by acute senun sickness, many 
attempts have been madc to induce renallesions with intravenous injections of 
preparations of soluble antigen-antibody complexcs. Such cxperiments do 
indeed produce renallesions and proteinuria, but again large amounts of com
plex are necessary (McCluskey et al 1962). Both antigen and antibody are 
demonstrable in the lesions. The lesions resolve rapidly, and chronic renal 
damage has not been obtained. Prcliminary damage of the vascular endothelium, 
by agents such as histamine or endotoxin, l1.cilitate the deposition of complexes 
on the capillary walls and accentuate thc lesions produced (Cochrane 1963). 
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(B) CHJtüNIC LESIONS 

Repeated injections of small amounts ofheterologous serum proteins ovcr many 
months ha ve been reported to produce a variety of renallesions in rabbits (Long
cope 1913; McClean et al 1951). Dixon et al (1961) have studied this model in 
detail in the rabbit, using simple antigens (BsA, human serum albumin and human 
IgG) and daily intravenous injections. By titration of the rabbit sera and adjust
ing the intravenous dose of antigen, an attempt was made to maintain the animals 
clase to antigen-antibodyequivalence over each24hrperiod. Animals producing 
large amounts of antibody produce an acute renallesion analogous to that of 
'one-shot' serum sickness. In these animals attempts to maintain antigen excess 
by increased dosage of antigen resulted in a high mortality from anaphylactic 
shock. In sorne animals littlc antibody was produced. In these immune paralysis 
appeared early, and no renal damage ensued. In a further group of intermedia te 
antibody producers the dose given nearly balanced the antibody production, 
over long periods, and in these chronic renallesions were induccd after a period 
of 2-3 months. These results have been confirmed (Andres et al 1963), and the 
sequence of events in these animals appears charactcristic. During an initial 
phase of 1o-2o days the daily antigen injections exceeded antibody production, 
to the extent that antigen was detectable in the circulation 24 hr after injection, 
and preceding the next dose. Following this was a period during which anti
body was found 24 hr after injection of antigen, but was absent immediately 
following each antigen injection. Proteinuria during this period was intermittent 
or absent. In the third phase antigen again appeared in excess before each 
injection, and it was during this period that proteinuria reappeared and became 
persistent. Severe and progressive renallesions appeared at this time, and sorne
times progressed following complete cessation of injections. Histologically the 
glomeruli show moderate proliferative changes, with marked membrane 
thickening with the PAS stain. Electron microscopy shows widespread depo
sition of electron-dense material, both subendothelially and subepithelially, 
and splitting and reduplication of basement membrane-like material. 

Germuth and colleagues (1967) have recently reported the effects of constant 
daily intravcnous injections of BSA into rabbits in a dosage varying from o. 1 to 
25 mg. Only those receiving 12.5 or 25 mg were affected. At the higher dosage 
only five out of twenty-five animals produced significant antibody. Two of 
these died of anaphylaxis, while the remaining three developed renal failure. 
Fifty-six animals were given 12.5 mg daily; these animals mostly produced high 
antibody titres and in this group many developed chronic renallcsions. Once 
weekly the animals were bled, 24 hr following the last intravenous injection, 
and the excess of antibody or antigen titrated. Many of the animals passed from 
antigen to antibody excess at 14-21 days, and had an acute episode of protein
uria. They then remained in antibody excess for a variable period of time befare 
again passing into antigen excess with the development of immunological 
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FIGURE 34.1. The sequence of events in rabbits developing late glomerulonephritis 
following daily intravenous injections of BSA. (From Germuth et al. (1967). 
Reproduced by kind permission.) 

An initial bout of proteinuría occurs at the time at which animals first pass into 
antibody excess 24 hr following each intravenous dose of antigen; this is analogous 
to acute serum sickness following a large single dose of antigen. After a varying 
period in antibody excess, sorne animals develop increasing immunological 
paralysis; at about the time at which daily antibody production is only just 
enough to destroy the injected antigen in 24 hr, a second bout of proteinuria and 
glomerular damage occurs, which may become progressive. 

paralysis. At about this time they again developed proteinuria, and the glomer
uli showed a lesion comparable to that described by Dixon et al (1961). This 
often resolved completely in those animals remaining in gross antigen excess, 
but in sorne who stayed around equivalence for long periods chronic progres-
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si ve renal failure developed. At about the time of recurrence of proteinuria the 
Arthus reaction, previously positive, became negative (Fig. 34.1). 

Boyns (1966) has given isotopically labelled BSA to rabbits, and varied the 
it*ction schedule to maintain antigen constantly present in the circulation. 
Estimation of complexes showed that up to So% of antigen was bound to anti
body in the circulation, and 15-20 mg of antigen were probal'>ly being destroyed 
in this form daily. Proteinuria in these animals was only intermittent, and most 
marked over the period 14-30 days. By So days all animals were immuno
logically paralysed to the antigen, and none showed proteinuria. No animals 
developed chronic renal lesions, and biopsies of the kidney from 50 days on 
showed only minar and scattered lesions of the type associated with acute serum 
sickness. 

Dixon et al suggest that there is a critica! size of complex, present only very 
clase to equivalence, which can localize in the glomeruli and cause damage. If 
this is so then it appears that this size has only been produced experimentally in 
animals that ha ve been in antibody excess for at least part of the time. Persistent 
antibody excess does not lead to chronic lesions. Persistent circulation of antigen, 
of which a high proportion is complexed to antibody, is also not associated with 
chronic damage (Boyns 1966). Possibly the endothelial damage induced during 
periods of exact antigen-antibody equivalence in the circulation potentiates the 
effect of circulating soluble complexes during the subsequent phase by inducing 
f1xation within glomerular capillaries (Cochrane 1963). 

This is a difficult model to understand, and merits much further investigation. 
So far only simple types of antigen have been investigated in this model. It 
remains possible that other types of antigen might be effective in much smaller 
doses. Also the relative importance of the different immunoglobulin types has 
not been studied; while IgM might be of considerable importance in the acute 
lesion, it seems improbable that its titre would be sufficiently high in the later 
chronic phases to be of significance (Wissler et al 1959). 

III. KIDNEY FIXING ANTIBODIES 

In the section above the models considered concemed antibody reactions to 
proteins which, in the absence of antibody, show no spccial tendency to localize 
in the kidney. A number of further experiments are described in which anti
body production to components of the glomeruli is produced by the injection of 
isologous, homologous or heterologous antigens derived from the kidney. The 
antibody produccd in these models can be shown to fix to glomerular com
ponents, usually the basement membrane, and to induce damage. 

(A) HETEROLOGOUS ANTI-ICIDNEY ANTIBODY 
(Masugi 1933). 
Antibodies raised in a number of animals to heterologous kidney extracts will 
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induce renal damage when reinjected into the donor species. This damage is 
related to antibody against donor basement membrane. The pattern of disease is 
characteristically biphasic. During the initial phase the heterologous antibody is 
fixed to the recipient glomeruli and proteinuria ensues. This then remits wholly 
or partially. At 10-15 days proteinuria reappears, at this time being related to the 
deposition of host immunoglobulin, presumably against the donor immuno
globulin fixed to the kidney in the initial phase (Unanue & Dixon 1965). By a 
variety of manipulations one or other phase can be suppressed (Hammer & 
Dixon 1963; Halpern et al 1967). The chronicity of the lcsion induced varies 
from species to species and with the dose of antibody injected, but the nephritis 
from a single antibody injection in low dosage will usually recover spontane
ously. It has been suggested that when the lesion becomes progressive secondary 
mechanisms may ha ve come into play (Pfeiffer & Federlin 1966), but this is so far 
by no means proved. The kinetics of this type of nephritis are complex, and are 
admirably reviewed by Unanue & Dixon (1967) who are themselves responsible 
for much of the work on the subject. Usually a fall in complement occurs at the 
time of maximal renal damage (Halpern et al 1965) and circulating polymorphs 
are necessary for damage to occur (Cochrane et al 1965). However, disease can 
be induced by non-complement fixing antibody in the absence of polymorphs 
(Hammer & Dixon 1963). Injections of heparin or warfarin concurrently with 
or preceding the administration of antibody will modify its action (Halpern et 
al 1965), probably by preventing progressive renal damage, rather than by 
inhibiting the reaction of the antiserum with the basement membrane. IgM 
antibody is considerably more effective, on a weight basis, than IgG (Unanue & 

Dixon 1965). 
The antigen responsible for nephrotoxic antibody production has been shown 

to be a glycoprotein present in basement membrane, and constituting about 20/;; 
of its substance (Shibata et al 1966). 

Histologically light microscopy shows varying degrees of cellular infiltration 
and proliferation (Reid 1956). The glomerular basement membrane is thickened, 
and the PA silver stain shows this to be fibrillary. Electron microscopy (Dixon 
1966) shows linear deposition, subendothelially, of electron-dense material. 
Following repreated injections of antibody a series of such linear depositions may 
be built up one on the other. Immunohistological studies show linear deposition 
of donor immunoglobulin on the glomerular capillaries in the initial phase, and 
in the later phase host immunoglobulin, together with complement components 
and fibrinogen. Antibodies to rat collagen will also fix to the rat glomerulus (Rot
bard & Watson 1961). 

(B) A UTO-IMMUNE (ALLERGIC) 

GLOMER ULONEPHRITIS 

Two types of 'auto-immune' nephritis have been described. Both require the 
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injection of antigen in Freund's adjuvant. The frrst of these 'auto-immune 
allergic', follows the injection of heterologous kidney intramuscular! y in 
acljuvant into sheep (Stcblay 1963). At the time at which the sheep produce 
antibody directed against donor kidney, or shortly after, they develop asevere 
progressive glomerulonephritis themselves, which goes on to renal failure. 
Scrum from these sheep will induce nephrotoxic nephritis in the donor species, 
but not in other shcep. Nephritis can, however, be transferred by cross-circula
tion experiments, or, by nephrectomizing the nephrotic sheep, harvesting the 
serum 8-10 days after nephrectomy and injecting this into unilaterally nephrec
tomized lambs, which then develop nephritis (Lerner & Dixon 1966). This shows 
that homologous antibody is produced but is adsorbed to the host kidney very 
rapidly. r6o ¡.;,g of kidney fixing IgG from such nephrectomized animals will 
induce lesions in the unilaterally nephrectomized lambs. Similar auto-antibodies 
directed against basement membrane have been found in association with 
immunization to heterologous, or homologous (but not with autologous) 
preparations of glomeruli in most laboratory mammals. Most of these are less 
severe than in thc sheep and are seldom progressive (Unanue & Dixon 1966a and 
b). Antibodies to renal tubular basement membrane may also be found. This 
model therefore appears to be the auto-allergic counterpart of nephrotoxic 
serum nephritis. 

In the sheep the histological lesion is of a severe proliferative glomerulo
nephritis, with both endothelial and epithelial cell proliferation. Markcd 
crescent formation occurs, and progresses rapidly to frbrosis (Steblay 1962). In 
other species histologicallesions are much less severe, and often resolve spon
taneously. Fluorescence microscopy shows deposition of host immunoglobulin 
in the g1omeruli (or tubules) and on electron microscopy this is subendothelial 
in position. 

(e) 'A UTO-IMMUNE' NEPHRITIS 

Thc second type follows the injection of preparations of rat kidney in complete 
Freund's adjuvant intraperitoneally in homologous rats. The intraperitoneal 
route is essential, intramuscular and foot pad injection being ineffective (Hey
mann et al 1959). Production of lesions is variable between different strains of 
rats. Whole kidney homogenates, glomerular preparations and diazotized or 
unaltered mitochondrial fractions are effective (Unanue & Dixon 1967). Per
sistent proteinuria follows 8-10 weeks of repeated injections, b~t a transient 
proteinuria is found in many animals during the 3rd week (Barabas, personal 
communication). 

The histologicallesion closely resembles membtanous glomerulonephritis in 
man; with thickening of the basement membrane, and disorganization by 
infiltration with less electron-dense material (Plate 34.5). Immunohistological 
studies show deposition of host immunoglobulin within the glomeruli exactly 
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as in the human lesion; in addition the deposits can be stained with an antiserum 
raised in other species to rat tubular components. This antiserum reacts with the 
tubular brush border in the normal rat kidney. Fluorescent IgG from affected 
rats stains snbcellular fractions of the renal tubule, but not the affected or normal 
glomeruli (Barabas, personal communication). Passive transfer by serum is 
ineffective, but paraboisis or lymph node cells are (Hess et al 1962). 

It is suggested (Unanue & Dixon 1967) that this model is the result of deposi
tion of soluble antigen-antibody complexes composed of anto-antibody with a 
tubular antigen normally present in the circulation. There is sorne ultrastructural 
difference from the lesion of acute serum sickness. In acute serum sickness the 
deposits are within the epithelial cell or closely surrounded by cell cytoplasm 
and the basement membrane is substantially normaL In the Heymann 'auto
immune' model the deposits lie apparently between the foot processes, or within 
the substance of the basement membrane which is structurally grossly dis
organized. 

Control experiments ha ve studied the effect of complete Freund' s adjuvant 
alone on the rat's kidney (Watson et al 1965). 

A similar lesion is produced by the injection intravenously ofisologous kidney 
in pertussis vaccine (Blozis et al 1962). 

(o) SPONTANEOUS 'AUTOIMMUNE' NEPHRITIS 
A spontaneous nephritis occurs in the NZB/BL mice (Mellors 1965). This shows 
a remarkable histological similarity to disseminated lupus erythematosus, and it 
has recently been shown that the deposits contain DNA and IgG. Deposition may 
be subendothelial or subepithelial, and variable amounts of proliferation are 
fmmd (Dixon 1967). 

IV. ScnwARTZMANN PnENOMENON 

In the generalized Schwartzmann reaction resulting from repeated injection of 
bacteria! endotoxin preparations (see Chapter 1), bilateral renal cortical necrosis 
may be found as a result of the extensive vascular obstruction caused by platelet, 
polymorph and fibrin thrombi (McKay et al 1966). 

V. GLOMERULITIS DUE TO PHYSICAL AND 
CnEMICAL AGENTS 

Primary renal injury resulting from physical or chemical agents is not truly 
immunological. However, it still remains possible that progressive damage, after 
the initial stimulus is withdrawn, may be dueto secondarily excited immnno
logical means. It therefore would seem desirable to mention such models briefly 
in this chapter. 
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(A) AMINONUCLEOSIDE NEPHROSIS 
(Lannigan et al 1962) 
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Injections of the aminonucleoside from Puromycin intravenously into rats or 
dogs leads, after 8-10 days, to the appearance of massive proteinuria. This pro
teinuria resolves spontaneously after a further 10-20 days. Long-term survival 
in those rats who survived the acute episode is, however, reduced when com
pared with paired litter-mate controls (Lannigan 1963), and the injected animals 
develop progressive renal failure after a latent period of 6--9 months. 

In the acute phase the only glomerular lesion demonstrable is a loss of foot 
processes of the podocytes, analogous to that seen in 'minimal change' nephrotic 
syndrome in man (Plate 34.7). 

Immunohistological studies in this lesion show only non-specific accumulation 
of IgG in mesangial arcas. Chemical investigation of isolated basement mem
brane material in treated rats shows a deficiency ofhydroxylysine and hydroxy
proline with an increase in lysine and proline residues (Kefalides 1966). 

Studies on the general effects of aminonucleoside show excessive glycogen 
deposition in the liver, with a failure of normal glycogenolysis on starving 
(Kmetec 1966). 

(B) SACCHARATED IRON ÜXIDE 
Intravenous injection of saccharated iron oxide into rabbits has shown massive 
depositions of granular, iron-containing material in the glomerular capillaries. 
After a period of 4-8 days a proteinuria develops, at about the time at which the 
major part of the deposits are cleared from the capillary lumens. Repeated 
injections lead to azotaemia and renal failurc. Electron microscopic and immuno
histological studies havc yet to be reported in this model (Ellis 1956). 

D. CORRELATION OF HUMAN WITH 
EXPERIMENTAL DISEASE 

From the morphological point of view it is now possible to produce in animals 
glomerular lesions which closely resemble those seen in the various forms of 
human disease. 

Nevertheless, it still remains extremely doubtful as to whether any of these 
expcrimentalmodels truly reflects the histologically similar human disease. This 
final section will consider sorne of the difticulties inherent in extrapolating too 
confidently from the animal to the human situation. 

ACUTE STREPTOCOCCAL NEPHRITIS 

Histologically this lesion shows considerable resemblance to the experimental 
acute serum sickness model; in addition both show an acute fall in serum com
plement. Endothelial ccll proliferation and haematuria are both more pro
nounced in thc human disease than in the animalmodel. In animals, the quantity 
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TABLE 34.1 

Human disease Histology (human) Ani111almodel 

l. Acute streptococcal Nodular subepithelial Acute serum 
glomerulonephritis deposits. Nodular deposition of sickness * 
(? acute serum sickness) IgG and complement 

11. Progressive Epithelial cell proliferation, Autoimmune 
proliferative crescent formation and scarring. allergic 
glomerulonephritis Diffuse deposition of IgG and glomerulonephritis 

complement. Subendothelial in sheept 
deposits 

III. Systemic lupus Massive deposition of NZB/BL mice* 
erythematosus immunoglobulin sub-

endothelial and sub-epithelial 

IV. Lobular Deposition of immuno-
glomerulonephritis globulin and ? f1brinogen in 

mesangial zone 

V. Goodpasture syndrome. Epithelial and endothelial cell Nephrotoxic 
Systernic lupus proliferation. Scarring. antiserum 
erythematosus Subendothelial deposits with nephritist 

basement membrane splitting. 
Linear intracapillary deposition 
of IgG and complement 

VI. Membranous Thickened basement membrane Autoimmune 
glomerulonephritis with castcllations. Massive nephritis of ratst 

deposition and vacuolation 
within basement membrane or 
subepithelially. IgG deposition in 
membranc 

VII. Acute cortical Endothelial ccll damage with Gcneralized 
necrosis. Haemolytic- platelet and ftbrin thrombi Schwartzmann 
uraemic syndrome reaction 

VIII. Toxaemia of Fibrinogen deposition on 
pregnancy capillary walls without immuno-

globulin 

IX. 'Minimal change 
, 

Loss of foot processes Aminonuclcoside 
nephrotic syndrome of epithelial cells nephrosis of dogs 

and rats 

* Postulated as due experimentally to soluble complex deposition (Unanue & Dixon 1967). 
t Postulated, as due experimentally to antibodies to basement membrane (Unanue & 

Dixon 1967). 
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of antigcn destroyed as complex is more than 5 mg/kgjday, and just before 
the lesion in the kidney is most marked large amounts of antigen are circulating 
complexed with antibody. If the human disease is comparable then similar 
quantities of complexed antibody should be demonstrable just before or in 
the early stages of the disease. Much smaller amounts of complex could be the 
operator, if, for sorne rcason, they flxed speciflcally in the glomeruli, but so far 
searches for streptococcal antigens with this ability have been unsuccessful. 
Tubular damage has been produced, and also a glomerular disease analogous to 
the auto-immune nephritis of rats. While this might be evidence for the 
antigenicity of a carbohydrate component of streptococci when injected in 
Freund's adjuvant, it does not correspond histologically with the flndings in 
human disease. 

Subepitheliallumpy deposits can appear following the intravenous injection of 
globin, and globin aggregates have been shown to pass through the basement 
membrane without causing marked inflammatory changes (Menefee et al 1964). 
While the deposits in acute glomerulonephritis in man may indicate antigen
antibody complex deposition, there is as yet no evidence that they cause the 
acute inflammatory renallesion. 

PROGRESSIVE PROLIFERATIVE GLOMERULO-

NEPHRITIS 

There is considerable similarity in the appearances of this lesion, and of the 
'auto-immune nephritis' in sheep. Patients with this type oflesion are currently 
being investigated for the presence of circulating antibody speciflc for glomer
ular components, in particular in patients who have had bilateral nephrectomy 
prior to renal transplantation. Reports of this type of work are likely to prove 
of the greatest value. 

SLE 

The lesions seen in the kidney in this condition vary widely in severity and 
type, from the gross 'wire-loop' lesion, with areas of glomerular necrosis, clown 
to relatively minor proliferative changes. The histology and the pleomorphic 
nature of the lesions covers the whole range of experimentally induced models. 
Since, in SLE, a wide variety of auto-allergic phenomena are found, it seems likely 
that the renallesions represent, in varying degree from case to case, a mixture of 
deposition of complexes involving non-renal antigen, and of speciflc reactions 
of antibody with antigen of renal origin. 

LOBULAR GLOMERULONEPHRITIS 

As yet no experimental model resembling morphologically this lesion has been 
found. While sorne patients showing this lesion have a convincing past history 
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of acute streptococcal glomerulonephritis, in many others such a history cannot 
be obtained (Jennings & Earle 1961). 

HAEMOPTYSIS WITH RENAL fAILURE 
(GooDPASTURE's SYNDROME) 

The close resemblance of the lesions in this rare disease to those seen in nephro
toxic serum nephritis suggests that a similar aetiology may operate. In addition, 
clinical acute nephritis has been reported in association with apparently non
streptococcal pulmonary disease (Blainey 1966). Experimentally lung tissue is 
an effective so urce of potent nephrotoxic antisera (Krakower & Greenspon 1958), 
and therefore the circumstantial evidence suggests that primary lung damage 
may lead to the production of potent auto-allergic antibody cross-reacting with 
renal tissue in these patients. If in sorne of these patients a true antiglomerular 
antibody is demonstrated, linear deposition of host immunoglobulin on the 
parent membrane would be expected, and this might forro a basis for definitivc 
diagnosis (Duncan et al 1965). 

Proliferative renal lesions are also seen in association with progressive sub
acute hepatitis (lupoid hepatitis), and evidence is strong that a similar cross
reacting auto-antibody is found in this condition. 

MEMBRANOUS GLOMERULONEPHRITIS 

The histological resemblance of thc chronic human lesion to the Heymann 
model in rats is striking. In the human disease, however, the only evidencc of 
an allergic process is the deposition of immunoglobulins in the lesion; no 
systemic evidence of immunological reaction has been reported in man. In 
addition a similar morphologicallesion has been found in patients with throm
bosis of the renal veins though immunoglobulin deposition has not yet been 
investigated. In such patients it is difficult to be sure that the lesion is truly secon
dary to the thrombosis, and not the primary predisposing cause; however, cases 
have been reported in which the thrombosis was traumatic in origin, and in 
whom there was no evidence for renal disease prior to its onset (Bayley et al 
1965). 

AcUTE CORTICAL NECROSIS AND 
HAEMOLYTIC URAEMIC SYNDROME 

The resemblance histologically of these lesions to the generalized Schwartz
mann reaction, and their known association with bacteria! or viral infections, 
make it possible that they are aetiologically similar. 

TOXAEMIA OF PREGNANCY 

The only significant depositions seen in this lesion are of fibrinogen. Although 
fibrinogen deposition plays a part in the experimental lesions induced by 



PLATE 34.6. Human 'minimal change' nephrotic syndrome (lipoid nephrosis). 

Electron micrograph from a case of nephrotic syndrome taken during a fourth 
relapse. Many of the foot processes are fused (arrows). 



PLATE 34·7· Rat aminonucleoside nephrosis. 

Electron micrograph from a rat given a single intravenous injection of maino
nucleoside 5 da ys previousl y ( x 6ooo). 

As in Plate 34.6 the foot processes are replaced by a continuous layer of epithelial 
cell cytoplasm. 
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soluble complexes and nephrotoxic antisera, on these occasions it is associated 
with marked immunoglobulin deposition. Although circulating anti-placental 
antibodies have been claimed to be demonstrable in some cases, the absence of 
immunoglobulins in the renallesion makes it unlikely that they are of pathogenic 
significance. 

'MINIMAL CHANGE' NEPHROTIC SYNDROME 

Thcre is as yet no clear evidence for an immunological basis for this condition. 
In the experimental aminonucleoside model the disease is related to the cyto
toxic effects of a drug. In the human disease immunoglobulin deposition is not 
found. However, usually the proteinuria and the histological lesion respond 
rapidly to steroid therapy, and if thís is ineffective, they also remit with either 
the azothioprine or the cyclophosphamide group of drugs. In one case in our 
experience (Hardwicke 1965) a series of relapses were associated on each occas
ion with a marked fall in serum haemolytic complement. An allergic basis to this 
condition therefore remains possible. 

CONCLUSIONS 

Very rapid advances ha ve been made over the past few years in the study of the 
immunopathological mechanisms leading to glomerulonephritis in experi
mental animals. The various models have now been well defined, and are 
reproducible between laboratories. When allergic mechanisms are responsible 
the antigen has in many instances been characterized, whether of renal or non
renal origin. Detailed ultrastructural and immunohistological studies have 
been carried out on most of these models. 

In human disease the technique of renal biopsy has made it possible to study 
glomerulonephritis in its acute stages, and to follow its subsequent progress. 
Many types of human disease show a remarkable morphological resemblance 
to one or other of the experimental models. In a limited number of investiga
tions studies of glomerular permeability have also demonstrated similar altera
tions both in human disease and in its experimental morphological counterpart 
(Hardwicke 1965). 

In spite of these similaritics it would be unwise at the moment to conclude that 
similar immunopathological mechanisms are responsible for the apparently 
similar lesions. As yet, circulating complexes remain to be demonstrated pre
ceding or in the course ofhuman disease, no glomerular fixing antigen has been 
demonstrated in streptococci, and the presumed antigens responsible for the 
fixation of immunoglobulin and complement in glomeruli have yet to be iso
lated, to mention only a few of the reservations. 

The experimentalmodels have proved of the greatest value in indicating the 
direction in which investigations into human diseasc should proceed. Currently, 
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much work is being undertaken along these lines, and publication of the results 
will be awaited with interest. 
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AUTOANTIBODIES IN THYROID DISEASE 

THYROID ANTIGENS AND ANTIBODY TESTS 

Thyroglobulin antibodies: The microsomal antibody system: The 
second antigen of the acinar colloid 

DIAGNOSTIC APPLICATIONS 

Antibodies in Hashimoto' s disease: Thyroid antibody test in primary 
myxoedema: Differential diagnosis between Hashimoto' s disease and 
colloid goitre: Distinction of Hashimoto' s disease from thyroid 
malignancy; Distinction of Hashimoto's disease, de Quervain's and 
Riedel's thyroiditis: Thyroiditis and Graves' disease 

MECHANISMS OF TISSUE DESTRUCTION IN 

AuTOIMMUNE THYROIDITIS 

PATHOGENESIS OF GRAVES' DISEASE 

POPULATION STUDIES 

fAMILIAL STUDIES 

ÜVERLAP OF THYROIDITIS WITH OTHER 

DISEASES 

AUTOANTIBODIES IN THYROID 

DISEASE 

Autoantibodies to severa! normal thyroid constituents are found in the serum of 
patients with a variety of thyroid diseases and this is related to the presence of 
varying degrees of lymphadenoid change in the thyroid gland. A similar lesion 
can be produced in experimental animals by immunization with homologous 
thyroid antigens in Freund's adjuvant (Rose & Witebsky 1956; Rose et al 1966) 

"'In spite of sorne editorial pressure ( cf. Introductory chapter) the authors are unwilling 
to accept the terminology proposed by the editors for auto-allergic disease. 
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and lends support to the view that the aetiology of the human disease is closely 
connccted with the autoimmunity (Roitt & Doniach 1965; Rose, Witebsky & 
Beierwaltes 1965). 

In the most severe forms of autoimmunizing thyroiditis the destructive lymph
adenoid invasion involves the entire thyroid gland and ultimately leads to 
myxoedcma. In Hashimoto's disease the gland appears to compensate for the 
destructivc effect by formation of new thyroid acini. This presumably leads to 
an increased immunological stimulus and to an ever-increasing proliferation of 
lymphoid cells as evidenced by the formation of germinal centres throughout 
the thyroid and a marked reactive hyperplasia in the regional lymph nodes 
surrounding the gland. The lymphoid overgrowth and the regeneration of 
thyroid tissue lead to thyroid cnlargemcnt usually accompanied by high levels 
of circulating antibodies. The size of Hashimoto goitres varies widely and may 
reach over 3 50 g, i.e. f¡fteen times the normal thyroid size. However, the average 
weight of Hashimoto goitres is 4o-7o g and it is probable that many small 
lymphadenoid goitres escape attention unless the neck is carefully palpated. 
Adult primary myxoedema is closely related to Hashimoto's disease both in the 
histological appearance of the basic lesion, and the antibody response. In this 
instance, however, the gland fails to regenerate and the fmal result is complete 
flbrous replacement with persistence of smalllymphoid foci and low titres of 
circulating antibodies. There is clinical evidence to show that small Hashimoto 
goitres may regress spontaneously and lead to thyroid atrophy indistinguishable 
from primary myxoedema. This is also the end result in over so% ofHashimoto 
patients with large goitres who are given thyroxine replacement therapy for 
many years (Buchanan 1965). Histological studies carried out in cases with re
peated biopsies or thyroidectomies suggest that progression to increased flbrosis 
and epithelial atrophy occurs in about so% of Hashimoto glands; in the re
mainder the processes of destruction and regeneration are balanced in a state of 
dynamic equilibrium and the degree oflymphadenoid inflltration remains of the 
same order for up to 15 or 20 years (Vickery & Hamlin 1961). There are many 
milder forms of lymphadenoid goitre which do not readily flt into the clinical 
group of Hashimoto's disease and may not lead to myxoedema (Buchanan, 
Harden & Clark 1965). All degrees oflymphadenoid replacement from minute 
scattered foci oflymphocytes to almost complete invasion may be encountered 
in various types of underlying goitres and in 'normal' glands at post-mortem 
(Williams & Doniach 1962). All these forms of thyroiditis appear to be associa
ted with immunization to the same thyroid antigens as in Hashimoto's disease 
proper. 

The reason for the difference in cell regeneration between the goitrous and 
atrophic variants of autoimmune thyroiditis is of interest. The sex ratio is 
approximately flve females to one male in the atrophic variant while it rises to 
12Fj1M in the goitrous cases (Fig. 35.1). The incidence of atrophic thyroiditis 
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appears to increase progressively with age while Hashimoto goitres reach a peak 
in the sixth decade and decrease thereaftcr. Cell regeneration in thyroiditis is 
certainly not depcndent u pon TSH since the highest levels of this hormone are 
found in primary myxocdcma and its pituitary output is normal in Hashimoto 
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No. of patients: 362 
Sex ratio: 1 M/5·35F 
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Hashimoto goitre 

No. of patients: 565 
Sex ratio: IM/11·3F 

Age in years 

FrG. 3 5. r. The frequency of atrophic thyroiditis increases steadily with age whereas 
the goitrous variants reach a peak at the menopause and show a greater preponder
ance of female patients. 

goitre unless hypothyroidism has developed. In view of the cell-stimulating 
effects described for certain antibodies, the possibility cannot be dismissed that 
some such mechanism might be discovered to account for the acinar regenera
tion in Hashimoto glands and possibly for the active proliferation of mito
chondria in Askenazy cells, another unexplained phenomenon. 

Clinically, there is a continuous gradation in the intensity and the progressive
ness of the disease and many cases remain entirely symptomless unless the goitre 
is removed when there is an appreciable incidence of post-operative myxoe
dema. The majority of Hashimoto goitres seem to arise in apparently normal 
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thyroid glands, but autoimmunizing thyroiditis of all degrces of intensity is 
particular! y common in Graves' disease, and even in Hashimoto patients without 
past or present evidence of thyrotoxicosis there is a high familial incidence of 
hyperthyroidism suggesting a basic relationship between the two diseases. A 
small proportion of Hashimoto patients give a history of thyroid swelling since 
adolescence with an increase in the size of the goitre and onset ofhypothyroid
ism around the menopause. The thyroiditis can develop in a colloid goitre, when 
histological examination shows remaining areas of distended acini compatible 
with this diagnosis. In other cases a mild juvenile thyroiditis could either progress 
slowly or become more active at the time of the menopause. 

Tests for the detection of thyroid antibodies ha ve pro ved clinically useful and 
their routine application in the study of goitres and the follow up of thyroid 
patients undoubtedly helps the clinician to select cases for thyroidectomy on a 
rational basis and to decide on the choice of definitive treatment in Hashimoto's 
disease and in thyrotoxicosis. The main diagnostic uses of thyroid antibody tests 
are the differential diagnosis of Hashimoto's disease from non-toxic nodular 
goitres and from thyroid tumours, its distinction from virus thyroiditis (de 
Quervain' s disease), and Riedel' s disease, and the detection of clinically significant 
thyroiditis in thyrotoxic patients. Furthermore, thyroid antibody tests have 
proved of value in distinguishing mild thyrotoxicosis from anxiety states and for 
the correct asses~meat of unilateral occular proptosis in the absence of thyroid 
overactivity. Serological investigations are of undoubted value for the diagnosis 
of myxoedema, particularly in cases of partial deftciency associated with a low 
thyroid reserve. The tests are of interest in the investigation of autoimmune 
disease affecting other organs, since an unduly high incidence of low titre 
thyroid antibodies may be an indication of a more general immunological 
disturbance (Hijmans et al 1961). Finally they have provided important in
formation in familial studies of thyroid disease. 

THYROID ANTIGENS AND ANTIBODY 
TESTS 

Three distinct organ-speciftc antigen-antibody systems were identifted in human 
thyroiditis between 1956 and 1961 (Table 35.1) and no additional systems have 
been reported since. The thyroid constituents acting as auto-antigens are all 
found in the normal gland and none of the methods used so far have proved 
sufficiently sensitive to detect any subtle chemical abnormalities if these exist. 
The ftrst antigen to be identifted was thyroglobulin (Roitt et al 1956; Witebsky 
et al 1957), then followed the microsomal antigen (Belyavin & Trotter 1959; 
Anderson, Goudie & Gray 1959; Roitt & Doniach 1958) and last, the second 
antigen of the acinar colloid (Balfour et al 1961). Antibodies to the same three 
antigens are found in patients with mild non-progressive thyroiditis, but in 
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Hashimoto's disease the titres are usually higher and the three types of antibody 
are present together whereas in focal thyroiditis only one or other may be 
detected in titres which require the most sensitive methods. 

Antigen 

I. Microsomal antigen 

2. Thyroglobulin 

3· Second colloid antigen 

TABLE 35.1 

The thyroid autoimmune systems 

Properties of antigen 

Localized in thyroid epithelial 
cytoplasm. Intimately associ
ated with lipoprotein mem
brane of microsomal vesicles. 
Abundant in thyrotoxic and 
dyshormonogenetic glands. 
? Precursor of thyroglobulin 

Molecular weight 65o,ooo. 
Storage form of thyroid hor
mones. Constitutes 75% of 
protein in thyroid colloid. 
Contains nearly all the iodine 
in the gland 

Constitutes less than r% of 
proteins in thyroid colloid. 
Present in all glands. Contains 
no iodine 

Antibody tests 

Complement fixation test 
( CFT). Immunofluorescence. 
Tissue culture cytotoxic 
test 

Precipitin. Tanned red cell 
agglutination (TRC). Latex 
particle agglutination. Im
munofluorescence (floccular 
staining pattern in colloid). 
Passive cutaneous anaphyl
axis. Co-precipitation with 
131 I-thyroglobulin 

Immunofluorescence (uni
form staining pattern in 
colloid) 

THYROGLOBULIN ANTIBODIES 

Thyroglobulin, the main hormone storage protein of the thyroid acini con
stitutes over 75/;; of the total protein content of the colloid. Its molecular weight 
is of the order of 650,000 and it contains nearly all the iodine trapped in the 
gland. Thyroglobulin can no longer be regarded as a secluded antigen since it is 
detected in trace amounts in up to 6o% of normal individuals, in all pregnant 
women andin cord blood (Hjort 1963a; Assem 1964; Torrigiani 1965; Roitt et al 
1967). When thyroid hormone is required, thyroglobulin stored in the colloid 
is phagocytosed back into the thyroid cell forming microdroplets. These later 
merge with lysosomal particles leading to proteolytic degradation and the 
release of thyroxine and tri-iodothyronine. These small molecules are liberated 
at the base of the cell directly into the capillaries and thyroglobulin molecules 

FF* 
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which ha ve escaped proteolysis fmd their way into the lymphatics. A voiding 
artefacts due to radiation or manipulation of the gland, Daniel et al (1967a and 
b) have conclusively demonstrated the presence of thyroglobulin in the cervical 
lymph of monkeys and rats by a sensitive radioimmunoassay. 

Thyroglobulin antibodies can at present be detected by three simple methods 
all suitable for the routine clinicallaboratory. 

1. The precipitin test. This can be done in agar gel with crude saline extracts of 
post-mortem thyroid glands or with thyroglobulin purif1ed by salt fractiona
tion, provided the antibody content is high (i.e. over 0.2 mgfml of serum). If a 
Hashimoto serum and thyroglobulin are placed in adjacent wells of an Ouchter
lony plate an opaque line appears after 24-48 hr. When the antibodies are 
'non-precipitating', a 'clear line' may be seen where small antigen-antibody com
plexes have clarified the agar (Goudie, Anderson & Gray 1959). The precipitin 
test is the most reliable index of widespread and intense thyroiditis but it is 
negative with about 55% of Hashimoto sera. In sorne Hashimoto patients pre
cipitin titres may reach high values and classical precipitin curves can be made 
by the Heidelberger method, sorne cases giving 'rabbit-type' and others 'horse
flocculation-type' curves. Thyroglobulin precipitins are mostly IgG, but IgA 
and lgM thyroglobulin antibodies have been described. 

2. The latex agglutination test using thyroglobulin coated particles (Hyland TA 

test) is slightly more sensitive than the precipitin and it is convenicnt as a quick 
screening test. However, like the precipitin test it will miss all thc Hashimoto 
cases with low titre thyroglobulin antibodies. Thc test should be done as 
recommended by the manufacturers, using a 1(20 dilution of the patient' s serum. 
With undiluted serum false positives can occur if rheumatoid factors are present, 
presumably owing to traces of human immunoglobulins present in the thyro
globulin coating the particles. 

3. The tanned red cell agglutination test (TRc) is about 1000 times more sensitive 
than the precipitin reaction. The test is extrcmely specific immunologically, and 
should be carried out with a stable preparation of formalinized cells (Fulthorpe 
et al 1961). lt is simple to perform and gives valuable results in thyroid diseases. 
Serial dilutions of serum are set up in a Takatsy microtitration apparatus using 
calibrated loops for semi-automatic titration. Hashimoto patients with precipi
tins usually ha ve ti tres from r/ 5000 upwards. The test can be conveniently run 
together with the complement fixation test (cFT), and if these two tests are 
combined, about 90% of Hashimoto patients can be diagnosed correctly. In 
primary myxoedema the TRC may be the only test giving positive results as 
anti-thyroglobulin is the most persistent of the thyroid antibodies when 
hormonal failure becomes evident. For instance, high titre TRC may be found for 
many years after subtotal thyroidectomy in Hashimoto patients. The extreme 
sensitivity of the test has certain disadvantages since high titres are sometimes 
obtained with minute quantities of antibodies. TRC titres of r(2500 to 1j4o,ooo 
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do not necessarily indicate widespread thyroiditis unless the precipitin test is also 
positive, or if there are associated strong positive complement fixing anti~ 
bodies. 

The TRC test has proved extremely useful in the familia! investigation of thy
roid autoimmunity and in studies of theoretical interest such as the incidence of 
thyroid antibodies in other disorders. 

THE MICROSOMAL ANTIBODY SYSTEM 

In human thyroiditis this may prove the most signiflcant pathogenetically, 
since at least one variety of microsomal antibodies is cytotoxic to thyroid cells in 
culture (Forbes et al 1962; Irvine 1962; Kite et al 1965). Hashimoto sera have 
by far thc highcst concentrations of cytotoxic factor when studied quantitatively 
but a high proportion of thyrotoxic sera also ha ve weak cytopathic activity. The 
microsomal antigen is present in low concentrations in the normal thyroid and 
is up to ten times more abundant in glands from patients with Graves' disease 
which makes these glands particularly suitable for complement fixation and 
tissue culture studies. The antigen is intimately associated with the lipoproteins 
in the microsomal fraction of thyroid extracts and it has not yet proved possible 
to separate it from the membranous part of smooth surfaced vesicles. It is 
destroyed by surface-active substances such as deoxycholate or the non-ionic 
detergent Lubrol and by flxatives such as alcohol and formalin, but is unaffected 
by substances which inactivate RNA or remove ribosomes. The most sensitive 
and specific test for microsomal antibodies is thc Coons immunofluorescent 
test done on unfixed thyroid sections, in which positive sera give rise to a bright 
speciflc staining of the cytoplasm in thyroid epithelial cells (Plate 35.1). Cyto
plasmic fluorescence correlates well with cytotoxicity titres (Fig. 35.2) and it is 
likely that these two methods measure the same antibody. The complement 
fixation test is less sensitive and Kite et al (1965) have found occasional sera 
showing thyroid specific CFT but lacking cytotoxic properties, suggesting sorne 
heterogeneity in the biological properties of antibodies directed against the 
microsomes. In clinical practice, the CFT using two mínimum haemolytic doses of 
complement, is most useful for the titration of microsomal antibodies and gives 
useful diagnostic information as it is rarely positive except in active thyroiditis. 
The Takatsy apparatus is used routinely and all sera giving cytoplasmic fluores
cence are titrated from 1j2 to 1/256. It is also possible to use the autoanalyser for 
thyroid and gastric CFT (Irvine 1966a) but the instrument does not perform 
titrations and is uneconomical in the use of complement and antigen. It is 
important to establish the organ specificity of the thyroid reactions by including 
a human kidney section in the fluorescent test and fresh rat kidney homogenate 
in the CFT. This applies particularly to studies of the serological overlap between 
thyroiditis, the connective tissue disorders and liver diseases, since patients with 
these conditions are prone to have non-organ-specific antibodies which react 
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Frc. 35.2. The titres of thyroid cytoplasmic immunofiuorescence obtained with 
thyroiditis sera correlate closely with those of cytotoxic effects on trypsinized 
thyroid cell cultures. (Reproduced from Forbes et al (r962).]. Clin. Invest. 41, 996.) 

with thyroid cytoplasm in the immunofluorescent test, and fix complement 
with thyroid and other organ homogenates. A striking example are the mito
chondrial antibodies found in almost all patients with primary biliary cirrhosis 
and used clinically for the differential .diagnosis of this chronic disease from 
jaundice dueto extrahepatic obstructions (Doniach et al 1966). These antibodies 
give a granular fluorescence on thyTOid cells and a preferential staining of 
mitochondria-rich cells such as Askenazy, gastric parietal and distal renal tubule 
cells. In active chronic hepatitis and in sorne patients with SLE, rheumatoid 
arthritis and other collagenoses, non-organ-specific cytoplasmic reactions have 
been reported due to ribosomal, lysosomal and occasionally mitochondrial 
antibodies. Specific thyroid microsomal antibodies of moderate to high titre are 
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only found in Hashimoto's disease, myxoedema and Graves' disease, and are 
very uncommon in nodular colloid goitres, cancer of thyroid and granulo
matous thyroiditis. A high titre CFT (r/64 or greater) indicates Hashimoto's 
disease in a euthyroid or hypothyroid patient, but in hyperthyroidism high 
titres are occasionally found in patients with multifocal thyroiditis affecting 
only parts of the gland and does not always imply progression to diffuse thyroid
itis since the titres may fall with clinical improvement. 

THE SECOND ANTIGEN OF THE AcrNAR 
COLLOID 

The raised y-globulin values found in a few Hashimoto patients who failed to 
react both with tanned cells and in the complement flxation test (Doniach, 
Hudson & Roitt 1960) prompted the search for antibodies to a further thyroid 
antigen. It was found that if these sera were applied to flxed thyroid sections 
using the indirect fl.uorescent technique, a uniform bright speciflc staining was 
produced in the acinar colloid when the fl.uorescein-conjugated anti-human 
immunoglobulin serum is added (Plate 35.2) and this contrasted with the 
fl.occular pattern obtained with anti-thyroglobulin sera (Plate 35.3) (Balfour et 
al 1961; Hjort 1963 b). Further studies were carried out using colurnn chromato
graphy and it has been possible to separate the second antigen from thyro
globulin. It constitutes only a small percentage of the proteins in the colloid and 
appears to contain no iodine. This was shown by the fact that no radioactivity 
was trapped in coprecipitates prepared with radioiodine labelled thyroid 
extract, Hashimoto sera containing the antibody and rabbit anti-human immuno
globulin serum. When this method is applied to sera with thyroglobulin 
precipitins, virtually all of the radioactivity comes down in the coprecipitate. 
The second antigen is distinct from the thyroid protease having optimal 
activity at pH 3.6. The antibody to this antigen is frequently demonstrable in 
thyroid diseases although with Hashimoto sera the staining is much brighter. 
Over so% of thyrotoxic sera react with colloid in the fluorescent tests. The 
colloid stains up in about half the cases of de Quervain' s disease in its active stage 
and with a third of the ss:ra from patients with cancer of the thyroid. The test is 
positive in many cases of focal thyroiditis and in 6/;; of blood donors. Many 
symptomless relatives of Hashimoto patients give positive reactions. Patients 
with collagen diseases react only rarely in the fluorescent thyroid antibody tests. 

Very occasionally Hashimoto sera fail to agglutinate tanned cells yet give a 
positive precipitin reaction with both purifled thyroglobulin and crude thyroid 
extracts. When tested by the fluorescent test these sera produce a colloid 
staining with a floccular pattern similar to that obtained with thyroglobulin 
prccipitins. Thcse findings suggest the existence of a fourth thyroid antigen. We 
have tested two myxoedema patients who had raised immunoglobulins yet 
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gave negative results by all the thyroid antibody tests known to date suggesting 
that further antigen-antibody systems may be revealed in the future. 

It is now possible to combine on one slide the immunof!uorescent test for 
thyroid with the tests for anti-nuclear factors (ANF), gastric parietal cell, mito
chondrial, and smooth muscle antibodies by using a frozen section cut from a 
composite block containing human thyroid, stomach and renal cortex tissues. 
This combined f!uorescent test can be used as a screening procedure for thyroid 
cases and patients with other autoimmune conditions. If the f!uorescent thyroid 
tests are negative Hashimoto's discase is excluded, and the absencc of nuclear 
staining practically excludes systemic lupus erythematosus. The cases giving 
positive reactions can then be further tested by TRC and CFT in serial dilutions, or 
have their ANF titres determined. 

DIAGNOSTIC APPLICATIONS 

ANTIBODIES IN HASHIMOTo's DISEASE 

Virtually all Hashimoto patients have some circulating antibodies (Table 35.2). 
In our series of over 6oo cases, only three gave negative results by all available 
tests; two of the patients were myxoedematous and in the third the histological 
picture was so atypical that the diagnosis oflymphosarcoma could not be ruled 
out. The particular types of antibodies and their titres differ considerably accord
ing to the histological variant of the disease. In the 'fibrous variant' ofHashimo
to's disease (Hazard 1955; Senhauser 1964) which is characterized by active 
fibroplasia with some architectural disruption of the gland and a cellular in
filtrate predominantly composed of plasma cells, the antibody titres are high as a 
rule and the precipitin test is positive. These cases are also positive by the Hyland 
TA test, and they give tanned cell ti tres of 1/5000 to several million. The com
plement fixation titre is frequently in the range of 1/128 to o ver r/ 512 provided 
the patient is tested before operation or before prolonged thyroxine treatment 
has reduced the antibody level. Antibodies to the second antigen of the colloid 
are also present but in precipitin positive cases the serum has to be absorbed with 
thyroglobulin before these can be demonstrated. Clinically this variety of 
Hashimoto goitre is very firm and is liablc to be confused with thyroid cancer, 
particularly when the goitre enlarges rapidly due to vigorous overgrowth of 
fibrous tissue. Not infrequently, patients with the fibrous variants are clinically 
hypothyroid when they are first seen. This severe form of autoimmune thyroid
itis is sometimes seen in men and the sex ratio is about rM/ 5 F whereas in the less 
destructive oxyphil variant this is nearer 1Mj2oF. Patients with the 'oxyphil' 
variant ofHashimoto's disease are usually euthyroid or may even have 'pseudo
thyrotoxic' symptoms at the onset. They complain of palpitations and shortness 
of breath and feel generally nervous; their gland is less firm and can be easily 
confused with colloid goitre. The radioiodine uptakc may be normal or high 



TABLE 35-2 

lncidence of thyroid auto-antibodies in thyroid disorders 

Diagnosis Number % Precipitin TRC and CFT high TRC high CFT Only Negative 
histological or patients Positive test CFT TRC [ow CFT [ow andfor fluores. by all 

clínica! tested all tests +ve high or -ve or -ve TRC [ow tests+ve tests 

Hashimoto's disease 234 99.6 52% 42.8% 21.3% 18.8% 10.7% 6% 0.4% 
hypothyroid cases 
Lymphadenoid goitre 287 99·7 40.5% 32-7% 28.6% 17.1% 18.5% 2.8% ?o.J% 
euthyroid cases Histology 

? lympho-
sarcoma 

Primary myxoedema 320 93·4 12.2% 11.2% 8.3% 19.7% 40-7% 13.5% 6.6% 
Graves' disease 500 8s r.6% J.6% 9-7% 4·5% 4!.2% 26% 15% 
Non-toxic nodular goitre 335 48.6 o o I.I% I.I% 25% 2!.4% 5!.4% 
Thyroid cancer 8s 44-8 2.4% o 2.4% 8.3% 27% 7.1% 55.2% 
De Quervain subacute 68 53 1.7% o o 3% 13% 37% 47% 
thyroiditis 

Diagnosis: 217 cases of Hashimoto's disease were proved by histology. The other patients wcre diagnosed clinically and with 
radioiodine and serum protein tests. The cases of Graves' disease include treated and untreatcd patients with and 
without exophthalmos. Cancer cases were all proved by histology. 

Precipitin test: Double diffusion in agar (Ouchterlony) purif1ed thyroglobulin as antigen. Paticnts with positive precipitins are also 
included in the two other columns with high TRC titres. 

TRC: Tanned red ccll agglutination test for thyroglobulin antibodies. 
High = titre?: 1/2s,ooo (dilution with single pipette; equivalent to r/2500 using Takatsy loops). 
Low = titre~r/2500 (dilution with single pipette; equivalenr to r/1280 using Takatsy loops). 

CFT: Complement f1xation test with thyrotoxic thyroid extract, for the detection of the thyroid microsomal antibody. 
High = titre ?: 1/64; Low = titre ~1/J2. 

Fluorescent tests: Coons's method, sandwich technique, using rabbit anti-human immnnoglobulin conjugated with fluorescein 
isothiocyanate, and frozen sections of human thyroid gland. Tests include cytoplasmic staining for microsomal CF 

thyroid antibodies and colloid staining for anti-thyroglobulin andfor for antibodies to the second antigen of the 
thyroid colloid. 
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but is invariably suppressible with triiodothyronine. Histologically, the thyroid 
shows marked eosinophilic metaplasia of the epithelial cells (Askenazy cell 
change), thcre are numerous lymphoid germ centres and the infiltrate is com
posed of smalllymphocytes with a low percentage of plasma cells. Antibody 
tests usually show strong microsomal complement frxation with titres fre
quently up to 1/512 but the precipitin is rarely positive and tanned cell agglutina
tion is either negative or oflow titre. The fluorescent tests show bright staining 
of the colloid dueto antibodies reacting with its second antigen, and cytoplasmic 
staining is obtained in unfixed sections. Sorne Hashimoto glands show a mixture 
of the oxyphilic and fibrous variants histologically and in these cases the anti
body levels ha ve been high. In sorne of the patients the goitre was tender and of 
recent onset, thus simulating de Quervain' s thyroiditis. 

There is a small proportion of Hashimoto cases with advanced and diffuse 
thyroid destruction who ha ve persisten ti y low antibody ti tres, i.e. TRC ofless than 
1/5000 and CFT below 1/64; about 5/o of Hashimoto patients have antibodies 
detectable only by the fluorescent tests so that they cannot be distinguished 
serologically from focal non-progressive thyroiditis occurring in a colloid 
goitre. If the clinical evidence is suggestive of Hashimoto's disease and the 
patient gives abnormal results with radioiodine (i.e. a normal or raised 24 hr 
neck uptake and a high plasma protein-bound radioactivity at 48 hr in a patient 
who is euthyroid or mildly hypothyroid), it is advisable to supplement the 
immunological tests with quantitative determinations of the immunoglobulins 
since these are frequently elevated in Hashimoto' s disease, This unusual dis
crepancy between low antibody titres and raised serum immunoglobulin levels 
is not found in focal non-progressive thyroiditis. Thyroid needle biopsies are 
of great value in difficult cases. 

THYROID ANTIBODY TESTS IN PRIMARY 
MYXOEDEMA 

Primary hypothyroidism has an insidious onset more often than is realized and 
many patients have vague il1 health for several years before the defrciency 
becomes severe enough to give abnormal results in the PBI and radioiodine tests. 
Since it is now thought that most adult cases result from autoimmune destruc
tion of the gland, it would be of great clinical value if the thyroid antibody tests 
could give a definite answer in incipient hypothyroidism. Although antibodies 
are found in over 90% of myxoedema patients and nearly 40% have ti tres in the 
'Hashimoto' range (Owen & Smart 1958; Skanse & Nilsson 1961), the majority 
of cases give low results in all available tests (Table 35.2). In young subjects low 
titre antibodies are highly significant, especially if several different types are 
present together or if the CFT is positive. In the higher age groups of 50-60, 
however, symptomless non-progressive thyroiditis and low titre antibodies are 
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present in 20/;; of women (Serafini, Torrigiani & Masala I964; Dingle et al1966) 
so that the tests do not ha ve the same high diagnostic index; none the less a com
plete absence of antibodies is strong evidence against the diagnosis of hypo
thyroidism. Here again, if the complement fixation test is carried out with two 
mínimum haemolytic doses of complement no positive results are found in 
control groups though there are traces of rnicrosomal antibodies detectable with 
the fluorescent method in 8/o of rniddle-aged female subjects without overt 
thyroid disease. If symptoms suggest mild hypothyroidism and antibodies are 
found in the absence of a goitre, it is likely that the patient has a 'low-reserve
thyroid' (Bastenie et al 1965). In this premyxoedematous stage the gland is under 
increased TSH stimulation and produces just sufficient hormone to maintain the 
PBI and radioiodine uptake within the normal range under resting conditions 
but the patient has symptoms when the demand for thyroxine increases. The 
diagnosis of this condition depends u pon the failure of injected TSH to increase 
the thyroid uptake of radioiodine. 

Myxoedematous patients giving negative results by all available antibody 
tests are usually long-standing cases tested after many years of replacement ther
apy but sorne are of recent onset and it may well be that circulating antibodies are 
never formed in sufficient quantities to be detectable. On the other hand 
thyroid antibodies of fairly high titre are found in myxoedema coma so that 
advanced hormonal failure is compatible with the persistence of high antibody 
levels. 

DIFFERENTIAL DIAGNOSIS BETWEEN HASHIMOTo's 
DISEASE AND COLLOID GOITRE 

Classical cases of Hashimoto's disease can be distinguished from non-toxic 
colloid goitre on clinical grounds when the patient is a middle-aged woman, if 
the goitre is diffuse, firm and symmetrical, and there are signs of thyroid defici
ency. Such cases are rather uncommon and in many rnilder cases the goitre is 
only moderately firm, it may be larger on one side or there are marked inter
lobar grooves giving an impression of vague nodularity on palpation; the patient 
may be euthyroid or may even ha ve symptoms reminiscent of thyrotoxicosis. 
For all these reasons, many diagnostic mistakes are made unless thyroid antibody 
tests are performed in every patient before thyroidectomy. 

In typical cases of colloid goitre substantial antibody titres are found in 2.2/;; 
(Table 35.2) though traces of antibody are detectable by the tanned cell and 
fluorescent methods in about 46/;; of the patients. Precipitin tests are always 
negative and complement fixation titres of over I/4 occurred in 3-5/o of a large 
series. In the majority of the cases showing antibodies, a focal thyroiditis or 
even more extensive lymphadenoid changes superimposed 011 the colloid goitre 
can be demo11strated 011 histological examination. Complement fixatio11 provides 
the most useful test for disti11guishing Hashimoto's disease from colloid goitre 
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owing to the very high ti tres found in Hashimoto cases and the rarity of positive 
results in colloid goitre. 

When thyroid antibody tests are done routinely on all goitre patients, it is 
possible to detect mild cases of thyroiditis which do not fall into any of the 
dinically recognized categories and yet present interesting dinical problems (El 
Kabir, Doniach & Turner-Warwick 1963). Antibody ti tres are low as a rule and 
needle biopsy studies reveal a 'half-way house' between focal thyroiditis and 
Hashimoto's disease proper. The great majority of the patients are young 
women who remain euthyroid for many years unless the goitre is removed, 
when many of them become myxoedematous. Serum antibody tests followed 
by needle biopsy in the positive cases provides the best management of this 
problem. 

DISTINCTION OF HASHIMOTo's DISEASE 
FROM THYROID MALIGNANCY 

This is the most serious challenge to any diagnostic methods and in this context 
the thyroid antibody tests can only be used in conjunction with careful dinical 
assessment of each individual patient and of radio-iodine studies induding 
scintigrams. Thcre is no doubt that some thyroid cancers are surrounded by 
arcas of thyroiditis and therefore one would expect to find thyroid antibodies 
in the serum of some cancer patients (Goudie 1966). Of eighty-five cases 
examined, fifty-two were negative by TRC and CFT and of these the majority 
were also negative by the Buorescent antibody method. In seven cases the TRC 
titre was 1/25,000 or greater with positive precipitins in two instances; CFT was 
positive in twelve cases of which nine were low and three had ti tres of rjp, r/64 
and 1/512 respectively but in no instance were high titres found in both CFT and 
TRC tests. Taking the two tests together, ten cancer patients (r2/,;) had one or 
more antibodies in titres which might have suggested the wrong diagnosis. In 
the remaining cases antibodies were only present in trace amounts. This shows 
the importance of combining antibody tests with needle biopsy or open opera
tion in all suspicious cases. Immunoglobulins are rarely raised in thyroid 
cancer. 

In clinical practice the differential diagnosis of cancer is made easier by the 
fact that in many instances there is lymph node involvement when the patient 
is first seen or the tumour is clearly unilateral and takes up no iodine. Thus 
suggestive clinical evidence of thyroid malignancy was obtained in seven of the 
ten patients in whom we found antibody titres which might have confused the 
issue. Antibody studies have not yet been correlated systematically with the 
different types of thyroid tumours and with the extent of thyroiditis in the sur
rounding tissue. Histologically the closest association is with papillary carcinoma 
(Hirabayashi & Lindsay 1966) and in view of the higher cumulative survival 
rate of patients showing an associated thyroiditis, it is suggested that this repre-
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sents a defensive immune mechanism to protect the normal tissues from tumour 
invasion. Malignant lymphomas of the thyroid are sometimes found in associa
tion with chronic thyroiditis and this is of interest in view of the increasing 
link-up between thymic tumours or maturation arrests, dysglobulinaemias, 
autoimmune phenomena and the malignant lymphomas (Good, Peterson & 

Gabrielsen 1965). 

DISTINCTION OF HASHIMOTo's DISEASE, DE 
QUERVAIN's AND RIEDEL's THYROIDITIS 

Subacute thyroiditis is a self-linúting disease and the mumps virus has been 
proved responsible in one epidemic and in several isolated cases, while other 
viruses may be implicated. Thyroid autoantibodies are detected in trace 
amounts by the fluorescent tests in over so% of the cases between 6 and 12 
weeks after the onset of the infection but the tests become negative again on 
recovery and there are indications that virus thyroiditis rarely initiates a progres
sive autoimmunization. Table 35.2 shows the results obtained with thyroid 
autoantibody tests in sixty-eight cases studied. The highest titres were found in 
two patients who may well have had autoantibodies before the onset of the 
mumps thyroiditis. One was a thyrotoxic patient (Felix-Davies 1958) who 
subsequently had a permanent renússion of the hyperthyroidism. In the other 
there was a history suggestive of mumps thyroiditis with definite mumps 
contact 6 months before the onset of myxoedema but the histological picture of 
a thyroid needle biopsy was indistinguishable from lymphadenoid goitre. 

Haslúmoto's disease may be confused with virus thyroiditis when the goitre 
develops fairly rapidly and the thyroid is tender. As mentioned previously, the 
cases of autoimmune thyroiditis with a rapidly developing tender goitre have 
been associated with high antibody levels, and CFT titres of 1/256 together with 
positive precipitins are not unusual. The distinction between the two diseases 
may be difficult iflow antibody titres are obtained; however, in granulomatous 
thyroiditis, the radioiodine uptake is low or absent whereas it is normal or 
raised in all euthyroid cases of autoimmune thyroiditis. 

Classical Hashimoto patients occasionally give a past history which suggests 
that an upper respiratory virus infection might have initiated the autoimmunity 
or stimulated a clinically latent process to greater activity, but until viruses can 
be grown from thyroid biopsies obtained in the acute phase it is impossible to 
evaluate their role. Certainly, the great majority of cases of de Quervain's 
disease recover full thyroid function and have no evidence of residuallesions. 

Riedel's invasive thyroiditis is extremely rare and quite distinct from Hashi
moto's disease. Antibody tests are negative. The condition is sometimes asso
ciated with retroperitoneal or mediastinal fibrosis and it is fundamentally a 
vascular or perivascular inflammatory process which spreads to the thyroid 
(Turner-Warwick, Nabarro & Doniach 1966). 
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THYROIDITIS AND GRAVEs' DrsEASE 

The close relationship which exists between primary thyrotoxicosis and auto
immune thyroiditis has proved a fruitful approach to the study of the aetio
pathology of both disorders. Using the sensitive fluorescent antibody method 
and the TRC, Ss% of patients with Graves' disease can be shown to have cir
culating thyroid antibodies (Table 35.2) and the majority of thyrotoxic thyroid 
glands removed at operation contain small areas of lymphoid infiltration. 
Whereas Hashimoto's disease and myxoedema are much more common in 
women, particularly in later life, the thyroiditis associated with thyrotoxicosis 
affects men and women equally and antibodies are found almost as frequently 
in young as in elderly thyrotoxic patients. In the great majority of cases the 
thyroiditis is minimal and non-progressive so that it does not affect the clinical 
cmme. However, in about rS% of thyrotoxic patients, fairly high antibody 
titres are found. Occasionally the lymphoid invasion undoubtedly progresses to 
a more widespread thyroiditis and final hypothyroidism, and for these cases, 
treatment with drugs would be suitable since these patients so frequently become 
myxoedematous after subtotal thyroidectomy (Buchanan et al 1962) or 1311 
therapy, while the spontaneous progression is slow and may never lead to com
plete loss of thyroid function. However, it has become increasingly cvident that 
in somc thyrotoxic patients with high titres, the hyperthyroidism is of a severe 
and persistent nature. The patient may be poorly controlled with drugs, re
quiring high maintenance doses, the goitre and exophthalmos showing no 
decrease, so that post-operative myxoedema and life-long thyroxine replace
ment may be a preferable choice. During anti-thyroid drug treatment or in 
natural remissions, the CFT titres frequently decrease, only to return to a high 
lcvel with exacerbations of the thyrotoxic process. Thns a surprising number of 
recurrent thyrotoxics, operated on several years previously, are found to ha ve high 
CFT titres. The CFT under these circumstances is not likely to represent a com
plement fixing type of long-acting thyroid stimulator (LATs) since thyrotoxic 
sera reacting by CFT usnally give cytoplasrnic fluorescence of comparable titre 
whereas many patients with high LATS levels do not react with any structure in 
thyroid tissue by immunofluorcscence. Occasionally patients with low initial 
antibody levels have shown a gradual increase in the complement fixation titre 
during the course of drug treatment and this may indicate a more progressive 
type of thyroiditis though proof of this assumption has not yet been obtaincd 
in a sufficient number of cases to allow a final evaluation. 

The tanned red cell test is positive in 46% of thyrotoxic patients and is usually 
oflow titre. Very few thyrotoxic patients have precipitins (r.6%) and when this 
test is positive there is usually a diffuse thyroiditis though the patient may 
remain hyperthyroid. The widespread lymphadenoid involvement of true 
Hashimoto's disease with rapid thyroid enlargement occurs very occasionally in 
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an actively thyrotoxic patient; more frequently high antibody titres are detected 
in patients who become myxoedematous sorne years after a course of anti
thyroid drugs given for well authenticated Graves' disease. 

Antibody titres tend to be higher in patients with progressive endocrine 
exophthalmos. In sorne cases ophthalmoplegia develops in patients without a 
history of clinically overt hyperthyroidism and occasionally these patients 
present with spontaneous myxoedema. It is in this group of cases that antibodies 
have been particularly high, the precipitin test being positive in many instances. 
In view of the lymphoid infiltration found in the ocular muscles in sorne cases of 
malignant exophthalmos, and the resemblance of this lesion to that of lupus 
myositis and dermatomyositis, an autoimmune aetiology might be sought for 
the ocular myositis, though the proptosis and mucopolysaccharide infiltration 
of the retro-orbital tissues may be related to the presence of LATS or exophthal
mos-producing substance (EPs). 

The effect of radioiodine therapy on thyrotoxic patients with high thyroid 
antibody ti tres is less clear cut than that of surgical removal of the goitre. The 
incidence of myxoedema after 131I therapy for Graves' disease increases pro
portionally with the period of follow-up and autoimmunity may not be 
in volved to any extent in its causation. W e ha ve found that of the cases tested at 
intervals before and after therapy, two-thirds showed moderate increases in 
complement fixation titres but this appeared to be transient in many instances. 
The formation of microsomal antibodies was not initiated by the treatment since 
all the patients with positive CFT results after 131I already showed cytoplasmic 
antibodies by immunofluorescence or CFT before the therapy dose was given. 
Thyroglobulin antibodies showed even less variation as a result of isotope 
administration. The effect of /3- and y-radiation is of a complex nature and inter
feres with the future ability of epithelial cells to divide, thus leading to a gradual 
depletion of cells in the gland. The known long survival of thyroid cells and their 
infrequent mitosis may contribute to the delay in onset of hypothyroidism 
observed after 131I therapy. Furthermore, since actively dividing lymphoid cells 
are particularly sensitive to radiation effects, it is probable that sorne of the 
immunocytes are destroyed together with the thyroid tissue and this would 
lead to an inhibition of the inflammatory reaction. 

MECHANISMS OF TISSUE DESTRUCTION 
IN AUTOIMMUNE THYROIDITIS 

The presence of autoantibodies in virtually every Hashimoto patient studied and 
the comparable thyroiditis produced in animals experimentally following 
autoimmunization make it seem most probable that the lesions in the Hashimoto 
gland result from an autoimmune response to the patient's own thyroid 
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constituents (Plates 3 5·4 and 3 5. 5). However, the precise mechanisms opcrating in 
this immunologically activated tissue damage are not yet clearly defined (Roitt 
& Doniach 1967). Much evidence argues against the circulating antibodies alone 
being responsible for the thyroid lesions. Injection of autologous antithyroid 
antibodies into normal animals has consistently failed to evoke infhmmatory 
changes. Furthermore, although autoantibodies in high titre can cross the 
placenta, thyroid abnormalities are rarely seen in the offspring of mothers with 
thyroiditis. The notion that athyreotic cretinism is due to placenta! transfer of 
cytotoxic antibodies from the mother has not been substantiated. On the other 
hand the unequivocal demonstration of the cytotoxic effect ofHashimoto serum 
on trypsinized thyroid cells in culture suggests that slight surface injury to these 
cells may allow access of the complement-fixing antibodies to thcir antigenic 
substrate and that this results in cell death. 

Experimentally, it has been shown that in rats mild trauma by radioiodine 
or X-rays potentiates an inflammatory reaction in the gland by injection of 
heterologous antithyroglobulin antibodies (Roitt, Jones & Doniach 1962). In 
human thyroiditis there is a possibility that sensitized lymphocytes produce this 
initial damage to the cell surface. In sorne cultures derived from Hashimoto 
glands, the lymphocytes were seen to move over the surface of the thyroid cells 
in close contact with the cell membrane and severallymphocytes appeared to 
move freely within the confines of the cytoplasm (emperipolesis) (Ling et al 1964). 
Penetration of thyroid cells by lymphocytes has also been observed in experi
mental autoimmune thyroiditis (Jones & Roitt 1961). Further evidence that 
lymphocytes play an important part in autoimmune tissue damage is provided 
by passive transfer of allergic encephalomyelitis by sensitized lymphoid cells 
(Paterson 1966). Perlmann & Broberger (1963) have been able to show that 
autosensitized lymphocytes from patients with ulcerative colitis cause a release 
of radioactivity from labelled colon cells in tissue culture, suggesting that lym
phoid cells can disturb the structural integrity of the surface of epithelial cells to 
which they have acquired sensitivity. Studies on the homograft rcaction also 
underline the role of lymphocytes in effecting tissue damage. In thyroiditis 
unequivocal evidence for a direct cytotoxic effect is stilllacking. 

The factors initiating lymphadenoid thyroiditis are not yet understood. 
Bacteria! or viral infections of the thyroid do not lead to Hashimoto' s disease in 
most cases studied and in the few instances where an upper respiratory infection 
occurred before the lymphadenoid goitre became clinically evident, a pre
existing autoimmunization could not be excluded. The high incidence of focal 
thyroiditis and of thyroid antibodies in apparently normal individuals, par
ticularly women, indicates that this defect must be widespread in later life, but 
that lesions become progressively destructive only in a small proportion of cases. 
Additional, as yet unknown factors must operate in patients developing primary 
myxoedema or Hashimoto's disease (Irvine 1964). 
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P ATHOGENESIS OF GRAVES' DISEASE 

The most notable advance in the study of thyroid autoimmune disease is the 
characterization of the long-acting thyroid stimulator (LATS), f1rst discovered by 
Adams & Purves (1956), as an autoantibody, possibly reacting with a TSH-sensi
tive site in the thyroid cell (Adams 1965). This has led to the inclusion of 
Graves' disease as a thyroid autoimmune disorder (Anderson et al 1964; Mc
Kenzie 1965) along with Hashimoto's thyroiditis and primary myxoedema, a 
concept which helps to explain many features of the disease. 

Indirect evidence for thyrotoxicosis as a primary autoimmune disease. Apart from 
the associations with thyroiditis already described, the familia! incidence, and the 
occurrence of Graves' disease in the same families as cases of Hashimoto goitre 
and myxoedema, the female preponderance and the clinical course with 
exacerbations and remissions are well known. The association of thyrotoxicosis 
with other autoimmune disorders such as pernicious anaemia (Irvine 1964), non
tuberculous Addison's disease (Irvine et al 1965), myasthenia gravis, thrombo
cytopoenic purpura, 'lupoid hepatitis', systemic lupus, rheumatoid arthritis, 
Sjogren's syndrome, other collagenoses, and acquired haemolytic anaemia, has 
received increasing attention. Stigmata such as vitiligo occur in Graves' with the 
same increased frequency as in Hashimoto families. Thymic hyperplasia with 
germinal centre formation which is a notable feature of myasthenia gravis, is 
seen to a more pronounced degree in Graves' disease than in Hashimoto's 
thyroiditis, rheumatoid arthritis or lupus erythematosus, particularly in cases 
showing extensive focallymphoid infiltrates of the thyroid gland (Irvine 1966). 
Furthermore, the incidence of gastric antibodies is identical with that of thyroid
itis patients (3o%). 

Dírect evídence. LATS can be detected by McKenzie's mouse assay in up toSo% 
of Graves' patients (Carneiro, Dorrington & Munro 1966a), when IgG concen
trates are tested. The use of a phylogenetically distant animal for the assay may 
be responsible for the low values found in the majority of sera tested. LATS 
mimics pituitary TSH in its biological effects, the main difference lying in the 
longer time course of its action which probably derives from its greater persis
tence in the circulation. LATS cannot be extracted from pituitary glands or other 
human organs except possibly from lymphoid cells. On gel frltration LATS 
activity is recovered in the 7S peak and TSH in a 4S peak (McKenzie 1965). 
Anti-TSH serum inactivates TSH and leaves LATS intact while anti-human globulin 
removes the latter. LATS has been identified with IgG inununochemically (Kriss 
et al 1965) and thyroid-stimulating activity is recovered in Fab fragments ob
tained by papain digestion of thyrotoxic IgG. The activity is absorbed out pref
erentially with thyroid microsomes (Beall & Solomon 1966) and can be eluted 
again under acid conditions, a characteristic of antigen-antibody reactions 
(El Kabir et al 1966). Administration of steroids depresses the level of LATS, 
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which returns to initial values on withdrawal of therapy (Kriss et al 1965). 
lt is likely that LATS is responsible for the continued overactivity of the thyroid 

gland. Not only does it stimulate the animal thyroid in the bioassay but experi
mental infusion of LATS serum into adult human volunteers also produced release 
ofiodinated proteins (Arnaud et al 1965). Furthermore, it is likely that the tran
sient neonatal thyrotoxicosis seen in babies of patients with high levels of LATS is 
dueto the placenta! transmission of maternal IgG (McKenzie 1964). The disease 
lasts for 4-8 weeks and subsides with the known disappearance rate of maternal 
antibody. The condition is rare since high LATS values are exceptional in young 
women, and severe thyrotoxicosis often leads to impaired fertility. By far the 
highest LATS levels are found in middle-aged patients with pretibial myxoedema 
(Hoffmann & Hetzel 1966; Carneiro et al 1966b), sometimes with progressive 
exophthalmos. These patients have frequently been treated with 1311 or opera
tion and are not necessarily hyperthyroid. Owing to the occurrence of fairly 
severe thyroiditis, sorne cases with exophthalmos and LATS never show any signs 
of thyroid overactivity and may even present with myxoedema. It is likely that 
in the presence of a small iodine pool, the few remaining thyroid cells are 
incapable of giving rise to clinical thyroid overactivity in spite of being fully 
stimulated by LATS. This accounts for 1311 uptake values in the euthyroid range 
which cannot be suppressed with triiodothyronine. The mode of action of LATS 

and pituitary TSH on the thyroid cell is still unknown. It is unlikely that LATS 

stimulates the cells by combining with a hypothetical TSH inhibitor since thyro
toxicosis can develop after total hypophysectomy and the thyrotrophs in the 
pituitary glands of thyrotoxic patients appear inactive on histological examina
tion. Indeed, patients with Graves' disease have a functioning pituitary-thyroid 
axis as shown by their ability to develop a normal goitrogenic response to over
dosage with anti-thyroid drugs. The concept that antibodies may sometimes 
stimulate cells rather than damage them is supported by the finding of blast-cell 
transformation of smalllymphocytes by anti-lymphocyte and anti-IgG allotype 
sera (see Chapter 20). 

POPULATION STUDIES 

In view of the known high frequency of focal thyroiditis in post-mortem series 
(Williams & Doniach 1962), studies ha ve been made on the incidence of thyroid 
antibodies in hospital patients without overt thyroid disease and in healthy 
individuals. Most authors measured anti-thyroglobulin by the TRC. Although 
this reflects only part of the true incidence since cytoplasmic and other colloid 
antibodies are ignored, it is none the less useful for comparison between different 
populations. The incidence in mixed hospital patients varies from 3-i% in a 
study partly derived from a pediatric practice (Blizzard et al 1959) to 18% in a 
hospital series biased towards connective tissue disorders (Hackett, Beech & 
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Forbes 1960). The mean for sorne 5000 hospital patients reported up to 1965 was 
8. 7%. It is of interest that of 3000 normal individuals similar! y tested in severa! 
countries, 7.6% gave positive results. In both groups there is a steady increase 
with age, and the incidence in females is about three times that in males. This 
sex differential disappears after the age of 70 when thyroglobulin antibodies are 
found in over zo% of normal individuals of both sexes. In most cases the ti tres 
are low, usually not exceeding 1/250. When all three types of thyroid antibodies 
are included (Serafmi et al 1964), the total incidence goes up by less than one
third due to the fact that focal thyroiditis, even in its non-progressive form, is 
often associated with detectable levels of more than one, and sometimes all three 
types of thyroid antibodies (Senhauser 1964). 

FAMILIAL STUDIES 

Hashimoto's disease and primary myxoedema can occur in more than one mem
ber of a family and several reports describe the occurrence of lymphadenoid 

TABLE 35·3 

Family studies in thyroid autoimmunity 

Proband sole member with clinically overt disease 

Thyroid antibodies 
Healthy Number Statistical 
relatives tested Positive si gnificance 

Males 6o 32% o.OI<P<0.02 
Controls 6o I2'/;; 

Females 76 45% P<o.oor 
Controls 76 14'/;; 

goitres in mono-ovular twins (Irvine et al 1961). Twin studies in Graves' disease 
(Harvald & Hauge 1956; Hassan et al 1966) have shown a high concordance rate 
of 6o% in monozygotic pairs compared with only 9% in dizygotic pairs of the 
same sex and this suggests a strong genetic predisposition. Following the early 
example ofHall, Owen & Smart (1960) family studies have been carried out on 
the relatives ofHashimoto patients (Doniach, Roitt & Taylor 1965) and patients 
with Graves' disease (Saxena 1965). In all these, a high incidence of clinical and 
subclinical thyroiditis was found, with corresponding serum antibodies. The 
methods of ascertainment of probands in these studies have been criticized (Masi, 
Hartman & Shulaman 1965) but recalculation of our own results after exclusion 
of clinically affected relatives and rejection of all families with more than one 
overtly affected member, showed that the incidence of thyroid antibodies was 
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still significantly highcr in relatives than in matched controls (Table 35.3) 
(Doniach & Roitt 1967). Parent studies (Hall, Saxena & Owen 1962; Doniach, 
Nilsson & Roitt 1965) in cases ofjuvenile thyroiditis suggest that in children the 
tendency to autoimmunity is frequently transrnitted from both sides of the 
family but can also come entirely from the f:1thcr (Hall, Owen & Smart 1964), 
excluding the intrauterine environment as a significant factor. 

OVERLAP OF THYROIDITIS WITH OTHER 
DISEASES 

This has already been mentioned in connection with thyrotoxicosis; a similar 
spectrum of conditions has been reported in association with primary myxoe
dema and Hashimoto's thyroiditis (Roitt & Doniach 1965). Clinically and sero
logically the most signiflcant association is with atrophic gastritis and pernicious 
anaernia (Irvine et al 1965; Ardemann et al 1966) 30% of patients with thyroid 
autoimmune disorders have gastric parietal cell antibodies although only 1-3% 
have intrinsic factor antibodies and these are the patients who are liable to 
progress from simple atrophic gastritis to megaloblastic anaernia. Conversely 
over so% of patients with pernicious anaemia ha ve detectable thyroid antibodies, 
with titres indicative of an active thyroiditis in about 25%. A signiflcant overlap 
with thyroiditis is also found in Sjogren's syndrome and myasthenia gravis 
(Downes, Greenwood & Wray 1966). In rheumatoid arthritis and sarcoidosis 
there is no increase in the incidence of thyroid antibodies, yet the clinical im
pression is that thyroid disorders are more frequent. However, epiderniological 
studies indicate that minor clinical thyroid abnormalities are found when espec
ially looked for in 12% of normal women (Dingle et al 1966). In 4% ofhealthy 
women over 30, high antibody titres can be detected anu these often coincide 
with a palpable flrm thyroid gland. Retrospective histological studies ha ve shown 
a 2% incidence of diffuse autoimmune thyroiditis (Masi 1965). In view of these 
flndings, claims of signiflcant aetiological connections between autoimmune 
diseases and other disorders have to be carefully evaluated (Mulhern, Masi & 
Shulman 1966). 
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CONCLUSIONS 

INTRODUCTION 

The lung and the skin are the two organs most frequently observed to undergo 
diverse and dramatic allergic reactions. The sudden onset and possibly fatal 
result of some reactions in the lungs demands a quick and accurate diagnosis, 
whilst other more chronic conditions may resemble infectious disease. Accurate 
diagnosis requires a clear understanding of the nature of the allergic reactions 
taking place. 

This chapter is confined toa consideration of the changes occurring in allergic 
reactions in the lung, and the mechanisms by which these changes are induced. 
The properties of the antibodies mediating them ha ve been described elsewhere 
in this book. No rigid classification has been adopted, and the allergic conditions 
of the lung are considered and compared according to the type of allergic reaction 
mediating the response. However, it is important to realize that in any one dis
ease more than one type of allergic response may be present, and also in any one 
type of allergic response there may be more than one form of antibody, e.g. 
tissue-sensitizing and precipitating antibodies. 

THE SHOCK ÜRGAN 

The presence of antibodies capable of sensitizing tissue to elicit a Type 1 response 
on challenge does not mean that reactions can be produced in all the tissues of an 
individual. It is not known whether this variation is due to the organ or the 
nature of the antibody, or both. Halpern, Biozzi & Benacerraf (1955) ha ve pro
vided one explanation for a particular organ becoming a shock organ. In the 
sensitized lung or skin, exposure to small amounts of antigen as well as other 
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inflammatory stimuli initiates vasodilatation and exudation of serum which 
results in more antibody entering the organ and therefore further sensitization 
of the tissues andan increase in the susceptibility of the organ. In some sensitized 
individuals only the alimentary tract, or the skin, or the lungs appear susceptible 
to Type I reactions to a particular antigen. Evidence of bronchial sensitivity in 
the absence of skin sensitivity has been found by Tiffenau (I958). Schwartz 
(1952) has suggested that the tendency of the lung to react as the shock organ is 
heritable. 

THE TYPE I ALLERGIC RESPONSE 

ANAPHYLAXIS 

Anaphylaxis in man, fatal or otherwise, is rare despite the frequency with which 
individuals are sensitized to antigens of their environment or to drugs. Sudden 
death has occurred following the injection of antiserum, toxoid or pollen ex
tracts (Lamson 1924; Vaughan& Pipes 1936; Vanee& Strassman 1942), penicillin 
(Mayer et al 1953; Chao-Ling & Chih-Tze 1956), bee or wasp stings (Wegelin 
1948; Schenken, Tamisiea & Winter 1953) or contrast medium in intravenous 
urography (Pendergrass et al 1958). 

The sensitivity of the lungs to anaphylaxis, as in some patients with asthma, 
cannot always be demonstrated by skin testing. Preliminary testing of the 
patient by eye, mouth or skin may not provide evidence of sensitivity to material 
capable of causing a fatal reaction on entering the blood stream (Lamson 1924; 
Pendergrass et al 1958). 

SIGNS OF ANAPHYLAXIS IN MAN 

Anaphylaxis in man may involve the skin resulting in urticaria and intense 
itching, the gastro-intestinal tract resulting in vomiting and diarrhoea, or the 
respiratory system resulting in severe dyspnoea. A patient may develop signs in 
any one or more organs, together with vascular reactions, a fall in blood 
pressure, tachycardia, vasodilatation and cyanosis. Anaphylaxis need not be 
accompanied by respiratory distress, as in the single non-fatal case reported by 
Parish & Oakley (1940), the fatal case ofDean (1922) and one fatal case ofJames 
& Austen (1964). 

The onset of anaphylaxis occurs within minutes of the antigen entering the 
body. The patient may complain of discomfort, giddiness, a feeling of tight 
bands being drawn about the head and chest, a desire to urinate or defaecate and 
a burning sensation of the skin. The progression of the symptoms to signs of 
respiratory distress and collapse will depend upon the degree of sensitivity, the 
organs most susceptible in that patient, the nature and concentration of the 
antigen and the route by which it enters the body. 

GG 
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THE PosT-MORTEM CHANGES oF 

ANAPHYLAXIS 

The main post-mortem changes in individuals dying of acute anaphylaxis with 
severe respiratory di stress are distension of the lungs, o edema of the trachea and 
bronchioles, and a varying degree of congestion of other organs. 

There is little doubt that death is dueto asphyxia resulting from spasm of the 
smooth muscle of the bronchioles, to which the oedema of the mucosa and the 
larynx may be an additional factor. 

AsTHMA 

Asthma, rhinitis and conjunctivitis in atopic subjects are classical examples of 
Type I allergic reactions. In spite of the abundant evidence of the role of 
reaginic antibody there is still considerable difficulty with regard to the causa
tion and mechanism of asthma in those subjects in whom allergens cannot be 
found. It is not always recognized that the only clearly demonstrable mechanism 
with measurable evidence for the consistent production of asthmatic reactions is 
the Type I allergic reaction, and any analysis of the causes of asthma must be 
influenccd by the presence or absence of its characteristic features. The increase 
in capillary permeability and the influence upon it of incrcased arteriolar blood 
flow is the focal point of the Type I reactions and it is here that other factors can 
readily exert their effect by modifying the peripheral blood flow (see Chapter 6). 

The emphasis upon Type I allergy does not exclude the participation of other 
factors, either proven or suspected, or even their predominant influence in the 
established state. It is most important, however, from the practica! aspect, to 
assess the order of appcarance and relative importance of the different factors in 
the development of the asthmatic state. 

Until recent years the mechanism of allergic asthma in man was deduced from 
the pulmonary manifestations of anaphylaxis or experimental asthma in the 
guinea-pig. Such comparisons have much to teach, and in vivo and in vitro 
studies in man in recent years have confirmed the conclusions already drawn. 

EXPERIMENTAL ASTHMA IN ANIMALS 

Experimental asthmatic reactions have been produced in animals sensitized by 
injection and challenged by injection or inhalation of antigen solutions (Meltzer 
1910; Busson I9II). A picture more closely resembling that in man has been 
produced in guinea-pigs by the inhalation of dry allergenic dusts, which produce 
a 'regional' sensitization of the respiratory tract, an exposurc of 5-7 hr being 
optimal for sensitization. No classical anti-anaphylaxis or refractory period 
appears and repeated exposures lead to repeated and prolonged attacks of 
asthma, resembling status asthmaticus in man, though as in man, sorne animals 
had periods during which they did not react. Bronchial reactions to pharmaco
logical agents such as histamine or acetylcholine were shown to be more 
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rapidly reversible than allergic reactions (Ratner, Jackson & Gruehl I927; 
Ratner I953; Kallos & Pagel 1937). In an elaborate study, Noellp-Eschenhagen 
& Noellp (1954) showed in guinea-pigs that a conditioning stimulus at the time 
of challenge with an allergen aerosol, could lead to a partial asthmatic reaction 
on subsequent exposure to the conditioning stimulus without the presence of the 
allergen aerosol. This conditioned state was more readily produced in the 
allergically induced asthma than in that produced by histamine. These findings 
also resemble the provocation of asthma in man by what appear to be conditioned 
stimuli. 

The typical histological changes in experimental asthma in animals resemble 
the findings in asthma in man and consist of oedema of the bronchial mucosa, 
hyperplasia and hypersecretion of goblet cells with an increase in mucus and the 
presence of mucus plugs, together with eosinophil cell infiltration of the 
bronchial and other tissues. 

EXPERIMENTAL ASTHMA IN MAN 

There is now a well-documented literature on the deliberate production of 
typical asthmatic reactions in man by the inhalation of allergen solutions 
(Colldahl 1952; Herxheimer & Prior 1952; Tiffenau 1958; ten Cate 1961; and 
others). The relationship between the degree of allergic sensitivity to the allergen 
and the reactivity of the bronchi to histamine and acetylcholine has been shown 
by Tiffenau (1958). Increased sensitivity to the pharmacological agents appears in 
patients with prolonged, chronic asthma. 

Direct observations of the reaction to inhaled allergens ha ve been made under 
bronchoscopy by Dubois de Montreynaud (1950). An explosive oedema of the 
bronchial mucosa and narrowing of the lumen was found in allergic subjects in 
whom asthmatic reactions were provoked by inhalation of specific allergens. In 
asthmatic subjects in whom allergens could not be found the bronchiallumen 
was also decreased during attacks. The mucosa was dark and congested but not 
oedematous, and hypersecretion was marked. The picture resembled that of 
asthmatic reactions due to pharmacological agents. The sputum in both types 
contained many eosinophil cells which were thought to come from the smaller 
bronchioles. 

In vitro studies on bronchial muscle removed at operation from asthmatic 
patients (Schild, Hawkins, Mangar & Herxheimer 1951; Rosa & McDowall 
1951) have given results like those in Schultz-Dale tests on bronchial muscle 
from sensitized guinea-pigs. The bronchial muscle contracted and could be 
desensitized after addition of a specific allergen. Addition of other specific 
allergens provoked further contractions, thereby demonstrating multiple specific 
sensitivity. The allergic reaction was accompanied by the release of histamine 
and other active substances, thus providing in an in vítro test, with a purely 
immunological mechanism, the factors required for production of asthma in vivo. 
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PATHOLOGY OF ASTHMA 
The pathology of asthma has been studied in biopsy specimens taken in vivo and 
in post-mortem material. The presence of oedema, eosinophil cell infiltration 
and hypertrophy ofbronchial muscle are strongly suggestive ofType I allergy. 
Comparison of biopsy specimens shows an eosinophil infiltration in asthma but 
not in bronchitis (Glynn & Michaels 1960). Other differences are described in 
post-mortem material by Gough (1961). Whilst the cellular infiltration in 
asthma did not extend to the terminal bronchioles, these showed hypertrophy of 
the muscle. In chronic bronchitis the inflammation extended to the terminal 
bronchioles and was accompanied by destructive emphysema which was absent 
in asthma. Shedding of sheets of ciliated epithelium with eosinophil cell in
filtration in the tissues and in the viscid mucous plugs has been found in fatal 
cases of asthma (Houston, de Navasquez & Trounce 1953; Cardell & Pearson 
1959). The presence of shed columnar epithelial cells in small or large aggregates 
has been found by Naylor (1962) to occur almost exclusively in asthma and in 
particular during attacks. Great amounts of epíthelium and of ciliated cells are 
probably shed. A similar shedding of epithelium with eosinophil infiltration has 
been found in respiratory-type epithelium in an ovarían teratoma of a patient 
dying of asthma (Thomson 1945). 

CLASSIF1CATION OF ASTHMA 
Asthma and rhinitis may be classified into those in whom allergens are demon
strable, the so-called extrinsic group, and those in whom no allergens are found, 
the intrinsic group. Whilst these terms are in common usage, 'intrinsic' does 
not mean that an endogenous cause is known or suspected, nor that the con
dition is non-allergic, but rather that the cause has not been found. Broadly 
speaking, the extrinsic group are atopic subjects who become readily sensitized 
to common allergens and the intrinsic group are non-atopic. The late onset of 
symptoms in the intrinsic group suggests that they are less easily sensitized and 
that there are as yet obscure immunological differences between the two 
groups, although evidence of Type 1 allergic reactions are present in both. In 
both the extrinsic and intrinsic groups, eosinophil cells in the tissues and the 
blood are a feature and both respond in varying degree to adrenergic agents and 
to corticosteroids. 

Whilst the term 'intrinsic' does not mean that auto-allergy is responsible, Hall, 
Turner-Warwick & Doniach ( 1966) report that either non-organ-specific 
antibodies, or thyroid or gastric antibodies, but seldom both together, are present 
more freq uently in intrinsic than in extrinsic asthma. The majority of the patients 
with goitre and thyroid antibodies and classifiable chest disease were found to be 
suffering from intrinsic asthma. It is important to exclude the presence of thyroid 
antibodies before giving such patients iodides in treatment for the asthma. 
Serafini, Torrigiani & Masala (1965), however, found a comparable raised 
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incidence of thyroid and gastric antibodies in both extrinsic and intrinsic asthma. 
An auto-allergic mechanism is suggested by the report of antibodies specifically 
against bronchial mucosa in patients with asthma but not in those with bron
chitis (Wagner, Tomsikova, Sach, Jankova & Novackova 1965). 

It is often difficult to distinguish between 'intrinsic' asthma and chronic 
bronchitis. Sorne light may be thrown on this by the finding of species-specific 
precipitins against H. influenzae in 69% of patients with chronic bronchitis, who 
had mucopurulent sputum and airways obstruction; in 25% of patients with 
simple chronic bronchitis; in 35% of patients with asthma and chronic 
bronchitis; in 8% with asthma and in 6% of controls (Burns & May 1967). In 
addition to variable airway obstruction the asthma group had an eosinophilia, 
an important point of distinction from chronic bronchitis. 

The distinguishing features of the two groups are as follows: 

Extrinsic 

Age rif onset Infancy to young adult life 

Clinical picture Dermal-respiratory syndrome, in
fantile eczema, rhinitis, asthma, 
long history of allergic manifesta
tions 

Other features 

Causal agents 
identi.fied 

Response lo 
palliatives 

Prognosis 

Blood eosinophilia up to 10-15% 

Foods in infancy, followed by in
halant allergens 

Good on the whole 

Good for life and for control of 
symptoms 

Intrinsic 

Mainly in adult life and particular! y 
in older subjects 

Asthma and rhinitis. No previous 
history of allergic manifestations 

Blood eosinophilia frequently high, 
15% or more 

Aspirin sensitivity in a small pro
portian 

Become refractory to palliatives 

Poor. High proportion of deaths 
dueto asthma occur in this group, 
within a few years of onset in 
many cases 

Allergic management is indicated in the extrinsic group, whereas it has little 
place in the intrinsic group, in whom corticosteroid treatment is indicated 
when usual palliatives fail. 

SUDDEN DEATH IN INFANCY 
(COT DEATH AS A CONSEQUENCE OF AN 

ALLERGIC REACTION IN THE L UNG) 

A Type I allergic response appears to be responsible for sudden death in infancy 
which is not uncommon, there being about 1090 cases in England and Wales in 
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1960 (Ministry of Health Report 1965). The cause of many of these deaths re
mains undiagnosed, though a sufficiently large number die with a very similar 
history and post-mortem changes for the condition to be recognized as a com
mon entity, conveniently known as cot death. Attempts to define this condition 
and the possible contributory factors have been made recently in two public 
health reports (Ministry ofHealth Report 1965; Wedgwood & Benditt 1965). 

It occurs in infants 2 weeks to 2 years of age with a peak incidence at 2-3 

months. The usual history is that an apparently normal child, or one that has 
had a slight cold for the previous 2 or 3 days, is fed, put to bed, and during the 
next 3-4 hr dies without making a noise or attempting to struggle. 

PosT-MORTEM FINDINGS IN CoT DEATH 

Some degree of cyanosis is usually observed on post-mortem examination, with 
generalized congestion and petechial haemorrhages on the pericardium and the 
lungs. In the lungs the main histological changes are diffuse severe congestion 
with scattered haemorrhages, oedema infiltrated by a variable number of 
macrophages, anda few arcas of partial collapse. The walls of the bronchi are 
infiltrated by lymphocytes and plasma cells and occasionally a slight increase in 
the number of polymorphonuclear leucocytes (Barrett 1954; Stewart 1957). 
The lumen of the bronchi and bronchioles may contain increased amounts 
of single intact desquamated epithelial cells from the mucosa, sometimes in 
such profusion as to complete! y fill the lumen of the smaller bronchioles (Bodian 
& Heslop 1956; Stewart 1957). 

INABILITY TO ISOLATE AN INFECTIVE AGENT 

Carefnl investigations for several years failed to reveal the presence of any 
pathogenic bacteria or viruses in the great majority of these cases (Ministry of 
Health Rcport 1965) and though potential pathogenic bacteria have been iso
lated from some infants dying suddenly (Ministry of Health Report 1965; 
Johnstone & Lawy 1966) there is little evidence that they caused death. In a careful 
review of the problem Barrett (1954) suggested that such deaths may follow the 
inhalation offood or vomit, not in such amounts asto cause mechanical asphyxia, 
but enough to initiate shock in the lungs of speciftcally sensitized individuals. 

Investigations were then made to test the possibility that such deaths may be 
dueto a Type I allergic response following the inhalation of milk into the lungs 
of a speciftcally sensitized child. 

ExPERIMENTAL EvmENCE THAT CoT DEATH 

MA Y BE DUE TO HYPERSENSITIVITY TO 

Cow's MILK 

Cow's milk, cither in its natural form or in proprietary preparations, is the 
commonest foreign protein to which infants are exposcd. Antibodies to milk 
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proteins are stimulated soon after milk is first fed (Gunther, Cheek, Matthews & 
Coombs 1962) and antibodies to milk can cause disease of allergic origin in 
infants (Anderson & Schloss 1923; Schloss 1924-25; Tallerman 1934; Clein 
1958; Heiner & Sears 1960; Peterson & Good 1963). Nearly all infants have 
agglutinating antibody to milk proteins as measured by the tanned cell test, but 
sera of cot-death cases tend to have higher titres (Gunther, Aschaffenburg, 
Matthews, Parish & Coombs 1960; Parish, Barrett, Coombs, Gunther & Camps 
1960; Parish, Richards, France & Coombs 1964). However, these agglutination 
tests only demonstrate that antibody has been stimulated by milk in the diet: they 
do not detect antibodies that sensitize tissues passively and predisposc them to 
anaphylaxis. 

EXPERIMENTAL REPRODUCTION OF THE CHANGES 

IN CoT DEATH CASES IN GuiNEA-PIGS 

SENSITIZED TO Cow's MILK 

It has been demonstrated that guinea-pigs sensitized to milk proteins to produce 
a comparable titre of circulating antibody to that in babies died quickly and 
quietly with post-mortem changes in the lungs closely resembling those of cot 
death when they werc lightly anaesthetized to simulare sleep and were given 
inhalations of a small amount of milk, or stomach contents of cot-death cases 
containing milk (Parish, Barrctt & Coombs 1960; Parish et al 1960). Death in 
thesc guinea-pigs was associated with bronchial constriction as in anaphylaxis 
in conscious animals (Parish et al 1964; Parish, Akcster & Gregg 1964). 

ÜNE PROBABLE CAusE oF CoT DEATH 

Milk proteins have been found in the lungs of cot-death infants (Parish et al 
1964b) anda case of sudden dcath has becn observed aftcr inhalation of a small 
amount of milk by a sensitized child (Kaufmann, Lantz & Burgin-Wolff 1963), 
providing further evidence that it is possible for an infant sensitized to milk, 
during sleep to regurgitare and inhale a small amount of its last meal containing 
milk protein in some form, resulting in a fatal Type 1 reaction in the lungs. In 
experimental studies the clinical manifestations and histological changes, in
cluding eosinophil infiltration, of the reaction are modified in the sleeping state 
when compared with anaphylaxis in the conscious subject (Parish et al 1960a; 
Parish, Hall & Coombs I963). 

It is possible that death in adults following inhalation of stomach contents 
when under anaesthesia may be due to a similar Type 1 allergic rcaction in 
individuals sensitized to other food proteins. 

LOBAR PNEUMONIA 

A Type 1 allergic sensitivity may be rcsponsible for the lobar pneumonia in 
adults whose tissues ha ve been sensitized by previous infection with pneumococci, 
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in contrast to infants in whom this condition is uncommon (Lauche 1928). This 
is an example in which a state ofhypersensitivity is not the same as immunity, 
for the sera of adults has a bactericida! action on pneumococci and they develop 
a Type I allergic sensitivity as shown by immediate reaction on skin testing 
(Sutliff & Finland 1932). Yet the oedema and mucus secretion resulting from 
the Type I allergic reaction potentiates the pneumococcal infection. Similar 
extensive oedema and leucocyte infiltration may follow the intratracheal in
jection of extracts of pneumococci in sensitized animals (Sharp & Blake 1930; 
Lindau 1933). 

THE TYPE III ALLERGIC RESPONSE 

Serum sickness (see Chapter 24) is the classical example of the Type III, precipi
tin-mediated, tissue-damaging allergic reaction. It may be associated with, and 
complicated by, Types I and IV reactions. There are similarities between serum 
sickness and certain pulmonary hypersensitivity diseases caused by organic 
antigens reaching the lungs by inhalation and perhaps also through the circula
tion after injection or ingestion. More is known about the effects of inhaled 
organic dusts as a result of investigations into pulmonary aspergillosis in its 
various forms and into farmer's lung and related diseases. 

EFFECTS OF lNHALED ÜRGANIC ANT1GENS 

There are at present three main factors which have an obvious influence upon 
the effects of inhaled organic dusts: 
r. The immunological reactivity of the subject. 
2. The nature of the organic dust. 
3· The nature of the exposure. 
These factors determine the appearance of different types of pnlmonary hyper
sensitivity disease in populations exposed to the same dusts. 

IMMUNOLOG1CAL REACTIVITY 

In this respect people may be divided into two groups, atopic and non-atopic. 
Atopic subjects are constitutionally predisposed to develop Type 1 allergy in 
response to limited ordinary, everyday, contact with antigens, resulting in 
bronchial, asthmatic reactions, mediated by non-precipitating skin-sensitizing, 
reaginic antibody. However, both non-atopic and atopic subjects may produce 
precipitating antibody in response to intensive antigenic exposure likely to occur 
at work or under special circumstances. These precipitins may be associated 
with Type II1 reactions in the tissues in and around the bronchi, and in the 
peri pheral alveolar tissues. 
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NATURE OF THE ÜRGANIC DusTs 

The capacity of the microflora of the dusts to grow in the lungs and the particle 
sizes of the inhaled dusts influence the nature and situation of the pulmonary 
reactions produced. Such antigens may be derived from vegetable, porcine, 
bovine, avían, insect or other sources, and from their varied micro-organismal 
flora. Certain spores such as those of the Aspergillus genus, and in particular of A. 

TABLE 3Ó.I 

Nature and sources of organic dust antigens in farmer's lung type disease 

Source of antigen and 
Disease Dust exposure precipitins against 

Farmer's lung Mouldy overheated hay, Thermophilic 
etc. actinomycetes 

Micropolyspora sp. 
Thermoactinomyces 
vulgaris 

Bagassosis Mouldy overheated Mouldy bagasse 
sugar-cane bagasse ?Thermophilic 

actinomycetes 

Mushroom-picker's Mushroom dust ?Thermophilic 
lung actinomycetes 

Fog-fever in cattle Mouldy hay, etc. Mícropolyspora sp. 

Maple-bark Maple bark Cryptostroma 
pneumonitis (Coniosporium) corticale 

Wheat weevil disease Wheat flour Sitophilus granarius 

Bird breeder's Pigeon and budgerigar Serum protein and 
(fancier's) lung droppings droppings antigen 

Pituitary snuff-taker's Porcine and bovine Serum protein and 
lung posterior pituitary pituitary antigens 

powder 

Suberosis Oak-bark, cork-dust Not known 

Smallpox-handler's Smallpox scabs Not known 
lung 

Jumígatus, can grow in the lungs, thus providing local sources of increased 
amounts of antigen. The spores, which are 2.5 to 3 J.1 in diameter, are also present 
in the air in chains longer than 8-10 ¡.,t, and in hypersensitive subjects tend to be 
retained in the medium-sized bronchi, where their growth results in reactions 
affecting the peribronchial tissues. The fungus may grow saprophytically in 
damaged lung producing the aspergillus mycetoma or aspergilloma. 

GG* 
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The spores of the thermophilic actinomycete Micropolyspora sp. ( Thermo
polyspora polyspora), the main source of the antigens in mouldy hay responsible 
for farmer's lung, can grow at 37oC but there is no evidence of their growth in 
the lungs. They are inhaled in large numbers and, being 1 J.1 in diameter, easily 
penetrate to the alveoli where the tissue reactions of farmer's lung occur (Pepys, 
Jenkins, Festenstein, Gregory, Lacey & Skinner 1963). The spores of Crypto
stroma corticale, which are responsible for maple-bark disease, do not grow at 
37oC. They are 4-6 J.1 in diameter (Emanuel, Wenzel & Lawton 1966); recent 
evidence (Johnston 1966) suggests that particles of this size may penetrate into 
the alveoli, where the main reaction of this disease also occurs. 

NATURE OF EXPOSURE TO THE DUSTS 

This may influence the response in various ways. Intensive exposure may lead 
to the production of allergic sensitivity and, in already sensitive subjects suffer
ing, for example, from farmer's lung, heavy exposure may provoke severe 
disease in weakly allergic subjects and vice versa (Pepys & Jenkins 1965). The 
frequency of exposure is also important, since in farmer's lung (Pepys & 
Jenkins 1965) and in bird breeder's (fancier's) lung (Hargreave, Pepys, Longbot
tom & Wraith 1966) intermittent exposure is associated with attacks of acute 
onset coming on usually 5-6 hr or so after inhalation of the relevant dust. 
Regular, frequent, exposure is associated with an insidious development of 
disease, the more dangerous beca use the relationship to the causal exposure is not 
obvious. 

BRONCHO-PULMONARY AsPERGILLosrs 

In atopic subjects the Aspergillus genus, and A. Jumigatus in particular, may 
cause asthma, which may become complicated by a form of pulmonary eosino
philia. In both non-atopic and atopic subjects, growth of the fungus may result 
in an aspergilloma. The fungal growth is conflned to the lungs, with limited, if 
any, local invasion. Invasion of the tissues of the body does occur, however, in 
patients with reticuloendothelial disturbances. 

Three main patterns ofimmunological response to the fungus are observed in 
thrce groups of patients. 

Group (a). Patients with uncomplicated asthma of whom 38/o may give 
immediate Type I reactions to prick tests with crude extracts of A. Jumigatus 
(Longbottom & Pepys 1964). Precipitins against A. Jumigatus may be found in 
about 9/o of cases, almost all of these giving Type I skin-test reactions. 

Group (b). Patients with asthma complicated by pulmonary eosinophilia, 
consisting of transitory, recurrent and usually isolated inf1ltrations of the col
lapse-consolidation type, together with blood eosinophilia. This is a serious 
and not uncommon complication of asthma in atopic subjects in the U.K. and 
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needs to be sought elsewhere. The patients usually have a long history of ex
trinsic asthma, which becomes more severe when they develop febrile episodes, 
accompanied by the appearance of pulmonary infiltrations and the coughing up 
of sputum plugs containing fungal mycelium and of hard brownish fungal 
particles of varying sizcs. 

A characteristic cylindrical bronchiectasis with normal peripheral filling de
velops in the medium-sized bronchi at the si tes of the peribronchial infiltrations. 
Positive sputum cultures are given with greater (statistically significant) fre
quency in asthmatic than in non-asthmatic subjects (Pepys, Riddell, Citron, 
Clayton & Short 1959). But, since positive cultures may be obtained from 
anyone inhaling and expectorating these ubiquitous spores, and since negative 
cultures may be obtained in proven cases, sputum culture is not sufficient for 
diagnostic purposes. 

Immunological tests provide the best supporting evidence for diagnosis. In 
the survey ofLongbottom & Pepys (1964) most of the patients with asthma and 
pulmonary eosinophilia gave positive Type I reactions to prick tests with A. 
Jumigatus and about two-thirds also had precipitins. The greater incidence of 
precipitins in the patients with asthma and pulmonary eosinophilia as compared 
with those with uncomplicated asthma is statistically highly significant. These 
fmdings have been supported by intensive studies at the Brompton Hospital on 
forty-two patients with asthma and pulmonary eosinophilia. Precipitins were 
found in thirty-nine cases, the serum of one-quarter of the paticnts having to be 
concentrated to show them. Agar-gel tests showed limited numbers of ares in 
contrast to the abundant ares obtained with the sera of patients with aspergil
loma. Intracutaneous tests with the protein antigens of A. Jumigatus gave vigor
ous dual, Type I and Type III reactions in thirty-six cases, in only one of whom 
were precipitins not demonstrated, and a further four patients gave Type I 
reactions only. 

In patients allergic to A.jumigatus and with uncomplicated asthma and without 
precipitins, skin tests give only Type I reactions. In patients with aspergilloma 
and abtmdant precipitins Type I skin test reactions are obtained in less than one
quarter, and in these subjects a Type III reaction may follow. In the majority, 
however, neither Type I nor Type III reactions are elicited in spite of the 
abundant prccipitins. Thus, it seems that antibodies capable of giving Type I 
reactions have to be associated, whatever the mechanisms concerned, with the 
precipitins, if the Type III component of the dual reaction is to be elicited. 

The fact that a vigorous Type III component of the dual reaction is produced in 
patients with weak precipitins is ofinterest, since it may be that it is in such cases 
that, with the limited test doses acceptable in man, moderate antigen excess may 
be achieved. Ishizaka (1963) has shown that it is the antigen-antibody complexes 
formed in moderate antigen excess which are the most active in causing tissue 
damage. A further possibility to be considered is that the precipitins in atopic 
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and non-atopic subjects and the individual precipitins in any one subject, may 
differ in their biological activity. 

Histological examination of the dual reactions has shown polymorpho
nuclear neutrophil infiltration and debris, with lymphoid cells and eosinophil 
cells, the latter being attributable to the preceding Type 1 reaction. Perivascular 
granulomata of Type IV reactions were not seen. 

These changes are like those of Type III, Arthus, reactions in experimental 
animals, except for the absence of fibrinoid necrosis of vessels and haemorrhage. 
This may be due to the limited test doses used in man. Fibrinoid necrosis of tissue 
collagen has, however, been found in two out of sixteen cases and it seems likely 
that it is responsible for the bronchiectasis. 

There are analogies between the Type III component of the skin-test reaction 
and the pulmonary infiltrations in the patients with asthma and pulmonary 
eosinophilia. Both occur in patients with reagins and precipitins, and both the 
pulmonary infiltration and the Type III component of the skin-test reaction are 
inhibited by corticosteroid drugs. 

Group (e). Patients with aspergilloma of the lungs. The Aspergíllus genus, and 
especially A.jumigatus, colonizes damaged areas oflung such as the open-healed 
cavities of treated pulmonary tuberculosis, emphysematous bullae and bronchi
ectasis. The mycelial growth gives rise to the 'fungal-ball' typically surrounded 
by an air-halo. Sputum cultures of the infecting species are obtained only if the 
aspergilloma communicates with a bronchus. Intense, specific precipitation 
reactions consisting oflarge numbers of precipitin ares in agar-gel are given by 
the sera of most of these patients, and specific reactions may be obtained where 
the aspergilloma is due to other species than A. Jumígatus, such as A. nidulans, A. 
flavus andA. níger (Longbottom, Pepys & Temple-Clive 1964). Less than one
quarter of these patients give Type 1 reactions to prick tests and it is in only these 
subjects in whom asthma and pulmonary eosinophilia may also be present that 
Type III reactions have been elicited on intracutaneous testing. 

There appears to be a place for precipitin tests in the diagnosis of the invasive 
form of aspergillosis, since a positive reaction toA. nidulans has been obtained in 
a patient infected with it (Redmond, Carré, Biggart & Mackenzie 1965). 

C. ALBICANS IN ASTHMA AND PULMONARY 

EosrNOPHILIA 

The possibility that precipitins against C. albicans may be related to the pul
monary infiltrations in sorne patients with asthma, and especially in those who 
have no precipitins to A. fumígatus, is suggested by recent investigations of 
Pepys, Faux, Longbottom, McCarthy& Hargreave (1967). WhereasA.jumigatus 
is chiefly a respiratory pathogen, Gandida albicans infects many other parts of the 
body. This makes it more difficult to establish the relationship of precipitins to 
C. albicans to respiratory disease, though there is no doubt that the subjects 
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with precipitins are capable of responding to the antigens of C. albicans by skin, 
systemic and pulmonary reactions. These reactions are very similar to those 
reported in patients with pulmonary aspergillosis, farmer's lung, bird breeder's 
lung and related diseases. 

fARMER's LUNG AND RELATED DISEASES 

Farmer's lung is defmed for National Insurance purposes as 'pulmonary disease 
due to the inhalation of the dust of mouldy hay or of other vegetable produce, 
and characterized by symptoms and signs attributable to a reaction in the 
peripheral part of the broncho-pulmonary system and giving rise to a defect in 
gas exchange' (Farmer's Lung I964). Except for the nature of the offending dust, 
this definition applies to a group of closely similar and important diseases, due 
to the inhalation of an ever-increasing number of inhaled organic dusts, against 
which precipitins have been found in most instances (Table 36.1). Only a small 
proportion of affected subjects have a history or show evidence of atopic sensi
tivity, and the pulmonary reaction takes place in the peripheral alveolar tissues, 
whereas in atopic subjects exposed to the same dusts reactions occur in the 
bronchi with the production of asthma. The alveolar reaction is accompanied 
by impairment of gas-exchange and decrease in compliance or elasticity of the 
lungs. 

Diseases of this type ha ve been termed 'hypersensitivity granulomatous inter
sticial diseases' in the U.S.A. This term is not altogether appropriate since the 
reaction takes place in the walls of the alveoli which endose capillaries only, so 
that the use of the term interstitial is not apt. An alternative, and perhaps better, 
title for these diseases would be 'extrinsic allergic alveolitis'. 

The attacks may be acute, developing 5-6 hr or so after the inhalation of the 
offending dust, particularly where there is an interval of severa! days between 
the exposures, or they may develop insidiously in constantly exposed subjects; 
in a small number of cases there may be a rapidly developing asthmatic reaction 
followed sorne hours later by the farmer's lung type of reaction. Systemic mani
festations are prominent, consisting of fever, chills, rigors, muscle aches and 
malaise, accompanied by a notable loss of weight. Respiratory manifestations 
follow consisting of cough and severe dyspnoea together with fine crepitant 
rales indicative of an alveolar reaction. A widespread fme miliary infiltration 
may be seen on X-ray and in chronic cases the appearances are those of diffuse 
pulmonary fibrosis which may follow repeated or even isolated attacks. 

A fARMER's LUNG 

The thermophilic actinomycetes Micropolyspora (Thermopolyspora) Jaeni and to a 
lesser extent Thermoactinomyces (Micromonospora) vulgaris have been found to be 
the main sources of farmer's lung hay, FLH, antigens in mouldy hay responsible 
for farmer's lung. Precipitins are present in about 90% of affected subjects (see 
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Chapter 3), though weaker positive reactions may also be obtained in sera from 
sorne exposed but apparently unaffected subjects (Pepys, Riddell, Citron & 
Claytonr961, 1962; Pepyset ali963; Pepys&jenkins1965; Kobayashi, Stahmann, 
Rankin & Dickie 1963; Bishop, Melnick & Raine 1963; Symposium on farmer' s 
lung 1965). These organisms f!ourish in damp hay and other vegetable produce 
which becomes overheated due to bacterial and fungal growth. The discovery 
of their role in farmer' s lung confirms the original description by Ramazzini of 
Diseases of Sifters and Measurers of Grain. He observed that the severe pul
monary disease with which they were affected was due to the inhalation of the 
dust which crumbled from grain which had been stored damp and had subse
quently become overheated (Ramazzini 1713). 

The precipitins against the FLH antigens of Mícropolyspora Jaení are evidence of 
exposure to mouldy hay and appear to be pathogenetically related to the 
disease, since there is a statistically significant correlation between the grade of 
FLH precipitin reaction and the frequency and severity of attacks and the degree 
of clinical sensitivity to the dust (Pepys & Jenkins 1965; Davies & Yull 1966). 
This is supported by the provocation of typical attacks of farmer' s lung in 
affected subjects coming on 5-6 hours or so after the inhalation of extracts of 
mouldy hay (Williams 1963) and of extracts containing the 'protein' and 'glyco
peptide' FLH antigens obtained from cultures on ordinary media of Mícro
polyspora Jaeni (Pepys & Jenkins 1965). This interval between exposure and 
reaction is the same as that observed in patients presenting with attacks of acute 
onset, and the same reaction is produced by inhalation tests in patients whose 
disease has developed insidiously, thus showing that both forms of onset of 
attacks are features of the same disease, their differences being related to the 
circumstances of exposure to the dust. Furthermore, the interval is consistent 
with the time required for a precipitin-mediated reaction. 

The spores of M.faeni are r ¡t in size, small enough to penetra te and be retained 
in the alveoli. Vast numbers are present in mouldy hay and it has been calculated 
that 750,000 are retained in the lungs per minute by farmers working in a 
moderately dusty atmosphere (Lacey & Lacey 1964) thus explaining the wide
spread alveolar reactions observed. The organisms have been cultured from 
the hmgs of affected subjects (Wenzel, Emanuel, Lawton & Magnin 1964). 
Histological examination has shown infiltration of the alveolar walls with 
lymphoid, plasma and neutrophil cells (Emanuel, W enzel, Bowerman & Lawton 
1964), and in well-developed cases epithelioid cell granulomata are a feature 
(Dickie & Rankin 1958). Skin testing has not so far been helpful in farmer's 
lung, as prick tests with extracts of good and mouldy hays of M. Jaeni give 
negative reactions and intracutaneous tests give non-specific irritant reactions. 

Cattle fed on mouldy hay develop a respiratory disease included in the 'fog
fever' group, and precipitins against the FLH antigens of are present in the 
majority of cases (Jenkins & Pepys 1965). Parish (1961, 1963) found that 
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experimental animals reared on mouldy corn and hay developed precipitins 
and that inhalation of extracts of mouldy hay provoked dyspnoea appearing 
after 6-9 hr, thus resembling the reactions to inhalation tests in patients with 
farmer's lung. 

DISEASES RESEMBLING fARMER's LUNG 

BAGASSOSIS 

The inhalation of the dust of mouldy overheated sugar cane bagasse causes a 
farmer's lung type of disease. Precipitins have been found against certain extracts 
of mouldy bagasse in affected subj ects (W eill, Buechner, Gonzalez, Herbert, 
Aucoin& Ziskind 1966; Salvaggio, Buechner, Seabury& Arquembourg 1966). 
Whilst it seems likely, by analogy with mouldy hay in farmer's lung, that the 
source of the relevant antigens may be from thermophilic organisms developing 
in the mouldy overheated bagasse, none have so far been identifred. 

Mushroom picker's lung may also belong in this group. Thermophilic actino
mycetes can grow in mushroom houses, and a farmer's lung disease has been 
described in workers handling the compost (Bringhurst, Byrne & Gershon
Cohen 1959). Precipitins against Thermoactinomyces vulgaris and M.faeni have 
been found in cases in the U.K. (Sakula 1967). 

Maple bark disease is due to thc inhalation of the spores of Cryptostroam 
(Coniosporium) corticale which infects the bark of the maplc trce. Precipitins have 
been found, and immediate and more slowly devcloping skin-test reactions ha ve 
been obtained against its extracts (Emanuel, Wenzel & Lawton 1966). 

MrLL-WORKER's AsTHMA AND L UNG DrsEASE 

DUE TO THE WHEAT WEEVIL 

The antigens of Sitophilus granarius ha ve been found to cause asthma and to give 
Type 1 skin and inhalation test reactions, and to excite the production of 
precipitins (Jiminez-Diaz, Lahoz & Canto 1947; Frankland & Lunn 1965; Lunn 
1966; Lunn & Hughes 1966). In patients with precipitins dual, Type I and Type 
III, reactions were obtained on skin testing (see Chapter 7) and asthma followed 
by farmer's lung type reactions occurred on inhalation test. lt is cle.ar that insect 
antigens merit study. 

Bmn BREEDER's (FANCIER's) LuNG 

Inhalation of antigens in the dry dust of the droppings of pigeons and budgeri
gars stimulates formation of precipitins and leads to a farmer's lung type of 
reaction (Barboriak, Sosman & Reed 1965; Reed, Sosman & Barbee 1965; 
Hargreave, Pepys, Longbottom & Wraith 1966). Pigeon breeders who are 
exposed intermittently tend to have attacks of acute onset, whereas the more 
frequently exposed budgerigar fanciers tend to develop the disease insidiously. 
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As in farmer's lung, precipitins are present in affected subjects but may also be 
present in a small proportion of exposed though apparently unaffected subjects 
and not in non-exposed subjects. In affected subjects skin tests give dual reactions, 
and inhalation tests provoke typical attacks of disease coming on after 5-6 hr. 
The precipitins react with antigens present in the bird sera, extracts of their 
droppings and of egg yolk and white, and of skin. Feather extracts give only 
weak reactions, if at all. 

RESPIRATORY DISEASE DUE TO 

PITUITARY SNUFF 

The nasal insuffiation of porcine and bovine pituitary snuff for the treatment of 
diabetes insipidus may cause Type 1 asthmatic reactions and also Type III 
alveolar reactions like those of farmer' s lung. This is not surprising in view of the 
repeated inhalation each da y over long periods ofheterologous tissue and serum 
proteins. Precipitins are produced against the heterologous serum and pituitary 
antigens and also against homologous human pituitary antigens, the latter pro
viding an example of iatrogenic hetero-stimulated production of auto-reactive 
antibodies (see Chapter 21) (Pepys, Jenkins, Lachmann & Mahon 1966; Mahon, 
Scott, Ansell, Manson & Fraser 1967). 

Dual reactions are obtained to skin tests with the heterologous serum proteins. 
Tests with the pituitary snuffs themselves are modified by the vasoconstrictor 
action of the vasopressin, which probably mitigates the severity of clinical 
reactions to this allergenic material. The inhalation of synthetic lysine vaso
pressin (Syntopressin, Sandoz) is effective for the treatment of the diabetes in
sipidus and for the relief of symptoms dueto the pituitary snuffs. 

GENERAL 

Other pulmonary discascs probably belonging in this group are suberosis dueto 
cork dust, and small-pox handler's lung in nurses treating cases of this disorder 
(Morris-Evans & Foreman 1963). Variations in this type of disease produced by 
vegetable dusts may perhaps include byssinosis in which Massoud & Taylor 
(1964) have found precipitins against extracts of the cotton plant receptacle 
particular! y in affected subjects. W orkers with sisal, coffee, hemp and other 
dusts develop precipitins against them (Pepys, Longbottom & Jenkins 1964) and 
the possibility that these may mediate disease needs to be investigated. The in
halation of any organic dust should be suspect in subjects with pulmonary 
disease, particular! y of the alveolar tissues. 

TYPE 111 PULMONARY REACTIONS TO 

INJECTED ANTIGENS 

The injection of foreign serum with the production of serum sickness and poly
arteritis nodosa-like lesions attributable to a Type III reaction, is a familiar 
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finding in experimental animals, and in man may be associated, as may certain 
drug reactions, with pulmonary changes (see Longcope 1943). Thus, where 
polyarteritis nodosa of unknown aetiology is found, Type III allergy is postu
lated, and will be dealt with briefly here, though this does not imply that in
jected antigens are necessarily responsible. Rose & Spencer (1957) divide their 
series into those with and without lung involvement, such as bronchitis, 
pneumonia and asthma which appears to be of the 'intrinsic' type, and they 
suggest that polyarteritis nodosa should be considered in atypicallung diseases 
with these manifestations. 

A large number of disorders are thought, though the validity of this has yet to 
be determined, to be part of this group, having features in common: asthma 
with polyarteritis nodosa (Hernnan 1933; Rackeman & Greene 1939; Trasoff& 
Scarff 1940; Wilson & Alexander 1945 ), pulmonary granulomatosis with poly
arteritis nodosa (Wegener's granulomatosis) (Wegener 1939; Fienberg 1953; 
Fahey, Leonard, Churg & Godman 1954; Godman & Churg 1954; Walton 
1958), granulomatous ulceration of the upper respiratory tract without involve
ment ofthe lungs (Singh, Stokes, Drury& Walshe 1958), and Loffier's syndrome 
or severe pulmonary eosinophilia (Fienberg 1955; Rose & Spencer 1957). 

TYPE III PuLMONARY REACTIONS DuE TO 

INGESTED ANTIGENS 

The possibility must be considered that ingested food antigens may enter the 
circulation and combine with antibodies to form aggregates capable of produc
ing lung damage, though the possibility that the offending food, particularly 
milk, has been inhaled must be kept in mind. Milk and precipitins against it 
figure prominently in reports on infants and children, in whom are found 
respiratory diseases such as recurrent or chronic pneumonia, pulmonary 
haemosiderosis and bronchiectasis, together with failure to thrive, anaemia due 
to gastro-intestinal bleeding and hepatosplenomegaly (Diner, Kniker & Heiner 
1961; Heiner, Sears & Kniker 1962; Holland, Hong, Davis & West 1962; 
Peterson & Good 1963; Wilson, Heiner & Lacey 1964; Collins-Williams 1962). 

The inhalation of milk in patients with oesophageallesions, and probably in 
mongols, is associated with the presence of milk precipitins and chronic recurrent 
lung disease (Peterson & Good 1963; Nelson 1964; Handelman & Nelson 1964). 
A raised incidence of precipitins was not found in patients with milk allergy and 
suffering from eczema, asthma and gastro-intestinal symptoms (Luz & Todd 
1964; Saperstein, Anderson, Goldman & Kniker 1963) whereas the precipitins 
were present in patients with recurrent pneumonia and pulmonary haemo
siderosis (Luz & Todd 1964). The different clinical picture in the atopic and 
non-atopic groups of subjects resembles the Type 1 asthmatic reactions to inhaled 
organic antigens in atopic subjects and the Type III alveolar reactions in non
atopic subjects. 
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THE TYPE IV ALLERGIC RESPONSE 

The classical example of a Type IV reaction is the hypersensitivity resulting from 
infection by the tubercle bacillus. The basic histological feature following in
fection is the formation of tubercles comprising epithelioid cells and occasional 
giant cells surrounded by fibrous tissue and lymphocytes. The nature of the 
stimulus causing these changes is unknown (Rich 1951) but they may be induced 
by living or dead tubercle bacilli or the phosphatide or wax fractions of the 
bacilli (Raffel 1946, 1948, 1950). 

The association between hypersensitivity of the delayed type and the presence 
oflesions containing epithelioid cells and lymphocytes, or well-defined tubercles 
as found in tuberculosis, has given rise to the general belief that these histological 
changes are the result of a delayed-type allergic response, or develop concomi
tantly with it. This does occur as a result of infection by Coccídíoídes ímmítís (Cox 
& Smith 1939; Aronson, Saylor & Parr 1942; Alznauer, Rolle & Pierce 1955; 
Hyde 1958) and by Histoplasma capsulatum (Parsons & Zarafonetis 1945; Puckett 
1953; Straub & Schwarz 1955). Skin tests with broth cultures filtered after sup
porting growth of these organisms causes a delayed indurated skin reaction in 
individuals sensitive to coccidioidin (Aronson, Saylor & Parr 1942) and histo
plasmin (Palmer 1945; Tucker 1951) and sorne cross-reaction may be present. 

The evidence that a state of delayed-type sensitivity is indnced by infection 
with these organisms is as conclusive as that following infection with A1yco
bacteríum tuberculosis. However, circulating antibodies are also formed in the same 
patients as those who give a delayed skin reaction on testing, and these may be 
used as an aid to diagnosis by precipitation, complement fixation and collodion 
particleagglutination tests (Salvin& Furcolow 1954; Campbell 1958). Similar tests 
may reveal the presence of circulating antibodiesin patients with tuberculosis, but 
they are unreliable as evidence of infection (Rich 1951; Boyden 1958). 

However, it is by no means certain that tubercle formation is solely the result 
of a delayed hypersensitivity response. It is possible that the tubercles, or 
diffuse granulomatous lesions which havc resulted from infection by Aspergíllus 
species or Gandida albicans in man (Renon 1897; Ikeda 1937; Hetherington 1943; 
Smith 1947; Hertzog, Smith & Goblin 1949) and in experimental animals 
(Castellani 1927; Schattenberg & Flinn 1939; Cooper 1946; Zettergren 1950; 
Parish 1961), and those following inhalation of silica or beryllium may result 
from precipitates formed in a Type III reaction or even stimuli without any 
allergic basis. The significance of these changes resembling tuberculosis is yet to 
be determined, particularly in sarcoidosis and silicosis. 

DECREASED DELAYED HYPERSENSITIVITY IN 

SARCOIDOSIS 

There is much evidence of altered immunological responses in sarcoidosis, such 
as increased production of circulating antibody (Sands, Palmer, Maycock & 
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Greger 1955), and decreased delayed hypersensitivity, although the incidenceof 
the disease is not related to the degree of tuberculin sensitivity present previously 
(Sutherland, Mitchell & Hart 1965). Failure to develop delayed sensitivity to 
tuberculin may persist after recovery from sarcoidosis, vaccination with BCG 
either failing to sensitize or producing weak transient sensitivity (Israel & Sones 
1965), yet patients with sarcoidosis can be sensitized passively with leucocytes 
taken from tuberculin-positive individuals (Urbach, Sones & Israel 1952) 
indicating that the tissues are able to participate in delayed sensitivity reactions, 
but there is a defect in the reticuloendothelial system resulting in an inability to 
develop delayed sensitivity. It has been suggested that this immunological defect 
is prerequisite to the disease (Israel & Sones 1965). BCG vaccination repeated on 
two occasions was associated with positive Kveim tests in clinically normal 
young adults who failcd to become sensitive to tuberculin (Hart, Mitchell & 
Sutherland 1964) though there was no evidence of any association of sarcoidosis 
with BCG vaccination (Sutherland et al 1965). The possibilities of occult sarcoidosis 
or sorne immuno-chemical change not directly related to sarcoidosis have 
been invoked to explain this finding. The Kvcim test reaction (see Chapter 
7) is not sufficient evidence, in itself, to establish that this disorder is due to 
immunological factors. 

THE CHANGES IN THE LUNGS FOLLOWING 
INHALATION OF SIL1CA OR BERYLLIUM AND 
EVIDENCE THAT HYPERSENS1TIV1TY MAY BE 
INDUCED 
Silica may produce pulmonary lesions identical with those produced by 
Mycobacteríum tuberculosis (see Kettle 1930; Gardner 1932, 1937) though the 
same type of change is not fOLmd in al! affected individuals. Silica may become 
closely bound with body proteins including plasma globulins which have been 
isolated from silcotic nodules (Ceppellini & Pernis 1958; Vigliani & Pernis 
1958) and the resulting complex could become antigenic (Powcll & Gough 
1959). 

Inhalation ofberyllium may result in an acute pneumonitis in which there is a 
diffuse infiltration by lymphocytes, plasma cells and large mononuclear cells, 
and in sorne patients well-defined granulomata are found (Van Ordstrand, 
Hughes, DeNardi & Carmody 1945; Dutra 1948). In the chronic condition there 
is a focal and diffuse fibrosis and scattered granulomata whose features include 
lymphocytes, fibroblasts and Langhans-type giant cells, though epithelioid cells 
are relatively infrequent. The condition resembles sarcoid from which it may be 
differentiated by the lower number of epithelioid cells on histological examina
tion and the detection of beryllium in the tissues (Dutra 1948; Hardy 1956). 
Beryllium is known to be a skin-sensitizing agent, and patch tests have caused a 
delayed-type response in affected individuals indicating that dermatitis and 
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probably the pneumonitis results from hypersensitivity to the beryllium ion 
(Curtís 1951). 

The stimulus to produce this type oflesion in these conditions is still unknown, 
but there is sorne evidence that a delayed hypersensitivity may be induced in 
both. 

TYPE OF ALLERGY UNKNOWN 
In many pulmonary conditions an allergic mechanism is suspected on indirect 
evidence. The lesions may resemble those of many other conditions, in particular 
polyarteritis nodosa, for which there is evidence of an allergic origin. These are 
usually accompanied by an increase in circulating serum globulins and the 
conditions are generally alleviated by drugs that are effective in treating known 
allergic inflammatory reactions. 

Lung involvement in the so-called 'collagen disease complex' or 'connective 
tissue disorders' is concomitant with the generalized disease of the body, and 
may not occur at all. The nature of the allergic reaction, if any, in this group is 
not known. 

Pneumonia in rheumatic Jever and rheumatoid arthritis 
Rheumatic fever is a condition chiefly affecting the cardiovascular and connective 
tissue system but which may cause severe changes in many organs and the joints. 
Severe reactions in the lungs may be a major contributing cause of death in the 
acute diseases, and chronic inflammatory changes may cause death by right
sided heart failure, independent of any lesions of the heart valves (Gouley 1938). 
The possible importance of streptococcal infection and the nature of the allergic 
response is reviewed in Chapter 30. 

The relationship of rheumatoid disease to acute rheumatic fever is unknown. 
In rheumatoid disease joint and lung lesions may occur together (Ca plan 1953; 
Ellman & Cudkowicz 1954), though it is not known whether the pulmonary 
lesions are due to an allergic response affecting blood vessels or are an inflam
matory reaction to inhaled irritant or perhaps antigenic dusts in individuals 
whose tissues react abnormally due to the co-existing rheumatoid disease. 

Changes in the lungs associated with diseases a./Jectíng 
connective tissue 
There are several diseases usually considered as a group under thc title of 
'collagen diseases' or 'connective tissue disorders' in which the lungs may be 
affected as part of the process affecting the whole body. It is believed that they 
are of allergic origin but there is no conclusive evidence that this is the cause or 
in what manner the changes may be initiated. 

In scleroderma and in fibrosing alveolitis (Hamman-Rich syndrome) a diffuse 
fibrosis of the alveolar walls gives rise to the 'honeycomb' lung. Sorne of the 
features of this syndrome are claimed by Read (1958) to have been induced in 
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rats by the intratracheal inje~tion of rabbit anti-rat lung serum. Whilst no 
specific auto-antibodies for lung were found in patients with interstitial 
pulmonary fibrosis, non-organ-specific antibodies of different types, particularly 
rheumatoid factor and anti-nuclear antibodies, were present in two-thirds of the 
cases by Turner-Warwick & Doniach (r965). It should be noted that chronic 
inflammatory changes may follow inhalation of organic antigens. 

Changes in the lungs resembling rheumatic pneumonia and polyarteritis 
nodosa may occur in disseminated lupus erythematosus as part of the systemic 
manifestations (Ellman 1956). Typical LE cells may be found in the pleural 
effusions. No agreement has been reached whether the pulmonary lesions are 
specific for this condition (Ellman & Cudkowicz 1954; Ellman 1956) or whether 
they are the result of secondary tissue degeneration or bacterial infection. 

PULMONARY EOSINOPHILIC INFILTRATIONS 
AND PossrBLE TYPES OF ALLERGY 

POSSIBLE fUNCTIONS OF THE 
EosrNOPHIL CELL 
Little is known of the functions of the eosinophil polymorphonuclear leucocyte. 
It is often found in increased numbers in the blood stream, and sometimes in 
focallesions in individuals during or following an allergic reaction or parasitic 
infestation, and the association with these states is so constant that it is often 
accepted as diagnostic evidence. Increased numbers are found after Types I and 
III reactions. They have also been found by Bassett (r962) in increased numbers 
in relation to fibroblasts in oestrous and pregnant animals. It is suggested that 
they may be concerned with regulation of extracellular protein contributed to 
collagen and ground substance by the enlarged fibroblasts, which showed an 
increase in the RNA content and the Golgi apparatus. 

Eosinophils have been found to have antihistamine activity and the intact 
cells or their extracts can prevent much of the effect of a local injection ofhista
mine or 5-hydroxytryptamine (Archer 1963). Eosinophils may ingest antigen 
(Speirs & Speirs 1963; Roberts 1966) or antigen-antibody complexes (Sabesin 
1963; Litt 1964a) though in these respects they behave like other phagocytic 
leucocytes (Archer & Hirsch 1963). Both histamine and antigen-antibody com
plexes can stimulate increased numbers of eosinophils in the peritoneal fluid or 
peripheral blood of guinea-pigs, though histamine is the less potent (Litt 1964b; 
Parish & Coombs 1968). 

A CLASSIFICATION OF PULMONARY 
EosrNOPHILIC INFILTRATIONS 
A classification of infiltration of the lungs associated with eosinophilia is presen
ted in Table 32.2 which is based on the review by Crofton, Livingstone, 
Oswald & Roberts (1952). 
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TABLE 36.2 

Pulmonary eosinophilia and presumed types of allergy 

Nature of eosinophilia 

(I) Simple pulmonary eosinophilia 
or Loffier's syndrome 

(2) Prolonged or recurrent pul-
monary eosinophilia without 
asthma 

(3) Pulmonary eosinophilia with 
asthma (long history of asthma) 

(4) Tropical eosinophilia usual! y 
with asthma of recent onset 

(5) Polyarteritis nodosa. If asthma 
occurs it is of recent onset ( e.g. 
serum sickness) 

Presumed type of allergy and antibody 
demonstrated 

* I (a) * I (b) 
reagin ppt. II III IV 

Presumed Y es No Y es No 

No 

Presumed Y es No Y es No 

No No No 

No Y es No Y es No 

Etiology 

Parasites 
chiefiy 

Aspergillus 
fumigatus 

about 90% 

? parasites 

* The type of allergy is a tentative suggestion where no known data exists. The Type I 
allergic response has been subdivided into (a) responses dueto the reagin antibody sensitizing 
the tissues, and (b) responses due to that part of the precipitating antibody also capable of 
predisposing tissues to a Type I allergic response. 

In sorne tests human heat stable precipitating-type antibody has been claimed to passively 
sensitize human skin for short periods following intradermal injection. 

Their definition of pulmonary eosinophilia as 'pulmonary infiltration with 
blood eosinophilia (over 6/o total white cells)' included a wide range of different 
diseases which extended from the mild and transient changes of true Loffier's 
syndrome to the severe manifestations of polyarteritis with lung involvement. 
They stressed that the groups were a continuous series with overlapping features 
in each group, but that it was convenient to subdivide them. 'Tropical eosino
philia' or 'tropical pulmonary eosinophilia' was a particularly well-defined 
group and its relationship to the rest of the series was uncertain. 

This classification brings together those conditions in which eosinophilia 
occurs, but in which eosinophilia is not necessarily the main sign of disease. 
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PossiBLE CAusEs OF THE ALLERGIC 

RESPONSES, ANO TYPES OF ALLERGY 

AssociATEo WITH PuLMONARY EosiNOPHILIA 

Many agents other than fungi and especially A. fumigatus, already discussed, ha ve 
been incriminated as the cause of transient eosinophilia. These include pollens, 
vegetable dusts, helminth larvae, including ascaris species and schistosomes, and 
amoebae in pneumonitis associated with amoebic dysentery. Sorne of the 
evidence is reviewed by Crofton et al (I952). 

The true Loffler's condition consists of a simple transient pulmonary eosino
philia possibly associated with fever, but without asthma (Loffler 1932, 1936) 
due to a mild allergic reaction to a very large number of antigens which are 
inhaled or distributed through the body from other sites. On the available 
evidence this could be a Type 1 or a Type III reaction. The absence of associated 
disease of the respiratory system, alimentary tract or skin, argues against the 
participation of reagins or skin-sensitizing antibody, although they may be 
demonstrated by skin tests as in hypersensitivity to extracts of Ascaris, an 
important cause of Loffler' s syndrome. 

Whether the second group of patients presenting with prolonged or recurrent 
eosinophilia without asthma are an extension of Loffler's syndrome dueto re
peated exposure to the antigen, or whether there is a difference in the nature of 
the antigen or type of allergic response is yet to be discovered. In the following 
discussion of the possible antigens it will be seen that antibody responses capable 
of mediating both Types I and III reactions may be found in some patients. 

PossiBLE AGENTS CAUSING THE EosiNOPHILIC 

INFILTRATIONS, THE ROLE OF THE NORMAL 

HELMINTH p ARASITES OF MAN, ANO 

VISCERAL LARVA MIGRANS 

There is no doubt that helminth infestation is the cause of the transient eosino
philia of Loffler's syndrome in many patients. The larvae that penetrate the 
tissues in the normal life cycle in man are probably the cause, and Ascaris 
lumbricoides seems the commonest. The ingestion of embryonated eggs under 
experimental conditions in man has resulted in a transient eosinophilia (see 
Crofton et al 1952). 

Ascaris is known to contain potent antigens and laboratory workers not 
infrequently develop signs of a Type I allergic response after working with this 
parasite, hay fever, asthma and urticaria. Some insight into the immunology of 
Loffler' s syndrome could be obtained by comparing the clinical picture in 
patients with Type I reactions, i.e. asthma, and those with pulmonary infiltra
tions without asthma. The question is whether skin-sensitizing or precipitating 
antibodies are, or are not, present in patients with Loffler's syndrome and 
whether, if present, pulmonary infiltrations occur as well as asthma. A similar 



CLINICAL ASPECTS OF IMMUNOLOGY 

situation is discussed in relation to pulmonary eosinophilia due to Aspergillus 
Jumigatus. 

Purified antigens of Ascaris have been prepared and used to detect agglutinat
ing antibody (Kagan 1958; Oliver-Gonzalez 1960) and precipitating antibody 
(Kagan, Jeska & Gentskow 195 8; Kent 1960) and skin tests of infected individuals 
resulted in an immediate response (Kent 1960). These, among many other 
uncited experiments, conclusively demonstrate the presence of a Type I allergic 
response to Ascaris infection, which could result in a transient pulmonary 
eosinophilia during the period of migration of the larvae. 

Visceral larva migrans 
This condition is caused by the larval stages of the helminths which ha ve infected 
a species other than their true host. The larvae do not mature but wander into 
many organs of the body before dying and being destroyed. They may cause 
disease by trauma and allergic reactions with the sensitized tissues. The chief 
culprit recognized in man is the larval stage of Toxocara canis. 

The chief signs are pulmonary infiltration resulting in respiratory distress, 
usually wheezing, which may be a prominent feature and result in death, 
eosinophilia which may be transient or persist for months, hyperglobulinaemia 
chiefly y-globulin, enlargement of the liver and occasionally skin rashes (Beaver, 
Snyder, Carrera, Dent & Lafferty 1952; Heiner & Kevy 1956; Beaver 1957; 
Shrand 1964). 

Despite the detection of circulating antibodies in these individuals (Heiner & 
Kevy 1956; Sadum, Norman& Allain 1957;]ung&Pacheco 1960), skin testing 
with T. canis antigen extracts by Duguid (1961) in twelve patients with ocular 
lesions due to this parasite resulted in a delayed response in all of them, and eight 
control patients had no response. Type I reactions have been reported by 
Shrand (1964) and by Woodruff, Bisseru & Bowe (1966) to extracts of T. 
canis prepared according to Fairley ( 19 3 1), in cases of epilepsy. There is further 
evidence of a Type IV or possibly a mixed Type IV and Type III allergic 
response from the examination of the lesions of tissues obtained from cases proven 
to be infected (Churg & Strauss 1951; Brill, Churg & Beaver 1953; Dent, 
Nichols, Beaver, Carrera & Staggers 1956). 

Tropical eosinophilia, usually wíth asthma of recent onset 
Tropical eosinophilia, or tropical pulmonary eosinophilia as described by Ball 
(1950) has four main features: 
I. History of persistent cough with or without asthma. 
2. Eosinophilia high enough to produce leucocytosis. 
3· Miliary mottling of chest X-ray in about so% of cases. 
4. Therapeutic response to arsenic. In more recent times a response to diethyl
carbamazine would probably be taken as supporting evidence. 
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When these features are compared with other similar conditions of man in 
which more is known of the nature of the response, tropical pulmonary eosino
philia would appcar to result from a Type I or Type III allergic response. 
However, thc nature of the antigcn is unknown and therefore there is no reliable 
evidence even that it is allergic in origin. 

CONCLUSIONS 

The lung is continuously exposed to antigenic stimulation. Inspired air contains 
'dusts' that are foreign antigens, and agents entcring the venous systcm from any 
part of the body will pass through the vascular network of the lung and its 
reticuloendothelial cells befare being disseminated through the body by the 
arterial system. This may result in the lung becoming the particular shock organ 
as in asthma, or being associated with disease affecting the whole body as in poly
arteritis nodosa or tuberculosis. In sorne conditions, particularly those associated 
with the Type I allergic response, many specific antigens are known as well as 
the nature of the physiological responses which initiate the histological changes. 
The smooth muscle of the bronchioles and the large number of capillaries make 
the lung a prcdilection site in severa! species for asthmatic responses of a Type I 
reaction. 

In other conditions such as farmer' s lung, bird fancier' s lung and related dis
eases, and in certain forms of pulmonary aspergillosis, the evidence favours the 
participation of Type III reactions. Precipitins are demonstrable and the 
responses to skin and inhalation tests have the features of Type III reactions, 
though in certain instances there is a close association and dcpendence upon co
cxisting and preceding Type I reactions. In addition to the accepted role ofType 
IV reactions in, for example, tuberculosis, its participation in other diseases 
described abo ve cannot be excluded. So me allergic reactions m ay consist of two 
or threc types of allergic response superimposed, and the individual contribution 
of each type to the general reaction will depend upon their different speeds of 
development and their influencc upon each other. Rccognition of this may help 
in the understanding of obscure diseases, in which hypersensitivity is suspect but 
unproven. 

Table 36.3 summarizes and classifies under types of allergic response most of 
the conditions dealt with in this chapter. 
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TABLE 36.3 

(a) TYPE I 

Evidence of Clinical Histology of affected 
allergic state manifestations tissues Aetiology 

Type Ia or Ib 
Allergic basis Anaphylaxis Smooth muscle spasm Extraneous allergens, e. g. 
established Bronchial mucosa! oedema pollens , fungi, bee stings, 

H ypersecretion vegetable dusts 
Eosinophil cell inflltration Drugs and foreign sera 

Type Ia 
Allergic basis Rhinitis and Nasal mucosa! oedema Extrinsic-extraneous 
established nasal polyposis H ypersecretion allergens 

Eosinophil cell infiltration Idiopathic (intrinsic)-
Plasma cells not known 

Type Ia Asthma Bronchial mucosa! oedema As for rhinitis 
Hypertrophy of smooth 
mus de 
Hypersecretion and increase 
of mucous glands 
Eosinophil cell inmtration 

Type Ib 
Presumed Cot death Bronchial mucosa! oedema lnhalation of milk in 
allergic Hypersecretion without sleeping child 

increase in rnucous glands 
Shedding of cells of mucosa 

Type I 
Allergic Lo bar Oedema, mucus secretion, Streptococcus 
com ponent pneumonia extensive leucocyte pneumoniae 

infiltration 



Evidence of 
allergic state 

Type III only 
Allergic 

Type III 
Presumcd 
allergic 
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(h) TYPE III AND COMBINED TYPES 

Clinical 
manifestations 

Serum sickness, 
limited pulmonary 
changes as part 
of system 
reaction 

Polyartcritis 
nodosa. Chicfly 
experimental 
cvidcncc 

Histology of affected 
tissues 

Fibrinoid necrosis of 
arteriales, increased 
capillary permeability with 
oedema, neutrophil or 
eosinophil cell infiltration, 
plasma cells 
Can be haemorrhagic 

Like that of serum sickness 
abovc 

Aetiology 

Heterologous serum. 
Similar picture due to 
drugs or antibiotics 

As above 

Type III predorninant 
plus Type I 
Allergic Pulmonary Bronchial mucosal oedema, A.fumigatus 

aspcrgillosis cosinophil ccll inflitration, ? other aspcrgillus 
with pulmonary may be bronchiectasis spccics 
eosinophilia in Parcnchymal cosinophil cell 
asthmatic subjects infiltration 

Type III (?plus Type IV) 
Allergic Farmcr's lung Epithelioid ccll infiltration V cgctablc dusts, in 

Bagassosis and in intcrstitial tissucs particular mouldy 
pncumoconiosis leading to intcrstitial dust 
dueto other fibrosis 
vegetable dusts 

(e) TYPE IV 

Evidence of 
allergic state 

Allergic 

Allergic 

Possibly allergic 
component 

Clinical 
manifestations 

Allergy of infection, 
e.g. tuberculosis 
Histoplasmosis 
Coccidioidom ycosis 

Beryllium 

Silicosis 

Histology of affected 
tissues 

Granuloma with 
epithelioid, lymphoid 
and giant cells
caseation 

Epithelioid cell 
granuloma-no 
caseation 

As above 

Aetiology 

Infective agents 

Beryllium 
compounds 

Certain silica 
containing 
compounds 
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(d) TYPE ANDJOR ROLE OF ALLERGY NOT ESTABLISHED 

Evidence of 
allergic sta te 

Presumed 
allergic 

Presumed 
allergic 

Clinical 
manifestations 

Pneumonia in rheumatic 
fever, lung changes in 
rheumatoid arthritis, the so
called 'collagen diseases', 
vascular 'allergic' disorders, 
including DLE, 
scleroderma, 
dermatomyositis, 
fibrosing alveolitis 

Sarcoidosis 

Histology of 
affected tissues 

May be fibrinoid necrosis 
with variable cellular 
infiltration 

Epithelioid cell 
granuloma-no caseation 
Fibrosis 
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p ATHO GENESIS 

INTRODUCTION 

Myasthenia gravis is a disease in which excessive weakness of voluntary muscles 
develops during prolonged or repeated use, apparently as a result ofimpairment 
of neuromuscular transmission (Osserman 1958). The aetiology of the disease is 
unknown but the occurrence of transient myasthenia in a proportion of infants 
born of affected mothers (Teng & Osserman 1956) suggests the presence of a 
circulating inhibitor of neuromuscular transmission which is transferred across 
the placenta. Exacerbations of symptoms during pregnancy and the puerperium 
and in relation to menstruation (Viets, Schwab & Brazier 1942; Fraser & Turner 
1953; Keynes 1954), and thc reports of hormonal abnormalities (Osserman 
1958; Schrire 1959; Grashenkov& Perelman 1966) point to significant endocrine 
influences on myasthenia gravis but no clear evidence of an underlying endo
crine disturbance has emerged so far. There is no convincing evidence, either, for 
hereditary factors, except perhaps in the uncommon juvenile cases, as distinct 
from transient neonatal cases (Teng & Osserman 1956). During recent years 
there ha ve been numerous reports ofimmunological abuormalities in myasthenia 
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gravis, indicating that immunological factors might be involved in the patho
genesis of the disease. In this review, the relevant clinical, pathological and 
physiological features are described first, followed by an account of the im
munological abnonnalities and finally a summary of the attempts which ha ve 
been made to fit these observations into theories of pathogenesis. 

CLINICAL FEATURES 

Diseases of autoallergic aetiology might be expected to share clinical fcaturcs in 
common and it is noteworthy that myasthenia gravis resembles systemic lupus 
erythematosus with rcspcct to its high incidence in young women, variable 
clinical coursc and precipitating factors (Harvey et al 1954; Osserman 1958; 
Simpson 1960). Similarly there is likely to be a significantly frequent association 
of two or more auto-allergic diseases in the same patient and in Simpson's 
(1960, 1964) series of 491 myasthenics there was a 17% incidence of thyroid 
disorders (a group of diseases in which auto-antibodies are frequently present, see 
chapter 35) anda 3.6% incidence of rheumatoid-like arthritis. 

However, although at least fifteen cases of associated myasthenia gravis and 
systemic lupus erythematosus have becn reported (Wolf & Burrows 1966), 
the frequency of the association in the largest myasthenia series reported has 
always been less than 1%, with thc exception of the series ofDowncs, Green
wood & Wray (1966) who found two cases among their seventy-four patients 
(2.7%). 

On the other hand the high incidcncc of thyroid diseases reported by Simpson 
is a fairly consistent fmding; the frgures in other series vary between 3% and 
13% (Osserman 1958; Sahay, Blendis & Greene 1965; Downes, Greenwood & 
Wray 1966; Wolf et al 1966) and there are numerous case reports (Osserman 
1958). The frequency of thyroid disease in the general population is not accur
ately established but it is probably less than 3% (Logan & Cushion 1958) so there 
seems little doubt that it is significantly more common in myasthenia gravis. 
When thyroid disease is present it usually takes the form of thyrotoxicosis. The 
number of reported cases of associated Hashimoto's disease or hypothyroidism 
and myasthenia gravis is small (Simpson 1964; Daly & Jackson 1964; Sahay, 
Blendis & Greene 1965) but post-mortem studies have shown a high incidence 
of histological evidence of thyroiditis (Becker et al 1964; W olf et al 1966) sug
gesting that milder forms of Hashimoto' s disease may not be uncommon. 

The evidence for an association with rheumatoid arthritis is less convincing. 
There were three cases (6.2%) among the forty-eight myasthenic patients studied 
by Adner et al (1964) but in larger series the incidence has been less than 4%, 
which is probably no higher than would be expected by change alone (Law
rence 1963). Sec Table 37.1 for reported frequcncy of diseases possibly associatcd 
with myasthenia gravis. 
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Klein ct al (r964) have reported two paticnts with polymyositis and thymomas 
who subsequently developed myasthenia gravis after resection of the thymic 
tumour. On the basis of these two cases and the published reports of associated 
polymyositis and thymoma Klein and his colleagues suggest that myasthenia 
gravis and polymyositis may be in so me way related, especially in the presence of 

TABLE 37-1 

(a) Discascs possibly associated with myasthcnia gravis 

No. Systemic lupus Thyroid Rheumatoid 
of erythematosus diseases arthritis 

Series paticnts No. % No. % No. % 

Osserman 1958 325 o o 11 3-3 4 !.2 
Simpson 1964 491 0.2 87 17 18 3·6 
Adner et al 1964 48 o o 2 4-1 3 6.2 
Downes, Greenwood 

& Wray 1966 74 2 2.7 13 13 2 2.7 
Wolf et al 1966 399 2 0.5 22 5-5 0.75 
Sahay, Blendis & 

Grecn 1965 260 8 3.0 

(b) Post-mortem studies 

No. of Thyroiditis 
Series patients No. % 

Becker et al 1964 32 6 18 
Wolf et al 1966 34 4 12 

a thymoma. The greater extent and severity of skeletal and cardiac muscle 
lesions in myasthenics with thymomas (see below) may be significant in this 
context. 

PATHOLOGY 

A striking feature of myasthenia gravis is the extremely high incidence of 
abnormalities of the thymus (Castleman 1955). In about 70% of all patients the 
medulla shows lymphoid hyperplasia in the form of germinal follicles resembling 
those found in other lymphoid tissues when reacting to antigenic stimulation; 
but in myasthenia there is no generalized lymphoid hyperplasia throughout the 
rest of the body. Abnormal medullary collections of plasma cells may also be 
present (Goldstein 1966a). However, neither plasma cells nor lymphoid hyper
plasia are specific for myasthenia gravis since plasma cells are also found in the 
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thymus in septicaemia and systemic lupus erythematosus (Goldstein 1966a) and 
Sloan (1943) has described lymphoid hyperplasia with germinal follicle forma
tion in autopsies on cases of sudden death; changes described by Sloan as similar 
to those found in myasthenia were also present in cases of Addison' s disease and 
hyperthyroidism but germinal follicles were not mentioned. 

In a further ID-15/;; of patients thymomas are present; these patients are 
commonly older males and the prognosis is poor (Wilkins, Edmunds & Castle
man 1966). The microscopic appearance of the tumour is usually of varying 
proportions oflymphocytes and plump, ovoid epithelial cells, in contrast to the 
spindle-shaped epithelial cells usually found in the thymomas of non-myas
thenics. In addition to the relationship to myasthenia, an interesting feature of 
thymomas is their low degree of malignancy; although local infiltration, im
plantation on serous membranes within the thorax and recurrence after resection 
are not uncommon, blood-borne metastases rarely occur (Mendelow 1958). It 
has even been suggested that thymomas in cases of myasthenia gravis are not 
true neoplasms but merely extreme forms of epithelial cell hyperplasia (Norris 
1936). 

Histological examination of skeletal muscle (Russell 1963) reveals three types 
of abnormality: (1) acute, coagulative necrosis of muscle fibres with in
flammatory cellular reaction, (2) collections of lymphocytes and mononuclear 
cells known as lymphorrhages (Buzzard 1905) and (3) areas of simple atrophy 
affecting single fibres or groups offibres. These changes are related to sorne extent 
to the degree and distribution of muscle weakness and are more severe in 
patients with thymomas. Lymphorrhages and arcas of acute necrosis may also 
be found in the myocardium, again especially in patients with thymomas 
(Genkins et al 1961). However, as with the thymic changes, the skeletal muscle 
abnormalities are not specific for myasthenia gravis, similar lesions having also 
been described in Addison' s disease, rheumatoid arthritis, thyrotoxicosis and other 
conditions (Clawson, Noble& Lufkin 1947; Cruikshank 1952; Mendelow 1958). 

Marked abnormalities of terminal motor nerve fibres and motor endplates 
have been found (Bickerstaff & Woolf 1960; MacDermott 1960) using supra
vital staining and cholinesterase staining techniques. The motor endplates in 
myasthenics are frequently elongated, variable in size and multiple, and these 
changes, being entirely different to those found in motor endplates in degencra
tive muscle diseases, suggest either a primary developmental abnormality 
('dysplasia') or a compensatory expansion of the synaptic region of the muscle 
fibre as a consequence of impairment of neuromuscular transmission. Swollen, 
irregular terminal nerve fibres showing abnormal branching and bizarre 
terminal expansions are also found but they probably represent a non-specific 
response to muscle inflammation as they are most marked in the vicinity of 
lymphorrhages and similar changes are found in other muscle diseases (V./ oolf 
1966). 
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There are confl.icting reports on the electron microscopic appearanccs of the 
motor endplate region. Zacks, Bauer & Blumberg (1962) have described ex
tensive disorganization of the endplates with degenera ti ve changes in the terminal 
nerve flbres, but others (Bickerstaff, Evans & Woolf 1960; Woolf 1966) have 
found merely poor development of the junctional folds of the motor endplates 
and other minimal changes. 

NEUROMUSCULAR TRANSMISSION 

It seems unlikely that the impairment of ncuromuscular transmission in myas
thenia gravis is due solely to the observed pathological changes in nerve and 
muscle flbres since the weakncss is so readily reversible by anticholincsterase 
drugs (Remen 1932; Walker 1934). It has long been suggested that the impair
ment of transmission is produced by a circulating curare-like substance blocking 
the action of acetylcholine at the motor endplates. Efforts to detect a neuro
muscular blocking agent in thymus gland extracts have met with little success 
(McArdle 1965) but successful results have been claimed using myasthenic 
serum or plasma (Wilson & Stoner 1944; Strüppler 1955). Other workers have 
failed to conflrm these results and doubts have been cast on their validity (Bergh 
1953; Nastuk, Strauss & Osserman 1959). The phenomenon of transient neonatal 
myasthenia is of more signiflcance and it is interesting that the weakness in 
infants lasts up to 2 months, which would be the order of time required to 
catabolize maternal IgG antibodies. Moreover, Parkes & McKinna (1966) have 
recently produced further evidence for a neuromuscular inhibitor in the serum 
of myasthcnics and have tentatively located it in the crude globulin fraction. 
However, there is so far no direct evidcnce of any immunological processes 
involving the neuromuscular junction (see below), and detailed speculation on 
the role of immunological factors in the production of the neuromuscular block 
is necessarily extremely tentative. 

Similarities in the behaviour of muscles of myasthenics and newborn infants 
in response to pharmacological agents and nerve stimulation have prompted the 
alternative suggestion that the basic defect may be a state of arrested develop
ment of the motor endplate at a foetal or neonatal stage, the symptoms being 
precipitatcd by unknown factors in latcr ycars (Churchill-Davidson & Wise 
1963). The extcnsive invcstigations of Grob and his collcagues (see Grob & 
Johns 1961; Grob, Namba & Feldman 1966) also suggest a post-synaptic defect, 
involving both endplate abnormalities and abnormal acetylcholine breakdown. 
Other experimental evidence points to presynaptic lesions, namely failure to 
synthesise adequate amounts of acetylcholine (Desmedt 1966) or diminished 
amounts of acetylcholine in the individual packets ('quanta') in which it is 
released from the terminal ncrve flbres (Elmqvist et al 1964). 

HH* 
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IMMUNOLOGICAL ABNORMALITIES 

SERUM CoMPLEMENT 

During experiments to detect neuromuscular blocking agents in myasthenic 
serum using frog nerve-muscle preparations, Nastuk, Strauss& Ossennan (1959) 
found a reduction in muscle contraction with sorne sera but noticed that it was 
associated with lysis of surface muscle fibres. Further experiments (Nastuk & 
Strauss 1961) suggested that serum complement was involved and investigation 
of serum complement levels in sixty-eight myasthenics (Nastuk, Plescia & 
Osserman 1960) revealed that fifty-four had values at sorne time outside the 
normal range (thirty-four patients had serial detenninations). Furthermore, in 
the forty-six patients in whom complement levels and clinical status could be 
adequately compared the levels tended to be low during exacerbations of symp
toms and to rise to normal or greater than normal during remissions. There was 
no evidence that anticholinesterase therapy had affected serum complement 
levcls and in vitro tests showed no effect by anticholinesterases on the complement 
measuring system (haemolytic). On this basis it was suggested that an auto
allergic reaction resulting in the consumption of complement might play a part 
in the pathogenesis of myasthenia gravis. The actual mechanism producing the 
observed alterations in serum complement levels is, however, still unknown. 
Further detailed analysis (Plescia, Segovia & Strampp 1966) indicates depression 
of the complement components C' 2 and C' 4 and also the presence of inhibitors 
of these same components but it is not clear whether these phenomena are 
causally related or whether both could result from the in vivo formation of 
antigen-antibody complexes. 

MUSCLE AND THYMUS ANTIBODIES 

Further evidence of immunological abnormalities soon followed. Strauss et al 
(196o) using the direct fluorescent antibody technique, detected a component in 
the crude globulin fraction of pooled myasthenic sera which bound to alterna te 
striations of normal and human myasthenic skeletal muscle and rat skeletal 
muscle, see Plates 37.1 and 37.2. Using a more complicated fluorescent antibody 
technique, the globulin component was also shown to flx complement and, 
applying this latter method to individual sera, thirteen of thirty-one myasthenics 
but only one of sixtcen controls were found to have this muscle-binding, 
complement-fixing property. 

Further studies on the reactions between myasthenic sera and muscle were 
reponed by Beumet et al (r962). Employing direct, indirect and complement
flxing fluorescent a11tibody techniques and conventional complement flxation 
tests against human and monkey skeletal and heart muscle they found strongly 
positive reactions with two of ten myasthenic sera but with none of their control 
sera. The positive sera did not react with smooth muscle, liver or pancreas and 



PLATES 37.1 AND 37.2. Photomicrographs of rat skeletal muscle sections stained by 
the indirect fluorescent antibody method using myasthenic sera containing muscle 
antibodies. X 400. 
PLATE 37.1. Staining of edges of A-bands. 

PLATE 37.2. Unsplit fluorescent bands-1-band type of staining. X 300. 

facing p. roo2 
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the reactivity with skeletal and heart muscle was shown to be a property of the 
y-globulin. This last observation, together with the organ and disease specificity 
indicated that the reaction was due to the presence of antibodies. lt was also 
observed that although the myasthenic sera stained both skeletal and heart muscle 
in the direct and indirect fluorescent antibody tests, the tests involving comple
ment fixation gave positive reactions with skeletalmuscle only. On this evidencc 
and thc results of absorption studies with skeletal and hcart muscle (Beutner, 
Witebsky & Leff 1963) it was suggested that two muscle antibodies were present 
in the myasthcnic sera, one, the 'S' antibody, reacting with skeletal muscle 
alone and capable of fixing complement, and the other, the 'SH' antibody, 
reacting with skeletal and heart muscle, but non-complement fixing. Beutner 
and his colleagues have subsequently found the 'SH' antibody in 25/,; of myas
thenic sera but the 'S' antibody in only 5/o and then only in the presence ofhigh 
'SH' titres (Beutner, Witebsky & Djanian 1965). Reactions between muscle and 
serum from the same patient have demonstrated that these are auto-antibodies. 

Antibodies to muscle may also be detected by the tanned red cell haemagglu
tination method, using an ammonium sulphate precipitated fraction of a physio
logical saline extract of skeletalmuscle as the coating antigen (Djanian, Beutner 
& Witebsky 1964). 

Shulman et al (1966) have reported precipitation reactions in agar and in a 
capillary tube fluid system between myasthenic sera and extracts of human and 
monkey skeletal muscle. Positive reactions were observed with thrce of ten 
sera known to have high fluorescent antibody and tanned cell haemagglutination 
muscle antibody ti tres. The three positive sera also fixed complement with muscle 
extracts and the precipitation reactions were thought to be dueto 'S' antibodies. 
Considerable technical difficulties were encountcred due to the instability of the 
muscle extracts. 

The important discovery of an antigenic relationship between skeletal muscle 
and thymus was first reported by van der Geld and his colleagues (van der Geld 
et al 1963; van der Geld, Feltkamp & Oosterhuis 1964). Studies using the indirect 
fluorescent antibody technique showed that of ninety myasthenic sera, thirty-six 
contained antibodies to rat skeletal muscle striations and that all of these sera 
cross-reactcd with the cytoplasm of calf thymus epithelial cells. Absorpton of the 
sera with skeletal muscle abolished reactivity with both tissues but absorption 
with thymus did not completely removc rcactivity with either, possibly due to 
paucity of thymic epithelial cell antigen. 

Further extensive and careful studies with the indirect fluorescent antibody 
technique by Strauss et al (r965) have elucidated the incidence, specificity and 
concurrence of antibodies to skeletal muscle striations and thymic epithelial 
cells cytoplasm in myasthenic patients and controls. With their technique and 
materials some reactivity for skeletal muscle was found in all sera (including 
normal sera), sometimes up toa dilution of r in 30; thcrefore a titre of r in 6o or 
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greater was interpreted as a positive result for muscle or thymus. Using these 
criteria, antibodies to both tissnes were found in ninety-nine of 336 myasthenic 
sera (twenty-seven had muscle antibody titres of r in 1920 or greater) and none 
of the sera reacted with muscle or thymus alone. Complete cross-reactivity with 
heart muscle (bovine) was observed, thus agreeing with Beutner, Witebsky & 
Djanian (1965), but, using myasthenic sera with high muscle and thymus 
antibody titres, no cross-reactivity has been detected with epithelial cclls in 
tissues other than the thymus, except for occasional reactions in low titres with 
human thyroid epithelium and also occasionallow-titre reactions with human 
thyroid colloid, bovine pancreas islet cells and bovine adrenal zona glomerulosa 
cells (Strauss et al 1966). Muscle and thymus antibodies show wide species 
cross-reactivity with the tissues of other mammals and lower vertebrates 
(Beutner, Witebsky & Djanian 1965; Strauss, Kemp & Douglas 1966a). 

Using the fluorescent antibody technique, the overall incidence of muscle and 
thymus antibodies in non-myasthenic sera is extremely low. In the series of 
Strauss et al (1965) only one of 129 normal sera and only one of 674 sera from 
patients with other diseases (including connective tissue diseases and various 
muscle diseases) were positive. The latter positive serum was from a patient with 
a thymoma and aplastic anaemia and prompted investigation of further 
patients with thymomas, or histories thereof, but not suffering from myas
thenia gravis. Of fifty-one such patients, twelve (24/o) had concurrent muscle 
and thymus antibodies (Strauss et al 1966); six of these scropositive patients were 
studied intensively for evidence of subclinical myasthenia gravis bnt none was 
found (McFarlin, Barlow & Strauss 1966). The possible significance of muscle and 
thymus antibodies in non-myasthenic thymoma patients will be discussed 
subsequently. 

The results in the main myasthenic series investigated for muscle and thymus 
antibodies are set out in Table 37.2. 

In a small number of myasthenics (and one non-myasthenic thymoma 
patient) apparent in vivo binding of y-globulin to muscle striations and/or 
sarcolemma has been detected using the direct fluorescent antibody technique 
with biopsy or post-mortem tissues (Beutner, Witebsky & Leff 1963; Gordon, 
Hess & Frederick 1965; Beutner et al 1966; Namba & Grob 1966). It is by no 
means certain, however, that this represents a specific antigen-antibody reaction 
at these sites. 

Muscle and thymus antibodies are certainly found in the IgG class (Strauss et al 
1965) but no detailed studies of their distribution among the immunoglobulin 
classes ha ve been made apart from a series of six myasthenic patients shown to 
have exclusively IgG antibodies by Oosterhuis, Feltkamp & van der Geld (1966). 

MYOID CELLS 

The cross-antigenicity displayed by thymic epithelial cells and striated muscle 
ftbres is probably explained by the so-called myoid cells in the thymus (Barg-
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TABLE 37.2 

Antibodies to muscle and thymus in myasthenia gravis 

(a) Indrrect fluorescent antibody method* 

No. of Muscle 
patients antibodies 

Series No. % 

Strauss et al 1960 30 13 43 

Beutner et al r 962 ro 2 20 
Adner et al 1964 48 II 23 
V etters r 96 5 68 r6 
Beutner, Witebsky & Djanian 

So { 20 25 
1965 4 5 

Osserman & Weiner 1965 256 77 30 
Namba & Grob 1966 6o 37 62 
Downcs, Greenwood & Wray 69 36 53 

1966 
Concurrent 
muscle and 

thymus 
antibodies 

No. % 

van dcr Geld, Feltkamp & 
Oosterhuis 1964 90 36 40 

Strauss et al. 1965 336 99 29 

(b) Tanned cell haemagglutination method 

Series 

Djanian, Beutner & Witebsky 
1964 

No. of 
patients 

45 

Muscle 
antibodies 

No. % 

10 22 

Complement-fixing 
technique 

'A-band' staining only 
'SH' antibody 
'S' antibody 

* Lowest titre regarded as positivc varíes in different series, depending on results with 
control sera. 

mann 1943). These ha ve the features of striatcd muscle cells both on light micro
scopy and on clectron microscopy and ha ve bcen described in humans and many 
other specics (van dcr Vclde & Friedman 1966; Henry 1966; Feltkamp-Vroom 
1966). Myasthenic sera containing muscle and thymus antibodics have been 
shown to react with the myoid cells of turtle thymus (Strauss, Kemp & Douglas 
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1966b) and reaction with myoid cells in adult human thymus has also been 
described (Feltkamp-Vroom 1966). It seems very likely, therefore, that the 
'epithelial' cells of mammalian thymus which react with myasthenic serum are 
in fact morphologically altered striated muscle cells which have retained anti
genic determinants reacting with antibodies to muscle. 

LüCALIZATION OF ANTIBODIES IN MuSCLE 

Strauss, Deitch & Hsu (1961) e o m pared fluorescent antibody views with polarized 
light and phase contrast views of identical muscle sections and located the 
fluorescence in the lateral parts of the A-bands of the muscle sarcomere; a 
narrow central area, corresponding to the H-zones, remained unstained (see 
Fig. 37-I and Plate 37.1). Using isolated myoftbrils, Nastuk et al (1966) noted 
that some myasthenic sera in addition to the lateral A-band staining also pro
duced even brighter staining of the Z-lines between the individual sarcomeres. 
In extremely contracted myoftbrils, when the I-bands became very narrow, the 
fluorescent lateral parts of adjacent A-bands sometimes appeared to fuse with an 
intervening stained Z-line producing a single fluorescent band which could be 
mistaken for an I-band. Normal sera produced similar patterns but the staining 
was much weaker than that produced by many myasthenic sera. 

On the other hand, Vetters (1965) considers that although a few myasthenic 
sera ( r6/;; of his series of sixty-eight) strongly stain the lateral parts of the A
band, the majority do in fact stain the I-band, although relativcly weakly. The 
appearance is as shown in Plate 37.2. Furthermore, he reported that the weak 
striational staining produced by the majority of normal sera was also of the I
band type. In addition, Strauss (1967) has now also found that many myas
thenic sera stain the I-band. * 

Thus, although there is no doubt that a proportion of myasthenic sera contain 
antibodies reacting with muscle striations as shown by the disease and organ 
specificity at high serum dilutions using the fluorescent antibody technique, 
further work is needed to elucidate the staining patterns produced by myas
thenic and normal sera and to establish their signiftcance. (Beutner and his 
colleagues did not identify the striations with which the 'S' and 'SH' antibodies 
reacted.) 

The reactions of the muscle antibodies with the striations, whether A-band or 
I-band, contrasts with the physiological and pharmacological evidence of a defect 
at the neuromuscular junction but it is possible, of course, that striations and 
motor endplate regions could share a common antigen against which the 
antibodies are directed. However, careful studies with myasthenic sera with 
antibodies to muscle and thymus (using the fluorescent antibody technique 
together with histochemical staining of cholinesterase on the same section in 

* Strauss now states that all reactive sera (including normal sera at high concentrations) in 
fact stain I-bands predominantly (Straus and Kemp 1967), 
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order to identify the motor endplates) have failed to detcct any antibody 
localization at the neuromuscular junction (McFarlin, Engcl & Strauss 1966). 

CLINICAL RELATIONSHIPS OF MuSCLE AND 

THYMUS ANTIBODIES 

In a series of 256 myasthenic patients investigated by Osscrman & Weiner 
(1965a), the incidence of muscle antibodies, detected by the fluorescent antibody 
method, was highest in patients with more severe disease and in those whose 
disease was of rccent onset. The same authors (1965b) investigatcd serial serum 
spccimens from 117 patients over periods ranging up to 9 years (average 1 year) 
for possiblc relationships between the prcsence of muscle antibodies and clinical 
progress. Twenty-six patients (22%) displayed reversibility of antibody findings, 
changing from positive to negativc or vice versa, and in twcnty-one of these the 
changes correlatcd well with alterations in clinical status; positive results tended 
to disappear with improvement and negativc sera tended to become positive 
during exacerbation. But of thirty patients with muscle and thymus antibodies 
submitted to detailed quantitativc studies of antibody titres and clinical status 
only fifteen revealcd the expected correlation, with titres rising during exacer
bations and falling during remissions (W eincr & Ossermann 1966). 

An intcrcsting finding has been that almost all myasthenic patients with 
thymomas have antibodies to mnscle and thymus (van dcr Geld, Feltkamp & 
Oostcrhuis 1964; Strauss 1966). The failure of Hoffbrand (1966), using the 
fluorescent antibody technique, to detcct muscle antibodies in a series of three 
myasthenics with thymomas is difficult to evaluate as he did not include a posi
tive control serum to demonstratc that his methods were adequate. It seems then 
that the absence of muscle and thymus antibodies in a case of myasthenia gravis 
is a useful indication of the absence of a thymoma. 

A further curious feature of the relationship between myasthenia gravis, 
thymomas and antibodies to muscle and thymus is that the average age at 
detection of thc thymoma in patients wíth myasthenia (this group are almost all 
seropositive as mentioned above) is in the fourth decade, while the correspond
ing age of seropositive thymoma patients wíthout myasthcnia is significantly 
higher, in the sixth decade (Strauss et al 1966). While this may merely reflect 
earlier radiological studics in the myasthenic group, lcading to detection of the 
tumour at an earlier stage, it could also be that the age at which a thymoma 
develops is of significance in the possible development of myasthenia gravis. 

There is no evidence that neonatal myasthenia bears any relationship to the 
placenta! transfer of musde antibodies from the mother. Cases have been 
describcd both of neonatalmyasthenia withont detectable serum antibodies and 
of infants with muscle antibodies derived from the mother but not suffering 
frommyasthenia (Stern, Hall & Robinson 1964; Oosterhuis, Feltkamp & van der 
Geld 1966; Namba & Grob 1966; Strauss 1967). 
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NATURE oF MuscLE ANTIGEN(s) 

The localization of muscle antibodies to the A-bands in sorne myasthenic sera 
indica tes that the antigen against which they are directed could be the 'contrac
tile' protein myosin, which is confined to this region (Hanson & Huxley 1953), 
see Fig. 37.1. Moreover, experimental fluorescent antibody studies of myosin 
distribution in skeletal muscle fibres show a similar pattcrn of A-band staining 
(Marshall et al 1959).* However, until the various myasthenic and normal serum 
staining patterns have been worked out it is impossible to specnlate further on 
this sort of evidence. 
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FrG. 37.r. Diagram of light rnicroscope appearance and ultrastructure of striated 
muscle rnyofibril 

Another possible means of identifying the muscle antigen(s) is to locate the 
binding si tes of the antibodies on electron microscopy using seropositive myas
thenic globulin labelled with an electron-dense marker. Attempts to do this 
using a ferritin label ha ve so far been unsuccessful owing to non-specific binding 
of ferritin-conjugated serum proteins to muscle structures (Gottlieb et al 1966). 

The only other evidence on the nature of the muscle antigen is conflicting. 
Ricken (1966) tested myasthenic sera against preparations of myosin, actomyosin 
and actin from human skeletal muscle in agar precipitation and complement 

*Reports of I-band staining (sec page roo6), on the othcr hand, snggest antibodics to 
actin or trypomyosin. 
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fixation tests and reported reactions with myosin, and to a Iesser degree with 
actomyosin, but not with actin. Other work, in which muscle antibodies in 
myasthenic sera were absorbed out with preparations of musde proteins, indi
cares that myosin is not the antigen against which the antibodies are directed 
(Hale & Beutner 1965) and this is supported by the failure of myasthenic 
globulin to inhibit the ATPase activity of myosin (Nastuk ct al 1966). Further
more, Namba & Grob (r966) have isolated from normal human skelctalmuscle 
a ribonucleoprotein which may be in volved in neuromuscular transmission, and 
they suggest, mainly on the evidence of complement fixation tests and absorp
tion tests on myasthenic sera, that this is the antigen corresponding to myasthenic 
muscle antibodies. 

ÜTHER ANTIBODIES 

Multiple auto-antibody production is a feature of diseases of possible auto
allergic aetiology (Doniach & Roitt 1962) and thc same feature appears to be 

TABLE 37·3 

Antibodies to tissues other than muscle and thynms in myasthenia gravis 

No. of Antinuclear Thyroid Rheumatoid Gastric 
Series patients factor factor 

No. ~ No. ~ No. ~ No. ~ 

White & Marshall 
r962 r6 6 37 

van der Geld ct al 
r963 rrr II ro 36 32 5 4·5 

Sturgill et al r964 44 r5 37 r7 35 3 6 
Downes, Greenwood 

& Wray r966 74 22 30 JI 42 9 r2* 

No. abnormaljNo. studicd 
---------------------

Antinuclear Thyroid Rheumatoid Gastric 
factor factor 

Simpson 1964 8/40 (20~) roj39 (25~) 3 rj38 (8~) 
Wolf et al r966 4(35 (rr~) 4!26 (rs~) 6/sB (ro~) 

* Not significantly higher than in controls. 

true of myasthenia gravis. In addition to antibodies to muscle and thymus there 
is a high incidence of antinuclear factor, variously reported at between ro/o and 
37/;;, and between rs/o and 42/;; of patients have been found to have antibodies 
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to thyroid (White & Marshall 1962; van der Geld et al 1963; Sturgill et al 1964; 
Simpson 1964; Wolf et al 1966; Downes, Greenwood & Wray 1966). The in
cidence of rheumatoid factor is much lower, the highest reported being 10/.; by 
Wolf et al (1966), and it is doubtful whether the incidence of gastric parietal cell 
antibodies is any higher than normal (Simpson 1964; Downes, Greenwood & 
Wray 1966). See Table 37·3 for details of the main series. 

THYMECTOMY, THYM1C PATHOLOGY AND 

IMMUNE RESPONSE 

The place of thymectomy in the treatment of myasthenia gravis has long been 
a so urce of controversy (see Osserman 1958) but i t now seems adequately estab
lished that the operation is of value in one group of patients at least, namely 
women with severe disease, without thymomas and less than 40 years old 
(Perlo et al 1966). The most marked improvement seems to occur in patients 
with glands showing florid hyperplastic changes (Smith 1966). In men and in 
older women the beneficia] dfects of thymectomy are less certain and in 
patients with thymomas the prognosis for the myasthenia does not seem to be 
improved by remova1 of the tumour. 

There is evidcnce that in patients with hyperplastic glands who undergo 
thymectomy, muscle antibodies tend to disappear and abnormal preoperative 
serum complement 1evels tend to revert to the normal range. But in thymoma 
patients there is no significant change in the frequency of musde antibodies and 
the changes in serum complement 1evels are inconsistent (Nastuk et al 1966). 

Considering the role of the thymus in immunological processes (Miller 1965a 
and b; Good et al 1965), myasthenics might be expected to show abnormalities 
of immunological responsiveness either as a result of the thymic abnormalities 
oras a late result of thymectomy even in adult life. The evidence to date for any 
such alteration is conflicting. Adner et al ( 1964) found normal humoral antibody 
production but depression of capacity to develop delayed hypersensitivity. The 
lattcr could not be attributed to thymectomy or thymic irradiation although a 
relationship to thymic pathology (tumour or hyperplasia) was possible. On the 
other hand Kornfeld et al (r965) reported normal delayed hypersensitivity 
reactions but found sorne evidence ofimpairment of antibody production in that 
myasthenics showed poorer secondary responses to antigenic stimulation than 
control subjects and their antibody titres werc less well sustained. Thc impair
ment was more marked in thymectornized paticnts, but this could not be attri
buted definitely to the absence of the thymus as these patients were also those 
most severely affected by myasthenia. There was no relationship between 
depression of antibody production and presence or type of thymic pathology in 
the thymectomized group. The differences in antibody response bctween the 
patients of Adner et al and Kornfeld et al may be explained by diffcrences in 
antigens used, Iength of follow-up period and clinicalmaterial. 



MUSCLE IN ALLERGIC DISEASE 10II 

There is no evidence of impaired immunological capacity in myasthenics, 
either thymectomized or non-thymectomized, as measured by the capacity of 
lymphocytes cultured in vitro to respond to phytohaemagglutinin or bacterial 
products by blast transformation and increased DNA synthesis; nor on the other 
hand are abnormal blast transformation and increased DNA synthesis observed 
when lymphocytes from myasthenics are cultured in the presence of skeletal 
muscle or thymus tissue (Housley & Oppenheim 1967). 

Finally, there are no consistent abnormalities of y-globulins, either on paper 
electrophoretic analysis (Kornfeld 1964) or on quantitative estimation of indi
vidual immunoglobulins (Housley & Rowe 1966). 

lMMUNOSUPPRESSIVE THERAPY 
In diseases of unknown aetiology it can be argued that im provement with adreno
corticotrophin (ACTH) or corticosteroid therapy, unexplained by other means, 
is evidence in favour of auto-allergic factors in the causation of the disease. 
Reports of the use of ACTH and cortisone in the treatment of myasthenia ap
peared soon after the introduction of these drugs into clinical practice and some 
benefit was observed in that, after an initial exacerbation of muscle weakness, 
temporary remissions of symptoms sometimes occurred (Torda & Wolff 1951; 
Millikan & Eaton 1951). However, the more widespread use of this form of 
treatment was discouraged by other reports oflack ofbeneficial effect and by the 
initial deterioration in muscle strength which, in bulbar cases especially, could 
be dangerous or even fatal (Grob & Harvey 1952; Torda & Wolff 1951; Mount 
1964). Recent trials on the other hand indicate that high dosage ACTH therapy 
may have a place in the management of myasthenia, although the risks are 
recognized as considerable (Freydberg 1959; von Reis et al 1966; Osserman & 
Genkins 1966; Grob & Namba 1966), but it is difficult to use this asan argument 
in favour of an auto-allergic aetiology in myasthenia as the beneficia! effects are 
by no means striking and in any case the manifold actions of ACTH and steroid 
hormones include effects on normal muscle and motor endplates (Ellis 1956; 
Perkoff et al 1959; Tuncbay & Boshes 1966). 

There have been a few attempts to induce remissions in myasthenia using the 
immunosuppressive drug 6-mercaptopurine but they have been unsuccessful 
(W olf et al I 966). 

PATHOGENESIS 

The abnormalities of the thymus in myasthenia gravis must presumably be of 
fundamental importance if the disease is the result of aberration of immuno
logical mechanisms. Cases of myasthenia gravis dcveloping :aftcr thymectomy 
for thymoma ha ve occurred (Klein et al 1964; Fisher 1964) and at first sight these 
are difficult to reconcile with any thcory involving the thymus closely in the 
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pathogenesis of the disease, but, as Fisher has pointed out, all such cases who ha ve 
subsequently had a second operation or come to autopsy have been found to 
have remaining tumour or hyperplastic gland. 

Smithers (1959) speculating on the relationships of the thymus and other lym
phoid tissues to diseases showing immunological abnormalities and noting the 
resemblance of the lymphoid hyperplasia of the thymus in myasthenia to the 
changes in the thyroid in Hashimoto's disease, was the first to suggest that 
myasthenia gravis might be due to an auto-allergic response. 

The following year Nastuk, Plescia & Osserman (r96o) reported their finding 
of abnormal serum complement levels and suggested that this might be due to 
consumption of complement in auto-allergic reactions involved in the patho
genesis of the disease, this suggestion being supported by the demonstration of 
circulating antibodies to muscle flbres by Strauss et al (r96o). At the same time, 
but independently, Simpson (r96o) also put forward the hypothesis that myas
thenia gravis is an auto-allergic disease, based chiefly on clinical features. He 
postulated that antibodies to motor endplates may be formed as a result either 
of an abnormal thymus reacting to endplate protein as if it were antigenically 
foreign or of an auto-allergic response involving the motor endplate following 
an upper respiratory infection by mechanisms such as are suggested in rheumatic 
fever and acute glomerulonephritis. 

The normal thymus, in contrast to other lymphoid tissues, shows little evi
dence of lymphoid hyperplasia or of antibody production in response to cir
culating antigens (Askonas & White 1956; Marshall & White r96r; Metcalf 
1964). The failure to produce an immune response does not seem to be dueto a 
lack of immunologically competent cells as some thymic cells, at lcast, are 
capable of graft-versus-host reactions (Fiore-Donati et al 1964, Hilgard et al 
1965) and of antibody production (Stoner & Bond 1963). Furthermore, injection 
of antigens directly into the thymus (Marshall & White r96r; Sherman, Adner 
& Damashek r 96 5) leads to germinal follicle and plasma cell formation ( although 
it is possible that immunologically competent cells may have entered the gland 
at thc site of injury). 

Marshall & White (r96r) have suggested that there may be some form of 
barrier to the entry of circulating antigens into the thymus and have produced 
sorne direct evidence for this. They further suggest that if such a barrier exists, 
then the histological changes in the thymus (togethcr with the absence of 
generalized lymphoid hyperplasia) indicates that in myasthenia gravis an 
immune response has arisen within the gland. The immune response could be a 
spontaneous reaction of lymphoid cells, i.e. a 'forbidden clone' (Burnet 1959), 
which if capable of reacting with nerve endings or muscle components could 
possibly produce the disease phenomena. Alternatively, thc immune response 
could arise as the result of the release of segregated antigcn within the thymus, 
in which case the disease process would have to be explained by the sharing of 
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common antigenic determinants by thymus and nerve or muscle structures. 
Thymus and skeletal muscle do in fact share antigcnic detcrminants, as des

cribed above, but it is difficult to see how the antibodies to thymic epithelial 
cells and muscle striations could produce thc ncuromuscular block. As already 
mentioned, they apparently do not react with structurcs at thc neuromuscular 
junction, they are present in only a minority of patients, are found in a sub
stantial proportion of thymoma patients without myasthenia and do not produce 
myasthenia in infants when transmittcd across the placenta. It may well be that 
the auto-antibodies in myasthenia gravis are merely immunological markers of 
the underlying disease process, and, indeed, the apparent harmlessness of many 
auto-antibodies is a striking feature of diseases of presumed auto-allergic aetiology 
(Anderson 1963). A secondary pathogenic role, however, perhaps synergism 
with cellular mechanisms, cannot be ruled out. Furthermore, although the 
muscle antibodies ha ve not been shown to react at the neuromuscular junction, 
which is the apparent sitc of the physiological defect, a concomitant defect of 
muscle contractility, in which thc muscle antibodics could play a part, has not 
becn entirely excluded (Osserman 1958). 

Goldstcin & Whittingham (1966) claim to havc produced 'autoímnmne 
thymitis' (collections of lymphocytes around Hassall's corpuscles in the thymic 
medulla) in guinea-pigs immunized with heterologous (calf) muscle or thymus 
in complete Freund' s adjuvant. In addition they report that so me of these 
animals showed a myasthenic type of neuromuscular block on electromyo
graphy but that no such block was produced in animals immunized similarly 
but previously thymectomized. On this cvidence it is suggested that the neuro
muscular block was due to the relcase of an inhibitor of ncuromuscular 
transmission from the diseased thymus itself; the alterna ti ve explanation that thy
mectomy had prevented the development of an auto-allergic reaction involving 
structures at the neuromuscular junction directly being rejected on the results of 
experiments in control animals showing that prior thymectomy did not prevent 
the development of another auto-allergic disease, allergic encephalomyelitis. 
Relating this animal model to the thymic pathology and immunological 
abnormalities in myasthenia gravis in man, Goldstein (r966b) postulates that the 
basic lesion in the human disease also is auto-allergic thymitis. He suggests that 
the thymitis results from autosensitization by the thymoma in the ro% of cases 
in which a tumour is present and from tmknown causes in the rest. As in the 
animal model, the auto-allergic reaction then causes the release of a neuro
muscular blocking agent producing the symptoms of the disease. In this hypo
thesis again, the muscle and thymus antibodies have no pathological role, being 
merely an inconstant (except in thymoma cases) accompaniment of the immune 
response to the 'myoid' antigen in epithelial cells. The development of myas
thenia depends on the release of a sufficient amount of neuromuscular blocking 
substance. 
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A further hypothesis, which attempts to relate the thymic pathology and 
immunological findings in myasthenia gravis to the concept of a circulating 
inhibitor of neuromuscular transmission and current views on the immunological 
ftmctions of the thymus, has been advanced by Strauss et al (r966). According to 
this hypothesis, thymic disease could result in thc claboration and release of a 
substance, possibly a sub-unit of a normal thymic epithelial cell constituent, 
which gains entry to the A-band* regions of skcletal musclc fibres. In this situa
tion, it might, because of configurational similarities to A-band structures, 
produce a metabolic disturbance the retrograde effects of which could result in 
impairment of neuromuscular transmission. The majority of patients would 
maintain immunological tolerance to this hypothetical substance but in a 
minority it might function as an antigen stimulating the formation of antibodies 
cross-reacting with thymic cclls and skeletal muscle A-bands. Such antibodics 
could, therefore, be entirely incidental to the development of the disease, but on 
the other hand, in view of the suggestion by Good & Papermaster ( 1964) that the 
thymus and other lymphoid tissues may exercise a controlling influence on 
aberrant cellular proliferation by producing immunological reactions in 
response to antigenic changes on the cell surface, it is also conceivable that the 
antibody response in myasthenia gravis represents a defensive mechanism serving 
to inactiva te the 'neuromuscular' blocking substance. The presence of muscle and 
thymus antibodies in thymoma patients without myasthcnia gravis could, then, 
represent the successful immunological destruction of this agent. 
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CHAPTER 38 

THE STOMACH IN ALLERGIC DISEASES 

l. CHAN ARIN 

THE GASTIUC LESION 

GASTRIC ANTIBODIES 

IRON DEFICIENCY AND THE GASTRIC MUCOSA 

THYROID DISEASE AND GASTRIC ATROPHY 

GASTRIC ANTIBODIES IN OTHER DISEASES 

PERNICIOUS ANAEMIA 

INTRINSIC fACTOR ANTIBODIES WITHOUT 

PERNICIOUS ANAEMIA 

The common lesion of the stomach is an atrophic process involving the mucosa. 
This lesion is associated with the production of antibodies against the parietal 
cell and against one of the products of this cell, viz. intrinsic factor. 

Gastric atrophy was described by Handf1eld Jones (1855) and Fenwick (1870). 
Austin Flint (r86o) noted the association with pernicious anaemia. However, the 
development of a simple instrument for obtaining gastric biopsy specimens 
during life by Woods, Doig, Motteram& Hughes (1949) and Tomenius (1950) 
ushered in the modern era in the study of the gastric mucosa. 

THE GASTRIC LESION 

There is general agreement concerning the classification of the histological 
changes seen in biopsy specimens. These changes fall into three groups: 
(a) superficial gastritis 
( b) atrophic gastritis 
(e) gastric atrophy. 

SUPERFICIAL GASTRITIS 

Here there is no loss of secreting cclls and the mucosa remains of normal thick
ness. There is a patchy and often heavy infiltration of plasma cells and 
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polymorphs beneath the surface epithelium. This inftltration does not extend 
to the deeper layers. 

ATROPHIC GASTRITIS 

Here there is loss of secreting cells and disorganization of the regular columns of 
chief and parietal cells that constitute the deeper layers of the normal body 
mucosa. There is inftltration with lymphocytes, plasma cells, macrophages and 
eosinophils. Where many secreting cells remain it is convenient to term the 
process moderate in degree. Where surviving chief and parietal cells are rela
tively few the degree of atrophy is graded as severe. Intestinal metaplasia may be 
present. 

GASTRIC ATROPHY 

Here there is virtually complete loss of parietal and chief cells often with meta
plasia of the epithelium to a mucus cell or intestinal cell type containing goblet 
and paneth cells. There is infiltration with plasma cells and lymphocytes. 

On the whole the lesion is a slowly progressive one and further biopsy in 
patients who sorne years earlier had superficial gastritis often discloses atrophic 
gastritis of varying severity. Both lesions may be present in the same stomach. 
There is a relativcly high incidence of superficial gastritis in young subjects and 
a greater frequency of atrophic gastritis in older age groups. 

CüRRELATION BETWEEN STRUCTURE AND FUNCTION 

The body of the stomach secretes hydrochloric acid, pepsin and intrinsic factor. 
Pepsin is produced by the chief cell whereas the other two, acid and intrinsic 
factor, appear to be a product ofthe parietal cell. Atrophic changes in the gastric 
mucosa are associated with a progressive decline in the number of secreting cells 
and with a fall in the volume of their secretions. Acid production fails ftrst 
followed by pepsin and ftnally by intrinsic factor. Overall the correlation 
between structure and function is a good one when adose of 40 pg ofhistamine 
per kg ofbody weight is used as the stimulant to gastric secretion. Nevertheless, 
about 10% of patients with achlorhydria appear to have a normal gastric biopsy 
appearance and a further zo% only superficial gastritis. A rather better correla
tíon exists with intrinsic factor secretion. Either impaired vitamin B12 absorp
tíon or a decline in intrinsic factor output by direct assay is invariably associated 
with marked histological changes. 

GASTRIC ANTIBODIES 

Two distinct antibodies may be found directed against gastric antigens. One is 
the parietal cell antibody and the other the intrinsic factor antibody. 
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PARIETAL CELL ANTIBODIES 

Markson & Moore (r962), Irvine, Davies, Delamore & Williams (1962) and 
Taylor, Roitt, Doniach, Couchman & Shapland (r962) demonstrated that anti
bodies against gastric mucosa wcre present in sera from a high proportion of 
patients with pernicious anacmia. One technique was a complemcnt fixation 
method using as antigen a micro so mal fraction of cxtracts of thc mucosa from the 
body of the stomach. The othcr was a fluorescent technique using a fluorescein
labelled antiglobulin serum and frozen scctions of human stomach. The latter 
method demonstrated that the antibody reacted with an antigen in the cytoplasm 
of the gastric parietal ce!!. 

Antibodies against the gastric parietal cell do not cross-react with other tissue 
antigens such as those from other parts of the gastro-intestinal tract or the 
thyroid. Thc antigen is inactivated by alcohol and other flxatives, by detergents, 
by heat and is destroyed by trypsin and papain. Rat gastric mucosa is not as 
suitable as human stomach in the performance of the test and indeed positive 
reactions with human antisera are obtained with sections of stomach from the 
monkey, mouse, cat and guinea-pig. 

Not only is the parietal cell antibody present in serum but its identification in 
the gastric secretion indicates its presence in the gastric mucosa and indeed local 
production by lymphoid cells in the mucosa is likely. The parietal cell antibody 
is an IgG, occasionally an IgA globulin. 

lNTRINSIC fACTOR ANTIBODY 

The discovery of antibodies against gastric intrinsic factor followed various lines 
of investigation. One of the methods of treating pernicious anaemia is by the 
oral administration of preparations containing both vitamin B12 and hog 
intrinsic factor. In time, however, many patients with pernicious anaemia 
maintained on this therapeutic regime relapsed both clinically and haematolo
gically. The relapsc was associated with the appearance in their sera of a factor 
(y-globulin) which interfered with the action ofhog intrinsic factor in promoting 
the absorption of vitamin B12 (Schwartz 1958). Thus here was a demonstration 
not only of the development of a probable antibody against intrinsic factor but 
also evidence that the antibody interfered with the physiological function of the 
antigen in promoting vitamin B 12 absorption. At the same time Taylor & 
Morton (!959) produced antibodies to human intrinsic factor by immunizing 
rabbits with human gastric juice, and thesc rabbit antisera too were ablc to 
block intrinsic factor mediated vitamin B 12 absorption in man. The technique 
consisted of the simultaneous oral administration to a patient with pernicious 
anaemia of the serum under test, radioactive vitamin B 12 and a hog intrinsic 
factor preparation. If the serum had no antibody the intrinsic factor was able to 
potentiate vitamin B 12 absorption; if the serum had such an antibody there was a 
signiflcant reduction in the amount of vitamin B 12 absorbed. 
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It was soon apparent that an antibody (against intrinsic factor) was not only 
present in about 70% of patients who had relapsed on oral hog intrinsic factor 
therapy, but was also found in about one-third of patients with pernicious 
anaemia who were untreated or who had received only injections of vitamin B 12 

(Taylor 1959). Simpler and more sensitive methods for the detection of intrinsic 
factor antibodies followcd (Ardeman & Chanarin 1963), and these depended on 
the fact that exposure ofintrinsic factor to the antibody prevented the subsequcnt 
attachment of vitamín B 12 • With these methods antibodies were demonstrated 
in the sera of some 57% of patients with pernicious anaemia. These antibodies 
which are IgG globulins are found not only in serum but, like the parietal cell 
antibody, also appear in the gastric sectetion. 

THE FREQUENCY OF GASTRIC ATROPHIC 

CHANGES AND OF GASTRIC ANTIBODIES IN 

THE GENERAL PüPULATION 

Joske, Finckh & Wood (1955) reportcd the results of 336 gastric biopsies can·icd 
out in subjects without any complaints refcrablc to the gastro-intestinal tract. 
The biopsy was normal in appearance in only r6% of this group; 37% showed 

TABLE 38.1 

Age of 
patients (years) 

0-20 
2I-30 
31-40 
41-50 
5r-6o 
6!-70 
71 and ovcr 

Abnormal gastric biopsy 
appearance (%) 

22.2 

49·4 
53·7 
6I.I 
69.5 
8I.4 
86.5 

superficial gastritis, another 37% atrophic gastritis and the remaining ro% had 
gastric atrophy. 

When the data on 840 biopsies were grouped according to the age of the 
patients the results shown in Table 38.r were obtained. 

Thus, after the age of 30 more than half the population have histological 
changes in the gastric mucosa. Incidentally two-thirds of the patients in this 
study were males. These fmdings, of course, correlate with the increased fre
quency of achlorhydria with advancing age. 

What is the frcquency of gastric antibodies in the general population? Doniach 
& Roitt (r964) found that the incidcnce of parietal ccll antibodies was 2% below 
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the age of 20, between 6/o and 8/o in the 3o-6o age group and reachcd 16/o 
after the age of 60. The figure was 19/o in women over the age of 70. Irvine, 
Davies, Teitelbaum, Delamore & Williams (1965) found that 8/o of 372 hospital 
controls and 5/o of 629 blood donors had parietal cell antibodies. Intrinsic factor 
antibodies are only rarely found in conditions other than Addisonian pernicious 
anaenua. 

Thus the frequency of gastric antibodies in the general population is far 
smaller than the frequency of atrophic changes in the gastric mucosa. This sug
gests that these antibodies are unlikely to be the primary factor in initiating such 
changes in thc stomach but that they might be a consequence of thcse changes in 
an important minority of patients with a gastric lesion. 

THE FREQUENCY OF GASTRIC ANTIBODIES IN 

PATIENTS WITH ATROPHIC CHANGES IN 

GAsTRrc MucosA 

When sera from patients who are known to ha ve atrophic changes in the gastric 
mucosa are tested, parietal cell antibodies are present in about 6o/o of the women 
and only about 12/;; of the men. The number of patients who have parietal cell 
antibodies increases with the severity of the gastric lesion (Wright, Whitehead, 
Wangel, Salem & Schiller, 1966)-Table 38.2. Two-thirds of patients with the 

TABLE 38.2 

Gastric lesion 

Superficial gastritis 
Atrophic gastritis 
Gastric atrophy 

Parietal cell antibodies 
present (/';;) 

20 

44 
67 

most advanced lesion, viz. gastric atrophy, ha ve parietal cell antibodies although 
if this group is divided according to sex, males show a much lower incidence 
(2o/;;) as compared to the females (71/;;). With very rare exceptions intrinsic 
factor antibodies are not found in patients with gastric atrophy unless the atrophy 
is part of the picture of pernicious anaemia. 

Do all patients with parietal cell antibodies have histological changes in the 
gastric mucosa? Adams, Glen, Mackenzie, Morrow, Anderson, Gray & Middle
ton (1964) obtained a gastric biopsy on twenty such patients and al! showed 
changes which varied from superficial gastritis in two, atrophic gastritis in nine 
and gastric atrophy in nine. On the other hand te V el de, Abels, Anders, 
Arends, Hoedemaeker & Nieweg (1964) reported that the gastric biopsy was 
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normal in appearance in four out of twenty relatives of pernicious anaemia 
patients all of whom had parietal cell antibodies. More evidence is required on 
this point, i.e. can the parietal cell antibody precede the appearance of changes 
in the gastric mucosa and, if so, does this apply to only the pernicious anaemia 
group? 

The increased incidence of parietal cell antibodies in those with a more severe 
gastric lesion can be interpreted in two ways. It may be that prolongation of the 
inflammatory process in the gastric mucosa gives rise to greater opportunity for 
the release of antigen and of stimulating an antibody response. Alternatively, it 
may be that the development of a more severe lesion in the gastric mucosa 
follows the appearance of the parietal cell antibody. There is evidence to suggest 
that the latter hypothesis may be correct. 

lRON-DEFICIENCY ANAEMIA AND THE 

GASTRIC MucosA 

The gastric mucosa is normal in only 20% of patients with chronic iron
deficiency anaemia. About 40% ha ve superficial gastritis and the remainder have 
a more advanced lesion. Witts (1956) has suggested that the changes in the gastric 
mucosa are the result ofiron deficiency. It has been known for some time that in 
subjects below the age of 30 iron deficiency may be associated with loss or 
reduction of acid in the gastric juice (Leonard 1954) and that correction of the 
iron deficiency may lead to a return of acid secretion. What is not clear at the 
present time is whether the transient failure of acid production is due to a func
tional change in the gastric mucosa or whether it is due to loss of parietal cells 
which regenera te in these young subjects when iron deficiency has been corrected. 
Lees & Rosenthal (1958) failed to demonstrate any improvement in the appear
ance of the gastric biopsy r year after the correction of the iron-deficiency 
anaemia. The frequency of parietal cell antibodies among 210 patients with iron
deficiency anaemia was 24%. 

Thus there is an increased incidence of achlorhydria, of gastric atrophy and of 
parietal cell antibodies in patients with iron-deficiency anaemia. Long-standing 
iron deficiency may be a factor in bringing about permanent atrophic changes 
in the stomach, andan increased frequency of pernicious anaemia in such patients 
has been noted (Dagg, Goldberg, Gibbs & Anderson 1966). 

THYROID DISEASE AND GASTRIC ATROPHY 

The end result of gastric atrophy is a loss of all the normal secretions of the 
gastric mucosa, and in sorne this is accompanied by a failure to absorb vitamin 
B12, except when this is given withan additional source ofintrinsic factor. Thisis 
the gastric lesion of Addisonian pernicious anaemia. The clinical association 
between disease of the thyroid gland and pernicious anaemia is well known. 
Thus pernicious anaemia is present in 2-3% of patients with Graves' disease and 

u 
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in about ro/;; of patients with myxoedema. Thyroid disease is prcsent in about 
15/;; of pernicious anaemia patients; thirteen out of 157 had Graves' disease and 
ten myxoedema (Doniach, Roitt & Taylor 1963). 

Gastric parietal cell antibodies are present in one-third of patients with either 
hypo- or hyperthyroidism. Absent or reduced acid production is frequent 
among those with thyroid disease and gastric biopsy in forty-one thyrotoxic 
patients showed atrophic changes in almost So/;; (Siurala & Lamberg r959). 
Similarly, the high frequency of thyroid disease among pernicious anaernia 
patients is parallded by a high incidence (5 s'%) of thyroid cytoplasmic antibodies 
in the pernicious anaernia group. 

When simple atrophic gastritis is considered, thyroid antibodies were found 
in half the females, but male patients did not show a higher incidence than did 
matched controls (Coghill et al 1965). 

Doniach et al (r965) reported a study among relatives of thyroid patients and 
pernicious anaemia patients-Table 38.3. The results showed an increascd 

Parietal cell antibodies (%) 
Thyroid antibodies (%) 

TABLE 38·3 

Relatives of patients with 

Thyroid disease 

20 

46 
(8)* 

(15)* 

Pernicious anaemia 

(6) 
(15) 

* The figures in brackets indicate the values for matchcd controls. 

frequency of antibodies against thyroid and stomach in relatives of patients 
with cither of these diseases. The familia! incidence of both these diseases is well 
known. 

What do patients with these disorders of the thyroid gland or of the stomach 
have in common? The answer appears to be that these individuals and their as 
yet unaffected relatives have an unusual tendency to form organ-specific anti
bodies against antigens from thesc two organs. This answcr also implies that 
these antibodies are important in the pathogenesis of the diseasc process and are 
not merely by-products. 

Thus in summary, atrophic changes in the gastric mucosa are common in the 
general population. Sorne patients, however, rcact to these changes in the 
gastric mucosa (and to similar changes in the thyroid gland) by an auto-immune 
response which tends to potentiate the damage in the gastric mucosa. The greatcr 
frequency of these diseases (pernicious anaemia and thyroid disease) in certain 
families and the high incidence of the appropriate antibodies in their families 
suggest that the tendency to develop such antibodies is toso me extent determined 
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genetically. Thc much higher incidence of parietal cell antibodies in those with 
more severe gastric lesions suggests that the antibodies may be responsible for the 
progression of the gastric lesion. The greater tendency for women to form such 
antibodies is paralleled by the preponderance of females among patients with 
thyroid disease and pernicious anaemia. 

GASTRIC ANTIBODIES IN ÜTHER DISEASES 

Parietal cell antibodies occur in 5 to II% of patients with rheumatoid arthritis 
and in about r2% of patients with diabetes mcllitus (12/;;). In both these 
conditions it has been suggested that there is an increased frequency of gastric 
atrophy and pernicious anaemia (Partridge & Duthie I963). 

There is sorne doubt about the incidence of antibodies in patients with gastric 
ulceration although accompanying atrophic changes in the mucosa (usually the 
antrum) are usual; nor is there much information about parietal cell antibodies 
after partial gastrectomy. Doniach & Roitt ( 1964) reported parietal cell antibodies 
in 22/;; of patients with gastric ulcers but failed to find an increase in those with 
duodenal ulcera don. Patients with disseminated lupus erythematosus tend to ha ve 
a lower incidence of gastric antibodies than the rest of the population. Irvine 
(1963) found an increased incidence of parietal ccll antibodies in adrenal in
sufficiency (Addison's disease). 

PERNICIOUS ANAEMIA 

The stomach in pernicious anaemia shows eithcr severe atrophic gastritis or 
gastric atrophy. Residual parietal cells are present in a third of paticnts. The serum 
contains parietal cell antibodies in 86% using an immunofluorescent technique. 
With a complement fixation technique the percentage of positive results falls 
to 62%. Thus the frequency of parietal cell antibodies is higher than in simple 
gastric atrophy although the appearance of the gastric biopsy is the same in both 
conditions. Possibly the reason for this is that the functionallesion of pernicious 
anaemia develops in the 'best-antibody formers' and therefore this group will 
show the highest frequency of such antibodies. Taylor et al (r962) have reported 
that the percentage of positive results by the immunofluorescent method is 93% 
among patients below the age of 6o and 76% in those older than 6o years of age. 
However, further observations on this point are required since in many patients 
the apparent titre of the parietal cell antibody remains unchanged over a period 
of years. If confirmed, it might suggest that, in sorne, the parietal cell antibodies 
disappeared from serum with time. 

The gastric lesion in pernicious anaemia in many cases is a reversible one and 
under appropriate circumstances regeneration of the columns of secreting cells 
takes place with a return of both acid and intrinsic factor to the gastric juice. 
This can be brought about by treatment with steroids in about half the patients 
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with pemicious anaemia. Withdrawal of steroids results in a reversal of the process 
in the gastric mucosa wíthin a few weeks. Thus it is possible that the persistence 
of parietal cell antibodies over many years is ofimportance in preventing regen
eration of parietal cells. Although little information is available about the titre of 
parietal cell antibodies on steroid therapy, there is a steady decline in the titre of 
intrinsic factor antibody and this titre rises again after steroids are withdrawn. 

It is equally important to note that in about half the patíents with Addisonian 
pernicious anaemia who respond to steroid therapy (and almost all do respond) 
there is no change in the gastric secretionand therefore in these it islíkely that ste
roids produce an improvement in vitamin B 12 absorption by an action elsewhere 
than on the stomach. The líkely site is the ileum where vitamin B 12 is absorbed. 

What of the small number of patients wíth pernícíous anaemia in whom 
exarnination of the serum fails to reveal a parietal cell antibody? It may be that in 
these, as in all patients with pernícíous anaemia, such antibodies are present at cellu
lar level, i.e. in the gastric mucosa, although they may be absent from the serum. 

Most patients with so-called 'simple' gastric atrophy secrete more intrinsic 
factor in the gastric juice than do patients with pernicíous anaemia, but a few 
secrete as little intrinsic factor as do those with proven pernícíous anaemia. N ever
theless, these patients still absorb enough vitamin B 12 to maintain a normal 
serum vitarnin B 12 concentration and tests for vitamin B 12 absorption are either 
normal or border-line. A transition from this type of case into one of pemicíous 
anaemia is only rarely seen and it cannot be assumed on the evidence available 
at this time that such a transition takes place with any degree of frequency. 

What determines whether the sequence of events leading to gastric atrophy 
results in pemicíous anaemia in a few cases orto simple atrophy in the majority? 
It has been suggested that pemicious anaemia will develop in those patients in 
whom the appearance of a parietal cell antibody is followed by the appearance of 
an antíbody against gastric intrinsic factor. 

Intrinsic factor antibodies are found in 57% of patients with pernícious 
anaemia. Fisher, Rees & Taylor (1966) were able to demonstrate intrinsic factor 
antibody in the gastric juice of a patient with pernícious anaemia who did not 
have such an antibody in serum. Thus it raises the possibility that indeed all 
patients with pernícious anaernia ha ve intrinsic factor antibodies at cellular level. 
Such antibodies in the gastric secretion will prevent intrinsic factor from com
biníng with vitamin B 12 and hence wíll prevent the absorption of vitarnin B12• 

Tenfold concentration of the IgG fraction of pemicious anaemia sera apparently 
lacking intrinsic factor antibody, failed to bring out any activity against intrinsic 
factor. Thus it is not likely that current techniques for the detection of intrinsic 
factor antibody are failíng to find such antíbodies. 

Antibodies to intrinsíc factor may react wíth deterrninants at the site of 
vitamin B 12 binding or wíth determinants elsewhere on the glycoprotein 
molecule. Antibodies blocking the vitamin B12 binding site prevent vítamin 
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B 12 uptake. With rare exceptions, virtually all antisera have this type of 
antibody. Some two-thirds of sera also have antibodies which still react with 
intrinsic factor in the presence of vitamin B 12, that is, they react with the 
intrinsic factor-vitamin B 12 complex as well as with free intrinsic factor. 
Vitamin B12 itself does not function as an antigenic determinant. Tests for 
intrinsic factor antibodies in serum which require the preformed intrinsic factor
vitamin Bu complex give about 30-40/;; positive results as opposed to 57/;; 
when intrinsic factor alone is used as antigen in the test. 

The presence of intrinsic factor antibody in the gastric secretion may in part 
account for the observation that hog intrinsic factor is more effective in improv
ing vitamin Bu absorption in pernicious anaemia patients than is human intrinsic 
factor. Hog intrinsic factor shows reaction with human intrinsic factor antibody 
and is not inactivated by the human antibody to the same extent as is human 
intrinsic factor. The superiority ofhog intrinsic factor in promoting vitamin Bu 
absorption was noted in both patients with circulating antibodies and in those 
without demonstrable antibodies in serum. This would lend further support to 
the view that intrinsic factor antibody at cellular level is present in all pernicious 
anaemia patients. 

Normal gastric juice contains a vast excess of intrinsic factor; indeed, about a 
hundred times more than is required for vitamin B 12 absorption. Thus the rare 
cases where intrinsic factor antibody has been fotmd in the absence of pernicious 
anaemia have generally had adequate amounts of intrinsic factor and normal 
vitamin Bu absorption. lt is only when the amount of intrinsic factor secreted is 
j ust adequate to sustain the absorption of vitamin Bu as in gastric atrophy that 
an intrinsic factor antibody is capable of producing a significant effect and tip
ping the balance in favour of vitamin Bu malabsorption. Once this occurs a 
slow and steady depletion of body stores of vitanún B12 follows. 

There is some evidence that the intrinsic factor antibody may influence 
vitamin B12 absorption in the ileum. The intrinsic factor-vitamin Bu complex 
becomes adsorbed at specific receptor si tes on the surface of the villi. Thereaftcr 
there appears to be a slow separation of vitamin B 12 from intrinsic factor and 
vitamin B 12 entcrs the blood reaching a peak 8-12 hr after the time of adminis
tration of the oral dose of vitamin Bu. The reason for supposing that the ileum 
may be the si te of an intrinsic factor antibody effect is that some cases of perni
cious anaemia who respond to therapy with steroids do not show any increase in 
the amount of intrinsic factor in the gastric juice. In these it must be supposed 
that the improvement in vitamin B12 absorption is effected elsewhere than via the 
stomach and hence the ileum where vitamin B12 is absorbed seems the likely si te. 

An experimental model of what may happen in pernicious anaemia is 
provided by studies of the development of resistance to hog intrinsic factor in 
man. It was found that the resistance to hog intrinsic factor could be overcome 
temporarily by giving a large dose of dried hog stomach extract by mouth. This 
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suggested that an antibod y at small gut level had been neutralized. Production of 
circulating antibodies by parenteral injections ofhog intrinsic factor in pernicious 
anaemia patients had no effect on hog intrinsic factor mediated vitamin B12 

absorption since presumably such antibodies although present in blood were not 
present in the gnt wall. Thus it may be that intrinsic factor antibody is produced 
locally in the stomach wall and appears in the gastric secretion and is also 
produced in the ileal mucosa. The antibody produced in the stomach reacts 
locally and in the gastric lumen with any intrinsic factor present. In sorne, in
trinsic factor is still present in excess in the gastric secretion despite the effect of 
local antibody and absorption of this intrinsic factor-vitamin B12 complex may 
be blocked further downstream by antibodies in the ileal wall. 

There are two important intrinsic factor-deficiency states in man, viz. 
pernicious anaemia and that due to surgical removal of the stomach. In both, 
megaloblastic anaemia dueto vitamin B12 deficiency develops and in both there 
is malabsorption of vitamin B12 corrected by the addition of intrinsic factor. In 
both, the amount of intrinsic factor left in the gastric secretion is similar (Arde
man & Chanarin r966). Nevertheless, patients with post-gastrectomy megalo
blastic anaemia on the average absorb twice as much vitamin B12 from a test dose 
as do patients with pernicious anaemia. Although there may be a small increase 
in the incidence of parietal cell antibodies in post-gastrectomy patients, intrin
sic factor antibodies are not found. Thus this difference in the amount of vitamin 
B 12 absorbed may be due to thc effect of intrinsic factor antibodies which are 
absent from the gastrectomized group. 

Further evidence implicating the intrinsic factor antibody as a probable factor 
in producing vitamin B 12 malabsorption is found in the pathogenesis of the so
called 'Juvenile auto-immune pernicious anaemia' group. In these patients 
pernicious anaemia appears between the ages of about ro and r8 and is accom
panied by disorders affecting either the parathyroids, thc thyroid or the adrenal 
glands. The evidence is that these organs are affected by an auto-allergic process. 
The stomach shows gastric atrophy as in adult cases with pernicious anaemia. 
Parietal cell antibodies, at least in serum, have been found in only one case 
(Doniach and Roitt: personal communication) but all have antibodies against 
intrinsic factor. It thus seems likely that the development of vitamin B 12 mal
absorption at this early age has been conditioned by the early appearance of 
intrinsic factor antibodies. 

INTRINSIC FACTOR ANTIBODIES WITHOUT 

PERNICIOUS ANAEMIA 

A few patients with intrinsic factor antibodies, atrophic change in the gastric 
mucosa but adequate gastric secretion and normal vitamin B12 absorption have 
been reportcd. Th iswas found in 2-3/;; of patients with cither Graves' disease or 
myxoedema (Ardeman, Chanarin, Krafchik & Singcr 1966), among pernicious 
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anaemia relatives (te Velde ct al 1964) and amongst the patients with disordcrs 
known to be associated with a higher incidence of parietal ccll antibodies than is 
found in the rest of the population. A 3 year follow-up in four such patients 
failcd to show any progrcssion of thc lcsion. All but one of thcse patients had 
adcquate amounts of intrinsic factor in the gastric juice. It may be that these 
patients differ from pernicious anaemia patients in that the intrinsic factor anti
body appeared at a relativcly early stage in the progression of the gastric lcsion, 
and, sccondly, that thc antibody though present in scrum is absent from thc 
gut where it can make contact with intrinsic factor. 
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INTRODUCTION 

The gastro-intestinal tract is a part of the body which comes into intimate 
contact with a great variety of foreign substances, many of which can act as 
antigens under suitable circumstances. The possible antigens fall into three main 
categories. First, there are the proteins contained in foods. Secondly, in civilized 
communities, many chemical agents are liable to be ingested, as medicinal 
drugs, as preservatives added to food or as contaminants following the use of 
insecticides; for the most part, these agents are ingested in small amounts but 
some of them, such as the food preserva ti ves, are consumed over long periods 
and there must be the possibility that they can act as haptens and thus be 
potentially dangerous. Thirdly, there are bacteria! and viral antigens; some of 
these come from ingested micro-organisms but in addition the large intestine is 
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teeming with bacteria and viruses and it is conceivable that thc antigens of the 
normal intestinal flora may play a role in disease. 

Apart from immunological reactions to these exogenous antigcns, the gastro
intestinal tract may be involved in auto-allergic processes. This may occur either 
in diseases which are primarily those of the gastro-intestinal tract itself or alter
natively when the gastro-intestinal tract bccomcs affected during a generalized 
auto-allergic disease, such as systemic lupus erythcmatosus. 

PHYSIOLOGICAL ASPECTS 

Profound changes occur in the gastro-intestinal tract soon after birth and these 
changes are of great immunological significance. In mammals during foetal 
development there are very few lymphocytes and plasma cells in the lamina 
propria of the mucosa, and the localized collections oflymphoid tissue represen
red by the Peyer' s patches and smalllymphoid follicles are ill-developcd. After 
birth, the lymphoid structures develop and the mucosa acquires an infiltration of 
the lamina propria with lymphocytes, plasma cells and a few eosinophils. The 
lymphoid development and mucosa! infiltration are almost certainly an im
munological response to ingested bacteria beca use animals maintained in a germ
free state fail to show these changes {Thorbecke 1959). The full development of 
the localized collections oflymphoid tissue, such as Pcycr's patches, is dependent 
upon the thymus becausc in animals thymectomizcd before birth this process is 
impeded. As far as the lymphocytes and plasma cells which infiltra te the mucosa 
are concerned, it appears likely that they are dcrived from the lymphocytes 
circulating in the blood. Gowans (1962) collected lymph from the thoracic duct 
of rats and labelled thc lymphocytes with tritiated adenosine or with tritiated 
thymidine. When labelled lymph was transfused into the femoral vein of another 
animal of the same highly inbred strain, about 70% of the smalllymphocytes 
could be recovered from the lymph during the next few days. The labelled 
smalllymphocytes were found in large numbers in the spleen, in lymph nodes 
and in Peyer' s patches, but only occasional ones were found in the mucosa of 
the gut. With labelled large lymphocytes, the picture was different. They left 
the blood but did not stay long in the lymphatic circulation; evidently they 
'homed' into the mucosa of the gut where they appeared with the morpho
logical characteristics of plasma cells. The rcason for this predilection of the large 
lymphocytes for the intestinal mucosa is uncertain, but two main possibilities 
have been suggcsted. The first is simply that thc gut is thc richcst rescrvoir of 
antigenic material and the largc lymphocytes are attracted to it. The second is 
that, as the large lymphocytes were obtained from the thoracic duct, many of 
them would already have passed through the intestinallymphatics and might 
ha ve become sensitized in sorne way so asto influence their subsequcnt migration 
when transfused into another a1úmal. In either event, the experiment demon-
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strates one way in which the mucosa of the gastro-intestinal tract may become 
populated withlymphocytes and plasma cellswhen thenewbornanimal comes into 
contact with a normal germ-laden environment. This infiltration of the normal 
intestinal mucosa has been called 'physiological inflammation' by Sprinz (r962) 
but this seems an unfortunate choice of words to describe a normal process. 

It seems likely that the lymphocytes and plasma cells of the intestinal mucosa 
are immunologically competent and are concerned with the production of 
immunoglobulins. It is known that the germ-free animal synthesizes much 
smaller quantities of y-globulin than a normal animal (Wostmann 1962; 
Saquet, V arques & Charlier 1961; Sell & Fahey 1964), and it is possible that 
globulin synthesis is defective in the intestinal mucosa as well as elsewhere. 

The immunoglobulins contained in the plasma cells of the gastro-intestinal 
tract ha ve been studied by immunofluorescence by a number of workers, such 
as Rubín, Fauci, Sleisenger & Jeffries (1965), Crabbé, Carbonara & Heremans 
(1965) and Crabbé & Heremans (1966c). By using specific fluorescent antisera 
directed against each type of human immunoglobulin (yA, y M and yG) it has 
been shown that the majority of the plasma cells present in the normal mucosa of 
the entire gastro-intestinal tract contain yA-immunoglobulin. The recently dis
covered yD-immunoglobulin (Rowe & Fahey 1965), which occurs in trace 
amounts in normal serum, is found in very few plasma cells of the normal 
gastro-intestinal tract. Sorne biopsy specimens show cells which are morpho
logically plasma cells but which fail to react with any of the antisera for the four 
immunoglobulins already mentioned. Crabbé & Heremans (1966c) suggest 
three possibilities to account for this finding: 
1. The cells in question contain only the light polypeptide chains of immuno
globulins. 
2. These cells contain a still unidentified fifth type of immunoglobulin. 
3· These cells contain no immunoglobulin. 

The likelihood that the plasma cells of the gastro-intestinal tract are actually 
producing and liberating immunoglobulins is suggested by the finding that 
yA-immunoglobulin is present in large amounts in mucous secretions of the 
gastro-intestinal tract (Crabbé & Heremans 1966c). Antibody activity in human 
intestinal secretions was first demonstrated by Davies (1922) when studying the 
serological properties of the faeces in bacillary dysentery. More recently, the 
term 'coproantibodies' was introduced by Burrows, Elliott & Havens (1947) to 
embrace all those antibodies which can be recovered from faeces. The produc
tion of coproantibodies against cholera and other enteric infections has been 
studied in various laboratory animals and also in human volunteers and there is 
strong evidence that they are produced locally in the gastro-intestinal tract 
(Freter & Gangarosa 1963). 

In foetallife, y-globulins are transmitted from the maternal circulation to the 
foetus, in sorne animals by way of the yolk-sac and in others (including man) 
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by passage across the placenta. After birth, in certain animals y-globulins are 
absorbed in considerable amounts by the small intestine from the colostrum and 
milk, although this process becomes núnimal or ceases after the neonatal pcriod. 
The intestine absorbs the y-globulin by a process of pinocytosis and there is 
evidence that there is a controlled release of the protein from the intestinal 
epithelial cell so that the amount reaching the general circulation is largely 
independent of the concentration in the intestinallumen. Apart from this con
trolling mechanism, there is also evidence of selection of particular y-globulins. 
Brambell, Hemnúngs, Oakley & Porter (1960) found that Fragment III of a 
papain digest of rabbit globulin was transnútted to the foetal circulation as was 
whole y-globulin, whereas Fragments 1 and 11 were transmitted far less readily; 
this suggests that Fragment III is capable of combining with cellular receptors. 
Morris (1963) extended these observations to the intestinal absorption of 
immunoglobulin in suckling mice and showed that the absorption of guinea
pig antibodies to S. pullorum was prevented by prior feeding with whole rabbit 
serum or the papain Fragment 111, but not by papain Fragments I and II. This is 
interpreted as evidence of competition for cellular receptors. Another example of 
differential absorption of antibodieshas been provided by Locke, Segre& Meyers 
(r964), who have found that 6.6 S globulin of ovine origin is much better absor
bed by baby pigs than is r8 S globulinin the same preparation, a difference which 
is apparently due to the r8 S globulinlacking a structure corresponding to the 
Fragment III of the 6.6 S globulin. In sorne animals, post-natal intestinal ab
sorption from the colostrum is the sole mechanism by which the young obtain 
antibodics; for example, an immunoelectrophoretic study has shown that calves 
are born with no y-globulin in the serum but that it is present 2 hr after they ha ve 
ingested colostrum, and neutralizing antibody to foot-and-mouth disease is 
transnútted during this process (Graves 1963). Another interesting feature is 
that the immunoglobulin may be modified during the process of transfer; for 
example, Brambell, Halliday & Hemmings (1961) found that bovine y-globulin 
passes into the circulation when it is fed to young rats but bovine anti-brucella 
antibodies are not transmitted, suggesting that the antibody activity may be 
destroyed in transit, while Morris (r965) found that ingested complete antibodies 
are either not transmitted or are converted to incomplete antibodies during 
transmission. Comparable in vitro studies have been made by Bamford (1966) 
with everted intestinal sacs of young rats. By using antibodies and isotopically 
labelled preparations of y-globulin, he demonstrated transnússion across the 
intestinal wall and showed that the process is selective, homologous antibodies 
or y-globulin being transnútted more readily than heterologous. The whole 
subject is covered in a recent review by Brambell (r966). 

The fact that dietary proteins are antigenic has wide implications. Insufficient 
whole protein is absorbed from the gastro-intestinal tract to have any signifi
cance from a nutritional standpoint, but enough may be absorbed to actuate im-
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munological mechanisms. Many years ago, it was shown that normal human 
infants being artificially fed gave positive precipitin and complement fixation 
reactions to cow's milk proteins (Anderson, Schloss & Myers 1925; Lippard, 
Schloss & Johnson 1936). Recently, Gunther et al (1962) ha ve studied the effects 
of feeding cow's milk to healthy children during infancy. Taking babies with a 
low titre of antibodies to milk proteins in the cord blood (derived from the 
mother) it was found that the majority developed higher titres after being fed on 
cow's milk. Very high titres were found in babies who were fed on cow's milk 
carly in infancy. There was no evidence of immunological tolerance no matter 
how early in infancy the cow's milk was fed to the babies; conversely, the pos
session of fairly high ti tres of antibodies in the cord blood did not encourage an 
enhanced response to exogenous cow's milk. Babies maintained on the breast 
for some months before being fed on cow' s milk developed lower ti tres than 
those fed with it in early infancy. Gunther et al make the interesting suggestion 
that the susceptibility of bottle-fed babies to infection may sometimes be due 
to the diversion of the normal immune response against infective agents beca use 
of the overwhelming stimulus of the protein antigens in cow' s milk. By contrast 
with the results obtained with cow's milk proteins, Gunther et al were unable to 
detect any antibody to human milk in 100 sera obtained from these infants, but 
there is no information to let one decide whether this negative finding represents 
failure to absorb whole protein of the mother's milk or whether such proteins 
are absorbed but provoke no immunological response. 

These circulating antibodies to cow's milk proteins conuuonly persist 
throughout life, although the titres found in adults are usually lower than those 
in children (Taylor et al 1961). In the case of casein, there is evidence that anti
bodies are present in everybody if sought for at low titre (Wright et al 1962). 
Circulating antibodies to other dietary antigens (such as gluten and egg albumen) 
can be demonstrated in a considerable proportion of normal subjects. The only 
reasonable interpretation of this finding is that enough dietary protein is ab
sorbed to evoke an immunological response and that this process continues 
throughout life. A large-scale serial study of dietary antibodies in ulcerative 
colitis has shown that the titres stay remarkably constant in any one individual 
over the course of a year (Wright & Truelove, 1965b) and our more limited 
observations on normal subjects are in agreement. 

ALIMENT ARY ALLERGY AND 
GASTRO-INTESTINAL ALLERGY 

lt is convenient for the purposes of clinical description to distinguish between 
alimentary allergy and gastro-intestinal allergy. Alimentary allergy denotes 
allergic responses to foods which are manifested by disturbances outside the 
gastro-intestinal tract, with symptoms such as asthma, migraine and skin 
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eruptions. Gastro-intestinal allergy is the ter m applied when the allergic response 
results in a gastro-intestinal disturbance, such as abdominal pain and diarrhoea. 
Sometimes both types of response may follow ingestion, so that distinction is 
not always clear cut. 

Examples of alimentary allergy are numerous. Some individuals have atopic 
reactions to various shellflsh, fruits such as strawberries or to some nuts, and 
develop urticaria! eruptions. The reaction follows quickly upon the ingestion 
of the particular foodstuff so that the victim usually pinpoints the responsible 
agent. Other reactions, such as migraine, may not be traced to the offending 
foodstuff so easily. Skin tests appear to be of limited value and the use of 
elimination diets is probably the most effective approach to diagnosis if ali
mentary allergy is suspected. Desensitization can sometimes be achieved, once 
the offending foodstuffis recognized, by introducing it in tiny quantities into the 
diet and gradually stepping up the amounts ingested. The subject is covered in 
more detail by Miller & Keeney (1965). 

Whenever a case of apparent alimentary allergy is encountered, it is worth 
considering whether the allergic response is to a food itself or whether a con
taminant is the causative agent. For example, some patients have reacted to 
ingested milk and it has been demonstrated that their allergic response is to 
minute quantities of penicillin sccreted into the milk by cows receiving it 
therapeutically (Vickcrs, Bagratuni & Alexander 1958). This raises the possibility 
that chemical additives in foods may actas haptens and provoke hypersensitivity 
reactions without the cause being readily rccognized. 

Gastro-intestinal allergy has been invoked as a possible cause of scveral impor
tant diseases and these we shall be discussing in detail in succeeding sections. 
However, it is worth mcntioning here that considerable caution must be exer
cised before labelling a gastro-intestinal disturbance as allergic. For example, it 
has long been known that sorne infants cannot tolerate milk and respond to its 
ingestion by developing abdominal colic and diarrhoea. It is only in the last few 
years that it has been recognized that many of these infants suffer from deflciency 
oflactase in the small-intestinal epithelium (Dahlqvist 1962). Removal oflactose 
from the diet cures them. Since that time, the study of disaccharidase deflciency 
has progressed greatly and it has become plain that a number of adult cases of 
'irritable colon syndrome' are examples of disaccharidase deftciency (W eser, 
Rubín, Ross & Sleisenger 1965). 

COELIAC DISEASE AND IDIOPATHIC 
STEATORRHOEA 

GENERAL CüNSIDERATIONS 

Coeliac discase typically makes its appearance in early childhood when the 
infant goes on to a mixcd diet. It is characterized by failure to thrive, loosc 
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motions cont:üning excessive fat, and other evidence of faulty absorption such as 
vitamin deficiencies. The observations of Dicke and other Dutch workers 
established that wheat gluten is harmful to childrcn with coeliac disease and that 
its strict exclusion from the diet resnlts in clinical and biochemical reversion to 
normality (Dicke, Weijers & van de Kamer 1953; Weijers & van de Kamer 
1953). Wheat gluten is a mixture of proteins and it is the gliadin fraction which 
is harmful. Complete hydrolysis of gliadin to amino acids renders it innocuous 
but partial hydrolysis to polypeptides leaves its harmful properties intact. 

Idiopathic steatorrhoea (non-tropical sprue) is the name given to a similar 
disease occurring in adults. The present view is that most cases of idiopathic 
steatorrhoea represent coeliac disease manifesting itself overtly during adult life, 
so that the term adult coeliac disease is sometimes applied. Careful inquiry will 
often reveal that symptoms compatible with coeliac disease have been in exis
tence since childhood, though not severe enough to have resulted in medical 
attention. A considerable proportion of the patients respond favourably when 
treated with a gluten-free diet. The term gluten-induced enteropathy is sorne
times used for the illness, whether occurring in a child or in an adult, when its 
relationship to gluten is finnly established. 

Tropical sprue is a separate though clinically similar disease which only occurs 
in certain arcas of the tropics and which is unaffected by a gluten-free diet. It will 
not be discussed here. 

PATHOLOGY 

In coeliac disease and idiopathic steatorrhoea, the intestine shows no gross or 
naked-eye abnormalities but Paulley (1954) showed by obtaining surgical biopsy 
specimens from patients undergoing abdominal surgery that the small-intestinal 
mucosa showed atrophy of the villi. On the pathological side, the real progress 
followed the introduction of peroral small-intestinal biopsy by Shiner (Doniach 
& Shiner 1957; Sakula & Shiner 1957) since when extensive biopsy studies have 
been made. Both in children and in adults, the small-intestinal mucosa shows a 
virtually complete loss of villi, while the crypts are lengthened and the lamina 
propria is heavily infiltrated with lymphocytes, plasma cells and a sprinkling of 
eosinophils. Prolonged treatment with a gluten-free diet is associated with 
reversion towards normality, a process which appears to occur more readily in 
children than in adults. Histological deterioration follows the reintroduction of 
gluten into the diet. 

One of the most convincing demonstrations of the harmful effect of gluten 
in idiopathic steatorrhoea was the experiment by Rubín et al (1962) in which 
they instilled a slurry of whcat gluten into the relatively normal ileum of patients 
on a gluten-free diet and observed rapid clinical, biochemical and histological 
relapse. 
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THEORIES OF AETIOLOGY 

Two main theories have been advanced to account for the disease. The first 
postulates that there is lack of a specific enzyme in the intestinal epithelial cells 
and that in its absence polypeptides are absorbed and cause the pathological 
lesion of the mucosa. The second theory is that the disease represents a hyper
sensitivity reaction to gluten or one of its components. 

As far as the enzyme theory is concerned, attempts have been made to isolate 
the specific polypeptide responsible for the harmful action of gluten but so far 
without success. Converse! y, studies of biopsy specimens ha ve failed to demon
strate any deficiency of a specific peptidase in the small-intestinal mucosa (Par
kins 1966). 

The other theory regards the lesion as an allergic response to ingested gluten. 

IMMUNOLOGICAL ASPECTS 

Berger (1958) administered gluten to sorne children with coeliac disease and 
found that this was followed by levels of circulating antibodies to gluten as 
measured by complement fixation which were much higher than those occurring 
in normal children. Employing haemagglutination, Taylor, Truelove, Thomson 
& Wright (1961) found that children with coeliac disease showed higher levels of 
circulating antibodies to a water-soluble peptic-tryptic digestion of gluten 
(Fragment III) than did healthy children. Similarly, adults with idiopathic steat
orrhoea showed higher levels than normal adults. However, the patients with 
coeliac disease or idiopathic steatorrhoea also showed high ti tres of antibodirs to 
other dietary proteins, namely, the three main proteins of cow's milk, and sub
sequently we have obtained analogous results with purified ovalbumin. Closely 
similar results were obtained by Alarcón-Segovia et al (1964). Heiner et al (1962) 
obtained positive precipitin tests against gluten and cow's milk proteins so 
frequently in children with coeliac disease that they suggested that the precipitin 
test might be useful in diagnosis. Precipitin tests were also included in a study 
by Kivel, Kearns & Leibowitz (1964). 

By immunofluorescence, Rubín et al (1965) were able to demonstrate gliadin 
binding by the jejunal epithelium in patients with adult coeliac disease, whereas 
control subjects did not show this effect; in addition, they were unable to 
demonstrateanycomparable binding of other dietary proteins, such as caseinand 
ovalbumin. They were unable to demonstrate any evidence of gliadin being 
bound to immunoglobulin-containing cells in the lamina propria; the gliadin 
appeared to be deposited on the surface of the epithelial cells and apparently this 
phenomenon was not due to the gliadin being involved in any complement
fixing antigen-antibody complexes. 

Attempts to demonstrate auto-antibodies have chiefly been negative. Malik 
et al (1964), using the indirect immunofluorescent technique anda fluorescinated 
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antiserum to human a- and P-globulins, obtained a reaction between fresh sera 
from patients with untreated coeliac disease and the cytoplasm ofhumanjejunal 
mucosa and also monkey jejunum, the fluorescence appearing especially in the 
crypts of Lieberkühn. However, Rubín et al (1965) were unable to reproduce 
these results. W e ourselves ha ve studied a considerable number of children with 
coeliac disease and adults with idiopathic steatorrhoea and have compared the 
findings with those in control groups of healthy subjects matched for age and 
sex. Fluorescence in the crypts was often seen, but reading the results blind 
revealed no appreciable difference between the two groups of patients and their 
respective control groups. 

It has already been mentioned that the abnormal small-intestinal mucosa in 
coeliac disease and idiopathic steatorrhoea is heavily infiltrated with lympho
cytes and plasma cells. Rubín et al (1965) have demonstrated the presence of 
immunoglobulins in many of these mononuclear cells of the small-intestinal 
mucosa, and these immunoglobulins were present in control subjects as well as 
in coeliac disease, with A-immunoglobulin predominating in both. We have 
already referred, when dealing with physiological aspects, to the fmding of 
Crabbé & Heremans (1966c) that cells containing A-immunoglobulin were the 
type most commonly found throughout the mucosa of the intestine. In a recent 
study, the same authors (1966b) have found scarcity of A-immunoglobulin in 
the serum of three patients with steatorrhoea (with the features of idiopathic 
steatorrhoea, including sub total villous atrophy on jejunal biopsy). In addition, 
plasma cells containing A-immunoglobulin were relatively scarce in the jejunal 
biopsy specimens, while the number of cells containing M-immunoglobulin 
was greatly increased. On the other hand, Hobbs & Hepner (1966) found low 
serum levels of M-immunoglobulin in fourteen out of fifty-two patients with 
coeliac disease and no examples of severe deficiency of A-immunoglobulin. 

Several associations with idiopathic steatorrhoea are of great interest in an 
immunological context. They are splenic atrophy, hypogammaglobulinaemia 
and lymphoma of the small intestine. The spleen is frequently very small in 
idiopathic steatorrhoea, whereas it is usually normal in coeliac disease in child
hood. Various non-immunological explanations for the splenic atrophy have 
been suggested, such as that it may be an expression of chronic folie acid defici
ency, but there is the possibility that it may representan immunological distur
bance such as exhaustion of the lymphoreticular system (McCarthy et al 1966). 
Steatorrhoea and other features resembling those of idiopathic steatorrhoea not 
infrequently occur in patients with hypogammaglobulinaemia, both of the 
congenital and of the acquired type (Allen & Hadden 1964; Gitlin, Cross & 
Janeway 1959), but the syndrome may be a separate entity as these patients often 
fail to respond to a gluten-free diet. It now seems fairly well established that 
lymphoma of the small intestine can arise as a complication of idiopathic 
steatorrhoea. Gough, Read & Naish (1962) described three cases of small-
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intcstinallymphomata complicating chronic idiopathic steatorrhoea and sub
sel}uently the association has been confirmed by Harris et al {r966). It has been 
suggested by McCarthy et al ( r966) that thc relatively high risk of lymphoma 
may be related to immunological insufficicncy, thc suggestion being based on 
the theory of Burnet {r964) that the high incidence of malignancy in infancy 
and old age is due to immunological insufficiency. 

CROHN'S DISEASE (REGIONAL 
ENTERITIS) 

GENERAL CoNSIDERATioNs 

Crohn's disease is a chronic inflammatory disease of the intestine of unknown 
aetiology. Any part of the intestine may be affected, but the commonest site is 
the terminal ileum, and the condition is then often called regional ileitis. How
ever, other parts of the small intcstine may be affected, either as an isolated phe
nomenon or in association with regional ileitis, the separatc lesions then being 
known as 'skip' lesions. The colon is not infrequently affectcd, sometimes in 
continuity with typical regional ileitis (the term regional ileocolitis then being 
used), sometimes with a 'skip' lesion in any part of the colon and sometimes 
when the colon alone is affected (primary Crolm's disease of the colon). The 
disease has a variety of effects and modes of presentation. Diarrhoea is common. 
Loss of weight and general malaise are frequent. Acute attacks of pain occur, 
often resembling acute appendicitis, and the lesions of Crohn's disease are not 
infrequently first found at laparotomy for suspected acute appendicitis. Distur
bance of small-intestinal function is a common effect and any of the manifesta
tions of the malabsorption syndrome may be seen. Anaemia, usually dueto blood 
loss, but occasionally macrocytic, is fairly common. In children, failure to grow 
may be a prominent feature. Fistula formation is an important aspect of the 
disease, and may occur betwecn the diseased segment and adjacent loops of 
intestine or may be peri-anal. 

A number of complications occur remote from the intestine, such as uveitis, 
arthritis, ankylosing spondylitis, erythema nodosum, aphthous ulceration of the 
mouth and liver disease. These complications follow the same pattern as the 
complications of ulcerative colitis and will be discussed jointly for the two 
diseases. 

PATHOLOGY 

Thc affected part of the intestine is obviously inflamed to naked-eye examina
tion. All coats of the intestinal wall are at fmt thickened and oedematous, 
although later fibrosis may predominare and fibrous stricture develop. In the 
active inflammatory stage, the serosa! surface is obviously inflamed with ditfuse 
hyperaemia and many petechial spots; the corresponding part of the mesentery 
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is thickened and oedematous, and enlarged mesenteric lymph nodes are often 
present. The mucosa! surface is often marked by deep uleerations which may 
penetrate into the muscle layers. Microscopically, there is widespread mucosa! 
infiltration with lymphocytes, plasma cells and eosinophils. This cellular in
filtration may be found in all coats of the intestinal wall, sometimes with very 
pronounced lymphoid hyperplasia. Characteristic granulomata may also be 
present in the submucosa, in the muscle coat, in the serosa and in the mesenteric 
lymph nodes. Hadfield (1939) considered that the earliest, and possibly the 
specific, pathological feature was lymphadenoid hyperplasia with the formation 
of non-caseating giant-cell systems in the submucosa. He regarded uleeration 
and fistula formation as secondary to the lesion in the submucosa and to the 
obstructive lymphoedema produced by it. Other pathologists have favoured a 
non-granulomatous inflammation as the primary lesion (Schepers 1945; Meyer 
1960). Recently, Williams (r964) has described three main types of inflamma
tion. Non-specific inflammation, characterized by chronic inflammatory cells, 
oedema, superficial uleeration and fissures, is the only finding in about 20%. 
Diffuse granulomatous inflammation with scattered histiocytes and foreign 
body type giant cells is found in about 30%. In the remaining so%, focal 
granulomata are present in addition to the non-granulomatous inflammation. 
The granulomata themselves are histologically similar to those occurring in 
sarcoidosis. 

THEORIES OF AETIOLOGY 

The same main theories of aetiology have been advanced for Crohn's disease as 
for uleerative colitis and we shall discuss them somewhat more fully when 
dealing with the latter disease. 

In Crohn's disease, the frequent presence of granulomata has excited attention. 
The gastro-intestinal tract can react to a variety of stimuli by the formation of 
granulomata. Many types of foreign body will induce them, and granulornata 
have been seen in relation to starch, tale, suture materials and barium. Certain 
infections also produce this type of response, and tuberculosis is the important 
example of this category; although it should be noted that central caseation is 
common with the tuberculous lesion whereas it is exceptional in Crohn's 
disease. Eosinophilic granulomata may occur as a reaction to the herring 
parasite, Eustoma rotundatum (Voorhuis & Eijlers 1961). 

Lesions resembling those of Crohn's disease have been reproduced experi
mentally by methods which block the intestinallymphatics. Reichert & Mathes 
(1936) made repeated injections of crystalline silica into the mesenteric and sub
serosa! lymphatics following an intravenous injection of E. colí and produced 
oedema of the sub mucosa and muscle laycrs with a thickening of the bowel wall. 
Chess et al (1953) fed dogs rcgularly with finely divided silica or tale powder and 
produced lesions resembling those of Crohn' s disease. They developed the idea 
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that any ingested material with the property of piezo-electricity might produce 
the lesion because substances with this property produce a proliferative cellular 
response which may cause 1 ymphatic blockage. Cholesterol is one such substance. 

IMMUNOLOGICAL ASPECTS 

The clase similarity between the sarcoid granuloma and that seen in Crohn's 
disease raised the possibility that the one was the intestinal version of the other. 
However, Longcope & Freiman (1952) brought forward evidence to show that 
the gastro-intestinal tract is only occasionally involved in sarcoidosis. Williams 
(1965) found that the Kveim test was uniformly negative in regional enteritis 
even though he was careful to use an antigen of proven potency. Similarly, 
when tissue extracts obtained from patients with Crohn's disease have been used 
for skin testing, the results have been negative (Sanders 1964; Williams 1965). 
Sarcoidosis and Crohn' s disease resemble one another in so far as the patients 
frequently are Mantoux-negative. In the case of Crohn's disease, this applies 
especially when the inflammation is of the granulomatous type (Williams 1965). 
On the other hand, patients with Crohn's disease show normal delaycd hyper
sensitivity reactions to mumps skin antigen and to extracts of Candida albícans 
and of Trichophytoa gypseum (Binder, S piro & Thayer 1966). We do not know 
of any attempts to measure the delayed hypersensitivity response by in vitro 
methods such as lymphocyte transformation. 

Attempts to demonstrate circulating antibodies to intestinal mucosa appear 
to have yielded uniformly negative results with the immunofluorescent and 
precipitin techniques (Koffier, Minkowitz, Rothman & Garlock 1962; K y le et al 
1963; Harrison 1965a; Williams 1965). With haemagglutination, Lagercrantz, 
Hammerstrom, Perlmann & Gustafsson (1966) found high-titre reactions to rat 
faecal antigen in sorne paticnts with Crohn's disease, particularly when the colon 
was involved. Studies of other circulating antibodies, such as thyroid, gastric 
parietal cell and antinuclear factor have shown no preponderance in Crohn's 
disease over the findings in a healthy control group (Wright 1968). 

Circulating antibodies to certain proteins have been measured in Crohn's 
disease. The patients with Crohn's disease showed no significant difference from 
the control group in respect of antibodies to casein and gluten Fraction III bnt 
were much more likely to show negativc results in respect of antibodies to a
lactalbumin and /3-lactoglobulin (Taylor, Truelove & Wright 1964). 

ULCERATIVE COLITIS 

GENERAL CüNSIDERAT10NS 

This is a chronic inflammatory disease of the large intestine in which tl1ere is 
diffuse mucosa! inflammation of a part or the whole of the organ. The disease 
most frequently presents as diarrhoea with blood and mucus present in the stools. 
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The faeces do not contain pathogenic bacteria such as shigellae which can also 
produce diffuse inflammation. The onset may be eíther acute or gradual, and the 
attack may vary from a míld íllness to one of devastating severity. The usual 
course of the disease is for attacks of bloody diarrhoea to alterna te with periods 
of complete freedom from symptoms (chronic intermíttent type). Less com
monly, the patient is never free from symptoms once the disease has become 
manifest (chronic continuous type) although the symptoms vary in severíty 
from time to time. Sorne patients have a single attack and never have another; 
but the longer patients are followed, the fewer the number found with only the 
one attack. 

Usually the diagnosis is easy bccause the rectum is almost always involved 
and diffuse inflammation is visible through the sigmoidoscope. A particular 
point worth remembering is that sigmoidoscopic and mucosa! biopsy evidence 
of inflammation is often present when the patient is entirely symptom free 
between attacks. 

Many complications occur. Sorne of them arise in and around the inflamed 
colon and are classed as the local complications. But, as with Crohn's disease, 
there are also many complications occurring remo te from the colon, sorne of the 
most common ones being uveitis, arthritis, ankylosing spondylitis, erythema 
nodosum and liver disease. 

PATHOLOGY 

The mucosa of the affected part of the colon is diffusely inflamed and, in the 
more severe cases, gross ulceration is present. The lesions are characteristically 
more superficial than those in Crohn' s disease, although in severe cases the ulcera
tion may become deep and may even cause perforation. Microscopically, the 
mucosa is heavily infiltrated with lymphocytes, plasma cells anda few eosino
phils; and another striking feature is the pronounced dilatation of the tiny blood 
vessels of the mucosa itself. With more severe disease, polymorphs become a 
feature of the cellular infiltra te, and they may accumulate in dilated crypts of 
Lieberkühn, giving rise to crypt abscesses. With gross ulceration, areas of the 
mucosa are lost and replaced by granulation tissue. In the healing phase, lymph
oid aggregates become a prominent feature, both in the mucosa and in the 
submucosa. 

THEORIES OF AETIOLOGY 

The aetiology of ulcerative colitis is essentially unknown but several theories 
ha ve been suggested, the chief ones being: 

INFECTIVE 

The diffuse inflammation of the colon closely resembles that seen in acute 
bacillary dysentery. lt is therefore not surprising that repeated attempts have 
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been made to find a specific infective agent. Various bacteria and fungi were 
suspected and in turn discarded as causative. Recently, several studies have 
examined the possibility of the disease being a virus infection, but with negative 
results. The possibility of a virus infection cannot be definitely excluded but at 
the moment there is no positive support for it. 

NuTRITIONAL 

Deficiencies of various vitamins may cause inflammation of mucosa! surfaces, 
A diet deficient in folie acid, for example, will cause diarrhoea in monkeys, and 
diarrhoea is also a prominent symptom of pellagra. However, there is no firm 
evidence to support the view that ulcerative colitis is a deficiency disorder. 

PSYCHOSOMATIC 

Many physicians regard ulcerative colitis as a psychosomatic disorder. lt has 
been established that attacks of the disease frequently follow closely upon a 
disturbing emotional event, such as the loss of the patient's mother or of sorne 
other person acting as a mother substitute. Personality studies have shown that 
the patient with ulcerative colitis frequently has a distinctive character, being 
shy, tidy and self-restrained. It is difficult to obtain scientific proof of the impor
tance of psychological factors and it is possible that they act as no more than 
precipitants of the overt attack. 

IMMUNOLOGICAL 

The possibility that ulcerative colitis may be an allergic disease has been enter
tained for the past 40 years, but it is only during the last few that the development 
of modern immunological techniques has made possible any precise scientific 
evaluation of the possibility. The evidence will be considered in the next section. 

IMMUNOLOGICAL ASPECTS 

It has been established experimentally that the colon can be involved in im
munological responses, such as the Schwartzmann and the Auer reactions 
(Kirsner 1961, 1965). However, it has so far proved impossible to create by 
immunological methods a chronic disease in animals with the precise features of 
ulcerative colitis. The acquisition of knowledge has been hampered by this 
lack of a satisfactory experimental model of the disease. 

The pathological changes in the mucosa in ulcerative colitis are compatible 
with the disease being an expression of a hypersensitivity reaction. W e ha ve 
already mentioned that lymphocytes, plasma cells and eosinophils are found in 
the normal colonic mucosa; these cells, which are in volved in the development 
of hypersensitivity reactions, show a pronounced increase in ulcerative colitis. 

When dealing with physiological aspects, we mentioned that the three main 
immunoglobulins are found in the plasma cells of the colon, with A-immuno-
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globulin predominating. The recently described D-immunoglobulin is found 
in very few plasma cells ofthe normal intestine, but Crabbe & Heremans (rg66a) 
have found many plasma cells containing this immunoglobulin in rectal biopsy 
specimens taken from a patient with ulcera ti ve colitis. Whether this is a common 
feature in ulcerative colitis and, if so, what significante it may ha ve are issues for 
further research. 

The eosinophil is a cell which appears to be implicated in many examples of 
allergic disease. lt is therefore of interest that in ulcerative colitis there may be 
many eosinophils circubting in the blood, located in the colonic mucosa and 
present in the colonic exudate. Following isolated reports of eosinophilia in 
ulcerative colitis, Riisager (1959) made a systematic study of a few patients over 
a period of time and demonstrated that eosinophilia commonly accompanied 
frank attacks of the disease. Tissue eosinophilia has been noted by many obser
vers who ha ve examined large numbers of histological sections of the colon 
in ulcerative colitis. Eosinophilia has been found to be more common in the 
inflammatory exudate than in the blood (Riis & Anthonisen 1964). Recently we 
have made systematic studies of circulating and tissue eosinophils in sevcnty
seven p:ttients who were the subjects of a controlled therapeutic trial of various 
Jiets over the course of ayear (Wright& Truelove 1966b). In sorne patients there 
was a rise in the circulating eosinophil count during a clinical relapse of the disease 
and the count was significantly higher when there was histological evidence of 
inflammation in rectal biopsy specimens than when the biopsy appearances were 
normal. The findings with tissue eosinophils in the rectal biopsy specimens were 
similar, although there was only a rough correlation between circulating and 
tissue eosinophils. 

There is good evidente that eosinophils antagonize histamine and this might 
cxplain the accumulation· of thcsc cells at the si te of antigen-antibody reactioh 
since histamine is liberated in the process. Speirs believes that the function of the 
eosinophil is not simply that of detoxification but that it is directly concerned in 
autibody synthesis by transporting antigen to antibody-forming cells (Speirs 
1960; Speirs & Speirs 1964). However, Sabesin (r963) used clectron microscopy 
to demonstrate phagocytosis of ferritin-antibody complexes by eosinophils and 
concluded that this may merely represent a spedfic attraction of eosinophils by 
immune complexes and that they need not be implicated in the production of 
antibody or in the mediation of the hypersensitive state.Whatever may be the 
exact role of the eosinophils in hypersensitivity reactions, there seems no doubt 
that they are concerned with thc remo val ofhistamine, and W elsh & Greer ( 19 59) 
have demonstrated phagocytosis by cosinophils of the granules of mast cells 
which are known to contain histamine. This is of special interest in relation to 
ulcerative colitis because mast cells as well as eosinophils are increased in the 
colon in this disease (McAuley & Sommers 1961). According to Archer (1963) 
the mast cells and eosinophils are not distributed in parallel unless the mast cells 
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have become degranulated and are releasing histamine. McGovern & Archer 
(1957) attempted to link observations on the presence of mast cells in the colon 
to the psychosomatic theory of the causation of ulcerative colitis, postulating 
that emotional stress could result in the colon being bombarded with nervous 
impulses which in turn would act by disrupting mast cells. Whether the preva
lence of mast cells has any connection with psychosomatic aspects of ulcerative 
colitis must be regarded as problematical but there is certainly the possibility 
that the mast cells are intimately involved in the inflammatory process and this is 
discussed in detail by Sommers (1966). 

The possibility that the proliferation of mast cells in the colon may be the 
consequence of an immunological disturbance receives sorne support from the 
finding that circulating basophils (which are closely related to mast cells) are 
increased during a relapse of ulcerative colitis (Juhlin 1963). It has also been 
found that basophils become numerous in the skin of patients with ulcerative 
colitis in response to non-specific local antigenic stimulation (Priest, Rebuck & 
Havey 1960). 

Detailed studies of the serum protein patterns by electrophoresis ha ve yielded 
somewhat conflicting results. Most workers have found an increase in o:2-

globulins, a change which is regarded as non-specific. Sorne workers have also 
found a high y-globulin (Lagercrantz, Winberg & Zetterstrom 1958; Bicks, 
Kirsner & Palmer 1959) but this observation has not been confirmed by Soergel 
& Ingelfinger (1961) who found a relative, but not an absolute, increase. lt 
appears to us that a difficulty in interpreting the findings in ulcerative colitis 
comes from the loss of proteins which may occur from the inflamed mucosa of 
the bowel, so that an increased production of proteins might be masked. 

REACTIONS TO DIETARY ANTIGENS 

Andresen (1925) was the first to claim that ulcerative colitis is an allergic disease 
when he reported a case which he judged to be the result of allergy to cow' s 
milk. He continued to study this possibility and much later reported on fifty 
patients with the disease in whom he judged food allergy had been demon
strated in two-thirds, basing his results on the effects of withdrawal of various 
foods and of their reintroduction into the diet. Among the foodstuffs he 
incriminated, cow's milk was the most important, but a number of others were 
sometimes judged to be at fault, such as wheat, eggs, fish, toma toes, oranges and 
potatoes (Andresen 1942). Closely similar conclusions were reached by Rowe 
(1942). 

Though long neglected, these views ha ve met with revived interest during the 
last few years. Sorne patients were found to become symptom free on a strict 
milk-free diet and to relapse when milk was reintroduced (Truelove 1961). lt 
was then found that circulating antibodies to the individual proteins of cow's 
milk were frequently found at higher titre in patients with ulcerative colitis than 
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in hcalthy control subjects (Taylor & Truelove 1961). These studies led on to a 
controlled therapcutic tria] in which patients were allotted at random to a diet 
which thcy maintained for r year while being kcpt under medica] supervision 
(Wright & Truelove 1965a). The patients on a milk-free diet fared better than 
those on a control diet which was essentially normal, with more being symptom 
free throughout the year and fcwer who suffered repeated relapses. The bcst 
estima te appeared to be that roughly one patient in every five was symptom free 
on a milk-free diet but would ha ve had repeated relapses on a normal diet. These 
clinical observations were supported by the findings obtained by serial rectal 
biopsy, which showed that a milk-frec diet favourably influenced the severity 
of the inflammatory process (Wright & Truelovc 1966c). 

While the dietary tria] was in progress, samples ofblood were taken regularly 
for various observations, including immunological tests. Circulating antibodies 
to a number of dietary proteins were studied by passive haemagglutination. 
Employing whole cow's milk as the antigen, a strong correlation was found 
between initial high titres and an unfavourable course of the disease. No close 
correlation could be found between the results for the three main proteins of 
cow' s milk tested individually and the clínica] results obtained in the trial. 
Likewise, no correlation was found with gluten Fraction III and ovalbumin, 
which were also tested (Wright & Truelove r965b). In the individual case, the 
levels of circulating antibodies gave no clear indication of whether a patient was 
likely to do well on a milk-free diet. This suggests that, if the harmful effect of 
milk is mediated immunologically, circulating antibodies do not provide the 
correct measure. Alternatively, the harmful effect may be non-immunological, 
such as dne to lactase intolerance, which has been shown to exist in some 
patieuts with ulcera ti ve colitis (Frazer et al 1966; Binder, Gryboski, Thayer & 
Spiro 1966). 

Anothcr approach has been made by Rider, Moeller, Devereux & Wright 
(r96o). They injected various dietary antigens into the rectal mucosa of patients 
with ulcerative colitis and observed a sharp local reaction to sorne of them, 
which was confirmed by taking biopsy specimens from the affected si tes; control 
subjects did not show these local reactions. The authors claim that dietary 
exclusion of the items causing local reactions was followed by a favourable 
clinical course. Unfortunately, no long-term follow-up study has been pub
lished on these patients and it is therefore necessary to view the study with a 
certain amount of scepticism, especially as it is known that the rectal mucosa in 
ulcerative colitis reacts readily to non-specific traumata (Mirvish 196o). 

REACTIONS To ÜTHER ExoGENous ANTIGENS 

Rowe, Rose & Uyeyama (1955) ha ve claimed that some cases of ulcerative colitis 
represent an allergic response to pollen but there is no general agreement with 
this view. 
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Eucks & Rosenberg (1964) havc created an inflammatory condition of the 
colon by daily intrarectal injections of 2,4-dinitrochlorobenzene (nNcB) in 
guinea-pigs alreacly sensitized by dermal application. The relationship of this 
induced illness to ulccrative colitis in man remains obscure, but the expcriment 
appears to show that the colon can react to a hapten. 

AuTO-ALLERG1C REACT10NS 
Broberger & Perlmann (1959) werc the firSt to describe auto-allergic reactions in 
ulcera ti ve colitis. Using a phenol-watcr extract of human foctal colon to coat 
red blood cells, they demonstrated circulating anti-colon antibodies in a largc 
proportion of children with ulcerative colitis, whereas control children gave 
negative results. In adults with the disease, this reaction is less frequently shown 
(Asherson & Broberger 1961). Other workers have studied circulating auto
antibodies by a variety of techniques, such as haemagglutination, coated collo
dion particles and complement fixation, and have obtained variable results; but 
sorne of those with negative findings employed adult human colon as the so urce 
of antigen and the possibility that bacteria! contamination disturbcd the 
reaction cannot be discounted. 

The colonic antigens are lipopolysaccharides which appear to be chcrnically 
similar to the lipopolysaccharides extractable from Gram-negative bacteria and 
are usually macroglobulins although smne sera contain antibodies of the 7S 
type as well. Colonic antigens, immunologically similar to those obtained from 
human foetal colon, can be extracted from the colon of adult germ-free rats and 
al so from their faeces (Perlmann, Hammarstrom, Lagercrantz& Gustafsson 196 5). 

Using the immunofluorescent teclmique, it has been shown that the antigen is 
located in the cytoplasm of the colonic epithelial cell as well as being present in 
colonic mucus (Broberger & Perlmann 1962; Klavens 1962; Koffier et al 1962). 
By haemagglutination it has also been shown to be present in lymph nodes 
draining the colon in ulcerative colitis (Perlmann & Broberger 1960). In addi
tion, it has been found by immunofluorescence in proliferating bile ducts and the 
goblet cells of the small intestine but not in a number of other tissues including 
liver, spleen, kidney, gall bladder and uvea (Koffier et al 1962; Wright & True
love 1966a). The sera from sorne patients with ulcerative colitis have shown 
reactions with gastric glands, according to Harrison (1965a). 

The immunofluorescent test is more specific but less sensitive than haemag
glutination and the presence of colonic auto-antibodies can be demonstrated in 
only a minority of the patients with ulcera ti ve colitis, there being 13 .s% positive 
in 200 patients studied by Harrison (1965a) and 16% positive in 273 patients 
studied by Wright & Truelove (1966a). The antibody is a true auto-antibody as 
positive reactions are obtained with the patient's own colon. An interesting 
point is that colonic biopsy specimens obtained from a patient with a high titre 
of antibody in the sentm gave strongly positive results with a much greater 
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proportion of ulcerative colitis patients than was obtained with normal colonic 
tissue and in addition a small proportion of healthy control subjects gave 
positive reactions. In other words, the use of this particular specimen of colon 
made the test much more sensitive and the results then resembled those obtained 
by haemagglutination. A formal comparison of the results obtained by haemag
glutination and by immunofluorescence has been made by Lagercrantz et al 
(1966). 

Whether measured by haemagglutination or by immunofl.uorescence, the 
colonic auto-antibody does not correlate closely with important clinical 
features of ulcerative colitis, such as clinical severity, duration, extent of colonic 
involvement and the development of extra-colonic complications (Harrison 
1965a; Wright & Truelove 1966a; Lagercrantz et al 1966). An additional point 
is that the colonic auto-antibody persists after total colectomy. 

The colonic auto-antibody has been found by sorne workers in conditions 
other than ulcerative colitis, such as Crohn's disease of the colon and amoebic 
dysentcry (Lagercrantz et al 1966), whereas others have not demonstrated its 
occurrence (Harrison r965a; Wright & Truelove 1966a). The discrepancies may 
be due to the use of different sources of antigen (human or rat) and the picture 
is not likely to be clarified until pure antigens are available. 

Ulcerative colitis sometimes occurs in association with other diseases deemed 
to be auto-allergic in nature. They include systemic lupus erythematosus, 
lupoid hepatitis, thyroiditis, myasthenia gravis and pernicious anaemia (see 
Wright & Truelove 1966a, for references). There are severa! studies of the 
occurrence in ulcera ti ve colitis of the auto-antibodies frequently found in sorne 
of the diseases just listed. Calabresi, Thayer & Spiro (r961) found a high inci
dence of antinuclear factor in ulcerative colitis but our stndies and those of 
Harrison (r965b) show only a slight excess over the findings in matched healthy 
control subjects. Gastric parietal cell antibody is also somewhat more prevalent 
in ulcerative colitis than in health but the difference is not striking. The inci
dence of thyroid antibodies closely resembles that in healthy controls. 

Another approach to tl1e study of auto-allergy in ulcerative colitis has in
volved the use of colonic epithelial cells growing in tissue culture. When these 
cells are labelled with 32P, the amount of radioactive isotope liberated can be 
used as a measure of cytotoxicity. The sera from patients with ulcerative colitis 
had no specific cytotoxic effect. Howcver, the leucocytes from such patients 
liberated more 32P than did leucocytes from control subjects, and were therefore 
cytotoxic as judged by this test (Broberger & Perlmann 1963; Perlmann & 
Broberger 1963). Confirmation of tl1ese findings has been provided by Watson, 
Quigley & Bolt (1966). It is also of interest that there ha ve recently been reports 
that patients with ulcerative colitis show a local reaction when autologous 
leucocytes are injccted intradermally (Long & Uesu 1964; Stoebner& Patterson 
1965; Watson, Styler & Bolt 1965). 
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REACTIONS TO BACTERIAL ANTIGENS 

Although, as already mentioned in the section on aetiology, there is no evidence 
that ulcerative colitis is directly due to infection, the possibility remains that 
bacteria! antigens play a role in the disease. Felsen (1936) followed the progress 
of a large number of subjects involved in an outbreak of bacillary dysentery in 
Jersey City and found that some of them subsequently developed ulcerative 
colitis. lt is commonplace to find that an infective gastroenteritis is often the 
trigger which fires off a patient's first attack of ulcerative colitis; an outbreak 
of diarrhoea and vomiting may affect a community and virtually all the affected 
members will be well again in a few days but in the occasional individual the 
diarrhoea persists and becomes bloody, and ulcerative colitis is diagnosed. 

On the laboratory side, little recent work appears to have been done. One 
observation of great immunological interest is the discovery by Perlmann, 
Hammarstréim & Lagercrantz (1965) of a close relationship between a crude 
lipopolysaccharide extract from E. coli 014 and colonic antigens. This lipopoly
saccharide contains, in addition to the type-specific O antigen, large amounts of 
a heterogenetic antigen (Kunin) known to be present in most members of the 
family Enterobacteriaceae. The sera of patients with ulcerative colitis frequently 
give high-titre reactions to this lipopolysaccharide whereas sera of control 
subjects only exceptionally do so. Anothcr cxperimcnt showing the similarity 
between colonic antigen and bacteria! antigens was performed by Ashcrson & 
Holborow (1966). They injected rabbits withE. colí and found that, asjudged by 
immunofluorescence, the rabbits developcd the same typc of auto-antibody to 
colon as appeared after injecting them with rat colon. lt must, however, be 
noted that the rabbits developcd no colonic lesions. 

THE REMOTE COMPLICATIONS OF 
ULCERA TIVE COLITIS AND CROHN 'S 

DISEASE 

Ulcerative colitis and Crohn's diseasc differ from othcr diseases of the gastro
intestinal tract in thc pattern of manifcstations remote from the tract itself. 
Whereas in idiopathic stcatorrhoea virtually all the extra-intestinal complica
tions can he attributed to malabsorption of nutricnts, minerals or vitamins, the 
common extra-intestinal manifestations of ulcerative colitis and Crohn's disease 
are not so readily explained. Certain of these remote complications are likely to 
be clustered togcther, so that thc same patient may suffer from two or more of 
them. As far as ulcerative colitis is concerned, the situation has been summed up 
as follows: 'The remote complications which are specially likely to occur in the 
same subject, either concurrently or consecutively, are arthritis, ankylosing 
spondylitis, erythema nodosum, certain skin eruptions, aphthous ulceration of 
the mouth, and eye lesions' (Edwards & Truelove 1964). As far as Crohn's 
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disease is concerned, no comparable information has been published but our own 
clinical observations make us believe that the situation is exactly the same. A 
more precise study has been made of the frequency of sacroiliac abnormalities 
and uveitis in ulcera ti ve colitis, and both of these were shown to be much more 
common than in a control group; and, in addition, the two abnormalities were 
powerfully associated with one another in the ulcerative colitis group (Wright, 
Lumsden, Luntz, Sevel & Truelove 1965). 

These features of ulcera ti ve colitis and of Crohn' s disease raise interesting pos
sibilities on the immunological side. It is conceivable that the same antigen is 
responsible for the abnormalities in the colon and in the remote organs which 
are frequently affected. If this is so, ulcera ti ve colitis and Crohn' s disease may be 
generalized diseases in which the brunt of the illness falls on the gastro-intestinal 
tract. Another possibility is that the lesions in remote organs are truly complica
tions of the intestinal disease and are a consequence of bacterial antigens being 
absorbed from the diseased intestine. 

One approach to the problem has been to look for a common antigen in the 
colon and in other organs of the body. Broberger (1961) has shown that sera 
from children with ulcerative colitis contain haemagglutinating antibodies 
which react with multiple antigens in colon, liver and kidney, but that some of 
the antigens are confined to the colon. Using immunofluorescence, Koffier et al 
(1962) found that sera from patients with ulcerative colitis which reactcd with 
colonic epithelial cell cytoplasm also reacted with mucosal cells in the ileum and 
proliferating hepatic bile ductules, which is of interest as the small intestine is 
sometimcs affected in ulcerative colitis and as chronic liver diseasc is an accepted 
complication. W e ha ve confirmed these findings but ha ve found that human 
and rabbit sera containing antibodies to colon fail to react with human or rabbit 
u vea; and, con versel y, tha t sera from patien ts wi th uvei tis or from ra b bits immun
ized with uvea fail to react with colonic epithelium (Wright&Truelove 1966a). 

The whole issue is complex. In patients with certain remote complications of 
ulcerative colitis, total colecto m y will effect a cure; this is seen with pyodermia 
gangrenosum, a lesion which has features suggestive of a Schwartzmann reac
tion. But with some other complications, total colectomy has no effect; for 
example, we have a patient with ankylosing spondylitis which has progressed 
steadily despite total colectomy. 

CARCINOMA OF THE COLON 

Loss of organ-specific antigens has been shown to occur in experimental and 
naturally occurring carcinomata. Nairn, Fothergill, McEntegart & Richmond 
(1962) showed that a gastro-intestinal specific antigen demonstrable in mucoid 
cells by immunofluorescence was totally abscnt from the large majority of col
onic carcinomata but was uniformly present in benign polyps. 
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GENERALIZED DISEASES AFFECTING 
THE INTESTINE 

A number of generalized diseases, in which immunological disturbances occur, 
may affect the intestine. Systemic lupus erythematosus frequently gives rise to 
gastro-intestinal symptoms (Dubois & Tuffanelli 1964) and sometimes there are 
frank pathological changes. Any part of the intestine may be involved, the 
lesions usually being the result of a vasculitis of the smaller arteries supplying the 
intestinal wall. Rarely, there is widespread ulcerative colitis indistinguishable 
from the idiopathic variety discussed earlier (Brown, Shirley & Haserick 1956; 
Kurlander & Kirsner 1964). Ulcerative colitis occurs not infrequently in chronic 
active hepatitis, whether or not this is associated with the presence of LE cells in 
the blood (Mackay, Weiden & Hasker 1965). 

Polyarteritis nodosa frequently gives rise to abdominal symptoms which are 
the result of the arteritis of the vessels supplying the gastro-intestinal tract. 
Involvement of large branches of the mesenteric arteries may produce massive 
bowel necrosis, involvement of the smallcr arteries may cause a patchy gangrene 
of the bowel wall, and submucosal arteriolitis results in mucosal ulceration 
(Finkbiner & Decker 1963). 

Other types of allergic vasculitis frequently involve the víscera, including the 
gastro-intestinal tract (Winkelmann & Ditto 1964). 

Dermatomyositis is a rare disease characterized by inflammation and degen
eration of the skin and skeletal muscles, but fairly often affecting the gastro
intestinal tract because of the vasculitis which occurs (Couris, Block & Rupe 
1964). Dermatomyositis is powerfully associated with malignant neoplasm, with 
the stomach and intestine prominent as the si te of the neoplasm. The reason for 
the association is at present unknown. 

Systemic sclerosis, sometimes known as scleroderma, as the skin may be 
heavily involved, is an unusual condition in which any part of the gastro
intestinal tract may be affected. 

Henoch-Schonlein purpura (anaphylactoid purpura) frequently affects the 
gastro-intestinal tract and attacks of severe abdominal pain are a common 
feature. 

Amyloid disease may occur more commonly than is generally supposed in 
association with Crohn's disease (Werther, Schapira, Rubinstein & Janowitz 
1960). One theory is that the amyloid material may result from the accumula
tion of antigen-antibody complexes in the tissues (Koletsky & Stecher 1939). 

DISCUSSION 

The absence of satisfactory experimental models of the important diseases which 
we have been discussing means that most of the evidence bearing on the 
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immunological aspects of these diseases comes at present from the study of 
circulating antibodies in human beings. This has shown considerable differences 
between the patients with these diseases and healthy control subjects but the 
significance of the findings is still a matter for dispute. 

DIETARY ANTIBODIES 

In coeliac disease and idiopathic steatorrhoea, the titres of circulating antibodies 
to all the dictary antigcns so far tested have proved to be frequently much higher 
than thosc in control subjects. The only other diseases of the digestive tract 
frequently associated with high-titre reactions are severe aphthous ulceration 
of the mouth and ulcerative colitis, but in neither of these is there such a prc
ponderance of high-titre reactions to all dietary antigens (Taylor, Truelove & 
Wright 1964). The following are sorne of the possible explanations. 

INCREASED ABSORPTION OF PROTEIN 

An increased absorption of whole protein or of antigcnic moieties might be 
encouraged by defective digestion or by a damaged mucosa. As far as defective 
proteolysis is concerned, in pernicious anaemia (in which gastric proteolysis is 
negligible) and in pancreatic steatorrhoea (in which small-intestinal protcolysis 
may be grossly defectivc) the levels of circuiating antibodies to common dietary 
antigens are not strikingly different from those in control subjects. It is therefore 
unlikely that defective digestion in itself predisposes to the development ofhigh 
titres of circulating antibodies. 

As far as mucosa! damage is concerned, it is tempting to invoke this mechanism 
in coeliac disease and idiopathic steatorrhoca, where the mucosa of the entire 
upper small intestine is diffusely abnormal and could conceivably allow whole 
protein or antigenic moieties to leak through and thus set up high titres of 
circulating antibodies. Against this is the fact that the titres of circulating anti
bodies to the various dietary antigens do not run in parallel; thus, in individual 
patients, one or two of the circulating antibodies may be at very high titres 
while others are low, and every conceivable combination is seen. A further 
point against increascd absorption of protein through a damaged mucosa being 
the sole explanation for the serological findings is the f:cct that Crohn's disease is 
not associated with high-titrc reactions even though it is usual for mucosal 
ulceration and damage to be present. 

HIGH TITRES AS AN INDEX OF HYPERSENSITIVITY 

Experimentally, high titres of circulating antibodies can be shown to reflect a 
state ofhypersensitivity. For example, guinea-pigs injected withdietary antigens, 
such as purified cow's milk proteins, develop high titres of circulating antibodies 
against the particular dietary antigen injectcd. When a further injection of the 
antigen is given, the animals are likely to die rapidly in anaphylactic shock. 
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As far as coeliac disease and idiopathic steatorrhoea are concerned, the high 
levels of circulating antibodies to gluten Fraction III may be of pathogenic 
significance as it is well established that a gluten-free diet is highly beneficia! to 
most of the patients with these diseases. Moreover, in collaboration with Frazer, 
Schneider, Morgan & Robinson (r963) we have found that fractions of gluten 
which yield serological reactions are also fractions which will induce clinical 
relapse when ingested. It has been shown that introduction of gluten into the 
distal small intestine is followed by rapid clinical relapse, accompanied by 
biochemical relapse and histological deterioration (Rubin et al 1962). The speed 
of relapse following such introduction of gluten is compatible with the relapse 
being dueto an immunological mechanism. Likewise, the favourable and rapid 
response to corticosteroid therapy in these diseases is more in favour of an 
allergic response than of an enzyme deficiency. 

On the other hand, coeliac disease and idiopathic steatorrhoea are frequently 
associated with high ti tres of circulating antibodies to dietary proteins other than 
gluten even though these proteins do not appear to be implicated in the patho
genesis of the disease in the majority of the patients. 

A UTO-ANTIBODIES 

O[ the diseases we have discussed in some detail, only in ulcerative colitis are 
auto-antibodies found in a considerable proportion of the patients. However, 
even in this disease, the significance of auto-immune reactions remains prob
lematical. It is disappointing, if one is looking for sorne causal connection 
between the auto-antibodies and the progress of the disease, to find no obvious 
correlations between the finding of auto-antibodies and such important clinical 
aspects as severity of the illness, extent of the inflammatory process, the long
tcnn course and the liability to remote complications. This lack of correlation 
between auto-antibodies and the clinical picture does not entirely rule out the 
possibility that the auto-antibodies play an important role in the pathogenesis of 
the disease. It is conceivable, for example, that they act synergistically with 
cellular antibodies. 

Removal of the entire colon leaves any circulating auto-antibodies persisting, 
so that presumably their production is being stimulated from the small intestine. 
This raises the possibility that the stimulus to auto-antibody formation is bacter
ia!, particular! y as it is known that some strains ofE. coli share a common antigen 
with colonic epithelial cells. 

CONCLUSION 

It is plain that there is ample evidence of altered immunological responses in 
severa! important diseases of the intestine, but at present the significance of these 
changes in terms of pathogenesis or of perpetuation of the diseases remains 
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obscure. As virtually all the data at present available have come from the study 
of circulating antibodies, it is possible that further developments may depend on 
the study of cellular aspects of hypersensitivity. 
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RELATION OF EAE TO MULTIPLE SCLEROSIS 

AND PosT-EXANTHEMATous 

ENCEPHALOMYELITIS 

INTRODUCTION 

When Pasteur in r876 introduced the treatment of rabies since known by his 
name, he stimulated investigation of the effects of inoculation of normal brain 
as well as those made from nervous tissue containing attenuated rabies virus. 
Several early reports appeared even befare the turn of the century (e.g. Cen
tanni r898) suggesting that animals did not tolerate very well the injection of 
normal brain material. Aujeszky (r9oo) whilst attempting to immunize dogs 
against rabies by the inoculation of normal nervous tissue ( IO ml of r in rr 
bovine cord daily over r8 days) found the animals became thin, lost weight and 
sorne developed convulsions and paralysis. Similar observations were made 
with rabbits (Harvey & Acton I923; Koritschoner & Schweinburg I924). 
Weston Hurst (r932) summarized this early work. He himself was unable to 
establish any morphological basis in the central or nervous system for the 
disturbances shown by his animals. 

In I933, however, Rivers et al observed an 'encephalomyelitis with myelin 
destruction' in two of eight monkeys that had received repeated intramuscular 
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Injections of aqueous emulsions or alcohol-ether extracts of normal rabbit 
brain. These results were confirmed and extended by Rivcrs & Schwentker 
(1935) whose work constitutcs the point of departure for all modern studies. 

The introduction by Freund & McDermott (1942) of adjuvants as a means of 
increasing immune response to an antigen led Isabel Morgan (1946, 1947) and 
Kabat et al (1946)-apparently working independently-to the discovery that 
their use with an emulsion of nervous tissuc as a combined inoculum reduced 
very markedly thc number of injections needed to produce the experimental 
encephalitis so laboriously brought about by Rivers. Soon it was found that the 
two or three injections used by Morgan and Kabat could be reduced to a single 
inoculation and that smalllaboratory animals such as guinea-pigs were highly 
susceptible (Frcund, Stern & Pisani 1947). The facility with which the disease 
could be produced in small laboratory animals (rats, guinea-pigs, rabbits) 
ushered in a period of widespread activity in many laboratories all over the 
world. Largely on account of the marked potentiation brought about by 
adjuvant, the encephalomyelitis came to be regarded as allergic, though even as 
late as 1959 this adjective appeared in quotation marks in the title of a mono
graph devoted to the subject (Kies & Alvord 1959) sincc many difficulties and 
discrepancies continued to stand in the way of its acceptance as a truly im
munological phenomenon. In the last 5 years, many of these ha ve been at lcast 
partially resolved and the immunological pathogenesis of the condition is now 
generally rccognized. 

A further powerful stimulus to the study of EAE was the possibility that the 
experimental disease might bear a pathogenetic relationship to human multiple 
sclerosis (Ms). Thc experimental study of this condition, of which a strikingly 
modern clinical and pathological account had been set out by Charcot as long 
ago as 1868 and 1872, had not fallen into the common pattern of investigation 
since no animal model disease had been produced. The announcement by 
Rivers and his co-workers in the mid-thirties that it was possible to produce in 
monkeys an encephalomyelitis accompanied by myelin destrnction was naturally 
greeted with considerable hope and expectancy. Sorne years before, Glanzmann 
(1927) had suggested that the post-infectious encephalitis which was a rarc 
seque! to sorne common childhood virus infections, might be allergic in origin 
and in 1932 van Bogaert extended the idea to embrace multiple sclerosis, largely 
on the basis of supposed pathological similarities, and this suggestion has 
received majority support over the intervening years. 

EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS 
IN THE G UINEA-PIG 

The discase will be described in some detail in thc guinea-pig and major varia
tions in other spccies indicated. It was Freund et al (1947) who first showed how 
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eminently suitable this animal was for the ready production and study of EAE, 
being much more susceptible than the mouse. They also pointed out that 'the 
lesions found in the monkey and in our own guinea-pigs differ in one important 
respect; namely, in the guinea-pigs demyelinization did not occur'. 

DosE oF ANTIGEN 

Guinea-pigs and rats are today the most widely used smalllaboratory animals 
for the study of EAE. Whilst some of the earlier workers gave relatively large 
doses ofbrain-adjuvant suspension (e.g. 0.5 or even 1.0 ml inoculated at severa! 
sites) the disease can be produced with regularity by inoculation volumes as low 
as 0.1 ml. Inoculation is most easily made into the dorsum of a hind paw and 
0.1 ml of the mixture is introduced intracutaneously as far as possible. This 
ensures rapid and ready access to the regionallymph nodes both in the groin and 
popliteal fossa. 

The quantitative relationship between adjuvant and antigen to give optimal 
rcsults has been studied by Shaw et al (1962). It will be recalled (see above) that 
in the early experiments ofRivers no adjuvant at all was used. Bell & Paterson 
(1960) were able to produce EAE in rats without the use of adjuvant, whereas in 
the mouse Lee & Schneider (1962) found that the proportions of antigen and 
adjuvant were critica! for the production of the disease. A sure and ready way of 
producing the disease in the guinea-pig (Hartley or strain 13) is to inject 0.1 ml 
of an aqueous suspension of 20/';; (w/v) human white matter made up in 
Freund's complete adjuvant (Difco) in the ratio of one part of brain to two of 
adjuvant. This corresponds with a dose of about 7 mg of white matter in 0.1 
ml of the final mixture. If white matter be assumed to have a 70/';; water content 
then about 2.0 mg of dry weight ofbrain is contained in the inoculum. Freund's 
adjuvant (Difco) comprises Arlacel A (mannide mono-oleate); an emulsifying 
agent; (1.5 mi) Bayol F (paraffin oil) (8.5 ml); mycobacterium butyricum(killed 
and dried) 5 mg. 

A good suspension may be stored for weeks at +4oC. 

CLINICAL COURSE OF THE DISEASE 

When injected as indicated above, more than 90/';; of animals become ill after 
11-16 days. The fmt sign of illness is almost always a sudden weight decrease, 
normally about 20 or 30 g for a 400-500 g guinea-pig, occurring 24 hr or so 
before detectable weakness. Often an animal feels 'floppy' on being lifted from its 
cage. W eakness of one or both hind legs is shown by the ease with which the 
animal may be thrown over and it will sometimes remain resting on its side. 
Urinary incontinence and faecal impaction commonly occur as the posterior 
weakness becomes more marked. An animal may become completely paralysed 
in its posterior half and yet remain lively so that it drags itself about the cage and 

KK* 
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feeds normally. The posterior half of an affected animal always shows marked 
wasting. About one-third to one-half of the animals die, death being usually 
preceded by a period of coma during which there may be occasional convulsions. 
Of the remainder, half recover gradually and often dramatically after a more 
or less prolonged period of spasticity in the hind limbs. The remainder suffer 
only a mild though for the most part definite disease, from which they recover 
rapidly and completely. A fcw animals die suddenly without prodromalloss of 
wcight or weakness and these may show very few if any lesions in the nervous 
system beyond generalized vascular engorgement. 

HtSTOLOGICAL EXAMINATION 

Apart from muscle wasting and occasional bladder infection changes are found 
only at thc si te of injection, the draining lymph no des and spleen. The injected 
foot is swollen and reddened; sometimes it is ulcerated. The groin and popliteal 
nodes are markedly enlarged. Microscopically, architecture of the regional 
lymph nodc is to a great extent disorganized by large numbers of macrophages 
with pale vesicular nucleus and faintly staining eosinophilic cytoplasm. Accumu
lations of paraffin oil may leave spaces in paraffin sections, and thcre are com
monly foci of pyknotic polymorphs. Plasma cells are present but not as a rule 
in great numbers. These also occur in distant nodes such as the cervical, but can 
be very numerous in uninoculated animals so that thcir pathogenetic significance 
is doubtful. In the spleen plasma cell cuffs around arteriales are common. 

No macroscopic changes are visible in the nervous system apart from hyper
aemia. Earliest and mildest microscopic changes are in infiltration of the tela 
choroidea of the lateral and third ventricles with focal collections of lympho
cytes and a few plasma cclls. There is usually also a patchy inftltration of thc 
meninges, especially over the base of the brain and the spinal cord in the vicinity 
of the nerve roots. Mild cases may show no more than this. Usually, however, 
there is a widespread perivascular infiltration with lymphocytes amongst which 
there is only an occasional plasma cell. This infiltration is principally in the 
white matter, though cuffs also occur in the cortex anrt basal ganglia (Plate 
40.r). Careful examination of Zenker-fixed material stained by Unna-Pappen
heim's method for plasma cells bears out the impression gained from haema
toxylin and eosin stained material. Sometimes the lymphocyte cuffs are limited 
by the membrm1a limitans gliae (i.e. they remain within the Virchow-Robin 
space), but sometimes they spread out into the adjacent nervous parenchyma 

· (Plate 40.2). Occasionally, especially when an animal has been comatose for 
some time before examination, considerable numbers of polymorphs are also 
present in the perivenous exuda te. (If an animal has been dead some time before 
the brain is fixed for histological examination, then fragmentation of lympho
cytic nuclei may occur so that casual examination may give a false impression 
of polymorphs.) Staining with Hortega's silver carbonate method for micro-



PLATE 40.1. Brain of guinea-pig with EAE showing widely disseminated peri
vascular lymphocytic accumulations. Closcr examination shows these cuffs to bf' 
around small veins. Haematoxylin and eosin X r8. 

facing p. ro66 



PLATE 40.2. (a) Inner angle oflateral ventricle shown in Plate 40.I. Note accumula
tions oflymphocytes limited to vicinity of sorne veins (lower right) but spreading 
out from others (above). Haematoxylin and eosin X 72. (b) 

(b) Oblique section through small vein showing lymphocyte cuff strictly limited 
to the Virchow-Robin space. Haematoxylin and eosin X 3 so. 

(e) Transverse section through small vein showing the cells of the perivascular 
cuff spreading out into the surrounding parenchyma X 3 so. 
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and oligo-dendroglia shows that even in the vicinity of small vcins where no 
mononuclear cells have accumulated, microglia may be activated though oligo
dendrocytes remain normal. The accumulation of lymphocytes around small 
veins occurs chiefly in the white matter though they are by no means limited 
to it and such cuffmg may accompany small veins inwards from the surface of 
the brain. The accumulated lymphocytes push aside the adjacent myelinated 
fibres so that in Weigert-Pal or Luxol Blue stained sections clear perivenous 
arcas occnr, though closer inspection shows them to be occupied by mono
nuclear cells and that very little if any actual myelin destruction has occurred. 
Whilst sorne of the mononuclear cells in the vicinity of a cuff are activated 
local microglia, sorne authors have thought them to be derived principally 
from the blood (Waksman 1959; Waksman & Adams 1962). Freund, Stern & 
Pisani (1947) statcd that myelin destruction did not occur in EAE of the guinea
pig and certainly it is of great rarity and minimal in degree. Silver impregnation 
shows that whilst many axis cylinders remain intact, those which traverse a 
large lesion may show irregular swelling and beading. Here (as elsewhere in 
neuropathological changes) axis clyinders are relatively resistant (Plate 40.3). 

A remarkable feature of EAE is the extraordinary way in which perivascular cell 
exudates may disappear completely if an animal which has recovered from 
severe paralysis is examined sorne weeks or months later. 

Increased vascular permeability is an early event in the development of EAE 
(Barlow 1956; Vulpe, Hawkins & Rozdilsky 1960; Ridley 1963; Seitelberger 
& Jellinger 1963) and this has recently been confirmed by electron microscopic 
studies (Lampert & Carpenter 1965; Levine et al 1965; Field & Raine 1966). 
These latter studies ha ve suggested to sorne authors (Lampert & Carpenter 1965) 
that sensitized lymphocytes attack myelin sheaths directly by insinuating them
selves into thc sheath along the line of the externa! mesaxon and gradually 
'unwinding' the myelin spiral. Others (Condie & Good 1959; Bubis & Luse 
1964; Field & Raine 1966) have found early changes in axis cylinders and the 
latter authors interpreted the appearances as best explained by the action of sorne 
diffusable agent rather than by direct attack by lymphocytes (Waksman's 
'messengers of death') 'primed' to 'home upon the target organ' (Plate 40.4). 
The changes in axis cylinders so clearly antecede those in myelin that to speak 
ofEAE as a 'demyelinating disease' is to emphasize differentially a feature which 
is apparently not primary. Anyone taking up a study of the disease without the 
years of conditioning imposed by the literature would have difficulty in recog
nizing it as a 'demyelinating condition' any more than JHM virus infection or 
visna. Indeed Adams & Kubik (1952) in a very careful survey of the morbid 
anatomy of the demyelinative disease wrote: 'Neuropathologists pretend to 
know what a demyelinative disease is,' and go on to give their opinion 'that 
there is probably no disease in which myelin destruction is the primary or 
exclusive pathologic change' and that 'the whole idea of a demyelinative disease 
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is more or less of an abstraction'. (Perhaps the ncarcst approximation is experi
mental diphtheritic neuritis.) 

EAE IN OTHER SPECIES 

In the rat (Lewis-Mai strain) EAE can readily be produced both with human 
brain (Field-personal observation) and with homologous material (Patterson). 
The ordinary laboratory white rat is susceptible to human brain but gives poor 
results with homologous material. Whilst the disease can be produced in 
rabbíts it sometimes requires more than one inoculation. Mice are not so suscep
tible (Olitsky & Yager 1949) but are rendered more so by preliminary injection 
with H. pertussís vaccine (Lee & Olitsky 1955). Mice also show a very marked 
genetically determined susceptibility to the disease (Schneider 1959). Dogs are 
also susceptible (Thomas et al 1950; Shiraki & Otani 1959). Very severe lesions 
may readily be produced in the rhesus monkey by a single inoculation of human 
white matter in Freund' s adjuvant. Lesions are often gross and confluent so 
as to be readily visible to the unaided eye (Plate 40.5). Haemorrhage (which 
is a rare occurrence in small rodents) is common and the condition is essentially 
a focal perivenous necrosis. Whilst all parts of the monkey nervous system may 
be affected, the cerebellum and mid-brain commonly show sorne of the most 
severe lesions (Plate 40.6). Animals which survive for sorne days may show 
many veins cuffed with sudanophilic compound granular corpuscles (Plate 40. 7). 
In the more severe lesions axis cylinders as well as myelin sheaths are destroyed. 

In the human, inoculation of foreign brain material may lead to an acute 
encephalomyelitis (Jellinger & Seitelberger 1958). When survival for sorne 
months has occurred, the lesions may heal with the production of areas closely 
resembling the plaques of multiple sclerosis (Uchimura & Shiraki 1957). These 
findings will be considered in more detail below. 

ENCEPHALITOGENIC FACTOR(S) (EF) 

PROBLEM OF ASSAY OF ENCEPHALITOGENIC 

fACTOR 

The encephalitogenic activity of a given preparation derived from nervous 
tissue is estimated by the proportion of animals in which it produces EAE when 
injected (with Freund's adjuvant) ata given dosage. Strain, sex, weight, nutri
tion, etc., of animals should be standardized as far as possible. A further diffi
culty arises because the proportion of antigen and adjuvant may affect the 
apparent pathogenicity of the antigen. In order to introduce sorne uniformity 
of method Kies et al (1957) established a disease index based upon clinical and 
histological evidence of disease. In this simple system, a score of o--5 is allotted 
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to an animal, thc highest score going to an animal which dies or has to be killed 
with severe paralysis within 30 days of injection. This disease index is far from 
perfect and has not been widely adopted, though it does afford sorne quantita
tion of results within a given laboratory. It has been much criticized (e.g. for 
not taking account of the day upon which paralysis appears) anda more com
plicated index which seeks to incorpora te the degree oflipaemia in EAE (a doubt
ful parameter of disease) has not been widely accepted. A full discussion of the 
quantitation of encephalitogenic activity is given in Chapter 7 of Kies & Alvord 
(1959). 

NATURE AND PROPERTIES OF 
ENCEPHALITOGENIC fACTOR (EF) 

Whilst there have been sorne suggestions that EAE may be produced by injection 
of tissues other than brain (Tal & Behar 1958) it is generally agreed that the 
antigen responsible for EAE is organ specific. In general, despite certain species 
differences, sorne of which ha ve been noted above, nervous tissue from warm
blooded animals (but not from fishes or amphibians) is able to produce EAE in 
other species. Much work has gone into the isolation, purification and character
ization of the 'encephalitogen'. Since poorly myelinated neonatal brain was 
deficient in encephalitogenic activity whilst white matter was much more 
potent than grey (Margan 1947), the agent was believed to be associated with 
myelin. Recently more direct evidence of the association of the encephalitogenic 
factor (EF) with myelin has been brought forward by Laatsch et al (1962) who 
showed that activity was essentially associated with the greatly enriched 'myelin 
fraction' prepared by differential centrifugation of brain homogenate. Early 
studies of proteolipids from brain depended u pon chloroform-methanol extrac
tion procedures. Within the last decade much more potent encephalitogenic 
factors have been produced. It is now clear, however, that EF from whatever 
source it is prepared has the character of a strongly basic protein resembling a 
histone. Roboz-Einstein et al (1962) isolated an EF from lyophilized bovine 
spinal cord by extraction with water or sodium acetate solution of defatted 
bovine nervous tissue (acetone and petroleum-ether treated). After various 
purification procedures the EF obtained was active in doses of 8 ¡.,tg (with 
Freund's adjuvant). Marion Kies about the same time developed a method of 
acid extraction of defatted nervous tissue (Kies & Alvord 1959; Kies et al 1961). 
Their most recent procedure, as applied to bovine cord or guinea-pig brain, has 
been described in detail by Kies et al 1965. Essentially the nervous tissue is 
defatted by prolonged extraction with chloroform-methanol mixture and the 
residue extracted with water and sodium chloride solution (when protein 
devoid of activity at the 0.1 mg level is removed). The leached residue is then 
extracted with 0.01 N HCl andas the pH falls to 2.5, encephalitogenic proteins 
are extracted. These are then precipitated with ammonium sulphate solution, 
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resuspended in a mínimum volume of 0.1 N HCl and dialysed overnight in 
Visking tubing against a large volume of distilled water. Approximately 1/;; 
of the original dry weight is recovered in the water-soluble non-diffusible 
fraction. This material may be lyophilized and stored. W ell-prepared material 
is capable of producing EAE in so/;; of guinea-pigs when injected in doses of 
1-2 J-Lg (with Freund's adjuvant). In this method the encephalitogenic activity of 
the fmal product is nearly one hundred times that of the original dry nervous 
tissue on a weight basis. 

EF, of whatever provenance, is strongly basic, though minor differences have 
been recorded (e.g. Caspary & Field 1965; Kies 1965; Wolfgram 1965). It has 
sorne remarkable properties. Thus it is unaffected when boiled for 1 hr or auto
claved for 15 min (15 lb sq. in.), either as lyophilized powder or made up in 
Freund's adjuvant (Caspary & Field 1965). Other experiments have shown it to 
withstand autoclaving for 6 hr. On standing at room temperature (especially at 
highly alkaline pH) it shows sorne loss of activity. It is susceptible to papain 
digestion (Kies et al 1965) and in sorne degree to tryptic digestion (Kies et al 
1965; Caspary & Field 1965) though it is possible that EF made by different 
workers may have slightly different sensitivities. 

The question of dialysability of EF is still unsettled. As long ago as 1949 
Hottle et al reported that the encephalitogenic principie of nervous tissue was 
dialysable. Robertson et al (1962) reported that dialysate had high encephalito
genic activity even at 5 J-Lg doses. More recently Lumsden et al (1966) and 
Carnegie & Lumsden (1966) have claimed that the active principie which passes 
the dialysis membrane is released by the spontaneous breakdown oflarger basic 
polypeptides and may have a molecular weight as low as 4400-4800. Nakao & 
Roboz-Einstein ( 1965) ha ve also isolated a dialysable encephalitogen from bovine 
spinal cord. However, the problem of dialysability is a complex one since the 
terms 'dialysable' and 'non-dialysable' are not absolute and the conditions of 
dialysis must be rigidly determined. Thus Thompson (r965) quotes Carr (r96r): 
'In dialysis with conventional membranes the non-diffusible substance has a 
particle weight of 40,000 or more. If the non-diffusible substance is smaller than 
this, thcn special effort must be made in selecting the proper membrane.' Kies 
et al (r965) agree that the basic encephalitogenic material obtained by acid 
extraction of defatted nervous tissue may be slowly dialysable under certain 
conditions but point out that dialysability is per se no indication of the peptide 
nature of EF. The question whether a small molecular weight peptide (about 
46oo) is indeed the encephalitogen (as claimed by Lumsden) and whether it 
exists as such or is merely an artefact of preparation (in the sense that it is broken 
offfrom a larger naturally occurring molecule) remains unsettled at the moment. 
What is clear, however, is that there appear to be severa! active encephalitogenic 
proteins obtained by various workers, amongst them a collagen-like material 
isolated by Kies et al (1958). 
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CIRCULATING ANTIBODIES 

\Vith the general acceptance of the notion that EAE is immunological in patho
gcnesis much attention had been devoted to studying antibody to brain in the 
blood of diseased animals. In studies carried out befare purified encephalitogens 
were available, complement fixation tests using brain suspensions or extracts 
were used. As the result of many such investigations it became clear that whilst 
complcmcnt fixing (cF) antibodies were demonstrable, their presence had no 
fixed association with the development of EAE (Freund et al 1947; Hill 1949) and 
this conclusion has been sustained by later studies. 

Since it has long been recognized that the use ofFreund's adjuvant results in 
the development of delayed-type hypersensitivity (Dienes & Schoenheit 1929; 
Freund 1947), attempts were made to find out whether delayed (tuberculin
type) sensitivity was developed in EAE (Waksman & Morrison 1951). These 
authors concluded that intracutaneous testing with saline suspension of homo
logous spinal cord gave reactions with the gross and histologic charactcrs of the 
tuberculin response. 

The isolation of highly purified encephalitogens has enabled much more 
precise studies of circulating antibody and of delayed-type hypersensitivity to 
be carried out. 

CIRCULATING ANTIBODY TO EF 

Although a numbcr of preparations of EF ha ve now been made from human, 
guinea-pig and bovine nervous material, few studies of antibody to EF have so 
far been undertaken. With the tanncd red cell method of Boyden, antibody 
to EF can be demonstrated in the blood of guinea-pigs immunized with brain 
and Freund's adjuvant, reaching its highest level at about 14 days, after which 
it tends to rcmain elevated for sorne time. Control animals injected with 
Freund's adjuvant alone likewisc showed antibody production against EF, 
though in lesser degree (Caspary & Field 1965). This accords with the suggestion 
that EF and mycobacterium share sorne common antigen (Field, Caspary & Ball 
1963). It is interesting in this connection to recall that Frick (1951) found that 
rabbits immunized with killed tubercle bacilli in lanolin and paraffin oil devel
oped antibody both to tubercle antigen and to aqueous MS brain extracts. 

Irnmww.fiuorescent studies of the ability of antisera prepared against nervous 
tissue or EF to combine specifically with myelin have been made. Staining of 
rabbit central nervous system myelin with conjugated serum from rabbits with 
EAE has been reported by Sherwin et al (1961) who found that myelinated fibres 
ofhuman spinal cord were also stained. These workers produced their antiserum 
with rabbit spinal cord, thus confirming the non-specificity of antibrain serum. 
Earlier Beutner et al (1958) obtained positive staining of rabbit spinal cord with 
serum from one of four rabbits immunized with the same material. Both 
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groups of workers noted that there was no rclationship between staining power 
of the antiserum and the onset of experimental disease in the animal from which 
the serum carne. The same divorce was noted by Field, Ridley & Caspary (1963) 
who found serum to be active long befare clinical illness was apparent and con
cluded that it 'seems unlikely, therefore, that the myelinfixing antibody can be of 
immediate pathogenetic significance in the production of EAE'. These workers also 
reported that whilst rabbit-antihuman brain serumattaches to guinea-pig myelin 
both central and peri pheral, a similar serum made against human peri pheral nerve 
combines only with peripheralnerve and nerve roots and is less avid than anti
brain serum. Recently Allerand & Yahr (1964) and Yahr & Allerand (1965) have 
reported upon the affinity of y-globulin for human glia and myelin. They found 
that the 7S fraction of both normal and abnormal spinal fluid or serum has a 
specific affinity for myelin sheaths and for astroglial cells. This specific staining 
was not seen with other majar fractions. Since no significant qualitative differ
ence could be found betwecn the y-globulins from either spinal fluid or serum 
by this method, the authors do not feel that positive results can be taken as 
indicative of an auto-antibody. However, Rauch & Raffel (r964) using EF 
isolated by Roboz-Einstein and co-workers from bovine cord, prepared a 
rabbit antiserum to EF and found it to stain specifically myelin sheaths in sections 
of normal human, guinea-pig and bovine spinal cord. They concluded that EF 
is localized in myelin and that it lacks species specificity. Recently Kornguth 
et al ( 1966) ha ve used an anti-EF serum to trace the appearance of EF in developing 
spinal cord. The discrepancy between these results and those of Allerand and 
Yahr remains unresolved. Pitfalls in the interpretation of immunofluorescent 
studies are well recognized and with EAE the method has on the whole given 
less clear-cut results than with experimental auto-immune thyroiditis (Balfour 
et al 1961; Bentncr & Witebsky 1962; Mcllors et al 1962). 

T1ssuE CuLTURE STUDIES 

Following the basic work of Margaret Murray, Edith Petersen and Murray 
Bornstein in the United S tates it became possible to maintain explants of neonatal 
rat cercbellum for sorne wceks and observe the developmcnt of myelin sheaths in 
vítro. Using such cultures as test objects Bornstein & Appel (1961) demonstrated 
the presence in the serum of animals with EAE of sorne factor which was capable 
of causing myelin destruction (with little or no accompanying altcration in axis 
cylinders). Cultures of newborn rat cercbellum begin to show recognisable 
myelin sheaths aftcr about 12 days in vítro, when they are most easily seen in 
bright field illumination. Only when they are relatively thick can they be 
recognized in polarized light. Many cultures show minar stigmata of degenera
tion in the form of blebs and beadings along the coursc of the myelin sheaths. 
Since thesc have a clase resemblance to the changes brought about by a toxic 



PLATE 40.3. Severe lesion in spinal cord of guinea pig with EAE. Normal axis 
cylinders to right. Those on the left are swollen, irregular and fragmented, and 
their myelin sheaths are destroyed. Bodian stain X 288. 
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PLATE 40.4. Electron micrograph of EAE lesion of guinea-pig, showing mono
nuclear cell infiltration round a small vein. Sorne are within the advential space 
around the vein (Lum = lumar) whilst others are present in the adjacent tissue. 
Early axonal changes in the form of an increased number of small dense mitochon
dria are present atA and B even though the myelin sheaths are here preserved. At 
C the sheath has disappeared leaving an axis cylinder crowded with degenerate 
mitochondria. There is no evidence of direct attack of sensitized lymphocytes u pon 
myelin. Reynold's stain X 36oo. (Preparation by C.S.Raine, B.sc.) 
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PLATE 40. 5· Coronal sections through brain of monkey with EAE, killed itt extremis. Therc are scattered necrotic haemorrhagic lesions 

which show no predilection for the angles of the ventrides. 

PLATE 40.6. Cerebellum of monkcy with severc EAE. Pcrivascular myelin destruction. Many lesions are confluent so that extensive areas 

of destruction are produced. Loyez stain X q. 



PLATE 40.8. (a) Culture of neonatal rat ccrebellum 2I days in vitro. Myelin shcaths 
appear as parallel bright lines f!anking axis cylinders. Bright ficld illumination. 

(b) Same field 24 hr after application of 33% serum from a case of active MS. 

Note widespread myelin destruction leaving only scattered debris X 860. 
(Preparations by D. Hughes, B.sc.) 



BRAIN AND NERVOUS SYSTEM 1073 

serum only perfect cultures can be used at the outset of a test. Application of a 
20-33/;; myelotoxic serum in nutrient medium results in the myelin sheath 
becoming irregular and beaded within a few hours and they then break up into 
myelin ellipsoids. At the same time adjacent glial cells swell up and by pressure 
cause the nerve fibres to become devious in their coursc. Swollen glial cells 
contain granules in Brownian movement and if the reaction is scvere the cells 
finally burst. A highly toxic serum may cause widespread devastation in a 
culture within rS hr (Plate 40.8). Silver staining shows, however, that axis 
cylinders remain well preserved. According to Bornstein the early stages of 
demyelination are reversible in that if the toxic serum is removed and replaced 
by normal nutrient mcdium, thc sheaths are gradually reconstituted over 2 or 
3 days. 

Bornstein' s animal results ha ve rccently been confirmed by Lamoureux ct al 
( 1966), though their photographs are difficult to interprct. They moreover 
rcport toxicity for nerve cells and glia and this is a material departure from 
Bornstein's claim of clear-cut and specific myelotoxicity. Appel & Bornstein 
(r964) have found the demyelinating factor in EAE rabbit serum to be y2-

globulin fraction requiring complement for its activity. The tissue-culture 
method is very sensitive, as little as r 11g of y-globulin being enough to produce 
dcmyelination. Their immunofl.uorescent study must, however, be viewed in 
the light of Allerand and Yahr's findings outlined above. From studies of 
human neurological disease, it is clear that myelotoxic factor is by no means 
limited to MS (for which EAE is commonly accepted as an experimental model 
-see below). Bornstein & Appel (r965), for example, found nine offifteen cases 
of amyotrophic lateral sclerosis to ha ve myelotoxic factor in the serum and this 
has been confirmed by Field & Hnghes (r965). In a further critica! study of the 
tissue-culture method, Hughes & Field (1967) have detailed sorne of the diffi
culties in asscssing experimental findings. As with antibody to EF it seems very 
possible that circulating myelotoxic factor may be the rcsult and not the cause 
of dcmyelination (such as it is) in experimental allergic encephalomyelitis. 'The 
failure to transfer EAE in JJÍtro with large amounts of serum is a serious objection 
to the etiological significance of circulating demyelinating antibodies', write 
Appel & Bornstcin (r964) and suggest that antibody may be only one of several 
factors in the pathogenesis of the disease. 

Recently Bornstein & Crain (r965) have found serum from animals with EAE 

(at concentrations of ro-25/;;) to cause extensive alterations in the bioelectric 
properties of myelinated cultures long before morphological changes are 
demonstrable. Cerf & Carels (r966) have likewise shown a complement
dependent factor in thc serum of acute multiple sclerosis patients capable of 
producing reversible alterations in the bioelectric response of isolated frog 
spinal cord. It is possible that access of such serum factors to nervous tissue 
around small vessels whose blood-brain barrier is lowered in the early stages of 
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EAE (see above) may be responsible for mild or transient disturbance both in 
animal and human disease. 

It has been claimed that serum from EAE animals (and MS cases) is specifically 
gliotoxic. Unfortunatcly a high proportion of normal sera, especially when 
applied in high concentration to exposed glial cells with delicate branched 
processes in vítro, exhibit sorne degree of toxic activity. Bcrg & Kallen (1962) 
exposed glial cells to roo/.; serum. In our own experience results with serum 
more conccntrated than 33/.; are to be treated with the greatest reserve. 
Actually whenever 'myclotoxic' activity is seen in a culture treated with a 
dilutcd serum, glial cells amongst the nerve fibres also show degenerative 
changes. 

DELA YED HYPERSENSITIVITY 

CUTANEOUS HYPERSENSITIVITY 

The observations on delayed-type skin hypersensitivity made with crude brain 
extracts by W aksman & Morrison ( 19 Sr) ha ve been greatly extended since highly 
purified EF has become available. Much of this work has come from Marion 
Kies, E.C.Alvord, Jr. and their associates. Delayed-type hypersensitivity 
reactions may readily be elicited in rabbits with homologous or heterologous 
neural antigens (Waksman I9S6; Hill 1949). However, in guinea-pigs only heter
ologous reactions were at first described (Waksman I9S9; Chase I9S9; Field 
1961; Caspary & Field 1963) and this anomaly appeared especially puzzling 
since the guinea-pig is so sensitive in the production of EAE. Caspary & Field 
(r96S) found no sensitivity to r 11g of human EF introduced intradermally, 
though a markedly positive result was shown by non-encaphalitogenic aqueous 
extract of whole brain (r 11g of the EF with adjuvant was itself able to produce 
the disease). More recent work suggests that much higher intradennal doses of 
EF may be necessary to clicit a delayed-type response, though there is always the 
danger that such high doses (so 11g) may carry appreciable impurity with them. 
In a well-planned series of experiments designed to test the development of 
delayed-type hypersensitivity Shaw et al (r96s) found it to be maximal about 
II days after challenge. In this work IS 11g of EF was used in o.r ml, though 
only r J1 of PPD in simultaneous tests with purified protein derivative of M 
tuberculosis. With doses of 2S or so Jlg in tlús laboratory it has been confirmed 
that positive reactions (as measured by diameter of erythema around injection 
site) occur after about 9 days, though induration is relatively slight. 

In general, then, delayed-type skin hypersensitivity can be demonstrated with 
purified antigen provided a large enough dose is injected into the skin and ap
pears greatest shortly befare the onset of neurological disturbance. Shaw et al 
(loe. cit) maintain that the reaction to a test carried out at ro days is a good 
prcdictor of the onset of EAE within the next week. sin ce all with a strongly 



BRAIN AND NERVOUS SYSTEM 1075 

positive reaction (u mm or more) developed EAE by 17 days, whilst none with 
negative reactions (4 mm or less) did so. 

TRANSFER STUDIES WITH SENSITIZED CELLS 

Failure to induce EAE by intravenous or other administration of serum from 
animals in various stages of the disease has been referred to above. That transfer 
was indeed feasible was shown by the experiments of Freund & Lipton (1955) 
with parabiotic rats, when sorne success was achieved in establishing lesions of 
EAE in the parabiotic partner if the other was challenged with encephalitogenic 
mixture. These experiments could not by their nature distinguish between serum 
or cellular transfer; or indeed indicate whether both factors might be at work 
simultaneously. Moreover, EAE developed in the unsensitized partner 8 or 9 days 
after it was placed in parabiosis with the injected animal. However, although 
transplacental passage of antibody is known to occur in the guinea-pig, no 
lesions are found in the offspring of sows which come to term during the devel
opment of EAE. Failure to induce EAE by passive transfer of serum cannot be 
simply a failure of a circulating antibody to penetrate the blood-brain barrier 
since measures designed to breach it (e.g. production of a brain wound) do not 
facilitare development of the disease. On the other hand EAE localizes in and 
around lesions induced by cyanide (Levine 1960), reminiscent of the manner in 
which their location can be predetermined by setting up electrolytic damage 
before challenge with encephalitogcnic mixture (Clark & Bogdanove 1955). 
Presumably in both Clark's and Levine's experiments, lowered blood-brain 
barrier was a factor in localizing the disease. The demonstration that 'myelo
toxic antibody' is present in the serum of animals with EAE suggests that further 
attempts at transfer with serum should be made. It may be that massive doses 
over a narrow segment of time may be necessary (Chase 1959). 

With the recognition that EAE was associated with a tuberculin-type delayed 
hypersensitivity to brain and that delayed-type sensitivities in general are 
referable to sensitized cells of the lymphocytic series (Chase 1945, 1954), many 
attempts have been made to transfer EAE by means of lymphocytes from a 
challenged animal. Early work was uniformly unsuccessful and contrasted sharply 
with the ready transfer of sensitivity in other cases (e.g. to tuberculin). Many 
difficulties stand in the way of a successful transfer by means of white cells 
(summarized by Chase 1959). Thus the lymphocytes must be viable; the donor 
must be highly sensitized and this will determine the number of cells necessary 
for the transfer; sometimes cells of sufficient number can only be obtained from 
several donors; and there may be a critica! time at which cells are harvested. 

The first success with sensitized lymphocytes was reported by Paterson (1960) 
using recipient rats which had been rendered tolerant of the donor lymph cells 
so that these might enjoya prolonged survival time. This was achieved by pre
treating recipient rats neonatally with normal rat spleen cells and resulted in 
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Satisfactory transfer. Splenectomy of the donor (originally carried out in order 
to provide lymphocytes for inducing tolerance in the recipient) was at first 
believed to be a factor facilitating successful transfer, though later experiments 
showed it to be unnecessary (Paterson 1960). This manreuvre had been de
signed to induce homograft tolerance (Woodruff & Simpson 1955; Woodruff 
& Sparrow 1957; Ashley et al 1958). Sorne success was also achieved by Koprow
ski et al (r96o) using highly inbred Lewis rats. They found histological evidence 
of EAE in four of forty-eight recipient rats, though none showed clinical signs. 
One of the four animals had received sensitized lymphocytes intracerebrally. 

Later Koprowski (1962) used X-irradiated recipients for the injection of 
sensitized lymphocytes from splenectomized donor rats and noted that transfer 
results were in general better in females than in males. X-irradiation was like
wise used by Astro m & W aksman ( r 962). It is interesting to note that Field 
(r96r) found that X-irradiation increased rather than diminished (as expected) 
susceptibility of Hartley guinea-pigs to challenge with encephalitogcnic mix
ture. Stone (r96r) using highly inbred strain 13 guinca-pigs was ablc to achieve 
transfer by lymphocytes, the disease being described (on clinical grounds) as 
'scvere or lethal'. Unfortunately none of the accounts given by Paterson, 
Koprowski or Stone includes a full histological description with adcquatc 
photomicrographic records. When these do appear in the paper by Astrom & 
Waksman (1962), they show very mild lymphocytic infiltration of the men
inges. Since the rabbits used in this work were known to harbour encephalito
zoon cuniculi which can produce similar mild lesions, their signifiCance is 
difficult to assess. In our own laboratory attempts to transfer EAE in strain 13 
animals have not been successful. Even whcn 'primcd' lymphocytcs have been 
inoculated intraccrebrally (6o x ro6 cells) there has been no trace of EAE either 
near or away from the site of injection. It seems probable that Lewis rats are 
more amenable to this sort of experiment than guinea-pigs (Paterson 1966). 
Evcn in the Lewis rat, however, only 'a few recipients exhibited typicalneuro
logical signs' of EAE and these appear to ha ve all been females. What success there 
h.1s been in transferring EAE with lymphocytes seems dependent u pon prolonged 
survival of the transferred cells by ensuring histocompatibility (i.e. using highly 
inbred animal strains) or immunological tolerance. The difficulties in the way of 
successful transfer of EAE contrast with the relative ease with which other delayed 
hypersensitivities may be transferred and the same applies to other 'experimental 
auto-immune diseases' involving peripheralnerve, thyroid or testis. 

Sorne of the transrnission experiments with lymph-node cells (LNc) have 
been carried out with the regional nodes draining the inoculation site. These 
nodes became markedly enlarged (see above) and must contain a ccrtain amount 
of the original inoculum. The first-station draining no des often show islands of 
necrotic polymorphs, very large numbers of macrophages and relatively few 
plasma cells. Second-station or more distant nodes are thcrefore to be preferred 
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for transfer attempts. However, there is good evidence that antigenic material 
soon becomes disseminated in the body, so that extirpation of the regional 
lymph node 1 hr after inoculation does not interfere with the production of 
disease (Frcund & Lipton 1955). Thcse authors also found oil droplets and the 
cellular reaction usually seen about mycobacteria in paraffm oil appear in other 
lymph nodes and in the lungs. Transfer experiments with regionallymph nodes 
are thus open to the objection that small amounts of antigen may have been 
carried across with cells (cf. Paterson 1966, p. 106). There is, however, evidence 
that circulating lymphocytes in the blood of sensitized animals are able to 
transfer the disease if given to recipients in sufficiently large numbers (W enk, 
Levine & Warren 1967). This accords with the demonstration by Rauch & 
Raffel (1965) using an immunofluorescence method that lymphocytes (lymph 
node) from animals with EAE can take up EF. This is an important finding in 
implicating a cellular mechanism in the pathogenesis of the condition. 

TISSUE CULTURE STUDIES WITH 
SENSITIZED CELLS 

Koprowski & Fernandes (1962) described what they called 'contactual agglutina
tion' of sensitized lymphocytes to glial cells in culture. Instead of the usual neo
natal rat cerebellar cultures they used explants of newborn puppy brain and 
found that LNC from rats with EAE adhered to the surface of these cells in clumps. 
Later there was degeneration of the glial 'target' cells. Best results were obtained 
with LNC obtained about 9 days after the animal was injected. Using newborn 
rat cerebellar cultures in which glial cells are more clearly differentiated than 
appears from Koprowski's photographs, it has not been possible to obtain 
evidence of contactual agglutination in experiments set up in this laboratory. 
Further experiments by Koprowski and Fernandes raised the possibility that 
small amounts of 'circulating factor' might be located on lymphocytes and be 
responsible for the aggression of the lymphocytes towards glial cells ('lympho
cyte cytophilic antibody'). Winkler (1965) has reported in vitro demyelination 
of peripheral nerve (trigeminal ganglion) with sensitized lymphocytes, though 
he was notable to see the 'contactual agglutination' described by Koprowski. 

MACROPHAGE MIGRATION SYSTEM 

Macrophages play a prominent part in the skin-delayed hypersensitivity reaction 
(Dumonde & Glynn 1965) and appear to be derived largely from the monocytes 
ofblood (Spector et al 1965). When sensitized animals (showing a delayed-type 
skin reaction) are injected intraperitoneally with the soluble antigen, adherence 
of macrophages to each other and to the peritonium is found, suggesting that 
these cells have been sensitized (Nelson & Boyden 1963). Techniques have now 
been evolved for studying quantitatively the migration of macrophages 
(George & Vaughan 1962; David et al 1964) and recently extended to the study 
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of EAE (David & Paterson 1965). They found that macrophages from guinea
pigs with delayed hypersensitivity were inhibited from migrating by adult 
rat nervous tissue (actively encephalitogenic), but not by neonatal rat brain 
(non-encephalitogenic). Work in this laboratory (Hughes & Field 1968) with 
purified EF (from human brain) has confmned specific inhibition both with 
animals challenged with EF and with whole brain. Sensitivity of macrophages 
was first detected about 5 or 6 days (at about the time when appreciable skin 
hypersensitivity is demonstrable) and is maintained for 122 days after challenge, 
but appears weak after 5 months. There is sorne evidence, too, that kidney anti
gen may inhibit macrophage migration, though less strongly as a rule than 
brain. There is other evidence, too, that brain and kidney have a common 
antigen (Caspary & Field 1963; Caspary et al 1964; Winkler & Arnason 1966). 
It has recently been recognized that the apparent sensitivity of 'sensitized' 
macrophages to antigen may in fact result either from the presence of sensitized 
lymphocytes which are stimulated by presence of the antigen to a further pro
duction of antibody (Bloom & Bennett 1966) orto adsorption of 'cytophilic' 
antibody. The mechanism of the macrophage immobilization test is by no 
means settled. As with other 'delayed-hypersensitivity' tests there is sorne evi
dence indeed that it may involve a cytophilic antibody. The subject is discussed 
by Dumonde (1967). 

ÜTHER 'T ARGET SYSTEM' STUDIES 

Clarke & Geiger (1964) have found that the serum of guinea-pigs with EAE 
caused release of free fatty acid from slices of rat cerebrum whilst normal serum 
was without effect. Since this property of serum was found to reside in the 
globulin fraction the authors concluded that an antibody might be involved. It 
is interesting to recall that many EAE sera have a high fat content and this has 
been used in establishing a disease index (see above). Another system for detect
ing circulating antibody (Caspary & Comaish 1967; Caspary & Field 1967) has 
recently used the liberation of C 14-labelled serotonin from platelets asan index of 
antigen-antibody reaction (cf. Humphrey & Jaques 1955). By this means it is 
possible to demonstrate circulating antibody to EF in cases of MS and the method 
might well find application in the study of EAE. 

Further evidence of sensitization of lymph-node cells in EAE comes from the 
demonstration by Kornguth & Thompson (1964) that EF will stimulate protcin 
synthesis in LNC of animals injected with brain tissue or EF (in Freund's adjuvant). 

PREVENTION OF EAE RESPONSE 

lNJECTION OF BRAIN OR COMPLETE ADJUVANT 

Protection against the development of EAE on challenge with a potent encepha
litogenic mixture was shown many years ago by Ferraro and his co-workers 
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(r949a, b, I95ü) who found that prior injection of brain emulsions prevented 
an encephalitic reaction. They were inclined to believe that a deposit of injected 
nervous tissue might act as an auxiliary 'brain' which took up the antibodies 
responsible for EAE and so shielded the animal's own nervous system. It has long 
been recognized that guinea-pigs which recover from an attack of EAE are 
relatively immune to further challenge. Protection is also seen when guinea-pigs 
are given inoculations of Freund' s adjuvant befo re challenge with a potent 
encephalitogenic mixture (Kies & Alvord I958; Svet-Moldavsky and co-workers 
I958, I959, 1960). An analysis of the factors in tubercle bacilli responsible for 
protection was made by Cunningham & Field (r965) who found tubercle cell 
wall, intraccllular tubercle material and PPD to be active, whilst mycolic acid, 
lipopolysaccharide and its derivatives were inactive. Enccphalitogenic material 
extracted from nervous system is also protective (Shaw et al r96o) especially 
when injected in incomplete adjuvant. 

EAE CONVALESCENT SERUM 

In addition to their possible role in producing EAE, antibodies in the serum of 
animals which have developed disease can exert a protective action when 
administered to other animals challenged with encephalitogenic mixture 
(Paterson & Harwin I963). These authors claim that the protectant is a I9S 
complement frxing (cF) antibody though there was no clase relation between 
CF titre of scrum and suppressive activity. This promising approach to the 
problcm of protection against EAE deserves further study since unresolved 
difficulties remain and it is possible that a specific desensitization may be brought 
about (Uhr & Scharff I96o). Thus, it has, for example, been shown that guinea
pigs immunized with EF show high agglutination but low CF antibody titre, 
though they are resistant to challenge with encephalitogenic mixture (Caspary 
et al 1966). Species differences are undoubtedly of importance in this problem 
and Paterson (r966) has sought to establish an inverse ratio between CF antibody 
production and devclopment of EAE. Whilst treatment of convalescent serum 
with 2-mercapto-ethanol, which destroys CF (r9S) antibody, also abolishes 
protective activity against EAE, administration of the drug in vivo is without 
influence on the disease (Caspary & Simpson r964). 

X-IRRADIA TION 

Since it is known that whole-body X-irradiation may suppress immuno
logical reactivity if treatment is carried out befare challenge (Uhr & Scharff 
I96o), the effcct of similar treatment in suppressing EAE has been investigated. 
There are, of course, considerable species differences in tolerancc of whole-body 
irradiation and corrcspondingly different effects on the devclopment of the 
disease. Thus Field (r96r) found that guinea-pigs given I50 r whole-body 
irradiation (the maximum dose tolerated without obvious ill cffcct) r8 hr befare 
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challenge (i.e. at a time when maximal effect u pon antibody formation might be 
expected (Taliaferro 1957)) did not exhibit suppression of the disease. Indeed, its 
severity was increased and a similar finding in rats was reported by Allegretti & 
Matosic (1961); Allegranza (1959) irradiated guinea-pigs 7 days before challenge 
without effect. 

Paterson & Beisaw (1963), however, working with Wistar and Fisher rats 
(which tolerate doses of X-rays up to 6oo r) reportcd that treatment 21 or 26 
hr before challenge exerted a marked depressant effect. The difference in results 
between Paterson on the one hand and Allegretti and Matosic on the other is 
difficult to explain. Condie & Nicholas (1962) have reported supprcssion by 
preliminary X-irradiation in the rabbit. 

IMMUNOSUPPRESSIVE DRUGS 

SALICYLATES 
Salicylates were reported by Good et al (1949) to have some inhibiting effect 
upon the development of EAE if given early and in high doses (0.3 g/kg body 
weight) by subcutaneous injection. Such doses constitute an appreciable stress to 
the animal (Field & Miller 1961) and it may well be the action is mediated through 
ACTH release (see below). Field and Miller found salicylates effective ifbegun at 
the time of challenge or even a week later. 

ADRENOCORTICOTROPHIC HORMONE (ACTH) 
AND PREDNISOLONE 
Corticotrophin was reported by Moyer et al (1950) to be effective in suppres
sing EAE especially if treatment was begun before challenge. Gammon & 
Dilworth (1953) claimed that intensive treatment with very high doses of corti
cotrophin (5 mg) 6 hourly resulted in a curative effect in animals with paralysis. 
Field & Miller (1961), however, found ACTH to have only a very limited thera
peutic effect in established EAE, chiefly in eliminating residual neurological 
deficit in those which recovered. Cortisone has also been reported effective 
(Kabat et al 1952) and since there is a general impression amongst neurologists 
that the therapeutic response of acute episodes of multiple sclerosis to cortisone 
and prednisone is significantly inferior to that obtained with corticotrophin 
(Paulley 1957, 1959, 1961; Alexander et al 1961), Field & Miller (1962) compared 
the efficacy of prednisolone and corticotrophin in prevention of EAE in guinea
pigs and concluded that ACTH was the more effective. Ross et al (1958) claimed 
that prednisolone intensified EAE but this is contrary to the experience of all 
other workers. Whether these drugs act by an antiphlogistic effect (as seems 
probable) or by suppression of antibody production is uncertain. 

6-MERCAPTOPURINE 
This drug was shown by Schwartz et al (1958) to suppress humoral antibody 
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formation in rabbits. Hoyer et al (r962) found that EAE could be prevented by 
administration of 6-MP. Large doses were given intravenously to rabbits (up to 
12 mg/kg body weight per day) and though this resulted in 20/:; mortality 
from the drug alone, the authors reject failure to respondas due to non-specific 
toxicity, debility or anti-inflammatory activity. When the dose of 6-MP in 
guinea-pigs was so limited that animals appeared healthy and gained weight (5 
mg/kg body weight per da y), then a deleterious effect was observed in that the 
time of onset of disease in guinea-pigs was significantly reduced. Histological 
lesions were in general more severe and characterized by fragmentation of cell 
nuclei in the perivascular cuffs (Field & Miller 1961). Thomson & Austin (r962) 
found guinea-pigs treated with 6-MP to show minimally more severe urinary 
incontinence but otherwise there was no changc in the EAE picturc. eertainly the 
drug did not protect. Field (1967) has used Immuran by mouth in guinea-pigs 
and found no protection so that thc drug (in the guinca-pig) is certainly less 
effectivc than cyclophosphamide. 

eYCLOPHOSPHAMfDE AND METHOTROXATE 
This drug is highly efficacious in suppressing EAE after potent challengc. ealne 
& Leibowitz (r963) found that cyclophosphamide in doses of 20 mgjkgjday and 
methotroxate in doses of 5 mg/kgjday intraperitoneally wcre highly suppres
sive. Unpublished work in this laboratory has confirmed these results. The sup
pression is accompanicd by severe diminution in circulating leucocytes and by 
disappearance of clelaycd hypersensitivity to 50 f.l.g of EF inoculated intraclermally. 

ANTI-LYMPHOCYTE SERUM 

It is possible to prepare an antiserum against lymphocytcs and this can be used 
to suppress rejection of grafted tissue. Waksman et al (r96r) used such rabbit 
serum prepared against guinea-pig lymph-node cells to lower the circulating 
lcvel of blood lymphocytes of guinea-pigs and this resulted in a marked sup
pression of the tuberculin reaction, contact allergic reactions and the 'delaycd' 
type of skin reaction to purified cliphtheria toxoid. There was also a relative 
suppression of allergic cncephalomyelitis. 

DIETARY fACTORS 

Mueller et al (r962) found that guinea-pigs maintained on a vitamin e deficient 
diet failed to develop EAE when challcnged with potent encephalitogenic mix
ture. At the same time tuberculin sensitivity, as measured by the PPD skin 
reaction was also abolished. U pon restoration of vitamin e the animals recovered 
their sensitivity to PPD but did not develop EAE. Szego (r965) has confirmed that 
scorbutic guinea-pigs fail to develop EAE and shown that the low copper concen
tration in blood found in such animals is not the responsiblc factor. The mechan
ism of vitamin e action in the dcvelopment of EAE is unknown. 
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THYMECTOMY 

Thymectomy in the neonatal rat was found by Arnason et al (r962a and b) to 
result in a marked reduction in incidence of EAE as compared with sham oper
ated control animals, and also marked depression of delayed hypersensitivity to 
serum albumen. Newborn thymectomized rats, however, also show diminished 
ability to make circulating antibody, so that these expcriments per se cannot 
distinguish between the mcchanisms at work in the disease. Howevcr, in the 
chicken whilst thymectomy depresses thc dcvelopmcnt of delayed-type hyper
scnsitivity, it does not interfere with antibody production. On the othcr hand 
removal of the bursa of Fabricius does not interfere with the development of 
delayed hypersensitivity and such birds can develop EAE (Jankovic & Isvaneski 
1963). Removal of thc thymus on the day ofbirth in Hartley guinea-pigs does 
not appreciably alter the animals' ability to dcvelop EAE when challenged after 
it has attained maturity (personal observation). 

RELATIONSHIP OF EXPERIMENTAL 
ALLERGIC ENCEPHALOMYELITIS TO 

MULTIPLE SCLEROSIS AND POST
EXANTHEMATOUS ENCEPHALITIS 

" Although the lcsions of multiple sclerosis were first illustrated more than a 
century ago ( Carswell r 8 3 8) and a strikingly modern clinical and pathological 
account of thc disease set out nearly a hundred years ago (Charcot 1868, r872) 
virtually no progress in our understanding of the disease othcr than accumula
tion of descriptive detail was made until the announcement by Rivers in the 
mid-thirties (see above) that an experimental encephalitis accompanied by 
myelin destruction could be produced in laboratory animals. Against this sombre 
background the new discovery was naturally hailed with considerable hope and 
expectancy, for it could provide a laboratory model which would soon lead to 
clarification of the pathogenesis and therapy of multiple sclerosis. Thirty years 
of intensive work in many laboratories have not realized this hope and as a 
result there has been a certain rethinking of the possible relationship bctween 
EAE and human demyclinating conditions. The allergic nature of EAE can now be 
accepted as established, especially sincc transfer with sensitized lymphocytes has 
been achieved, though further experiment may be expected to clarify conditions 
for successful transfer and bring the condition more into line with other delayed 
hypersensitivities. On the other hand the status of multiple sclerosis as an auto
allergic disease or even as due primarily to some immunological reaction is far 
from secure. Whilst abnormal immunological findings are certainly present in 
the condition, their primary nature is doubtful since many are shared with other 
neurological disturbances associated with destruction of nervous parenchyma. 
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Post-infectious encephalomyelitis (occurring n-16 days or so after common 
infectious fevers or Jennerian vaccination) was first suggested by Glanzmannin 
1927 to be immunological in nature and largely on the grounds of pathological 
affinity with MS (perivascular cuffing and demyelination) this inspired guess was 
taken up and extended to multiple sclerosis by van Bogaert (1932). The idea 
received powerful support from Pette and his colleagues of the Hamburg 
school, the publication of whose monograph in 1942 was a landmark in the 
evolution of our concept of auto-allergic disease. Pctte introduced the term 
'neurallergy' and developed an attractive unitarian hypothcsis which assigns 
essentially the same pathogenesis to vaccinal encephalomyelitis, post-exanthe
matous encephalomyelitis and multiple sclerosis. This unifying and intellec
tually seductive hypothesis visualizes a whole 'spectrum of demyelinating disease 
ranging from the most acute cases of frankly post-infective or post-vaccinal 
encephalitis or myelitis at one end of the scale, to the insidious and remorselcssly 
progressive chronic spinal form of multiple sclerosis ... at the other' (Miller & 
Schapira 1959). These authors see 'good reasons to includein such a spectrumalso 
a number of other syndromes such as acute haemorrhagic leucoencephalitis 
(almost certainly a manifestation ofhypersensitivity) and Schilder's disease (now 
widely regarded as an analogue of multiple sclerosis) ... '. O ver the years the 
unitary hypothesis has been strongly supported by distinguished experimental 
neuropathologists such as Ferraro and Alvord, and that MS has an immuno
logical pathogenesis is current majority view. 

Only when observational evidence in support of this hypothesis is sought do 
difficulties arise. Miller & Schapira (r959) themselves point out that 'to have 
induced acute disseminated encephalomyelitis in animals is not ... to have 
reproduced multiple sclerosis, and these important observations ha ve thrown no 
new light on the crucial problem of the relationship between these acute self
limited clinical and experimental syndromes on the one hand and the relapsing 
self-perpetuating course of the chronic human disease on the other'. For it is a 
disconcerting fact that no one has succeeded in reproducing plaques resembling 
those of MS in experimental animals. Kersting & Pette (1957), in presenting 
their own production of EAE in monkeys, review previous efforts by Ferraro and 
others and urge caution in carrying over results from one species to another. lt 
is surprising that the gross lesions readily produced in monkeys do not heal with 
macroscopic scars. At most, slight gliosis around blood vessels, but nothing 
approaching an MS plaque is found, though it may be that plaque production 
is something specific to the human nervous system. Certainly EAE can be pro
duced in the human as the case reported by Jellinger & Seitelberger (1958) 
clearly shows, where the result of repeated injection of sterile bovine nervous 
tissue was a massive confluent disintegration of brain parcnchyma chiefly at the 
angles of the lateral ventricles. This was an acutely produced disease and the 
extraordinary findings in certain cases of neuroparalytic accident occurring 
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during the Pasteur treatment of suspected rabies (Uchimura & Shiraki 1957) 
are even more striking. These subjects survived acute neurological illness for 
some months and at autopsy scattered lesions in the central nervous system very 
closely resembling those of MS were found. Whilst the individual lesions in 
Shiraki's preparations closely resemble multiple sclerosis plaques and would be 
accepted as such by most neuropathologists, some are disinclined to accept 
them as MS chiefly on the grounds that 'inflammation and oedema are dis
proportionately great to the demyelination and lipid breakdown, and that the 
lesions are evidently monophasic and non-progressive peripherally' (Lumsden 
1961). Here again a fundamental difference between experimental disease 
(whether produced in animals or man) and multiple sclerosis is brought out
the chronic, progressive character of the latter in the majority of cases (though 
non-progressive cases~formes Jrustes-were described long ago by Charcot). 

Attempts to produce chronic experimental allergic encephalomyelitis in 
monkeys (Ferraro & Cazzulo 1948) and guinea-pigs (Stone & Lerner 1965) have 
not yielded the pathological picture of MS though the former authors reported 
clinical remissions and exacerbations in their animals. The usual acute EAE is 
essentially a closed episode illness with considerable immunity developing 
against subsequent challenge (see above). Both clinically and pathologically it 
bears considerable resemblance to post-exanthematous encephalitis. Indeed EAE 

may fairly be regarded as the laboratory model for vaccinal or post-infectious 
encephalomyelitis, and the recently described hyperacute form of EAE (Levine & 

W enk 1964) bears some resemblance to haemorrhagic leucencephalitis. 
Few antibody studies in MS using modern highly active EF as antigen have so 

far been published. Field et al (1963) found antibody to EF present in the blood 
of MS patients with a significantly greater frequency than normal. Since the 
same was, however, true of other degenerative conditions of the nervous system 
(notably general paralysis of the insane), it was concluded that antibody to EF 

is probably an effect rather than a cause of myelin destruction. Skin tests with 
EF (at 1 11g) ha ve been negative, a fmding confirmcd by Cendrowski (1966). This 
confirms earlier negative findings using brain suspension as test antigen carried 
out by Stauffer & Waksn1an 1954 (who also reported normal results with 
tuberculin) and Broman et al (1960), though Bohme et al (1963) reported equi
voca} results when they used a (poorly encephalitogenic) proteolipid-A as 
antigen. They concluded that their results 'do not favour the view which con
siders multiple sclerosis a delayed-type hypersensitivity reaction against myelin 
antigen' though 'some inununological process might very well be involved'. 
Johnson & Miller (1963) found no difference in skin reactivity to tuberculin in 
MS patients as compared with normal subjects, though Canetti & Lacaze (1940) 
had previously reported that Mantoux reactions were significantly greater in 
patients suffering from misccllaneous nervous diseases. Smith et al (1961) on the 
other hand found evidence of anergy to tuberculin in their female patients with 
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MS. There is sorne evidence, too, that MS patients ha ve a lesser capacity to produce 
circulating antibody than normal people as shown by response to a booster 
inoculation of TABT (Wellcome) (Field et al 1961). The controversy as to skin 
sensitivity exists also in rclation to abnormal reactivity of the lining of the sub
arachnoid space to purified protein derivative (PPD) of tubercle bacillus (Smith 
et al 1957; Marshall& O'Grady 1959; O'Grady et al 1962). Marshall and O'Grady 
maintained that the a!tered reactivity of the subarachnoid lining cells vis-a-vis 
PPD is not limited to multiple sderosis but occurs also in a number of degenera
tive nervous diseases. It may be that these findings are explicable on the basis of 
antigen sharing between EF and tuberculin (Field et al 1963). 

The same non-specificity exists in sorne measure for the myelotoxicity of 
serum from cases of multiple sclerosis for cultures of neonatal rat cerebellum 
since two-thirds of motor neurone disease sera are also toxic. Lamoureux & 
Borduas (1966) ha ve recently claimed that these sera are toxic not only to myelin, 
but also to glial cells and neurones-a significant departure from the claim made 
by Bornstein and probably referable to technical differences. The problem has 
recently been discussed by Hughes & Field (1967). Lamoureux and Borduas, 
admitting that conditions other than MS may show cytotoxicity, suggest that 
'these other neurological diseases could, of cotme, resemble multiple sclerosis in 
pathogenesis in being caused by an abnormal immune response in the central 
nervous system'. Antibodies to brain or EF were indeed found in amyotrophic 
lateral sclerosis (Roemer et al 1953; Field et al 1963) but the simplest explanation 
of their presence is to regard them as consequent u pon myelin destruction rather 
than a cause of it. 

A!l in all the evidence that MS is related to EAE is largely that from analogy, and 
this is much more cogent for the relation between EAE and post-infectious 
encephalomyelitis. The enigma of continued progression or recurrent episodic 
illness in MS apparently quite unrelated to an exciting agentremains. In animal 
experiment repeated exhibition to antigen cannot produce such a phenomenon. 
The place of MS amongst the auto-allergic diseases though one of the earliest is 
perhaps the least secure. 

Failure to establish a secure common immunological basis for EAE and MS 

does not, however, rule out the participation ofimmunological processes in the 
evolution of the clinical picture of the disease. Evidence has recently been brought 
forward that MS may be another example of a 'slow' virus infection with patho
genetic resemblances to scrapie and kuru (Palsson et al 1965; Field 1966; Beck 
et al 1966). It may we!l be that whilst the primary mechanism in MS is that of a 
'slow' virus infection many features of the condition may result from immuno
logical phenomena, e.g. platelet dumping in small veins, as postulated by 
Field et al (1963). 
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ALLERGI C ADREN ALITIS. Conclusions 

PAN CREAS 
Pancreatic antibodies in man: Expcrimentally produced pancreatic 
antibodies: Discussion: Conclusions: Diabetes mellitus 

PROSTATE 
Prostatis in man: Experimental animal studics 

LIVER 

INTRODUCTION 

This account is concerncd almost cntircly with active chronic hepatitis and 
primary biliary cirrhosis. Beca use of the confuscd state of thc nomenclature of 
chronic liver disease, it is necessary to state at the outset that the term cirrhosis 
is used here, as by most writers on the subject, to indica te the late stage of various 
types of liver injury, in which there is fibrosis throughout the liver, the paren
chyma being divided by fibrous tissue into nodules which exhibit loss of the 
normal 'lobular' architecture and evidence of continued liver cell destruction 
and attempts at regeneration. The term active chroníc hepatitis is applied to all 
stages of a chronic liver disease which cannot be defmed bricfl.y or precisely, but 
which is described below. This condition has also been called plasma cell 

1095 



CLINICAL ASI'ECTS OF IMMUNOLOGY 

hepatitis, lupoid hepatitis, auto-immune hepatitis, post-necrotic cirrhosis and 
juvenile cirrhosis. Active chronic hepatitis, as used here, includes all these 
variants, and also the pre-cirrhotic and cirrhotic stages of the condition. 

The term primary biliary cirrhosis is a misnomer, bccause true cirrhosis develops 
late in this condition, but its application to all stagcs if the diseasc is widcspread, 
and has been adopted here. 

The term cryptogenic cirrlwsis is useful, for in many cases of cirrhosis thc 
pathogenic agent is not apparent. It is likely that largc groups of cases of this 
sort will be of heterogencous pathogenesis, and will include advanced cases of 
nutritional (alcoholic) liver injury, active chronic hepatitis, and possibly primary 
biliary cirrhosis and other less common, unknown or complex pathogcneses. 

Although active chronic hepatitis and primary biliary cirrhosis are of parti
cular immunological interest, it has been suggested also that homologous serum 
hepatitis may have an allergic pathogenesis. Hotchin (1962, 1966) and Hotchin 
& Collins (1964) have compared it with lymphocytic choriomeningitis of mice 
and with kuru, and have suggested that, in these diseases, infection with the 
causative viruses may be asymptomatic and associated with a state of immuno
logical tolerance. Hotchin postulares that homologous scrum hepatitis results 
from breakdown of tolerance to the virus, and is due to a Type IV reaction 
resulting in injury to the liver cells containing the virus. This raises the fnrther 
possibility that infective hepatitis also resnlts from an allergic Typc IV reaction 
and is not dueto a direct cytotoxic effect of the virus. Although of considerable 
interest, these possibilities will not be discussed further, because both these virus 
diseases are typically acutc and self-limiting, and if pathogenic factors of an 
allergic nature are concerned, they are most likcly to result from an immune 
response against the hepatitic viruses and not from an auto-allergic response. 

AcTIVE CHRONIC HEPATITIS 

GENERAL fEATURES 

A detailed study of patients with this condition was reportcd by Bearn, Kunkcl 
& Slater (1956), who described the illness in a gronp of 26 young patients, mostly 
females, with chronic liver disease and a high incidence of certain other features 
not often encountered in patients with nutritional cirrhosis. These features 
include early and pronounced splenomegaly, recnrrent febrile attacks with 
exacerbation of the hepatic and other changes, polyarthralgia or chronic 
polyarthritis, and pleural effusions. Severa! other reports have since appeared in 
which groups of patients with this condition have been observed over a number 
ofyears (Mackay & Wood 1962; Mackay & Burnet 1962; Read, Sherlock & 
Harrison 1963; Maclachan, Rodnan, Cooper & Fennell 1965; Mackay, V/ eiden 
& Hasker 1965). In all of these series, females have predominated and although 
the age-incidence is wide, many of the patients have been young. 
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Hyperglobulinaernia is commonly present, but like most other abnormalities, 
tends to be more pronounced during exacerbations and to subside during 
remissions. Hypergammaglobulinaemia was reported by Bearn et al (19s6) in 
all their cases, while Read et al (r963) noted that the total serum globulin was 
si;; or more in 43 of their 81 cases, and that hypergammaglobulinaemia was a 
prorninent feature. Feizi (personal communication, 1966) has estimated the three 
serum immunoglobulins IgG, IgM and IgA in groups of patients with various 
chronic liver diseases, and concluded that changes in the levels are not of much 
differential diagnostic value. However, IgG levels of over 4/;; were observed in 
3 si;; of cases of active chronic hepatitis, in 4 of 19 cases of cryptogenic cirrhosis, 
and in 2 of 14 cases of alcoholic cirrhosis: IgG levels around si;; or higher were 
observed in 2S% of the cases of active chronic hepatitis, in 1 case of cryptogenic 
cirrhosis, and not in other liver diseases. It is apparent that high levels of IgG 
occur especially in active chronic hepatitis, and very high levels occur in sorne 
cases, particularly during exacerbations. 

Liver biopsy has revealed inflltration, particularly in the portal arcas, mainly 
with lymphocytes and plasma cells in various proportions, eosinophil and 
neutrophil polymorphs being relatively scanty. Degeneration ~md 'piecemeal 
necrosis' of liver cells is seen at the margins of the cellular inflltrates, and as the 
condition progresses lobular collapse and fibrosis become apparent: the fibrous 
tissue becomes septal, dividing the parenchyma into irregularly sized islands, 
and these changes, together with continued focalloss and proliferation of liver 
cells, give rise to post-necrotic cirrhosis. Frequently, active chronic hepatitis 
has progressed to this stage when diagnosed, and accordingly the latter term, 
and also juvenile cirrhosis' ha ve sometimes been applied to all stages of the 
disease. In groups of cases followed over a number of years, mortality has been 
approximately sol;;, and is attributable, as in other types of cirrhosis, to hepato
cellular failure, the effects of portal hypertension, or a combination of the two. 
In a significant proportion of cases, the chronic hepatitis has progressed very 
slowly or has remained static over the period of observation, and occasionally 
the inflammatory changes have subsided completely. In most cases, the disease 
activity tends to fluctuate, bouts of fever and jaundice punctuating the chronic 
course. 

In addition to the extra-hepatic lesions referred to above, there is evidence 
that the disease is associated, more often than would be expected by chance, with 
certain other conditions, namely ulcerative colitis, thrombocytopenia, leuco
penia, haemolytic anaemia and membranous glomerulonephritis. Sorne of the 
extra-hepatic lesions and associated conditions resemble features of systemic 
lupus erythematosus, while the chronic polyarthritis which occurs in sorne cases 
may be indistinguishable from rheumatoid arthritis. For these reasons, a relation
ship with the connective tissue diseases was suggested by Bearn et al (19s6), and 
this has been supported by subsequent observations. In the past few years, the 
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observed relationship with the cmmective tissue diseases has been strengthened 
by the demonstration, in the serum of patients with active chronic hepatitis, 
of auto-antibodies of the types associated with the connective tissue diseases. 
There is also sorne evidence suggesting that chronic thyroiditis (Hashimoto's 
disease and primary myxoedema) and thyrotoxicosis are unduly common in 
patients with active chronic hepatitis, and that there is an increased incidence 
of thyroid auto-antibodies in the serum of patients with this condition. These 
immunological considerations are of both practica! and theoretical interest and 
are described in the following account. It has been considered necessary to 
provide some background information on sorne of the immunological features 
discussed, e.g. the 'auto-immune complement fixation reaction', and to refer 
also to the overlap with immunological features observed in other liver diseases, 
particular! y primary biliary cirrhosis. In spite of this overlap, it seems appropriate 
to provide separate accounts of these two livcr diseases. 

IMMUNOLOGICAL FEATURES 

Antinuclear antibodies 
There is an undoubted increase in the incidence of antinuclear antibodies in 
active chronic hepatitis, and in sorne cases the LE cell test is positive. The incidence 
of this latter finding varies considerably in differcnt series, and obviously depends 
on case selection and upon the number and thoroughness of LE cell tests per
formed. In the cases reported by Read et al (1963) diagnosis was based on the 
occurrence of jaundice of hepatocellular type, lasting for 3 months or more, in 
the absence of excessive alcohol consumption. The LE cell test was usually 
performed three times, and was found positive, on one or more occasions, in 
10 of their 81 cases. In the 20 cases described by Maclachlan et al (1965), the 
diagnosis had often becn suspected beca use of hypergammaglobulinaemia or a 
positive LE cell test, and this presumably accounts for the test being positive in 
14 cases. 

Mackay and his colleagues (Mackay, Taft & Cowling 1956, 1959; Mackay & 
Burnet 1962; Mackay & Wood 1962; Mackay, Weiden & Hasker 1965; 
Whittingham, Mackay & Irwin 1966) ha ve made a long study of patients with 
active chronic hepatitis, which they refer to as 'auto-immune hepatitis', and 
have introduced the term 'lupoid hepatitis' for thosc patients with a positive 
LE cell test. In this latter subgroup, the average age was lower, there was a higher 
proportion of females, a higher incidence of splenic enlargement and of pleurisy, 
arthritis, skin rashes, etc., and higher levels of serum IgG, and of serum trans
aminases. There was little difference in the mortality over a period of years, and 
in the duration of illness in fatal cases. This division of cases into two categories 
on the basis of the LE cell test is somewhat arbitrary, particularly as Mackay and 
his colleagues and other workers ha ve commented on the occurrence of LE cells 
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in small numbers in tests upon sorne patients, and also on the tendency for the 
LE cell test to be positive during exacerbations and to become weaker or negative 
during pcriods of reduced disease activity. 

The LE cell test is a rather insensitivc method of demonstrating antibody to 
deoxyribonucleoprotein. Application of the more sensitive indirect immuno
fluorescence technique has demonstrated the occurrence of this antibody in 
'many paticnts with active chronic hepatitis and negative LE cell tests. The low 
incidence (10%) reported by Mackay et al (1965) is presumably influenced by 
steroid therapy, because the incidence was only 32% in their cases of lupoid 
hepatitis, all of whom must, by dcfinition, ha ve had a positive LE cell test on at 
least one occasion. In the 43 cases investigated by Doniach, Roitt, W alker & 
Sherlock (1966), approximately 6o% gave a positive immunofluorescence test 
for deoxyribonucleoprotein. In both of these investigations, antibodies to other 
nuclear constituents werc detected, the incidence of antibody to saline-soluble 
nuclear protein (Beck 1963) being approximately 16% in the report ofDoniach 
et al (1966). In age- and sex-matched healthy individuals, and in patients with 
alcoholic cirrhosis, the incidence of antinuclear antibodies was very much lower. 

The auto-ímmune complement .fixatíon reaction 
It has long been known that the serum of certain individuals is capable of 
reacting, in complcment fixation tests, with crude extracts ofhuman and other 
mammalian liver and other organs. Recent interest in this phenomenon was 
aroused by Gajdusek (1957, 1958) and Mackay & Gajdusek (1958) who tested 
the serum of a large number of individuals with extracts of various organs, and 
applied the term 'auto-immune complement fixation (AICF) reaction'. They 
encountered positive results, usual! y of low serum titre, in a small proportion 
of healthy individuals and patients with various diseases, and at this level the 
test appears to ha ve little clinical significance. Ti tres of I in 32 or more, however, 
were especially common in patients with systemic lupus erythematosus, macro
globulinaemia, lupoid hepatitis and primary biliary cirrhosis. These findings 
have been confinned and extended by Mackay and his colleagues and by other 
workers. Positive results have been shown to be common also in syphilis 
(Hackett, Beech & Forbes 1960) and to occur in various connective tissue 
diseases, including rheumatoid arthritis and dermatomyositis (Pasnick, Beall & 
van Arsdel 1962), and in Sjogren's syndrome (Deicher, Holman & Kunkel 1960; 
Anderson, Gray, Beck & Kinnear 1961). 

Doubts about the immunological nature of the AICF reaction have been 
expressed by several authors, and other possible interpretations were suggested 
by Hackett et al (1960) and by Beall (1963). However, the serum factors respon
sible for the reaction have been shown to reside in the immunoglobulin fractions, 
IgG and IgM participating in various proportions in different sera (Deicher et al 
1960), and the immunological nature of the AICF reaction has now received 
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support from recent reports describing positíve antíbody tests by techníques 
other than complement fixatíon see page page 1102 

Doubt about the auto-ímmunologícal nature of sorne AICF reactíons was 
raísed by Mackay & Larkín (1959), who tested positive sera with tíssue extracts 
from the same índívíduals: in sorne ínstances thís autologous test was positive, 
but in others it was negatíve or weak, although both the serum and the tíssue 
extract reacted strongly in homologous tests (í.e. wíth tíssue extracts or positivé 
serum respectívely from other índívíduals). A possíble explanatíon was provided 
by Anderson, Goudíe & Gray (1960) on the basis that multíple antigeníc 
determinants and theír correspondíng auto-antíbodies could particípate in AICF 

reactions, negative or weak autologous tests being attríbuted to blocking of one 
or more antígeníc determínants by the índívidual's own auto-antibody during 
preparation of the tissue homogenate: this would leave other antígenic deter
rninants free to react with any serum containing the corresponding antíbodies. 
This explanation would account for the negatíve autologous AICF reactíons 
beíng observed particularly in cases wíth a hígh serum títre. 

Evídence that multíple antigen-antibody systems can give rise to a positive 
AICF test was provided by Asherson (1959) and Deícher et al (1960), who showed, 
by tests upon centrífuga! fractíons of tissue homogenates, that sorne posítíve 
sera reacted predomínantly with one or more of the fractions, e.g. nuclear, 
rnitochondrial or mícrosomal preparations, or with the supernatant fluid. 
Deicher et al (1960) showed also that multíple antígens capable of particípatíng 
in the AICF reaction were present in the microsomal fraction, while Beall (1963) 

showed a major antigen, which dosel y resembled IgG in many of its properties, 
in the soluble protein fraction, and Sleeman (1963) demonstrated that different 
positive sera reacted with dífferent antigenic constituents of the supernatant 
fluid. It follows that the results of AICF tests wíll depend upon the amounts of 
various cellular constituents in the tissue preparatíon used as antígen, and thus 
on the method and tíssue used to prepare the antigen. Variatíons in technique 
of antigen preparation probably account for sorne of the dífferences between 
the AICF results of different workers. 

Although organ-specific auto-antibodíes to the microsomal antigens of 
thyroid, gastric mucosa, and adrenocortical cells are capable of fixing com
plement, the extensive studies of Gajdusek (1958) provided no evidence that 
multíple organ-specífic antígen-antíbody systems were responsíble for the AICF 

reaction, nor has subsequent work provided such evidence, the antigens con
cerned in the reaction being present in extracts of various organs. Marked 
differences ha ve been encountered in the ti tres of individual sera reactíng with 
various organs, and are probably due to dífferences in the amounts of various 
cellular constítuents in the varíous organs. 

In active chronic hepatitis the AICF reactíon ís posítive in moderate or hígh 
serum titre in approximately one-third of cases (Hackett et al 1960; Pasnick et al 
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1962; Mackay& Wood 1962; Mackay& Burnet 1965; Doniach, Roitt, Walker 
& Sherlock 1966). The findings of Mackay & Wood (1962) and Mackay, 
Weiden & Haskar (1965) suggest a higher incidence of positive results in cases 
oflupoid hepatitis and they observed also that the senun titrcs were, in general, 
higher in cases of lupoid hepatitis. 

In sorne instances, a positive AICF test of high serum titre is of value in the 
diagnosis of active chronic hepatitis, but the test is positive also in most cases of 
primary biliary cirrhosis (Walker et al 1965) and in sorne cases of cryptogenic 
cirrhosis. Positive tests, usually of low serum titre, occur in sorne cases of acute 
virus hepatitis (Gajdusek 1958; Hackett et al 1960), and were observed by Gaj
dusek to beco me negative following subsidence of the disease process. As already 
mentioned, positive AICF tests occur in diseases other than those involving mainly 
liver, and it is apparent that a positive test indicates no more than the presence 
of one of many antibodics to nuclear or cytoplasmic cellular constituents. In 
this situation, the AICF test is obviously of linútcd diagnostic value. Evidence 
that different antigen-antibody systems are involved in the AICF reaction in 
differcnt liver diseases was provided by Gokcen (1962) who performcd tests 
with human liver from adults, foetuses, and patients with extra-hepatic biliary 
obstruction. Positivc sera from patients with post-necrotic cirrhosis reacted with 
the liver extracts of 'normal' adults and of patients with bile duct obstruction, 
whereas in primary biliary cirrhosis, tests wcre positivc with 'normal' adult and 
foetalliver but not with the liver of patients with bile duct obstruction: sera 
from patients with systemic lupus reacted with all three liver preparations. These 
results suggested the possibility that different antigen-antibody systems might 
be involved in the AICF reactions in primary biliary cirrhosis and post-necrotic 
cirrhosis. However, it has now been established by Doniach et al (1966) and 
Goudic, MacSween & Goldberg (1966) that antibody to mitochondrial antigen 
is mainly responsible for the positive AICF reactions in primary biliary cirrhosis, 
and accounts also for most of thosc encountercd in cases of active chronic 
hepatitis. As it concerns especially primary biliary cirrhosis, this work is 
described in the section on that disease (see p. IIII). 

Antíbody to smooth muscle 
Antibody reacting with the sarcoplasm of smooth musclc fibres was described 
by Johnson, Holborow & Glynn (1965), who observcd staining of the muscle 
layers, and media of small vessels, in immunofluorescence tests with gastric 
tissue. Ata serum dilution of 1 in 10, they detected the antibody in 8 of 10 cases 
of 'probable' and 3 of 6 cases of 'possible' lupoid hepatitis. Diagnostic criteria 
did not include a positive LE ccll test, and active chronic hepatitis thcrefore 
seems a more appropriate diagnosis for these cases. In the cxtensive investigation 
ofDoniach et al (1966), tests were performed upon undiluted sera and antibody 
to smooth musclc was observed in 67% of cases of active chronic hepatitis, so% 
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of cases of primary biliary cirrhosis and 28% of cases of cryptogenic cirrhosis: 
the test was negative in 45 cases of other liver diseases (alcoholic cirrhosis, 
extra-hepatic biliary obstruction and infective hepatitis). The occurrence of 
antibody to smooth muscle was confirmed also by Whittingham et al (rg66), 
who detected it, ata r in ro serum dilution, in 26 of 34 cases oflupoid hepatitis 
and ro of 21 cases of active chronic hepatitis: results were consisten ti y negative 
in 43 patients with other liver diseases, in 42 patients with systemic lupus 
erythematosus, in 132 patients with various other diseases, and in 172 healthy 
individuals. From their results, Whittingham et al assume that there must be a 
hepatic antigen which reacts with this antibody, and that this reaction must be 
injurious to the liver. However, the occurrence of smooth muscle antibody does 
not appear to be confmed to patients with clinically overt diseases of the liver, 
for its presence was reported by Johnson et al (1965) in 3 of 47 cases of rheuma
toid arthritis, while Doniach et al detected it in 5 of 32 cases of this disease. lt is 
of interest that the three reports describing this antibody include tests u pon the 
serum of a total of 46 patients with systemic lupus erythematosus, all of which 
were negative, whereas, as stated above, the test was positive in 8 of 79 cases of 
rheumatoid arthritis. 

Antibody to smooth muscle was reported also by Ironside, de Boer & Nairn 
(1966) in 4 cases oflupoid hepatitis and was shown to have the properties oflgG. 
Negative tests were observed with sera from patients with other diseases and 
from healthy individuals. 

Other antibodies 
In the investigation of Whittingham et al (rg66), the serum of sorne cases of 
lupoid hepatitis and of active chronic hepatitis was observed to react with the 
cytoplasm of cells of the renal glomerulus (human and rat), and of human 
thymus, lymph nades, liver and spleen: these reactions were weak, and were 
not observed in tests upon the serum of 20 patients with systemic lupus erythe
matosus. Immunofluorescent staining of glomerular cells was also reported by 
Williamson, Housley, Hulme & Wall (1966) with serum from 3 of 5 cases of 
'auto-immune' (? active chronic) hepatitis. Thirty-frve sera from patients with 
other types of liver disease were negative, but the test was positive for 68 of 
roo sera from patients with rheumatoid arthritis, and the positive rheumatoid 
sera reacted also with other tissues, fluorescent staining of reticulin, synovial 
membrane, and sarcolenuna of smooth and cardiac muscle being observed. 
Immunofluorescent staining of glomeruli by serum from 4 patients with lupoid 
hepatitis was reported also by Ironside et al (1966), but these workers had the 
impression that the reaction was with stromal elements (presumably basement 
membrane) of capillary walls, and was not confined to glomeruli. 

None of the antibodies referred to above reacts solely with liver tissue. The 
possibility of a liver-specific human antibody was, however, raised by Johnson, 
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Holborow & Glynn (1966) who described immunofluorescent staining of the 
bile canaliculi of rat liver. These structures are merely spaces between adjacent 
liver cells, and presumably the immune reaction was with cytoplasmic elements 
aggregated at this site. This staining reaction was observed with serum from 5 
of their 16 cases of 'probable' or 'possible' active chronic hepatitis (see p. IIOI). 
The positive sera all reacted also with smooth muscle and glomeruli, but both 
of these latter reactions were observed with sorne sera which failed to stain bile 
canaliculi: this could mean that different antibodies are in volved, or that the 
antibodies are the same and the differences are quantitative. lmmunofluorescence 
tests with parenchymal cells of certain glandular organs other than liver are not 
described in this report, and the livcr-specific nature of the reaction thus appears 
uncertain. Bright immunofluorescent staining of the secretory margin of 
glandular epithelial cells is observed with the thyroid-specific 'microsomal' 
antibody (Roitt et al 1964), although less bright staining of the remainder of 
the cytoplasm is apparent in this reaction: judging by their illustration, the 
reaction described by Johnson et al (1966) appears to be sharply localized to the 
canaliculi. Immunofluorescence studies have been described also by Paronetto 
and Popper and their co-workers (Paronetto, Schaffner & Popper 1961; 
Paronetto et al 1964; Popper, Paronetto & Schaffner 1965) who provided 
evidence of an antibody reacting with the cytoplasm of ductular epithelium. 
This reaction was obscrved particularly with serum from patients with virus 
hepatitis, primary biliary cirrhosis and post-necrotic cirrhosis, but a minority 
of sera from patients with various diseases accompanied by raised level of IgG, 
and even sorne normal sera, gave positive results. This reaction differs in two 
important respects from those described by other workers. Firstly, it was 
observed in tests with acetone-fixed sections ofliver; secondly, tests with normal 
liver were negative, the positive findings being with the tall columnar ductular 
epithelium in conditions exhibiting proliferation and destruction of the bile 
ductulcs, namely 'active post-necrotic cirrhosis' (active chronic hepatitis) and 
primary biliary cirrhosis. Paronetto et al (1964) consider that the incidence of 
the antibody reflects the extent of proliferation and destruction ofbile ductules. 
These findings resemble in sorne respects those of Gokcen, who described 
variations in the reactivity of selected livers in complement fixation tests (see 
p. IIOI). 

The above findings do not establish the occurrence of organ-specific antibodics 
to liver tissue, and other attempts to demonstrate such antibodies in man have 
been negative or inconclusive. 

Rheumatoid factor has been detected in the serum of an appreciable propor
tion of patients with active chronic hepatitis, in some instances in high titre, 
and this finding is not confined to those patients with polyarthritis. In the cases 
investigated by Read et al (r963), the sheep cell agglutination test was positive 
at titres of 1 in 64 or more in 8 of 35 patients, while Maclachlan et al (1965) 
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reported positive latex fixation (F1 1) tests, of titres 1 in 20 to over 1 in 160, in 
11 of their 19 cases. 

An increased incidence of thyroid antibodies has also been reported in active 
chronic hepatitis, but so me of the tests are subject to interference by the presence 
of non-organ-specific antibodies to varions tissue constituents. Care must be 
taken to avoid misinterpretation of the effects of A1CF antibodies, and particular! y 
mitochondrial antibody, in complement fixation and immunofluorescence 
tests for the thyroid 'microsomal' antibody (see also p. 1113). However, these 
difficulties do not apply to tests for antibodies to thyroid colloid antigens, which 
were found positive by Doniach et al (1966) in 12 of 43 cases of active chronic 
hepatitis, as compared with 3 positive results in 43 age- and sex-matched control 
subjects. Positive direct Coombs' tests have also been reported in occasional 
patients with active chronic hepatitis. The clinical applications of tests for the 
various antibodies described above are discussed on page 1 1 14. 

Ejfects of ímmunosuppressive therapy 
Severa! groups of workers have reported beneficia! effects of corticosteroid 
therapy in patients with active chronic hepatitis (e.g. Mackay et al 1959; Page 
& Good 1962; Read et al 1963; Maclachlan et al 1965). These effects include 
clinical improvement and fall in the levels of serum bilirubin, transaminases, 
IgG and various auto-antibodies. The fall in transaminase levels indicares 
diminished hepatocellular it~ury, and yet there is some doubt about the long
term effects of steroid therapy. Mackay & Burnet (1962) consider that it may 
prolong life, but this was not confirmed by Read et al (1963) who consider that 
steroids should be reserved for those patients who feel ill. There is evidence also 
that other inununo-supprcssants may be of benefit in active chronic hepatitis. 
Mackay & Wood (1963) reported suppression of lupoid hepatitis by short 
courses of 6-mcrcaptopurine, but relapse occurred after stopping the drug. In 
a subsequent report, Mackay, Weiden & Ungar (1964) described the success of 
prolonged trcatment of cases of active chronic hepatitis and lupoid hepatitis 
with 6-mercaptopurine and also azothiaprine ('Irnuran'). Pagc, Condie & Good 
( 1964) also reported suppression of the hepatitis in four cases trcated with 
6-mercaptopurine. Although of great practica! importance, these findings 
contribute little to the understanding of the disease, for both corticosteroids and 
6-mercaptopurine could suppress the lesion in various ways. Page et al (1964) 
point out that the eflective dose of 6-mercaptopurine was less than that required 
to suppress antibody production or delayed hyposensitivity in man: they quote 
evidence on the suppression of virus replication by 6-mercaptopurine, and 
consider that this may explain its effect in patients with active chronic hepatitis. 

AET10LOG1CAL CoNSIDERATINS 
The esscntial pathological feature of active chronic hepatitis ts a progresstve 
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'piecemeal' necrosis ofhepatic parenchymal cells in the vicinity oflymphocytic 
and plasma-cell in filtra tes which are concentrated in the portal areas. As in other 
diseases of the liver, the development of cirrhosis can be regarded as the result 
of chronic liver cell destruction. The aggregation of lymphocytes and plasma 
cells in grossly abnormal numbers in any tissue may be regarded as indication 
of an immunological response or reaction: these cells have no known function 
other than their participation in the development and expression of actively 
acquired immunity. In the case of active chronic hepatitis, the fact that liver cell 
destruction occurs in close proximity to the cellular infiltrates suggests that the 
latter are responsible for the destructive process, and that liver cell injury is 
mediated by an allergic process. The type of allergic process concerned, and the 
nature of the antigen(s) are still unknown. The most likely possibilities are, 
frrstly, that the reaction is with an abnormal (foreign) antigen within the liver, 
or, secondly, that an auto-allergic reaction, involving auto-antigen(s), is con
cerned. As regards the fmt possibility, the most likely foreign antigens are the 
viruses of infective or homologous serum hepatitis. There are, however, no 
generally applicable methods of detecting these viruses, nor of demonstrating 
antibodies to them, and until such methods become available, the possibility 
that active chronic hepatitis is a virus infection cannot very well be substantiated 
or refuted. The fact that the onset is often acute and indistinguishable clinically 
from acute virus hepatitis is of little aetiological significance, for the chronic 
illness is characterized by repeated exacerbations, and the acute onset might 
simply represent the fmt of these. Moreover, most cases of acute virus hepatitis 
recover completely, and even if it is assumed that active chronic hepatitis is 
initiated by an acute attack of virus hepatitis, it does not follow that the chronic 
course is attributable to persistence of the infcction. 

The second main possibility, that the lesion is auto-allergic, has been cham
pioned by Mackay and his colleagues, whose views have been summarized in 
a rccent publication (Mackay et al 1965). They postulate that active chronic 
hepatitis is initiated by hepatocellnlar injury, most often due to acute virus 
hepatitis, and that this triggers off an auto-allergic reaction to liver cells, which 
is resp0nsible for the progressive lesions. This view does not explain the variety 
of the auto-antibodies which may be encountered in active chronic hepatitis. 
None of the antibodies so far described has been detected in the serum of all 
active cases, and most of them occur also in association with other diseases of 
the liver, particularly primary biliary cirrhosis, and in rheumatoid arthritis and 
the other connective tissue diseases, in which liver cell injury is usually slight 
or absent. On present evidence, the occurrence of organ-specifiC auto-antibodies 
to liver tissue has not been established in active chronic hepatitis or other diseases 
of the liver. Many workers have sought for such antíbodies, but with negative 
or inconclusivc results. As already stated, the antibody to liver cell canaliculi 
dcscribed by Johnson et al (r966) requircs further invcstigation óeforc it can be 
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regardcd as organ-specific, and thc antibody to the cytoplasm of proliferating 
bile ductular epithelium detected by Paronetto et al (r961, 1964) in the serum of 
patients with various conditions does not appear to have been observed by most 
other workers. 

The fmdings outlined above make it unlikely that the hepatocellular injury 
in active chronic hepatitis is due to the reaction of circulating auto-antibodies 
with liver cells, although sinusoids of the liver are somewhat unusual in having 
a discontinuous basement membrane (Bennett, Luft & Hampton 1959) which 
might render them more permeable to circulating antibodies than the capillarics 
of most other organs. It remains possible that plasma cells in the hepatic lesion 
either produce organ-specific antibody to liver which reacts with, and is largely 
absorbed by, adjacent liver cells, or that they produce the various non-organ
specific auto-antibodics detectable in the serum, and that, again because of their 
intimate contact, these bring about injury mainly in the adjacent liver cells. 

Another possibility, which is supported by experimental work on animals, 
is that liver cell injury is mediated by antigen-antibody complexes (i.e. a Type 
III reaction). This has been suggested by Steiner, Carruthers, Baumal & Kalifat 
(1961) and by Popper, Paronetto & Schaffner (1965) as a possible pathogenic 
mechanism in active chronic hepatitis. However, many investigations, including 
the extensive work of Dixon, Feldman & Vazquez (1961) have demonstrated 
experimentally that circulating antigen-antibody complexes produce more 
severe lesions in the glomeruli than in the liver, and the same is probably true 
of the lesions of serum sickness in man. It was suggested by Popper et al (1965) 
that circulating complexes might, by encountering and combining with free 
antigen within the liver, enhance their toxicity within this organ, but the 
hepatic lesions produced by Steiner (1961) in the liver of rabbits, by injecting 
complexes into the portal vein, were not obviously influenced by the ratio of 
antigen to antibody in the complexes. 

Whenever tissue destruction is accompanied by a cellular inf!ltrate which 
includes lymphocytes, a possible explanation is an auto-allergic Type IV 
reaction. In active chronic hepatitis there is no direct evidence to support this 
possibility, and arguments advanced in its favour are usually based upon the 
similarity of the Iesion to that in homograft rejection or in auto-allergic thyroid
itis, both of which are widely regarded as being mediated largely by Type IV 
reactions. The speculative nature of such arguments is obvious. 

The various auto-antibodies and extra-hepatic manifestations of active 
chronic hepatitis suggest that it is associated in some way with systemic lupus 
erythematosus and rheumatoid arthritis. It must be emphasized that the hepatic 
lesion usually dominates the course of active chronic hepatitis, and that the 
various features suggesting a relationship to systemic lupus are usually míld, 
whereas clinically overt chronic hepatitis is unusual in systemic lupus or rheuma
toid arthritis. Moreover, since the pathogenic agents responsible for the lcsions 
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of the connective tissue diseases remain unknown, their association, whatever 
its nature, with active chronic hepatitis, does not at present throw much light 
on the aetiology of this condition. Severa! authors have suggested that active 
chronic hepatitis may result from hepatocellular injury in individuals with a 
basic defcct which carries a prcdisposition to systcmic lupus, but Popper et al 
(1965) have pointed out that the clinical course of acute virus hepatitis is very 
much the same in patients with systemic lupus as in otherwise healthy individuals. 

Popper et al (1965) refer also to non-specific activation of the mesenchymal 
tissue resulting from various types of liver injury, and provide evidence that 
mice and rats with liver injury caused by allyl alcohol or carbon tetrachloride 
respond to injections of horse or bovine serum by much higher antibody ti tres 
than normal control mice. Enhanced immune responses to foreign antigens 
have also been reported in patients with 'chronic viral hepatitis'(? active chronic 
hepatitis) and cirrhosis (Havens, Shaffer & Hopke 1951; Havens, Myerson & 
Klatchko 1957) but has not been conflrmed by other workers(Cherrick, Pothier, 
Dufour & Sherlock 1959; Barr, Buchanan, Doniach & Roitt 1964). The hyper
plasia of the splecn and lymphoid tissues in active chronic hepatitis is in accord 
with the raised levcls of serum immunoglobulins encountered in many cases, 
but the aetiological significance of these features remains obscure. 

Investigations on e;,;;perirnental animals 
Much of the experimental work relating to allergic injury of the liver was 
reviewed and discussed by Steiner et al in 1961. The present account is limited 
to a brief review of recent investigations on the development of auto-antibodies 
reactive with liver tissue and of attempts to produce auto-allergic liver injury 
in experimental animals. 

Auto-antíbodícs jollowíng liver injury. In a series of investigations, W eir ( 1961, 
1963a and b, 1964) has shown that injection of carbon tetrachloride into rats is 
followed not only by hepatic necrosis but also by the appearance of a serum 
factor which reacts with rat liver in complement flxation tests. The factor was 
shown to be ofigM nature, and reacted with liver tissue of rat and other species 
(including autologous liver tissue) and with ccrtain other tissues. Before injec
tion, many of the rats' sera gave complement flxation reactions of low titre 
with liver tissue, and the titre rose 1-2 days following the injection and fell a 
few days later: a similar but more prolongcd response was observed following 
an injcction of rat livcr homogenate incorporated in Freund's adjuvant, but 
repeated injections of carbon tetrachloridc did not result in enhanced responses. 
The immunological nature of this apparent antibody response was supported 
by the demonstration that its development was inhibited by whole body 
X-irradiation sorne hours befare the injection of carbon tctrachloride or by 
splenectomy. In subsequent work by Pinckard & Weir (1966) it was shown that 
a major antigenic componcnt in the complement fixation reaction was associated 
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with the mitochondrial fraction of tissue homogenates. The antibodies demon
strated in these experiments appear to be without a pathogenic role, for neither 
the degree nor the duration of liver injury resulting from injection of carbon 
tetrachloride were influenced by the titre of antibody, nor were the lesions 
altered by suppression of antibody production by X-irradiation. The production 
of antibodies reactive with liver tissue constituents provides a possible explana
tion for the development of similar antibodies in some cases of acute virus 
hepatitis and in the more chronic destructive processes of active chronic hepatitis 
and primary biliary cirrhosis. The cffect of chronic liver injury resulting from 
infection of rabbits with Eirneria steidae was studied by Asherson & Rose (1963) 
who detected a rise in titre of the naturally occurring non-organ-speciflC IgM 
antibodies described by Kidd & Friedewald (1942). 

Auto-antibody production Jollowíng liver-adjuvant injections. Several groups of 
workers have described the development of antibodies in rabbits following 
injections of rat liver homogenate, or centrifuged fractions thereof, incorporated 
in Freund's adjuvant. D'Amelio & Perlmann (1960), using immunodiffusion 
precipitin tests, demonstrated the development of antibodies to multiple antigens 
ofliver microsomal and soluble protcin fractions. Asherson & Dumonde (1962, 
1963) demonstratcd complement fixing antibodies ofboth IgG and IgM types: 
they reacted with homogenates of various rat and rabbit organs, including those 
of the immunized animals, and may thus be regarded as auto-antibodies. The 
results of absorption studies suggested that both non-organ-specific and organ
specific antibodies had developed, the latter reacting in complement fixation and 
precipitin tests with rabbit liver but not with other organs. Similar findings 
were reported by Bollag (1960) and by Vogt (196o), who reported the demon
stration, by quantitative precipitation techniques, of antibody reacting with 
'microsomal' membrane (endoplasmic reticulum) of liver tissue, but not with 
other tissues. This last fmding appears to correspond to the well-established 
localization of organ-specific auto-antigens in the microsomal fractions of 
thyroid epithelial and gastric parietal cells. The in vivo localization in rat tissues 
of rabbit antibodies to rat liver was investigated by Sulitzeanu, Yagi & Pressman 
(1963). Using radioiodine to label the antibodies, they found localization in both 
the liver and kidney, but provided evidence that antibody which had been 
absorbed by, and elicited from, rat liver, tended to localize preferentially in rat 
liver in vivo. 

In the investigations described above, the development of auto-antibodies 
reactive with livcr tissue has required immunization with heterologous liver 
tissue, homologous liver tissue usually being ineffective. However, the develop
ment in rats of auto-antibodies following injections of homologous liver 
homogenate was reported recently by Richter, Sargent, Myers & Rose (1966). 
Six injections of liver homogenate incorporated in Freund's adjuvant were 
administered to each rat, and antibodics wcre detected by agglutination of 
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tannic-acid-treated red cells sensitized with tissue homogenate. The antibodics 
were observed to react with liver tissue of rat and vaFious other species, but not 
with other rat tissues. In immunofluorescence tests, the antibodies reacted with 
autologous liver tissue, giving diffuse staining of the liver cell cytoplasm. 

Attempts to produce auto-allergic hepatitis. No evidence of auto-allergic hepatic 
lesions was provided by any of the investigations outlined above, and attempts 
to produce such lesions have usually been unsuccessful or inconclusive. Behar 
& Tal (1959) reported extensive liver necrosis in guinea-pigs and hamsters 
following injection of homologous liver homogenatcs emulsified in Freund's 
adjuvant. Although the lesions differed from those observed in arúmals receiving 
injections of liver homogenate alone, or brain-adjuvant emulsion, they are 
unlikely to be of an auto-allergic nature, for in sorne instances they developed 
within 72-96 hr following the injection. Other workers have not observed 
specific hepatic lesions in guinea-pigs (Jahiel & Koffier 1961; Norkin, Gottlieb & 
Zamcheck 1962) or mice (Tal & Laufer 1960) injected with homologous liver 
homogenate incorporated in Freund's adjuvant. In contrast to these negative 
findings are the interesting reports of Dodd et al (r962) and Bigley, Dodd & 
Geyer (1963). These workers described the development of various auto-anti
bodies and pathological changes in rabbits injected with rat or rabbit liver 
ribosomes in Freund's adjuvant. Auto-antibodies to red cells, to nucleotides, 
nucleosides and bases of RNA, and to ribosomal protein were described. The 
pathological changes, which were observed approximately ro weeks after 
injection, included haemolytic anaemia, leucopenia, focal lymphocytic and 
plasma cell infiltration of the liver with associated liver cell injury, and changes 
in the heart, brain and kidneys. Injection of the serum of affected rabbits into 
normal rabbits was reported to result in the development of similar pathological 
changes. Although of considerable interest, further reports on this work have 
not appeared. The length of the 'incubation period' of the experimentally 
produced lesions may explain why they have not been described in the similar 
investigations of other workers. 

CONCLUSIONS 

Once the auto-allergic features of chronic thyroiditis had become well estab
lished, many workers interested in the subject were stimulated to review the 
features of various other diseases, with the possibility of auto-allergic aetiological 
factors in mind. Active chronic hepatitis seemed a particularly good candidate. 
The features of this disease, which suggest the possibility of an auto-allergic 
pathogenesis, include the histological changes, usually progressive course, raised 
levels of serum IgG, sex incidence, occurrence of various auto-antibodies, 
favourable response of sorne cases to immunosuppressive therapy, associated 
features suggestive of the connective tissue diseases, and apparent association 
with chronic thyroiditis. However, organ-specifrc auto-antibodies to liver 
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tissue have not been demonstrated with any degree of certainty, there is no 
evidence of an auto-allergic Type IV lesion, and no comparable disease of an 
auto-allergic nature has been produced experimentally. The possibility that the 
disease is dueto a chronic infection with a hepatitis virus has, beca use of technical 
difficulties, remained largely uncxplored, and preferment for an auto-allergic 
pathogenesis is, at present, largely intuitive. 

PRIMARY BILIARY CIRRHOSIS 

GENERAL fEATURES 

This is a chronic liver disease in which the development of a true cirrhosis, 
usually of portal type, is a late manifestation, and is preceded by a chronic 
inflammatory destruction of the small intra-hepatic biliary ducts and ductules, 
usually of several years' duration. Beca use of the long pre-cirrhotic stage, other 
names have been proposed, including cholangiolitic hepatitis, chronic intra
hepatic obstructive jaundice, and chronic non-suppurative destructive cholan
gitis. It may be that the cases described by Hanot included examples of this 
condition, but the term 'Hanot's cirrhosis' has often been applied without any 
accurate definition. Beca use ofits wide usage, the term 'primary biliary cirrhosis' 
will be applied in this account to all stages of the disease. 

Accounts of the clinical and other features of primary biliary cirrhosis have 
been provided by Ahrens, Payne, Kunkel, Eisenmenger & Blondheim (1950), 
Sherlock (1959) and Longmire, Joscph & Mellinkoff (1965). Accounts dealing 
especially with the pathological changes in the liver include those ofMacMahon 
(1948), Baggenstoss, Foulk, Butt & Bahn (1964), Rubin, Schaffner & Popper 
(1965), Greville Williams (1965) and Goudie, MacSween & Goldberg (1966). 
Middle-aged and elderly women are affccted more often than men. The onset is 
insidious, the first complaint often being pruritis, which in some cases persists 
for years before jaundice or other clinical features of the disease beco me apparent. 
In addition to jaundice of various degrees, there is pigmentation of the exposed 
skin surfaces. Serum bilirubin of alllevels up to 20 mg per roo ml are encoun
tered in different cases, the average being 4-5 mg: the level fluctuates in indi
vidual cases, and in general a high level is associated with a short fatal cmme 
(Sherlock 1959). Serum levels of alkaline phosphatase and lipids, induding 
cholesterol, are usually markedly raised, and multiple xanthomatous deposits 
in the skin are common. 

lt is apparent that the above features are those of biliary obstruction, but 
retention of bilirubin is disproportionatdy low as compared with cholesterol 
and alkaline phosphatase. Additional features include a palpably enlarged 
smooth firm liver, and usually palpable splenomegaly. Flocculation tests are 
usually normal, or only slightly abnormal, and serum transaminase levels only 
slightly raised. The disease activity tends to fluctuate, and some patients have 
periods of remission, when the biochemical changes may approach or revert to 
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normal. Corticosteroid therapy appears to be without beneficia! effect, and 
eventually many patients progress to true cirrhosis and die from hepatocellular 
failure or portal hypertension. Of the 42 patients investigated by Sherlock 
(1959), 23 had died at the time of reporting, with an average duration of illness 
of 5 years 5 months. 

The early pathological changes in the liver indude heavy infrltration of the 
portal arcas with lymphocytes and plasma cells, sometimes with formation of 
germinal centres, and frequently the infiltration can be seen to be most marked 
in rclation to the smaller interlobular biliary ducts. In a minority of cases, 
tuberclc-likc granulomata composed of epithelioid and giant cells are to be scen 
in the portal arcas, particularly when thc disease is florid at the time of biopsy 
(Rubin et al 1965). The affectcd biliary ducts show hcaping-up and dcgenerative 
changes of the lining epithelium. In sorne cases, biopsy reveals also inflammatory 
infiltration around thc smallest cpithelial-lined biliary passagcs, or ductules, 
which show necrosis and prolifcrative changes, while in others the small biliary 
ducts ha ve largely disappcared and the inflammatory and nccrotic lesions of the 
ductules are still conspicuous. These variations probably rcpresent progressive 
stages of the lesion. At an early stagc, there is little evidence of hepatoccllular 
injury of the parenchyma, and the biliary canaliculi are not distended. Changes 
in the ductules are usually accompanied by distcnsion of the canaliculi with 
inspissated bile (intra-hepatic cholestasis), and hepatoccllular injnry is more 
conspicuous. In addirion to these changes, fibrous tissue in the portal arcas 
increases and extcnds into the parenchyma, but true cirrhosis develops late and 
resembles portal (nutritional) cirrhosis apart from a striking reduction in the 
number of biliary ducts, and the promincnce of intra-hepatíc cholestasis. 

lMMUNOLOGICAL FEATURES 

In contrast to active chronic hepatitis, the lcvcl of serum IgG is usually normal 
or only slightly raised, and incrcases in other serum globulins are probably 
related in part to the high levels of lipoprotcins. 

The heavy lymphocyte and plasma cell infiltration of the portal arcas in 
primary biliary cirrhosis suggests an immunological reaction, and its rclationship 
to thc smaller biliary ducts and ductules suggests the further possibility that the 
dcstruction of thcse is of an allergic nature. 

The occurrence of non-organ-specific antibodies to various cellular and tissue 
constituents has been observed in primary biliary cirrhosis by a number of 
workers. In fact, as already stated in the section on actÍve chronic hepatitis, most 
of the antibodies which occur in that condirion ha ve bcen detected also in sorne 
patients with primary biliary cirrhosis. However, outstanding differcnces are 
the high incidence and high ti tres of AICF antibodies in primary biliary cirrhosis. 
In their recent report, Doniach et al (1966) found this test positivc in 35 of 41 
cases, and in 2-7 of thcse thc titre was 1 in 64 or more. Application of immuno-



1112 CLINICAL ASPECTS OF IMMUNOLOGY 

fluorescence and absorption techniques indicated that antibody to a mito
chondrial antigen was present in the serum of nearly all (40 of the 41) cases. In 
tests upon various human and other mammalian tissues, the mitochondrial 
antibody was found to give bright immunofluorescent staining of the epithelium 
of the distal renal convoluted tubule, eosinophil ('Askanazy') cells of the human 
thyroid, and gastric parietal cells. The intensity of staining presumably depends 
on the number, size, and composition of mitochondria in the cells, and in 
certain cell types, e.g. the hypertrophic epithelial cells of the thyrotoxic thyroid 
gland, the staining can sometimes be seen to be of granular nature. V cry recently, 
Berg, Roitt & Doniach (personal communication) have provided evidence that 
the antigen concerned in this reaction resides in the mitochondrial membrane 
material, and is abundant in mitochondria with prominent cristae. By contrast, 
mitochondria rich in soluble protein are stained less brightly by the mitochon
drial antibody, although the presence of antigen in them was demonstrated by 
absorption tests. The immunofluorescence test for mitochondrial antibody was 
reported as positive for all six cases tested by Whittingham et al (1966), while 
Goudie et al (1966) obtained positive AICF tests of titre I in 128 or more in 23 
of 27 cases of primary biliary cirrhosis, anda positive immunofl.uorescence test 
for mitochondrial antibody of titre 1 in 128 or more in 26 of 30 cases. 

It is clear from these investigations that the mitochondrial antibody is respon
sible for most of the positive AICF tests in primary biliary cirrhosis and other 
liver diseases. In the report of Goudie et al (1966), the AICF test was positive in 
all cases of primary biliary cirrhosis with a positive mitochondrial antibody test, 
and only one patient hada positive AICF test (titre 1 in r6) anda negative immuno
fluorescence test: the only other positive results were in 3 of 42 patients with 
post-necrotic or portal cirrhosis, in 1 of 184 patients with miscellaneous diseases, 
and in 1 of 22 patients with rheumatoid arthritis. Negative results were obtained 
with 72 cases of extra-hepatic biliary obstruction, 5 cases of secondary biliary 
cirrhosis, and in infective hepatitis and drug-induced jaundice: tests were also 
uniformly negative in chronic thyroiditis, pernicious anaemia, and systemic 
lupus erythematosus. In the report ofDoniach et al (1966), correlation between 
AICF and immunofluorescence tests was not so close, and mitochondrial antibody 
was detected more often in patients without primary biliary cirrhosis: in 
particular, it was found in 12 of 43 cases of active chronic hepatitis, 10 of 32 
cases of cryptogenic cirrhosis, in 2 (both weak results) of 28 cases of extra-hepatic 
bile duct obstruction, and in 10-29% of cases of rheumatoid arthritis and other 
connective tissue diseases. Review of the clinical, biochemical and histologiéal 
features of the cases of cryptogenic cirrhosis with a positive test for mitochon
drial antibody suggested strongly that some of these were advanced cases of 
primary biliary cirrhosis, but there was no evidence of features suggestive of 
primary biliary cirrhosis among the cases of active chronic hepatitis with a 
positive test for mitochondrial antibody. The differences in the results of 
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Doniach et al (1966) and Goudie et al (1966) are probably attributable, at least 
in part, to the antigenic preparations used for AICF tests, in which Doniach et al 
used liver tissue homogenate, whereas Goudie et al used a centrifuga! deposit 
likely to be rich in microsomes, mitochondria and lysosomes, but poor in 
soluble protein and nuclei. Doniach et al preferred the immunofluorescence 
test to detect mitochondrial antibody, but in the results of Goudie et al the two 
tests are closely comparable. The multiplicity of antigen-antibody systems 
capable of giving a positive AICF test has already been discussed (see p. noo) and 
may account for the positive results reported by Doniach et al in sorne cases 
with a negative immunofluorescence test for mitochondrial antibody. 

The diagnostic value of testing for mitochondrial antibody is discussed on 
pp. II 14-16. 

Antibodies to nuclei and to smooth muscle both occur in the serum of sorne 
patients with primary biliary cirrhosis, but the incidences reported by Doniach 
et al (1966) tend to be lower than in active chronic hepatitis (see pp. 1099, no1). 
Occurrence of organ-specific antibodies to thyroid epithelial and gastric parietal 
antigens is not easy to determine in patients with primary biliary cirrhosis, for 
the presence of mitochondrial antibody obscures the results of immunofluores
cence and complement fixation tests for these antibodies. However, the investi
gations ofDoniach et al (r966) included tests for antibodies to colloid antigens 
(CAz and thyroglobulin) of the thyroid, and these were found in 28/;; of cases, 
as compared with 7/o in age- and sex-matched control subjects: this difference 
is not significant at the 1 in 20 level, but thyroid antibodies were more commonly 
present also in cases of active chronic hepatitis ancl cryptogenic cirrhosis than in 
control subjects, and among the 106 patients with one of these three diseases, 
there were II who had also Hashimoto's disease, primary myxoedema, or 
treated Graves' disease, and 9 with non-toxic goitre. lt is considered by the 
authors that sorne of the patients with non-toxic goitre may ha ve had unrecog
nized chronic thyroiditis, and although no firm conclusions can be drawn with
out careful consideration of the factors operating in case selection (Berkson 
1946), it seems highly probable that these chronic liver diseases are associated, 
more often than would be expected, with thyrotoxicosis and auto-allergic 
thyroiditis. 

The immunofluorescent staining of proliferating biliary ductule epithelial 
cytoplasm by the serum of patients with severalliver diseases, including primary 
biliary cirrhosis (Paronetto et al 1961, 1964) and the evidcnce provided by 
Gokcen (1962) of differences in the AICF antibodies in primary biliary cirrhosis 
and other conditions, have already been discussed in the section on active 
chronic hepatitis (pp. II01, 1103). There is, however, no good evidence of the 
occurrence of organ-specific antibodies to liver tissue in the serum of patients 
with primary biliary cirrhosis, and attempts to detect such antibodies, such as 
those reported by Doniach et al (r966), have been negative or inconclusive. 
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CoNCLUSIONs 
The histological changes in the liver in primary biliary cirrhosis are consistent 
with dcstruction of the epithelium of the smaller biliary ducts and ductules by 
an allergic reaction. The features of the disease do not resemble those of virus 
hepatitis, and no evidence of an infective pathogenic agent has been provided. 
Accordingly, the possibility of an auto-allergic pathogenesis must be considered. 

The demonstration of mitochondrial antibody in the serum of nearly all 
patients with primary biliary cirrhosis so far tested provides the closest asso
ciation of a particular antibody with a particular liver disease, but mitochondrial 
antibody has also been detected in a proportion of cases of active chronic 
hepatitis, and also in the connective tissue diseases. 

The difficulties of ascribing the lesions of active chronic hepatitis to an auto
allergic reaction have already been discussed. Evidence of an auto-allergic 
pathogenesis of primary biliary cirrhosis is equally unsatisfactory, for there is 
no indication that mitochondrial antibody is cytotoxic to bile duct epithelium, 
antibodies to other tissue constituents have, in general, a lower incidence than 
in active chronic hepatitis, and extra-hepatic lesions similar to those found in 
the connective tissue diseases are absent. There is no evidence, other than aggre
gation of lymphocytes in the portal areas, of a Type IV auto-allergic reaction, 
and no disease resembling primary biliary cirrhosis has been produced experi
mentally. 

CLINICAL USE OF ANTIBODY TESTS IN LIVER DISEASE 

Active chroníc hepatitis 
The diagnosis of active chronic hepatitis can very often be suspectcd strongly 
from thc information provided by the clinical features and biochemical investiga
gations. Beca use ofits serious nature, however, it is appropriate that confirmation 
should be sought by histological examination of the liver. The demonstration 
of raised levels of serum immunoglobulins, particularly IgG, and positive 
tests for AICF, nuclear, smooth muscle, or mitochondrial antibodies, or rheuma
toid factor, provide information which, taken together with the clinical 
features and tests for hcpatocellular injury, provide the evidence on which the 
decision to perform liver biopsy is based. In considering the results of the im
munological tests, it is obviously important to realize that none of the antibodies 
listed above is present in all cases, and that each of them may be found in cases 
of primary biliary cirrhosis, and in various other diseases, particularly the 
connective tissue diseases. These associations have already been discussed. A 
positive LE cell test is also of diagnostic value, but is less sensitive than the 
indirect immunofluorescence test for nuclear antibodies, and the detection of 
LE cells may require prolonged examination of multiple tests. As already stated, 
the sub-classification of those cases with a positive LE cell test as lupoid hepatitis 
appears to have little clinical advantage: the clinical course and the response to 
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corticosteroid therapy do not appear to be related to the results of LE cell tests 
(Read et al 1963), nor do the mortality and survival time (Read et al 1963; 
Mackay et al 1965). The diagnostic value of the detection of certain antibodies 
which have been described recently, including antibodies to glomeruli and to 
biliary canaliculi, can only be assessed on the results of further experience. 

Once the diagnosis of active chronic hepatitis has been made, the main hope 
of arresting or slowing down the destructive lesion lies in the administration of 
corticosteroids or immunosuppressive drugs. There is no doubt that 
corticosteroid therapy improves the clinical condition of some patients and 
lowers the levels of serum transaminases, but the long-term effect remains in 
doubt: Read et al (r963) were not convinced that survival was prolonged, but 
Mackay et al (r965) consider that the evidence supports this possibility. Evidence 
that immuno-suppressive drugs may be of therapeutic value in sorne cases has 
been provided by Page & Good (r962), Page et al (r964), Mackay & Wood 
(r963) and Mackay et al (r964). In view of these therapeutic possibilities, it is 
important that the diagnosis should be made at an early stage. Once the condi
tion has progressed to fully developed post-necrosis cirrhosis, it is unlikely that 
any known thcrapeutic measure can arrest the cirrhotic process. In many cases 
of active chronic hepatitis, the onset is indistinguishable clinically from acute 
virus hepatitis. The AICF test is positive in a significant prorortion of cases of 
acute virus hepatitis (Gajdusek 1958; Mackay & Gajdusek 1958; Hackett et al 
1960; Pasnick et al 1962; Polish & Muschel 1962; Holborow et al 1963), but 
according to Mackay & Gajdusek (1958), the test reverts to negative with 
recovery, usually within 8 weeks of onset. Accordingly, persistence of a positive 
test beyond this time might raise or support the possibility that the case is one 
of active chronic hepatitis. The other antibody tests do not appear to have been 
applied to the early diagnosis of active chronic hepatitis simulating acute virus 
hepatitis. 

Primary biliary cirrhosís 
Nearly all patients with primary biliary cirrhosis present clinically with features 
ofbiliary obstruction, and the main diagnostic problem líes in distinguishing the 
condition from obstruction of the common or major bile ducts, and from drug
induced cholestasis. The immunological featurc of greatest value in making the 
distinction is the occurrence of mitochondrial antibody in primary biliary 
cirrhosis. The test for this antibody is best done by the indirect immtmofluores
cence technique, which is more specific than thc AICF test. The test has now been 
positive, often in high titre, in 72 of 77 cases of primary biliary cirrhosis included 
in the recent reports, whereas it has been found, and then in low titre, in only 
2 of ros cases of bile duct obstruction, and positive results have not been 
reported among approximately rz cases of drug-induced cholestasis (Walker 
et al 1965; Doniach et al 1966; Goudie et al 1966). 



IIIÓ CLINICAL ASPECTS OF IMMUNOLOGY 

The importance of distinguishing with certainty between primary biliary 
cirrhosis and mechanical bile duct obstruction is so great that at present it is 
usually considered necessary to perform exploratory laparotomy to exclude 
the latter condition. It seems likely, however, that the test for mitochondrial 
antibody, together with percutaneous liver biopsy, will greatly reduce the need 
for laparotomy, withitsdeleteriouseffect,inpatientswith primary biliarycirrhosis. 

The rnitochondrial antibody test is also likely to be of diagnostic help in 
those patients presenting with pruritis which may persist for months or years 
before jatmdice becomes apparent (Sherlock 1959), and also in patients first seen 
in a period of rernission. 

In sorne cases of active chronic hepatitis, cholestasis is a distinct feature. The 
clinical picture may resemble that of primary biliary cirrhosis, and differential 
diagnosis between the two conditions may occasionally be difficult (Datta, 
Sherlock & Scheuer 1963). Mitochondrial antibody does not appear to develop 
more often in cholestatic than in more typical cases of active chronic hepatitis 
(Doniach et al 1966), but as the incidence in this condition is approximately 30% 
the finding of the antibody is of no real help in the differcntial diagnosis. On 
the other hand, absence of the antibody is likely to provide a good indication 
that the case is not one of primary biliary cirrhosis. 

Cryptogeníc círrhosis 
If it is accepted that the features of cirrhosis include diffuse loss of lobular 
architecture, nodule formation and fibrosis, then thc condition must be regarded 
as irreversible, and liable to progress and cause death from hepatoccllular failure 
or portal hypertension. It is particular! y in cases of fully developed cirrhosis that 
difficulty is encountered in determining the nature of the pre-cirrhotic lesion, 
for the distinguishing features of active chronic hepatitis, nutritional deficiencies 
and alcoholism, and of primary biliary 'cirrhosis', tend to subside in the later 
stages of these diseases and to be obscured by true cirrhosis. Accordingly, the 
term cryptogenic cirrhosis is commonly applied to fully developed cirrhosis 
without features indicative of any of the known pathogenic processes. In such 
cases, immunologocal investigations may suggest the pathogenesis. For example, 
a high leve! of serum IgG or positive tests for nuclear, AICF, or smooth muscle 
antibodies, or for rheumatoid factor, raise the possibility that the condition may 
have resulted from active chronic hepatitis, whereas the demonstration of 
mitochondrial antibody is unduly common in patients with a clínica! history 
suggestive of primary biliary cirrhosis (Doniach et al 1966). Such findings are 
not of much importance in the handling of individual patients, for the main 
clínica! problems here are those resulting from cirrhosis, regardless of its patho
genesis. The investigation of the causal factor in cirrhosis is, however, of con
siderable importance in relation to world-wide studies of nutritional deficiency 
and of chronic liver disease. 
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ADRENAL CORTEX 

IDIOPATHIC ADDISON's DISEASE 

The features of idiopathic Addison' s disease (primary adrenal atrophy) which 
suggest that it is of auto-allergic nature include the histological changes in the 
adrenal glands, the occurrence of organ-spccific antibodies to adrenocortical 
cells in the sernm of sorne patients, and the occurrence of adrenalitis and of 
antibodies to adrcnal cortex in animals receiving immunizing injections of 
preparations of adrenal tissue. In these respects, the condition parallels chronic 
thyroiditis, and the high incidence of chronic thyroiditis, and probably also of 
chronic gastritis, in patients with idiopathic Addison's disease, provides further 
support for inclusion of this condition among the organ-specific auto-allergic 
diseases. These featurcs are discussed below in more dctail. 

p A THOLO GICAL CHANGES 

Both adrenal glands are very much smaller than normally, and may indeed be 
difficult to find at post-mortem examination. Microscopy shows loss of most 
of the cortical cells, and infiltration of any surviving cortical tissue with lympho
cytes and plasma cells. The changes which ha ve led up to this extreme degree of 
atrophy are apparently progressive and irreversible. 

ANTIBODIES TO ADRENOCORTICAL CELLS 

The occurrence of adrenocortical antibodies in the serum of a proportion of 
patients with idiopathic Addison's diseasc has now been reported by severa! 
groups ofworkers (Anderson et al 1957; Mead 1962; Blizzard, Kyle, Chandler 
& Hung 1962; Blizzard & Kyle 1963; Irvine 1963; Goudie, Anderson, Gray & 
Whyte 1966). The antibodies are demonstrable by complement fixation and 
indirect immunofluorescence techniques, and it has been the general experience 
that the latter technique provides the more sensitive method: by its use, antibody 
was detected in approximately so% of cases in the two relatively large series of 
Blizzard & Kyle (r963) and Goudie et al (r966). 

Nature of the antigens 
Immunofluorescence tests demonstrate that thc adrenal antibodies react diffusely 
with the cytoplasm of cells of the whole thickness of the adrenal cortex. The 
cells of the innermost part frequently stain particular! y brightly, and the staining 
of small groups of cortical cells lying in the medulla is specially prorninent. The 
antigen is destroyed by treating the tissue or sections with various fixations, 
and positive results have been reported only with unfixed adrenal tissue. In 
most cases, the antibody reacts only with adrenal tissue; tests with the other 
endocrine glands, and with liver, kidney, etc., are negative. These conclusions 
are based on the rcsults of immunofluorescence and complement fixation tests, 
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and upon absorption studies. Tests with adrenal tissue of various mammalian 
species have, however, given positive results, and the antigen is thus adrenal
specific but not spccies-specific (Blizzard & Kyle 1963). Absorption studies with 
centrifuga! fractions of adrenal tissue were also reported by Blizzard and K y le, 
who concluded that thc antigcn was present in microsomal and mitochondrial 
fractions, but it appears from recent unpublished investigations, rcferrcd to by 
Goudie et al (r966), that the antigen is confined to t_he microsomal fraction, and 
is chemically similar to the thyroid and gastric microsomal antigens. 

Blizzard & Kyle (r963) concluded, from the pattern of complement fixation 
observed in 'checkerboard' tests of positive sera with adrenal extract, that thcre 
were two distinct types of adrenal antibody, and further evidence of a second 
antigen-antibody system, based on tests with tissues othcr than adrenal, is 
providcd on p. r12o). 

Clínica! associations oj adrenal antibodies 
As already mentioned, adrenal antibody has bcen detccted in the serum of 
approximately so% of patients diagnosed as idiopathic Addison's disease. 
However, it is not usually possible to ascertain the cause of primary adreno
cortical insufficiency during life. In the abs'!rl:ce of any evidence of tuberculosis, 
by far the most likely cause is primary adrenal atrophy, but tuberculous adrenal
itis (or othcr pathological agents) ca1mot be ruled out, since radiologically 
visible adrenal calcification of the adrenals is present in only a proportion, 
probably less than so%, of cases of tuberculous Addison' s disease (Dunlop 1963 ). 
Conversely, adrenal calcification almost certainly indicates an infective granu
loma, usually tuberculosis, but evidence ofhealed or active tuberculosis elsewhere 
in the body in a patient with Addison' s disease is only of presumptive aetiological 
significance. With these reservations, adrenal antibody has been detected almost 
exclusively in cases of Addison's disease of idiopathic type. Blizzard & Kyle 
(1963) reported positive complement fixation tests for adrenal antibody with 
the serum of two patients with Addison' s disease considered to be of tuberculous 
type. Although the two sera did not react to f¡x complement with kidney tissue, 
their ti tres with a drena! tissue are not stated, and antibody of the 'ArcF' type (see 
p. 1099) could be responsible. The immunofluorescence test for adrenal antibody, 
which in this investigation was more sensitive than the complement fixation 
test, was negative with these two sera. In the investigation reported by Goudie 
et al (1966), 27 patients with Addison's disease had evidence ofhealed or active 
tuberculosis: of 7 with radiological evidence of adrenal calcification, the serum 
of r gave a positive immunofluorescence test for adrenal antibody: in 9 cases 
with evidence of active tuberculosis, the test was negative, while I of II cases 
with radiological evidence of healed tuberculosis was positive. It is of interest 
that I of these 2 patients with a positive test developed thyrotoxicosis after the 
onset of Addison's disease, and the other had diabetes mellitus. Both of these 



L1VER, PANCREAS, ADRENAL AND PROSTATE 1II9 

conditions have been reported to have an association with the organ-specific 
auto-allergic group of diseases, and the nature of the lesion causing adrena} 
insufficiency in these 2 cases must be regarded as uncertain. The possible associa
tion of adrenal tuberculosis and idiopathic adrenocortical atrophy seems most 
unlikely, but Barker (1929) described a case which was apparently of this nature, 
and stated without giving references that severa! similar cases had been reported. 

Adrenal antibodies are rarely found in patients without Addison's disease. 
Blizzard & Kyle (1963) reported negative results in other diseases of the adrenals, 
and in 68 subjects without adrenal disease. Goudie et al (1966) obtained negative 
results in tests on 89 patients with various auto-allergic diseases, induding 
chronic thyroiditis and thyrotoxicosis. However, adrenal antibodies were 
detected by Blizzard & Kyle {1963) in 4 of 27 patients with idiopathic hypopara
thyroidism, but without Addison's disease. The recent demonstration of anti
bodies to parathyroid tissue in the serum of sorne patients with idiopathic 
hypoparathyroidism (Blizzard, Chee & Davis 1966) suggests that it is of an 
auto-allergic nature, and the common association of idiopathic Addison's 
disease suggests that the 4 cases with adrenal antibodies reported by Blizzard 
and Kyle may have had subclinical chronic adrenalitis. It is not known whether 
such lesions can develop, and remain at subclinical levels, as occurs in chronic 
focal thyroiditis, or whether they invariably progress to idiopathic Addison's 
disease. 

Adrenal antibody has been reported also in an unusual case of Cushing's 
syndrome: only one adrenal was hyperplastic, but both were infiltrated with 
lymphocytes and plasma cells, particularly in the medulla and cortico-medullary 
junction. Lymphocytic infiltration was found in the hyperplastic adrenals of 
19 of 20 other cases of Cushing's syndrome, but 9 other cases were tested for 
adrenal antibodies with negative results. The possibility of a globulin factor 
stimulating the adrenal cortex, comparable to LATS in thyrotoxicosis, was raised 
in this report (W egienka et al I 966). 

It is apparent from the above findings that adrenal antibodies occur in the 
serum of approximately so% of patients with idiopathic Addison's disease, and 
are rarely found apart from this condition. The test is therefore of sorne diag
nostic value in patients in whom the evidence of adrenal insufficiency is equi
voca!, and in patients placed on steroid replacement therapy without proof of 
adrenal insufficiency, where it may be considered inadvisable to intcrrupt the 
therapy for diagnostic purposes. 

The diagnostic value of antibody tests in Addison' s disease obviously depends 
on the development of the antibody atan early stage of the pathological process. 
In this respect, the incidence of adrenal antibody did not appear to be influenced 
by age, sex or duration of disease in the cases investigated by Goudie et al (1966), 
and it is thus apparent that most or all ofthose patients who develop the antibody 
do so at an early stage. We have encountered a patient with Hashimoto's 
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disease who subsequently developed Addison' s disease: a specimen of serum 
obtained 6 months befare the clinical onset of Addison's disease was found to 
contain adrenal antibody. 

The detection of adrenal antibodies in a patient with Addison's disease is 
strong evidence that the adrenal destruction is 'idiopathic,' and not tuberculous, 
but there is evidence, stated above, to indicate that occasional patients with 
tuberculosis and Addison' s disease ha ve adrenal antibodies in their serum. 
Obviously, the finding of antibody in such cases should not influence the 
assessment of the nced for antituberculosis therapy, but the detection of antibody 
in cases with no evidence of tuberculosis, or with evidence ofhcaled pulmonary 
tuberculosis, may be of value as an indication that such therapy is unnecessary. 

Idiopathic hypoparathyroidism is such a rare disease that the occurrence of 
adrenal antibodies in some cases is of little practica! importance. It will be of 
interest, however, to ascertain whether the presence of adrenal antibody in such 
cases presages the development of idiopathic Addison's disease. 

Antibody to steroid-producing cells 
In testing adrenal antibodies for organ-specificity by the immunofluorescence 
technique, we have encountered a serum which reacts not only with adreno
cortical cells, but also with the cytoplasm of the interstitial cclls of the testis, 
theca interna and luteal cells of the ovary, hilus cells of the ovary and testis, and 
placenta! syncytiotrophoblast. Tests with a wide range of other tissues were 
negative, and the reactivity of the serum was removed by absorption with 
adrenal or corpus luteal tissue, but not with thyroid, liver or kidney. The patient 
providing this serum was a young man with idiopathic hypoparathyroidism, 
malabsorption syndrome, and presumptive Addison' s disease. He was on 
corticosteroid therapy when f¡rst seen, and in view of the complex nature of 
his illness, it was not considercd justifiable to interrupt his therapy for the pur
pose of confirming the diagnosis of Addison's disease. This patient showed no 
evidence of hypogonadism, and the blood levels of gonadotrophins wcre not 
unusually high. Weak antibody of the same type has since been detccted in a 
second patient, a man with apparently uncomplicated idiopathic Addison's 
disease. No more examples of this unusual antibody have been found among 
30 sera containing adrenal antibodies. 

There is no evidence that the development of antibody to steroid-producing 
cells in these patients was associated with lesions of the gonads, nor is thcre much 
evidence to suggest gonadal lesions in othcr cases of idiopathic Addison's 
disease. Lyman Duff & Bernstein (1933) described small shrunken ovaries with 
few or no graffian follicles in 2 patients dying at ages 36 and 3 7, and interstitial 
fibrosis of the testes with abscnce of interstitial cells was reported in a boy of 
16 by Simpson (1932), but no lesions of the gonads were observed in the post
mortem study of Sloper (1953). An.interesting case of idiopathic Addison's 
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disease with primary ovarian defrciency, primary myxoedema and diabetes 
mellitus was described by Christy, Holub & Tomasi (1962), but although 
adrenocortical antibody was detected, it was not found to react with ovarian 
tissue (Blizzard, Tomasi & Christy 1963). 

AssociATED DisEASES 

Thyroíd disorders 
It has long been known that chronic thyroiditis, both clinically apparent and 
latent, is a common accompaniment of Addison' s disease. The association of 
primary myxoedema was described by Schmidt (1926) and many cases have 
since been reported. The combination with Hashimoto's disease appears to be 
less common. Investigations on a total of II9 patients with idiopathic Addison's 
disease ha ve been described by Blizzard & Kyle (1963), Irvine (1963) and Goudie 
et al (1966). The associated diseases which were observed in more than one of 
these II9 patients are listed in Table 41. 1, from which it is seen that 10 cases had 

TABLE 4!.1 

Associated diseases in 119 patients with idiopathic 
Addison's disease 

Disease 

Primary myxoedema 
Hashimoto's disease 
Thyrotoxicosis 
Pernicious anaemia 
Diabetes mellitus 
Primary hypoparathyroidism 

No. of cases 

7 
3 
6 

5 

9 
15 

clinically apparent chronic thyroiditis. The incidence of subclinical degrees of 
chronic thyroiditis has been shown in post mortem studies to be very high in 
patients with Addison's disease (Walls 1930; Sloper 1953; Bloodworth, Kirken
dall & Carr 1954), and review of these reports indicates that the association 
with idiopathic Addison' s disease is particular! y strong: it remains uncertain 
whether the incidence is increased in tuberculous Addison's disease, but if so, 
the increase is less striking. In view of the common accompaniment of chronic 
thyroiditis, a high incidence of thyroid auto-antibodies might be expected in 
idiopathic Addison's disease, and this expectation appears to be fulfrlled by the 
detection of thyroid microsomal antibody in 3 8 of the 1 19 cases referred to in 
Table 41. I. It is, however, important to emphasize that the known immuno
logical interests of the authors of the reports on these 1 19 patients are likely to 
have influenced the selection of cases encountered by them. This point has been 
made by Goudie et al (1966) in relation to their cases, and almost certainly applies 

MM 
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to the two other reports. For this reason, the high incidences of associated diseases 
listed in Table 41.1 must be regarded with suspicion, particularly as all of them 
have auto-allergic features. The high incidence of thyroid antibody in these 
cases may also not be representative for idiopathic Addison's disease. However, 
Goudie et al (1966) reported that the evidence of thyroid microsomal andjor 
gastric parietal cell antibody in their female idiopathic cases of Addison's disease 
was significan ti y greater than in their female tuberculous cases: this difference 
was not attributable to age or sex distributions and provides strong evidence 
for a raiscd incidence of these auto-antibodies in the idiopathic form of the 
di seas e. 

It seems likely that there is an increased incidence of thyrotoxicosis in patients 
with Addison's disease. The subject was reviewed by Stewart, Green & Lowe 
(1962), who concluded that the association might be merely fortuitous. In 
reviewing the records of 53 8 patients with Addison' s disease seen at the Mayo 
Clinic between 1913 and 1958, Gastineau, Myers, Arnold & McConahey (1964) 
reporta 3/o incidence (16 cases) of thyrotoxicosis. Many of the cases were seen 
at a time when the life expectancy of Addison's disease was short, and these 
16 patients mostly developed Addison's disease after, or at the same time as, the 
onset of thyrotoxicosis: accordingly, the figure of 3/o may be too low. On the 
other hand, as the authors point out, the apparent association may have been 
exaggerated by unintentional case selection. 

Chronic gastritis 
There is no statistical evidence of an incrcased incidence of pernicious anaemia 
in patients with Addison' s disease, but cases of the two conditions are not rare 
(Table 41.1), and there is both direct andindirect evidence that chronic gastritis 
of the acid-secreting mucosa is common in Addison' s disease. The direct evidence 
is provided by gastric biopsy studies which suggcst that chronic gastritis is 
particularly common in idiopathic Addison's disease (Feyrter & Klima 1952; 
Smith, Delamore & Wynn Williams 1961). The indirect evidence includes the 
demonstration of a high incidence of gastric parietal cell antibody in idiopathic 
Addison' s disease (Irvine 1963; Goudie et al 1966), which suggests that chronic 
gastritis is commonly present. As already stated, case selection may have influ
enced this finding. The common occurrencc of histamine-fast achlorhydria or 
hypochlorhydria in Addison's disease cannot be regarded as evidence of chronic 
gastritis, for in many cases the acid secretion reappears or increases following 
steroid replacement therapy (Gray, Ramsay & Thorn 1956; Soffer, Dorfman & 

Gabrilove 1961). 

Diabetes mellítus 
The association of diabetes with Addison's disease was reviewed in 1954 by 
Stanton, Jones and Marble, who found reports on 46 cases. More recently, 
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Csapó, Dávid & Kovács (r963) referred to approximately So cases in the litera
ture. As diabetes is a common disease, it is not possible to determine whether 
these figures indicate a true association. Theoretically, an association between 
the diseases might arise in two ways. Firstly, by diabetes predisposing to tuber
culosis, and so possibly to tuberculous Addison's disease. Secondly, there is 
evidence that diabetes has organ-specific auto-allergic features (see Moore & 
Neilson 1963 and Mancini et al 1965) and it might therefore be expected to have 
associations with other diseases with organ-specific auto-allergic features, 
including idiopathic Addison's disease. Soffer et al (r96r) appear to rcgard thc 
association as fortuitous, but point out that of the 2S cases in which post
mortem examination of the adrenals was performed, the ratio of idiopathic to 
tuberculous cases was 3 : r. They consider that this ratio is higher than in Addi
son' s disease in general. The possibility of a true relationship between diabetes 
and idiopathic Addison's disease finds support also, with the reservations already 
stated, from the incidence shown in Table 4J. r. 

Idiopathic hypoparathyroidism 
Idiopathic Addison' s disease, idiopathic hypoparathyroidism and superficial 
moniliasis have been reported to be associated in all four possible combinations 
(see Soffer et al 1961; Blizzard & Kyle 1963; Blizzard et al 1966). Because idio
pathic hypoparathyroidism is a rare condition, the number of cases in which it 
has accompanicd idiopathic Addison's disease almost certainly indicates a true 
association. Very strong evidence in support of this is provided also by the 
finding that adrenocortical antibody rarely occurs in individuals without idio
pathic Addison's disease, and yet is to be found in some cases of uncomplicated 
idiopathic hypoparathyroidism (Blizzard & Kyle 1963). Recently, Blizzard et al 
(1966) have reported the detection of antibody reacting in immunofluorescence 
tests with the cytoplasm of parathyroid cells. The antibody was organ specific 
and was detected in the serum of 3 S% of cases of idiopathic hypoparathyroid
ism, 26% of cases ofidiopathic Addison's disease, 12% of cases ofHashimoto's 
disease and 6% of 'control' hospital patients. An increased incidence of thyroid 
and gastric auto-antibodies was also detected in patients with idiopathic hypo
parathyroidism. If confirmed, these findings indicate that idiopathic hypopara
thyroidism is one of the group of so-called organ-specific auto-allergic diseases, 
and its associations with idiopathic Addison's disease and pernicious anaemia 
(Hung, Migeon & Parrott 1963; Morse, Cochrane & Landrigan 1963; Blizzard 
& Kyle 1963; lrvine 1963; Goudie et al 1966) are not surprising. The significance 
of the association with superficial moniliasis remains unexplained. 

EXPERIMENTAL AUTO-ALLERGIC ADRENALITIS 

The development of adrenal lesions and auto-antibodies in guinea-pigs and 
rabbits, following injection of adrenal tissue homogenate plus Freund's adjuvant, 
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has been reported by severa! groups of workers. Results of such experiments 
have, however, been rather conflicting and are complicated by the occurrcnce 
of what may be termed 'non-specific' lesions in various organs, including the 
adrenals, following injection of adjuvant emulsion containing saline or various 
tissue extracts. Distinctive or 'specific' lesions, affecting only the adrenals and 
developing in animals injected with adrenal tissue homogenate in adjuvant 
emulsion, were first reported by Colover & Glynn (1958) in guinea-pigs, and 
similar findings were described by Steiner, Langer, Schatz & Volpe (r960) and 
by Barnett, Dumonde & Glynn (r963). In similar expcriments, Witebsky & 

Milgrom (r962) and Terplan, Witebsky & Milgrom (r963) also described 
lesions, but they did not consider that there was any good evidence in support 
of an auto-allergic pathogenesis. In all these experiments, homologous or 
autologous adrenal tissue (the latter obtained by unilateral adrenalectomy) was 
used for injection. Antibody reacting specifically with guinea-pig adrenal tissue, 
including autologous adrenal, was demonstrated by Witebsky and his co
workers, in complement fixation, tanned red cell agglutination, and precipita
tion reactions. By contrast, Barnett et al demonstrated adrenallesions, but not 
antibodies, in guinea-pigs receiving injections of homologous adrenal: they 
observed more extensive adrenal lesions, and also antibodies reacting with 
autologous adrenal tissue, in animals injected with heterologous adrenal tissue. 
The adrenallesions observed in these experiments consisted of foci of lympho
cytes and histiocytes, with smaller numbers of plasma cells and eosinophil 
leucocytes, and with degenera ti ve changes of the adrenocortical cells in the foci. 
Usually, the lesions have been most numerous and extensive in the inner part 
of the cortex, but similar infiltrates occur in the medulla, and may be related 
to isolated adrenocortical cclls which lie there (Steiner, Langer & Schatz 
!960). 

Lesions of the adrenals have also been described in rabbits injected with 
autologous or homologous adrenal tissue homogenate plus Freund' s adjuvant 
(Milcou et al 1959; Witebsky & Milgrom 1962). Negative results were reported 
in similar experiments by Stciner et al (r96ob) and Barnett et al (r963), although 
the latter workers observed lesions in rabbits injected with heterologous 
(guinea-pig or rat) adrenal tissue. Antibodies to adrenocortical tissue were 
detected by Witebsky & Milgrom (r962), by complement fixation, tanned red 
cell agglutination and precipitation tests, in rabbits injected with homologous 
or autologous adrenal tissue: the antibodies reacted with autologous adrenal 
tissue and not with various other rabbit tissues, including testis and ovary. 
Barnett et al (r963) also demonstrated auto-antibodies to adrenal tissue, which 
were of low titre in rabbits receiving injections of homologous adrenal tissue 
and ofhigh titre in those injected with guinea-pig adrenal tissue. The antibodies 
were of lgG type, and reacted with certain other rabbit tissues in addition to 
adrenal: heating at 65°C to inactivate the 'natural' non-tissue-specific auto-
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antibodies (Kidd & Friedewald 1942) did not render the sera adrenal-speciflc, 
but complement f¡xation, immunofl.uorescence and absorption studies demon
strated an antibody which reacted with the cytoplasm of adrenocortical cells, 
of interstitial cells of the ovary and testis, and in sorne instances with spermatozoa 
and their precursors. This antibody appears to behave similarly to that occurring 
rarely in patients with Addison's disease, and reacting with steroid-producing 
cells (see p. 1 120). 

It is well established, from the investigations described above, that auto
antibody to adrenal tissue develops in sorne guinea-pigs and rabbits injected 
with adrenal tissue and Freund's adjuvant. The antigenic adrenal constituent is 
heat-labile (Witebsky & Milgrom 1962; Barnett et al 1963) and evidence of its 
protein nature has been provided by Shulman, Centeno, Milgrom & Witebsky 
(1965). By use of Ouchterlony precipitation techniques upon concentrated 
rabbit adrenal auto-antibody, Centeno, Shulman, Milgrom & Witebsky (1965) 
have demonstrated four adrenal antigens, three of which were not detected in 
other rabbit tissues. 

The auto-allergic nature of the experimentally produced adrenallesions re
mains in doubt. Terplan et al (1963) pointed out that the development oflesions 
did not correspond to the number ofimmunizing injections, nor to the duration 
of the experiment. In a histological study of the lesions, they found no obvious 
injury to adrenocortical cells, and although the lesions were most pronounced in 
animals injected with adrenal tissue plus Freund's adjuvant, occasionallesions 
were observed following injection with other tissues. In spite of these observa
tions, and taking into account the complicating 'non-specific' adrenallesions in 
animals injected with adjuvant emulsion, an auto-allergic pathogenesis offers 
the best explanation which has been suggested for the experimentallesion. The 
type of the postulated auto-allergic injury is unknown. It has been the general 
finding (as in auto-allergic encephalomyelitis and thyroiditis) that circulating 
antibody does not parallel the incidence and severity of the lesions, and skin 
tests for delayed hypersensitivity to adrenal tissue were reported as negative by 
Barnett et al (1963). As in experimental auto-allergic thyroiditis, the lesions 
subside without progressing to extensive destruction of the g1and, and functional 
deficiency has not been demonstrated. The production of lesions and of adrenal 
antibodies more readily by injection of heterologous, as compared with injec
tions ofhomologous or autologous, adrenal tissue (Barnett et al 1963) is reminis
cent of the antibody-stimulating effects of injections of heterologous liver (see 
p. no8). The greater effectiveness of heterologous adrenal tissue cannot be 
regarded as evidence against the auto-allergic nature of the experimentally 
produced lesions: it is better explained on the established basis that ero ss
reactive adrenal antigens are common to various species, and that the auto
antigenic stimulus provided by heterologous adrenal tissue is greater than that 
of autologous or homologous adrenal. 
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CONCLUSIONS 

There seems no point in discussing at length the case for an auto-allergic 
pathogenesis of idiopathic Addison's disease. The evidence is similar to that 
relating to chronic thyroiditis, but is less strong, fmtly because opportunity 
has not arisen to investigate the auto-allergic nature of adrenal antibodies, and 
secondly because the development of experimental 'auto-allergic' adrenalitis 
has not been shown to be associated with delayed hyposensitivity, as has 
experimental auto-allergic thyroiditis, nor has the experimental condition been 
induced by transfer of 'sensitized' lym phoid cells. 

Present evidence suggests a particular association between idiopathic Addison' s 
disease and idiopathic hypoparathyroidism in addition to associations ofboth con
ditions with chronic thyroiditis and chronic gastritis. It thus appears that the two 
former conditions should be placed together, as having common predisposing 
factors, as a sub-group within the group of organ-specific auto-allergic discases. 

The demonstration, in two cases of idiopathic Addison's disease, of antibody 
reacting not only with adrenocortical cells but also with other cells which pro
duce steroid hormones (see p. uzo), is of interest in relation to pathogenesis. In 
chronic thyroiditis and chronic gastritis, the antibodies reacting with the thyroid 
and gastric mucosa respectively are, like the lesion, organ-specific. There is 
good evidence that these auto-antibodies are not the majar pathogenic agents, 
and the lesions are best explained on the assumption of delayed hypersensitivity 
to the same organ-specific antigenic constituents, resulting in injury by a Type 
IV auto-allergic reaction. If the adrenocortical destruction of idiopathic Addi
son's disease is attributable toa Type IV reaction, and if its specificity parallels 
that of the circulating antibody, then destruction of the testicular interstitial 
cells might have been expected to accompany the adrenocorticallesion in the 
two cases with antibody to steroid-producing cells. Testicular lesions in these 
cases can be excluded only by biopsy, and this was not considered to be justified. 
The absence of clinical evidence, and in one case the normal blood levels of 
pituitary gonadotrophins, indicate that testicular interstitial cell function was 
not seriously depressed, and it must be concluded either that a type IV reaction 
of the same specificity as the circulating antibody is not a majar pathogenic 
factor in these two cases, or that the adrenal cortex is more susceptible than the 
testicular interstititial cells to injury by such a reaction. 

PANCREAS 

Clinical and experimental investigations have provided no good evidence that 
pancreatic disease can result from auto-allergic reactions. The occurrence of 
pancreatic antibodies has, however, been reported in patients with pancreatic 
lesions, and antibodies reacting specifically with pancreas ha ve been demonstrated 
to develop in animals following the administration of pancreatic tissue extract 



LIVER, PANCREAS, ADRENAL AND PROSTATE II27 

incorporated in Freund' s adjuvant: it has also becn reported that pancreatic 
antibodics develop following experimentally induced pancreatic injury. 
Curiously, in both man and animals, the pancrcatic antibodies have reacted 
with homologous, but usually not with autologous pancreatic tissue: i.e. they 
are iso-antibodies. The occurrence of organ-specific iso-antigens, and the reportcd 
development of organ-specific pancreatic iso-antibodies in patients with lesions 
of the pancreas, provide intriguing problems and may have far-reaching 
significance. 

PANCREATIC ANTIBODIES IN MAN 

Most of the observations on pancreatic antibodies in man are those reported 
by Thal and his co-workers (Thal, Egner & Murray 1959; Thal, Murray & 
Egner 1959; Thal 1960; Murray& Thal 1960). Using an Ouchterlony precipita
tion technique, with crude saline extract of normal pooled human pancreas as 
antigen, they tested the serum of patients with various diseases, and of healthy 
individuals, for the presence of precipitating antibodies. Positive results were 
observed in most cases of chronic pancreatitis, cancer of the pancreas and 
mucoviscidosis, while tests with the serum of so blood donors were all negative. 
Of sera from 228 hospital patients with various diseases, 10 were positive: in 
sorne of these, pancreatic disease could not be excluded, and in others the anti
body was stated to react also with extracts of other organs. Positive rcsults were 
reported also in 7 of So cases of diabetes mellitus, and review of the features of 
the 7 positive cases provided no indication that diabetes might have resulted 
from chronic pancreatitis. The reports containing these findings are lacking in 
detail. It is stated, for example, that the antibodies reacting with pancreas are 
organ and species specific, but the evidence for this is not provided, apart from 
a statement that they do not react with human liver tissue extract. Nor is any 
evidence provided that the serum factors concerned in the reactions are immuno
globulins. In one report, Thal et al (1959a) state that the Ouchterlony precipita
tion tests are best read after 3-4 weeks at 10°. Besides reducing considerably the 
possible clinical value of the test, this long period increases the likelihood of 
various non-immunological precipitates developing in the agar. Thal and his 
co-workers did not report detailed investigations on the nature of the pancreatic 
antigens, but they concluded from differential centrifugation experiments that 
they were associated with the endoplasmic reticulum of pancreatic acinar cells, 
and that pancreatic juice did not contain them. 

In four cases of chronic pancreatitis, serum and pancreatic tissue were avail
able, and autologous tests were performed. In three of the cases, the results were 
negative, although the sera reacted with the other pancreases: in the fourth 
case, the autologous reaction was reported as positive. 

Positive Ouchterlony precipitation tests for pancreatic antibodies were 
reported also by Fonkalsrud & Longmire (1961). Like Thal and his co-workers, 



II28 CLINICAL ASPECTS OF IMMUNOLOGY 

they reported positive results in most cases of chronic pancreatitis and cancer of 
the pancreas, but 5 of 19 'unselected' medica! and surgical hospital patients were 
also found to be positive: 4 of the 5 had marked infl.ammation in the vicinity 
of the pancreas (e.g. due to peritonitis, peptic ulceration, or 'cancer of the 
duodenum'): a weak positive result was also observed in r of 7 blood donors 
tested. Two or more lines of precipita te were usually observed in positive tests, 
suggesting multiple antigen-antibody systems, but tests with extracts of organs 
other than pancreas, and attempts to characterize the serum factors as immuno
globulins, were not described. Fonkalsrud and Longrnire also prepared a rabbit 
antiserum to pooled human pancreatic extract, and after absorption with human 
serum, this was used to detect the presence of pancreatic antigens in the serum 
of their patients by the Ouchterlony precipitation technique. Positive results 
were reported with serum from 7 of r6 patients with chronic pancreatitis, and 
2 of 4 patients with cancer of the pancreas: most or all of these sera were also 
positive in tests for pancreatic antibody, but sorne cases (e.g. a patient with 
persistent gastro-enteritis and another with gastric cancer) gave a positive test 
for antigen and a negative test for antibody. In one of the tests for antigen, the 
formation of two lines of precipitate suggested the presence of two antigens. 
These findings are consistent with the escape of multiple iso-antigens from 
pancreatic lesions. However, tests for organ spcci6city of the antigens were not 
described, and the interesting possibility of dcmonstrating precipitation reactions 
between the sera containing antigens and thosc containing antibodies was 
apparently not investigated. These findings ;m• discussed later, together with 
those in experimental investigations. 

Immunological investigation of patil·nts with mucoviscidosis has been 
reported by Stein, Manlapas, Soike & Patterson (1964) who tested bronchial 
mucus and serum for antibodies to pancrcas and lung tissue. Positive results 
were reported with the bronchial mucus of 1 4 out of 16 patients with muco
viscidosis in Ouchterlony precipitation tests with saline extracts of lnng tissue 
from paticnts with mucoviscidosis: the lincs of precipita te were well defined 
and appeared within 24 hr. Positive tests werc also observed with mucoviscidosis 
pancreatic tissue, but the lines were poorly dcfincd and developed more slowly, 
and the precipitates with lung and pancrcatic tissue cxtracts were not shown to 
be identical. Tests of bronchial mucus from mucoviscidosis patients with lung 
and pancreatic extracts from individuals without mucoviscidosis were reported 
as negative. The factor in bronchial mucus rcsponsible for the reaction with 
lung tissue extract resisted heating at 56° for 30 rnin and was inactivated by 
trypsin. The precipitation line was found to fusc completely with that produced 
in the reaction between the bronchial mucus and a goat antiserum to human 
immunoglobulin, a result which can only be reconciled with the authors' 
conclusion (that the bronchial mucus contains precipitating antibody to lung 
tissue) if it is assumed that most of the immunoglobulin in the bronchial mucus 



LIVER, PANCREAS, ADRENAL AND PROSTATE 1129 

consisted of such antibody. This seems most unlikely, and in the absence of more 
reliable evidence of the immunoglobulin nature of the mucus factor (e.g. based 
on DEAE fractionation, salt precipitation or immtmoelectrophoresis) the nature 
of the reaction with lung tissue extract remains in doubt, particularly as tests 
u pon the scrum of the patients failed to demonstrate antibodies to mucoviscidosis 
lung and pancreatic tissues. 

EXPERIMENTALLY PRODUCED PANCREATIC ANTIBODIES 
The investigations of Thal and his co-workers, part of which has been discussed 
above, included also attempts to stimulate the development of pancreatic 
antibodies in experimental animals. Pancreatic necrosis was produced in dogs 
and rabbits by injecting staphylococcal cHoxin directly into the pancreas, and 
also by intramuscular or subcutaneous injection ofhomologous pancreatic tissue 
extraer incorporated in Freund's adjuvant (Thal et al 1959a). In both groups of 
animals, antibodies to pancreatic tissue extract were detected by tpe Ouchterlony 
precipitation techniquc; tests of positive sera with an extract of the animal' s own 
pancreas were invariably negative, and the positive reactions were therefore 
attributed to iso-antibodies. The only pancreatic lesion observed was localized 
scarring in those animals which had been injected with staphylococcal toxin, 
although the authors state that they observed pancreatic lesions in chickens and 
ducks injected with homologous pancreatic extraer plus Freund's adjuvant. An 
investigation by Rose, Metzgar & Witebsky (r96o) was reported in much 
greater detail. They administered to rabbits injections of pooled saline extract 
of rabbit pancreatic tissue, together with Freund's adjuvant. Antibodies reactive 
with pooled pancreatic tissue extract were detected in the serum of the experi
mental animals by Ouchterlony precipitation, complement fixation, and passive 
cutaneous anaphylaxis tests. At least four distinct iso-antibodies were demon
strated, and thesc could be removed individually by absorption with pancreatic 
tissue extracts containing the appropriate iso-antigen. The iso-antibodies 
resisted heating at 65° for 30 min, and had the electrophoretic mobility oflgG. 
They were shown to be organ and species specific, and failed to react with 
autologous pancreatic tissue extraer. In another investigation (Witebsky, Rose 
& Nadel 1960) rabbits were injected with crude saline extracts ofhog, dog, beef 
or human pancreas, together with Freund's adjuvant: antibodies reactive with 
pancreatic tissue were demonstrated by complement fixation, tanned red cell 
agglutination and precipitation tests, and were shown to be both species and 
organ specific. 

Further investigation of pancreatic iso-antibodies in animals was reported by 
Metzgar (r964a) who demonstrated iso-antibodies to pancreatic tissue in rabbits 
and rhesus monkeys following injections of pooled homologous pancreatic 
extract plus Freund's adjuvant. Once again, the antibodies were found to be 
organ and species specific, and to be non-reactive with autologous pancreas. No 

MM* 
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pancreatic lesions were observed in the experimental animals, which included 
monkeys immunized for up to 14 months. Injection of rabbit serum containing 
pancreatic iso-antibody into normal rabbits (most of which were later shown 
to have the corresponding pancreatic iso-antigens) did not result in pancreatic 
lesions. Attempts to induce lesions by transfer of lymphoid cells were also 
unsuccessful although, as Metzgar points out, no precautions were taken to 
protect the injected cells against homograft rejection, and the ncgative result 
was therefore to be expected. Metzgar describes also immunofluorescence 
studies with rabbit pancrcatic iso-antibodies, using alcohol-ftxed sections of 
pancreatic tissue: fluorescence was confined to thc cytoplasm of pancreatic 
acinar cells, and staining was most intense in the secretory part of the cells. 
Pancreatic juice collected from rabbits and rhesus monkeys following pilo
carpine stimulation was then shown to contain the organ-specific iso-antigens, 
and Ouchterlony precipitation tests showed reactions of identity between the 
antigens in the j¡.rice and those in pancreatic tissue extracts. The administration 
of injections of autologous pancreatic extract (obtained by partial pancreatec
tomy) plus Freund's adjuvant to IO rabbits did not result in lesions in the 
residual pancreas, nor were auto- or iso-antibodies to pancreatic tissue detected 
in the animals' sera. In another report, Metzgar (1964b) refers to difficulties in 
demonstrating human pancreatic iso-antibodies: these included non-specific 
reactions in Ouchterlony precipitation tests, and non-reproducibility of com
plement fixation and tanned red cell agglutination tests. In order to overcome 
these hazards, he adnúnistered homogenates of individual human pancreases, 
together with Freund's adjuvant, to rhesus monkeys. Complemcnt fixing iso
antibodies developed and were shown by tests with a wide variety of human 
tissú:es, including salivary glands, gastro-intestinal mucosa and by absorption tests 
with red cells, to be organ specific. As in thc rhesus monkey and rabbit, the 
human iso-antigens were shown to be present in pancreatic secretion. Character
ization of the human pancreatic iso-antigens was prevented by the strong anti
complementary activity of the immune sera following absorption with 
individual pancreatic extracts. 

DISCUSSION 

Considering first the experimental observations, it is apparent that sorne of the 
claims to have induced the development of antibodics reactive with pancreas 
have not been supported by ftrm evidence of tissue speciftcity of the observed 
reactions, nor of the serum factors concerned being immunoglo bulins. However, 
the work of Metzgar is not subject to these criticisms, and provides good evi
dence that, in the rabbit and rhesus monkey, the pancreatic acinar cells and their 
secretion contain multiple iso-antigens which are species specific and are appar
ently absent from a wide range of other tissues. The findings of Thal and his 
co-workers in experiments on dogs and rabbits are consistent with these 
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conclusions. All the reportcd autologous tests have failed to demonstrate the 
production of pancreatic auto-antibodies in experimental animals. The failure 
reported by Metzgar to induce pancreatic lesions or antibodies by injecting 
rabbits with autologous pancreatic tissue in Freund's adjuvant, and the absence 
of pancreatic lesions in animals which ha ve developed pancreatic iso-antibodies, 
suggest that the individual animal possesses a high degree of immunological 
tolerancc to the iso-antigens present in its own pancreas. Apart from their 
location solely in one organ, the pancreatic iso-antigens present features resemb
ling those of thc blood group substanccs sccreted in human saliva, gastric juice, 
etc. However, the reported development of pancreatic iso-antibodies in animals 
subjected to pancreatic injury (Thal et al 196oa) is difficult to explain on this 
basis, and presents a situation similar to that discussed below in relation to human 
pancreatic disease. 

The investigations of Metzgar (1964b) indicate that in man, as in rabbits, 
rhesus monkeys, etc., the pancreas contains multiple iso-antigens in the acinar 
cells and their secretion. The demonstration of circulating iso-antibodies reacting 
specifically with pancreatic tissue, mainly in patients with pancreatic lesions, 
requires confirmation and further investigation. On the present evidence, the 
two most likely explanations of the phenomenon are, firstly, that the observed 
reactions are non-immunological and that the serum factors concerned are not 
antibodies, and, secondly, that the reactions are duc to antibodies of an auto
allergic nature, developing in relation to pancreatic injury from various causes. 
If this second possibility is correct, then it is necessary to explain also the failure 
of the antibodies to react with autologous pancreatic tissue in 3 of the 4 cases 
tested (Thal et al 1959a). One possible explanation, which has already been 
considered in rclation to the AICF reaction (see p. 1099) is that the presence of a 
pancreatic auto-antibody in the blood may result in blocking of the correspond
ing auto-antigen in homogenates of that individual' s pancreas: on this basis, the 
presence of multiple iso-antigens in the pancreas, and the development of auto
antibodies against onc or more of these in various combinations, would explain 
the reactivity between homologous serum and pancreatic extract, both of which 
give negative results in autologous tests. This possible interpretation of the find
ings in man, which assumes that the observed reactions are attributable to 
auto-antibodies to pancreatic iso-antigens, would explain also the simultaneous 
occurrence in the patients' serum of pancreatic antigens and antibodies, as has 
been described by Fonkalsrud & Longmire (r961). 

CoNcLusroNs 
Tests of human pancreatic antibodies with the patients' own pancreatic extract 
have been reported in only 4 cases, of which 3 were negative and I positive 
(Thal et al 1959a). Attempts to induce pancreatic auto-antibodies in experimental 
animals have resulted only in iso-antibodies which have not been demonstrated 



CLINICAL ASPECTS OF IMMUNOLOGY 

to react with the animals' own pancreatic iso-antigens: nor ha ve cxpcrimentally 
produced auto-allergic lesions of the pancreas been described. Clearly, the 
possibility of an auto-allergic pathogenesis for exocrine pancreatic disease is not 
suggested by the available evidence. The practicability of serum tests for pancreatic 
antibodies and antigens, and their value in the diagnosis of chronic pancreatitis 
and other chronic diseases involving the pancreas, cannot be assessed on the 
present evidence. 

DIABETES MELLITUS 

The evidence that auto-allergy may be concerned in the pathogenesis of diabetes 
mellitus includes reports suggesting an association betwecn juvenile diabetes 
and chronic thyroiditis, the reported demonstrationin the serum of sorne diabetics 
of antibodies to insulin, and immunofluorescence studies which are consistent 
with a Type III auto-allergic reaction being involved in certain vascular lesions 
which are common in diabetics. 

A 22% incidence of thyroid microsomal antibody in the serum of children 
with diabetes, as compared with r.r% in controls, was reported by Pettit, 
Landing & Guest (1961). A similar result was reported by Landing et al (r963) 
in patients who had developed diabetes befare the age of 25 years, but tests u pon 
'control' individuals were not reported. In both theseinvestigations, theimmuno
fluorescence test for thyroid antibody was apparently performed with normal 
human thyroid, and not with thyrotoxic thyroid, which is a better source of 
antigen. In spite of this and also the omission of control tests with other tissues, 
the results are best interpreted as suggesting an increased incidence of thyroid 
microsomal antibodies in the diabetics investigated. Similar conclusions were 
reached by Moore & Neilson (r963) from a well-controlled study in which the 
microsomal thyroid antibody was detected by a complement fixation test. 
These authors also provided evidence of an increased incidence of gastric 
parietal cell antibody in the serum of patients with early-onset diabetes. 

The above findings suggest an association between juvenile diabetes and 
auto-allergic thyroiditis and gastritis. This is supported by the finding of chronic 
thyroiditis, an uncommon lesion in childhood, in 2 of 11 diabetic children who 
were examined post mortem (Landing et al 1963), and by the evidence that 
manifestations of auto-allergic gastritis, such as reduced gastric secretory activity 
and pernicious anaemia, are unduly common in diabetics (Arapakis et al 1963; 
Wilkinson 1963). 

The development of antibodies to insulin in man and experimental animals 
has been reviewed by Pope (1966) and also in Chapter ro of this book. The 
development of insulin antibodies in diabetic and non-diabetic patients who 
have received injections of heterologous insulin is of no auto-allergic signifi
cance. However, the detection of antibody to insulin in 33% of untreated 
diabetics, as compared with 4% in healthy blood donors, has been reported by 
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Páv, Jdková & Skrha (1963) using a technique depending on the consumption 
of endogenous complement on incubating the patient's serum with added 
insulin. The immunoglobulin nature of the presumed antibody was not estab
lished in this report, and in a similar study Chetty & Watson (r96s) reported 
positive results with sS/o of sera from untreated diabetes and 26/o of control, 
non-diabetic sera: they concluded, however, that consumption of complement 
was attributable to its union with a complex ofinsulin anda non-immunological 
carrier protein. Interpretation of the results described in these two investigations, 
in which heterologous insulins were used as antigens in the antibody tests, is 
complicated further by the conflicting evidence on the degree of species 
specificity of antibodies to insulin (see Mancini, Costanzi & Zampa 1964a). 

Immunofluorescence studies on diabetic sera were reported by Mancini, 
Costanzi & Zampa (r964b) and Mancini, Zampa, Vecchi & Costanzi (r96s). 
Using as antigen acetone-fixed sections of fresh human pancreas, they reported 
positive direct and complement fixation immunofluorescence tests with serum 
from approximately so/o of treated and 3 of s untreated diabetics. The pattem 
of staining suggested the presence, in positive sera, of antibody reacting with 
the cytoplasm of the /3-cells of the islets of Langerhans. Tests with sections of 
bovine and pig pancreas were negative, as were tests with sections of human 
pancreas pretreated with 8/o sodium chloride (which removes insulin). Treat
ment of positive sera with heterologous insulin diminished, but did not abolish, 
the reaction. From these observations, Mancini and his co-workers concluded 
that the positive tests were attributable to antibodies to human insulin. Further 
work, including absorption studies, is necessary to establish the significance of 
these findings, and in particular there is no mention of antibody tests using 
unfixed islet tissue, which would be necessary for the detection of organ-specific 
antibodies to microsomal constituents corresponding to those occurring in 
patients with auto-allergic thyroiditis and gastritis and idiopathic Addison's 
disease. 

Histological examination of the pancreatic islets in diabetics has provided 
little evidence to suggest an auto-allergic destructive lesion, but LeCompte 
(r9s8) described lymphocytic infiltration, accompanied apparently by loss of 
fJ-cells, in the islets of sorne infants and children dying shortly after the onset of 
diabetes, and refers to reports of similar observations. 

Finally, there is evidence that antibodies to insulin, and also complement, may 
be present in certain vascular lesions which are commonly present in diabetics. 
Results of immunofluorescence studies ha ve been summarized by Blumenthal, 
Bems & Owens (1963) who ha ve reported the binding of fluorescein-conjugated 
insulin and of fluorescent antibody to complement, by the vascular lesions in the 
eye, glomerulus, islets of Langerhans, etc., of diabetics. They claim to have 
demonstrated these reactions in diabetics who have not received insulin injec
tions, and suggest that diabetes may result from the development of auto-allergy 
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to altered endogenous insulin. They suggest that production and secretion of 
altered insulin might result from mutations in the ,8-cells of the islets ofLanger
hans. While of considerable interest, these fmdings require conflrmation and 
further investigation. They raise the possibility of vascular injury resulting from 
a Type III auto-allergic reaction mediated by insulin-antibody complcxcs which 
have bound complement. 

PROSTATE 
PROSTATITIS IN MAN 

There is no good evidence that prostatic disease results from an auto-allergic 
reaction, nor that prostatic tissue contains organ-speciflc antigen. However, 
subacute or chronic prostatitis is a feature, or at least a frequent complication, of 
Reiter's syndrome, and may be associated also with ankylosing spondylitis and 
with uveitis. These associations raise the possibility that prostatitis may result 
in hypersensitivity manifestations, conceivably of an auto-allergic nature. With 
this possibility in mind, Grimble (1964) examined the serum of patients with 
prostatitis, Reiter's syndrome, etc., for the presence of antibodies to prostatic 
tissue. Prostatic antigen was prepared by extraction of normal prostatic tissue 
with a hot phenol-water mixture: the watery extract was dialysed, lyophilized, 
resuspended in water, precipitated by ethanol, resuspended and lyophilized. It 
was reconstituted in water and used to coat tannic acid treated red cells which 
then provided the test reagent. Haemagglutination at serum dilutions of 1 in 
25 or more was regarded as a positive result: tests were performed for tissue 
speciflcity, using the same technique, but with extracts of liver, kidney and 
colon. Of 21 sera from patients with Reitcr's syndromc, 20 reacted with prostate, 
and of these 15 did not react with any of the other tissue extracts. Spccific 
reactivity for prostatic extract was reported also in uveitis (4 of 8 cases), rheuma
toid arthritis (2 of 18 cases) and rheumatic fever (1 of 7 cases). Tests were also 
performed upon 9 cases of subacute prostatitis, presumably without additional 
manifestations, and 8 were found to react specifically with prostate. 

In a second paper (Grimble & Lessof 1965) the test for prostatic antibody was 
reported in a larger series of cases: tests with other tissue extracts were not 
described, but positive sera were retested after absorption with the prostatic 
antigen, and inhibition was taken to indicate specific reactivity. On this basis, 
the incidences of spccific positive rcsults were: Reiter' s syndrome, 54%; 
ankylosing spondylitis, 39%; prostatitis, r8/o. Occasional positive results were 
observed also among patients with rheumatoid arthritis and with various other 
diseases, and sera from two females (diagnosis unspecified) were found to be 
positive. These results must be interpreted with sorne caution, for the serum 
factor in volved in the reaction was not shown to be associated with the immuno
globulins, and tests for organ specificity were of restricted range in the first 
paper, and were not reported in the second onc. Considering the sensitivity of 
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tanned red cell agglntination tests in general, the titres (mostly below I in woo) 
were low. The antigen-antibody nature of the reaction must therefore be 
regarded as no more than presumptive. Autologous tests, using positive serum 
and prostatic tissue from the same individual, were not described, and it is 
unlikcly that opportunity arose to perform them. Nor is it stated how many 
prostates were tested for antigenicity and whether or not they were all reactive. 
In the absence of such information, the auto-allergic nature of the antibody 
cannot be regarded as established. 

In spite of the above deficiencies, the observations of Grimble and Lessof are 
of considerable interest. It seems likcly that the urethritis of Reiter' s syndrome 
results from a virus infection, extension of which is presumably responsible for 
the common involvement of the prostate. The evidence, admittedly incomplete, 
that most patients devclop antibody to prostatic tissue, supports the possibility 
that the polyarthritis, and possibly other complications, may be dueto a Type III 
auto-allergic reaction in which the antigenic stimulus is provided by the infiamed 
prostate. It is of interest that 8 of 24 cases of Reiter' s syndrome were reported 
by Grimble and Lessof to have a positive latex test for rh~umatoid factor. An 
infective pathogenic agent has long been considered a possibility in rheumatoid 
arthritis, and has received recent support from the findings of Duthie, Stewart, 
Alexander & Dayhoff (I967). The joint lesions of rhenmatoid arthritis and 
Reiter's syndrome may have a similar pathogenesis, and the possibilities include 
the direct action of infective agents, hypersensitivity to infective agents, and 
auto-allergic reactions initiated by the infiammatory changes of infection. 

EXPERIMENTAL ANIMAL STUDIES 
Investigations on the antigenicity of the acccssory genital glands of the male 
rabbit have been reported recently by Shulman and his co-workers (Shulman 
et al I965, I966). Injection of saline extract of rabbit prostatic tissue in Freund's 
adjuvant into rabbits resulted in the development of antibody demonstrable by 
agar-diffusion precipitation tests and by agglutination of tannic acid treated red 
cells coated with saline extract of rabbit prostate. The antibody exhibited 
species specificity and reacted with autologous prostatic tissue. It was shown 
conclusivcly that prostatic antigen participating in these reactions was present 
also in extracts prepared from the coagulating and bulbo-urethral glands and 
from the seminal vesicles. These accessory glands were apparently stored in the 
frozen state before being dissected from the prostate and from one another, and 
it remain possible that the antigen(s) demonstrated by Shulman et al is 
produced by one of the glands and gained access to the others by the common 
duct system. It is ofinterest that Weil (I96I, I965) demonstrated, in rabbits and 
various other species, the secretion by the seminal vesicles of a substance which 
combined firmly with the spermatozoa: antibodies to this substance were shown 
to be species specific, and although they reacted with both seminal vesicle and 
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prostatic tissue, immunofluorescence studies showed the antigen to be present 
in occasional ducts, but not in the glandular cells, of the pros tate, and its presence 
in the organ was attributable to contamination by seminal fluid. 

Pathological changes of the prostate or other male genital accessory glands 
have not been reported to result from iso-immunization experiments, and the 
observations on animals thus provide no support for the possibility of organ
specific auto-allergy to prostatic tissuc in man. 
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CHAPTER 42 

THE SPERMATOZOA AND TESTES 

IN ALLERGIC DISEASE 

PH.RÜMKE 

AUTO-ANTIGENICITY OF SPERMATOZOA 

Auto-spermagglutinins: Agglutination type: Antibody nature of 
spermagglutinins: Relationship between serum antibody and sperm 
agglutination in ejaculate: Site of antibody production: Other 
serological tests: Naturally occurring antibody-like factors: Origin 
of spermatozoal antigens: Sperm resorption: Obstructive azoospermia 
and the presence of spermagglutinins: Patients with spermagglutinins: 
Prognosis and therapy 

EXPERIMENTAL A UTO-ALLERGIC ÜRCHITIS 

A UTO-ANTIGENICITY OF SPERMATOZOA 

The antigenicity of spermatozoa in heterologou~ species was discovered by 
Landsteiner and, independently, by Metchnikoff as early as 1899. The formation 
of immobilizing auto-antibodies to spermatozoa after injection ofhomologous 
sperm in guinea-pigs was described by Metalnikoff(r900) and after autologous 
testis homogenate by Adler (1909). Since then it has been firmly established by 
many authors that male animals injected with homologous or autologous testis 
homogenate or sperm, especially when the antigen is emulsified in Freund's 
adjuvant, may develop, not only immobilizing, but also agglutinating, com
plement fixing, skin sensitizing and other auto-antibodies which are reactive 
only with mature testicular and seminal spermatozoa, and thus are organ 
specific; see reviews by Tyler & Bishop (1963); and Krieg & Eyquem (r964). 

A UTO-SPERMAGGL UTININS 

In 1921 Wegelin wrote ' ... it would be possible that antibodies prepare the 
spermatozoa in the epididymis for phagocytosis, at least if absorption of sperm
substances occurs. This now is not rare in old people and in cases of chronic 
epididymitis, where sperm can be found in interstitium and lymph vessels of 
epididymis and rete testis.' Although in 1922 the sera of two sterile women were 

II43 
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reported to agglutinate and immobilize spennatozoa of the husbands (Meaker 
1922) it was not until 1954 that Wilson and Rümke independently examined 
serum samples ofhuman males for their capacity to agglutinate and immobilize 
spermatozoa. During routine clinical investigation of sterile couples, Wilson 
(1954) encountered two cases of men whose spermatozoa showed spontaneous 
agglutination and early loss of motility, whereas volume, sperm count, viscosity 
and initial motility were found to be normal. In a third case, agglutination was 
present in an oligospermic ejaculate (Wilson 1956). The cause of spontaneous 
agglutination (but usually of immotile spermatozoa) was till then generally 
referred to sorne non-specific condition, such as changes in pH, or salt content 
(see Mann 1964). Bacteria! contamination was also invoked as the cause of rapid 
immobilization (Rosenthal 1931; Buxton & Wong 1952; Wilson 1956). In 
Wilson's cases, however, the agglutinating factor was also found in the blood 
serum when this was incubated with sperm of other donors. Moreover, sperm 
could absorb the factor from the serum. Therefore it was postulated that 
agglutination in the ejaculate was the result of the presence of sperm auto-anti
bodies. The agglutination prevented penetration into the cervical mucus as was 
shown by post-coital and cervical mucus invasion tests. Since the spouses of these 
men proved to be fertile after insemination with donor sperm, it could be 
concluded that the spermagglutination in the ejaculates was the cause of their 
infertili ty. 

Rümke (1954) described two patients with extreme oligospermia, whose sera 
possessed spermagglutinins. The serum titres were 4096 and 2048 respectively. 
The first serum also had immobilizing properties in the presence of complcment 
toa titre of 32· In the following 4 years Rümke examined the sera of 2015 malc 
patients of the Male Infertility Team in Amsterdam along with sera of 416 
husbands of pregnant women (Riimke 1959a and b; Rümke & Hellinga 1959). 
As may be seen in Table 42.1 none of the fertile men possessed agglutinins 
for human sperm in a titre of 32 or higher, whereas about 3% of the childless 
males showed agglutinins of at least that titre or higher. 

The spermagglutinins were detected with a sensitive agglutination test using 
2.5% gelatin as a suspending medium for the sperm at a final density of about 
ro 7 per ml (Kibrick, Belding & Merrill 1952). The test can be read macro
scopically and is simple to perform and therefore is particularly suitable for 
routine purposes. The donor sperm carne from various sources. Small differences 
in titre (sometimes eight-fold) were found when one serum sample was tested 
with more than one sperm sample. These differences were attributed to variation 
in sperm motility and seminal plasma constituents. Also, the end-point reading 
of a two-fold serial dilution series is often somewhat subjective due to the 
gradual weakening of the agglutination reaction. 

The frequency with which serum spermagglutinins are found with the same 
technique (and considered 'positive' only if ti tres are higher than r6) by severa! 
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investigators are: 9 out of 75 male patients with inflammatory diseases of the 
genital tract (Bandhauer 1963), 9 out of 263 (F}illbrant 1965) and 9 out of 150 
(Sobbe, Haferkamp & Doepfmer 1966) males of childless marriages. The 
difference between 1r.9% and 3.r% positive cases when two sperm samples 
were used for testing 294 serum samples by Tyler and Nakabayashi was also 
explained on the basis of variation in sperm qualities (Nakabayashi, Tyler & 
Tyler 1961). 

Spermagglutinins can also be detected with a microagglutination technique, 
which allows both grading of the degree of reaction and deternúnation of the 

TABLE 42.1 
Sperm agglutinins in the serum of human males 

Number Wcak Strong 
Serum of tested Ncgativc positive1 Positive2 positivc3 

Patients with a- or aligo-
zoospermia (preliminary 
investigation) 102 96 4 

All patients who visited the 
Male Infertility Team 
from 1954 to 1958 1913 1836 15 26 36 

Husbands of pregnant 
women 416 412 4 o o 

Total 'positive'4 patients: 67 
1 Titre: 4- 16. 
2 Titre: 32-12H. 
3 Titrc: ~256. 
4 Titre: ~ 32· 
* P <O.OD1 (compared with husbands ofpregnant women). 

Per cent 
positive 4 

4-9* 

J.2* 

o 

type of agglutination (Phadke & Padukone 1964; Bandhauer 1966; Tyler, Tyler 
& Denny 1967; Schwimmer, Ustay & Behrman 1967). The test is, however, 
less sensitive than the macroagglutination test in gelatin and is possibly more 
disturbed by 'aspecific' agglutination. 

AGGLUTINATION TYPE 

Microscopic examination of sperm incubated with spermagglutinating serum 
reveals various patterns of agglutination. 'Head-to-head' agglntination can be 
distinguished from 'tail-to-tail' agglntination. Tail-to-tail may start with the 
end pieces, while in the majority of the sera, the main piece of the tail is pre
donúnantly involved. Sorne sera show both head-to-head and tail-to-tail 



CLIN1CAL ASPECTS OF 1MMUNOLOGY 

agglutination, while sometimes head-to-tail agglutination can be seen (Wilson 
1954; Rümke 1959a and b). Tail agglutination was seen more often than head 
agglutination. In a series of 64 patients tail agglutination predominated 58 times 
(Rümke 1959b). Phadke & Padukone (1964) found 11 instances of tail, 6 ofhead 
and 2 of mixed types. Both Fjallbrant (1965) and Sobbe, Haferkamp & Doepfmer 
(1966) with their 9 cases found only 1 serum with head agglutinins. 

No correlation was found between the presence of immobilizins and the 
agglutination typc (Rümke 1959b). 

It is of interest that experimental studies with bull sperm (Henle, Henle & 

Chambers 1938) and guinea-pig sperm (Pernot, 1956) have demonstrated that 
heads and tails may contain separate antigens. 

ANT1BODY NATURE OF SPERMAGGLUT1N1NS 

The spermagglutinating factor has been identified as a true antibody by various 
means: the factor is resistant to heating to 56°C for 3 o min; it can be absorbed 
by packed sperm; the optimal temperature for absorption seems to be 3 7oC; 
it is only present in the y-globulin fraction as prepared by paper electrophoresis 
and it can be eluted from a thoroughly washed sediment of a patient's ejaculate 
(Rümke 1959a and b). Further demonstration of the antibody nature was given 
with the mixed antiglobulin reaction (Coombs 1962) and with the fluorescent 
antibody technique (Feltkamp, Kruyff, Ladiges & Rümke 1965). With the latter 
technique, spermagglutinating sera were shown to contain antibodies of the 
IgG class, which reacted with various parts of ejaculated spermatozoa or of 
sperm in testicular sections. The titre of so me of the sera studied by Schwimmer, 
Ustay & Behrman (1967) was reduced by 2-mercaptoethanol, indicating that 
spermagglutinins may partly belong to the class of IgM antibodies. Sperm
agglutinating sera may also contain immobilizins which are especially active 
in the presence of complement, indicating that the immobilizing factor is an 
antibody (Riimke & Hellinga 1959; Fjallbrant 1965). 

It is curious that when one observes a patient's ejaculate or the reaction of 
his serum with normal sperm many spermatozoa often do not join the dumping 
in spite of ample antibody. This would mean either (1) that the corresponding 
surface antigens are not present on all spermatozoa, or (2) that non-agglutinating 
antibodies block the antigenic si tes, or (3) that agglutination of two sperm cells 
will only happen under optimal circumstances of collision. At this moment it 
is not yet solved which of these possibilities is the most likely explanation. 
Preliminary fluorescent antibody studies (Rümke unpublished) suggest that 
certain antigens might be represented unequally on the different spermatozoa of 
one sample. On the other hand, experimental work with antibody fragments 
proves that non-agglutinating antibodies, interfering with fertility, may exist 
(Tyler & Payne 1947; Metz, Schuel & Bischoff 1964). 
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RELATIONSHIP BETWEEN SERUM ANTIBODY 

AND SPERM AGGLUTINATION IN EJACULATE 

II47 

As might be expected, there is a direct relationship between the detection of the 
various types of agglutinins and immobilizins in serum and the abnormalities 
such as agglutination and loss of motility of sperm found in the ejaculates of 
these patients. Indeed, when the serum spermagglutinin titre is high, agglutina
tion in the ejaculate is often strong and may be complete at first observation 
shortly after ejaculation, whereas with low serum titres agglutination is either 
not present or starts so slowly that it is not clearly visible within the first half 
hour; moreover, the clumps can be disrupted easily by mechanical agitation in 
these cases. 

Judged by post-coital tests and cervical mucus invasion tests in vitro, Fjallbrant 
(1965) found a parallel between the non-ability to invade cervical mucus and 
serum agglutination and immobilization titres in eleven cases. 

However, it has to be stressed that exceptions are not uncommon: some 
patients have high titrcd spermagglutinins in the serum without agglutination 
in the ejaculate (Bandhauer 1966; Schwimmer, Ustay & Behrman 1967). Three 
patients with s~rum spermagglutinin titres of So, So and 320 respectively were 
reported to have impregnated their wives (Phadke & Padukone 1964). Though 
not stated as such, it is likely that in these cases agglutination of ejaculated sperm 
was either absent or only partial. This shows why semen analysis is necessary 
befare a prognosis conceming fertility can be made. Only if auto-agglutination 
is complete and repeatedly found is the chance of fertility nil. 

Other patients, on the other hand, with serum ti tres of 32 or lower, may show 
complete and early agglutination of the ejaculated sperm. 

When seminal plasma and serum titres are compared, generally the former 
are much lower than the latter (Rümke 1959a and b). This may be partly so 
because of absorption by the spermatozoa in the ejaculate. Since an azoospermic 
patient may have a much lower titre in his semen than in the blood serum, it is 
also likely that the lower titres in seminal fluid are related to the low y-globulin 
concentration in seminal fluid-about 1/;; that of serum (Rümke 1959b). 
Variation in y-globulin level of normal and pathological semen samples (Klop
stock, Haas & Riman 1963) may account for differences in the ratio of serum
seminal spermagglutinin titres. 

SrTE OF ANTIBODY PRonucTION 

Sincc seminal fluid may contain antibodies to bacteria! antigens after vaccinations 
(Katsh & Katsh 1965; Sadri & Rao 1965), it is logical to assume that seminal 
plasma derives its y-globulin from the blood plasma. At what si te or si tes of the 
genital tract y-globulin enters is, however, unknown. In a single case the 
spermagglutinin titrc in seminal plasma was found to equal or even to exceed 
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that in the serum (Rümke 1959a and b). It is likely that in those cases where 
spermagglutinins are relatively more concentrated than would be expected on 
account of y-globulin concentrations, the sperm antibodies are derived from 
sorne local source in the genital tract. The degree of passage of antibodies 
through the barrier between blood and seminal plasma and the local antibody 
production apparently determine whether, and to what extent, agglutination 
in the ejaculate will take place. 

ÜTHER SEROLOGICAL TESTS 

It would be conceivable that if only spermagglutination and immobilization 
techniques are used, sorne antibodies may remain undetected. Other types could 
well underlie sorne auto-allergic process to male genital products, although 
perhaps without having a direct bearing on sperm abnormalities or fertility. 
Several serological methods are, in principie, available for the detection of such 
antibodies. 

Rao & Sadri (1959) examined two sera of patients with marked agglutination 
of spermatozoa by the tanned red cell agglutination technique, using sheep erythro
cytes coated with extracts of freeze-thawed washed spermatozoa. These sera 
produced passive haemagglutination in high dilutions. In 25 cases of fertile 
males no antibodies could be detected with this technique. In a survey on 368 
serum samples ofboth males and females ofinfertile couples Rao (Nakabayashi, 
Tyler & Tyler 1961) found 36 males and 31 females to be positive, whereas 
no positive cases were recorded on 10 unmarried females and 72 sera of fertile 
couples. Southam (1963), however, found 2 of 5 infertile men, whose sera 
agglutinated spermatozoa-sensitized red cells, subsequently to be fertile. 

More detailed studies are necessary to judge the value of this passive haemag
glutination test in respect to spermatozoal antigens. 

The jluorescent antibody technique has proved useful in the detection of auto
antibodies to acrosomal antigens of sperm of guinea-pigs or rats with experi
mentally induced auto-allergic orchitis (p. II54)· Positive fluorescent staining 
with human spermagglutinating sera was reported by Feltkamp, Kruyff, 
Ladiges & Rümke (1965). Various parts of the sperm, sometimes in different 
combinations, were involved in the fluorescent staining. The correlation with 
the agglutination type, however, was not clear, probably due to the totally 
different conditions ofboth tests. For instance, the forces of motility could make 
it easier for certain parts to agglutinate, while differences in shape of the various 
parts might influence the clarity by which staining is presented. Sorne yet 
unsolved technical difficulties may be responsible for failures with the fl.uorescent 
antibody technique (Cruickshank & Stuart-Smith 1959; Sobbe, Haferkamp & 
·Doepfmer 1966). 

Precipitin techniques have not given any consistent result. A preliminary 
fmding (Rümke & Hellinga 1959) has not been conflrmed (Rümke, unpublished). 
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Bandhauer (1966) who detccted spermagglutinins in 29 out of 448 patients with 
inflammatory diseases and other conditions of the genital tract, never obtained 
positive results with these sera when testing them with the double-diffusion 
agar gel technique against seminal plasma, sperm or prostate extracts. Negative 
results were also reported by Cruickshank & Stuart-Smith (1959) and Rao 
(Segal, Tyler, Rao, Riimke & Nakabayashi 1961). 

Complement fixing auto-antibodies to spermatozoa are demonstrable in the sera 
of guinea-pigs injected with testis or sperm in adjuvants (Freund, Lipton & 
Thompson 1953). With two human spermagglutinating sera the test gave 
negative results (Cruickshank & Stuart-Smith 1959). Sorne strong agglutinating 
sera, however, fixed complement with packed sperm (Riimke, unpublished). 
No screening has been performed using this test with sera of a larger number of 
infertile males. 

According to the results with a complement fixation test with an alcoholic 
extract of testis homogenate to which cholesterol was added, Aszódi & Szántó 
(1935) concluded that sperm resorption in the human male or female quite 
commonly leads to auto- or iso-antibody production to sperm substances. Such 
investigations, however, have never been repeated. 

NATURALLY ÜCCURR1NG ANTIBODY-LIKE fACTORS 

Immune-like reactions have been detected between spermatozoa and normal 
serum from adult males and females of sorne mammalian species (Edwards 
196o; Beck, Edwards & Young 1962; Sell & Edwards, unpublished). These 
reactions involve complement fixation, immune fluorescence, mixed anti
globulin and immune adherence tests, agglutination and lysis of the acrosome. 
Complement-dependent cytotoxic activity of adult guinea-pig serum against 
autologous testicular cells has also been found (Spooner 1964). The factor 
responsible for these reactions with sperm does not cross the placenta, can be 
absorbed from serum by sperm or testis but not by other organs and is absent 
in newly born animals. 

Earlier observations of agglutination and immobilization of spermatozoa by 
fresh serum which can be prevented by inactivation of the serum (Mann 
1964, p. 3 3 3) also suggest that normal sera may contain antibody-like factors 
in low concentration. lt is mainly beca use of such agglutinating properties that 
blood serum does not possess a wider application as a semen diluent. 

Such antibody-like factors apparently do not interfere with fertility, presum
ably beca use their macromolecular character prevents their passage through the 
blood-semen barrier. Further work is needed to prove whether these factors 
might be low-titred IgM antibody specific for spermatozoal antigens and 
whether they are induced by the normal resorption of sperm products both in 
male and female animals. In man, the factor is of only minor importance since, 
in general, serum of the normal adult has no, or only very slight, agglutinating 
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and no toxic properties for human sperm. Also with fluorescent antibody 
techniques staining reactions are weak (Edwards, personal communication) or 
completely negative. 

With the macroagglutination technique in gelatin low titred agglutinins 
were occasionally encountered with sera of fertile men (Table 42.1); therefore 
only ti tres of 32 or higher were considered to be 'positive'. Other investigators 
(Nakabayashi et al 1961; Bandhauer 1963, 1966; Fjallbrant 1965; Sobbe et al 
1966) ha ve followed this arbitrarily chosen limit for what is a true and 'speciftc' 
positive. Although this limit may have its practical value for the moment, 
careful serological studies and follow-up of patients will have to be made to 
settle whether there is any profit in maintaining this artificial division. 

ÜRIGIN OF THE SPERMATOZOAL ANTIGENS 

Human males immunized with their own testicular tissue incorporated in 
complete Freund's adjuvant produce antibodies specifically reacting with the 
man's own germinal cells (Mancini et al 1965). This preves that spermatozoa 
possess organ-specific testicular antigens. 

The work ofWeil and co-workers, on the other hand, has shown that sperm
atozoa also derive antigenic substances of the seminal plasma that adhere to the 
sperm cells (Weil, Kotsevalov & Wilson 1956; Weil & Rodenburg 1960, 1962; 
Weil 1961, 1965). They showed that spermatozoa cross-react with antisera to 
seminal plasma and that antisera to carefully washed seminal spermatozoa cross
react with seminal plasma. The spermatozoa-coating antigen (seA) responsible 
for the cross-reactions is a product of the seminal vesicles and as such becomes a 
component of the seminal plasma. It was bclieved to be organ specific, but 
recent studies ofHekman & Rümke (1967) have shown that the human seminal 
vesicle produces a sperm-coating antigen identical with an antigen present in 
human milk and spleen homogenate. Probably this seA is lactoferrin which was 
found by Masson & Heremans (1966) to be an antigen commonly present in 
seminal plasma and milk. According to Flocks, Bandhauer, Patel & Begley 
(1962) and Bandhauer (1966) the prostate and the epididymis also contribute to 
the coating antigens. 

In principie it might thus be possible that auto-immunization against testicular 
as well as male accessory-organ antigens and non-organ-specific substances 
would lcad to the formation of spermagglutinins. 

SPERM RESORPTION 

Since the organ-specific antigens of spermatozoa are presumably developing 
late in life, it might be expected that natural tolerance to these antigens does not 
exist. It thus is obvious that a possible cause of spermagglutinin formation 
should be sought in excessive or abnormal resorption of sperm in the genital 
tract. Resorption is known to occur physiologically. In the bull, for instance, 
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a constant production of spermatozoa is evident and it is believed that under 
sexual rest the production rate would be balanced by the sperm resorption rate, 
which is dependent upon the number of spermatozoa present in the cauda 
epididymis, where most of the resorption occurs (Amann & Almquist 1962). 
Rete testis, ductuli efferentes and proximal portion of the ductus epididymis 
seem to have a combined function in removing from the excretory products of 
the testis not only excess fluid but also extraneous materials carried with this 
mass, such that a well-winnowed mass of mature sperm is the product passed 
on to thc more distal portion of the duct system (Mason & Shaver 1951). In the 
hamster, resorption of extraneous material takes place by phagocytosis and 
intracellular digestion in the various types of cells lining the sperm pathway 
(Burgos 1967). In man, spermatozoa are phagocytized by spermiophage cells 
within the cpididymallumina (Wegelin 1921). It is not known whether under 
normal circumstances in man any auto-antigenic material, spermatozoa, 
digestion products or extraneous material whatsoever will have access to cells 
with immunological capacity. We know, howevcr, that under pathological 
conditions this may occur. For instance, in cases of obstruction of the efferent 
ducts, spermatostasis may lead to extravasation of sperm in the epididymis. 
Sperm extravasation is often accompanied by infiltration of macrophages, 
lymphocytes and plasma cells. Sperm invasion with inflammatory reactions has 
been observed in patients who were vasoligated or had testicular trauma in their 
histories (Friedman & Garskc 1949). Impaired rcsistance of thc walls of the tubuli 
due to infections was believed to be the cause of thc sperm extravasation in other 
patients (Cronquist 1949; King 1955). From experimental work in dogs (Kyrle 
& Schopper 1914, 1915) and in rats (Mullaney 1962a) it can be concluded that 
increased intratubular prcssure can be the initiating mechanism of extra
vasation, without infection being a necessary component. Non-specific granu
lomas are ascribed to sperm cxtravasation (Sundarasivarao 1955). Zettergren 
(1957) proposed, therefore, the tenn epídídymitis spermíostatica granulomatosa. 
Several authors have observed that due to obstruction or to acute granulo
matous epididymitis sperm was present not only in the interstitium but also 
in lymph and evcn in blood vessels (Beneke 1898; Simmonds 1921; Priesel 
1924; Oberndorfer 1931; Orsós 1941; Cronquist 1949; Friedman & Garske 
1949; King 1955; Glassy & Mostofi 1956; Mullaney 1962b). 

Though it is clear that obstruction may lead to sperm extravasation, it 
certainly is not the rule. Phadke (1964) examined thirty-two epididymal biopsies 
of patients with azoospermia dueto obstruction proximal of the biopsy. In two 
cases ingestion of spermatozoa by the living epithelial cells and in three instances 
breachcd epithelium with extravasation of spermatozoa in the interstitial tissues 
was found. Perivascular accumulation of plasma cells in the intersticial tissues 
was observed only twice. In the majority of the cases, however, sperm phago
cytosis was witnessed in the lumina of the epididymal tubules. 
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ÜBSTRUCTIVE AzoosPERMIA AND THE 

PRESENCE OF SPERMAGGLUTININS 

The next question is whether patients with obstructive azoospermia do indeed 
possess spermagglutinins (or other antibodies) in their serum. It is certainly true 
that the incidence of positive findings is relatively high among patients with 
proved obstruction. Rümke & Hellinga (1959) carne to this conclusion after 
comparing the incidence and level of serum spermagglutinins in patients with 
azoospermia due to a- or hypospermatogenesis with those where the cause of 
the azoospermia was due to an obstruction. Table 42.2 shows that the azoo
spermic patients with spermagglutinins were nearly always patients with 
obstructive azoospermia, whereas the other cause of azoospermia-impaired 

TABLE 42.2 

Correlation between the cause of azoospermia and the presence of spermagglutinins in the 
serum 

Serum of 
azoospcrmic 

patients 

Without 
spermagglutinins 

With 
spermagglutinins 

Cause of the azoospermia 

A- or hypo
spermatogenesis 

94 

Obstruction (with 
Uncertain normal 

spermatogenesis) 

33 45 

4 16 

Total 

172 

21 

spermatogenesis-does not seem to be related to the prcsence of spermagglutin
ins. Phadke & Padukone (r964) found spermagglutinins in the serum of 8 out 
of 25 previously fertile men in whom vasoligation had becn carried out as a 
family limitation measure 2-20 years prior to serum testing. They also found 
5 positive cases out of 25 patients with obstructive azoospermia and 6 out of 25 

infertile patients in whom a former condition of obstructive azoospcrmia had 
been successfully relieved by vaso-epididymostomy. 

Patients with congenital absence of the vasa deferentia also had a high inci
dence (5 out of rr) of spermagglutinins in the serum (Rümke & Kremer 1967). 

The question remains as to why not every male with obstruction of the 
efferent ducts produces spermagglutinins. Severa! factors might determine this. 
Most important is the already mentioned obscrvation ofPhadke (r964) that in 
the majority of the cases, phagocytosis takes place in the lumen; this apparently 
is the normal cotme of events and presumably does not lead to antibody forma
tion. Of possible significance is the individual' s proneness to make antibodies. 
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This consideration might be sustained by the observation that the 5 'positive' 
cases out of the rr forementioned patients with congenital absence of the vasa 
deferentia all had higher levels ofigA in the serum than the 6 'negatives'. Titres 
of complement fixing antibodies to measles virus were likewise significantly 
higher among the 'positives'. There was also a tendency for higher IgG and 
IgM levels in this group (Rümke 1968). These data, though referring toa small 
numbcr of patients, possibly indicate that sorne individuals are more pronc to 
produce antibodics than others, and that they thercfore also respond more easily 
to auto-antigens. 

Diffcrences in the way that sperm antigens are broken down and transferred 
to lymph or blood, or the amount of spermatozoa that are produced (in which 
persistent, individual differences exist) or the individual' s readiness to develop a 
state of tolerance, all are other factors of possible signiftcance. It is also puzzling 
why in cases of obstruction or vasectomy sorne patients have tail-to-tail and 
others head-to-head or mixed types of agglutinins (Rümke & Hellinga 1959; 
Phadke & Padukone 1964). 

PATIENTS WITH SPERMAGGLUTININS 

Not all patients with spermagglutinim have proved obstructions. A survey of 
sixty-four patients (Rümke & Hellinga 1959; Rümke 1964, 1965) showed that 
in only about half of the cases did physical examination reveal abnormalities 
in the epididymis or vas deferens, indicating obstruction of one or both of the 
efferent ducts. Also in only about half of the cases did the histories of these 
patients mentían a diagnosis that could bear a possible significance. Sometimes, 
as in thc cases of herniorrhaphy in childhood, an operation that often leads to 
cutting of the tiny vasa deferentia if it is not performed by an experienced 
surgeon, obstruction may be the only factor involved, whereas in other cases 
such as gonorrhoea and tuberculosis, inflammatory processes may be responsible 
both for obstruction and enhanced local immune reactivity and perhaps also for 
sorne alteration of the antigens, making them more antigenic. Bandhauer ( 1966) 
tested sera of patients with diseases of the urogenital tract. Patients with acute 
or chronic epididymitis were frequently encolmtered among the 'positives'. 
One patient (Rümke & Hellinga 1959) undcrwent 9 years prior to serum testing 
a herniorrhaphy at one side. During the opcration the funiculus was cut through, 
which caused an acute bionecrosis and complete atrophy of the testis on that 
side. In this case resorption of testicular and epididymal sperm antigens present 
in the necrotic tissue was presumably the cause of the antibody production. 
Another patient had suffered from mumps orchitis at the age of 11 years. It is, 
however, questionable whether this had anything to do with the formation of 
spermagglutinins since no spermagglutinim were found in the serum of thirteen 
men who had mumps orchitis in adult life 1-12 years prior to serum testing 
(Rümke 1965). 

NN 
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Many patients had no indication in either their history or physical examination 
of an abnormality and their sperm count was often normal. 

In another series of eleven patients with auto-agglutination of their sperm, 
no suggestion of the origin of the antibody formation could be found in case 
histories or clinical findings of ten patients, and only one patient hada significant 
history ofinguinal herniorrhaphy and epididymitis or orchitis (Fjallbrant 1965). 

At surgical exploration, performed in three patients with negative histories 
and clinical findings, sperm appeared to be present in both vasa deferencia and, 
moreover, these were proved to be patent since the outflow of diluted dyes 
injected at the site of exploration was normal (Rümke, unpublished). 

In such 'idiopathic' cases several possibilities concerning the cause can be 
suggested: obstruction in a part of the testis leading to local resorption; a minor 
trauma leading to extravasation of sperm in the epididymis initiating antibody 
production, with the assumption that normal resorption would subsequently 
deliver a sufficient antigenic stimulus to continue antibody production; sorne 
disturbance of tolerance to the normally resorbed sperm antigens; and Iastly the 
production of antibodies to seminal plasma constituents that coat the spermato
zoa on their passage along the genital tract. 

Bandhauer (1963, 1966) has found spermagglutinins in the serum of 3 patients 
with prostate abscesses, I with acute prostate vesiculitis and 2 who underwent 
transurethra1 electro-resection of the prostate. Whether in such cases a coating 
antigen is involved in the auto-immune reaction needs further investigation. 

When spermagglutinating sera were tested with the indirect fluorescent 
antibody technique on smears of ejaculated spermatozoa and on testicular 
sections, they generally stained the spermatozoa ofboth sources, indicating that 
in most cases the antibodies in the spermagglutinating sera react with testicular 
and not with coating antigens (Feltkamp, Kruyff, Ladiges & Rümke 1965; 
Hamerlynck & Rümke 1967). 

PROGNOSIS AND THERAPY 

Patients with strong auto-agglutination ín the ejaculate and sorne others with 
incomplete agglutination have been infertile as long as their cases have been 
followed, which for sorne of them was for more than ro years. Other males 
with weak agglutination, especially those with the Iower serum spermagglutinin 
titres have impregnated their wives after sorne time (Rümke 1964, 1965). Other 
investigators have observed that spermagglutinins may disappear spontaneously 
(Bandhauer 1966; Schwimmer, Ustay & Behrman 1967). Particularly when 
inflammations of genital organs subside spermagglutinins may disappear 
(Bandhauer 1966). 

It has to be stressed again that since occasionally high spermagglutinin titres 
have been found in the serum of patients with seemingly normal ejaculates, a 
prognosis can be made only on account of repeated semen analysis. 
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Treatment with ACTH and corticosteroids in moderate doses for a period of 
2 months has not resulted in any observable decrease in serum antibody titre 
or auto-agglutination in the ejaculate (Rümke & Hellinga 1959). 

Surgical treatment in order to remove sites of sperm resorption seems to be 
promising. Bandha uer ( 1966) reported of two such cases: one with an epididymal 
cyst and another patient with an old tuberculous inflammation of one epididymis 
whose spermagglutinins disappeared after removal of cyst or epididymis. 

EXPERIMENTAL A UTO-ALLERGIC ORCHITIS 

Auto-allergic orchitis, with reversible or irreversible aspermatogenesis, can be 
induced experimentally in guinea-pigs, rats and other animals, by injections of 
auto- or homologous testis homogenate or sperm emulsified in complete 
Freund's adjuvant. The original studies of Freund, Lipton & Thompson (1953) 
ha ve been repeated and extended by many others. Their work has been reviewed 
by severa! authors (Freund et al 1955; Katsh & Bishop 1958; Waksman 1959; 
Bishop, Narbaitz & Lessof 1961; Tyler & Bishop 1963; Bishop & Carlson 
1965). The testis lesions are confined to the germinal cells of the seminiferous 
tubules, and may lead to complete aspermatogenesis. The early stages of testi
cular cytopathology may involve interstitiallymphocytic infiltration. The dam
age can be reversible or result in total atrophy of the testis. It is believed that 
the cellular type of allergic response is mainly responsible for the development 
o[ the orchitis. Leucocytes from sensitized rats are able to induce similar changes 
in non-immunized male rats (Laurence, Carpuk & Perlbachs 1965). 

Humoral antibodies do occur in the immunized animals, but in general no 
correlation exists between the severity of the lesions and the titre and type of 
antibody. Moreover, when immunization takes place with the spermatic antigen 
emulsified in Freund's adjuvant without added acid-fast mycobacteria, humoral 
antibodies are found, but there are no signs of testicular lesions. Multiple 
transfer of serum from actively sensitized guinea-pigs to recipients also failed 
to induce testicular defects (Bishop 1963). Humoral antibodies may even protect 
the animal from testicular damage when challenged with the antigen in com
plete adjuvant (Brown, Glynn & Holborow 1963; Chutná & R ychlíková 1964a). 
However, it has recently been found that the antibodies which are cytotoxic in 
testicular tissue cultures (Chutná & Rychlíková 1964b) and those giving the 
Arthus type of hypersensitivity (Toullet 1965) if combined with the cellular 
type of hypersensitivity become highly effective in inducing the lesions. The 
effect-protection or enhancement of orchitis-may well depend on the presence 
of either the y1 or the y2 type oflgG antibodies. 

The aspermatogenic antigenic factor in guinea-pigs has been localized in the 
acrosome of mature germ cells. A polysaccharide-polypeptide complex possesses 
potent aspermatogenic capacity (Freund, Thompson & Lipton 1955). At least 
three auto-antigens can evoke auto-antibody formation, but only one-a 
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glycoprotein-scems to be responsible for the formation of antibodies giving 
the Arthus-type reaction, the cellular hypersensitivity and the induction of 
aspermatogenic orchitis (Toullet 1965). Purification of the aspermatogenic 
antigenic factor of guinea-pig testes has resulted in a glycoprotein capable of 
inducing circulating antibody, delayed skin reactivity and a testis lesion on 
injection of as little as 5 Jlg into guinea-pigs (Brown, Holborow & Glynn 1965). 
Guinea-pig testicular and spermatozoal antigens reveal a close similarity in 
amino-acid content, and human testicular antigen bears a striking similarity to 
those from the guinea-pig (Kirkpatrick & Katsh 1964). 

Although induction of an experimental auto-allergic aspermatogenesis in 
human volunteers suffering from prostatic carcinoma has been described 
(Mancini et al 1965), so far no naturally occurring disease of the testes has been 
provcd to be due to an auto-allergic proccss. As 15 out of 17 patients with 
spermagglutinins showed normal testes on biopsy, andas over roo patients with 
impaired spermatogenesis had no spermagglutinins there is nothing to suggest 
a condition comparable to experimental auto-allergic orchitis (Rümke & 
Hellinga 1959). In the future other techniques will have to be used to examine 
sera of patients whose testis biopsy shows a- or hypospermatogenesis with focal 
infiltration of mononuclears to prove that such conditions are indeed ofimmuno
logical origin. 
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CHAPTER 43 

ALLERGIC REACTIONS OF THE EYE* 

ARTHUR M.SILVERSTEIN 

INTRODUCTION 

ANAPHYLACTIC REACTIONS 

Vernal conjunctivitis 

ARTHUS REACTIONS 

DELAYED HYPERSENSITIVITY REACTIONS 

Cornea! reactions 

LocAL OcuLAR HYPERSENSITIVITY AND UvEITIS 

ANTIBODY FüRMATION IN THE EYE 

OcuLAR CoMPLICATIONS OF SYSTEMIC ALLERGIC DISEASE 

A UTO-ALLERGIC DISEASES OF THE EYE 

Phaco-anaphylaxis: Sympathetic ophthalmia 

THE HüMOGRAFT REACTION AND KERATOPLASTY 

INTRODUCTION 

It is not often appreciated that the tissues of the eye and its adnexae provide an 
extremely fertile ground for the en tire spectrum of immunologic and allergic 
reactions of which the body is capable. Both within and around the eye may be 
encountered anaphylactic, Arthus, and delayed-type hypersensitivity reactions. 
Transplantation immunity is manifested occasionally following cornea! grafting, 
while auto-allergic mechanisms operate against lens and uveal antigens. Curi
ously, the tissues of the eye may even be in volved to a considerable extent in the 
local formation of antibody. The eye thus represents, in sorne respects, an 
immunologic microcosm in which all mechanisms may operate. But these 
ocular immunologic reactions are of more than academic interest to the immu
nologist or ophthalmologist; each of them may function to produce clinically 
significant disease. 

By virtue of severa! anatomic and physiologic factors peculiar to the eye, 

* This work was supported by a grant-in-aid from the Council for Research in Glaucoma 
and Allied Diseases, Alfred P. Sloan Foundation, Inc., by Grant No. NB 05366 from the 
National Institute ofNeurological Diseases and Blindness, N.I.H., and by an Independent 
Order of Odd Fellows Research Professorship. 

n6o 



EYE IN ALLERGIC DISEASE IIÓI 

certain of its tissues respond differently in a given immunologic situation. For 
example, the lack of vascularization and of lymphatics in the normal cornea 
affect the course of antibody-mediated inflammatory reactions, and make the 
cornea a favoured tissue for the receipt of homografts. The relative isolation of 
the eye from the rest of the body, mediated by the so-called blood-aqueous 
barrier, inhibits the free exchange of substances between the ocular humours 
and the blood, giving rise to the almost unique ability of the eye to devclop a 
state of local organ hypersensitivity. Again, the anatomic isolation of the lens 
permits it to harbour, without untoward consequences in the normal way, an 
assortment of 'foreign' protein antigens. 

The eye possesses two other attributes which make it interesting to the 
immunologist. The clear cornea permits a ready observation of the intraocular 
tissues, so that certain imrmmopathologic reactions may be observed with the 
ophthalmoscope and slit lamp in a manner impossible in other tissues. To watch 
the development of an Arthus or delayed hypersensitivity reaction in the iris 
is in so me respects like looking at the analogous response in the skin, but through 
a window. There is this additional point about the eye: it is almost exquisitely 
sensitive to functional alterations which affect the sight of the individual. Thus 
a mild inflammation elsewhere in the body which might go unrecognized as a 
subclinical entity could well represent in the anterior uvea a painful or disturbing 
disease requiring medica! attention. This point will be returned to below, since 
there are certain processes such as antibody formation which are generally 
regarded as physiologic and benign when they result only in a slight peripheral 
lymphadenopathy, but which in the eye may be diseasc. 

AN APHYLACTIC REACTIONS 

As might be expected, ocular tissues share, with related tissues elsewhere in 
the body, in systemic anaphylactic and atopic allergies. The challenge of an 
allergic individual with the appropriate allergen will result in an inflammatory 
reaction at the site of ocular insult. The conjunctiva is an especially sensitive 
tissue in this respect, since it is exposed to so many potential allergens borne 
either in the air or self-imposed as in drugs or cosmetics. Indeed, the instillation 
of an allergen into the conjunctival sac has becn employed as an extremely 
sensitive test for allergy, since the reaction when present is both rapid and quite 
marked. The response takes the form of a greater or lesser degree of chemosis, 
i.e. of vasodilatation and oedema. Theodore & Schlossman (1958) discuss at 
length the characteristics of these types of conjunctivitis. An intraocular analogue 
of the cutaneous anaphylactic wheal and fiare exists also, probably as a compo
nent of many cases of uveitis. Here, the response may be observed experimentally 
in the sensitized animal following anterior chamber challenge. The vasodilata
tion presents as a hyperaemia of the iris and ciliary body, while the oedematous 

NN* 
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component takes the special form of the leakage of proteinaceous fluid into the 
normally protein-free aqueous, producing a positive Tyndall fiare in the anterior 
chamber. 

The participation of the conjunctiva in hay fever and related syndromes is 
too ubiquitous to warrant further comment. It may be mentioned in this 
connection that the conjunctiva may also participate in systemic responses to 
food allergens (Rowe 1935), and occasionally may constitute the only clinical 
sign of involvement. 

The eyelids are another site of potential involvement in atopic reactions in 
the sensitive individual, a role shared with other cutaneous surfaces. Allergic 
oedema of the eyelids, however, is generally more impressive an occurrence 
than that elsewhere, beca use of the laxity of the skin at this site and the fact 
that the swelling can only proceed forward. This involvement is seen occasion
ally as a component of generalized urticaria or angioneurotic oedema. In 
addition to the lids, uveal or neuroretinal involvement is occasionally encoun
tered in these situations. 

VERNAL CONJUNCTIVITIS 

Vernal conjunctlvltts (Biegelman 1950) is a recurrent bilateral interstitial 
inflammation of the conjunctiva which, as its name implies, occurs during the 
warmer months of the year. There is a marked cellular infiltration of the sub
stantia propria characterized by eosinophils, with plasma cells appearing in 
numbers during periods of exacerbation of the disease. In advanced cases, there 
is a striking increase in connective tissue, with hyaline degeneration and an 
impressive proliferation of epithelium. 

Threading through all discussions of this disease is the possibility that it may 
be based upon an allergic pathogenesis. In addition to its seasonal occurrence 
and the eosinophilia, there is a high incidence of familia! and individual allergy. 
Many of these patients suffer from concurrent pollen atopies and possess 
circulating anti-pollen antibodies (Allansmith & Frick 1963), while sensitivity 
to food allergens has been implicated (Alimuddin 1955). Oguchi (1954) found 
that instillation of pollens into the conjunctival sacs of patients with the disease 
might induce a recurrence. While the pathogenesis of this disease remains 
unclear, the possibility must be retained that allergy may play a role, perhaps 
as one of several mechanisms capable of triggering the process. 

ARTHUS REACTIONS 

The experimental observations of Waksman & Bullington (1956) and of 
Silverstein & Zimmerman (1959) have shown that ocular tissues, and especially 
the uvea, are able to support the typical Arthus phenomenon. These inflam
matory responses may be elicited both in activcly and in passively sensitized 
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animals. Following fairly rapidly on the heels of an intraocular challenge 
injection, a more or less severe uveitis develops, depending upon the degree of 
sensitization of the animal. There is generally a marked chemosis and iridocy
clitis, often with proteinaceous exudate and cells in the anterior chamber. 
Petechial haemorrhages are often seen in the iris, while the cellular infiltrare is 
almost exclusively polymorphonuclear, especially in the passively sensitized 
animals. Identifiable thromboses are generally absent in these lesions. As occurs 
in other sites, the infiammation resolves to a considerable plasmacytosis, more 
pronounced and more rapidly in the actively sensitized animals. Of course, a 
suitable antigenic insult in the neighbouring extraocular tissues of a suitably 
sensitized recipient would similarly result in an Arthus-type infiammatory 
response. 

The cornea has played an important role in fundamental studies aimed at 
elucidating the mechanism of the Arthus phenomenon. Rich & Follis (1940) 
studied the Arthus reaction in the cornea and suggested that blood vessels are 
required for the development of the inflammation. They were unable to elicit 
a keratitis upon introduction of protein antigens into the normal cornea of the 
sensitized animal, but typical reactions appeared if the cornea had previously 
been vascularized. This observation appeared to them to be in line with the 
classic suggestion that antigen-antibody union does not involve primary 
destruction of parenchymal cells, but results only from insult upon vascular 
elements. Of interest in this connection is the report of Germuth et al (1958) 
on the effect of antigen-antibody interaction upon the avascular cornea. These 
workers demonstrated that intracorneal injection of protein antigen into the 
passively sensitized animal would result in infiammation, but of a curious type. 
Concentrically located around the si te of injection in the cornea was a ring of 
what proved to be antigen-antibody precipitare, resulting presumably from the 
outwardly diffusing antigen meeting and reacting with antibody diffusing 
inward from the limbus. Along this line of precipitation there occurred an 
alteration of the keratocytes and ground substance, and an intense local infiltra
tion by infiammatory cells. A similar phenomenon was demonstrated with 
elegance by the injection of antigen into one side of the cornea of a normal 
animal and of antibody into the other side of the same cornea, analogous to the 
Ouchterlony double-diffusion test for antigen-antibody interactions. Where 
the reactants met, a straight line of precipitation developed, which was bordered 
by an infiammatory infiltrare. 

DELA YED HYPERSENSITIVITY REACTIONS 

The delayed, tuberculin-type allergic responses are not uncommon in and 
around the eye. With only minar variations, these are similar to the analogous 
reactions observed elsewhere, being characterized by perivascular round-cell 
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infiltrates. Only in the delaycd corneal reaction (see below) is thc polymorpho
nuclear response predominant. The conjunctiva has proved to be an extremely 
sensitive terrain for this type of inflammatory response. This is illustrated by 
the well-lmown Calmette test, involving the instillation of tuberculin into the 
conjunctival sac of the sensitized individual, leading to a readily discernible 
conjunctivitis. W oods ( 193 7, 1949) has indicated that sensitivities to staphylo
coccal antigens are responsible for many cases of recurrent conjunctivitis, while 
sensitivities to fungi and helminths are not unknown. 

The intraocular tissues, and especially the uveal tract, also furnish a fertile 
ground for the development of delayed inflammatory lesions. These reactions 
may be elicited in the eyes of animals sensitized either to bacteria! antigens such 
as tuberculin (Rich & Follis 1940), or to simple bland protein antigens such as 
ovalbumin and bovine serum alburnin (Silverstein & Zimmerman 1959). While 
the customary response to intracameral challenge with antigen is a non
granulomatous round-cell infiltration of the iris and ciliary body, often with an 
accompanying focal choroiditis, there may also be present a perivasculitis of the 
optic nerve and retina (Silverstein & Zimmerman 1959). In the experimental 
situation the reaction may spread to include the sclera and episclera. It has been 
suggested (Silverstein, Welter & Zimmerman 1961) that the earliest component 
of the spontaneous uveitis which follows the experimental injection of antigen 
into the vitreous (see below) may be a delayed hypersensitivity response to 
antigen leaking slowly out of the depot formed at the injection si te. 

In his classification of endogenous uveitis, Woods (1961) suggested that the 
non-granulomatous form may in large measure be due to delayed hypersensiti
vity to bacteria! products, mainly streptococcal. W oods marshals a very con
vincing array of experimental and clinical evidence to justify the conviction 
that hypersensitivity mechanisms play an important if not predominant role 
in the pathogenesis of this disease. In contrast to non-granulomatous uveitis, 
usually arising from a sterile insult, W oods has defined granulomatous uveitis 
as the chronic disease resulting from active infection by non-pyogenic organ
isms. The aetiologic agents generally conceded to be important in this disease 
are toxoplasma, histoplasma, tubercle bacilli, brucella, treponema, and an 
occasional nematode or fungus (W oods et al 1954). In each instance the invader 
stimulates a retinitis or chorioretinitis at the focus of infection. Since each of 
these pathogens is known to be highly antigenic, infection often being accom
panied by positive delayed skin reactivity, it must be supposed that hyper
sensitivity mechanisms contribute significantly to the development of the 
granulomatous lesions involved. In addition, the non-granulomatous anterior 
segment inflammation which generally accompanies the posterior lesion may 
well representa hypersensitivity response to antigen which has diffused forward 
from the focus ofinfection in the hypersensitive individual. 

W e may finally mention contact dermatitis-type reactions in our catalogue 
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of delayed ocular inflammatory phenomena (Theodore & Schlossman 1958). 
These occur predominantly on the skin of the eyelids and are not infrequent, 
due to the sensitivity of this cutaneous surface and its exposure to cosmetics, 
drugs and contaminated fingers. The response on thc lids differs in no major 
respect from that met with elsewhere on the body, and need concem us no 
further. Contact reactions of the conjunctiva are often encountered, usually 
secondary to lid involvement, while comeal contact responses have been 
diagnosed. In the experimental situation, however, it proved impossible to 
elicit a primary contact conjunctivitis or keratitis, although inflammation 
apparently secondary toa lid reaction was occasionally observed in these tissues 
(Silverstein, Welter & Zimmerman 196o). 

CORNEAL REACTIONS 

By virtue of its avascularity and accessibility, the cornea provides a unique tissue 
for the study ofhyperscnsitivity mechanisms. It has already been mentioned that 
diffuse comcal inflammation cannot be incited in Arthus-sensitized animals by 
intracomeal challenge with the appropriate antigen. In contrast, evcn minute 
amounts of antigen may induce an acutc interstitial keratitis in the delayed
sensitive animal. These lesions may be elicited by a variety of different antigenic 
substances. In view of the difference in comeal response in the delayed-hyper
sensitive as opposed to the Arthus-sensitive animal, intracomeal challenge has 
often been employed in thc differentiation of the two types ofhypersensitivity. 

In the case wherein the intracomeaily injected allergen is soluble, the keratitis 
is found to subside within a matter of days or at most of a few weeks, leaving 
little permanent damage. It might be anticipated, however, that persisting non
soluble stimuli such as bacteria would result in a continuously developing, chronic 
lesion which would not abate so long as the insulting agent remained. Eventually, 
an epithelioid formation resembling a type of tubercle may develop. 

Phlyctenulosís is believed by many to be due in large measure to a pathogenetic 
mechanism such as that mcntioned above. It has always been considered signi
fican! that a high incidence of positive tuberculin hypersensitivity is encountered 
in cases of phlyctenular disease (Weekers 1909; Sorsby 1942). As early as 1909, 
W eekers demonstrated experimentally that phlyctenules might be produced in 
tuberculin-sensitive rabbits following the instillation of this substance into the 
conjunctiva. Other pathogens ha ve bcen implicated aetiologically in the devclop
ment of this disease as a result of its experimental production in the eyes of 
animals made hypersensitive to staphylococci (Funaishi 1923), and, curiously, 
evento horse serum (Riehm 1928). 

LOCAL OCULAR HYPERSENSITIVITY 
AND UVEITIS 

The parenteral administration of an antigen results in its fairly rapid exit from 
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the si te of injection and its dissemination throughout the body. By the time the 
immunologic response has started to function fully, there is usually no antigen 
remaining at the original site. In general, no lesion results from this first expo
sure. The eye, on the other hand, responds differently. A week or so following 
the injection of soluble protein antigen into the vitreous body a spontaneous 
uveitis develops in the injected eye. This inflammation is characterized histo
logically (Woods, Friedenwald & Wood 1955; Zimmerman & Silverstein 1959) 
by lymphocytes and monocytes in the early stage, with a marked plasmacytosis 
appearing a few days later. lt has been shown that the vitreous body forms a 
natural depot from which antigenic proteins can only slowly escape (Fernando 
1960; Rodenhauser 1959). Thus, antigen persists in the eye while hypersensitivity 
is developing in the body, a perfect setting for the appearance of a 'spontaneous' 
inflammation. The situation is somewhat analogous to a repeatedly administered 
immunization, the earliest response to which seems to be a delayed-hyper
sensitivity state, followed sorne days later by the appearance of antibody (Gell 
& Hinde 1954). It has been demonstrated (Silverstein 1963, 1964) that the 
inflammatory cells which participare in these uveal responses arise outside the 
eye, rather than from the stimulation of autochthonous elements. 

Perhaps more significant is the condition of the injected eye after recovery 
from the inicial inflammatory response to antigen. At this time the eye is often 
clinically and even histologically normal. The imprint of the previous exposure 
to the antigen remains, however, so that a recurrence of the inflammatory 
reaction may be provoked by parenteral administration of additional antigen. 
This may be accomplished by intravenous or intracutaneous injection, or even 
by the ingestion of the offending allergen (Seegal, Seegal & Khorazo 1933). 
The eye in this situation appears to have a heightened degree ofhypersensitivity, 
so that it alone of all organs will respond to the new antigenic stimulus. (It may 
be mentioned that a parallel situation exists in the response of the cornea to 
interlamellar injection of proteins, including both the primary spontaneous 
inflammation and also the response to intravenous challenge (v. Szily 1914; 
Leibowitz & Elliott 1965). Much of the following discussion will bear also on 
this phenomenon in the cornea.) 

The ability to incite a recurrent uveitis in these experimental animals may 
persist for many months, and the response may be invoked repeatedly upon 
reintroduction of the proper antigen. The specificity of the immunologic 
mechanism may be impressively demonstrated by the injection of a different 
antigen into each eye of the test animal. Later intravenous injection of the 
suitable antigen will then light up either eye at will. The importance of this 
experimental model and of the concept of local organ hypersensitivity in the 
pathogenesis of clinical uveitis has been discussed at length by Woods (1961). 
While sorne cases of recurrent non-granulomatous uveitis have been traced to 
the ingestion of or exposure to known allergens, it has generally been extremely 
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difficult to make an aetiologic diagnosis in this field. An exception to this, and 
one which provides a striking analogy to the experimental situation, is encoun
tered in the so-called focal reaction observed occasionally in clinical practice. 
It sometimes happens during attempts at desensitization with tuberculin or with 
streptococcal vaccines that injection of the antigen causes a fl.are-up of ocular 
disease (Weizenblatt 1949; Miller & Smerz 1956). This may be an exacerbation 
of either non-granulomatous or of granulomatous disease. Kaufman (1960) has 
reported that as long as 1 year following experimental ocular toxoplasma 
infection, the injection of killed organisms would rekindle an old lesion. 

In the normal course of events, the blood-aqueous barrier does not permit the 
entry of substances into the ocular tissues, so that local sensitization of the eye 
does not accompany intravenous injection of antigens. We may reasonably 
inquire how, then, the antigen may, in the natural setting, accomplish its entry 
into the eye and its sensitization of ocular tissue. The most obvious possibility 
involves antigens which are endogenous to the eye, such as lens proteins (see 
below). Another possibility is that during the course of even a mild bacteraemia 
accompanying an infection elsewhere, a few organisms may lodge in the uvea 
and reside there for a time. Even if the resulting infection were subclinical, local 
sensitization might ensue. Finally, it has been well established that as a result of 
trauma or of other ocular infl.ammation, there is a breakdown of the blood
aqueous barrier. Any antigenic substances borne in the blood at this time might 
thus be able to gain entry into and sensitize the eye (Taylor & Suie 1956). 

ANTIBODY FORMA TION IN THE EYE 

In studying the nature of the antibody response mechanism, most investigators 
have been preoccupied with the response of the organism as a whole to antigenic 
stimulus, with the emphasis placed upon the most obvious tissues, the spleen 
and lymph no des. It should be noted, however, that the production of antibodies 
is not limited to these organs, but may occur at any si te of the body capable of 
supporting an infl.ammatory response. This point has special significance in 
ocular immunopathology. 

It has been mentioned that following the intraocular injection of antigen there 
will develop a marked plasmacytosis of the iris, the ciliary body and at the optic 
disc. This phenomenon is strongly suggestive of a local production of antibody 
within the eye in response to an initial antigenic stimulus; la ter exposure to the 
same antigen induces a new phase of plasmacytosis. Witmer (1955) has identified 
antibody-producing cells in the uvea, employing the fl.uorescent-antibody 
technique. Wolkowicz and co-workers (1960) have been able to show the 
continuing production of antibody by ocular tissues transferred to tissue culture 
after antigenic stimulus. Even the cornea appears able to support the active 
production of antibody (Oakley, Batty & Warrack 1955; Schwab 1959; 
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Burkl & Schwab 1959; Leibowitz & Elliott 1965). The sigtúficance of these 
demonstrations of local antibody formation in the eye, accompanied by 
plasmacytosis, is perhaps heightened by recalling that the typical histologic 
picture of a subsiding non-granulomatous uveitis is one of an often remarkable 
degree of plasmacytosis in the anterior uvea. 

It would thus seem that the presence of antibody produced locally in the eye 
and unable to escape readily would constitute an important factor in what we 
have called above 'local ocular hypersensitivity'. This might account for the 
ability in sorne cases to produce uveitis with antigetúc challenge ata distant site. 
This ability persists, however, for long periods of time, so that often the 
'sensitive' eye shows no clinical or histologic signs of this sensitivity, i.e. local 
antibody production seems to have ceased for all practica! purposes. But the 
eye may still be inflamed by intravenous challenge. Since this eye has produced 
antibody previously, it should be capable of reacting to newly introduced 
antigen with an anamncstic response, involving the proliferation and differentia
tion of immunologically competent cells. In a lymph node, this act would pass 
unnoticed; in the iris and ciliary body it might well appear as inflammation and 
clitúcal disease. W e would thns suggest that the simple act of antibody produc
tion in the eye may represent a contributing factor in the pathogenesis of uveitis 
(Silverstein 1964). The sigtúficance of ocular antibody formation for the 
aetiologic diagnosis in uveitis cases has also been stressed repeatedly (Witmer 
!964). 

An interesting footnote to the problem of local ocular hypersensitivity and 
antibody production involves the question of clinical desensitization in uveitis. 
In many instances, as has been hinted, the allergen probably reaches the sensitive 
ocular tissue via the circulation. The aim, then, of desensitization in the face of 
local ocular hypersensitivity might not be to 'neutralize' antibody within the 
eye, but rather to prevent antigcn from ever reaching the sensitive intraocular 
tissues. This goal can be achieved in practice by immutúzation such that there 
exists a high enough level of circulating antibody to neutralize intravascular 
antigen before it reaches ocular tissue. The familiar course of desensitization in 
this instance may thus serve to create an antibody barrier around the eye. 

OCULAR COMPLICA TIONS OF 

SYSTEMIC ALLERGIC DISEASE 

As might be anticipated, a systemic disorder which affects a particular type of 
anatomic structure or a specific physiologic function may well affect the same 
substrates when and where they exist in the eye. The tissues of the eye are not so 
clearly divorced from those of the rest of the body that they will be excepted 
from participation in certain generalized disease processes. 
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An example of such participation is found in the ocular changes which 
sometimes accompany serum sickness. This generally takes the form of a tran
sient anterior uveitis, more often bilateral than unilateral (Theodore & Lewson 
1939; Hoover 1956; Sedan & Guillot 1955). In addition papilloedema and 
retinal changes have been noted in a moderate proportion of serum sickness 
cases (Brown 1925). Periarteritis nodosa is also accompanied by ocular changes. 
The most consistent of these alterations represent not local ocular periarteritis 
but rather a hypertensive retinopathy or neuroretinitis secondary to kidney and 
circulatory damage (Boeck 1956; Goldsmith 1946). Less frequently, there are 
present choroidal foci of periarteritis nodosa, and only rarely are retinal nodules 
noted (Goldsmith 1946). Scleral nodules are not infrequent, and keratitis and 
comeal ulcers have also been reported (Wise 1952). 

The most frequent ocular complication of rheumatoid arthritis is a moderately 
severe, recurrent non-granulomatous anterior uveitis. This is more often 
bilateral than unilateral. What may be an experimental analogue of this con
dition and indicate a possible pathogenetic mechanism is suggested by a study by 
Waksman & Bullington (1960) of experimental arthritis in rats. These investi
gators showed that together with symptoms of arthritis, a number of animals 
responded to footpad injections of bacteria in adjuvants with the development 
of ocular lesions. These included an essentially non-granulomatous uveitis, 
conjunctivitis, keratitis and episcleritis. The authors discuss the lesions in relation 
to the incidence of uveitis in Reiter's syndrome and in ankylosing spondylitis. 
The ocular complications of collagen diseases in general have been reviewed 
elsewhere by Lebas (1959) and by Manschot (1960). 

There is yet another experimental model which is not without interest in the 
field of ocular immunopathology. It has been shown (Waksman 1959) that the 
injection of animals with homologous brain tissue would lead to the develop
ment of what has been termed allergic encephalomyelitis. The injection of optic 
nerve or other central nervous tissue may also give rise to ocular lesions. In 
addition to the expected allergic encephalomyelitis, the animals were found to 
ha ve developed an optic neuritis and iridocyclitis (Bullington & W aksman 
1958). There seems to be little doubt as to the immunologic nature of this 
disease, the ocular complications appearing presumably as a result of antigens 
which are common to the eye and to nervous tissue elsewhere. 

A UTO-ALLERGIC DISEASES OF THE EYE 

There appear to be two possible bases for the development of auto-allergic 
phenomena; on the one hand, the immune response may be stimulated by 
autochthonous proteins which are truly antigenic for the host, and on the other 
hand the response may be to altered substances which in their native state are 
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Burkl & Schwab 1959; Leibowitz & Elliott 1965). The significance of these 
demonstrations of local antibody formation in the eye, accompanied by 
plasmacytosis, is perhaps heightened by recalling that the typical histologic 
picture of a subsiding non-granulomatous uveitis is one of an often remarkable 
degree of plasmacytosis in the anterior uvea. 

It would thus seem that the presence of antibody produced locally in the eye 
and unable to escape readily would constitute an important factor in what we 
have called above 'local ocular hypersensitivity'. This might account for the 
ability in sorne cases to produce uveitis with antigenic challenge ata distant si te. 
Thís ability persists, however, for long periods of time, so that often the 
'sensitive' eye shows no clinical or histologic signs of this sensitivity, i.e. local 
antibody production seems to have ceased for all practica! purposes. But the 
eye may still be inflamed by intravenous challenge. Since this eye has produced 
antibody previously, it should be capable of reacting to newly introduced 
antigen with an anamnestic response, involving the proliferation and differentia
tion of immunologically competent cells. In a lymph node, this act would pass 
unnoticed; in the iris and ciliary body it might well appear as inflammation and 
clinical disease. We would thus suggest that the simple act of antibody produc
tion in the eye may represent a contributing factor in the pathogenesis of uveitis 
(Silverstein 1964). The significance of ocular antibody formation for the 
aetiologic diagnosis in uveitis cases has also been stressed repeatedly (Witmer 
!964). 

An interesting footnote to the problem of local ocular hypersensitivity and 
antibody production involves the question of clinical desensitization in uveitis. 
In many instances, as has been hinted, the allergen probably reaches the sensitive 
ocular tissue via the circulation. The aim, then, of desensitization in the face of 
local ocular hypersensitivity might not be to 'neutralize' antibody within the 
eye, but rather to prevent antigen from ever reaching the sensitive intraocular 
tissues. This goal can be achieved in practice by immunization such that there 
exists a high enough level of circulating antibody to neutralize intravascular 
antigen before it reaches ocular tissue. The familiar course of desensitization in 
this instance may thus serve to create an antibody barrier around the eye. 

OCULAR COMPLICA TI ONS OF 

SYSTEMIC ALLERGIC DISEASE 

As might be anticipated, a systemic disorder which affects a particular type of 
anatomic structure or a specific physiologic function may well affect the same 
substrates when and where they exist in the eye. The tissues of the eye are not so 
clearly divorced from those of the rest of the body that they will be excepted 
from participation in certain generalized disease processes. 
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An example of such participation is found in the ocular changes which 
sometimes accompany serum sickness. This generally takes the form of a tran
sient anterior uveitis, more often bilateral than unilateral (Theodore & Lewson 
1939; Hoover 1956; Sedan & Guillot 1955). In addition papilloedema and 
retinal changes have been noted in a moderate proportion of serum sickness 
cases (Brown 1925). Periarteritis nodosa is also accompanied by ocular changes. 
The most consistent of these alterations represent not local ocular periarteritis 
but rather a hypertensive retinopathy or neuroretinitis secondary to kidney and 
circulatory damage (Boeck 1956; Goldsmith 1946). Less frequently, there are 
present choroidal foci of periarteritis nodosa, and only rarely are retina! nodules 
noted (Goldsmith 1946). Scleral nodules are not infrequent, and keratitis and 
cornea! ulcers have also been reported (Wise 1952). 

The most frequent ocular complication of rheumatoid arthritis is a moderately 
severe, recurrent non-granulomatous anterior uveitis. This is more often 
bilateral than unilateral. What may be an experimental analogue of this con
dition and indica te a possible pathogenetic mechanism is suggested by a study by 
Waksman & Bullington (1960) of experimental arthritis in rats. These investi
gators showed that together with symptoms of arthritis, a number of animals 
responded to footpad injections of bacteria in adjuvants with the development 
of ocular lesions. These included an essentially non-granulomatous uveitis, 
conjunctivitis, keratitis and episcleritis. The authors discuss the lesions in relation 
to the incidence of uveitis in Reiter's syndrome and in ankylosing spondylitis. 
The ocular complications of collagen diseases in general have been reviewed 
elsewhere by Lebas (1959) and by Manschot (1960). 

There is yet another experimental model which is not without interest in the 
field of ocular immunopathology. It has been shown (Waksman 1959) that the 
injection of animals with homologous brain tissue would lead to the develop
ment of what has been termed allergic encephalomyelitis. The injection of optic 
nerve or other central nervous tissue may also give rise to ocular lesions. In 
addition to the expected allergic encephalomyelitis, the animals were found to 
have developed an optic neuritis and iridocyclitis (Bullington & Waksman 
1958). There seems to be little doubt as to the immunologic nature of this 
disease, the ocular complications appearing presumably as a result of antigens 
which are common to the eye and to nervous tissue elsewhere. 

A UTO-ALLERGIC DISEASES OF THE EYE 

There appear to be two possible bases for the development of auto-allergic 
phenomena; on the one hand, the immune response may be stimulated by 
autochthonous proteins which are truly antigenic for the host, and on the other 
hand the response may be to altered substances which in their native state are 
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non-antigenic. Both of these mechanisms may be operative in the eye. The for
mer has been well established in the case of sensitization to lens antigens, while 
the latter may be concerned with auto-allergy to uveal antigens. 

PHACO-ANAPHYLAXIS 

The clinical condition known as endophthalmitis phaco-anaphylactica was first 
described by Verhoeff & Lemoine (1922) to be the result of autosensitization to 
one's own lens antigens. Classically, the event follows the initial release oflens 
material during an uneventful extracapsular cataract extraction, oras a result of 
trauma tic rupture of the capsule. If lens material remains in this eye, or if lens 
antigen is released subsequently in the fellow eye, then uveitis may ensue if 
sensitization has occurred. In sorne instances (Courtney 1942; deVeer 1953) the 
disease may appear bilaterally, and may be confused with sympathetic ophthal
mta. 

The early demonstrations (Uhlenhuth 1903; Hektoen & Schulhof 1924) that 
lens antigens are antigenic in their host, and are organ rather than species 
specific, established the lens in a somewhat unique position in immunology. 
The lens, and therefore its protein antigen constituents, becomes anatomically 
isolated from the rest of the body at a quite early stage of embryonic develop
ment. They are thus out of contact with the tissues which are involved in the 
development of immunologic competence, and in this sense are 'foreign' sub
stances, to which the immune mechanism may subsequently respond. What 
may represent an interesting by-product of this anatomic isolation in vol ves the 
antigenic interrelationship among the lens proteins of many species (Halbert & 
Manski 1963; Halbert, Manski & Auerbach 1961). It may be that such isolation 
has protected these antigens from many of the evolutionary alterations to which 
most other proteins have been subjected. 

An experimental analogue of phaco-anaphylaxis has been produced in 
laboratory animals (Burkey 1934; Müller 1952) which is similar to the natural 
disease both dinically and histologically. In both, the lesion occurs predomi
nantlyin the anteriorsegment, where thereaction develops around the disrupted 
lens. Polymorphonuclear leucocytes form an abscess which in turn is walled off 
by epithelioid cells in a fibrovascular zone. Finally, the reaction site is sur
rounded by lymphocytes and plasma cells, which also occur abundantly as the 
principal component of the iridocyclitis. 

SYMPATHETIC ÜPHTHALMIA 

Sympathetic ophthalmia typically follows a perforating injury of the globe in 
which the uveal tract is involved. Its incidence, however, is very much lower 
following surgical procedures. After a time lag of sorne weeks, the injured eye 
may develop what in most respects is a typical granulomatous endophthalmitis. 
There are mutton-fat keratic precipitates present, and the lesion is histologically 
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one of diffuse and often massive lymphocytic infiltration of uveal tissues, with 
areas of epithelioid cell infutrations and often giant cells. At any time from about 
the third week to several years following the trauma, a spontaneous lesion may 
appear in the sympathizing eye, similar in all respects to that in the fmt eye. 

An allergic theory of this disease was advanced as early as 1910 by Elschnig, 
who demonstrated that uveal emulsions were auto-antigenic and who suggested 
that uveal pigment was the offending antigen. The postulate gained important 
support from the investigations ofWoods (1921, 1956), who was able to identify 
anti-uveal antibodies in patients with perforating injuries of the globe. Woods 
also showed that extracts of uveal tissue would elicit a positive intradermal 
hypersensitivity test in these patients. Friedenwald (1934) showed that the 
histology of the skin test response was strikingly similar to that of the ocular 
lesion. Collins (1949, 1953) injected emulsions of uveal tissue in Freund's 
adjuvant into guinea-pigs and observed the development of diffuse in.Bammatory 
reactions in the choroid of many of these animals. Using the same approach, 
Aronson, Hogan & Zweigert (1963) were able to induce the development of 
spontaneous uveitis in experimental animals, using both pigmented and albino 
uveal tissue. It is still unfortunately unclear whether these observations on the 
production of experimental auto-immune uveitis bear any meaningful relation
ship to the clinical entity of sympathetic ophthalmia, since the histopathologic 
pictures differ so markedly in the two cases. 

There is another observation that may be pertinent to the present discussion. 
The recent popularity of auto-immune processes to explain the pathogenesis of a 
wide variety of diseases has prompted an examination of the sera of patients 
with uveitis. In two such studies (Hallett et al 1962; Aronson et al 1964) a 
significantly greater incidence of anti-uveal antibodies has been reported in 
such patients. The relationship of these findings to the pathogenesis of the 
ocular disorders remains to be established. 

In sum, the temporal aspects of sympathetic ophthalmia, the delayed skin 
test response, and much of the experimental evidence, all combine to suggest 
that allergic mechanisms and autosensitization play an important role in the 
pathogenesis of sympathetic ophthalmia, although the evidence here is not 
quite as compelling as that which exists in the earlier discussed phaco-anaphyl
axis. 

THE HOMOGRAFT REACTION AND 
KERATOPLASTY 

The homograft rejection reaction is of interest in ophthalmology due to its 
potential participation in the rejection of corneal transplants. The factors which 
affect the survival of corneal grafts have been reviewed in sorne detail by 
Maumenee (r96o). He discussed the reasons for the relative infrequency of 
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immune reactions to corneal homografts, and points out that the cornea con
stitutes a privileged transplant in certain respects. Cornea! tissue appears to be 
only weakly antigenic, especially after being denuded of its epithelium, a 
standard practice. In addition, the wide separation of corneal stromal cells by 
the ground substance apparently lessens the ability of the keratocyte to initiate 
an immune response. lt has been shown (Algire, Weaver & Prehn 1957; Wood
ruff 1957; Merwin& Hill 1954) that sensitization toa homograft usually requires 
vascularization of the donor tissue. If the cornea! button is placed upon a 
relatively avascular recipient bed and if subsequent vascularization does not 
occur, then initial sensitization may well not follow. 

There are several additional reasons to explain why the lamellar graft (and the 
experimental interlamellar graft) are even less frequently rejected than is the 
penetrating graft. The lamellae at the base of these grafts may be sufficient to 
separate the stromal cells of the donor from blood vessels in the recipient bed, 
thus preventing sensitization. In addition, the endothelium of the penetrating 
graft seems to be more sensitive than the stromal cells to damage leading to 
cornea! clouding. In the absence of transplanted endothelium, the lamellar graft 
would be less prone to disturbance of its physiology. In contrast to the opinion 
popular only a few years ago, it is currently believed that there is no rapid 
replacement of donor stromal cells by those of the host. Basu, Miller & Ormsby 
(1960), using sex chromatin as a biological marker, were able to show survival 
uf donor keratocytes for at least severa! months while Hanna & Irwin (1962) and 
Polack et al (1964), employing tritiated thymidine-labelling techniques, demon
strated that donor stromal and endothelial cells survive for longer than a year in 
the recipient bed. 

So great are the advantages of the cornea as a transplantation si te, and of the 
lamellar graft as the approach of choice, that it has proved possible to obtain 
successful heterografts of cornea! tissue (Chavan & King 1960; Payrau, Pouli
quen & Faure 1961) even in the human. Payrau et al have reviewed this subject, 
and have indicated that only certain donor-recipient species relationships permit 
of successful heterografting. 

REFERENCES 

ALGIRE G.H., VlEAVERJ.M. & PREHN R. T. (1957) Studies on tissue homotransplantation in 
mice using diffusion chamber methods. Aun. N. Y. Acad. Sci. 64, 1009. 

ALIMUDDIN M. (1955) Treatment ofvernal conjunctivitis. Brit.]. Opltth. 39, 540. 
ALLANSMITH M. & FrucK O.L. (1963) Antibodies to grass in vernal conjunctivitis. J. Allergy 

34, 53 S· 
ARONSON S.B., HoGAN M.]. & ZwEIGART P. (1963) Homoimmune uveitis in the guinea pig. 

J. General concepts of auto- and homoimmunity, methods, and manifestations. Arch. 
Ophth. 69, ros. 

ARONSON S.B., YAMAMOTO E., GOODNER E.K. & O'CoNNOR G.R. (1964) The occurrence of 
antiuveal antibody in human uveitis. Arc/1. Ophth. 73, 621. 



EYE IN ALLERGIC DISEASE II73 

BAsu P.K., MILLER I. & 0RMSBY H.L. (1960) Sex chromatin as a biological marker in the 
study of corneal transplants. Amer.J. Ophth. 49, 514. 

BIEGELMAN M.N. (1950) Vernal Conjunctivitis. Los Angeles: University of Southern Cali-
fornia Press. 

BoECK J. (1956) Ocular changes in periarteritis nodosa. Amer. J. Ophth. 42, 567. 
BROWN A.L. (1925) Ocular manifestations ofserum sickness. Amer.J. Ophth. 8, 614. 
BULLINGTON S.J. & WAKSMAN B.H. (1958) Uveitis and experimental encephalomyelitis: 

results produced by injection of nervous tissue in adjuvants. Arch. Ophth. 59, 43 5· 
BuRKY E.L. (1934) Experimental endophthalmitis phacoanaphylactica in rabbits. Arch. 

Ophth. 12, 536. 
BURKL W. & ScHWAB F. (1959) Histologischer und immunohistologischer Nachweis der 

lokalen Antikorperbilding in der Homhaut. v. Graf!fe's Arch. Ophth. 161, 168. 
CHAVAN S.B. & KING J.H. (1960) Expcrimentallamellar heterografts. Amer. J. Ophth. 49, 

1387. 
COLLINS R.C. (1949, 1953) Experimental studies on sympathetic ophthalmia. Amer. J. 

Ophth. 32, 1687; 36, 150. 
CouRTNEY R.H. (1942) Endophthalmitis with secondary glaucoma accompanying absorp

tion of the crystalline lens. Trans. Amer. Ophth. So c. 40, 3 55. 
DEVEERJ.A. (1953) Bilateral endophthalmitis phacoanaphylactica: pathologic study of the 

lesion in the eye first involved and, in one instance, the secondarily implicated or 
'sympathizi~g' eye. Arch. Ophth. 49, 607. 

ELSCHNIG A. (1910) Studien zur sympathischen Ophthalmie. II. Die antigenische Wirkung 
des Augenpigmentes. v. Graefe's Arch. Ophth. 76, 509. 

FERNANDO A.N. (1960) Immunological studies with 1'31 labeled antigen in experimental 
uveitis. Arch. Ophth. 63, 515. 

FRIEDENWAID J.S. (1934) Notes on the allergic theory of sympathetic ophthalmia. Amer.]. 
Ophth. 17, 10o8. 

FuNAISm S. (1923) Experimentelle untersuchungen über die Aetiologie der phlyktanularen 
Augenentzündungen. Klin. lvfonatsbl. Augenh. 71, 141. 

GELL P.G.H. & HINDE I.T. (1954) Observations on the histology ofthe Arthus reaction and 
its relation to other known types of skin hypersensitivity. Int. Arch. Allergy 5, 23. 

GERMUTH F.G., MAUMENEE A.E., PRATT-JOHNSON J., SENTERFIT L.B., VAN ARNAM C.E. & 
POLLACK A.D. (1958) Observations on the site and mechanism of antigen-antibody 
interaction in anaphylactic hypersensitivity. Amer.]. Ophth. 46, 282. 

GoLDSMITHJ. (1946) Periarteritis nodosa with involvement of choroidal and retinal arteries. 
Amer.J. Ophth. 29, 435· 

HALBERT S.F. & MANSKI W. (1963) Organ specificity with special rcference to the lens. 
Progr. Allergy 7, 107. 

HAIBERT S.F., MANSKI W. & AuERBACH T. (1961) Lens antigens and evolution. In The 
Stmcture ofthe Eye, p. 249, ed. SMELSER G.K. New York: Academic Press. 

HALLETT J.W., WoLKowrcz M.I., LEOPOLD I.H., CoNAMUCIO C. & WIJEWSKI E. (1962) 
Autoimmune complement fixation test in endogenous uveitis. Arch. Ophth. 68, 168. 

HANNA C. & lRWIN E.S. (1962) Fate of cells in the corneal graft. Arch. Ophth. 68, 810. 

HEKTOEN L. & ScHULHOF K. (1924) Further observations on lens precipitins. J. Infect. Dis. 
34. 433· 

HoovER R.E. (1956) Nongranulomatous uveitis, a complication of serum sickness. Amer. J. 
Ophth. 41, 534· 

KAUFMAN H.E. (1960) The effect of corticosteroids on experimental ocular toxoplasmosis. 
Amer. J. Oplztlz. so, 919. 

LEDAS P. (1960) Les Syndromes Oculo-cutanes. Bull. Soc. beige d'Ophtal. No. 124, Fase. 1. 



Il74 CLINICAL ASPECTS OF IMMUNOLOGY 

LEIBOWITZ H.M. & ELLIOTT J.H. (1965) Antibody production in corneal hypersensitivity. 
Arch. Ophth. 73, 687. 

MANSCHOT W.A. (1960) The eye in relation to collagen diseases. Trans. Ophth. Soc. U.K. So, 
137· 

MAUMENEE A.E. (1960) The immune reaction to corneal homografts. In The Transparency 
of the Cornea, ed. DuxE-ELDER S. Oxford: Blackwell Scientific Publications. 

MERWIN R.M. & HrLL E.L. (1954) Fate of vascularized and nonvascularized subcutaneous 
homografts in mice.J. Nat. Cancer Inst. 14, 819. 

M1LLER R.K. & SMERz A. (1956) Bilateral posterior uveitis complicating a positive tuber
culin cutaneous reaction. Arch. Ophth. 56, 896. 

MüLLER H. (1952) Tierexperimentelle Untersuchungen zur Ophthalmia phakogenetika. v. 
Graefe's Arch. Ophth. 153, I. 

ÜAKLEY C.L., BATTY l. & WARRACK G.H. (1955) Antibody production in the rabbit cornea. 
]. Path. Bact. 70, 349. 

ÜGucm M. (1954) Allergic reactions of skin and conjunctiva with pollens in vernal catarrh. 
Acta Soc. Ophth.]apan 58, 735 (cited in THEODORE & SCHLOSSMAN (1958)). 

PAYRAUP., PouLIQUENY. & FAUREJ.P. (1961) Hétérogreffes de la comée: étude expérimen
tale et premiers résultats cliniques. Ann. Oculist 194, r. 

POLACK F.M., SMELSER G.K. & RosE J. (1964) Long-term survival of isotopically labeled 
stromal and endothelial cells in comeal homografts. Amer.J. Ophth. 57, 67. 

R1cH A.R. & FoLLIS R.H. (1940) Studies on the site of sensitivity in the Arthus phenomenon. 
Bull.]ohns Hopk. Hosp. 66, 106. 

RIEHM W. (1928) Über experimentelle anaphylaktische Keratoconjunctivitis am Kanin
chenauge. Arch. Augenheílk. 99, 438. 

RODENHAUSER].H. (1959) Über die Resorption und Verteilung Isotopen markierte Allergene 
im Auge normergische Kaninchen. v. Graefe's Arch. Ophth. r6r, 45· 

RowE A.H. (1935) Food allergy: a common problem in practice. Sth. Med.]. 28, 261. 
ScHWAB F. (1959) Untersuchungen über den Antikorpergehalt (Pracipitine) der Homhaut. 

v. Graefe's Arch. Ophth. r6o, 592. 
SÉDAN J. & GuiLLOT P. (1955) Uvéites médicamenteuses. Bull. Soc. franr. Ophtal. 68, 317. 
SEEGAL B.C., SEEGAL D. & KHORAZO D. (1933) Local organ hypersensitivity. V. The fa te of 

antigens and the appearance of antibodies during the development of hypersensitivity 
in the rabbit eye.J. Immunol. 25, 207 (and earlier papers). 

S1LVERSTE1N A.M. (1963) Effect of X-irradiation on the development of immunogenic 
uveitis. Invest. Ophthal. 2, 58. 

SILVERSTEIN A.M. (1964) Ectopic antibody formation within the eye: pathologic implica
tions. In Immunopathology of Uveitis, p. 83, eds. MAUMENEE A.E. & SILVERSTEIN A.M. 
Baltimore: Williams & Wilkins. 

SILVERSTEIN A.M., WELTER S. & ZIMMERMAN L.E. (1960) Studies on experimental ocular 
hypersensitivity to simple chemicals. Amer.J. Ophth. 50, 937· 

SILVERSTEIN A.M., WELTER S. & ZIMMERMAN L.E. (1961) A progressive immunization reac
tion in the actively sensitized rabbit eye. ]. Immunol. 86, 312. 

SILVERSTEIN A.M. & ZIMMERMAN L.E. (1959) Jmmunogenic endophthalmitis produced in 
the guinea-pig by different pathogenetic mechanisms. Amer.]. Ophth. 48, 435. 

SoRSBY A.P. (1942) The aetiology of phlyctenular ophthalmia. Brit.]. Ophth. 26, 159, 189. 
TAYLOR F.W. & Surn T. (1956) Effect oftrauma on the production of experimental uveitis. 

Amer. ]. Ophth. 41, 299. 
THEODORE F.H. & LEWSON A.C. (1939) Bilateral iritis complicating serum sickness. Arch. 

Ophth. 21, 828. 
THEODORE F.H. & ScHLOSSMAN A. (1958) Ocular Allergy. Baltimore: Williams & Wilkins. 



EYE IN ALLERGIC DISEASE II75 

UHLENHUTH P.T. (1903) Zur Lehre von der Unterscheidung verscheidener Eiweissarten mit 
Hilfe spezifischer Sera. Festschr. zum 6o Geburtstag von Robert Koch, pp. 49-74. Jena: 
Fischer. 

VERHOEFF F.H. & LEMOINE A.N. (1922) Endophthalmitis phacoanaphylactica. Int. Congr. 
Ophth. Washington, p. 234. 

VoN SziLY A. (1914) Die Anaphylaxie in der Augenheilkunde. Stuttgart: Ferdinand Enke. 
WAKSMAN B.H. (1959) Experimental Allergic Encephalomyelitis and the 'Auto-allergic Diseases'. 

Basel: Karger. 
WAKSMAN B.H. & BULLINGTON S.J. (1956) A quantitative study of the passive Arthus 

reaction in the rabbit eye. ]. Immunol. 76, 441. 
WAKSMAN B.H. & BuLLINGTON S. J. (1960) Studies of arthritis aud other lesions induced in 

rats by injection of mycobacterial adjuvant. III. Lesions of the eye. Arch. Ophth. 64, 7 51. 
WEEKERS L. (1909) L'exantheme de la conjonctivite phlycténulaire envisagé comme une 

toxi-tuberculide. Arch. Ophthal. 29, 294. 
WEIZENBLATT S. (1949) Allergic ocular reactions to the tuberculin test: bilateral cyclitis and 

neuroretinitis. Arch. Ophth. 41, 436. 
W1sE G.N. (1952) Ocular periarteritis nodosa. Arch. Ophth. 48, 1. 
W1TMER R. (1955) Antibody formation in the rabbit eye studied with fluorescein-labeled 

antibody. Arch. Ophth. 53, 811. 
WITMER R. (1964) Origin of ocular antibodies. In Immunopathology of Uveitis, p. 1 II, eds. 

MAUMENEE A.E. & S1LVERSTEIN A.M. Baltimore: Williams & Wilkins. 
WoLKOW1CZ M.J., BALLET J.W. & LEOPOLD I.H. (1960) Studies on antibody production in 

the rabbit eye. I. Antibody formation in vitro after intraocular injection of typhoid 
bacilli. Amer.]. Ophth. so, 126. 

WooDRUFF M.F.A. (1957) Cellular and humoral factors in the immunity to skin homo
grafts. Ann. N. Y. Acad. Sci. 64, 1014. 

Woons A.C. (1921) Immune reactions following ü~uries to the uveal tract.]. Amer. Med. 
Assoc. 77, 1317. 

WooDs A.C. (1937) Clinical problems of allergy in relation to conjunctivitis and iritis. Arch. 
Ophth. I7, I. 

Woons A.C. (1949) The diagnosis and treatment of ocular allergy. Amer.]. Ophth. 32, 1457. 
WooDS A.C. (1961) Endogenous Inflammations of the Uveal Tract. Baltimore: Williams & 

Wilkins. 
WooDs A.C., FRIEDENWALD J.S. & WooD R.M. (1955) The histopathology of acute and 

chronic ocular hypersensitivity reactions in the experimental rabbit. Amer.]. Ophth. 40, 
631. 

WooDS A.C.,JAcoas L., WooD R.M. & CooK M.K. (1954) A study ofthe role oftoxo
plasmosis in adult chorioretinitis. Amer.]. Ophth. 37, 163. 

Z1MMERMAN L.E. & S1LVERSTEIN A.M. (1959) Experimental ocular hypersensitivity. Histo
pathologic observations. Amer.]. Ophth. 48, 447· 





SECTION V 

IMMUNOPROPHYLAXIS AND IMMUNOTHERAPY 





CHAPTER 44 

PROPHYLAXIS OF MICROBIAL 
DISEASES 

C.L.ÜAKLEY 

NATURALLY ACQUIRED IMMUNITY 

Immunity due to subclinical infection: Quantitative character of 
immunity: Defects of naturally acquired immunity 

PROPHYLAXIS 

Nature of the disease 

ÜN AcTIVE IMMUNIZATION AGAINST 

TOXIN-DEPENDENT DISEASES 

Factors affecting the antitoxin response to toxoids: The immune state 
of the patient: Efficiency of the prophylactic: Size of the first dose of 
toxoid: Interval between do ses: Effect of other antigens in the 
prophylactic 

IMMUNIZATION AGAINST ÜRGANISM

DEPENDENT DISEASES 

Immunization with living organisms: Dead bacteria! vaccines: Tests 
for effectiveness of vaccines 

THE UNSATISFACTORY SIDE OF ACTIVE 

IMMUNIZATION 

COMBINED PROPHYLAXIS 
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NATURALLY ACQUIRED IMMUNITY 

Recovery from infectious disease caused by a particular bacterium or virus very 
commonly carries with it a decreased susceptibility to subsequent attack by the 
same organism. This relative insusceptibility, usually called immunity, may be 
partial, in which case exposure to the organism is followed by disease less, or far 
less, severe than that suffered by inexperienced persons sirnilarly exposed, or 
complete, in which apparently adequate exposure provokes no symptoms 
whatever. In many, perhaps most, infectious diseases this immunity depends on 
the production by the infected host of antibodies-protein carrier substances 
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directed fairly specifically against the antigens of the infecting organisms and 
capable of combining with these antigens, and particularly with the soluble 
antigens with which the infecting organism damages its host (see Chapters 15 
and 16). 

If antibody production occurred only during infection, it would be of little 
practical importance; the antibody response to first experience of an antigen is 
small, and more important, slow (Glenny & Sudmersen 1921; Burnet & Fenner 
1949). Since antibodics are globulins, they are destroyed at the rate normal for 
these proteins, and would therefore, once the disease was over, fall fairly soon to 
ineffective concentrations were it nor for two things-that antibody synthesis, 
once started, apparently continues in the absence of fresh antigen (Barr & 
Glenny 1949a), and that experience of an antigen almost always conditions the 
antibody-producing mechanism to produce antibody faster and in higher 
concentration when it is again exposed to the same antigen, even when the 
interval between thc first and subsequent exposures is considerable (Glenny & 
Sudmersen 1921; Burnet & Fenner 1949; Barr & Sachs 1955; Boyd 1960; 
Evans 1965). Taken together these provide a reasonable, though probably 
partial, explanation of acquired immunity to infectious disease. 

This improvement with experience in capacity to deal with infecting organ
isms has obvious advantages, but it does not always occur-it may even be 
prevented by the measures taken to treat the infcction-and even when it does, 
the immunity dependent onit may be obtained at the expense of a prolonged and 
debilitating illness, and the bcnefit to some individuals exposed to the disease 
may be offset, from the community's point of view, by the deaths of others less 
fortuna te. 

lMMUNITY DuE TO SUBCLINICAL 

lNFECTION 

Far luckier are those who develop immunity as a result of subclinical infection, 
in which, possibly because the infecting dose of organisms is small, or for other 
imperfectly understood reasons, attack by an organism produces immunity but 
no symptoms. Subclinical infections are also probably the means by which 
immunity to sorne diseases is maintained in the population; thus in measles, an 
exceedingly common disease in this country, the virus is probably almost always 
available to settle in thc respiratory tract of persons rendered immune by previous 
experience of the disease, and so to reinforce their immunity by symptomless 
infection. 

QUANTITATIVE CHARACTER OF lMMUNITY 

Acquired immunity, because it depends in part at least on antibody, is for that 
reason quantitative rather than absolute; in theory we could always find a do se 
of bacteria or virus that would still produce the disease, however high the anti-
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body concentration in the host, or in the cases where immunity is mainly anti
toxic, we could always find a dos e of toxin sufficient to kill the animal, however 
high its antitoxin concentration. In practice, however, we shall be satisfled if the 
'immune' person is satisfactorily protected against the infective risks of an or
dinary existence. 

DEFECTS OF NATURALLY ACQUIRED 

IMMUNITY 

Even this degree of protection, however, may not be obtainable from natural 
infection. Diseases vary enormously in the degree of immunity they evoke in 
patients who have recovered from them. In measles, for instance, immunity 
in the recovered patient is so lid and lifelong; only in the aged, possibly beca use 
of breakdown of the whole antibody-producing mechanism, are second attacks 
of measles likely to be experienced, and even in them the chance is extremely 
small. By comparison, tetanus (Barr & Sachs 1955) and the common cold confer 
a most disappointing degree ofimmunity. In tetanus the determining factor is 
probably the very small amount of antigen to which the patient is exposed, and 
the correspondingly trifling antigenic stimulation; the amounts of tetanus toxin 
necessary for good antibody production would almost certainly be fatal to the 
inexperienced patient. In other cases the antigens may be only poorly antigenic, 
so that even though large amounts of them are produced in the patient, little 
antibody is synthesized in consequence; but far more often failure to develop 
immunity is more apparent than real. Antibodies usually show some spread of 
specificity in the antigens with which they will combine, but this range is 
ordinarily very narrow, so that any considerable change in the antigenic 
structure of an organism may render antibodies against the unmodified form 
ineffective against the modifled one. 

Influenza virus is an organism of remarkable antigenic plasticity, showing 
considerable variation of some of its antigens over very short periods of time. 
In many instances the antigenic change is insufficient to make much difference 
to the effectiveness of the antibody previously acquired or synthesized during the 
attack; but sometimes, as in the recent epidemic of'Asian' influenza, the change 
was so great that no evidence of immunity due to previous attacks of influenza 
was demonstrable (Editorial 1957). 

The dependence of immunizing power on antigenic correspondence between 
the strains used to produce vaccines and those currently producing infection is 
very well shown in whooping-cough outbreaks. Vaccines made from strains 
of the type whose antigens were 1,2 were so satisfactory that infection by these 
strains almost disappeared; but these vaccines gave only poor protection against 
strains whose antigens were 1,3 or 1,2,3 (Manchester Public Health Laboratory 
1965; Prestan 1966). 

Moreover, antigenic change in an organism may affect only few antigens, 
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leaving the others unaffected. As we shall see later when we consider combined 
prophylactics, the presence in an antigenic mixture of antigens to which the 
patient has already reacted may greatly depress his response to those in the 
mixture of which he has had no previous experience; so that a limited but im
portant antigenic change in an infecting organism may in this indirect way 
reduce the antibody response to an essential antigen. 

Naturally acquired immunity, excellent as it is in many respects, has therefore 
considerable defects; it may involve illness, perhaps death in the less fortunate 
patient; it may, from one cause or another, never develop at all; and it may be 
too sharply specific to be of great future value when it does. Obviously our aim 
should be to acquire immunity without suffering from serious disease, preferably 
indeed without discomfort, and to so arrange the specificity of the immune 
response that it will be practically effective under the kind of conditions that may 
reasonably be expected. 

PROPHYLAXIS 

Exactly how we attempt to acquire or provide immunity will depend on the 
nature of the diseases with which we are concemed, the risk of suffering from 
them, the state of the person requiring immunization, and the time and money 
at our disposal. W e could, as we do in many virus diseases, attempt to produce a 
rnild attack of the disease, from which the patient would infallibly recover, 
endowed thereby with a solid immunity; but in bacteria! diseases this is rarely 
practica! politics, and what we try to do is to provide the patient with experience 
of the antigens of the infecting organism without subjecting him to the symp
toms of infection, so that he can, in a subclinical infection, produce antibodies 
against them without risk. We then have to decide what antibodies are neces
sary. 

NATURE OF THE DrsEASE 

It is convenient to divide infectious diseases into two groups: (r) those in which 
the local infective lesion is oflittle more than mechanical importance compared 
with the damage produced at a distance by soluble poisons-toxins-secreted 
by the infecting organism, and (2) those in which the presence of the organism 
is essential, in the untreated disease at least, for the production of lesions. The 
first group may be called toxin-dependent diseases, and include diphtheria, 
tetanus, botulism and scarlet fever in man, lamb dysentery, infectious entero
toxaemia of sheep and goats and infectious i¿terohaemoglobinuria of cattle; the 
second, the organism-dependent group, includes enteric infections, tuberculosis, 
plague, cholera, whooping cough and diseases due to viruses. The distinction is 
far from absolute, and sorne diseases might fit into either group; obviously, 
apart from the peculiar case of virus diseases, any damage done to tissues by 
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organisms must be dueto toxic substances secreted by them or produced by their 
autolysis, so that in a sense all infectious diseases are toxin-dependent, but in 
most organism-dependent diseases these toxic substances are either absorbed 
locally or secreted in too low concentrations to produce any effect at a distance 
from the infecting organisms. 

TOXIN-DEPENDENT DISEASES 

Botulism 
It is perhaps a matter of semantics to determine whether botulism is an infective 
disease or not; true infections with Clostridium botulinum rarely occur (Davis, 
Mattman & Wiley 1951; Thomas, Keleher & McKee 1951), and the great 
majority of cases of botulism are due to ingestion of the preformed toxin, 
produced by Cl. botulinum during the cooling stage of preservation of infected 
foods that ha ve been heated to a temperaturc inadequate to kill the heat-resistant 
spores of the organism. The presence of the organism is not, therefore, essential 
to the development of the flaccid paralysis of botulism, and all that is necessary 
for immunization is to protcct against the toxin. 

Tetanus 
This disease can be produced by injection into animals of bacteriá-free filtra tes 
of Cl. tetani, but under natural conditions infection with the organism is essential. 
Spores are introduced into wounds with the soil in which Cl. tetani normally 
survives, and if sufficient damage is done for the eH of the tissues to fall to 0.01 
volts at pH7 these spores will germinate and grow (Fildes 1929). Growth of Cl. 
tetani is entirely local, except that the organisms may occasionally be carried to 
other tissues, particularly the lungs, in detached clots, but the main manifesta
tions of the disease are the tonic convulsions due to the effect of the toxin formed 
in the wound on the nerve cells in the anterior hom of the spinal cord (Wright, 
Morgan & Wright 1950; Baylis, Mackintosh, Morgan & Wright 1952). Sorne 
antibody may be necessary for killing, or assisting to kill, organisms in the 
wound arca, but only antitoxin will neutralize locally formed toxin and prevent 
it from reaching the nervous system. 

Diphtheria 
Here both local infection and distant symptoms are due to toxin elaborated by 
the organism. When Corynebacterium diphtheriae settles in the pharynx or nose or 
larynx or in a wound in the skin, it must grow on the surface and secrete toxin 
before any macroscopic lesion is produced (Arnies 1954). When sufficient toxin 
has been secreted, it damages tissue to such an extent as to cause the production 
of the characteristic 'membrane', and the organism grows in the damaged 
tissue and produces more toxin, which as it spreads through the body causes 
myocardial degeneration, paralysis and adrenal changes. The locallesion may be 
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mechanically important, but the distant toxic lesions are those that lead to 
death. To give protection antitoxin is essential, though we cannot be certain that 
it is the only antibody we need. 

Scarlet Jever 
Here the locallesion is thc streptococcal sore throat, with the peripheral rash due 
to the erythrogenic toxin of the scarlet fever streptococcus. Scarlet fever is no 
longer the serious disease it used to be, and now responds very well to chemo
therapy, but there is sorne support for the view that the possession of antitoxin 
by the patient is of value (Wilson & Miles 1955a). 

Larnb dysentery 
This disease, together with the previous one, may perhaps be regarded as a 
bridge to the organism-dependent diseases. It is an affection of newborn lambs, 
occurring mostly in the first few days of life, harclly ever after the first week. 
Clostridium welchíí type B is picked up by the lamb from the infected fleece of 
the ewes, passes through the stomach of the lamb, which possesses little effective 
pepsin or hydrochloric acid, and produces a haemorrhagic enteritis, with local 
punched-out ulcers in the intestinal nmcosa. These ulcers are due to Cl. welchíí 
P-toxin, but antitoxin against this antigen does not confer complete protection 
against the disease; antitoxin against the e-toxin of Cl. welchíí is also necessary, 
but as even mixtures of these two antitoxins derived from Cl. welchíí types C 
and D do not afford complete protection, it is clear that sorne other antibody, 
possibly antibacterial, is essential as well as the antitoxins. 

ÜRGANISM-DEPENDENT DISEASES 

Much less is known about the antigens responsible for the lesions provoked by 
organisms such as Salmonella typhi, Bordetella pertussis, Pasteurella pestis, Vibrio 
cholerae and Mycobacterium tuberculosis, except that in all cases die effective 
antigens are probably associated with the organism, and require fairly vigorous 
procedures or autolysis for their extraction. If we knew what the effective antigen 
was, we might hope to use it to immunize animals or men, and sorne progress 
has been made, e.g. with Pasteurella pestis (Crumpton & Davies 1956), but in the 
majority of cases our ignorance is such that we have to obtain antibodies against 
the whole organism in order to include the antibodies we really need for pro
tection. 

ON ACTIVE IMMUNIZATION AGAINST 
TOXIN-DEPENDENT DISEASES 

If the effective organism is isolated in pure culture from the infected area or any 
other convenient source, it can then usually be grown in artificial media so as to 
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produce adequate yields of toxin. In theory persons who needed to be im
munized against the toxin could receive injections of minute amounts of toxin, 
but this process is so dangerons that the method has been completely abandoned 
and modified toxins are now universally employed. By great good fortune, most 
bacterial toxins, when they are treated with appropriate concentrations of for
maldehyde, lose their toxicity but retain their antigenicity; more important, the 
antibodies to the toxin so modified (called toxoid in Great Britain, bnt anatoxine 
in France) combine not only with toxoid but also with toxin, nentralizing in the 
process all its poisonous activities (Glenny & Sudmersen 1921; Glenny & 

Hopkins 1923). Injections of toxoid into man or animals will then provoke 
the production of antitoxins, which in pure toxin-dependent diseases will 
provide adequate immunity. Moreover, the use of toxoids makes it possible to 
inject far greater amounts of antigen than would be possible if toxins were used, 
so that, in tetanus, for example, injection of tetanus toxoid may provoke higher 
antitoxin concentra tions than ·are e ver produced in the course of the natural 
disease. 

F URTHER MüDIFICATIONS OF 
BACTERIAL Toxoms 
One difficulty in the effective use of some bacterial toxoids is their relatively low 
molecular weight; as a conseqnence they are readily excreted in the urine, and 
may remain in the body for a time inadeqnatc to provoke effective antibody 
synthcsis. The period over which they are effective as antigens may be greatly 
increased by adsorbing them on insoluble carriers, such as aluminium hydroxide 
or phosphate or on mixtures of the two (Glenny 1930), or on killed bacteria, as 
in some combined prophylactics. This adsorption on insoluble carriers greatly 
increases the antibody response to a constant dose of toxoid, and at the same 
time tends to iron out the differences between different batches of the same 
toxoid. It is also possible that adsorbed toxoids provoke a more vigorous histio
cyte reaction than unadsorbed toxoids do. 

Another perhaps less obvious form of carrier for toxoid is antitoxin; mixtures 
of toxoid and antitoxin in appropriate concentrations yicld precipitates of 
toxoid-antitoxin 'floccules' (TAF) which if 'underneutralized' (i.e. if they contain 
less antitoxin than would nentralize the toxin from which their toxoid was 
produced) are excellent antigcns, particularly if we require a partially purified 
antigen (Glenny & Pope 1927). 

Purification of antigens has been much to the fore lately, partly because of 
improved techniques that make the necessary processes easier, and partly beca use 
of the feeling that the 'reactions' that occasionally follow injections of toxoid are 
due to non-toxoid impurities. This attitude is to a large extent justified, and 
modern methods of puriftcation of diphtheria toxoid for example ha ve certainly 
reduced the incidence of reactions, but two points mnst be made. First, some 
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persons become sensitive even to the purest toxoids available (Agusstion & 

Toomey 1948), so there may be no great gain in extreme degrees of purification 
of toxoid; second, we can never be sure that the only effective antigen in a 
formolized filtra te is the toxoid-other substances may be important. Indeed, in 
their report to the Medica! Research Council, Evans et al (1962) have shown that 
highly purified diphtheria formol toxoid is a very poor antigen for primary 
immunization in children. 

FACTORS AFFECTING THE ANTITOXIN 

RESPONSE TO Toxo1ns 

The antitoxin response to toxoids is affected by (1) the capacity of the patient to 
respond, (2) the immune state of the patient, (3) the efficiency of the prophylactic 
itself, (4-) the size of the first dose, (5) the intervals between doses and (6) the 
presence of other antigens in the prophylactic. 

THE CAPACITY OF THE PATIENT TO RESPOND 

When large numbers of pcrsons or animals of the same age and general charac
teristics are given the same doscs of the same preparation of toxoid, the anti
toxin responses are not uniform; thcy usually líe over a log normal curve, i.e. a 
curve in which the frequencies of particular antitoxin concentrations are more or 
less 'normal' or Gaussian when they are plottcd against the logarithm of those 
concentrations. Howcver high the geometric mean antitoxin concentration in 
such a population was, we could, if we made the population large enough, find 
a few who had no detectable antitoxin at all, and these would require further 
injections to immunize them. Most of them would respond. 

Failure of synthesis of antibody 
There are, however, a few unfortunate persons who are apparently unable to 
synthesizc more than traces of y-globulin, and are thercfore unable to produce 
useful amounts of antibody (see Chapter 12). Such persons, usually said to be 
agammaglobulinaemic or hypogammaglobulinaemic, are particulady liable to 
suffer from repeated severe bacteria! infections to which they scldom develop 
any active immunity (Bruton 1952). For them only passive immunization or 
treatmcnt of the infections is likcly to be of much value. 

THE IMMUNE STATE OF THE PATIENT 

Obviously a patient with sorne basic immunity dcveloped during an illness oras 
a result of previous immunization will, if hís serum antitoxin concentration is 
sufficiently low, respond very much bctter to injection of the toxoid than an 
incxpericnced patient. It is, howevcr, possible for high serum antitoxin con
centrations to interfere with the response to injccted toxoid, presumably by 
overneutralizing it. This may occur in two situations. 
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Pre-existing active or passive immunity 
In the first, the patient has a high circulating antitoxin concentration produced 
by himself; injections of toxoid into such a patient may lead to a very small rise 
in circulating antibody, orto none at all. This, however, is of very little practica] 
moment compared with the interference with active immunity produced by 
passive immunization. We shall deal with passive prophylaxis later; all that it 
is necessary to say here is that it is produced by injecting into a patient antibody 
produced in another person or in another species. 

A patient possessing antitoxin so obtained may show a poor active antitoxin 
response either to infcction with the organism producing the corresponding 
toxin or to it~ection of toxoid; effective active immunization cannot be 
produced until the concentration of passively acquired antitoxin has fallen to a 
sufficiently low level. The exact time required for this is disputed. With 
homologous serum it is probably about 6 weeks, though this will depend on the 
highest serum antitoxin concentration reached in the recipient; with hetero
logous antitoxin, i.e. that derived from another species, this period is shorter, 
and is likely to be determined rather by administrative compromise than by 
scientif1c reasoning. It should be emphasized, however, that any patient im
munized passively against a particular infection should be actively immunized 
afterwards; and this is particularly true when heterologous antitoxin has been 
employed. 

It will be clear from this that combined active and passive immunization 
against the same antigen is unlikely to be successful, at least when plain toxoid is 
used. Recently, however, claims have been made by Smitl1 et al (r963) that 
almost all patients given tetanus antitoxin in one site and adsorbed tetanus 
toxoid in another, followed by a second ü~ection of adsorbed toxoid, show an 
excellent active antitoxin response. 

Arrangements in foetuses and newborn children 
The second situation is that shown by the foetus of an immune mother. In many 
animals (horse, pig, sheep, cattle) the placenta is impervious to serum globulin, 
and the young are consequently born without circulating antibodies (Mason, 
Dalling & Gordon 1930). These they subsequently acquire with the colostrum, 
in which antibodies are present in high concentration; as the young have little 
or no effective digestive enzymes for a short period after birth, they are able to 
absorb antibodies from the alimentary canal, which is for this period permeable 
to protein (Mason et al 1930). 

In man and many other animals the position is different: the placenta is freely 
permeable to protein, and the foetus therefore receives antibody derived 
passively from its mother. Morcover, the foetus is apparently able to concentra te 
antibody so obtained, so that as pregnancy advances the foetal serum correen-
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tration of, for cxamplc, diphthcria antitoxin may be much higher than that in 
the mother (Barr, Glcnny & Randall 1950). 

If the mothcr possesscs lúgh concentrations of antitoxin, their transfcr to thc 
foetus may significantly reduce the response of the newborn or very young 
child to the corresponding antigens (Barr et al 1950); but as this passively acquired 
antitoxin is lost at the normal rate for human y-globulin and is not replaced, we 
need only wait for a reasonable time for the concentration of this antitoxin to 
fall below that inhibiting the active response. This time is about 6 weeks; for 
children with the higher initial antitoxin concentrations it will be a little more, 
for those with low ones, rather less (Barr et al 1950). 

This is the reason why official immunization schcmes (Parish et al 1960) 
provide immunization against diphtheria and tctanus starting with a frrst in
jection 2-6 months after birth. No doubt somc childrcn would respond if the 
antigens were injected a little earlier, but it is obviously administratively more 
convenient to commence immunization at the same time for all children, even 
if a fcw are left exposed to a rather small risk in consequence. 

Tolerance 
Little is known about the phenomenon of tolerance of antigens in man, but the 
development of blood group chimaeras (Dunsford, Bowley, Hutchison & 

Thompson 1953; Woodruff & Lennox 1959) is sufficient evidence that it can 
occur. Briefly, an animal may become tolerant toan antigen, i.e. toa substance 
to which the great majority of animals of the same species would produce 
antibody, when it has expericnce of it at a time at which it does not 'recognize' 
itas foreign. This is particularly liable to occur when thc animal is still setting up 
systems for synthesizing normal body constituents, and particularly, therefore, 
the enzymes necessary for their construction and breakdown. The main period 
for this is foetal and early neonatallife, and structures developed after this, e.g. 
myelin, spermatozoa (King 1955), are normally, to avoid production of anti
body against them, scgregated from antibody-producing cells. Expericnce of a 
normally antigenic substance during this period may therefore cause it to be 
regarded as a normal body constituent (possibly because an enzyme system is 
developed for its destruction), and not only will no antibody be produced 
against it, but in sorne way subsequent injection of the same antigen, at any rate 
within short periods, evokes no antibody response (Billingham, Brent & 

Medawar 1953). 
Thus pure-bred núce of one strain, which normally reject grafts of skin from 

pure-bred mice of another strain, will acce'pt such grafts if they ha ve during late 
foetal or early post-natal life received transfusion of blood from mice of the 
other strain: they ha ve become tolerant to the antigens of the grafts (Billingham 
et al 1953; see also Chapter 17). 

In sorne animals (Owen 1945) and rarcly in man (Dunsford et al 1953; 



MICROBIAL DISEASES 

W oodruff & Lennox 1959), twin non-identical foetuses may ha ve some vascular 
connections which may allow transfusion and even implantation ofbone marrow 
from one foetus to another. Such foetuses m ay possess red cells of two different 
blood groups, one set their own, the other those derived from the implant of 
bone marrow from their twin. Normally red cells of one group ( except group O) 
are antigenic in a person of another group; in these blood group chimaeras the 
recipient of the transfusion has become tolerant. 

Most examples of tolerance are derived from cases in which the antigenic 
material is cellular and therefore self-reproducing; there are, however, a few cases 
in which tolerance to non-cellular antigens has been established. Only one 
example of partial tolerance to a toxoid is known, and in this the response of 
adult chickens to a primary stimulus with diphtheria alum-precipitated toxoid 
was shown to be delayed if diphthcria APT had been injected into the yolk sac of 
the developing egg. The primary response to tetanus APT, of which the chickens 
had had no previous experience, was unaffected, and the secondary response to 
both antigens was normal in control and iu experimental birds (Gowland & 
Oakley 1960). 

It seems likely, therefore, that any tolcrance to toxoids developed in manas a 
result of injection soon after birth would be very slight; but it might add an 
additional justification to those previously givcn for debying the first injection 
of an immunizing series for 2 months or so after birth. 

THE EFFICIENCY OF THE PROPHYLACTIC 
In the early days of diphtheria prophylaxis, many of the prophylactics used were 
of poor and irregular quality, and though they passed the legal test for anti
genicity then in force, provided poor and uncertain immunization (Fulton, 
et al 1942; Barr & Glenny 1949b). Since that time the legal tests ha ve been greatly 
strengthened, and few prophylactics of poor quality are produced. It is evident 
that up to a point incrcase in the amount of antigen present will improve the 
response to it, and the regulations for most toxoids require a specified final 
concentration of toxoid in the product. 

Other things being equal, a 'carrier' prophylactic, i.e. adsorbed on material 
relatively insoluble in tissue fluid, is more effective than an unadsorbed pro
phylactic. V/hat determines whether a prophylactic is efficient or not may not 
depend entirely on its capacity to provoke high-level antibody production: 
carrier prophylactics may be regarded as less efficient from the community' s 
point of view because they provoke 'reactions', because they may on rare 
occasions lead to 'provocation poliomyelitis' or because they do not lead to a 
satisfactory response after a single injection. W e may deal with the last point 
here. 

From an administrator' s point of view it is extreme! y inconvenient that most 
children, and many adults for that matter, dislike hypodermic injections, even 
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when they are done for their good. Defaulting is therefore a great nuisance in 
immunization schemes and though, for very good reasons, 'one-shot' immuniza
tion is regarded as unsatisfactory, sorne people running such schemes tend to 
regard a prophylactic that will give reasonable immunity after one injection as 
preferable to one that gives very little. If anyone defaults after the first injection, 
such a prophylactic will give him better protection than one that requires two 
injections for the provision of salid immunity. This was really the main argu
ment in favour of Holt's purified toxoid aluminium phosphate precipitated 
(PTAP) as compared with the usual diphtheria alum-precipitated toxoid (APT): it 
provoked a better response to a single injection (Holt 1950). 

THE SizE OF THE FIRST DosE OF Toxom 
The size of the dose is not necessarily the volume, but rather the amount of 
active antigen it contains. Experimental work on animals and sorne on babies 
suggests that there is a minimum size for the dose of prophylactic used for the 
primary stimulus befare all (or almost all) the persons given a secondary stimulus 
give their maximum response (Barr & Glenny 1947; Barr & Llewellyn-Jones 
1951). Earlier it had been supposed, though therc was little evidence to support 
it, that very small amounts of antigen would give adequate primary stimulation 
if the interval between primar y and secondary stimulation was sufficient. The 
main argument against the use of very large doses of antigen as a primary 
stimulus is the tendency they have to provoke thc production of non-avid 
antitoxin (Barr & Glenny 1931). 

THE INTERVAL BETWEEN DüSES 
Repetition of injections of a prophylactic has two objects: to lay down basic 
immunity and to maintain a reasonable concentration of circulating antibody. 
These may usefully be dealt with separately. Injection of an effective dose of 
diphtheria toxoid leads to a characteristic response: no diphtheria antitoxin is 
detectable in the serum of the animal injected for a rather variable period, 
usually for about 3 weeks; the serum antitoxin concentration then rises slowly 
to a maximum over about 3 weeks, and then slowly falls. This is the primary 
response (Glenny & Sudmersen 1921). 

If another injection of diphtheria toxoid is given a month or more after the 
first, a wholly different response is obtained. At fmt there is, if the animal 
when injected possessed some detectable circulating antitoxin, a slight fall in its 
concentration-the negative phase: by ab~ut 3 days this concentration shows 
a rise, and it increases rapidly to a maximum about 10 days after injection, after 
which it declines relatively rapidly, though seldom to a level below that at 
which the secondary stimulus was givcn (Glenny & Sudmersen 1921). 

Though this response is subject to a good deal of variation from animal to 
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animal, it always differs sufficiently from that to a primary stimulus to justify 
the use of the tenn secondary response. Not, be it noted, second response; the 
response to all antigenic stimuli after an efficient first stimulus is, with one 
exception, secondary in character, though the time-scales for different antigens 
may be different. The one exception is the response to rickettsial antigens, 
which do not seem to differ whether the stimulus is a primary or subsequent one 
(Bumet & Fenner 1949). 

Thus the response to the primary stimulus consists not only of the production 
of antibody, but the alteration of the antibody-producing mechanism so that 
this will, on subsequent experience of the same antigen, produce antibody faster 
and in higher concentration than it did after its first experiencc. The actual con
centration of antibody produced after primary stimulation is, however, small 
and subsequent injections are essential to raisc it toa level that will, allowing for 
naturalloss and replacement of antibody, give reasonable immediate protection 
over a long period. The word 'subsequent' necessarily involves consideration of 
the time between the stimuli. It seems clcar that the shorter the period, the 
poorer the response to the secondary stimulus, and the more likely is non-avid 
antitoxin to be produced, i.e. antitoxin that is readily dissociated from toxin by 
dilution. 

Recommendations Jor practice 
For diphtheria toxoid with or without carricr, 1 month between thc first and 
second injections is usually recommended: if no carrier is added three injections 
should be given at intervals of a month. For tetanus toxoid three injections are 
usually given, with 6 weeks between the fmt :md second, and 6 months between 
the second and third (Barr & Sachs 1955; Boyd 1960). 

In both cases these injections will provide a sound basic immunity, and all we 
have to do is to keep the antitoxin concentration ata reasonable level by subse
quent injections, i.e. by 'booster' doses of antigen. For protection against diph
theria, a booster dose of toxoid is usually given at school entry and at 8 or 9 

years, mainly to keep up the serum antitoxin level, and similar boostcrs are 
given for protection against tetanus (Boyd 196o). 

Provision for booster doses of diphtheria prophylactic in immunization 
schemes is probably based on the unexpressed belief that now diphtheria is un
common the chance of receiving a boosting dose of toxin from organisms 
picked up from carriers or cases of diphtheria is very small, and that artificial 
means must be substituted; it is difficult to cometo any conclusion on the avail
able evidence. The chance of such inapparent infection in tetanus is very small, 
and practice has usually depended on the degree of risk. It has been suggested, 
for instance, that soldiers, gardeners, farmers and others particularly exposed to 
the risk of tetanus might be given tetanus toxoid every 5 years (Barr & Sachs 
1955), whilst others might be satisfied with the basic course of three injections, 
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and might be given toxoid only when they suffered a wound likely to give rise 
to tetanus. 

In general the response to tetanus toxoid many years after the basic immuniza
tion is excellent, and the recommendation for persons not normally exposcd to 
risk is probably correct. The only difficulty is that few persons are not at risk 
nowadays, and in consequence some have suggested that the proposed practice 
for soldiers, gardeners and (·umers might be extended to all civilians. In so 
uncommon a disease as tetanus it is not easy to cometo any justifiable conclusion: 
m y own feeling, for what it is worth, is that the only groups for which repeated 
boosters are really necessary are the armed forces and perhaps footballers. (For 
a rather different view, see Parish & Ca1mon 1962, and the extensive associated 
correspondence.) 

EFFECT OF ÜTHER ANTIGENS IN THE 
PROPHYLACTIC 

Direct interference 
It might reasona bly be cxpected-especially if Burnet' s clonal selection theory 
(Burnet I959) was sound-that mixtures of two or more antigens injectcd 
simultancously into an inexperienced animal would provoke the same response 
as if each antigen was injected into a separate inexperienced animal. In fact it is 
found that the response to mixtures of antigens depends on their composition 
(Barr & Llewellyn-Jones 195 F). Thus if we take a constant amount of diphtheria 
APT and add to ita range of amounts of tetanus APT, adjust each mixture to the 
same volume and inject it into a guinea-pig as primary and later secondary 
stimulus, we find that beyond a certain amount of added tetanus APT the 
secondary response to tetanus APT steadily rises. This is highly satisfactory; what 
is not so satisafctory is that the response to diphtheria APT falls. Evidently the 
composition of a combined prophylactic must be very carcfully adjusted to give 
the optimum result to all antigens, and to minimize interferwcc betwecn them. 

Indirect interference 
So far we have dealt with the response to combined prophylactics in the 
inexperienced animal. A further complication is introduced if the animal posses
ses antibody to one of the antigenic components of the mixture. It would be 
expected that if an animal possessed actively acquired antibody to tetanus 
toxoid, but none to dipbtheria toxoid, injcction of a mixture of diphtheria and 
tetanus toxoids would provoke a primary response to diphtheria anda secondary 
response to tetanus toxoid; what is much l~~s to be expected is that though the 
secondary response to tetanus toxoid is elicited, the primary response to diph
theria toxoid is greatly reduced or even totally abolished (Barr & Llewellyn
Jones I953b). Moreover, a further injection ofthe combined prophylactic after 
a month' s interval, though it yields a good response to tetanus toxoid, provokes 
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a very much reduced secondary response to diphtheria toxoid. Only after a 
third injection of the combined prophylactic are the expected maximal second
ary responses to both antigens obtained. Nor is it necessary for both components 
to be toxoids; animals immunized with killed bacteria! vaccines-e.g. typhoid 
vaccine-and subsequently given a mixture of typhoid vaccine and tetanus 
toxoid-events that might very well happen in practice to man-show a much 
reduced response to tetanus toxoid (Barr & Llewellyn-Jones 1953b). 

Clearly if combined prophylactics are to be used-and the administrative and 
practica! arguments are all in their favour-it is essential that they should be used 
so that each component is given an equal chance. A child who has previously 
been given diphtheria toxoid alone should not be given diphtheria and tetanus 
toxoids with pertussis vaccine subsequently; it would be much better to com
plete his basic diphtheria immunization, and then give him tetanus toxoid and 
pertussis vaccine together. 

In all immunizing processes on any scale, recommendations like these are 
ideal; they may not be easily practicable, and we may have to put up with sub
optimal immunizing schedules so that everyone may beneflt; but it is a good 
thing to know what the optimum arrangement is. 

IMMUNIZA TION AGAINST ORGANISM
DEPENDENT DISEASES 

This will depend, as in most instances we have no idea what the antigens deter
mining pathogenicity are, on exposing the animal or person to be immunized 
to as much of the antigenic material of the infecting organism as is possible 
without producing a severe infection or a severe reaction. For this the immuniz
ing material may be live organism or dead vaccine. 

IMMUNIZATION WITH LIVING ÜRGANISMS 

What we ha veto do is toso modify the antigenic structure of the organism that 
antigens responsible for the production of extensive infcctions are so changed 
that the organism can give rise toa self-limiting infection only, but still immu
nize against the fully virulent organism. In the outstanding example of this, in 
protection against tuberculosis with BCG (Bacille Calmette-Guérin), Calmette 
and Guérin exposed a bovine strain of the tubercle bacillus to repeated culture in 
an unfavourable but not a fatal environment-a medium containing glycerol, 
potato extract and bile salts-in the expectation that the organism would be so 
hard put to it to survive in these conditions that it would abandon the complex 
machinery necessary for vigorous pathogenicity. Their expectation was realized, 
for the organism in time lost its capacity to produce a generalized infection in 
guinea-pigs, and produced only a limited infection; in man the infection that 
normally follows intradermal injection of a BCG suspension consists of a local 
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lesion, with swelling, sometimes ulceration, and final healing of a tuberculoma 
of skin, often with involvement of the draining lymphatic glands. About 6 
weeks after injection of the organisms originally tuberculin-negative persons 
become tuberculin-positive, so that sorne degree of cross-reaction with the 
products of tubercle bacilli is evident. The original immunizing experiments in 
France were carried out in a period when proper recording and statistical 
examination of results were little understood. In consequence, though millions 
of children were immunized, little information is available about the efficacy of 
the proccss. Indeed, it was not until quite recently that proper trials were carried 
out in Europe; these make it clear that inoculation with BCG does provide sorne 
protection against tuberculous infection (M.R.C. 1956). 

Obviously there is no point in immunizing tuberculin-positive persons with 
BCG; any immunization that is possible in them has been developed by their own 
experience of the tubercle bacillus. 

DEAD BACTERIAL V ACCINES 

In the early days ofimmunology, when vaccines were first introduccd, there was 
far more tendency to believe in their efficacy than could be justifted by evidence. 
No doubt in many instances they acted merely as placebos or non-specific 
factors increasing resistance. With the development of more efficient methods of 
treating disease, and with a clearer appreciation of statistical methods for 
asscssing the valuc of prophylactics, the number of vaccincs in general use as 
immunizing agents has dwindled: those that survive are generally regarded as 
of proved efficacy. These are typhoid and paratyphoid vaccines, pertussis 
vaccines and perhaps cholera vaccines. They illustrate extremely well the prob
lems that arise in preparing vaccines and assessing their value. 

TESTS FOR EFFECTIVENESS OF V ACCINES 

If we are to kill bacteria to make vaccines, we must do so in such a way as to 
produce the mínimum change in their antigenic make-up; and to find out what 
methods we should use is an extremely complicated matter. Ideally we should 
carry out clinical trials on all modified vaccines, to see whether they are effective 
in the field, and base our procedure on the results. In practice clinical trials are 
expcnsive, they take a long time, and they are often none too easy to interpret. 
It is natural, therefore, to attempt to devise sorne laboratory procedure that may 
be used instead, which, it is hoped, will give results parallel to those obtained in 
clit?ical trials. These laboratory procedures may be demonstrations that exposure 
to the vaccine p¡;oduces, in laboratory animals, resistance to infection with 
virulcnt organisms-that is that inoculated animals withstand doses of these 
organisms that would kili uninoculated animals, and that the differences are 
statistically significant. Or, less directly, they may show that laboratory animals 
so inoculated possess sorne particular antibody-an agglutinin, a bacteriolysin, 
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an anti-haemagglutinin or a precipitin. If the disease is not very common, or if 
it occurs in rare explosive outbreaks, it may never be possible to compare the 
results of laboratory cxperiment with those of clinical trial. 

Capacity to induce rcsistance to infection may seem a reasonable characteristic 
to expect from a vaccine, yet proof of it bristles with difficulties, not the least of 
which is the problem of producing in laboratory animals bacteria! diseases 
resembling those of man. Thus typhoid baccilli injected intraperitoneally will 
produce an infection in mice, but this infection is a septicaemia throughout, 
with no localization to the intestine, and bears littlc resemblance to typhoid 
fever in man. It is not unlikely, therefore, that vaccines capable of protecting 
mice against experimental typhoid infection, and indeed designed to be effective 
in such tests, may be far less effective in man. 

For instance, the capacity of typhoid bacilli to produce a fatal infection in 
mice appears to depend on the presence of a particular antigen called Vi (Felix 
1941). This antigen is normally partly destroyed when suspensions of typhoid 
bacilli are killed with phenol-the usual method for preparing typhoid vaccines 
-but is preserved when they are killed with alcohol. Alcohol-killed typhoid 
vaccines are much better than phenol-killed vaccines in protecting mice against 
artificial typhoid infections, but there is no real evidence that they are more 
effective in man. Sorne believe that the main effect of typhoid vaccines is to 
reduce the incidence of the disease, and that they ha ve no effect on the mortality 
if an inoculated person contracts it (Wilson & Miles 1955 b). If this is so, it seems 
likely that the main effect of typhoid vaccine in man is to prevent typhoid 
bacilli from penetrating the intestine and producing a septicaemia; in the mouse 
this stage is by-passed by the method of producing the infection. The diseases 
we ha veto prevent are therefore quite different, so that conclusions drawn from 
mice may have little bearing on the disease in man. Moreover, alcohol-killed 
vaccines, even if they were as effective as phenol-killed vaccines against typhoid 
in the field, are more difficult to make and to maintain in an active state (Felix 
& Anderson 1951)-obvious arguments in favour of phenolized vaccines. 

Recent trials of typhoid vaccines in Jugoslavia (Report 1957, 1962) and British 
Guiana (Report 1964) have, however, shown that though both phenolized and 
alcoholized vaccines are effective in the ficld, phenolized vaccines are superior; 
acetone-killed vaccines are apparently better than either (Report 1964). 

Typhoid vaccines raise a further problem-that of antigenic competence. By 
this is meant that the antigenic composition of the organisms used for vaccines 
should be sufficiently clase to that of those currently causing infections to offer 
reasonable protection against them. As we usually do not know which antigens 
are of consequence in deciding this point, many hold that 'wild' strains, i.e. 
strains recently isolated from cases, should be included in vaccines along with 
old and well-tried strains, so that we can cover any gross antigenic variation in 
the organisms at present responsible for infection. Not only in typhoid vaccines 
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but in others, practice in choice of strains is, in this country at any rate, rather 
conservative. Immunity is short lived, whatever the vaccine used. 

PERTUSSIS V ACCINES 

These illustrate very well the problems that may arise in producing vaccines 
against a very common and debilitating infectious disease of man. We may treat 
them under the headings growth, killing and testing. 

Growth 
Originally Bordetella pertussis, when required in bulk for vaccine production, 
was grown on solid media; even though the organism is not really fastidious, 
growth is slow, even on media to which blood has been added, so special pre
cautions are necessary to avoid contamination. Moreover, the blood in the solid 
media is often partially washed out when the organisms are washed off the 
surface, and, since it is antigenic, may attract to itself a considerable part of the 
antibody response. Nor, since much of the pertussis antigen is set free by auto
lysis in the washing fluid, can the organism be freed from blood products by 
washing in saline and centrifugation. 

These problems have largely been solved by growing the organism in its 
phase-I form in blood-free media such as that of Cohen & Wheeler (1946). 

Killing 
Phenol and formaldehyde have both proved in trials to produce too great an 
antigenic change in pertussis vaccines; Thiomersalate is now used for this pur
pose (Pittman 1952). 

Testing 
In man whooping-cough is characterized by a sticky mucoid exudate in the 
smaller bronchi, in which the infecting organisms occur in large numbers; 
secondary infection often complicates the picture. Comparable changes can be 
produced in mouse lungs by intranasal injection of suspensions of Bordetella 
pertussís under ether anaesthesia, and this might very well have been expected to 
provide an admirable challenge test for vaccines (Burnet & Timmins 1937). 
Unfortunately the test gives very inconstant results, partly no doubt because a 
variable amount of the intranasal challenge dose is swallowed, and the test now 
usually employed is an intracerebral challenge test (Kendrick, Eldering, Dixon 
& Misner 1947; Kendrick, Updyke & Eldering 1949). As this is very different 
from anything that occurs in natural wlíooping-cough in man, it might be 
expected to give results having little bearing on protection against whooping
cough in practice, but surprisingly enough clinical trials have shown that good 
vaccines, as judged by the intracerebral challenge tests, are usually good for 
preventing whooping-cough. 
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More recently suggestions have been made that intratracheal challenge might 
be more satisfactory (Te Punga & Prestan 1958), since a smaller amount of the 
challenge dose might be lost by swallowing, and it has been shown that the 
results obtained do run parallel with those obtained in clinical trials. Suggestions 
that agglutinin production in response to injection of vaccine might be used as a 
test for efficacy (Evans & Perkins 1953) have received less support, as one effec
tive whooping-cough prophylactic (Pillemer's SPA) does not provoke any pro
duction of agglutinin (Evans & Perkins 1955). The discrepancies have now been 
resolved, for later work based on the demonstration by Andersen (1963) and 
Eldering et al (1957, 1962) of antigenic types in Bordetella pertussis has made it 
clear that thc protcctive power of vaccines does run parallel to their capacity to 
provoke a good agglutinin response to the antigens of the challenge organism, 
and that absence of a particular agglutinogen may sharply reduce the effective
ness of a vaccine in the fleld (Prestan 1963, 1965, 1966; Manchester Public 
Health Laboratory 1965; Prestan & Garrity 1967). IfPillemer' s SPA is tested as a 
vaccine against organisms of the same antigenic composition as those from 
which it was made, it proves to be both immunogenic and capable of provoking 
an agglutinin response. Histamine-sensitizing factor has little or no immuno
genic power (Prestan & Garrity 1967). 

Unquestionably effective pertussis prophylactics have now been produced, 
since clinical trials have shown that under conditions of equal exposure to in
fection the incidence of the disease in the vaccinated is only about 40% of that in 
the unvaccinated, and that the disease in the vaccinated is much less severe than 
that in the controls. Indeed, the effectiveness of some vaccines is so evident to 
the public that it is now difficult to obtain a control group for a new pertussis 
prophylactic, and new trials will evidently have to be done against a known 
effective vaccine as control. 

Speed 

THE UNSATISFACTORY SIDE OF 
ACTIVE IMMUNIZATION 

Active immunization is a slow process. In those instances in which we can 
measure production of the antibody believed to be responsible for protection, 
as in diphtheria and tetanus prophylaxis, it is seldom possible to demonstratc 
antibody production in less than a fortnight after the flrst injection of prophyl
actic. This may be longer than the incubation period in either disease, and in 
general, in unimmunized persons exposed by contact or injury to the risk of an 
infection with a short incubation period, passive immunization is necessary. 

Reactíorzs 
Persons given an injection of any prophylactic, but particular! y bacteria! vaccines, 
may develop reactions. These vary from local swelling, sometimes with sterile 



CLIN1CAL ASPECTS OF 1MMUNOLOGY 

'abscess' formation, to a general reaction with fever, a good deal of local pain 
and sometimes, as in sorne children given whooping-cough vaccines, cerebral 
symptoms (Byers & Moll 1948; Toomey 1949; Anderson & Morris 1950). They 
are seldom of serious importance: the sterile abscesses can usually be avoided by 
giving smaller doses of prophylactic or by deep intramuscular injection; reactions 
to alcohol- or acetone-killed typhoid vaccines are less severe than those to 
phenol-killed vaccines. 

Sorne, at least, of the reactions are due to the development of sensitivity to 
bacteria! proteins. Thus, for instance, many adults have become sensitive to 
diphtheria bacteria! protein without becoming immune to diphtheria; injection 
of alum-precipitated diphtheria toxoid into such persons is likely to give rise to 
'reactions'-usually local swelling, occasionally general symptoms with fever. 
For adults, therefore, a purer prophylactic with less bacteria! protein content 
such as toxoid-antitoxin floccules, or purified toxoid, is to be preferred. 

When tetanus toxoid was produced by growing tetanus bacilli on media 
containing Witte peptone and toxoiding the toxin from the culture, a few 
severe anaphykctic reactions were produced in persons into whom it was 
injected. These were due, not to any substance produced by the tetanus bacillus, 
but to residual Witte peptone present in the toxoid (Parish & Oakley 1940). 
Since the use of Witte peptone for this purpose has ceased, reactions to tetanus 
toxoid no longer secm to occur, though sorne people seem to be sensitive to the 
purcst tctanus toxoid so far produced. 

Provocation poliomyelitis 
A rare complication of active immunization, particularly when the prophylactic 
contains killed Bordetella pertussis, is the convcrsion of non-paralytic into 
paralytic poliomyelitis (McCloskey 1950, 1951; Knoweldcn 1960). It is now 
clear that in most outbreaks of poliomyelitis far more people are infected with 
virus than show symptoms, and far more show slight symptoms than are para
lysed. If, during a symptomless infcction with poliomyelitis virus, persons re
ceive injections of relatively insoluble material, e.g. carrier prophylactics, in a 
vcry minute proportion of them (r in 2o,ooo) thc injection of the material into 
the muscle produces an increased susceptibility to poliomyelitis of the cord 
segments supplying the injected. muscles, and these and their ncighbourng 
muscles may become paralysed. The observation was first made because it was 
noticed that persons who had received injections of prophylactic within 7 days 
or so of the onset of poliomyelitis showed paralysis of the Íl~ected limb more 
frequently than would ha ve been expected from the distribution of paralysis in 
uninjected cases. How this increased susceptibility is produced is far from clear; 
perhaps it is due to increased vascularity of the cord scgments supplying the 
injcctcd arca. 

Severa! suggestions have becn made to deal with this problem. Thc idea that 



MICROBIAL DISEASES II99 

subcutaneous injection of carricr prophylactics might be free from this dauger 
has proved ill-founded (Knowelden 1960), so that we have a choice of using 
non-carrier prophylactics (e.g. purified formol toxoid) with the necessarily 
increased numbcr of injections they require or of injecting carrier prophylactics 
during the period, i.e. winter and spring, in which poliomyelitis is not prevalen t. 
Succcss has bcen claimed for both, but the condition is so uncommon that it is 
not easy to reach satisfactory conclusions. Nowadays, however, the problem 
has been sol ved by the production of effcctive poliomyelitis vaccines; if children 
are immunized with these before othér prophylactics are injected, the risks of 
provocation poliomyelitis can be reduced to negligible levels. 

The need Jor repetition 
The bacteria] toxoids usually provide a very solid basal immunity, lasting for a 
very long time, and providing an excellent response to subsequent experience of 
an antigen; booster doses are given in many cases to provide a high leve! of 
circulating antibody as well. Bacteria] vaccines are usually much less satisfactory; 
more doses have to be given, and though it is difficult to be certain of this, it is 
believed that immunity wanes much faster, and needs more frequent boosting 
in persons particularly at risk. Two injcctions at an interval of a week or fort
night are considered necessary for typhoid immunization; a longer interval 
might perhaps give a better effect, though the local reaction would probably be 
worse. But whatever is done, repeat vaccination every 3 years is recommended 
for those particularly exposed. For pertussis vaccination three injections are 
given at an interval of a month, and another at 15-18 months, after which the 
chance of infection is less. The variation in the number of doses necessary for 
effective immunization has a considerable effect on immunization schedules for 
children. 

COMBINED PROPHYLAXIS 

The increasing number of prophylactics that it is now considered necessary to 
inoculate into children, and the increased number of ihjections this would entail 
if the prophylactics were injected separately, has led toa considerable demand for 
combined prophylactics, i.e. mixtures of two or more immunizing agents that 
can be given together by a single injection (Bair 1960). Some consideration has 
already been given to the optimum composition of such mixtures, and all that is 
necessary here is to refer to two important points. First, the mixture must be 
compatible-it must not, early or late, undergo physical changes that make it 
useless, or chemical changes that inactivate ahy of its components. Secondly, it 
must be administered under such conditions that all its components have a 
reasonable chance of producing their effect. In othet words its compositioh 
should be optimum and the recipient should ha ve equal experience (which may 
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include no experience) of all the antigens it contains. For if he has had previous 
experience of sorne of the antigens, he will respond much better to these, and 
poorly, if at all, to the others, and may need further injections of prophylactic to 
make up for this. 

IMMUNIZATION SCHEDULES 

ARRANGEMENT OF ACTIVE IMMUNIZATION 

ScHEDULES 

Schemes for the active immunization of children are necessarily compromises 
betwecn immunizing efficiency and administrative efficiency; they attempt to 
obtain optimum, safe immunization with the mínimum number of injections 
in the mínimum number of visits by the doctor. Difficulties arise from the 
di verse nature of the antigens used; so me, like the bacteria! vaccines, need at least 
three injections; most bacteria! toxoids need only two, at most three; if formo
lized poliomyelitis vaccine continues to be used, it will need four. But if, to 
allow for this, we give one dose of pertussis prophylactic, then one of pertussis 
and tetanus prophylactic and then one of diphtheria, tetanus and pertussis 
prophylactic, we shall get considerable interference with the responses, and may 
very well have to give more injections to obtain a satisfactory degree of im
munity. Far bctter to give all tluee prophylactics together from the start-that 
is, give three injections of diphtheria, tetanus and pertussis combined triple 
prophylactic at intervals of a month. An alternative possibility, if a child has 
been immunized with one bacteria! toxoid, is to complete this immunization 
before proceeding with the others. 

At the present time, mainly owing to the success of oral poliomyclitis vaccine, 
immunization practice is in a state of flux. Roughly speaking, three immuniza
tion schedules are in use (Ministry of Health 1963, 1965, 1966). In schedule P, 
with its amendments, three doses of combined diphtheria, tetanus and pertussis 
prophylactic are given first, over the first 6 months of life, followed by three 
doscs of oral poliomyelitis vaccine over the 7th to 1 Ith months. In schedule Q, 
with its amendments, three doses of oral poliomyelitis vaccine are given over the 
first 6-Io months, followed by three doses of diphtheria, tetanus and pertussis 
prophylactic o ver the 11th to 13th months. On logical grounds 1 prefer schedule 
Q, as the preliminary immunization with poliomyelitis vaccine might reason
ably be expected to protect against provpcation poliomyelitis during the 
subsequent immunization against diphtheria, tetanus and whooping-cough. It 
has, however, the disadvantage that immunization against diphtheria, tetanus 
and whooping-cough is somewhat delayed (though this seems to be of less 
importance than it was in the past); the third schedule in use therefore provides 
for immunization against diphtheria, tetanus, whooping-cough, and polio-
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myelitis (with oral vaccine) over the 3rd to 5th months oflife. There is a general 
feeling that the immune response of infants to poliomyelitis prophylactics is 
better at 6 months than at 3 months, and to allow for this a fourth dose of oral 
poliomyelitis vaccine is given between 18 and 24 months, anda fifth at school 
entry (5 years). The administrative convenience of this schedule is obvious, and 
it appears to be gaining ground. 

All three schedules require a further dose of diphtheria, tetanus and pertussis 
prophylactic to be given between 18 and 21 months of age; boosting doses for 
diphtheria and tetanus protection are given at school entry, when there is a 
particular risk of these diseases, and though there is sorne dispute about the 
necessity for it, at sorne time between 8 and 12 years. 

Vaccination against smallpox is best done separately, at any time within the 
first 5 years (preferably within the first two), to avoid having to do primary 
vaccination in adolescents or adults. If, as is now likely, the child is still tuber
culin-negative at 15 years, BCG vaccination may be given. 

PASSIVE IMMUNIZATION 

In active immunization the person or animal immunized produces his own anti
body; this soon enters his circulation, and injections ofhis serum or plasma will 
then transfer the antibody to animals ofhis own or other species. By this means 
-passive immunization-antibody can be provided for inexperienced animals 
or man at a speed much greater than is practicable by active immunization. 

A number of antibodies may be produced in man by subclinical or clinical 
infection (e.g. measles antibody) or by deliberate active immunization (e.g. 
tetanus antitoxin) and used for passive immunization of other persons. They 
have the great advantage that they are homologous proteins; they are therefore 
destroyed at the usual rate for these proteins, and do not excite the antibody 
response necessarily provoked by the corresponding foreign proteins. Their 
main defect is their low concentration in the plasma. By appropriate concen
tration processes measles antibody can be effectively concentrated in serum, but 
there seems little hope of obtaining other antibodies in sufficiently high unitage. 

This difficulty has been overcome in the past by immunizing horses against 
the appropriate antigen-particularly against bacteria! toxins, and using their 
serum for passive prophylaxis. A straightforward case occurs in prophylaxis 
against tetanus. When a non-immunized person suffers a wound likely to give 
rise to tetanus, the only useful way he can be protected against this risk is to 
immunize him passively with tetanus antitoxin prepared in the horse, in which 
antitoxin levels of 300 units per ml or more, which can be raised to 1500 units 
per ml or more by refming and concentration, can readily be obtained. By this 
means, if the serum is injected intramuscularly or subcutaneously, high con
centrations of circulating antitoxin can be provided within 24 hr or less, and 
there is good reason to suppose that they offer considerable protection. 
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In certain circumstances, when new-born children are exposed to serious risk 
of infection, it may be of value to immunize them passively by actively im
munizing their mothers. Thus in some parts of northern Africa it is customary 
to dress the umbilical cord with dung paste, and neonatal tetanus is therefore 
common. Attempts to change long-established custom are unlikely to be effec
tive, and immunization of the mothers against tetanus with tetanus toxoid, with 
consequent placen tal transfer of tetanus antitoxin to the foetus, is far more likely 
to protect the newborn child. In arder to provide high levels of passively 
acquired antitoxin at birth and for about 10 days afterwards, the second or third 
do se of toxoid should be injected ro-14 days befare the expected date of birth. 
Subsequent active immunization will be necessary for the child (see below). 

A similar method is sometimes used for preventing lamb dysentery; pregnant 
ewes are immunized with Clostridíum welchii type-B toxoid, so that the ewe 
reaches the maximum of her secondary response at the time of the birth of the 
lamb; high concentrations of antibody are secreted in the colostrum, from which 
the lamb is able to absorb it. As lamb dysentery is a disease of the fmt few days 
of life only, no subsequent active immunization of the lamb is necessary. This 
method has obvious advantages compared with the other at one time in common 
use-immunization of newborn lambs with Clostrídium welchii type-B horsc 
antiserum-and as Cl. welchíi type~B toxoids have increased in potency, has 
largely superseded it. 

DEFECTS OF PASSIVE IMMUNIZATION 

Length 
Passive immunization is short lived; it lasts as long asan effective concentration 
of antibody is present in the circulation, and unlike active immunization, it 
confers on the patient no increased capacity to respond to subsequent experi
ence of the antigen. Furthermore, the patient may respond to the injection of 
horse protein by producing antibody against it. This may have two effects; 
subsequent injection of horse antitoxin may cause such rapid production of 
antibody against it that the antitoxin may be removed from thc circulation and 
rendercd ineffective long befare it has had any chancc to protect the patient 
(Littlewood, Mant & Wright 1954), and, secondly, combination ofhorse anti
toxin with precipitating antibody in the tissues may lead to serum reactions or 
even, though rarely, to anaphylactic shock or death. 

Reactions to horse serum 
When crude horse serum was used for prophylaxis or treatment, some 6o% of 
persons treated with it developed sorne kind of serum reaction, usually, if they 
were being given serum for the fmt time, 7-ro days after the injection. Am
monium-sulphate concentration of the serum, by removing considerable 
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amounts of unwanted antigenic protein, greatly reduced the incidence of serum 
reactions, and the introduction of the 'refining' process, by which albumin was 
destroyed and the antitoxin moh:cule split into two, with heat-denaturation of 
the non-antitoxic moiety, has brought it down to the present level of 2f to s/o.* 
Most of these reactions, whatever the kind of serum used, consist of urticaria! 
rashes, swelling ofjoints and swelling of lymph glands. It is well worth remcm
bering that a patient given serum to protect him against tetanus may develop 
a temporomandibular 'arthritis', which may easily be mistaken for trismus ifhis 
history is not known. 

Sorne patients who have, as far as is known, never had injections of serum 
previously, develop severe reactions on their first injection (for a particularly 
complete account of such a reaction sec Czekalowski 1965); reactions to subse
quent injections are likely to be more severc and to occur earlier. Their preven
tion and treatment is the same whether serum is uscd prophylactically or 
therapeutically. 

Horse antitoxin should never be injected intravcnously, only intramuscularly 
or subcutaneously, and no paticnt given antitoxin should cver be left alone for 
the first 20 min after injection. A syringe containing I/1000 adrcnaline armcd 
with a sharp needle should always be at hand, and at the slightest sign of pallor 
or general reaction 0.2 ml of the adrenalinc should be injected intravcnously. 
Other action will depcnd on symptoms. 

Most patients who develop serum sickness 8-10 days after injection of horse 
tetanus antitoxin will recovcr completely without trcatment; cases with more 
severe symptoms are bcst given an intramuscular injection of8o units ofhydro
cortisone gel. 

Sorne evidence that tetanus antitoxin is not very effective as a prophylactic 
in patients with wounds likely to give rise to tetanus, and much stronger evi
dence that its use is dangerous (see Czekalowski 1965), have led sorne workers 
(Cox, Knowelden & Sharrard 1963; Sharrard 1965a and b) to suggcst that it 
should be used only where thc wound is more than 24 hr old and is very likely 
to be contaminated with tetanus bacilli; other cases should be treatcd by surgical 
treatment of the wound and injection of adsorbed tetanus toxoid, with or with
out antibiotics, according to severity. It should be noted, however, that in 
experimental tetanus in mice penicillin has little effect 8 hr after infection, where
as antitoxin is effective up to 24 hr (Smith 1965); how far this applies to manis 
unknown. Ellis (1965a and b) uses antitoxin much more freely, draws attention 
to the difficulties attending wound excision, and makes the interesting sugges
tion that when antitoxin and procaine penicillin are injected together, severe 
immediate reactions to antitoxin are very rare. He also draws attention to 

* Cox, Knowclden & Sharrard (1963) suggcst that a thorough follow-up would show an 
incidence of delayed general reactions of about 8%. 
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misunderstandings of the views of Cox et al (r963), which have led sorne people 
to replace injection of antitoxin with a single iP.jection of toxoid, without 
provision for further injections. Ellis is far from satisfied that prophylactic 
antitoxin is useless, and cites extensive clinical experience in Nigeria to the 
contrary. Batten (r965), with similar experience, offers considerably less con
vincing evidence against prophylactic antitoxin, which he frequently found 
ineffective, and is in favour of antibiotics. 

I hold that every case of wounding should be treated on its merits, though m y 
practice would probably be nearer to that of Ellis; a good account of the two 
sides of the controversy is given by Ellis (1965 b) and Sharrard (1965 b). It is clear 
enough, however, from Ellis's (r965a, p. 225) figures that no method, single or 
combincd, that does not involve effective previous immunization with tetanus 
toxoid will give guaranteeable protection against tetanus; and m y own view is 
that the question 'Shall 1 give antitoxin or not?' has no satisfactory answer, and 
should be by-passed by adcquate immunization of the entire population against 
tetanus. Prophylactic tetanus antitoxin should never be given to patients 
adequately immunized against tetanus with toxoid; an injection of tetanus 
toxoid is the only specific measure needed if they suffer wounds likely to give 
rise to tetanus. 

NECESSITY FOR SuBSEQUENT AcTivE 

IMMUNIZATION 

It is evident from what has been said above that persons immunized passively 
not only cease to be immune when their passively acquired antibody is exhausted, 
but may be unable to profit by subsequent passive immunization. It is often 
suggested that if this is necessary, bovine antitoxin might be used; but it is not 
easily available, and it is by no means certain that it is of any value. Only human 
serum can be used safely on more than one occasion. It follows, therefore, that 
anyone subjected to passive immunization should be actively immtmized there
after against any diseases for which horse serum might be used prophylactically 
or therapeutically, against which he has not been previously actively immunized; 
in practice the only likely ones are diphtheria and tetanus. 

The question naturally arises: how long after passive immunization shall we 
wait before we immunize actively? Ideally, no doubt, we should wait till all 
traces of passive antitoxin have disappearcd, i.e. for about 6 weeks. In practice, 
if such long intervals are allowed, patients often disappear and do not bother 
doctors in their new arca for active immuniza'tion; 1 am therefore in favour of a 
shorter period-about ro days, though a month would be better-which though 
less satisfactory, theoretically is far more likely to be effective. Further injections 
will be necessary 6 weeks and 8 months after the first, but it will be easier to 
give them if the first has already been given. The use of adsorbed tetanus toxoid, 
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given at the same time as tetanus antitoxin, but in a difierent si te, with a second 

injection a month or so la ter, is said to give excellent active immunization against 

tetanus (Smith et al 1963). 
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CHAPTER 45 

PROPHYLAXIS OF VIRAL DISEASES 

p. T .PERKINS AND C.KAPLAN 

lNTRODUCTION 

Thc specificity of animals as virus hosts: Cell specificity: Immunity 
after infection: Action of humoral immunity 

VACCINATION AGAINST VIRUS DISEASES 

Studies with infants: Live or dead vaccines? 

PROTECTION (AcTIVE AND PASSIVE 

lMMUNIZATION) AGAINST VIRUS DISEASES 

Respiratory disease vaccines: Smallpox vaccine: Herpes group virus 
vaccines: Neurotropic virus vaccines: Other virus vaccines 

FUTURE TRENDS 

INTRODUCTION 

That antibodies play a majar role in protection against bacteria! diseases is un
disputed and indeed there is little to indicatc that the viral diseases should be 
insusceptible to such a powerful defence mechanism. Evidence that immunity to 
virus diseases is effected by humoral mechanisms is given by severa! workers 
(Bedson & Crawford I928; Andrewes I929a and b; Andrewes 193ob; Margan, 
Schlesinger & Olitsky 1942). Viruses are neutralized by antisera and the only 
reason for divergence in the parallelism of protection against the two types of 
infectious agents is in the necessity for the virus to grow inside the living cell 
where it may be protected from contact with antibody; some viral agents even 
spread from cell to cell without ever emerging from the cellular material. 

Studies on hypogammaglobulinaemic subjects, however, have shown that 
other mechanisms may also play a part in immunity. These individuals who 
have little or no y-globulin are very susceptible to recurrent attacks ofbacterial 
infections although they recover from attacks of measles, varicella, mumps and 
poliomyelitis in a normal manner and are left with salid innnunity to the 
diseases. When these subjects recover from the virus infections they show a 
normal hypersensitivity to the virus antigen. 

1208 
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THE SPECIFICITY OF ANIMALS AS VIRUS 

HosTs 

Sorne viruses are specific for the host; e.g. zoster and chickenpox forman and 
fowlleucosis for the domestic fowl. It is well recognized that the fight against 
many diseases has been seriously hampered by the lack of an experimental animal 
in which to study the pathogenicity of and immunity to the specific infection. 
Such was the case with yellow fever until it was shown that the monkey 
(Stokes, Bauer & Hudson I928) and later the mouse (Theiler I930) could be 
infected. Similarly, infection of the ferret helped influenza research (Smith, 
Andrewes & Laidlaw I93 3); and so it was with poliomyelitis until the 
chimpanzee, rhesus monkey (Landsteiner & Popper I909) and finally primate 
ccll cultures (Endcrs, Weller & Robbins I949) were shown to be susceptible. This 
cyde of events has been repeated many times and even today there are constant 
appeals for volunteers to aid researchers into the common cold since every 
species oflaboratory animal has proved unsuccessful in replacing man. Although 
sorne viruses are host specific we also have diseases in which thc virus has been 
isolated from every species of animal so far studied. The recent work on rabies 
has shown this virus to infect many animal specics in several countries and 
stringent precautions to prevent it entering a country are certainly justified for 
both publíc health and economic reasons. 

CELL SPECIFICITY 

Just as we have a host specificity of the virus in the intact animal so we have 
many examples of virus specificity in cell cultures in which antibody production 
plays no part. Poliomyelitis virus infects simian and human tissue whether in 
primary or continuous culture, whereas rabbit tissue is completely insusceptible. 
On the other hand, the common cold viruses were isolated in cell cultures by 
altering the conditions of temperature and pH for cell growth. An even more 
subtle differcntiation is shown by the simian virus SV 40 which causes no cyto
pathic degencration in tissue from rhesus monkeys, in which it may be a con
taminant, but the same virus passed to kidney tissue of vervet monkeys causes 
complete degeneration. Undoubtedly virus diagnostic laboratorics require a 
number of diffcrent cell cultures for the examination of pathological specimens 
and the human diploid cell strains with their wide range of virus susceptibility 
are of considerable importance (Hayflick & Moorhead I96I) since sorne strains 
of rhinovirus will grow only in these cells. 

!MMUNITY AFTER lNFECTION 

The immunity remaining after infection by viruses can vary from transient to 
permanent. After an attack of measles, smallpox or yellow fever, for example, 
second attacks are very rare, whereas multiple attacks of influenza and the 
common cold are well known. This may be due, in part, to the many different 
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serotypes cansing the syndrome and a series of colds may be caused by 
immunologically unrelated agents. Thus, against antigenically stable viruses 
antibodies are generally effective but when the antigenic strncture alters 
(influenza in man, foot-and-mouth in animals) the immunity, based on 
antibody, may fail. 

In thc early days of virology it was a common belicf that infection with a 
virus altered the cell susceptibility, thus having a marked effect on reinfection, 
but the work of the last 20 years has givcn much more weight to the importance 
of protection by specific antibodics. In many careful studies with herpes, 
mcasles and poliomyelitis, immunity to the disease coincides with the appear
ancc of antibodies and passive immunity can be effected by injecting convales
cent serum which can reduce the severity or completely abort the disease. This 
is thc basis of y-globulin therapy practised here and on a much larger scale in 
America where injections of y-globulin to measles contacts are routine. The 
injcction of y-globulin to women in the first trimester of pregnancy who have 
been in contact with rubella is now common in the United Kingdom. 

It is not yet clear why immunity to some virus infections is permanent or 
indeed why high antibody titres are maintained for years. In studies with bac
teria} infections a high antibody response is obtained toa reinforcing stimulus by 
the antigen. It has been postulatcd, thercfore, that the antibody ti tres after measles 
and yellow fever could only be maintained by a continuous antigenic stimula
tion but its sourcc is not always evidcnt. After the majority of virus infcctions or 
injection of a virus vaccine, however, the initial high antibody titre falls but 
there is a rapid response to a booster dose. 

ACTION OF HUMORAL IMMUNITY 

Antibodics, whether antitoxic or antibacterial, play a major role in immunity to 
bacteria} infections; in the one the toxin is neutralized whereas in the other the 
bacterium is rendcred more susceptible to phagocytosis. The serological tech
niques developcd in virology have followed those in bacteriology. It is now 
common practice to measure responses of man to virus diseases and vaccine by 
neutralization tests in which a constant test dose of virus is mixed with serum 
dilutions and, after a suitable incubation time, inoculated into susceptible animals 
or ccll cultures. Infcction or cytopathic effect occurs when the serum has been 
diluted beyond the point of neutralization. Neutralization is not the only sero
logical test; agglutination, precipitation of virus by antiserum and complement 
fixation are other serological techniques by which immunity may sometimes 
be measured. Combination of virus and antibody undoubtedly occurs, making 
the virus non-infectious. Immediately after mixing the virus and antiserum the 
majority of the virus particles can be recovered as infectious entities. This has 
been shown both by diluting the mixtures to decrease the neutralizing power of 
the serum (Bedson 1928; Todd 1928; Andrewes 1928) and by centrifuging the 
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virus particles out of such mixtures (Sabin 1935). With many viruses a period of 
hours and sometimes days at temperatures of 25°C or higher is required before 
complete neutralization occurs (Bedson 1928; Andrewes 193oa). 

Interaction of virus and antibody has been studicd in cell cultures and it has 
been shown that adding antiserum to cell cultures before the virus, or mixing 
the virus with antiserum before adding to cell cultures, will prevent infection of 
the cells, but no amount of antiserum added after the virus has been in contact 
with the cells will protect the cells (Andrewes 193oa). The antibody, in com
bining with the virus particle, in sorne way prevents entry into the cell. This 
combination is most effectively demonstrated in the haemagglutination test with. 
influenza virus which has the property of attaching itself to mucoprotein recep
tors of red blood cells; aggregatcs are formed and the red cells are agglutinated. 
Addition of specific antiserum to the virus prevents this haemagglutination 
since the coating of the virus blocks the initial combination of virus and red 
cells. 

In general it is clcar that whatever the protective mechanism against diseasc 
may be, antibodies play a most signiflcant part and attempts at prophylaxis are 
concerned with obtaining the greatest antibody response and maintaining 
circulating antibody throughout life. 

VACCINATION AGAINST VIRUS 
DISEASES 

STUDIES WITH INFANTS 

Immunization against any disease should be started before the age of maximum 
risk and attempts have been made in this country (Perkins, Yetts & Gaisford 
1958) to immunize infants in the flrst 3 months oflife. Their early studies with 
poliomyclitis vaccine in 1958 in which infmts were less than ro weeks of age at 
the time of receiving the first two doses of vaccine for primary immunization 
were most disappointing (Perkins, Yetts & Gaisford 1958, 1959b, 1961). A 
typical picture of the responses of 6-week-old infants to the Type r antigen, the 
one giving the most unsatisfactory results and the most important one to which 
immunity must be achieved, is shown in Fig. 45.1. Clearly, the majority of 
infants were born with maternal antibody; 25/;; had levels of 1024 or more. 
Only three showed an antibody response after two doses of vaccine and these 
had no maternal antibody. The majority of infants with maternal antibody 
levels of 1024 or more not only failed to respond but the antibody levels after 
vaccination were no higher than that expected by natural decay of maternal 
antibody which was found to be halved every 21 days. It was not possible to 
know at this time, however, whether the higher levels of maternal antibody 
simply masked or inhibited active response to the vaccine. Recalling the infants 
ro-12 months later and giving them a third (booster) dose clarified the picture 
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and these responses are also shown in Fig. 45.1 (Perkins, Yetts & Gaisford 1959a). 
It is interesting to note that the majority of the infants giving a low response to 
the booster dose were born with levels of maternal antibody of 1024 or more, 
which seem to inhibit active immunization. The three infants responding to the 
primary doses gave responses to the booster dose shown as open circles. Some 
infants with maternal antibody levels between 64 and 1024, however, who gave 
no apparent antibody response to the primary stimulus gave a booster response 
to the third dose and in these infants the maternal antibody simply masked the 
primary response. In spite of the finding that more infants had responded to the 
primary stimulus than was apparent by a rise in antibody level at this time, 
the two-dose schedule could not be regarded as successful for the Type 1 antigen 
in the neonatal period. 
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FrG. 45· I. Primary and booster response of 6-weck-old infants to Typc I polio
myelitis antigen (scc tcxt). 

A further difficulty contributing to the poor responses was the inability of such 
young infants to respond to this small dose of antigen. In groups of older infants 
4-9 months of age, who were either born with no maternal antibody or in whom 
the maternal antibody had fallen to undetectable levels, it was apparent that both 
the percentage responding and the geometric ¡nean titre for the group increased 
with age (Fig. 45.2). In further attempts to obtain satisfactory responses in the 
newborn the antigenic stimulus was increased not only by giving a third dose in 
the primary immunization course but also by using a vaccine with concentrated 
antigens, especially of the Type 1 component. The antibody levels after both 
two and three doses of vaccine are shown in Fig. 45.3 in which the interrupted 
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line shows the expected levels given by the decay of maternal antibody. Since 
the majority of the points lie above this line there is clear indication of response 
even in the presence ofhigh levels of maternal antibody. Recalling the infants 9 
months la ter and giving them a reinforcíng dose confmncd the earlier observa
tion that even with the concentrated vaccine three doses given at 4-6 wcck 
intcrvals are necessary to ensure satisfactory responses in the newborn. Increasing 
the antigenic stimulus successfully overcame both the inhibitory effect of high 
levels of maternal antibody and the relative inability of the newborn to produce 
antibodies. The whole picture is summarized in Fig. 45·4 which shows that the 
more concentrated antigens are able to break through the 'maternal antibody 
barrier' and that only when this is achieved are satisfactory booster responses 
obtained. 

lmmunization of infants against poliomyelitis 

Maternal 
antibody 
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~ 
Primary 
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FrG. 45·4· The inhibitory effect of maternal antibody on the response of newborn 
infants to poliomyelitis vaccine (see text). 

These findings are not m1ique to poliomyelitis, for the same has been shown 
to be true for pertussis vaccine and diphtheria toxoid and the same will also be 
true for any othcr antigen to which the mother has high levels of antibody at the 
time of parturition. 

LIVE OR DEAD V ACCINES? 

Bacteríal antigens, especially the exotoxíns, are híghly antígeníc, stable and rela
tively easy to prepare. Experience with these antigens was oflittle help in pre
paring a killed virus vaccine, as in the case of poliomyelitis. All attempts to kili 
this virus and maíntain its antigenicity were unsuccessful for many years until 
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Salk used a 1:10,000 dilution of formaldehyde and incubated the virus suspen
sion for 10-13 days at 37°C (Salk, et al 1953; Salk 1956). This proved to be the 
optimal concentration for virus inactivation, killing the virus whilst retaining 
antigenicity, and subjects inoculated with killed vaccine gave high antibody 
responses. This concentration of formaldehyde although satisfactory for polio
myelitis cannot be taken as being satisfactory for all viruses and many attempts 
ha ve been made to make a killed virus B vaccine without success. Formalin has 
been used successfully, however, to kili the viruses in making vaccines against 
adeno, equine encephalomyelitis, influenza, Japanese (B) encephalitis, mumps, 
measles, rabies and Russian spring-summer encephalitis virus infections; bu t the 
concentration used has been a matter of trial and error. 

For sorne virus diseases attempts have been made to prepare live attenuated 
vaccines which ha ve lost their virulence but maintained their ability to stimulate 
inununity against the virulent wild strains. One of the first living virus vaccines 
was that used by Jenner when in 1797 he used cowpox to protect a child against 
smallpox (Jenner 1798). Jenner believed cowpox to be smallpox of cattle, but 
did not clearly understand why its pathogenicity for man was reduced. Atten
uated viruses ha ve probably undergone a loss mutation; but vaccinia virus 
strains may ha ve originated as hybrids of cowpox and variola viruses (Bedson & 
Dumbell 1964). Whatever the mechanism, virulence differences do not seem to 
be necessarily related to antigenicity and it is therefore not only possible to find 
avirulent mutants and strains by chance, but also to seek them consciously. 
Another example of an attenuated vaccine was discovered fortuitously when the 
now famous 17D strain of yellow fever was isolated (Lloyd, Theiler & Ricci 
1936). Theiler and his associates propagated the Asibi strain of yellow fever in 
minced chick embryo tissue without brain and cord and found that after about 
100 passages the virus had become attenuated. This strain when inoculated by 
cxtraneural routes in monkcys no longer caused illness and only small amounts 
of virus circulated in the blood. Furthermore, the infection could not be trans
mitted from monkey to monkey by the bite of the mosquito Aedes aegypti. The 
virus had lost its virulence and today many millions of doses of this live virus 
vaccine have been used successfully against yellow fever. Virulent strains of 
poliomyelitis virus were attenuated by serial passage in cell cultures at low tem
peratures (33°-35°C) until they lost their virulence but maintained their ability 
to infect the human intestinal tract (Koprowski, Jervis & Norton 1952; Kop
rowski 1957; Sabin 1953, 1955, 1956, 1957, 1959). Thesc strains were considered 
suitable for use in a vaccine and today after the world-wide administration of 
millions of doses we havc ample proof of their value. The pattern is clearly 
becoming stereotyped; a wild virus able to infect experimental animals is 
passaged in cell cultures during which time the results of animal inoculation give 
an index of the degree of attenuation and at a suitable passagc level a vaccine is 
made for use in humans. This series of events could well describe the attempts to 
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produce live measles vaccine (Enders, Katz, Milovanovic & Holloway 1960). 
The virus was isolated from the blood of a case of measles and many passages in 
human and monkey cell cultures were unable to alter its ability to cause viraemia 
or infect the tonsillar region of monkeys. Further passages in chick embryo cell 
cultures, however, decreased the virulence of the virus and viraemias were no 
longer obtained after animal inoculation. At this stage the live virus vaccine was 
uscd in man and many millions of doses have been given. The vaccine gives 
sorne mild reactions and in arder to decrease the incidence and severity of 
reactions further attenuation was effected by propagating the virus in chick 
embryo cell cultures an additional 70 to 8o times. The further atten
uated virus is still able to infect man and causes far lcss reaction (Schwarz 1961). 

Many believe that live virus vaccines carry a greater risk and it is pertinent to 
ask the reasons for using a live vaccine when there is already a killed product 
available. In many countries millions of doses of killed poliomyelitis vaccine 
have been used and the incidence of the disease has been markedly reduced. In 
the outbreaks of poliomyelitis in England in 1961 more than 88/o of the para
lytic cases had been either inadequately vaccinated or had no vaccine at all. It 
must be concluded that the killed vaccine given in a schedule known to induce 
high antibody dtrcs is able to protect against paralysis. Unfortunately, in the 
first 6 years after vaccination began in Britain only 75% of subjects under 18 
years of age were vaccinated. Even more serious were the short sharp outbreaks 
of paralytic poliomyelitis that still occurred. From Sweden it has been reported 
that more than 90/o of younger subjects ha ve been adequately vaccinated with 
potent killed vaccine and outbreaks of paralytic poliomyelitis no longer occur. 
Perhaps the most important factor for the success in Sweden is the widespread 
use of vaccine reaching almost all subjects. Although killed vaccine has been 
successful in drastically reducing or even eliminating outbreaks of paralytic 
poliomyelitis it has not been able to prevent all vaccinated subjects from 
being reinfected and thus shedding the virus. The normal cycle of transmission 
of the virus in the community is not broken and the vaccinated subject may be a 
carricr of the virus. It is known that a subject naturally infected with polio
myelitis virus becomes resistant to reinfection by the specific virus type and 
similarly infections with the attenuated virus vaccine strains leave the subject 
refractory to reinfection. The mechanism of this gut immunity is not entirely 
clear, for whilst sorne believc it to be due to a tissuc immunity it could equally 
well be due to the local production of antibody, but from the practical stand
point the result is the same. An advantage of the oral poliomyelitis is that it can 
be used in the face of an epidemic resulti~g in its collapse. 

There are very few virus infections which lend themselves so ideally to pro
phylaxis by an oral vaccine since with poliomyelitis a natural infection by an 
attenuated strain can be induced so easily. The other live virus vaccines which 
are injected ha vean advantage o ver killed prophylactics beca use of the relatively 
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largc quantity of antigen produced in the body which must greatly exceed that 
injected in a killed vaccine. Inducing an infection by an attenuated virus in a 
healthy body is likely to give a more lasting immunity and is considered by 
many to be the prophylactic of choice. The live virus vaccines already established 
(vaccinia, ycllow fever, etc.) were accepted long ago and killed prophylactics 
would havc to go through extensive trials beforc replacing them. 

PROTECTION (ACTIVE AND PASSIVE 
IMMUNIZATION) AGAINST VIRUS 

DISEASES 

For many virus diseases the first mcans of prophylaxis was passive immunization 
with pooled adult serum or preferably convalescent serum. Extraction of y
globulin from serum providcd us with much more concentrated antibody and 
it is natural that its use has mct with much more succcss. With the successful 
development of vaccines the use of serum therapy is almost eliminated, but there 
are virus diseases today, notably rubella, for which our only defence weapon is 
y-globulin. 

Although serum therapy is useful as an emergency measure in preventing or 
attenuating a disease in a contact subject the passive immunity is transient. 
Active immunization against all the virus diseases to which the community is at 
risk and for which there is an effective prophylactic should be the aim for every 
member of thc community. The virus diseases for which there are therapeutic 
or prophylactic measures available or under consideration are discussed below. 

RESPIRATORY DISEASE V ACCINES 

INFLUENZA 

Infcction with influenza virus remains localized to the respiratory tract which 
may be one reason for the relatively poor immune response by the host. Both 
killed and live attenuated vaccines have been used to immunize against influenza, 
but the assessment of their value has been complicated by the appearance of 
antigenic variants to the different virus strains. The fmt influenza A strain was 
isolated in 1933 and antigenic variation within this strain was recognized when 
viruses rccovered from different epidemics were not antigenically identical. In 
1946 an antigenic variant of influenza A appcared in Australia. This spread 
throughout the world and all epidemics for the next few years were caused by 
the A1 (A prime) strain but in 1956 another new A variant appeared named Az 
or Asian virus which was responsible for the pandemic of 1957. The antigenic 
differences between the influenza A viruses are small compared with the marked 
difference in the antigenic properties of a virus w¡,ich caused influenza in New 
York in 1940 and, to differentiate it, this was called Type B. Antigenic variants 
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of the Type B ha ve also been found since 1940 although the differences between 
them are not so marked as those between the Type A strains. In 1949 a virus 
from a sporadic case of influenza was isolated and found to be antigenically 
distinct from Types A and B and was termed influenza Type C; but this strain 
has only been found in minar respiratory cases and has not bcen involved in 
any epidemic. 

Thc production of an effective prophylactic therefore requires the inclusion 
of strains of both Types A and B isolated during the most recent epidemic and 
unless a new variant appears in the current epidemic there is much evidence to 
show that the vaccine will be effective. The killed vaccine is prepared by har
vesting the embryo material or extra-embryonic fluids at a suitable time after 
inoculation of the allantoic fluid with the virus. The harvested material is 
purified, killed with formalin and usually concentrated by centrifugation or 
adsorption on to red cells. The type A and Type B components are standardized 
by haemagglutination titrations befare dilution and blending into a vaccine. 
Two adequately spaced doses of killed vaccine are recommended for primary 
immunization although only one dose may be given when an epidemic is 
imminent. Providcd the strain composition and the timing of the single dose in 
relation to the appearance of the infection are both correct the protective effect 
may amount to 75-90/;';. In mass campaigns, however, much lower protection 
rates have been reported and more effective vaccines are needed. For optimal 
protection, a single booster dose should be given in the autumn of each ycar. In 
sorne vaccines a mineral carrier or oily adjuvant is incorporated and although 
higher antibody responses have been obtained they have not reccived general 
acceptance. 

A second method of immunization is that developed in the U.S.S.R. where 
living attenuatcd virus is sprayed into the nose. The vaccine is an egg or tissue 
culture preparation of a strain passaged in eggs or cell cultures and selccted 
because of its ability to multiply in the nose and appear in nasal secretions. 
Unlike the killed vaccine this live prophylactic is said to be effective even when 
used in the face of an influenza epidemic. Clínica! reactions are mínima! in 
adults but may be severe in young children. The same successes with live 
attenuated vaccines have not been obtained in Australia or England. 

Recent findings show that the isolated haemagglutinin of the virus is immuno
genic and does not givc rise to the febrile and toxic reactions seen after giving 
the whole virus. At the moment, however, the procedure for preparing such 
vaccine is not economically practica!. 

PARA- INFLUENZA 

This virus is the cause of some respiratory diseases in children. Experimental 
killed alum-adsorbed vaccines ha ve bcen found to give good antibody responses 
in man but their protective efficacy has not been evaluated. 
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RESPIRATORY SYNCYTIAL VIRUS 

Respiratory syncytial virus (Rsv) is a cause ofboth upper and lower respiratory 
tract illnesses in young children. Alum-adsorbed killed vaccines give an antibody 
response in man but their protective valne is not yet known. 

ADENOVIRUS 

Both killed and live vaccines have been used in America on a large scale, par
ticnlarly in military units, and shown to give good protection. Recently, 
however, it has been shown that sorne serotypesof this group (including 3, 7, 12, 
18 and 3 r) are oncogenic. Althongh an enteric coated capsule of adeno 4living 
virus vaccine is still being used with success, the other vaccines may have to 
await purification of virus components. 

RHINOVIRUS 

Rhinoviruses are the main cause of common colds in adults and of both upper 
and lower respiratory tract disorders in children. Since there are already over 
fifty distinct serotypes isolated and with the numbers increasing rapidly, the 
possibility of controlling the infections with a vaccine is remote. 

SMALLPOX V ACCINE 

V ARIO LA MAJOR AND V ARIO LA MrNOR 

Passive immunization with adequate doses of y-globulin prepared from the 
plasma of recently vaccinated donors may be expected to protect unvaccinated 
household contacts of smallpox or persons last vaccinated many years previously. 
Generalized vaccinia and vaccinial infections of the eye may also be controlled 
by y-globulin: the dose varíes from 500 mg to 2 g depending upon the age of 
the patient. 

Smallpox vaccine is generally prepared from the vesicular eruption scraped 
from the skin of animals, e.g. calves, water-buffaloes or sheep. To each gram of 
pulp 1 ml of trifluorotrichloroethane (Arcton 113) is added anda ro% (wjv) 
suspension of the vaccinial material is made by mechanical homogenization in 
dilute buffer solution (pH = 7.4) containing 0.5% (w/v) phenol. During subse
quent slow centrifugation up to 70% of the non-virus material is sedimented in 
the Arcton fraction (S.G. = r.s). The supernatant fluid is incubated at 25aC for 
24 hr to reduce the bacteria! count and when the bacterial contamination of the 
extract is within the permitted limits glycerol and peptone are added to con
centrations of 40% and r% respectivcly. The bulk vaccine is assayed for potency 
and stored at - I5°C. Before issue it is assayed again and the potency adjusted to 
5 x ro8 pock-forming units per ml by dilution with a solution of glycerol and 
peptone, with the addition of Brilliant Green dye to a concentration of 5gjlitre. 
The vaccine retains its potency for 12 months if stored continuously bclow 
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- I0°C. After its removal from cold storage the permitted life of the vaccine is 
14 days if stored below + I0°C and not more than 7 days if stored above + I0°C. 

Suspensions of vaccinia virus partially purified by the method described above 
may be freeze dried in the presence of 5/;; peptone. In the dry state smallpox 
vaccine may be stored at tropical room temperature for many months or even 
ycars; after reconstitution its stability is the same as that of glycerolated vaccine. 

Vaccinia virus may also be grown in chick embryo chorioallantoic mem
branes or monolayer cultures of chick embryo cells. The resnlting vaccine is 
bactcriologically sterile and egnal in prophylactic value to the conventional 
product. 

Except in areas where smallpox is endemic primary vaccination should be 
delayed until the second year of life beca use of the reduced risk at this age of 
encephalomyclitis and other complications. On the 3rd or 4th da y after primary 
vaccination a red papule appears at the si te of insertion of virus. Within the next 
day or two the papule develops into a vesicle which becomes umbilicated and 
surrounded by a clearly demarcated areola. By the 8th or 9th day the vesicle 
becomes pustular, the areola extends and there is usually a noticeable systemic 
reaction from about the 7th day. The patient is generally febrile for a day or 
two and there may be an axillary lymphadenopathy. The inflammation regres
ses and by the 12th or 14th da y the lesion is dry and crusted. The crust generally 
separatcs by about the 2oth day leaving a depressed pink scar which during the 
next few months shrinks and, in white skins, becomes less pigmented than the 
surrounding skin. In persons of negro ancestry there may be a tendency to keloid 
formation. 

Revaccination may be followed by an accelerated reaction, a so-called 'im
mediate' reaction, or no reaction at all. In the accelerated reaction the vesicle 
forms by the 3rd or 4th da y and heals rapidly. This reaction is generally thought 
to signify sorne residual immunity in the subject which will have been increased 
by the successful infection with vaccinia virus. The so-called immediate reaction 
is really a delayed hypersensitivity reaction. It is sometimes known as the 
'reaction of immunity' but this is quite inadmissible since no indication of the 
immune state of the individual can be elicited by clinical examination of 
the lesion. 

The W orld Health Organization' s Expert Committee on Smallpox recom
mended that both primary and re-vaccinations should be examinedafter a week. 
'A vesicular or pustular reaction or an area of definite palpable induration or 
congestion surrounding a central lesion which may be a scab or ulcer' is a 
'major reaction'. Anything else is an 'equiV'ocal reaction'. Only major reactions 
indicate virus multiplication with consequent development or reinforcement of 
immunity. The absence of a major reaction is always an indication for another 
attempt at vaccination or revaccination-possibly with a different batch of 
vaccine if there is any doubt about the potency of the original batch used. 
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After successful vaccination, immunity to variola major is probably complete 
for 3 years, although individuals may vary; thereafter the risk of infection on 
cxposure increases with each year until there is virtually no protection 20 years 
after primary vaccination. The risk of death from smallpox, howevcr, is greatly 
diminished even very many years after successful vaccination. The efficacy of 
the immunity probably depends in some measure on the degree of exposure to 
variola virus. Continued heavy exposure of e.g. medical personnel in endemic 
foci is an indication for frequent (perhaps annual) revaccination. The general 
population in endemic areas should be revaccinated every 3 years and prefer
ably not less seldom than every 5 years. In non-endemic areas adcquate 
immunity will probably be maintained by revaccination at intervals of about 
7 years. 

Any vaccination procedure using infectious virus must be expected to produce 
sorne complications, not all of which will be preventable. The most dreaded 
complication is post-vaccinial encephalitis which, in the United Kingdom, has 
a very low incidence. The most dangerous complication is eczema vaccinatum
generalized vaccinia following the vaccination of a patient suffering from atopic 
eczema. This is largely preventable; eczematous subjects should not be vac
cinated, nor put at risk by the vaccination of other members of the household. 
Eczema and other skin lesions clearly contraindicate vaccination except when 
thcre is a real risk of exposure to smallpox. 

HERPES GROUP VIRUS V ACCINES 

CHICKENPOX (V ARICELLA) 

Although the virus has been grown in cell cultures it will not grow in cultures 
acceptable for vaccine production. A vaccine, thcrefore, is not available. 

Convalescent serum has been used in the prevention of varicella but the rcsults 
ha ve been conflicting. Good results ha ve been claimed with use of y-globulin but 
controllcd trials havc not substantiated these claims. 

HERPES SIMPLEX (FEBRILis) 

There is some indication especially from America that in cases of disseminated 
herpes y-globulin is effective but in England it is thought that no spccific 
preventive measurcs are practicable. 

NEUROTROPIC VrR US V ACCINES 

A. ARBOVIRUS VACCINES 

Yellow Jever 
As already mentioned, during thc passage of the Asibi strain of yellow fever 
virus in tissue culture an attenuated variant, 17D, was isolated. The vaccine is 
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prepared by grinding up chick embryos infected with the living attenuated 17D 
strain and finally drying from the frozen state. The vaccine is reconstituted in 
sterile normal saline anda single dose, usually 0.5 ml, is injected subcutaneously. 
All reconstituted vaccine not used within 30 min should be discarded because of 
the instability of the virus. Only one injection is necessary and if it is absolutely 
essential a full dose may be given to infants in the first week oflife. Where in
fants have to be inoculated against yellow fever and smallpox it is generally 
agreed that an interval of at least 21 days should elapse between the two inocu
lations but the W.H.O. Expert Committee on Yellow Fever Vaccine considered 
that the use of combined yellow fever and smallpox vaccine (by scarification) 
should not be condemned. Immunity following a satisfactory yellow fever 
inoculation is present for at least ro years. Administration of the 17D vaccine 
by scarification although possible is notas effective as by subcutaneous injection. 
Two scratch vaccinations separated by an interval of 14 days using a mouse 
brain 17D vaccine have been shown to give 98% protection and may soon be 
acceptable for general use. 

Western equine cncephalomyelitis (WEE) and eastern 
equítte encephalomyelítis (EEE) 
These virus es are found in thc wcst and east of America, Venezuela and the 
Caribbean region. 

Vaccines against western equine encephalitis and eastern equine encephalitis 
ha ve been prepared by formalin treatment of the virus grown in chick embryo 
tissue. Although these vaccines, containing one or both strains, are mainly used 
to prevent the disease in horses, two injections being given annually, they have 
also been used for laboratory workers in contact with the viruses. Thc incidence 
in outbreaks is so low, however, that general use of these vaccines is not indi
cated. The causal agcnt of thc sporadic cnccphalitis of Great Britain is unknown. 

Japanese B encephalítis (}BE) 
This discasc is thc ncw form of encephalitis occurring in Japan so-callcd to 
distinguish it from von Economo' s diseasc, or epidemic cncephalitis lcthargica 
which was called Japancsc A cnccphalitis. A vaccine consisting of a ro% sus
pcnsion of infcctcd m o use brain in normal salinc with thc virus killcd by 0.2% 
formalin at 4 oc was given to hundrcds of thousands of American troops in thc 
Far East bctwccn 1942 and 1945. In 1942 thc Russians uscd a similar vaccinc 
which was effectivc against Russian autum~ (Japancse B) cnccphalitis. A chick 
cmbryo vaccinc was uscd ovcr a 3-ycar period in childrcn in an cndcmic arca in 
Japan and a rcduccd incidcncc of illncss rcsulted in thc vaccinated group. 

The use of this vaccinc has bccn abandoncd by thc U. S. Armcd Forccs anda 
more purificd mouse-brain preparation (protamine-treatcd) is being used for the 
vaccination of children inJapan and sorne othcr countries. Reccntly the virus has 
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been attenuated by workcrs in Japan and in thc U .S.A.; the attenuatcd strain is 
grown in hamstcr kidney cells in a serum-free medium and the killed vaccine 
prepared from it is believed by sorne to be safer and more antigenic. 

Russían spríng-summer (RSSE) or tick-borne 
encephalítís (TBE) 
This tick-borne disease was first described in 1953 occurring in forest arcas of the 
far eastern U.S.S.R. and later in Siberia and western U.S.S.R. A formalin
treated vaccine prepared from a suspension of infected mmlse brains has bccn 
used successfully in both man and animals. In man, incidencc of disease amongst 
the vaccinated was reduced to ro/o and therc were no fatal cases in this group. 

Recently an aluminium adsorbed killed vaccine grown in chick fibroblast cell 
cultures has been used on a large scale. A primary course of thrce injections fol
lowed by a fourth dose 4-6 months later stimulates production of antibody in 
90-95/o of those vaccinated. Annual booster doses for 3 years are indicatcd. 

Dengue 
Low passage mouse-adaptcd strains of dengue virus Type I and II ha ve produced 
a modified disease in man giving salid homologous immunity andan immunity 
lasting a few months against heterologous strains. A more attcnuated Typc I 
strain has also providcd protection. No data are available on the transmissibility 
of the vaccine strain from man to man by Ai:'des aegyptí. 

Epidcmic haemorrhagic fever of unknown aetiology has occurred in North 
Korea and Manchuria and the acute disease was treated with convalcscent 
serum. Recent epidcmics in Bangkok, Singapore and Calcutta were associatcd 
with dengue viruses; and in South India Chikungunya virus was isolated from 
all but a fcw cases (Myers et al 1965). Attenuated vaccines of the type mentioned 
above may possibly be useful in prophylaxis of this disease in the future. 

Ríjt Va/ley jever 
A killed vaccinc grown on monkey kidney or hamster kidney cell cultures and 
killed with formaldchyde has been shown to be safe and immunogenic, appar
ently giving protection to workers with this diseasc. 

Loupíng-íll 
Formalin trcatment of infected mouse brains has produccd a vaccine which 
gives a high titre of neutralizing antibodies in immunized laboratory workers. 
Propagation of the virus in tissue culture and inactivation by ultraviolet light and 
fi-propiolactone suggest that it may be possible to produce a suitable vaccine. 

B. POLIOMYELITIS 

Passive immunization against this disease is certainly not the mcthod of choice. 
When a paralytic case occurs in a family it is more than probable that the family 
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contacts were exposed to the disease simultaneously or are airead y well into the 
incubation period and y-globulin may not be effective. There are data, howevcr, 
to suggest that when administered in the early stages of the disease, before the 
virus has infected the nerve cells, y-globulin may hclp to neutralizc the viraemia. 
There are special cases where y-globulin may be used; childrcn who have re
cently undergone tonsilcctomy are at special risk, as are nurses and medica! 
students entering an infectious area. A dosc of 500 mg of y-globulin for infants 
undcr I year, I g for children r-6 years and 1.5 g for children 7 years and oldcr 
should be used. 

Poliomyelitis is now a preventable disease and the advantages and disadvan
tages of the killed and live attenuated prophylactics ha ve already bcen discussed 
earlier in this chapter. These vaccines have been subjectcd to more stringent 
controls than any other prophylactic and both vaccincs are undoubtedly safe. 

The killed vaccine is produced by infecting monkcy kidney ccll cultures 
separately with each type of poliomyclitis virus (Brunendcrs Typc I, MEF-r 
type 2, Saukett Type 3). The virus suspensions are harvested 3 days later, killcd 
with formalin and blended to make a trivalent vaccine. A full cotme of im
munization consists of two doses given by the intramuscular route at: an interval 
of 4 weeks followed by a third similar dose given 9-12 months bter. A fourth 
dose is recommended 5-·6 years la ter but nothing is known of thc necessity for 
further booster doses to maintain lifclong immunity. The killed vaccine can 
be incorporated with diphtheria, tetanus and pertussis prophylactics into a 
quadruple vaccinc. 

The live vaccine is also made by infccting monkey kidney cell cultures but 
with attenuated virus strains shown to be safe by large-scale clinical trials. The 
virus suspensions are harvested 3 days latcr and stringent control procedures 
cnsure, as far as possible, that no changes have taken place from the original 
strains during the course of production. In many countries the vaccine is given 
o rally as monovalent virus in the order ofType I followed by Type 3 and fmally 
Type 2 with an interval of 6 weeks between each dose. In this country, in 
Canada and in Russia three doses of trivalent vaccine are given at 6-8 week 
intervals and a reinforcing dose is given at school entry. In Russia a dose of 
vaccine is given each year to children betwcen 2 months and 3 years and little is 
known about the period of immunity following primary immunization. 

Sorne of the other enteroviruses have caused sporadic cases and outbreaks of 
disease resembling poliomyelitis, with or without paralysis, notably the Kara
ganda B4 strain of Coxsackie virus Type A7. 

c. RABIES (HYDROPHOBIA) 

Clinical rabies (hydrophobia) is inevitably fatal in man. The infection usually has 
a long incubation period after the introduction of the virus by the bite of a rabid 
animal. If a high leve! of immunity can be stimulated while the virus is slowly 



VIRAL DISEASES 1225 

travelling centrally via peripheral nen'es its establishment in the brain may be 
prevented. Modern practice combines passive and active immunity to attain a 
high concentration of antibody as rapidly as possible. The majority of rabies 
vaccines used today consist of suspensions of virus-infected sheep or rabbit 
brain tissue (usually sYo wfv) and the virus may be inactivated by exposure to 
phenol (Semple type), /3-propiolactone or ultraviolet irradiation. In the wet 
state rabies vaccine has a lirnited life even when stored between 2°C and 5°C. 
Lyophilized vaccine is more stable, but only a very small proportion of the total 
output of rabies vaccine is dried. The presence of nervous tissue in the vaccine 
makes it potentially dangerous since it may induce demyelination in the patient 
analogous to the 'allergic' experimental encephalomyelitis which can be produced 
in experimental animals by the injection of either homologous or heterologous 
brain tissue. The reported incidence of this complication of anti-rabic treatment 
varies from country to country, but is probably between 1/4000 and 1/1o,ooo 
of patients treated. In any case, even a 'light' course of treatment produces ex
treme! y painfullocal reactions to the later injections. 

Anti-rabic treatment, therefore, must not be embarked on without careful 
consideration; but if it is decided that treatment is necessary, then every effort 
must be made to ensure that it is successful. Bites and other wounds should be 
given local treatment by thorough washing with soap or detergent and water. 
Bites by wild vectors (wolves, foxes, skunks, bats, mongooses, etc.) or severe 
exposure (multiple or face, head, neck or finger bites) call for the immediate 
application of antirabies serum, sorne of which should be infiltrated around and 
beneath the wound if this is possible. The recommended dose of serum is not less 
than 40 International Unitsfkg body weight. At least 14 daily doses of vaccine 
should be given (up to 21 after severe exposure); and where serum is given, 
supplemental doses of vaccine should be given 10 and 20 days after the comple
tion of the treatment. If possible the supplemental vaccine should be non
encephalitogenic. 

V accine prepared from non-neural tissue should be free from encephalito
genic material. To this end rabies virus strains have been adapted to growth in 
chick and duck embryos. Live avianized vaccines of attenuated virulence are not 
widely used because of the difficulties in producing batches of uniformly 
adequate potency. However, virus grovvn in duck embryos and inactivated by 
/3-propiolactone does appear to be reasonably effective. A different approach to 
the preparation of safe rabies vaccine is to grow the virus in the brains of very 
young animals. Infected brains harvested before the start of myelination are a 
rich source of fixed rabies virus, but the brains appear devoid of encephalitogen 
when tested in guinea-pigs. Vaccines prepared in Chile, the U.S.S.R. and Hol
land from the brains of suckling mice, rats and rabbits ha ve had very satisfac
tory potencies by the usual tests; and human subjects immunized with them 
have developed higher concentrations of neutralizing antibody than controls 
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immunized with conventional nervous tissue vaccines. However, the large num
bers of immature animals needed and the difficulties associated with their care 
make it improbable that this type of vaccine will displace the more usual 
Semple type except for limited use in special circumstances. 

Rabies antiserum is usually produced in horses. The animals are primed by a 
course of injections of inactivated fixed virus in nervous tissue and subsequently 
hyperimmunized by repeated courses of fully infectious fixed virus. Plasma 
from hyperimmune horses may be concentrated and refined by the same methods 
used for antitoxic sera, including peptic digestion. In practice, reactions to even 
refined globulins have about the same incidence as reactions to other refined 
antisera of animal origin, and the usual precautions should be taken to avoid 
them. 

Active immunity to rabies will remain in an unsatisfactory state until highly 
potent, safe, inactivated vaccines are available. Current research on the suit
ability of human diploid cells, and other types of cell culture, as substrates for 
the growth of high concentrations of rabies virus may lead, in the foreseeable 
future, to that goal. 

ÜTHER VIRUS V ACCINES 

HEPATITIS 

Epidemics of infectious hepatitis (viral hepatitis A) have been successfully con
trolled by injection of y-globulin prepared from normal adult serum although 
this has been relatively ineffective against serum transfusion hepatitis (viral 
hepatitis B). Prophylactic y-globulin is recommended to all contacts ofinfectious 
hepatitis, especially pregnant and post-menopausal women, as early as possible 
after exposure and confers protection even if given as late as 6 days befare the 
onset of symptoms. The dosage is 250-750 mg for subjects tmder ro years of age 
and 500-1500 mg for older subjects. Modern production methods ensure that the 
y-globulin is virus free; in the absence of y-globulin, plasma or serum should on 
no account be substituted. 

Although there is no vaccine available today to control this disease the virus 
has been isolated in cell culture and attempts are being made to develop a pro
phylactic. 

MEASLES (RUBEOLA) 

This highly infectious disease can be attenuated or completely prevented with 
y-globulin, prcpared from pooled adult serum. Complete protection is desirable 
for children under 2 years of age or in poor health but for those in good heath 
an attenuated attack is preferable since a more permanent immunity is achieved. 
Thc y-globulin should be given by the intramuscular route and 250 mg will 
probably attenuate the disease in all children over 1 year of age and prevent it in 
babies under 1 year. To prevent the disease in children between 1 and 3 years 
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500 mg should be given. The dose for older children is 750 mg. In children given 
y-globulin to attenuate an attack, contact should be clase to ensure infection. 

Early attempts to produce a killed vaccine by formalin treatment of virus 
grown in either monkcy kidney or dog kidney cell cultures met with little 
success. The antibody responses to such a vaccine were very poor although a 
single dosc of killed vaccine even in the abscnce of antibody response was able 
to protect against the rash and febrile reaction caused by the injection of a livc 
attenuated vaccine. Concentration of thc killed vaccine and especially the addi
tion of a mineral carrier has greatly improved the antibody responses but the 
duration of immunity is short. 

The first vaccine produced from a live attenuatcd strain was grown in chick 
embryo cell cultures and clinical trials showed it to be insufficicntly attcnuated; 
rashes appeared in 45% of the infants and the average temperature was I02.6°F 
with sorne subjects having Koplik's spots. In spite of thcsc reactions studies of 
encephalograms after injection of this vaccine have revealed little or no distur
bance in the brain whereas brain changes occur in as many as 45% of subjects 
infected by the natural disease. Later studies with this vaccine ha ve shown that a 
simultaneous injection of a small dose of y-globulin at a different site from the 
vaccine injection greatly minimizes the rash and febrile reaction without 
decreasing the antibody response. Similarly a single dose ofkilled vaccine given 
4-6 weeks befare the live vaccine is also able to decrease the incidence of reac-
tions without affecting the antibody response. · 

Several further attenuated strains of reduced pathogenicity have also been 
developed. These vaccines, though provoking a lower incidence of reaction, give 
antibody responses in as high a proportion of vaccines as thc less attenuated 
strains. The duration of immunity gtven by the vaccines, however, is not 
known, but it is at least 2-4 years. 

GERMAN MEASLES (RUBELLA) 

There is a well-recognized connection between maternal rubella during the first 
3 months of pregnancy and miscarriages, stillbirths and congenital defects such as 
mental retardation, deaf mutism, cardiac abnormalities and cataract. Until an 
effective vaccine is available young girls should be exposed to infection by 
contact so that they become immune befare child-bearing age. Although y
globulin is uselcss in treatment it has been used successfully to prevent infection 
in contacts. The best results were obtained with 1.5 g given within a week of 
exposure. Delay should be avoided and where there is more than one exposure 
at intervals of longcr than 2 or 3 weeks a further dose should be given at each 
contact. Adrninistration of y-globulin is unnecessary after the first 3 months of 
pregnancy as rubella does not appear to infect the foetus in the later months. 

In 1966 Parkman and Meyer in America announced the successful attenua
tion of the rubella virus after 77 passages in African green monkey kidney cell 
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cultures. The attenuated virus was given to children in a nursery with sorne 
uninoculated children serving as controls. Antibody appeared in all inoculated 
children but in none of the controls. Although the virus could be isolated from 
sorne of the inoculated children all specimens from the control children were 
negative. This attenuated strain is being used for the preparation of vaccine for 
clinical trials on a wider scale. 

MuMPS (INFECTIVE PAROTITis) 
Gamma-globulin prepared from adult donors is valueless. Gamma-globulin 
prepared from mumps convalescent serum given in 20 ml doses within 24 hr 
after the onset of illness has reduced the incidence of orchitis to 7-7% as com
pared with 27.4% in controls. 

A killed vaccine has been prepared by formalin treatment or ultra-violet 
irradiation of virus grown in chick embryos. Although the early results are 
encouraging, the efficacy of the vaccine has not been assessed. Only a really 
effective and lasting immunity to mumps would justify the use of a mumps 
vaccine in children, since a transient or partial immunity would leave them 
susceptible to the disease after puberty when complications such as orchitis 
would be harmful. 

Parenteral administration of an attenuated virus has recently been reported to 
give antibody responses and immunity. This vaccine is being tested in large
scale trials apparently with encouraging results. 

TRACHOMA 
Trachoma is the greatest single cause of progressive loss of sight in the world. 
The agents causing trachoma and inclusion conjunctivitis (TRie) are closely 
related and belong to the genus Bedsonia. Vaccines so far tested in man ha ve been 
prepared in yolk sacs of chick embryo. In most trials killed vaccines have been 
used, but there are indications that live vaccines may be more effective. The 
latest conclusions are that TRIC agents are poor antigens and a fully effective 
vaccine is not available. 

FUTURE TRENDS ' 

W e have seen how serum prophylaxis is regarded as an emergency measure 
giving only transient immunity and if serum or plasma is used there is the danger 
of serum sickness or hepatitis which is eliminated by the use of y-globulins. 
Active immunization is the method of choice and where safe inactivated and 
live attenuated prophylactics are both available the vaccination policy for each 
country should be based on careful consideration of all medical, economic, ad
ministrative and biological factors involved. 
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Research in the field of virus vaccines is most active and it is quite possible that 
the diseases caused by the respiratory and enteric (other than poliomyelitis) 
viruses will be brought under control by effective prophylactics. Not only new 
vaccines will appear but new methods of production on more carefully con
trolled tissue cell strains are being actively pursued. Looking to the future we 
must wonder how long it will be before cancer agents are controlled prophylac
tically. 
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CHAPTER 46 

IMMUNOPROPHYLAXIS OF PROTOZOAL 
DISEASES 

P.E.C.MANSON-BAHR AND B.WEITZ 

INTRODUCTION 

Host susceptibility: Acguired immunity: lmmunoprophylaxis 

MALARIA 

Host susceptibility: Nature of the immune response to natural infection: 
Immunoprophylaxis-passive and active immunization 

LEISHMANIASIS 

Host susceptibility: Nature of the immune response to infection: 
Immunoprophylaxis 

AFRICAN TRYPANOSOMIASIS 

Host susceptibility and epidemiology: Nature of the nnmune re
sponse to infection: lmmunoprophylaxis 

AMERICAN TRYPANOSOMIASIS (CHAGAS' DISEASE) 

ÜTHER PROTOZOAL DISEASES 

Coccidiosis: Babesiasis: Toxoplasmosis: Trichomoniasis: Theileriasis 

INTRODUCTION 

The complexity of the host-parasite relationships in infections of man and 
animals with protozoa affects the development of immunity of the host in a 
variety of ways. The peculiar ::md still undetermined nature of the antigens of 
protozoa and the specific affinity of the parasites for certain organs or tissues 
during their development results in a very variable immune response which 
depends largely on the intimacy of thc contact of the antigens with the antibody
producing centres in the host. 

The diverse methods of entry of the parasite into the host (i.e. cyclical 
or me1 :hanical transmission by arthropods; ingestion; venereal infection or even 
contact infectiou), may either delay or minimize the immune response of the 
host and give the invading organisms a chance to establish themselves in some 
tissues not affected by the antibody response. The development of some pro-

I232 
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tozoa, such as coccidia, in the gut or the intestinal cells is not conducive to a 
generalized antibody response although the susceptible cells may eventually 
develop an intolerance to the organism. The characteristic periodicity ofhaema
togenous protozoal infections (piroplasmosis, malaria, trypanosomiasis) is partly 
determined by the host' s specific defence mechanisms and partly by the reactiou 
of the parasi tes to the host' s defences. 

All these factors affect the fmal protection of the host against infection or 
against the development of the parasites in the body to a very variable extent. 
It is therefore not surprising that vaccination of the host against such protozoal 
infections is generally not possiblc against the natural disease. 

HoST SuscEPTIBILITY 

Protozoa, as many othcr organisms, show a marked host specificity. Sorne species 
of animals sometimes contain specific antibodies against the parasites to which 
they are not susceptible and this has favoured the idea of an innate immunity in 
the host (Terry 1957). It is very doubtful if the intolerance of certain animals to 
a particular protozoal infection is due to a specif1c genetic immunity. The sus
ceptibility of a host to infection is a complex state concerned largely with the 
micrometabolic requirements of the parasite and the invasive nature of the 
organism. For example, in man the presence of abnormal haemoglobins is 
known to affect susceptibility to malaria. A normally non-susceptible host can 
be experimentally infected by adapting the protozoon to its new environment, 
while leaving the state of thc host unchanged, showing that the infection 
depends more on the nature of the parasite than on antibody defences of the host 
(Desowitz & Watson 1951, 1953). 

A passive immunity transmitted by an immune mother to her offspring may 
give rise toa temporary 'natural immunity' which is converted toan acquired 
and permanent immunity by repeated challenge with the parasite. 

Splenectomy is known to remove innate insusceptibility in certain instances 
by allowing an existing infection to prolifera te more effectively or in exceptional 
cases by rendering the splenccticized host susceptible to an infection with a 
protozoon which is otherwise not tolerated. For example, a case of babesia 
infection in a splenectomized man has beeu reported (Bray 1960). However, 
the functions of the spleen are numerous and are not solely concerned with 
immunity. 

ACQUIRED lMMUNITY 

Acquired immunity may be a true sterilizing immunity with a clinical and 
parasitological cure when humoral antibodies develop or it may be a state of 
partial immtmity or premunition (Sergent, et al 1924). This is character
ized by the persistence of organisms which prevent superinfection with the 
homologous protozoon. The concept of premunition is a very debatable one. 
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As the antigens of many protozoa vary during infection, rclapscs occur at 
intervals caused by an organism with a different antigenic character from the 
original infecting strain. During the latent or occult infection which persists in 
between the relapses, the organisms prolifera te anda new variant not susceptible 
to antibodies airead y present in the host may be selccted naturally and prolif
erare. The antibody to the original infecting variant persists for the duration of 
infection and thus reinfection with thc original strain may be unsuccessful 
although the persistence of infection is due to a variant differing from the 
infecting strain. Under these conditions it is difficult to be sure of the experi
mental validity of the premune state. It may be useful and convenient to 
accept the term 'premunition' to describe the clinical manifestation of these 
complex phenomena. Premunition in these terms is thus a selective resistance of 
the host to reinfection with the samc antigenic variant: the host, however, 
remains a carrier capable of transmitting the antigenic variant which it carries at 
any time to another susceptible host. A premune host, however, remains suscep
tible to strains or species of the organism antigenically different from the original 
infecting strain and from the subsequent antigenic variants which have been 
produced in the host. 

IMMUNOPROPHYLAXIS 

The practica! prophylaxis of protozoal diseases is, however, mainly restricted by 
the difficulty of obtaining antigens from the organisms. Very few organisms 
can be grown in vivo in sufficient amounts to make vaccines a real possibility. 
E ven when cultivation of protozoa is possible the antigenic nature of the organ
isms in culture is most frequently different from the blood-infecting organisms, 
rendering them useless as a source of antigens. Until the proper cultivation of 
protozoa is realized on a large scale the discussion of arti±icially induced im
munity is limited to the use oflive strains of antigens obtained from organisms 
harvested from a suitable host. 

In general the use of prophylactic or therapeutic chemotherapy in many 
protozoal diseases may produce a resistance of variable duration in sorne hosts. 
There is sorne evidence that chemotherapy in the face of natural infection is 
more effective than the treatment given in the absence of infection, indicating 
that the constant contact with the organism favours development of immunity 
under such conditions. 

MALARIA 

HosT SuscEPTIBILITY 

In the truly susceptible host all stages of the parasite are found. In less susceptible 
hosts only the tissue stages may be found and only a low parasitacmia of the 
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blood occurs, as in Plasmodium bastianelli in man. In even less susceptible hosts 
tissue stages occur but only an occult infection of the blood is found as in P. 
vil'ax infection in chimpanzees (Bray 1957). In the completely immune host no 
tissue stages develop as in avían malaria in man or P. vívax infection in rhesus 
monkeys. 

It has long been known that native peoples in highly malarious areas do not 
suffer from overt malaria to the same extent as immigrants. This may be due to 
the development of premunition in the indigenous people, but certain groups 
show a natural immunity to natural and artificial infection. In these groups the 
infection is held toa subclinicallevel andan acquired immunity may be super
imposed. The relative insusceptibility of American negroes to P. vivax infection 
has been shown by Young, Eyles, Burgess & Jeffery (1955). 

Allison (1954) noted that in areas where the sickle-cell trait was common 
there was much less malaria and postulated that possession of this gene conferred 
protection against malaria. It is now known that sickling is accompanied by 
some protection against P. Jalciparum infection in early life, thus allowing 
sicklers an advantage over non-sicklers which maintains the high rate of this 
gene (Allison 1957). It is suspected that possession of the genes responsible for 
thalassaemia, and haemoglobins C and F may similarly protect against malaria 
(Allison & Clyde 1961). 

NATURE OF THE IMMUNE RESPONSE TO 

NATURAL INFECTION 

The malaria parasite liberates many antigens which stimulate the formation of 
antibodies in the host. Zuckerman ( 1964) has shown six to eight separa te antigens 
in extracts of P. vinckei and bergheí, severa! of which were shared, though the two 
plasmodia do not cross-immunize. These antigens could be responsible for 
group-specific but non-protective serological reactions described below. 

The frequent antigenic variation in blood-induced P. knowlesi infections gives 
rise to a specific immune response for each relapse variant but some immunity, 
however, transcends the antigenic variation (Brown & Brown 1965). Comple
ment-fixing antibodies and precipitins are genus specific and have been used in 
diagnostic tests (see Chapter 4). They are unimportant in protective immunity 
which is strain specific. 

The allergic or immune response in malaria is predominantly cellular. 
Macrophages phagocytose parasitized erythrocytes, isolated malaria parasites 
and malaria! pigment and increase progressively from a hyperplasia of the 
reticuloendothelial system and spleen. 

Splenectomy and blocking of the reticuloendothelial system have the same 
effect since these procedures remove the greatest concentration of macrophages 
from the system. Following splenectomy a relapse of the blood infection occurs 
in P. malariae infections and an innate ímmunity may be weakened to allow 
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blood as well as tissue forms to develop, e.g. P. vivax infection in chimpanzees 
(Bray 1957). 

Antibodies which are closely associated with IgG are active against the 
late-stage intracellular asexual parasites and against the liberated extracellular 
parasites but do not appear to have any obvious effect on the gametocytes. 
The antibodies show a surprising degree of common reactivity against different 
species of mammalian plasmodia (McGregor 1964-). These antibodies can be 
transferred passively and provide a passive immunity (McGregor et al 1963), 
and are responsible for the high y-globulin levels associated with a highincidence 
of malaria (Holmes, Stanier & Thompson 1955). The levels of antibody against 
plasmodia measured by the fluorescent antibody test are high at birth in a 
holoendemic malarious area, fall and remain low for a year and then rise grad
ually until adult life (Voller & Bray 1962). This pattern follows the same course 
as the development of premunition, and suggests that the fluorescent antibody 
test measures the protective antibodies responsible for premunition. 

After sporozoite-induced malaria the protective antibodies develop rapidly 
and may persist for 20 months (Collins et al 1964). They thus indicate the degree 
of premunition in populations and the changes which may take place aftcr 
control measures have been applied. 

ACQU1RED IMMUNITY 

There is no evidence in naturally acquired malaria of any immunity against 
sporozoites or exo-erythrocytic forms of the parasitc. Sporozoite invasion, 
pre-erythrocytic development, subsequent primary infection of red blood cells, 
and even gametogenesis may not be directly inhibited in the immune subject 
(McGregor 1965). Premunition is the commonest form of immunity in malaria 
and develops as the result of trophozoite activity. In holoendemic areas where 
the most intense transmission occurs, infants acquire a transplacentally trans
mitted passive immunity against the sporozoite transmission of natural 
infection (Edozien et al 1962), for the fmt 3 months oflife which is followed by 
acute infestation for up to 3 years. The greater degree of protection experienced 
up to 6 months may be the result of the protective effect of a milk diet which 
has been shown to ha ve a suppressive effect on blood-induced P. berghei infection 
in rats (Maegraith, Deegan & Jones 1952) and in P. cynomolgi infections in rhesus 
monkeys (Bray & Garnham 1953). 

A state of premunition follows for the duration oflife. True holoendemicity is 
recognized by a high spleen rate of 70/;; or more in children, decreasing la ter in 
life (Wilson, Garnham & Swellengrebel 1950). Infants suffer severely from 
overt malaria and there is an appreciable mortality. Adults do not suffer from 
malaria and are apparently quite healthy. There are varying degrees of endem
icity and in less endemic areas the acquisition of immunity is dclayed until after 
puberty and adults may suffer from actual fever. Various forms of partial or 
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unsuccessful control of transmissionmay alter the immunological state of people 
so that the premunitionmay be lessened with the development of much malaria. 

Premnnition can be lost by residence in a non-malarious area, and severe 
attacks may be expected after return to the former malarious area (Colbourne 
1955). Premunition is also found in P. vivax malaria; Blackburn (1948) records 
repeated artificial infections producing a statc of solid clinical immunity in which 
perfectly fit individuals showed no splenomegaly and in whom P. vivax para
sites could be demonstrated in the blood at any time. 

IMMUNOPROPHYLAXIS 

The state of premunitionnaturally prevents the disease and protects populations 
against the worst effects of malaria! infection. In the absence of any plan to 
eradicate the disease completely this form of immunity cannot be bettered. 
Protection of the people is obtained at the cost of high infantile mortality. A 
combination of premunition and limited chemotherapy is the practice in most 
holoendemic arcas of the tropics. Complete cure is not attempted and anti
malarial drugs are used in just sufficient quantities to keep symptoms down 
without disturbing the state of premunition of the population. In recent years 
the appearance of drug-resistant parasites and insecticide-resistant mosquitoes 
has made the search for some form of immunoprophylaxis urgent. The use of 
artificially induced immunity has been confined in man to passive immuniza
tion, although active immunization has been achieved experimentally in birds. 

PASSIVE IMMUNIZATION 

Immune serum may be used in the treatment of malaria. The protective effects 
of immune serum against the erythrocytic stages of P. knowlesi infection was 
demonstrated in monkeys (Coggleshall & Kumm 1937), and in man (Coggles
hall 1940). Immune y-globulin from West African adults was used to treat 
young children infected with the West African strain of P. Jalciparum. The glob
ulin was effective in reducing the fever and parasitaemia and was active against 
the dividing schizonts and merozoites. There was no action against gametocytes 
and relapses were not prevented (Cohen, McGregor & Carrington 1961; 
McGregor, Carrington & Cohen 1963). 

This action of immune y-globulin is probably only against the homologous 
strain of P. Jalciparum, since pooled immune y-globulin from West Africa hada 
suppressive and prophylactic effect in splenectomized chimpanzees only when 
they were infected with a West African strain of P. falciparum. No action was 
found against a drug-resistant South-east Asian strain (Sadun et al 1966). 

In view of the development of drug-resistant strains of malaria in some areas 
of the world it is possible that a combination of antimalarial immunoglobulin 
with chemotherapy may be useful in the treatment of resistant strains of 
falciparum malaria. 
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AcTIVE IMMUNIZATION 

Active immunity could be induced against either the crythrocytic or sporozoite 
forms of the parasite, but studics in man and monkeys have been limited to 
investigations with preparations containing erythrocytic forms of the parasite. 

Active immunization against the erythrocytic stagcs and hence against blood
induced but not mosquito-induced malaria has been achieved in monkeys and 
ducks (Targett & Fulton 1965; Thompson, Freund, Sommer & Walter 1947). 
This active immunity is likely to be only strain and not species specific since a 
West African strain of P.jalciparum did not protect splenectomized chimpanzees 
against subsequent infection with a South-east Asian strain (Sadun et al 1966). 
An active immunity to the erythrocytic stages of malaria would not prevent 
the development of pre-erythrocytic forms in naturally acquired sporozoite
induced infections. Any immunity would have to last long enough to allow the 
pre-erythrocytic forms to die out. This could only happen with P. Jalciparum 
infections and reinfections would not be prevented. 

Anti-sporozoite immunity using inactivated sporozoites has been success
fully induced in fowls (Russel et al 1942) and the protection was against mosquito
induced infections. Better protection was provided when injections of immune 
serum and inactivated sporozoites were employed in combination (Russel & 
Moham 1942). 

The potential effectiveness of vaccines containing inactivated sporozoites 
with or without adjuvants has not been tested in man. Difliculties to overcome 
will be that such immunity may be only against the homologous strains 
(Taliaferro 1949; Brown & Brown 1965), and that the duration may be short 
lived. Since the amount and rate of development of immunity will depend 
upon the amount and duration of antigenic stimulus, the use of suitable adjuvants 
may be important. 

LEISHMANIASIS 

HoST SuscEPTIBILITY 

Many animals are susceptible to infection in the laboratory with human 
leishmania, and even Leíshmania adleri from lizards can cause a transient skin 
infection in man (Manson-Bahr & Heisch 1961). All ra~es of manare susceptible 
to cutaneous and visceralleishmaniasis; no racial, individual or innate resistance 
is known and freedom from infection depends mainly upon epidemiological 
factors. 

NATURE OF THE IMMUNE RESPONSE TO 

INFECTION 

Kala-azar is primarily an infection of the reticuloendothelial system; prolifera
tion of the cells of this system in which the parasite lives is the chief characteristic 
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of the disease. The chief clinical features of kala-azar such as splenomegaly and 
leucopenia are due to a blockage of the reticuloendothelial system with para
sites. Since the leishmania live in the phagocytes it is difficult to know whether 
these cells play any part in the defence of the body. In most parts of the world 
98% of cases of kala-azar will die if they are not treated. In so me cases resistant 
to treatment with all drugs, splenectomy cures the disease (Napier 1949; 
Manson-Bahr 1959) suggesting that in fact removal of the parasitized reticulo
endothelial system is ofbenefit and that cellular immunity plays little part in man 
in providing immunity against infection with L. donovani. 

Another immune mechanism in kala-azar is the skin sensitivity which develops 
in curcd cases of kala-azar and in abortive infections with rodent strains of L. 
donovani. This immunity prevents thc development of a primary skin lesion and 
thus the development of a visceral infection {Manson-Bahr 19 59, I9Ó 1). A similar 
immune phenomenon is seen in the development of post-kala-azar dermal 
leishmanoid, when a nodular rash appears during recovery from the disease 
which may disappear with relapses, only to reappear again with fmal recovery 
(Manson-Bahr 1959). 

It has long been known that famine, war and epidemic diseases are followed 
by outbreaks of kala-azar and this has been ascribed by Corkill (1949) to th.e 
activation of latent cases of kala-azar due to insufficient protein being availabie 
for thc formation of antibody. Sati (1958) has described patients from the Sudan 
in whom enlarged lymph glands containing leishmania are the only signs ofkala
azar; there is no visceral infection. He regards these subjccts as being in a state 
of premunition since they are well and do not suffer from disease. Many 
ambulant cases of kala-azar with a true visceral infection may be found on 
surveys (Manson-Bahr 1957) but these people if left untreated wiil eventually 
become sick and die. 

Dostrovsky (1934) has described a variety of L. tropica infection which he has 
called leishmaniasis recidiva. This is a chronic rclapsing lesion with a tuberculoid 
histology. When superinfection with L. tropica takes place the second lesion 
assumes the same histological appearances as the ftrst and both lesions fade 
together (Dostrovsky, Zuckerman & Sagher 1952). 

ACQUIRED IMMUNITY 

Acquired immunity in lcishmanial infections is nearly always a true sterilizing 
immunity. In oriental sore dueto L. tropíca a salid lifelong immunity is acquired 
when the lesions are a!lowed to run their natural course. No antibodies have 
been found in thc serum of people infected with L. ttopica; the immunity in this 
infection is probably a local cellular immunity in the skin activated by the para
sites which live and thrive in reticuloendothelial cells in the skin. 

In visceralleishmaniasis due to L. donovani a salid immunity is acqui.red after 
an attack of kala-azar independent of the stage in the infcction when drug 
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treatment is given; no true second attack of kala-azar has ever been described 
(Napier 1946). Humoral antibodies develop and can be demonstrated in the 
serum by complement fixation tests; they are not alone responsible for the high 
y-globulin values found in kala-azar. Experiments in hamsters ha ve shown that 
the increase in y-globulin is the result of parasite activity and not renal disease 
(Ada & Fulton 1948), and is caused by an abnormal parasitized reticulo-end
othelial system. 

There is no evidence that these antibodies can be transferred passively or that 
they provide a successful defence mechanism. In L. braziliensis infections an 
attack also confers an immunity for life against the homologous strain. 

IMMUNOPROPHYLAXIS 

Leishmaniasis is the protozoal infection in which active immmúzation has been 
used on the largest scale. Infection with a live parasite to produce a permanent 
active sterile immunity is the method employed. 

'L. TROPICA.' ÜLD WoRLD CuTANEous 

LEISHMANIASIS 

Active immunization against oriental sore due to L. tropíca infection is an 
established method of control. Following the ancient practice of inoculating 
children with material from sores on a covered portion of the body to prevent 
unsightly scars, artificiallesions ha ve been produced using material from sores or 
cultures of L. tropica. In these lesions, nodules and not ulcers form at the si te of 
inoculation (Katzenellenbogen 1944; Adler & Katzenellenbogen 1952). 

The development ofimmunity to cutaneous leishmaniasis from vaccination is 
a slow and gradual process. Vaccination conveys immunity only provided the 
disease is allowed to run its course; if the lesion is excised the immunity does not 
develop (Mosshkovsky 1942). Superinfection can take place during the develop
ment ofimmunity; the new lesions are sinúlar in structure to the originallesion 
and disappear at the same time. The cellular infiltration has a tuberculoid struc
ture, with few or no parasites. This is an allergic reaction on the part of the host 
whichappears with thedevelopment ofimmunity(Kolesnikov&Djafarov 1941). 

This immunity is not complete until the lesion has completely healed and no 
parasites are present, a period of usually 4-6 months (Berberian 1944). The 
immunity is solid and lifelong and is a true sterilizing immunity since leishmania 
cannot be found in the skin; in only one out of 167 vaccinations was reinfection 
proved (Katzenellenbogen 1942), and this was the only one in 17 years' experi
ence in Palestine. A reaction of hypersensitivity with immunity to reinfection 
has been clearly demonstrated in individuals immune to L. tropica (Berberian 
1944; Adler & Katzenellenbogen 1952; Ansari & Mofidi 1950). 

Vaccination is a useful means of prophylaxis in the field and has considerably 
reduced the incidence of oriental sore in hyperendenúc arcas (Katzenellenbogen 
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1944). It is widely nsed in the Central Asían republics of the U.S.S.R. against the 
zoonotic forms of L. tropica infcction (Sokolova 1940; Mosshkovsky 1942). The 
zoonotic strain of L. tropíca var. maJar is used for vaccination since it protects 
against the urban strains of L. tropica var. mínor, but not vice versa (Kozhevnikov 
1959). 

'L. BRAZILIENSIS.' 'L. MEXICANA.' NEW 

WoRLD CuTANEous LmsHMANIASIS 

Immunity in New World cutaneous lcishmaniasis is complex, since there are 
at least two sub-species of parasite L. mexicana and L. brazilíensis. 

No second attacks of cutaneous leishmaniasis occur with the homologous 
strains. Therc is some cross-immunity also between L. mexicana and L. tropica 
since it was not possiblc to infectan individual with L. mexicana who had had 
L. tropica infection previously (Adler & Gunders 1964). 

A positive leishmanin test denotes resistance to superinfection and Pífano ( 1962) 
found that individuals who were leishmanin positive could not be infected with 
living Leishman donovani bodies or cultures of the local strain of L. braziliensis. 

Attempts have been made to induce an active immunity in South American 
ltishmaniasis using killed cultures of L. brazilíensis and some protection was 
shown (Pessoa & Barrctto 1944). More than one injection was necessary. If a 
true cross-immunity does in fact cxist between L. mexicana and L. braziliensis 
then it has been suggested that in areas where the more severe metastasizing 
form of the disease is found, pcople should be immunized with the relatively 
harmless non-metastasizing L. mexicana. 

'L. D ONOV ANI.' VISCERAL LEISHMANIASIS, 

KALA-AZAR 

Manson-Bahr (1959) demonstrated that a primary skin lesion which occurs in 
kala-azar could be prevented if a skin immunity was first cstablished. This im
munity could be produced by the intradermal inoculation of leishmania 
isolated from wild rodents which caused only dermal and not visceral infections 
in man. From 6 to 8 weeks after the establishment of a skin nodule, the intra
dermal skin reaction to leishmanin became positive and an immunity to subse
quent challenge from human strains of L. donovani was demonstrated, although 
unprotected controls developed kala-azar. Subsequent trials on a large number 
of volunteers showed that these rodent strains were quite safe and did not cause 
visceral disease (Manson-Bahr 1961). 

However, field trials of the vaccine did not show any protection probably 
owing to a loss of virulence on the part of the culture used. It was shown, how
ever, that a positive leishmanin test indicated a considerable degree of protec
tion against naturally acquired kala-azar (Manson-Bahr unpublished). 
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AFRICAN TR YP ANOSOMIASIS 

HosT SuscEPTIBILITY AND EPIDEMIOLOGY 

Human trypanosomíasís 
Manis susceptible to natural infection with T. rhodesíense and T. gambiense sub
genus Trypanozoon (Hoare 1964). A third species of this subgenus, T. bruceí, 
infects a large numbcr of spccics of animals but not man. These three species of 
Trypanozoon are indistinguishable morphologically and represent clinical and 
ecological entities. Animal rescrvoir infections of T. rhodesíense ha ve been sug
gested on epidemiological evidence (Jackson 1955), and confirmed by the iso
lation of strains capable of infecting man from bushbuck (Heisch, McMahon and 
Manson-Bahr 1958) and from cattle (Onyanga, van Hoeve and de Raadt 1966). 
An animal reservoir of T. gambíense so far has not been established although it 
would scem likcly to exist on epidemiological grounds. lnapparent infections 
with T. gambiense lasting for many years may be important in thc spread of this 
diseasc (Ccccaldi 1941). 

Rccently the two human infecting species have been distinguished immuno
logically by the presence ofhcterophilc antibodies which occur only in persons 
infected with T. rhodesíense (Houba & Allison 1966). This finding suggests that 
this trypanosome perhaps may contain Forsmann-like antigens which may help 
to identify this organism. 

Animal trypanosomiasís 
The most important clinical infections of sheep and cattle are due to T. vívax 
and T. congolense and although cattle are commonly infected by T. bruceí this 
organism does not cause noticeablc clinical symptoms. Pigs are highly susceptible 
to T. símíae and die very soon after infection. All these trypanosomes are trans
mitted cyclically by tsetse flies (Glossina) but mechanical transmission by other 
biting flies may occur. T. evansí which causes Surra in camels is transmitted by 
mechanical vectors only and is not able to infect tsetse flies. Horses become 
infected venereally by T. equiperdum. Wild game animals are susceptible to 
many species of trypanosomes to variable degrees and they form the most 
important reservoir of the trypanosomes of cattle and sheep and to sorne 
extcnt ofhuman trypanosomiasis with T. rhodesíense. Most wild animals show a 
marked tolerance to infection and thus facilitate the transmission of the parasites 
by carrying the organisms in thc blood stream without apparently being affected 
by them. 

NATURE OF THE IMMUNE RESPONSE TO 

INFECTION 

The immune response to infection is very rapid and humoral antibodies 
(agglutinins, precipitins, complement-fixing antibodies and lysins) reacting 
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with the infecting strain persist for the duration of infection in experimental 
animals. Antigenicity of crude extracts of T. rhodesíense was associated mainly 
with IS and 4s proteins, but mainly with the latter, which are mostly of cyto
plasmic origin (Brown & Williamson 1962, 1964). 

The marked ability of the organism to vary its antigenic character consider
ably complica tes the nature of the immune response. Infection is characterized 
by successive waves of different antigenic variants which in tum induce the 
production of variant specific antibodies. The serum of an infected animal in 
the clinical stages of the disease thus contains antibodies reacting with all the 
variant antigens which have been produced during infection, but in the early 
stages of the disease the serum contains antibodies only to the infecting strain. 
It seems that the formation of antigenic variants is provoked by the antibody 
response of the host and this mechanism ensures the persistence of the infection 
of the host (see Gray 1962). 

The trypanosomes release certain antigens in the blood during their multi
plication in the host. These soluble antigens, called 'exo-antigens' (W eitz 1960), 
induce protection only against homologous antigenic variants. Antigens which 
are obtained from mechanically homogenized trypanosomes recovered from the 
blood give rise to humoral antibodies cross-reacting with other species or strains 
but induce active protection only against the homologous variant (W eitz 
1963 a, b; Miller 1965). If a variant strain is transmitted to another host by a 
mechanical transmission it usually causes initially an infection with the same 
variant antigen, but when the strain is transmitted cyclically through tsetse flies 
the antigcnic nature of the infection reverts to that of the original strain (Gray 
1965). These findings ha ve important bearings on the development ofimmunity 
in trypanosomiasis beca use a host, although immune to a number of variants 
from a previous infection, may not be protected against infection with other 
variants which would proliferate immediately after transmission (Weitz 1964). 

Although these complex mechanisms have been studied mostly with T. 
brucei strains in laboratory animals the pattern appears to be similar with other 
trypanosomes. The exo-antigens of T. congolense, T. rhodesiense, T. vivax or 
T. gambiense also ha ve been described. The pattem of antigenic variants in goats 
naturally infected with T. brucei is similar and variants of T. congolense and T. 
vivax have been established. It thus seems that the same mechanisms operate in 
the natural disease to some extent at least, and is largely responsible for the 
characteristic periodicity of the disease in many hosts. 

ACQUIRED lMMUNITY 

In human trypanosomiasis there is no evidence of an acquired immunity. 
Patients who have been cured by any treatment have relapscs sometimes many 
years later, but it is not always clear if these are due to reinfections or to the 
recurrence of latent infection. Antibodies which may be present as the result 
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of infection may thus be merely of diagnostic and epidemiological significance. 
For the reasons already stated vaccines are not likely to be of much value 

except on a theoretical basis in a rapid epidemic when a given strain spreads 
before antigenic variation has time to occur. However, to date, due to the 
difficulty of cultivating suitable organisms in vitro, there is no hope of any form 
of practicable vaccination in man. 

In animals some evidence of immunity, acquired following the treatment of 
cattle with drugs, has been described (Bevan 1936; Browning & Calver 1943; 
Soltys 1955; Whiteside 1962). The time interval between each treatment with 
the drug and reinfection in the field becomes progressively longer. When the 
cattle were removed from the infected area the time interval reverted very soon 
to the original short incubation period. These findings indicate an acquired 
resistance which was reinforced by natural infection. The same principie has 
been described (Chandler 1952, 1958; Desowitz 1959) in N'Dama cattle, a 
naturally resistant breed, in Nigeria. Such cattle were normally insusceptible to 
challenge with T. vivax but they suffered from acute trypanosomiasis with 
eventual self-cure when they had been born and bred outside tsetse By infested 
country. The virulence of the disease depended on the intensity of the natural 
challenge before the experimental infection was given. In contrast, domestic 
pigs, which are complete! y susceptible to infection with T. simiae, die before any 
immunity can develop. 

IMMUNOPROPHYLAX1S 

It is evident that no form of vaccination treatment is possible against trypanoso
miasis. However, prophylactic drug therapy combined with subsequent 
therapeutic treatment when drug resistance develops, confers immunity in some 
hosts lasting up to 6 months. The disease therefore is controlled by a combination 
of drug therapy, tsetse By control and by preventing access to infected areas. 

AMERICAN TRYPANOSOMIASIS (CHAGAS' 

DISEASE) 

T. cruzi introduced by the triatomid bug enter cells and multiply intra-cel
lularly as the leishmanial form; the parasite may be finally destroyed by pllago
cytosis (Pizzi 1957). Trypanosomes occur but do not multiply in the blood as in 
African trypanosomiasis. Cultures of T. cruzi are infective and may be used to 
assay experimental immunity in laboratory animals. 

An antiserum prepared from a horse immunized with T. cruzi failed to pro
tect mice (Voller & Shaw 1965). Killed cultures are not efficient immunizing 
agents although specific humoral antibodies may be produced (Seneca et al 
1964; Muniz et al 1946; Hauschka et al 1950; Johnson et al 1963). 

Trypanosome cultures disintegrated by sonic oscillation or other mechanical 
means protect mice for about 4 months (Goble et al 1964). The antigens of T. 
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cruzi cultures are complex but the immunogenic activity occurs mostly in a 
toxic fraction extracted with 88/o phenol (Seneca & Peer 1966). 

OTHER PROTOZOAL DISEASES 

The serological aspects of the following protozoal diseases are discussed fully 
in Chapter 5 on Sera-diagnosis. Practica! immunoprophylaxis in these diseases 
has either not been fully developed, or is still in the experimental stages. Thc 
present knowledge on the mechanisms of immunity is summarized below. 

CocciDIOSIS 

The differences in the immune response to infection depends on the species of 
coccidia concerned and on the nature of the tissues which are invaded. Thus 
Eimeria stíedae, infecting thc epithelial cells of the bile ducts of rabbits, promotes 
a more rapid and more prolonged immune response than the infection of fowls 
by E. tenella which invades the cells of the intestine only. Rabbits given a single 
large but subclinical do se of oocysts of E. stiedae develop a complete resistance to 
reinfection lasting for severa! years. The same treatment of susceptible fowl 
with E. tenella provides only a partial immunity and severa! doses of oocysts are 
necessary to produce a complete but transient resistance to reinfection (Horton
Smith, Bcattie & Long 196r). 

The sera of animals thus made resistant contain precipitins and complement
fixing antibodies which are, however, not increased by a large experimental 
challcnge with oocysts (Rose 196r; Rose & Long 1962). Evidence of a humoral 
transfer of immunity in which these antibodies were not concerned was ob
tained by Horton-Smith, Beattie & Long (r96r). One of the paired caeca of sus
ceptible fowls after being ligated and severed was infccted with sporozoites. 
Subsequent challenge by mouth with oocysts, or intracaecally with sporozoites 
failed to infect either caecum. The passive transfer of the serum or its globulin 
fractions failed to protect other birds, showing that the transfer of immunity 
from one caecum to the other was probably effected by cellular elements in
filtrating the si te of infection. Immunoprophylaxis of the disease is thus possible 
experimentally but has not been applied to livestock in the field. As young 
animals are mostly susceptible the disease is controlled during early life by suitable 
coccidiocidal drugs in the food or water. Such animals usually develop a resis
tance under the stimulus of natural infection thus controlled. 

BABESIASIS 

The immunity of cattle to infection with various species of Babesia is mainly 
acquired. Cattle reared in non-enzootic areas are highly susceptible but newborn 
calves are naturally tolerant and show little or no clinical symptoms. The pro
tection of young calves in endemic arcas is transferred by the colostrum from 
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immune mothers (Hall 1960, 1963). Although complement-fixing antibodies 
are present in the colostrum and serum of immune animals their significance in 
relation to immunity is not clear (Riek 1963; Mahoney 1962). Immunity in 
adults results from previous infection. When clinical symptoms disappear, 
whether spontaneously or after drug treatment, a non-sterile immunity of 
variable duration persists. 

In endem.ic areas the premunity appears to be strain-specific and when cattle 
are moved to a different locality, even within an enzootic area, they may devclop 
the disease (Neitz 1956). 

Susceptible cattle before entering an enzootic area are vaccinated by an 
injection of blood from cattle infected with the species of Babesia present in the 
infected area. This form of live vaccination may cause clinical symptoms and if 
these are severe drug treatment may be necessary. On recovery the animals 
remain premune for variable periods but at least for a few months. 

The effect of such vaccination varíes depending on a large number of factors, 
e.g. the age of the vaccinated animals, the species of Babesia employed and the 
weight of infection which vaccinated animals may subsequently ha veto bear. In 
Sweden, Bodin & Hlidar (1963) estimated that the mortality of vaccinated cows 
in endernic areas was 0.12/;; comp;¡red with 6-12/;; in unvaccinated animals, 
but in Peru, premunity does not develop (Seifert 1962). 

TüXOPLASMOSIS 

The numerous serological studies on man and animals infected with Toxoplasma 
gondii are essentially of epidemiological or diagnostic interest. No effective fonn 
of immunization is available but infected hosts appear to develop a lasting 
premunity. 

TRICHOMONIASIS 

The immune reactions to Trichomonas.foetus in cattle are peculiar due to the local 
nature of the infection in the genital tract. Local muco-antibodies are produced 
by cells in the vaginal tractindependently of the other antibodyreactions (Pierce 
1953, 1959) and these can be measured by a specific agglutination test with the 
vaginal mucus (Kerr & Robertson 1941; Pierce 1947). When T . .foetus or its 
antigenic extracts are present in the uterus antibody is produced in the uterine 
mucus (Kerr & Robertson 1947). 

Hypersensitivity of the uterine tissues appears after repeated introduction of 
the antigen or following passive sensitization of the uterine wall with immune 
serum. Following the local development of antibody, circulating antibodies 
appear in the blood stream which eventually become fixed in skin tissues and 
provoke an anaphylactic type of reaction on the intradermal injection of a 
polysaccharide extract of the cultivated organism (Feinberg & Morgan 1953). 



PROTOZOAL DISEASES 1247 

This complex but perhaps unique immune reaction to infection is of im
munological interest but does not appear to play any part in altering the cmme 
of the disease. 

THEILERIASIS 

The natural but variable snsceptibility of different races of cattle may be due 
to a local sclection of resistant animals. Calves are apparently Icss susceptible 
than adults and although passive immunity is acquired from the colostrum, 
immunity is passed from non-susceptible dams by other means. Vaccination 
with live strains of Theileria annulata from infected animals has becn successful in 
reducing the mortality of the disease (Sturman 1959). Artificial immunity 
against Th. parva is more difficult as injections can only be successful by tick 
passage and only a strain of Th. parva of mild virulence such as isolated by Barnet 
& Brocklcsby (r96r) could be used for active immunization of cattle in East 
Africa with or without the use of drugs. 
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CHAPTER 47 

IMMUNOPROPHYLAXIS OF 
HELMINTH DISEASES 

E.J.L.SOULSBY 

INTRODUCTION 

GENERAL PRINCIPLES OF IMMUNITY TO 

HELMINTHS 

PROPHYLAXIS 

Use of standardized doses of normal infective larvae: Use of related 
species of helminths or species with reduced virulence: Use of arti
ficially attenuated infective stages: Use of materials from parasites 
cultured in vitro 

INTRODUCTION 

Though the incidence of hclminth infection in man is low in Great Britain, 
elsewhere, particularly in tropical arcas, it is rampant and brings ill health and 
carly death to millions every year with unrelenting persistence. In these areas 
it is of some importance that diseases such as schistosomiasis, filariasis, ascariasis 
and hookworm be controlled since they lead to a stagnation of economy and 
populations with a morale which is moribund. 

Of no less importance are the helminth diseases of animals since they represent 
a serious drain on the food supply in areas where it can be least afforded. The 
control of such disease is of as much importance as the urgency to grow more 
crops and raise more animals. Previously, control depended and still depends 
mainly on the use of antihelminthic drugs and hygiene. Prophylactic measures 
are urgently needed and immunological methods, as in other infection, may 
offer the best means for long-term control. 

In a large number of helminth infections it is known that the host develops 
an acquired immunity and within recent years there has been much interest in 
the production of immunity artificially for control measures. This is best exem
plified by the development of a commercially produced X-irradiated larval 
vaccine for the control of cattle lungworm disease (Jarrett et al 1958). 
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This vaccine has now been used on severa! hundred thousand or more cattle 
with very satisfactory results. 

GENERAL PRINCIPLES OF IMMUNITY 
TO HELMINTHS 

The immunological response of a host to helminth infection does not appear to 
differ from that which occurs with any other type of infectious agent. The 
physical and chemical properties of antibodies appear to be the same and the 
cellular response is comparable except that the eosinophil is frequently present 
in large numbers in lesions associated with helminth infection. The immune 
response probably follows more closely that applicable to an invasive infectious 
agent rather than an infectious agent producing its ill effects by intoxication. 

In some infections (e.g. the larval stages of severa! cestodes, the adult stages of 
some hymenolipid cestodes, the nematodes Trichínella spiralis, Nippostrongylus 
brasiliensis, Ascarís suum and Dictyocaulus víviparus) thc passive transfer of 
immunity by serum has been possible, though in some cases large amounts of 
serum were necessary to accomplish this. With D. vivíparus, for example, the 
equivalent of 4·5 litres of immune serum was transferred. 

In many other infcctions, however, it has not been possible to demonstrate 
any satisfactory transfer of immunity either artificially or under natural con
ditions. Thus, sheep produce antibodies to their gastro-intestinal nematodes and 
these antibodies can be detected in the colostrum of ewes and in the sera of 
lambs which suckle them. No protection is afforded the lambs by this passive 
transfer of antibody. In fact the role of circulating antibody in immunity to 
helminths is by no means clear, and it may be mercly an accompanying pheno
menon of the immune reaction in some instances. A limited number of experi
ments ha ve demonstrated successful transfer ofinununity by lymphoid cells, and 
this has raised the possibility that immunity to helminths may be based on 
'delayed hypersensitivity' mechanisms. 

A widc range of scrological cross-reactions occurs betwcen parasites of various 
families and even certain orders, and these have becn used for diagnostic tests 
(sce Chapter 6). Protective immunity, on the other hand, does not show this 
wide range of cross-reactions, and it appcars to be fairly specific. There are 
examples where species within a genus will immLmize against one another, but at 
the generic level it is more usual to fmd little or no cross-immunity. For cxample 
sera from shecp immune to either Trichostrongylus spp. or Haemonchus contortus 
will react with antigens from either spccics, but protective immunity to Trí
chostrongylus spp. is distinct from that to H. contortus and vice versa. Again, T. 
spiralis gives serological cross-reactions with Schistosoma rnansoni, but animals 
immunized against T. spiralis are not protected against S. mansoni infection. If 
the antigens which are responsible for these serological cross-rcactions were also 
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responsible for protective immunity, then it would be expected that one parasite 
would induce resistance to another which shared common antigens. This does 
not occur. It is probable, therefore, that the antigens responsible for serological 
cross-reactions are not concerned in protective immw1ity but others, of a more 
specifrc nature, associated with the living parasite, induce it. -

Protective immunity is best induced by a living parasite. Not only must the 
living parasite be present in the host, but also a certain degree of development of 
the parasite must occur before protective antigens are produced. In several 
nematode infections this degree of development appears to include at least one 
moulting phase, this apparently being the time when the protective antigens are 
released. It is also the time when the parasite is adversely affected by the host. 
Experimental work with Ascaris suurn in guinea-pigs and rabbits has shown that 
infective larvae behave for the first few days of an infection in an immune 
animal as if they were in a normal animal. Such larvae are able to maintain 
themselves and grow, but their numbers very rapidly decrease when they reach 
the moulting period. 

The effects of immunity on helnúnths are varied and depend to a great extent 
on the degree of immunity that is present. These effects range from a complete 
refractoriness to infection, through inhibition of larval development to the 
inhibition of egg production by adult worms. When egg production is inhibited, 
the adult worm remains in the body and may, when immunity falls, recom
mence egg production. Similarly, this reversibility of the reaction is seen in 
inhibited larvae. Inlúbition frequently occurs just before or just after a moulting 
period, and larvae remain 'dormant' so long as the immune status remains high. 
If it falls or if the larvae are transferred to a normal animal, then the inhibited 
larvae recommence development. With many helminths, immunity is short 
lived and can wane comparatively rapidly in the absence of stimulating antigen. 

Little is known regarding the nature or the source of the protection-inducing 
antigens. A variety of reactions between immtme serum and various develop
mental stages of hclminths can be demonstrated in vitro, but these do not 
necessarily indica te that a comparable reaction opera tes, or is important, in vivo. 

The demonstration of immune precipitates at the various external orífices of 
nematode larvae by Sarles (1938) led to the postulate that the 'metabolic pro
ducts' (excretory and secretory materials) which diffuse from these orífices were 
the protective antigens. Further support for this view came from the fact that 
circumlarval precipitates wcre demonstrated in vitro. It was envisaged by some 
workers that in an immune animal the 'metabolic products' are precipitated by 
antibody as they diffuse from the various natural orífices of the parasite such as 
the mouth, excretory pore and anus. It was suggested that this results in the 
patasite being immobilized or retarded in development, and it is then surrounded 
by infl.ammatory cells which act as scavengers when the worm dies. 

If the metabolic products are of outstanding importance in immunity to 
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helminths, it would be expected that vaccination of animals with them would 
lead to a high degree of resistance. Sorne success in this direction has been 
achieved with antigens obtained from parasites cultured in vitro (Soulsby 1963a), 
but when 'metabolic products' are obtained from short-term incubares of 
helminths, the immunity induced by these is usually of a very much lower 
order than that produced by natural infections. However, it is generally difficult 
to collect metabolic products in large amounts, and usually they are available 
only from a limited phase of development of the parasite. In addition, it is likely 
that such materials contain a large variety of enzymes, and the collection of them 
may result in their deterioration by the action of the enzymes contained thcrein. 
No satisfactory work exists to date to indicare the nature or origin of thesc 
substances though their amino-acid composition has been studied by certain 
workers. It is difficult to define exactly what is meant by the 'metabolic products' 
of worms, and in the final analysis possibly all helminth antigens can be regarded 
as such. 

Several years ago, Chandler (1953) suggested that protective antigens might 
be enzymatic in nature. Undonbtedly numerous enzyme systems exist in a 
helminth, and these could function as antigens. However, it remains to be 
determined whether such enzymes become available to the host during the life 
cycle of the helminth. It may well be that there are special periods, such as the 
moulting phase, when they immunize the host and are also affected by the 
immune mechanisms. A malic dehydrogenase from the pig Ascaris suum has 
been shown to induce specific antibodies which inhibir the enzyme activity and 
also precipitare with the purified cnzyme (Rhodes et al 1965). Antibodies to 
malic dehydrogenase could not be stimulated in guinea-pigs by crude extracts of 
A. suum or by vaccinating guinea-pigs with infective eggs; however, guinea-pigs 
immunized with purified malic dehydrogenase showed sorne protection against 
A. suum infection as compared with control animals. 

Any method of active prophylaxis must obviously provide the protective 
antigens to the animal, and the methods which might be used to induce func
tional immunity artificially are as follows: 
r. The use of standardized doses or normal infective larvae. 
2. The use of related species of parasites or those with naturally reduced 

virulence. 
3. The use of artificially attenuated infective stages. 
4· The use of materials from parasites cultivated in vitro. 

The use of immune serum as a prophylactic in helminth disease is of little 
value. In certain experimental trematode and cesto de infections, passive transfer 
ofimmunity gives satisfactory immunity (e.g. Cysticercus Jascio[aris and Hymeno
lepis nana var. fraterna). In other helminth infections, however, and particular! y 
with the nematodes, passive transfer of immune serum results in but a low 
degree of immunity and is certainly not applicable on a therapeutic level. 
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PROPHYLAXIS 

USE OF STANDARDIZED DOSES OF NORMAL 

INFECTIVE LARVAE 

It is generally inapplicable, on a wide-scale basis, to consider the use of such a 
system. In nature, however, this is the means whereby a host is immunized 
against its helminth burden and a parasitc undergoes normal development in 
the host, the necessary protective antigens being produced by the various 
developmental stages. One majar drawback is that if living larvae are used as 
immunizing agents, they may give rise to the disease against which protection 
is desired. It would be difficult to standardize a dose for all individuals and 
particularly the young, which may be overwhelmed by the infection. In 
addition, since normal infective stages would produce a patent infection, the 
use of such a system may result in the initiation of infection in an otherwise 
normal population of hosts and leacl to the introduction of the disease rather 
than to the control of it. 

Nevertheless, it may be possible to use this system if the normal infection is 
terminated atan appropriate point by an anti-helminthic with a markedlarvicidal 
effect. This has been accomplished experimentally with Ascaris suum in the rat, 
infection being terminated after the first few days by high doses of thiabenda
zole. Subsequently, such rats were highly resistant to a challenge infection 
(Campbell & Timinski, 1965). Work with other species of nematodes has 
indicated the feasibility of this, and the technique has been applied to the freld 
control of parasitic bronchitis of cattle (Dictyocaulus vivíparus) in that calves are 
treated with diethylcarbanazine as soon as clinical signs of parasitic bronchitis 
appear. This drug kills the larval stages of the parasite without interfcring with 
thc acquisition of immunity. 

In domestic animals, thc use of a carefully controlled pasture management 
system can do much to immunize animals satisfactorily against helminths. This 
allows animals to acquire a limited number ofinfective larval stagcs wbich could 
be regarded as a number of standardized doses. Under conditions of good 
management, a satisfactory immunity to gastro-intestinal nematodes is pro
duced which not only equips the individual animals with an ability to withstand 
severe challenge but also leads to thc control of gastro-intestinal nematodcs in 
the herd or flock as a whole. 

It is unlikely that immunization with standardized doses of normal infective 
larvae will be applicable to the parasites of man. Nevertheless, an increasing 
resistance to helminths is seen in different age groups of population, and under 
endemic conditions it appears that helminth-host parasite rclationships of man 
are not dissimilar to those of domestic animals. 

In natural immunization the infective stage cnters the body by the natural 
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route, normally the mouth, or by skin penetration in the case ofhookworms and 
schistosomes. During development a certain amount of pathological change may 
occur in various tissues or organs through which the developmental stages pass. 
Indeed, in sorne cases it is likely that enough antigen will be produced only by 
numbers of migratory stages which in thei'r turn produce an cquivalent amount 
of pathological change as they develop. In order to avoid this, and at the same 
time provide an animal with larger numbers of parasites than it would withstand 
normally, attempts have been made to stimulate immunity by introducing 
infective stages by an abnormal route. For example, Soulsby (1957) has shown 
that a satisfactory immunity to Ascarís suum can be produced if infective eggs of 
this parasite are injected subcutaneously. A number of the eggs hatch at the sub
cutaneous site and undergo a local migration in the tissues, but a rninimal 
number also undergo a delayed migration to the ltmgs of the animal. By this 
method, doses in excess of the lethal dose can be given, the larvae undergo 
developmcnt without affecting the animal in an adverse clinical manner, and 
yet the animal is provided with the necessary protective antigens to induce a 
good immunity. 

A similar technique has been employecl by Gemmell (r966) to produce 
immunity to the larval stages of Echínococcus granulo sus, Echinococcus multilocularís 
and other cestodes of dogs in sheep and rabbits. Eggs, or the embryos from the 
eggs activated by artificial digestive mixtures, of these parasites were injected 
into a foreign site. Preliminary studies also indicated that the intravenous or 
intra-muscular injection of artiflcially activated embryos of E. granulosus may 
produce a degree of protection against the adult phasc of E. granulosus in the 
intestinc of dogs. 

USE OF RELATED SPECIES OF HELMINTHS OR 

SPECIES WITH REDUCED VIRULENCE 

This method of vaccination has been used widely in other infections. However, 
in helminth diseases only a limited amount ofinformation is available concerning 
thc value of related species as immunizing agents. 

Gemmell (1964, 1966) has been able to demonstrate cross-protection between 
the two sheep metacestodes Taenía hydatigena and Taenía ovis and in addition he 
has found the activated embryos of these species protccted sheep against the 
'post-encystment' phase of Echinococcus granulosus. Though it might be expectcd 
that the closely related forms, E. granulosus and E. multilocularis (of wolf and 
microtine rodents), would share common protective antigens, this is not so 
(Rausch & Gemmell 1966), rather the degree of protective antigen sharing be
tween taeniid cesto des seems more related to the closeness of the hosts parasitized 
than to the generic relationships of them. Thus, dog-sheep related fonns showed 
more protective antigenic relationship to sheep metacestodes than dog-rodent 
related forms. Though much work still remains to be done on these species 
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there scems a real possibility of a 'vaccine' for echinococcosis at some time in the 
future. 

There has been little investigation of the use of strains of parasites with reduced 
virulence for the production ofimmunity. There are, however, some indications 
that such forms may be of value in immunization. 

The use of helminths of lower animals to stimulate immtmity to related 
species in man has received attention recently. Infections with animal schisto
somes in man (e.g. Schistosoma bovís, Schistosoma índicum, etc.) are uncommon and 
usually abortive. Ncvertheless, continued exposure to the cercariae of these non
human species may possibly influence the severity of natural infections with the 
more pathogenic human species (e.g. Schistosoma haematobium, S. mansoni). The 
term 'Zooprophylaxis' has been introduced to describe this phenomenon (Nelson, 
Teesdale & Highton 1962), and experimental studies have shown that sensitiza~ 
tion with heterologous species may induce so me degree of immunity against the 
more pathogenic species. 

The Formosan (non-human) strain of Schistosoma japonícum will induce 
immunity in monkeys and other animals against the Chinese and Japanese 
(human) forms of S.japonicum (Sadnn, Yamaki, Lin & Burke 1961). The For
mosan strain can induce immtmity without the presence of eggs in the tissues, 
and this is of importance since in using methods in this category, it is csseutial 
that the variailt which is used to produce immunity does not produce clinical 
disease and do es not initiate diseasc in an arca where the parasite has not previously 
existe d. 

A report by Allen & Samson (1961) indicated that the Haemonchus ftom the 
pronghorn antelope, which is rclatively non-pathogenic to domestic sheep, was 
capable ofinducing significant resistance toa challenge with the sheep strain of 
Haemonchus. Though the resistance was not as marked as with the homologous 
strain, other variartts from wild nuninants may give bctter protection with the 
same lack of pathogenicity. There may well exist in the wild fauna of the world 
strains of parasites that would stimnlate a good protective immunity of the 
more pathogenic forms of the specics. Howcver, these ha ve not been looked for 
with any vigour. 

UsE OF ARTIFICIALLY ATTliNUATED 

INFECTIVE STAGES 

The most popular method of attcnuation of infective larvae for the prodnction 
of a vacdne is the exposute of larva e to ionizing tadiation such as X-rays. As a 
result ofirradiation, the ability of infective stages to reach patency in the animal 
is greatly reduced or even eliminated, but at the same time a certain degree of 
development does occur, thus ensuring that the protective antigens are produced 
and are made available to the animal. Some of the earliest wotk on the effect of 
ionizing radiation on nematodes was carried out in 1916 by Tyzzer and Honeij, 
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who exposed encysted Tríchinella spiralis larvae to radium and rendered them 
non-infective to mice. Later it was found that when T. spiralís-infected pork 
which had becn exposed to X-irradiation was fed to rats they developed infec
tions with the parasitc but the X-rays had had a selective and destructive effect 
on the gonadic tissue of the adult Tríchínella. Relatively large doscs of X-rays 
prevented maturation of larvae to adult worms, but smaller doses permitted 
larvae to develop to structural, but not sexual, maturity. Later, Levine & 
Evans (1942) induced immunity in rats to reinfection with T. spíralis by feeding 
to them larvae that had been irradiated with3000-3750 r ofX-rays. This amount 
ofX-irradiation allowed the larvae to develop to maturity, but the majority of 
adult worms in such an infection were sterile. Subsequent work in the United 
States showed that rats fed larvae of T. spiralís which had been exposed to 
1o,ooo r from a cobalt-6o source developed a definite degree of immunity to 
reinfection with non-irradiated larvae. However, they found that if the dose of 
radiation was increased so as to prevent the majority of the larvae developing to 
the adult form, then little or no immunity resulted. In the case of T. spiralis, 
therefore, it appcars that it is necessary for the infective larvae to develop through 
to the adult stage before immunity is produced. 

In other nematode infections, development to the adult stage is not necessary 
for an adequate immunity response. In the case of Dictyocaulus viviparus and 
Haemonchus contorttls irradiated larval vaccines, it is necessary only for the early 
larval stages to undergo sorne development (Jarrett et al 1959, 1960). Since the 
adult stages of these parasites are responsible for a considerable amount of 
pathological damage, it is most advantageous that the adult stages are not 
necessary for a good immtme response. Too much irradiation is to be avoided 
since, with increasing doses of irradiation, the ability of the larval stages to 
develop and migrate is increasingly affected and a point is reached when little 
immunity results. Work with both D. vivíparus and H. contortus has shown that 
over-irradiation of larvae results in a loss of immunizing power. As well as 
providing a satisfactory method ofimmunization, irradiated vaccines can also be 
subject to strict control in production and can be standardized before issue for 
general use. Generally, there is little danger that a batch of vaccine will cause 
a patent infection and hence clinical disease in hosts. However, this eventuality 
should be recognized and guarded against. Where helminth disease is endemic, 
the patent infection resulting from irradiated larval vaccines would be of little 
significance beca use the degree of patency produced is always of a much lower 
order than that produced by a normal infection. On the other hand, where 
helminth disease is sporadic and depends to sorne extent on climatic conditions 
or on management, an insufficiently attenuated vaccine capable of developing to 
an adult and patent infection may lead to outbreaks of disease rather than control. 

Nevertheless, despite such difficulties a highly successful vaccine for the pre
vention of the lungworm disease of cattle has been produced. In this disease 
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infective larvae are acquired from pasture by grazing animals. After being swal
lowed the larvac penetra te the gut wall and migra te via the lymphatics or blood 
to the lungs where the immature and adult worm cause a severe pneumonia. If 
X-irradiated larvae are administered, it is found that there is an inverse relation
ship between the dose ofX-rays and the number of worms found in the lungs. 
A vaccine consisting of two oral do ses, at a month' s interval, of rooo infective 
Iarvae exposed to 40,000 r has given very satisfactory immunity and in this form 
is available commercially. 

As a result of the successful development of a vaccine against lungwonn 
infection in cattle, many studies ha ve been carried out on the effect of X-rays 
and y-rays on the infective stages of other helminth parasites. A commercial 
vaccine for the lungworm of sheep, Dictyocaulus filaría, has been developed in 
Yugoslavia and is used successfully for practica! control (Sokolié, Jovanovié, 
Cuperlovié & Movsesijan 1965). An indication that this method of immuniza
tion may be of value in hookworm in humans comes from comparable work on 
the hookworm (Ancylostoma caninum) of dogs. Irradiated larvae, given subcu
taneously on two occasions to dogs, successfully protects them from the clinical 
effects of a pathogenic challenge infection (Miller 1965). This form ofimmuniza
tion is also practica! in puppies which may acquire their infection prenatally 
from the pregnant dog. Experiments have shown that if an existing prenatal 
infection is removed by appropriate therapeutic treatment, the puppy can then 
be immunized successfully with the vaccine. It appears, therefore, that prenatal 
infection and exposure to the antigens of this parasite at an early age do not 
induce any prolonged immunological unresponsiveness. 

However, this is not necessarily the case with all parasitic infcctions, and a 
condition of immunological unresponsiveness has been induced experimental y 
in Cysticercus bovis infection in calves (Soulsby, 1963 b) and is seen naturally in 
young lambs to their gastro-intestinal nematodes (Soulsby 1966). Special 
measures will have to be adopted to overcome such immunological unrespon
siveness especially since clinical disease is most frequently seen in the young ani
mal. This is well exemplified with the abomasal parasite, Haemonchus contortus, 
which can cause severe losses in young sheep. An X-irradiated larval vaccine 
will induce a high level of immunity in sheep aged 7 months or more, but it 
fails completely to induce protection in lambs aged 3 months (Urquhart et al 
!966). 

The possibility for an irradiated larval vaccine for human hookworm infection 
has, until recently, been hindered by the lack of a suitable host in which to pro
duce infective stages for irradiation. However, the majar human hookworm, 
Necator americanus has been shown to infect dogs which have been given heavy 
doses of corticosteroids (Miller 1966), and it may now be possible to produce 
large numbers of infective larvae of the parasite for irradiation work. 

In the field of schistosomiasis, great encouragement for practica! immuniza-
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tion against the human infection has derived from thc work of the Hslis. Thesc 
workers fmmd that irradiated cercariae of Schístosoma japoniwm were able, 
following severa! immunizing exposures, to protect monkeys against challenge 
infection of S. japonícum (Hsü, Hsü & Osborne 1963). Even so, such results 
should be interpreted with caution since the immune response to schistosomiasis 
varíes greatly with the host for the parasitcs. In monkeys (Macacus mullata), for 
example, after ayear or more of infection a fairly sterile immunity is produced 
which may persist for 34 months, even following chemotherapeutic cure of 
Schístosoma mansoni infections. Some degree of protection has been observed in 
most hosts for sclústosomes, and it appears that S. japonicum is a more effective 
immunizing species than S. mansoni. There is a vast body of evidencc now avail
able which indicates that following infection with schistosomes, man develops 
some degree of acquired immunity to subsequent exposures, but this is not of a 
high order. 

Some indication of this variability of thc immune response to schistosomes is 
given by the work of Sadun, Bruce & Macomber (r964), who were unable to 
induce immunity in monkeys with irradiated cercariae of S. mansoní and by that 
of Hsü, Hsü & Osborne (r965), who failed to induce immunity in mice with 
irradiated cercariae of S. japonicum. 

In severa! studies with irradiated infective stagcs of helminths, it has been 
noted that irradiated forms may be better stimulators of immunity than the 
normal infective stages. The reason for this is as yet unclear; it may be dueto a 
prolongation of the important developmental stages, thus providing greater 
contact with the host, to the death of developmental stages in the host tissues and 
thus a greater availability of protective antigens, or to the helminth antigens 
becoming denaturcd so as to make them more foreign, and more antigenic, to 
the host. 

USE OF MATERIALS FROM PARASITES 

CULTURED in vitro 

Though no vaccine of this nature is available for use, the method of vaccination 
offers the greatest promise for the future. Materials prepared by such a technique 
should be capable ofbeing standardized and subjected to careful control. Therc 
is no danger that a patent infection will be produced and little danger that othcr 
infectious agents will be transferred by the vaccine. 

It is anticipated that the infective stages of a parasite will be cultured toa stage 
where they produce the protective antigens which would have been produced 
in the host if the larvae had been given as a normal infection. However, the 
situation may turn out to be that the provision of enough antigen even from the 
early stages would be satisfactory in producing immunity, whereas in normal 
infections the larval stagcs must progress to a certaín degrce of development 
before a sufficient amount of antigen is available. Using in vítro cultivation 
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techniques it is likely that substantially larger amounts of protective antigen can 
be produced and presented to an animal than would be able to occur under con
ditions of natural infections. If such an amount of antigen wcre to be derived 
from a natural infcction, it is probable that the animal would be overwhelmed 
by it. 

There ha ve been many attempts to induce protective immunity with antigens 
prepared from non-viable helminths, but, with few cxceptions, they have been 
unsuccessful. Many reasons have been given for these failures, but the principal 
one is that the protective antigens are associated with the living parasites and are 
possibly the excretory or secretory materials produced by the worms. Since it 
has been suggested that the protective antigens are enzymes, it would be expec
ted that only a limited amount of enzymatic protein would be available if an 
antigen was prepared from a dead parasite. In the past, however, physical con
ditions and techniques were employed which are now known to be deleterious 
to many macromolecular systems, and it may be that the protective antigens 
were indeed present in these preparations initially but were destroyed by the 
technique used in handling them. A few reports exist which indicate the 
successful use of antigenic materials from dead parasites for the induction of 
resistance. These include the parasitic tapewonns of laboratory animals and 
immunity has been induced to Trichinella spiralís by the intraperitoneal injection 
ofheat-killed larvae or dried, powdered adult worm material. 

Despite the obvious advantages of in l'itro produced antigcns for immuniza
tion, there are only a few encouraging reports about it. Silverman, Poynter & 
Podger (r962) were able to prepare antigens from the in vitro cultured larvae of 
Dictyocaulus viviparus, Trichostro11gylus colubriformis and Strongyloides papillosus 
which were highly effective in protecting guinea-pigs and rabbits against infec
tion and mortality from these species. Infective larvae were cultured until 6o% 
of them had reached the fourth larval stage of development; then the whole 
culture was lyophilized and injccted intraperitoneally with adjuvant. The anti
gens were rclatively stable and could be stored in sealed ampoules at róom 
temperature for severa! months. 

Comparable studies were reported by Soulsby (r963a) for the larval stages of 
Ascaris suum. Third-stage A. suum larvae, harvested from the lungs of rabbits 7 
days after infection, were cultured in vitro for 4 days. Guinea-pigs, which were 
vaccinated twice subcutaneously with various antigens preparcd from thcse 
cultures, along with Freund's complete adjuvant, showed good protection 
against a challenge dose of A. suum eggs. Protection was good with whole cul
ture, culture fluid alone or larval bodies alone, which indicated that the protective 
antigens werc not solely secretory or excrctory in nature. However, the A. 
su u m antigcns were quite labile, losing much of their immunizing power if they 
were heated, frozen at - 20°C or lyophilizcd. 

The nature of the protcctivc antigens which are produced by thc in vítro 
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techniques is unknown and no information is available as to the best methods of 
preserving them. It is possible, for exarnple, that the antigens of helminths are 
particularly susceptible to physical agencies, and if this is so then special methods 
of preservation will be necessary. 

Recent studies on the basic aspects of the immunology of helminth infections 
have indicated that dclayed hypersensitivity, reagin-like antibodies and lymph
oid cells are very likely to play a substantial role in the immune response to 
these organisms. If this turns out to be so, special acljuvants rnay be necessary 
to elicit the correct inunune response. 
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CHAPTER 48 

IMMUNOPROPHYLAXIS IN 
VETERINARY MEDICINE 

M.STERNE AND IRENE BATTY 

IMMUNOTHERAPY 

IMMUNOPROPHYLAXIS 

Passive immunization: Active immunization with bacteria!, viral, 
protozoal and metazoal vaccines: Adjuvants: Inoculation schedules 

The principies governing the use ofimmunological procedurcs in the veterinary 
field are the same as those in the human field. Howevcr, thcre are important 
factors in the application of these principies and these, rather than similarities, 
will be emphasized. 

IMMUNOTHERAPY 

Except in a few instances, treatment with antisera has been neither important nor 
effective. One of the chief reasons is the difficulty of administering them in time 
to be of any value. For example, although anti-anthrax sera are very effective in 
treatment, the course of the disease may be so rapid that the animal is found 
dead befo re it can be helped; similar! y with anti-gas gangrene sera such as anti
chauvoei or anti-malignant oedema sera which can be nseful if administered in 
time. In diseascs caused by toxins such as tetanus, the symptoms, which may be 
evident a considerable time before death, indicate that toxin is already fixed to 
the tissues. Once fixed it is not usually possible to neutralize its effects with 
antisera. 

The British Veterinary Codex (1965) lists sixteen antibacterial or antitoxic 
sera. Only two are recommended for therapy alonc: anti-snake venom and 
Cory1tebacterium pyogenes antiserum-the latter a somewhat questionable recom
mendation. Two antisera, swine erysipelas and anti-anthrax, are recommended 
for both therapy and prophylaxis: seven are recommended mainly for pro
phylaxis with a proviso that they may be used therapeutically if given very early 
in the disease: five-and these include the most widely usedantisera suchaslamb 
dysentery and white scour-are only recommended for prevention. Many other 
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antisera have bcen nsed therapeutically by thc less critical amongst clinicians. In 
a number of cases anti-bacterial drugs havc made the use of antisera superfluous. 

TABLE 48. I 

Recommcndations for the use of antisera listed in thc British Veterinary 
Codex 

Antiserum 

C. pyogenes 
Venom 
Anthrax 
Swine erysipelas 

Black disease (C. novyi) 
Blackleg (C. cltmwoei) 
Canine distempcr 
Canine hepatitis 
Leptospirosis 
Rinderpest 
Swinc fevcr 

Tetanus 
Lamb dysentery (C. pe1jringens Type B) 
Pulpy kidney (C. peifringens Type D) 
Past. multocida 
White scour (E. coli) 

P = for prophylaxis. 

Recommended for 

Therapy Prophylaxis 

T 
T 
T p 
T p 

p 
p 
p 
p 
p 
p 
p 

p 
p 
p 
p 
p 

T = recommended for therapy 
t = may be used for therapy if given ear!y. 

IMMUNOPROPHYLAXIS 

Since Pasteur's dcmonstration of thc possibilitics of artificial immunization, 
both antisera and vaccines have been widely uscd for the prevention of disease in 
animals. In man, vaccines may be used only where the risks attending vaccination 
are practically nil or when the threat of disease to life far exceeds the risks attend
ing vaccination. There is virtually no limit to the amount which can be spent on 
technical improvements which lessen the risks of reactions and morbidity. The 
criteria for the employment of immunoprophylactics in animals are far less 
stringent. They may be used so long as they save more anímals than they kili. 
Reactions are only important if they cause serious physical blemishes which 
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affect the value of the animal either as meat oras leather, or for show purposes. 
It would not, of colme, be possible to use agents causing obvious and severe 
pain to pets. 

As a rule, veterinary prophylactics are more severely challenged in the field 
than are prophylactics for human use. Consequently users are likely to demand 
the maximum practicable potency, and will accept sorne risk of severe reactions 
or even of occasional deaths. Thus, since the criteria for accepting a veterinary 
prophylactic are practica! rather than sentimental, vaccines tend to be more 
potent than corresponding vaccines used in humans, and thus ha ve a better chance 
to control or eradicate discase. On the other hand, theneed to provide for human 
use prophylactics that are effective in small non-reactogenic doses has meant that 
far more research could be lavished on developing methods for refining such 
antisera and vaccines. Veterinary prophylactics have benefited indirectly from 
this work. 

Beca use large doses of relatively crude preparations can be used in veterinary 
practice, problems of disease control tend to be solved practically before they 
bccome subjects for academic research. Thus they escape examination at a 
fundamentallevel. For example, about I2 years ago concern was felt because of 
the inefficacy of vaccines against bovine haemorrhagic septicaemia. The problem 
was soon solved by increasing the number of organisms per dose ten times, and 
incorporating these in an oily emulsion (Bain I954). 

A similar problem still exists with whooping-cough vaccines. There is an 
impression, almost certainly justified, that the protection they give is marginal. 
There is no doubt that this could be substantially increased by induding more 
organisms in a dose. This is barred by regulations framed to protect children 
against the risks of severe reactions. Equally, the use of powerful but reacto
genic adjuvants would not be tolerated. Therefore a very great deal of work is 
still being done to develop more highly immunizing but less reactive whooping
cough vaccines. Veterinary prophylactics-amongst them haemorrhagic 
septicaemia vaccine-will benefit eventually from this work; which could not 
be justified in a purely veterinary context. 

PASSIVE !MMUNIZATION 

Passive inununization has been far more widely practised in vcterinary than in 
human medicine. A number of diseases of animals kili within the fmt days of 
life, before active immunity can be established. In man, such conditions would 
probably be controlled by hygienic measures. However, these may prove too 
impractical or too costly on the farm, so that immunological solutions to the 
problem are usually desired. 

Lamb dysentery and cnterotoxaemia, caused by Clostridíum pe~{ringens Type 
B and Type D respectively, are important killers of young lambs. Until recently 
neonatal animals were protected by the injection, soon after birth, of hypcr-
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immune sera prepared in horses. However, the inescapable need to administer 
this antiserum within the first 18 hr of life restricts the method to systems of 
husbandry where animals are continuously under the observation of shepherds 
or herdsmen. Since this is not practicable under extensive systems ofhusbandry, 
a programme of active immunization of the mothers has been devised to ensure 
that the colostrum would contain enough antibody to protect the offspring for 
the period of risk-from birth until they are marketed at about 5 months. Such 
active-passivc systems of prophylaxis have now become integrated into farm 
programmes. Since it illustrates the application in the field of a number of 
classical immunological principies, a typical programme will be discussed later 
after other methods of prophylaxis ha ve been considered. It is noteworthy that 
programmes have recently been devised (Rubbo 1966) to protect babies against 
tetanus with maternally transmitted antitoxin. This is required where hygiene 
is poor and where the risk of infection is maximal shortly after birth: in fact, 
where conditions approximate to those under which animals are kept. 

Animals with high titres ofhomologous antibody acquired from thc mother 
may prove difficult to immunize actively against the corresponding antigen. 
This complica tes the problem of immunizing animals which are to be added to 
the flock or herd and kcpt tmtil they are adult. Except in the case of neonates, 
active immunization is overwhelmingly more important than passive. 

AcTivE IMMUNIZATION 

Vaccines may be prepared from living or killed organisms: bacteria, myco
bacteria, viruses, protozoa, fungi, or derivatives of these. 

BACTERIAL V ACCINES 

These may be living or killed bacteria, extracts of bacteria, or products of bac
teria which may or may not have bcen modified or dctoxificd. 

Living Bacterial Vaccínes 
Historically, living organisms were the first to be used on a large scale to 
stimulate immunity to disease. The use of variolation in man long preceded 
Jennerian vaccination. Pasteur's anthrax vaccine was the frrst demonstrably 
successful vaccine against a bacteria! infection. Nowadays, a largc number of 
living bacteria!, protozoal and viral vaccines are used and it is interesting to 
observe that wherever there exists a good living vaccine, strenuous efforts are 
made to devise a killed vaccine and vice versa. 

Al! living bacteria! vaccines are derived from stabilized attenuated strains. In 
the case of anthrax, the vaccine is prepared from spores whose resistance to 
advcrse conditions rnakes a long shelf-life possible. However, in the case of 
vaccines prepared from non-sporing organisms, long shelf-life depends on 
lyophilization-which adds appreciably to their cost. At times, lyophilization is 
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undertaken for the convenience of the distributor who is thus enabled to keep 
stocks for long periods to cope with the fluctuating demands. Where manufac
ture and distribution are state monopolies, demand can be gauged accurately and 
vaccine used soon after preparation, so making lyophilization unnecessary. 
Liquid Brucella abortus and salmonella vaccines, for example, can retain efficiency 
for severa! months at room temperature. 

Immunity stimulated by living vaccines is toa hrge extent dependent on thc 
degree to which the organisms multiply in the host. The permissible limits for 
this multiplication are those which do not cause irreversible damage to more 
than an insignificant proportion of animals inoculated. The ability of living 
vaccines to multiply in vivo is often limited so that the amount of immunizing 
antigen the animal receives may-as in the case of anthrax-be insufficient to 
stimulate a long-lasting immunity. A further disadvantage is the impossibility of 
controlling the balance between antigens. All the antigens elaborated by the 
organism must be accepted with the consequent possibility of interference by 
response to irrelevant antigens. Possibly the worst defect is the difficulty of 
combining living vaccines in multi-component vaccines. These are of growing 
importance because of the undesirability of frequent injcctions and handling, 
and because of the increasing cost of the labour needed for assembling animals 
for inoculation. 

The chief reason for using living vaccines is that sorne essential antigens may 
not be produced in vitro or not produced in sufficient amounts. This problem 
can usually be sol ved when the expense is justified, as when it becomes advisable 
to immunize man against anthrax (Wright 1965). Public health authorities ha ve a 
lively apprchcnsion that attenuated organisms may revert and become patho
genic for man. Veterinary authorities may therefore be placed in the invidious 
position ofbeing asked for assurance that this could not happen-an impossible 
task. The discovery of the existence of transfer factors in bacteria which 
theoretically make it possible for attenuated strains to acquire missing factors 
from other organisms and so permitting the vaccine strain to revert to the wild 
type (Anderson 1966) has added scientific backing to an argument formerly 
based on vague apprehensions. Although the evidence for the occurrence of 
such reversions is scanty, public health authorities remain unhappy about the use 
of attenuated strains derived from organisms pathogenic for man. 

Consider, for example, Salmonella typhimurium infection; since the greatest 
risk to humans is from infected animals, a reduction in their number would 
correspondingly reduce the risk for humans. Thus the hypothetical risk of 
revcrsion of the living vaccine should perhaps be accepted, since there is no 
evidence of its occurring in the fiel d. It is interesting that the hazards of living 
oral polio vaccine were accepted despite sorne reports that vaccine strains passed 
through man might cause paralysis (Morse, Rubín & Blount 1966). 

A somewhat intractable problem is the susccptibility of sorne living vaccines 
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to inactivation in vivo by antibiotics (Lee, Kidd & Sterne 1961). Although a 
warning is given against the use of these agents during the immunization period, 
this is oftcn ignored. Moreover, many stockowners are not aware of the extent 
to which antibiotics are added to feeds, although this has to be stated on the 
label. 

Inactivated bacteria[ vaccines 
Inactivated vaccines depend for thcir efficacy on the amount and quality of 
antigen actually administered, sincc no multiplication in vivo occurs. This mcans 
that killed vaccines only become practicable when substantial amounts of 
antigen at a suitable concentration can be produced in vitro or when this can be 
obtained from infected animals and subsequently inactivated. 

Toxoids. Where the agent responsible for the disease is a specific toxin it is 
often possible to administer sufficient detoxicated antigen to ensure a salid 
immunity of long duration; as in tetanus, botulism, and in various toxaemias 
due to C. perfringens, and, to a lesser extent, in various gas gangrene infections 
dueto C. septicum, C. novyi, C. sordellii, etc. The principies are in no way different 
from those used to immunize man against diphtheria and tetanus, except that far 
larger doses are permissible in veterinary vaccines, thus simplifying the stimula
tion of a substantial enduring immunity. It is worth emphasizing once more that 
this ability of the veterinarian to use what would be-by human standards
massive doses, makes it possible to immunize animals to certain types of disease 
against which it would be difficult to protect man. 

Kílled organisms. Generally speaking, vaccines made from killed whole 
bacteria are less effective than those prepared from toxins specifically concerned 
in the pathogenesis of the disease. Pasteurella or salmonella vaccines do not 
approach the efficacy of tetanus or botulinum or C. perfringens vaccines. Most of 
the vaccines prepared from whole organisms are derived from Gram-negative 
bacteria. Since the protective antigen is usually confined to the cell, the number 
of organisms incorporated in the vaccine is of prime importance. For example, 
vaccines against haemorrhagic septicaemia of bovines had a poor reputation, 
but are now reasonably effective beca use of the tenfold increase in the number 
of organisms incorporated in a dose. Mice can usually be immunized without 
difficulty, but this protection may not parallel results from the field. 

Classical immunology deals mainly with the reactions between toxic proteins 
-such as diphtheria, tetanus and botulinum toxins-and their antibodies. The 
endotoxins of the Gram-negative bacteria, however, are lipopolysaccharide 
complexes or complexes oflipopolysaccharides with proteins and lipids. They 
have a remarkable spectrum of pharmacological properties and very great 
stability to physical and chemical agencies. Their chemical and immunological 
properties are such that classical immunological principies only apply in a broad 
sense. 
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The dose of Gram-negative organisms that may be included in a vaccine is 
limited by the risk that the lipopolysaccharide of the cell wall may occasionally 
prccipitate acute shock. This phenomenon is not well understood, because it is 
difficult to provoke at will and hence to study. Most vaccines prepared with 
Gram-negative bacteria will occasionally provoke this 'anaphylactoid' reaction. 
The symptoms are those of acutc classical anaphylaxis, although there is no 
history of sensitization. 

In a particular herd or flock, a subcutaneous dose of vaccine may provoke 
acute shock within 10-30 min ofinjection. A number of animals may die; some 
recover after seeming moribund. The degree of sensitivity is remarkable, and 
I or 2 ml of vaccine given subcutaneously may kili a large steer. lt is quite usual 
for that particular batch of vaccine to have been used previously on a large 
number of animals without causing any ill effects. The sensitivity shown by the 
herd is ephemera1. Half the herd may be injected one da y and be acutely sensitive; 
the remaindcr of the herd may be injected on the following da y and show no ill 
effects. 

No satisfying explanation of this syndrome has becn given. It could be an 
example of a gcneralized Shwartzman reaction, since the history suggests a 
transient sensitization. Possibly a change of pasture or diet or even an attack of 
gastroenteritis might result in a change in the gut fl.ora and a grcat increase of 
coliforms or other organisms that make endotoxin. Since the gut wall is normally 
permeable to small amounts oflarge molecular material (Bullen & Datty 1956, 
1957), enough endotoxin might leak through to sensitize the animal to a 
vaccine containing toxic lipopolysaccharide, provided this were inoculated 
within a few hours. Such a hypothesis does not violate known immunological 
principies, and would explain the symptoms, the sudden onset and the evanes
cence of the sensitivity. 

An important property of endotoxin is its ability to provoke a rapid increase in 
resistance to artificial infection-a resistance fully manifest within 24 hr. There 
have been attempts to hamess this phenomenon to protecting young animals 
against gastro-intestinal conditions caused by coliform infections. Passive im
munization with maternally transmitted antibodies is of limited value bccausc 
the large number of different serotypes responsible for these conditions vary 
from ontbreak to outbreak. Unfortunately, the precocious immunity provokcd 
by endotoxin has proved to be markedly strain specific (Cameron, personal 
comtnunication) so that the hope of being able to obtain by this simple means 
a group resistance to those diseases has had to be abandoned for the time being. 

VIRAL V ACCINES 

Vaccines against viral infections have becn far more widely used in veterinary 
than in human practice and for a far longer time, with, of cotme, the notable 
exception of vaccinia and, on a far more restricted scale, rabies vaccinc. Living 
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virus has been used more often than inactivated virus, mainly beca use of the 
difficulty of incorporating enough inactivated virus in a reasonable dose. This 
difficulty is fast being resolved by modern methods of culture. 

Immunization with living virus 

Use oj virulent virus. Immunization with living virulent virus modified by the 
simultaneous inoculation of immune serum was widely practised long before 
passaging viruses to reduce virulence for the natural host had become common. 
The so-called serum-virus method was used for vaccination against blue tongue, 
African horse sickness, rinderpest, swine fever and canine distemper, amongst 
others. The considerable risks attending this method were accepted because of 
great losses from the natural disease. It could not, however, be used in human 
practice. Before effective foot-and-mouth disease vaccines existed, virulent virus 
was often used during an outbreak in order to spread the disease rapidly through 
herds so as to shorten the duration of an epizootic, when other methods of 
control could not be applied. 

Use oj attenuated virus. Nowadays, a large number of pathogenic viruses have 
been attenuated by passaging strains in embryonated eggs, in tissue culture or in 
animals. The extent of attenuation can be controlled by varying the number of 
passages to yield vaccine strains of different degrees of attenuation and immuno
genicity. Lower passage strains tend to be of higher virulence and immuno
genicity than strains which have undergone many passages. In veterinary 
practice it is possible to use vaccines considerably more virulent than those toler
able for use in man. This has meant that a more effective use of viral vaccines 
has been possible in the veterinary than in the human field. 

Immunization with inactivated virus 

Befo re growth in embryonated eggs or in tissue culture had been pcrfected it was 
difficult to incorporare sufficient virus in killed vaccines to immunize satisfac
torily. Sufficiently large harvests could only be obtained by removing organs or 
tissues from infected animals and treating these with virus-inactivating agents. 
Vaccines of this kind have becn widely used, and sorne are still used. Examples 
are formolized rinderpest spleens and foot-and-mouth vaccines made from 
formolized infected tongue epithelium. The crudity of such preparations may 
surprise workers more familiar with vaccines and sera used in man. However, 
to keep matters in proportion, it should be remembered that the most widely 
used vaccine of all time-vaccinia-was, and often still is, a highly contaminated 
suspension of calf scabs. 

The dcvelopment of powerful adjuvants generally too reactogenic for use in 
man has improved the outlook for inactivated vaccines in veterinary practice, 
as in the case of enzootic abortion of sheep. 
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PROTO ZOAL V ACCINES 

The use of procedures for immunizing against protozoa is almost entirely con
fined to animals. These may be actively immunized with attenuated strains or 
they may be infected with virulent strains and subsequently treated with drugs 
to control the infection. It has been, and still is, a custom in the Middle East to 
infect humans with cutaneous leishmaniasis in order to obtain a better cosmctic 
result on healing than might follow natural implantation of the parasite. 

Immunity to protozoal infections is, generally speaking, less than that follow
ing bacteria! or viral infections. At times, resistance to protozoa seems to depend 
on the persistence of a low-grade infection either by virulent or by attenuated 
organisms, thus making the host resistant to superinfection. Such an animal 
remains a carrier of the disease. Artificial immunity of this type has been pro
duced against Anaplasma margina le by infecting animals with the mild Anaplasma 
centrale strain. Mild strains of babesia have also been used to immunize cattle 
against redwater; but it has bccn advisable to control the infection with suitable 
drugs, since the state of attenuation of these strains has be.en somewhat un
predictable. Living vaccines have also been used against theileria, for example 
T. annulata. In the laboratory, inactivated vaccines have been prepared against 
Trypanosoma cruzi, but these have not been used in practice (Johnson, Neal & 
Gall 1963). Exo-antigens (soluble protective antigens) have been demonstrated in 
trypanosomiasis, babesiasis and anaplasmosis. 

On the whole, vaccines against protozoal infections have had only a limited 
success. The plurality of strains within a species as well as the tendency of strains 
to mutate has made it difficult to prepare vaccines effective against a group of 
strains of the same species. This difficulty is not, of course, confined to protozoa. 

METAZOAL VACCINES 

Parasitic infections are amongst the most costly and intractable problems that 
beset animal industry. The attraction of an immunological solution is that con
tinually repeated treatments would no longer be required. Perhaps the best hope 
for success is against parasites which pass a stage of their existence in organs, 
muscles or tissues, so that antibodies could be raised against them. A moderately 
successful vaccine exists against lungworm of cattle (Jarrett et al 1958) which 
suggests that an immunological attack on helminth infections with a migratory 
larval stage is feasible. This makes sense in veterinary but not necessarily in 
human practice. Passive or active immunization against the migratory stagc 
might result in tissue reactions to the parasite which could be more dangerous 
to the host than the parasite itself. A tissue reaction to Toxocara canis infection 
in the retina or brain of a child might be more disastrous than giving the larva 
a chance of leaving the site naturally. Some success has followed attempts to 
immunize laboratory animals against helminths infesting the gut, but it has not 
yet heen possible to use these results in practice. 
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REACTIONS ro TrssuE CoMPONENTS 

Research on auto-allergic diseases or on immunity to neoplasms plays a minar 
part in vetcrinary immunology. Thcse conditions are too sporadic to justify 
cxpensive trcatment or prcvcntion. Moreover, the impression that hereditary 
factors may be concerncd in susceptibility to such conditions discourages 
brecding from affectcd animals or those rdated to thcm. Most of the consider
able amount of experimental work carricd out in anini.als has bcen done to help 
salve such problems in man. 

Blood groups of animals were of sorne interest when horses had to be trans
fused with large amounts ofblood containing virus in the preparation ofhyper
immune horse sickness serum. Deaths dueto incompatibilities could be avoided 
by direct matching of the bloods of donors and recipients. Such matching is 
occasionally necessary in those cases where the value of an animal justifies 
transfusion. A renewed interest in this subject has been stimulated by the realiza
tion that haemolytic disease of the newborn is a signif!Cant cause of death in 
foals and that incompatibilities between foetal calves and their mothers may 
result in reduced fertility. 

ADJUVANTS 

The application of adjuvants to enhance the immunogenicity of vaccines began 
with the work of Glenny et al (1926) who found that thc addition of compounds 
such as potash alum to the detoxifled toxins used in the hyperimmunization of 
horses for the preparation of diphtheria and tetanus antisera increased the anti
toxin response. 

Originally it was thought that this increascd response was duc entirely to the 
effect of the potash alum in forming a depot in the animal from which the 
adsorbed toxoid was slowly released, giving rise to a prolonged antigenic 
stimulus. It was later realized that adjuvants also stimulated the proliferation of 
cells of the reticuloendothelial system, ensuring a more efficient transfer of the 
antigen to the sites of antibody production as well as increasing the number and 
efficiency of the immunologically competent cells of these sites. It is not sur
prising, thereforc, that the most efficient adjuvants often give rise to undesirable 
rcactions, and that a balance must be struck between maximum antibody re
sponse and thc maximum acceptable reactions. The acceptability of reactions 
depends on the site of inoculation and on the type and species of animal 
inoculated. A small indurated nodule following the inj cction of an alum adjuvant 
may be undesirable in show cattle, acceptable in a dairy herd and pass completely 
unnoticcd in ranch cattle or in sheep. In breeding animals in which the valuc of 
the carcasses as meat is of secondary importancc, thc highly efficient but par
ticularly reactogenic oil emulsion adjuvants may be used to boost poorly anti
genic vaccines such as that against enzootic abortion. 
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The depot function of an adjuvant is well exemplified by the most commonly 
used of adjuvants, the various compounds of aluminium; potash alum, alu
minium phosphate, aluminium chloride and die preformed gels of aluminium 
hydroxide. However, the stimulatory function is better shown by water-in-oil 
emulsions. The addition of mycobacteria is avoided in veterinary practice, 
especially in vaccines intended for use in cattle, because the increased adjuvance 
is off-set by the disadvantage of sensitizing the animal to mycobacteria. 

Sites of inoculation 
In animals the choice of si te is governed by many factors other than the immuno
logical ones, and whereas inoculation in humans can usually be made under 
reasonably aseptic conditions, inoculations in animals have frequently to be 
made in wet, dirty surroundings through skin contaminated by faecal organisms. 
Sites prone to contamination, sites where reactions will result in lameness, and 
si tes where nodules would result in 'carcass blemish' are to be avoided. There is a 
far greater likelihood of gas gangrene following dirty intramuscular than dirty 
subcutancous injections. 

Ideally, the si tes should be chosen so that normal drainage would result in the 
antigenic material being spread to the greatest number of lymph nodes. The 
antigen could be contained in a relativcly large volume to aid this spread and 
additional response may result from dividing the dose. Although it is commonly 
believed that the intravenous route is the most desirable for particulate antigens 
such as bacteria! cclls, this route is not used outside the laboratory. 

Spacing of injections 
The spacing of injections is governed mainly by immunological considerations, 
but attempts are made to conform to farming schedules as far as possible. The 
immunization of animals born of non-immune mothers can be commenced as 
soon after birth as practicable. A primary sensitizing course should consist of 
two doses, and so far as immunization against bacteria! diseases caused wholly 
or in part by toxins is concerned, the interval between these two doses should 
not be less than 6 weeks. 

INocuLATION ScHEDULES 

These are based on the fundamental work of Glenny & Südmersen (1921) who 
drew attention to the profound elfect which previous cxperience of an antigen 
had on the response to further stimulation with the antigen. They showed that 
primary stimulation was succeeded by a latent period of about 3 weeks during 
which little or no antibody was detectable in the circulation, followed by a 
slowly increasing immunity which reached its maximum in about 8 wecks, in 
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contradistinction to the responses to second or subsequent stimulation which had 
a short latent period followed by a rapid and great increase in antibody produc
tion, reaching its maximum in about ro days. 

Glenny and his co-workers (Barr & Glenny 1945) showed that these principies 
applied to a wide variety of animal species and to many kinds of toxoid. Later 
they showed that the latent period was shortened as the size of the primary 
stimulus was increased; that the size of the second inoculation had littlc effect on 
the magnitude of response, provided that the primary stimulus was adequate, 
and that a bctter secondary response occurred if the interval between the first and 
second injections was made longer than 3 or 4 weeks. The conversion of 
clinicians to using schedules based on second inoculations given a month and 
more after a primary stimulus was a gradual process. It will be remembered that 
the first recommendations for Salk polio vaccine prescribed a pre-Glenny 
schedule which was later amended. 

Many immunization procedures in veterinary practice depend on a primary 
stimulus given at some convenient time, as whcn animals are gathered for some 
necessary manipulation. The second or 'booster' inoculation may thereafter be 
given shortly befare a disease is expected to occur. For example, the greatest 
incidence of C. septicum infection (braxy) of shcep is in winter. Thereforc the 
first inoculation of vaccine may be given early in the year and the second in 
autumn or in the beginning of winter. C. novyi infection (black disease) is often 
associated with infestation with liver fluke. Thus the booster inoculation should 
be given about 2-4 weeks before fluke infestation is expected. Similarly, if 
newborn animals are to be protected by maternal antibodies, the mother should 
ideally receive the booster dose of vaccine 2-4 weeks befare parturition. The 
previous inoculation may have been a year or more earlier. 

These principies and these intervals hold for most protein antigens such as 
diphtheria, tetanus, botulinum, septicum, novyi, perfringens toxoids as well as a 
number of others. The indications are less clear in the case of Gram-negative 
pathogens with their somewhat heterogeneous collection of antigens; lipo
polysaccharides, and their complexes with proteins, lipids and polysaccharides. 
Living vaccines very often act as their own secondary stimulus by virtue of 
their continued presence. Indeed, somcliving vaccines, because of their persis
tence, result in virtually life-long imm unity. This is less surprising than the 
failure of other living vaccines-such as anthrax-to provoke more than an 
ephemeral immunity. In such cases the amount of antigen produced during the 
infection may be too little to ensure a long-lasting response. On the other hand, 
further inoculations do not materially prolong immunity. Possibly, interference 
by the multiplicity of antigens produced by the living growing organisms is a 
factor. In other examples oflimited response to living vaccines, over-attenuation 
and consequent paucity of immunizing antigen may be decisive. In sorne cases 
there may even be paralysis of the antibody-producing mechanism because of 
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over exposure to immunizing antigens, particularly in the case of polysaccharide 
antigens. 

HYPERIMMUNIZATION 

There are perhaps lessons to be learnt from the techniques employed success
fully in hyperimmunization for the production of therapeutic sera. This is a 
somewhat specializcd fteld of applied immunology where the inoculation 
schedules are largely empirical but are nevertheless based on the principies of 
primary and secondary stimulation. Where possible, for example, in the pro
duction of staphylococcus or C. peifringerts Type A antisera, naturally immune 
animals are chosen for hyperimmunization. When this is not possible, as is the 
case with tetanus or C. peifringens Types B and D, it is customary to give the 
primary stimulus either by the injection of adsorbed toxoid or by a short course 
of five or six injections of small doses of toxin followed by a period of rest. 
Although 4 weeks is a sufficient interval to produce a secondary response to 
another injection, it is not a sufficient interval between a primary stimulus 
and hyperimmunization. If hyperimmunization by repeated injections two or 
three times a week of high-value toxins is started too soon after a primary 
stimulus, the antitoxin produced is of low value and poor quality, that is, non
a vid and combining so loosely with toxin that dilution is sufficient to free this 
from the complex. Such antitoxin would clearly be unsatisfactory used either 
therapeutically or prophylactically. The following figures given by Glenny, 
Pope, Waddington & Wallace (1925) show the effect of interval between 
injections on horses immunized against tetanus: 

Length of rest after 
primary stimulation 

(months) 
o 

1-3 
2-3 
4-6 
>6 

Average titre of ten 
or more horses 
(units per mi) 

310 
825 

1090 

1340 
1490 

The consensus of workers engaged in hyperimmunization is that time is 
cssential for the establishment of good basal immunity, and this is achieved 
naturally by repeated very small stimulation, or artificially by the system of rest. 

An average horse will produce 50,000 g of specific immune globulin during 
its productive life. Throughout this period it suffers a loss of 3 x 1010 lympho
cytes at each bleeding, which amounts to approximately 3 x I0

12 for its working 
life. There are considerable vatiations between individual horses as regards the 
total amount of any given antibody that they make in response to hyperim
munization with the same batches of antigen. It is commonly found that each 
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toxin has its own pattern of responses-for example, in the production of diph
theria antitoxin the highest titre is usually obtained after the second course of 
hyperimmunization and this titre then declines slowly with each subsequent 
cotme. The same pattern of response is sccn in thc production of tetanus anti
toxin if the type of toxin used is kept constant. However, if the toxin is changed 
with each course, a high titre can be maintained over many courses. Sooner or 
later the amount of a particular antibody produced begins to flag, and the animal 
can then be switched to producing another antibody. For example a horse no 
longer producing commercially adequatc amounts of diphthcria antitoxin 
might still be able to make useful amounts of C. septícum antitoxin-provided it 
had been primed for this at sorne time in the past. 

It is even possible to hyperimmunize a horse with more than one major 
antigen at the same time. For example, when large amounts of mixed gas gan
grene antisera were required, the experiment was made ofinjecting horses with 
mixed culture filtrates of C. peifringens Type A, C. septícum and C. novyí. 
Although the titres to each component were not as high as the average titre 
when a single component was used, they were always higher than the average 
obtained by mixing equal volumes of serum from horses immunized with a 
single antigen. The method was abandoned largely beca use of the difficulty of 
blending such mixed antisera to give fixed ti tres of each component. This lower 
titre when two or more antigens are used for hyperimmunization might result 
from a diminished availability of antibody-producing cells because of the drain 
of the comparatively long-lived mononuclear cells by the repeated large-scale 
bleedings. It would be interesting to see whether replacing these cells (plasma
phoresis) would result in better responses to more than one antigen. 

PROGRAMMING lMMUNIZATION ScHEDULES 

To illustrate the practica! application of the principies considered earlier a com
paratively simple programme of immunization against lamb dysentery and 
enterotoxaemia (C. peifringens Types C and D) will be outlined. Lamb dysentery 
kills during the first 2 weeks of life; enterotoxaemia kills throughout life. 
Inoculations must be kept to the minimum consistent with protection since the 
cost of gathering and treating animals is by no means negligible. 

The following requirements must be met: 
1. Lambs must be protected against lamb dysentery for the first week, and 
against enterotoxaemia throughout life. 
2. In order to save handling and to avoid carcass blemish due to inoculations, 
lambs should receive sufficient antibody through the colostrum to protect them 
until they are killed at about 5 months. 
3. Animals retained for wool production, or breeding, or marketing as adults 
must be actively protected against enterotoxaemia in such a way that no gap is 
left between waning passive immunity and a functioning active immunity. 
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An animal is protected if it has 2 units/ml of anti-B and o.r unit/ml anti-D. 
The former is required at 2 weeks and the latter at 20 weeks post-partum. Since 
the titre of homologous antibody is halved every 14 days, the titres at birth 
should be four ofB and one hundred ofD. The first is easily provided, but the 
latter would not usually be transmitted by Ürst season ewes. However, there 
would be only a short gap of 2 or 3 weeks during which the lamb would not be 
fully protected. 

To provide the antibody required, the ewe will need two inoculations with 
an interval of 6 weeks or more between them. The ewe itself will becomc 
solidly immune. To ensure adequate transmission to the lamb, it must receive a 
'booster' about 2 weeks before lambing. In subsequent years only this one 
inoculation is reqnired and it will ensure the protection of the ewe and lamb. 
Ewes in their second and subsequent seasons will usually provide sufficient 
anti-D for the lamb to protect it until it is marketed. 

Animals which are to be retained for breeding should get their first dose of 
vaccine when their inherited immunity is tending to fall below an effective leve!. 
If they are inoculated earlier, the high leve! of circulating antibodies will inter
fere with the immune response. Two inoculations at 6 weeks' interval are re
quired, followed by a single 'booster' before lambing in subsequent years. 

Nowadays combinations of vaccines effective against six or more diseases are 
commonly used. The diseases may differ greatly in respect of seasonal incidence, 
severity of exposure, age susceptibility, and duration of immunity. Since 
'boosters' should be given as close as possible to the time of severest challenge, 
these variables set quite intricate problems. It is clear that the compiling of 
schedules for complex mixtures of vaccines demands reliable epizootiological 
information as well as a good deal of ingenuity. 
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BIOLOGICAL ST ANDARDS 

D.G.EVANS 

PRINCIPLES OF BIOLOGICAL STANDARDIZATION 

Direct measurement ofbiological activity: Comparative measurement 
of biological activity 

lNTERNATIONAL BIOLOGICAL STANDARDS 

The first biological standard: Further developmcnt of international 
standards: Distribution of international standards: Establishment of 
international standards 

THE UsE OF BroLOGICAL STANDARDS 

RE LEV ANT LITERATURE 

PRINCIPLES OF BIOLOGICAL 
ST ANDARDIZA TION 

There are frequent occasions when the immunologist, wishing to measure the 
activity ofbiological substances, finds that physical and chemical methods are of 
little or no help. Such substances are those whose activity can be demonstrated 
only by their action on a biological system such as a whole animal or part of an 
animal and include toxins, antigens, antibodies, living virus suspensions and so 
on. There are many well-known examples. Diphtheria toxin kills guinea-pigs 
when injected intramuscularly and produces characteristic lesions when given 
intradermally. Other toxins, such as those obtained from pathogenic strains of 
streptococcus and staphylococcus produce haemolysis when added to a suspen
sion of red blood cells. Antitoxins manifest their activity by neutralizing the 
lethal, dermonecrotic, haemolytic or other toxic properties of homologous 
toxins. Immunizing antigens, for example tetanus toxoid, on injection into 
animals induce an immunity which can be shown by the presence of antitoxin 
in the serum or by the resistance of the animals to a challenge with a fatal dose of 
toxin. Virus suspensions, such as vaccinia virus and poliovirus, produce cyto
pathic changes when added to tissue cultures. 

RR 1281 



1282 CLINICAL ASPECTS OF IMMUNOLOGY 

DIRECT MEASUREMENT OF BIOLOGICAL 
AcnviTY 

lt is common practice in order to measure the activity of a biological substance 
to test a series of doses in the appropriate biological system and thereby deter
mine an cnd-point of activity. Such a test, usually referred to as a titration, gives 
a sigmoid dose-response curve when the logarithm of the dose is plotted against 
the effect produced (Fig. 49.r). The effect may be the percentage of animals 
dying, the diameter ofintradermallesions or the dcgree ofhaemolysis if a toxin 
is being titrated; it may be the level of antibody produced if an antigen is being 
tested; or it may be the percentage of animals surviving a challenge i11fection 
when titrating an antibody. From this curve a number of co11vcnie11t e11d-points 
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can be obtained, the main ones bei11g (A) the largest dose which produces no 
effect, i.e. the maximum 'non-effective' dose; (B) the smallest dose which pro
duces maximum effect, i.e. the mi11imal effective dose; and (C) the dose which 
produces so% effect, i.e. the median effective dose or EDso. lt is clear that end
poi11ts A and B lying 011 the lower and upper parts of the curve are imprecise 
measures of aetivity while the EDso end-point at C lying 011 the steepest part 
gives the most precise measure. 

These facts are now widely appreciated and the use of such terms as minimal 
lethal dose (MLD), minimal skin-reacti11g dose (MRD) and mi11imal haemolytic 
dose (MHD) are becoming less often used. Lethal doses are now expressed as 
LDso, immunizing doses as ImDso, haemolytic doses as HDso and tissue 
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culture infecting doses as TCID50. It is not often realized, however, that no 
matter how accurate the determination of activity, the result obtained applies 
only to the particular experiment made. Thus the ImD 50 end-point of a prepara
tion of an ünmunizing antigen obtained using one batch of guinea-pigs, on one 
day and in one laboratory may be vastly different from that obtained when the 
same preparation is tested in another batch of animals, or on another da y or in 
another laboratory. Moreover, the slope of the dose-response curve may vary 
considerably with such variations in the biological test system. Similarly the 
TCIDso of a suspension of poliovirus may vary with different batches of cell 
cultures and will depend on the sensitivity of the culture to infection with polio
virus. It is in fact quite impossible, beca use of the innate variability of a biological 
system, to specify the conditions that will give the same EDso and the same 
dose-response slope whenever the system is used, and beca use this of we are thus 
unable to make a direct measurement of biological activity. 

COMPARATIVE MEASUREMENT OF BIOLOGICAL 

ACTIVITY 

It is, however, possible to make accurate comparative measurements of the 
biological activity of two or more preparations. For example, if four different 
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preparations of the same antigen were tested in an adequate number of guinea
pigs, at the same time, side by side and under uniform conditions, their relative 
potencies would be the same as those obtained when similar tests were made on 
another occasion or in another place. Herein lies the principie on which the 
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estimation of the activity of biological substances of unknown chemical com
position is based. By choosing one preparation as a standard, the activity of other 
preparations of the same substance can then be determined relative to the stan
dard by a parallel test using the same biological system. In order to ensure 
parallelism as far as possible, the test on the standard and the other preparations 
are made simultaneously using the same batch of animals randomly divided into 
groups, the same suspension of red blood cells, the same batch of cell cultures or 
as in tests involving skin reactions, the same animal. 

Such compara ti ve tests can be representcd by Fig. 49.2 in which the activity of 
preparation U is compared with that of a standard preparation S of the same 
substance. In this figurean effect E is obtained by do seD 1 of the standard and also 
by dose D 2 of the preparation under test. The ratio ofD 1 to D2 , or the distan ce P 
between the curves (since a log scale is used) represents the relative potency. 
Although it may be convenient to malee the comparison using the dose levels 
which produce a so% effect (EDso), this is not imperative as long as the com
parison is made along the steep part of the curves. 

From comparisons such as these we can, therefore, conclude that a preparation 
has the same potency, or is so many times as strong, or so many times as weak as 
the standard, and if we now assign a unitage to the standard the potency of the 
preparation can then be expressed in terms of units. It is on this basis that inter
national standards for many biological substances ha ve been established over the 
past 40 years and that classical biological assays in terms of standards ha ve been 
developed. 

INTERNATIONAL BIOLOGICAL 
STANDARDS 

THE FIRST BIOLOGICAL STANDARD 

The importance of comparative testing in determining the activity ofbiological 
substances was recognized by Ehrlich in his pioneer work on the standardization 
of diphtheria antitoxin. Ehrlich first tried to obtain uniform results by determin
ing the potency of antitoxin in tern1S of its ability to neutralize roo mini mal 
lethal doses of diphtheria toxin when tested in 250 g guinea-pigs. The method, 
however, proved unsatisfactory mainly beca use of the variation in toxin prepara
tions which, although similar in their toxic effects, could differ considerably in 
their ability to combine with antitoxin on account of the presence of varying 
amounts of toxoid. This led Ehrlich finally to choose as his reference point the 
antitoxin, as this could be preserved in a stable dry form. Thus in 1897 he estab
lished a unit for diphtheria antitoxin which was defined as the antitoxic activity 
of a certain weight of a particular preparation of dried antitoxin. Using this 
standard, the potency of other diphtheria antitoxin preparations could then be 
determined by a comparative test which was independent both of the biological 
system, namely the guinea-pig, and the toxic preparation used. 
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The Ehrlich standard diphtheria antitoxin was distributed internationally from 
his institute in Frankfurt until 1914. During the war those countries outside 
German domination adopted a subsidiary standard which had been prepared, in 
terms of the original Ehrlich unit, by the Hygienic Laboratory, Washington, 
U.S.A., and finally after the war in 1922 the Ehrlich unit was adopted as the 
international unit for diphtheria antitoxin by the Health Organization of the 
League of Nations. 

fURTHER DEVELOPMENT OF lNTERNATIONAL 

STANDARDS 

Thereafter many more international standards were established by the League of 
Nations for other antitoxins and also for biological substances such as vitamins 
and hormones, which were rapidly being introduced. This work was mainly 
carried through by the initiative of Dr Thorvald Madsen, director of the S tate 
Serum Institute, Copenhagen, and Sir Henry Dale, director of the National 
Institute for Medica! Research, London, and later by Sir Percival Hartley, the 
first director of the Department of Biological Standards at the National Tnsti
tute. Since the Second World War the World Health Organization, through its 
Expert Committee on Biological Standardization, has continued the work and 
toda y there are more than r 50 standards and reference preparations including roo 
rnicrobiological products (antigens and antibodies), thirty-three antibiotics., 
eleven hormones and twelve other miscellancous preparations such as enzymes. 

For each standard a sample of the preparation is chosen and, by international 
agreement through the W orld Health Organization, is established as an inter
national standard. The strength of the standards is expressed in arbitrary units of 
activity referred toas 'international units (i.u.)'. For example, r i.u. of diphtheria 
antitoxin is the activity contained in 0.0628 mg, r i.u. of insulin in 0.04167 mg 
and r i.u. of penicillin in 0.0005988 mg of the respective international standards. 
The biological standards are unique samples of the different substances, each with 
its own arbitrary unit of activity and are in fact comparable to the physical 
standards of weight and length. They may be regarded as the 'yardsticks' in the 
comparative measurements of other preparations of the same substance which 
can then be given a strength in terms of intcrnational units. By this means, as thc 
units become generally adopted, uniformity is ensured throughout the world in 
the designation of potency for those prophylactics and therapeutic substances 
which cannot be characterized adequately by chernical and physical methods. 
Table 49.1 gives a few examples from the current list ofinternational standards. 

Sorne standards have of course been discontinued-for example those for 
vitamins A, B, C and E, oestrone and progesterone-since it was found pos
sible to measure their potency simply by chcmical and physical tests. But despite 
this, the number of standards will undoubtedly increase during the next few 
years, mainly due to the continued developments in antibiotics, the introduction 
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of new viral vaccines, the extension of vaccines in the veterinary ficld and the use 
of enzymes of therapeutic activity. This was strikingly evident from the discus
sions during the Seventh International Congress on Biological Standardization 
held in London in 1961 (Standfast, Evans & Weitz 1962). 

TABLE 49.1 

Examples of some internacional standards* 

Wt. of1 
Substance Established international unit 

(mg) 

Diphtheria toxoid plain 1st Standard 0.5 
1951 

Schick test toxin 1st Standard 0.0042 
1954 

Pertussis vaccine 1st Standard I.5 
1957 

Tetanus antitoxin 1st Standard 0.3094 
1928 

Diphtheria antitoxin 1st Standard 0.0628 
1922 

Gas gangrene antitoxin 5th Standard 0.3346 
(CI. welchíi Type A) 1963 
Staphylococcus 2nd Standard 0.2]76 
antitoxin 1938 
Anti-streptolysin O 1st Standard 0.0213 

1959 
Penicillin 2nd Standard 0.0005988 

1952 
Insulin 4th Standard 0.04167 

1958 
Hyaluronidase rst Standard 0.1 

1955 

* Taken from WHO Tech. Rept. Series, No. 361, 1967. 

DISTRIBUTION OF INTERNATIONAL STANDARDS 

The responsibility for holding and supplying the international standards rests 
principally with three centres, the State Serum Institute, Copenhagen, for the 
immunological substances (antigens and antibodies), the National Institute for 
Medica! Research, London, for all other substances, mainly antibiotics and 
hormones, and the Central Veterinary Laboratory, Weybridge, for those sub
stances used exclusively in veterinary medicine such as anti-Brucella aborttts 
senun and Newcastle disease vaccine. Small quantities of the standards are dis-
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tributed free of charge on request throughout the world to the various National 
Control Laboratories which are in close touch with the three principal centres 
and are responsible for making standards available to manufacturers and research 
workers in their own countries. 

Biological standards, unlike the physical standards for weight and length, are 
unfortunately cxpendable materials and although large quantities are held by the 
three centres, the problem of their replacement arises from time to time when 
supplies become low. The National Laboratories are, therefore, encouraged not 
to use the international standards for routine assay work, but to prepare their 
own national standards assayed in tcrms of the international ones, so that the 
supply of the international standards is maintained for a much longer period. It is 
interesting to note that the first international standard for diphtheria antitoxin 
established in 1922 and for tetanus antitoxin established in 1928 are still in 
existencc and this is due in no small measure to the preparation of various 
national standards. In Britain, the National Institute for Mcdical Rcsearch, in 
addition to being responsible for international standards for antibiotics and 
hormones, also acts as a National Laboratory for the immunological standards 
held in Copenhagen and has prepared its own national immunological standards 
for distribution throughout Britain and the Commonwealth. Furthermore, the 
manufacturing laboratories who are often the most frequent users of biological 
standards are also encouraged to prepare their own working standards assayed 
in terms of the national ones and this proccdure in turn considerably extends the 
life of the national standards. 

ESTABLISHMENT OF INTERNATIONAL 

STANDARD S 

Apart from holding and distributing the standards, the three main centres in 
Copenhagen, London and W eybridge are also entrustcd by the W orld Health 
Organization with the task of establishing new standards and replacements for 
existing ones for which the supply is almost exhausted. The procedure is an 
exacting and lengthy one. In the first place the choice is made of a suitable and 
homogeneous sample which is usually supplied by manufacturing laboratories. 
The material is distributed into a large number of glass ampoules, extreme care 
being taken to ensure that during and after distribution each ampoule is subjected 
to the same procedure. The whole batch is then dried under sterile conditions 
over phosphorus pentoxide if the substance is a solid, or by freeze-drying and 
then over phosphorus pentoxide if the substance is a liquid. The ampoules are 
filled with pure dry nitro gen, sealed by fusion of the glass and then stored in the 
dar k at - I0°C; in this way the substance is protected from high temperature, 
oxidation, moisturc and light. These precautions directed towards maintaining 
stability are most essential, for at all costs stability must be ensured otherwise the 
material will fail in its primary function of serving as a standard of reference. In 
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addition, checks are made of stability by carrying out accelerated dcgradation 
test;, in which the final preparation is assayed after subjecting it to heat for 
various periods. 

The next stage in the procedure is to send out, to about twelve laboratories in 
different countries, a number of ampoules of the proposed standard. Thcsc 
laboratories, which are experienced in the biological assay of the p:~rticnlar sub
stance under investigation, examine the preparation for its suitability as a 
standard for the assay of other preparations. On the other hand, if the proposed 
standard is a replacement, the laboratories assay it in comparison with the 
existing standard. As a result of this international collaborative study the pro
posed standard is assigned a potency and the unit defincd as the activity con
tained in a given weight of substance. The proposed standard is thus clevated to 
the status of an international standard and is ready for distribution thronghout 
the world to alllaboratories who require it. 

In this way the work of biological standardization continues year by year. 
Despite the major advances in physicochemical methods which it is hoped will 
ultimately bring about thc extinction of biological stanclardization, new snb
stances are regularly aclded to the quite imposing list of international standards, 
and each year the two centres distribute more than 4000 ampoules of standards. 
There can be no doubt that this fundamental and important work, which pro
vides the only basis for agreement and uniftcation in the study of biological 
substances whose chemical constitution is yct unmasked, brings enormons 
advantages to scientiftc research and to the practice of medicine throughont the 
world. 

THE USE OF BIOLOGICAL 
STANDARDS 

The principal use of biological standards is in controlling the potency of thera
peutic and prophylactic substances which are used in human and verterinary 
medicine. In carrying out this control most countries throughout the world 
have now established, or adopted, regulations for potency based on the inter
national standards. In Britain, for example, control is exercised through the 
Therapeutic Substances Act and the British Pharmacopoeia which lay down, 
wherever possible, specific potency requirements based on the international 
standards for vaccines, antisera, antibiotics, enzymes and hormones. For example, 
the Therapeutic Substances Regulations for tetanus antitoxin read as follows: 
'Tetanus antitoxin in the form of a solution of the antitoxin globulins, or deriva
ti ves thereof, which has a potency of less than rooo units per ml, or a dried 
preparation of such substance which has a potency ofless than 7500 units/g, shall 
not be issued for prophylactic use.' 

Similar requirements are given in the British Pharmacopoeia which in addi-
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tion outlines suggested methods of assaying potency for all the biological sub
stances which it covers and any reader who wishes to embark on potency testing 
will be well advised to turn to the British Pharmacopoeia for guidance. 

Although the principie of measuring the potency of a biological substance in 
terms of a standard may be expressed by Fig. 49.2 in which the dose-response 
curves are parallel, it is evident in many biological assays, even though the 
biological system may be ideal and uniform for both the standard and the prepara
tion under test, that parallelism does not always exist. Parallelism breaks down if 
the standard or the preparation under test is hcterogeneous in the sense that the 
effect produced is not due to one compound but to a number of compounds 
having similar activity, as in the case of the penicillins, the D vitamins and 
tetanus antitoxin. Parallelism also breaks down when the standard or the test 
preparation contains substances which may either inhibit or enhance the activity 
of the biological substance. Furthermore, in the case of antitoxins, standard or 
test preparations may behave differently on account of differences in their power 
of combining with toxin, i.e. in their avidity. But although impurities and hetcro
geneous substances, present in either the standard or the test preparations, may 
make it impossible to perform the comparison under the ideal conditions of 
parallelism, this is no rcason for delaying the establishment of a standard prepara
tion until puriflcation of the active principie has been achieved. In fact, it is due 
to the establishment of standards in the early stages when they are impurc, that 
impurities and heterogeneous substances have been detected as a result of the 
variations obtained when assays in terms of the standard ha ve been made using 
different biological systems. Thus the heterogeneity of tetanus antitoxin was 
shown to exist from the variation obtained whcn a number of antitoxins were 
assayed in terms of the standard using diffcrent toxin preparations and different 
test animals, namely mice and guinea-pigs. 

There is a further rcason why there should be no delay in establishing a stan
dard for a preparation which is to be of prophylactic, therapeutic or diagnostic 
importance. Unless a standard is available and a unitage dcfmed, it is highly 
likely that different workers will produce results which bear little or no rela
tionship to one another. This can be well seen, for example, in the practice 
employed by some workers when measuring poliomyelitis antibody concentra
tion, of determining the highest dilution of serum required to neutralize a 
quantity of virus suspension, and expressing antibody concentrations in terms 
of serum dilutions such as I/4. I/256, rjro,ooo and so on. In most cases it is com
pletely impossible to make a meaningful comparison of the results of different 
workers beca use there is no point of reference. Moreover, the lack of uniformity 
in the way the test is performed makes even rough comparisons difficult; 
variations exist in the ratio of serum to virus suspension, in the time and tem
perature allowcd for neutralization, in the test dose of virus, in the species of 
animal used for producing the cell cultures and so on, which all affect the 

RR* 
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degree of sensitivity of the test and hence the resulting titre. This was borne out 
in 1959 when the World Health Organization conducted a collaborative study 
in which they distributed to different laboratories throughout the world a 
number of poliomyelitis antisera. The titres obtained by the laboratories varied 
widely, in sorne cases as muchas a hundred-fold; in fact the study showed quite 
dearly the variability of the biological system and the inability of different 
laboratories to obtain comparable results by direct measurement. Those who 
employ these methods of expressing potency in terms of serum dilutions 
without reference to a standard are committing the same sin as those who in the 
past used 'cat units', 'mouse units' and 'rat units' and of whom Professor 
J.H.Burn (1930) wrote, ' ... all those who use these expressions, and who 
do not understand the fallacies underlying them, are still ignorant of certain 
principies which during the past few years have been shown to be capable of 
transforming this whole subject from the plane of an insidious means of 
self-deception to that of a well-ordered and progressive science.' 

Although standards for poliomyelitis antisera have recently been established, 
many workers who have been using the titre notation for many years are 
reluctant to adopt them and to change over to expressing antibody potency in 
terms of units. In order to avoid situations such as this, it is essential that a stan
dard should be prepared as soon as possible when a biological substance is shown 
to be important in prophylaxis, therapy or diagnosis. Although a standard made 
in the early stages of an investigation may not be entirely satisfactory and 
'respectable' from an international point of view, it would nevertheless establish 
the principie of using a standard in determining the biological activity of the 
substance and of expressing potency in terms of units. Moreover, the first 
standard would serve as a stepping-stone towards the final establishment of an 
international standard,just as Ehrlich's standard for diphtheria antitoxin was the 
forerunner of the international standard which exists today. 

RELEVANT LITERATURE 

Most of the reports of the work done in connection with the establishment of 
internacional biological standards may be found in the Bulletin oj the Health 
Organization oj the League oj Nations and in the Bulletin oj the World Health 
Organization. A complete list of the international standards is published in the 
World Health Organization Technical Report Series which also show the progress 
made each year by the Expert Committee on Biological Standardization in 
cstablishing new standards. There are, in addition, a number of reviews which 
cover different aspects of biological standardization such as those by Burn 
(1930), Burn, Finney & Goodwin (1950), Dale (1939), Gautier (1935, 1945-46), 
Hartley (1945, 1945-46), Lightbown (r96r), Maaloe & Jeme (1952) and Miles 
(1948, 1951). 
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APPENDIX A 

ALLERGY 

From the Imperial and Royal Paediatric Clinic of the University of Vienna 

c. V. PIRQUET* 

In the cotme of the last few years a number of facts have been collected which 
belong to the domain oflmmunology but fit poorly into its framework. They 
are the findings of Supersensitivity in the immunized organism.t 

These two terms clash with each other. Do we not regard an organism as 
immune if it is protected against the disease, is not attacked by it a second time? 
How can this organism at the same time be supersensitive to the same disease? 

Already v. Behring had sensed this contradiction when he described as a 
'paradoxical reaction' the death of animals hyperimmunized against tetanus 
when they were subsequently injected with a small dosc of the same toxin. 

However, the term 'paradox' can only be accepted in an exceptional case. But 
the deeper we penetrate into this field, the more closely is it found to obey a 
definite law. Already a large number of diseases is known in which evidence of 
supersensitivity has been obtained. Among them are the following: 

Tetanus (v. Behring, Kretz), Tuberculosis (Courmont, Strauss and Gamaleia, 
Babes and Proca, Detre-Deutsch, B. Schick, Lowenstein and Rappaport, Moller, 
Lowenstein and Ostrowsky), Syphilis (Finger and Landsteiner), Diphtheria 
(Rigt), Serum sickness (Arthus, v. Pirquet and Schick, Lehndorff, Otto, Rosenau 
and Anderson), bacteria in general, organ extracts, various proteins, hay fever 
(A. W olff-Eisner). 

But are Immunity and Supersensitivity really connected with each other, or 
should one distinguish the processes in which pre-treatment causes immunity, 
from those in which it leads to supcrsensitivity? 

A. W olff-Eisnert would insist on such a separation: those proccsses in which 
toxins are implicated would lead to the production of antibodies and to immun
ity; those in which the active agent is an endotoxin to supersensitivity. 

Yet from the experience with tetanus it is already evident that in pure antitoxic 

* Münch. med. Wochenschr. JO, 1457 (1906). Translated from the German original by 
Carl Prausnitz. 

t See v. PIRQUET und ScHICK Üeberempfindlichkeit und beschleunigte Reaktion. Münch. 
med. Wochenschr. 1906, 2 

:j: Zentrabl.f Bakteriolog. 37 (r904); Miinch. med. Wochenschr. 1906, No. s; Das Neu.fieber. 
Müchen: Lehmann (r9o6) 
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processes supersensitivity can occur. Wolff-Eisner's objection that it occurs 
only as an exception, does not seem to me to meet the principie of the 
problem. 

Richet* was the first to recognize the significance of supersensitivity, which he 
called Anaphylaxis. He discovered that his actinia poison produced, at the same 
time, both immunity and anaphylaxis. If the poison was re-injected after a 
suitable interval, the animals mostly died acutely; but if they survived the first 
shock, they overcame the dise:tse more rapidly than the control animals receiving 
their first shock injection. 

v. Pirquet and Schickt have come to similar conclusions from their study of 
Serum sickness: following the re-injection of serum the symptoms run a more 
stormy but a shorter course. 

Recently Rosenau and Andersont have shown that in spite of the very high 
leve! of supersensitivity acquired by the guinea-pig after injection of a minute 
quantity ofhorse serum, this is nevertheless accompanied by certain processes of 
immunity. For if instead of giving a single first injection the horse serum is 
injected for ro d:~ys running, the animal injected ten times will not succumb to 
the subsequent re-injection of horse serum, whilst the animal pre-injected only 
once will die. 

The relations between immunity and supersensitivity seem to me most clearly 
exemplified by what is seen in vaccination.§ A recently vaccinated individual 
appears supersensitive as compared with a person receiving his first vaccination, 
for he reacts far more quickly to the infection; yct at the same time his is protec
ted, for iu him the disease process extends only over a smalllocalized area, and he 
is spared al! generalized symptoms. Very similar observations have been made 
quite recently by Finger and Landsteiner,-¡ in the case of syphilis. At any stage of 
the disease re-inoculation has a pronounced effect: this occurs more rapidly than 
after the prim:try inoculation (shortened period ofincubation). In tertiary syphilis 
a local erythema may even develop immediately after the re-inoculation; this is 
equivalent to the 'immediate reaction' seen after repeated serum injection. 

'Irmuuníty' ami Supcrsensítivity can thcrefore be rnost closely intcrrelatcd. 
And yet these two terms contradict each other, their union is a forced one. In 

fact, the concept of immunity has been carried on since a time when superscn
sitivity was nnkno\vn. 

* Archivío di Fisiología, I904, p. I29. Soc. de bíologie. 2I.I.I905. 
t Wien. klin. Vlochenschr. r903, Nos. 26, 45; I905, No. I7. 'Díe Serumkrankheít', Wien, 

Deutike, r905 
t 'A study on the cause of sud den death following the injection ofhorse serum.' Hyg. Lab. 

U.S. Pub. Health and Mar. Hosp. Serv., Washington, I906, Bull. No. 29 
§ v. PIRQUET: Verhandlungen der Gesellschcift dmtscher Nat~nforscher und Aerzte, Kassel, I903; 

Wíen. k/ in. Wochenschr. I906, No. 28. Klínische Studien iiber Vakzination und llakzína/e Allergie. 
Wien, Deutike, r9o6 (to be published shortly) 

"¡[ Sitzungsbericht der Kais. Akad. d. Wiss. in Wien. IVI.-N. Klasse, April r9o6 
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As F. Hamburgerjj has pointed out, the specific change which an animal 
undergoes after an experimental disease is almost as often an increase in suscep
tibility as a raised power of resistance. 

What we need is a new generalized term, which prejudices nothing but 
expresses thc change in condition which an animal experiences after contact 
with any organic poison, be it anímate or inanimate. 

The vaccinated person behaves towards vaccine lymph, the syphilitic towards the virus 
of syphílis, the tuberculous patient towards tuberculin, the person injected with serum 
towards this serum, in a díjferent manner Jrom him who has not prevíously been in 
contact wíth such an agmt. Yet he is not insensitive to ít. We can only say of him that 
his power to react has undergone a change. 

For this general concept of a changed reactivity I propase the term Allergy. 
'Allos' implies deviation from the original state, from the behaviour of the 
normal individual, as it is used in the words Allorhythmia, Allotropism. 

The vaccinated, the tubcrculous, the ip.dividual injected with serum becomes 
allergic towards the corresponding foreign substance. A foreign substance which 
by one or more applications stimulates the organism toa changc in reaction is an 
Allergen. This term-not quite in accordance with philological usage-traces its 
origin to the word Antigen (Detre-Deutsch) which implies a substance capable of 
giving rise to the production of antibody. The term Allergen is more far reach
ing. The allergens comprisc, besides the antigens proper, thc many protein 
substances which lead to no production of antibodies but to supersensitivity. All 
the agents of infcctious diseascs which are followed by immunity are allergens. 
Among the allergens should be included the poisons of mosquitoes and bees in 
so far as their stings are followed by hypo- or hypersensitivity. For this reason 
we may also enrol under this term the pollen causing hay fever (Wolff-Eisner), 
the urticaria-producing substances of strawberries and crabs, and probably too a 
number of organic substances leading to idiosyncrasy. 

The term Immunity must be restricted to those processes in which the introduction of 
the Joreign substance ínto the organísm causes no clínically evident reaction, where, 
therefore, complete insensítívity exísts; maythis be due toalexins(natural immunity), 
antitoxins (active and passive immunity in diphtheria and tetanus), or even to 
some kind of adaptation to a poison (Wassermann and Citron). 

The ncw names do not conflict with the nomenclature in use up to now. The 
well-defined concepts of antitoxins, cytolysins, haemolysins, precipitins, agglu
tinins, coagulins are not affectcd thereby. Supersensitivity is a new field of 
research where only in the last few years new concepts have been evolved under 
laborious adaptation to the old names. From the need to clarify these conccptions 
I propase the new terms; I hope that by simplifying the o u ter form I will ha ve 
made it easier for new research workers to study the interesting phenomena in 
this field. 

11 'Eine energetische Vererbungstheorie'. 22. Kongr.f innere Medizin, Wiesbaden, 1905 
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STUDIES ON SUPERSENSITIVITY* 

From the Institute of Hygiene, University of Breslas 
Director: Geh. Med. Rat Prof. Dr. R. Pfeiffer 

CARL PRAUSNITZ & HEINZ KÜSTNER 

Among the idiosyncrasies to foodstuffs the supersensitivity to fish has so far 
received little attention. Since one of us (K.) suffers from this affection, we took 
this opportunity of investigating the mechanism of the reaction and the serolo
gical conditions concerned. In the course of the work a series of controlled tests 
were carried out on the other one (P.), who is a hay-fever patient, and on 
several non-sensitive colleagues who kindly placed themselves at our disposal. 

The patient, an otherwise healthy man of 24, is known to have been fish
super-sensitive since the age of 6. After eating the merest trace of marine or 
freshwater fish the following symptoms appear: 

After half an hour itching of the scalp, neck, lm.ver abdomen, dry sensation 
in the throat; soon afterwards swelling and congestion of the conjunctivae, 
severe congestion and secretion of the respiratory mucous membranes, intense 
fits of sneezing, irritating cough, hoarseness merging into aphonia, and 
marked inspiratory dyspnoea. The skin of the entire body, especially the face, 
becomes highly hyperaemic, and all over the skin of the body there appear 
numerous very itching wheals, I-2 cm large, which show a marked tendency 
to confluence. Increased perspiration has not been noted. After about 2 hours 
heavy salivation starts and is followed by vomiting, after which the symptoms 
very gradually fade away. Temperature, cardiac and renal function have 
always been normal. After ro or 12 hours all the symptoms have disappeared; 
only a feeling of debility persists for a day or so. After each attack there is .a 
period of oliguria and constipation; this may be due to dehydration and 
vomiting, but perhaps it is better explained by retention of water similar to 
what occurs in serum sickness. 

What may perhaps be regarded asan abortive form ofthe illness is the patient's 
observation that after careless working with fish-glue he has occasionally had 
urticaria of the lips. The symptoms and signs of fish supersensitivity can ha ve no 

* Centralbl.f Bakteríol. 1. Abt. Oríg. 86, 160-9 (1921). Translated from the German original 
by Carl Prausnitz. 
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psychological basis. They have frequently occurred when he had no idea of 
having eaten any fish e.g. once after eating tunny fish which he had taken for 
meat; another time after eating parsley which had been chopped up on a board 
previously used for cutting up anchovies. But the patient has found that he can 
eat caviar with impunity. The active substance appears to occur practically only 
in the muscle flesh ofbony fish. lt occupies a peculiar position among the agents 
of supersensitivity, since for our patient fish is complete! y harmless in the raw 
state and only becomes poisonous when heated (cooked, baked or fried). 

1 

Starting from these observations it was first tried to produce the signs of super
sensitivity by parenteral administration of the fish antigen. A standard solution 
was prepared by mincing fresh marine fish (usually haddock), boiling it in ten 
times its weight of distilled water, filtering through paper and sterilizing the 
filtrate for half an hour in the steam sterilizer. The clear, non-opalescent fluid 
thus obtained proved inactive on the patient's conjunctiva, but highly active on 
intradermal injection. After intradermal injection of o.r c.c. of the standard 
solution (the utmost care being taken to avoid subcutancous injection) there 
developed at the site ofinjection within ro minutes a very itching wheal which 
rapidly, under our eyes, grew to about 4 cm in diameter. The fully developed 
wheal was raised high above the surrounding skin, white, with an indented 
margin; it was surrounded by a deep red fiare about ro cm wide. After 20 
minutes there developed the syndrome of severe generalized intoxication pre
viously described (urticaria of the en tire body, in tense congestion of the conjunc
tivae and upper air passages, irritating cough, dyspnoea). The generalized signs, 
which we were able to produce repeatedly in the same form, gradually fade 
away after severa! hours. Subcutaneous injection of r mg atropine sulphate 
quickly and completly relieves the respiratory symptoms, 0.1 mg 'suprarenin' 
the urticaria. But even after a day, sometimes even 2 days, oedematous infiltra
tion of the injection si te persists. In our experience this oedema is very charac
teristic of positive supersensitivity reactions. 

A distinct local reaction could be obtained by intradermal injcction of as littlc 
as o.r c.c. of a thousandfold dilution of the standard solution, but not by o.r c.c. 
of a ten-thousandfold dilution. The limiting active dose therefore corresponds 
to the boiled extract of about 0.01 mg of fish muscle. 

However, a 50 per cent watery solution obtained by leaching fish muscle in the 
cold was complete! y inactive in the patient. If this solution was boiled, a precipi
ta te formed which was inactive, whilst the filtrate was weakly active (about rooo 
times less than the original standard solution described previously). After heating 
to sooc the solution remains inactive. At 55°C-i.e. the lower limit of protein 
coagulation-a toxic effect begins to appear; above 6o°C its toxicityisfoundnot 
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to differ from that of the boiled extract. In agreement with this finding is the fact 
which greatly astonished our patient, that he can eat raw .fish (5 g!) without the 
slightest discomfort. It appears, therefore, that the active agent is only formed in 
flsh muscle when it has been heated. Evidently in the flsh extract prepared in the 
cold and filtered, small particles of flnely dispersed flsh protein had remained in 
suspension and from them antigen was formed on boiling. 

The intradermal tests have proved that even after technically unobjectionable 
injection of sufficient amounts of antigen* so great an absorption of the poison 
can take place so rapidly that the picture of a severe general intoxication will 
develop. This observation is not unique. 

With hay Jever similar severe reactions have been described by Dunbar, 
Prausnitz and others after subcutaneous injection of the active pollen protein. But 
according to our investigations the same severe syndrome can be produced even 
by the intradermal injection of pollen protein. The other one of us, a hay-fever 
patient, was given o.I c.c. of a I per cent solution of rye pollen proteint intrader
mally: that is 2000 times the minimum amount required to produce a conjunc
tival reaction in this patient. 

After IO minutes there developed a white, raised, very itching wheal with 
indented border, 22 x 17 mm in size, with a deep red fiare 6o x 45 mm. Ten 
minutes later intense conjunctival congestion with severe lachrymation, a 
burning, itching sensation and chemosis. After a further IO minutes there was 
severe inspiratory dyspnoea, panting respiration, stridor, distressing cough. 
The wheal was now 45 x 23 mm, the fiare 200 x 90 mm in size. The eyelids 
became very oedematous, the palpebral flssure narrowed toa slit, the face so 
swollen as to be almost unrecognizable. This disflgurement only gradually 
disappeared after several days. For severa! days the site ofinjection presentcd a 
doughy swelling and remained painful. 

II 

In order to determine the active prínciple the original standard flsh solution was 
ftrst mixed with an eightfold volume of absolute alcohol, and after standing for 
24 hours was flltered through paper. The flltrate was evaporated to dryness on 
the water-bath; from IO c.c of the standard solution 0.027 g of a greenish-yellow 
amorphous material was obtained. It was suspended in IO c.c of normal saline 
solution; it proved quite inactive on intradermal injection. The aclohol precipi
tate (0.035 g from IO c.c of standard solution) was also suspended in IO c.c 
normal saline: this solution,just like the original standard solution, was active in 
one thousandfold dilution. Thcrefore the antigen had passed quantitatively into 

* rooo times the quantity required to produce a local reaction 
t We are indebted to Professor Dunbar for kindly supplying this valuable preparation 
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the alcohol precipitate. The minimal active dose of the alcohol precipitated 
antigen is 35 x 10- 5 mg. 

No active substance can be extracted from fish musde by alcohol or ether in 
the cold or by heat. 

The substance was then tested for dialysability. Ten c.c of the standard solution 
were dialysed in a Schleicher and Schüll dialysing sheath for 24 hours against 
frequent changes of distilled water. The dialysate (4litres) was inspissated on the 
waterbath to a volume of 20 c.c; it proved inactive by intradennal test. The fluid 
within the sheath had retained its original activity. It gave a distinct biurct and 
Million reaction. 

Therefore the antigen is neither fat nor lipid. It is allied to the proteins but does 
occupy a peculiar distinct position: coctostable antigens, it is true, ha ve long been 
known, e.g. pollen protein. But what is new is the fact that the active substance ís 
only Jormed when the solution ís heated beyond the temperature oj denaturation oj 
protein. W e would assume that it still is a fairly high molecular decomposition 
product of fish protein, since it is precipitated by alcohol, is non-dialysable and 
gives the above-mentioned protein reactions. 

If the standard solution is treated in the cold with 10 per cent acetic or 10 per 
cent nitric acid, a precipita te forms; this, like the filtra te after neutralization, is 
intraderrnally inactive. If acetic acid is added to the standard solution to a con
centration of 0.1 per cent in the cold, its activity is reduced to about one-tenth; 
when boiled this solution becomes quite inactive. After treatment with 3 per 
cent potassium hydrate the standard solution remains clear and active. 

It was not possible to detoxicate the standard solution with midly acidif1ed 
pepsin of proved activity, nor with alkaline trypsin. 

The fact that the patient can eat caviar without suffering any trouble suggested 
testing the various organs of fish for activity. Only the cross-striated muscle of 
bony fishes was found to contain the antigen in considerable quantity. Decoc
tions of stomach and liver were very weakly active (about rooo times less so than 
the standard solution described above). Inactive were decoctions of spleen and 
roe, as well as pure, undiluted fish serum, both raw and boiled. Of cartilaginous 
fishes the ray proved to be about 100 times weaker than the bony fishes investi
gated. Naturally whale flesh was inactive. 

III SEROLOGICAL INVESTIGATIONS 

In view of the strictly specific character of the reaction described the serum of the 
supersensitive individual was tested for the presence of antibodies. With the 
most varied testing arrangements it was impossible to demonstrate in vítro 
precipitins or complement-binding substances in his serum or in that of normal 
persons. 

Following the observation of Bauer (Münch. med. Wochenschr. 1911, p. 71) 
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that in serum sickness the patient' s serum agglutinates the corresponding erythro
cytes, we tested our patient' s serum for activity against fish red blood corpuscles, 
but with no result. Nor could we discover in a test on the human being any 
neutralizing substances in the serum: mixtures of equal parts of the standard fish 
solution and freshly drawn serum of the patient, as well as of a normal person, 
were kept for 2 hours at 37° e and overnight in the icebox; their toxicity by 
intradermal injection to our patient remained uninBuenced. 

These results show a close agreement with the similar behaviour of pollen 
protein in the hay-fever patient. This substance is also a coctostable protein-like 
substance which, it is true, behaves differently towards acids and alkalis but is 
also very resistant to digestive enzymes. Both substances are strictly speciflc for 
the corresponding supersensitive persons, although they show a considerable 
quantitative difference in their active dose. Their chief difference is that the 
poisonous pollen protein is preformed, whílst the poisonous substance from fish 
does not develop until the protein has been denatured. Pollen protein, injected 
subcutaneously or intradermally to the hayfever patient, produces exactly the 
same symptoms as f1sh extract in the flsh-sensitive individual. A further difference, 
though hardly so important a one, is the fact that pollen protein is inactive after 
oral, flsh extract after conjunctival administration. 

The reactions observed show a remarkable resemblance to those of genuine 
anaphylaxis. True, there is one difference: in fish- and pollen-supersensitive 
persons after intradermal injection the reaction sets in almost without any 
incubation period-within a few minutes-and fades relatively soon; in the 
person sensitive to serum or tuberculin the intradermal reaction only begins 
after several hours and remains at its height for days. Still, these differences 
might only be of a quantitative nature. Whether the forms of supersensitivity 
discussed here come under the heading of true anaphylaxis would most readily 
be decided if they could be passively transferred to non-susceptible beings. In 
guinea-pigs it was impossible to produce passive anaphylaxis by intraperitoneal 
injection (1 or 2 c.c) of the flsh-supersensitive patient's serum followed 24 hours 
later by intravenous injection of 0.5 c.c standard fish solution. By a similar 
technique, using the serum of a hay-fever patient and pollen protein, again no 
result was obtained.* The attempt was therefore made to transfer the supersen
sitive state passively to non-susceptible human beings. The technique used in 
guinea-pigs was out of the question, since corresponding to the weight of the 
individual to be tested far too much serum would have to be taken from the 
donor, and above all because of the danger of producing a severe-anaphylactic 
shock. W e therefore tried to localize the anaphylactic reaction withín the skin by 

* Note during the printing of this article. In promising experiments with the somewhat 
similar syndrome of acquired supersensitivity of hide-dyers to 'Ursol' (quinone di-imino 
polymers) H. Curschmann has recently succeeded in rendering guinea-pigs passively ana
phylactic to this substance with the patient's serum (Münch. med. Wochenschr. 1921, No. 5) 
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injecting both reactants (serum and antigen) íntradermally ínto the same spot of skín. 
I. Mixtures of standard fish solution with the fish-sensitive patient's serum in 

varying proportiom, injected intradermally to normal persom in o.r c.c amounts, 
were inactive. 

2. Even after being kept for 2 hours at 37° C and for 24 hours in the icebox, 
they failed to become active. 

3· A posítíve result was only achíeved when, conforming exactly to the passive 
anaphylactic experiment in the guinea-pig, the serum was first ínjected íntradermally 
and the standard fish solutíon was ínjected the Jollowíng day ínto the same spot oj skín. 

On July 19th, 1920, a person, not sensitive to fish solution, received into the 
abdominal skin intradermal injections of O.I c.c of the following substances: 

(r) Serum of the fish-sensitive patient, undiluted; 
(z) Serum of the fish-sensitive patient, diluted I in ro; 
(3) Serum of the fish-sensitive patient, dilnted I in roo; 
(4) Serum of a healthy person, free from any idiosyncrasy; 
(5) Normal saline solution. 

On July 2oth, 1920, o.I c.c of standard fish solution was injected into each of 
these spots and (6) into an untreated spot of skin. The arrangement of the wheals 
was as follows: 

4 I 

right 3 navel 5 left 
6 2 

After 15 minutes a marked snbjective and objective reaction was present only 
in the spots I, 2 and 3 pretreated with the specífic serum. It was strongest where 
the undiluted serum had been administered. The control wheals 4, 5 and 6 showed 
only a trifling traumatic reaction (see Table r). 

After I hour the wheal and fiare in the skin spots I, 2 and 3, pretreated with 
specífic serum, were still about the same size as after 15 minutes, but already the 
border between wheal and fiare had become indistinct and the fiare was starting 
to fade. On the next day there was still in these spots the distinct oedema which 
was always seen in the fish-semitive patient after intradermal injection of the fish 
antigen. But the spots 4, 5 and 6 remained free from any trace of oedema. 

The experiment was repeated in this person, who incidentally is supersensitive 
to pollen, and in two others, one male and one female, who are free from any 
idiosyncrasy: the result was the same. In a further person, supersensitive to 
peptone, there were also differences in favour of the spots pretreated with the 
specific serum, but they were less marked. 

It has thus been proved by thís test that, accordíng to the techníque whích we have 
elaborated, the state ojsupersensítívity can be traniferred passívely to normal persons by 
the serum of the supersensítive individual. 
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lt had now become obvious to try out thc techniquc in other forms of super
sensitivity. For this purpose we chose hay-fever and sensitivity to tuberculin and 
to horse serum. In all of thcm the result of numerous tests was negative. One 
might still consider the possibility that, e.g. in hay-fever not the serum but certain 
cells were the carriers of supersensitivity; as such the cells of the sub cutis and cutis 
were the most likely ones since the skin shows a specially high degree of pollen 
sensitivity. To decide this qucstion a piece of the hay-fever patient's skin, 15 sq. 
cm in size was excised; the subcutis and deeper layer of the cutis were carefully 

TABLE 1 

Result of the Test 

Skin After 15 minutes 
spot After one 
No. Wheal Fiare hour 

1 21 X 15 mm Tense, pale, raised toa plateau with 120X70mm Fiare still bright 
irregular protrusions, very irritating Bright red red 

2 1 2 X 1 1 mm S ame appearance 8ox5omm Fiare still bright 
Bright red red 

3 12X8 mm Same appearance 55 X28 mm Fiare red 
Red 

4 7X5mm Slightl y raised, circular, quite in- 6ox25 mm Pale area 
sensitive. Pale 

5 7X6mm Slightly raised, circular, quite in- 40X25 mm Pale area 
sensitive Pale pink 

6 8x7mm Slightly raised, circular, quite in- 55 X 30 mm Pale area 
sensitive Pale 

scraped off and ground with glass powder in an agate mortar toa fme pulp; 6 
c.c of normal salline was slowly added and stirred to make a suspension which 
was shaken for 15 minutes and spun for I minute in the hand centrifuge to 
sediment the coarser particles. The supernatant, a slightly opalescent, blood
stained fluid, was microscopically free from cells. It was tested in three persons 
according to the technique used previously for testing passive transmission of 
pollen sensitivity-but without any result. 

Possibly there is a difference of principie between ftsh supersensitivity and the 
other idiosyncrasies. But we consider it to be more probable-particularly in 
view of the striking resemblance already stressed between fish and pollen super
sensitivity-that such differences are merly quantitative. This assumption is 
favoured by the fact that the fish-sensitive individual presents an unusually high 
degree of sensitivity whereas the human donors used for the hay-fever and 
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horse-serum tests were only moderately supersensitive. Perhaps wc might havc 
succeeded in transferring pollen and horse-serum supersensitivity passively by 
our test, if more highly sensitive individuals had been avaibblc. However, the 
patient used in the tuberculin test reacts so strongly to tuberculin that in his case 
such an assumption can hardly be justified. 

According to the experiments described above it is highly probable that fish 
supersensitivity should be regarded as a true anaphylactic phenomenon. 

IV 

The possibility of active immunization against hay-fever is known from the 
experiments of Noon, Freeman, Dunbar, Eskuchen and others. One of us (P.) 
studied the question in detail in the summer of 1919; with so me highly active rye 

TABLE 2 

Test(July 6th, 1920) 

Lefl forearm, .fiexor aspect afler 
repeated injections 

Right forearm,jlexor aspect no prevíous 
injections 

------'------------------------------------
Intradermal Standard fish solution undíluted Standard fish solution diluted r in ro 

injection 
O.I C.C. 

-------------------------/------------------
After 15 

minutes 
Very weak local reaction 
Wheal2ox 13 mm, Fiare red, 
indistinct, no sharp margin 

Very strong local, almost a general reaction 
Wheal 3 6 X 2 5 mm, Fiare r 3 5 X 70 mm, deep 
red 
On the extensor aspect a small, very irritating 
daughter wheal has developed 

pollen solutions supplied by Professor Dunbar he obtained promising results in 
two out of four hay-fever patients. The mechanism of this protection is not yet 
sufficiently understood. It has not by any means been proved that genuine 
immunity is involved here. Opposed to such a vicw would seem to be the fact 
that so far substances neutralizing the hay-fever poison have not been discovered 
in thc serum of rabbits, goats and horses immunized against pollen. Perhaps, as 
Bessau suggests, this is a case of anti-anaphylaxis or katanaphylaxis. Nor has 
finality been reached as to the technique of this immunization. The dose em
ployed should not be too small, otherwise success is usually not achieved. But if it 
is increased too rapidly, acute symptoms readily develop in the skin and respira
tory passages; they may occasionally beco me very scvere and rcquire treatment 
with atropin and suprarenin (Noon, Freeman, Bessau, personal experiences). 

The possibility, however, of producing a transitory, perhaps even a permanent 
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control of supersensitivity can be deduccd from observations on the fish-sensitive 
patient. After a considerable number (about forty) of intradermal injections of 
different fish extracts had been carried out during about 6 weeks, always on the 
flexor aspect of the left forearm, a very marked local reduction ofhis sensitivity 
was observed (see Tablc 2). 

Subscquently, after a number of fish-extract injections had bccn performed on 
the right arm, a corresponding reduction oflocal sensitivity occurred here also. 
After stopping the tests for 8 weeks the sensitivity had almost returned to its 
original leve!. It follows, therefore, that a kind oflocal immunization is possible; 
however, so far as our prcsent experience goes, it is only transitory. W e can not 
yet say whether it will be possiblc to immunize the whole body against thc result 
of oral administration of the antigen. Experiments in this dircction are 
contcmplated. 

CONCLUSIONS 

I. According to our investigations on a highly fish-sensitive patient, fish 
supcrsensitivity cxists both towards oral and intradermal administration of the 
antigen. The active principie is prcsent in the muscle, but not in the serum and 
most of the organs of bony fishes, and only in small amounts in the muscles of 
cartilaginous fishes. It is not demonstrable in raw fish muscle but only dcvelops 
on heating to the tempcrature of protein coagulation. 

2. Thc active principie is insoluble in cold or warm alcohol and ether; it is non
dialysable, is speedily inactivated by acids, but not by alkalis, pcpsin or trypsin. 

3. The rcaction is strictly spccific. Precipitins, complement-binding and neutra
lizing antibodies were not demonstrable in the serum of the sensitive individual. 

4· It was not possible to sensitize guinea-pigs passively with the paticnt's 
serum. But with his serum the speci}ic tranifer of jish supersensítivity to normal, not 
jish-sensitive hummt beíngs, was successfully accomplished. The technique consisted in 
the íntradermal injection of the serum and re-injection of the same spot of skin, 24 hours 
later, wíth the antígen. 

5· It was not possible with this technique to transfer scnsitivity to pollen 
protein, horse serum or tuberculin. Perhaps we might have succeedcd with the 
sera of persons more highly scnsitive than those available to us. 

6. After repeated performance_ of intradcrmal injcctions of fish extract there 
resulted a local reduction of sensitivity lasting for severa! weeks. 
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A bands 
myasthenia gravis roo6 

A-myeloma protein 372 
ABO blood group systems 

see blood groups 
absorption-election test 

grouping blood stains · 262 
grouping saliva and seminal stains 264 

acetylocholine 627, 628 
myasthcnia gravis 1001 

acetyl cholinesterase 
lack in paroxysmal nocturnal lucmo-

globinuria cclls 410 
achlorhydria 1023, 1025, 1074 
actin 1008 
Actinia 

poison of 1296 
Actínomyces 

bovis and ísrae/ii 97 
skin tests 210 

actinomycetes 
thennophilic 969, 970, 973, 975 

actinomycetoma 96 
actinomycosis 97 

direct microscopy 57 
actomyosin roo8 
Addisonian pernicious anaemia 

see pernicious anaemia 
Addison's disease 

complement fixation test 1 II 8 
idiopathic 1rr7-21 
immunofluorescent tests II17, II18 
nature ofantigens II17, 1rr8 
pathological changes 1 II 7 
thymic lesions 1000 

adenovirlfses 127 
diagnostic tests 127, 128 
oncogenic strains 1219 
vaccines for 1219 

adjuvants 
immunotherapy of malignancy 516 
role of 602, 603 
use of 6, 7 
veterinary medicine 48, 1274 

adrenal 
antibodies in clínica! diseasc III7-20 
calcification 1 rr8 

adrcnalin 664, 665, 669, 1203 

local immunity 472 
skin tests 194, 205 

adrenocorticotrophic honnone 
antigenicity 672, 673 
hypersensitivity 687 
immunoassay 275, 280, 282 
in myasthe11ia ror 1 

Aedes aegypti 
dengue 1223 
yellow fever 1215 

African horse sickness 
vaccination against 1272 

African sleepi11g sickness 
see trypa11osomiasis 

agammaglobuli11aemia 
se e h ypagammagla bulinaemia 

age 
influence 011 drug sensitivity 697 
i11fluence 011 the RES 341 

agglutination 17-33 
see speciftc antigens; Widal reaction 
amoebiasis 13 8 
anaplasmosis 154 
antiglobulin test 19-21 
bacterial 63-5 
brucellosis 6 3 
Chagas's disease 143 
direct 17 
drug-induced haemolytic anaemia 740 
enzyme-treated cells 17, 19 
high viscosity media 18, 19 
immobilization tests 18 
leishmaniasis 145 
malaria 151 
mixed 30, 31, 262-5 
passive 23, 35 

se e passive agglutination; passive hae-
magglutination 

rickettsiosis 64 
schistosomiasis r8o, 181 
toxoplasmosis 156 
trichinellosis 171, 172 
trichomoniasis 148, 1246 
trypanasomiasis 140 
viral diseases 1210 
visceral larva migrans 17 S, 176 

aggressins 426, 434 
agranulocytosis 716 

I307 
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agranulocytosis (contd.) 
due to drugs 741, 825 
mechanism of 730, 732 

Aldrich's syndrome JO, 545, 554 
alexin 391 
alimentary allergy 1037, 1038 
allergens xxii 

nature 654, 655 
allergic reaction xxii 

classification 432-4, 577, 578 
factor in microbial pathogenicity xxiii, 

xxiv, xxv 
granulomatous, skin tests 208, 210-15 
Mode A 433-5, 441, 446, 448 
Mode B 433, 434, 436-8, 441, 446 
Mode C 433, 434, 438, 439, 441, 446 
Mode D 433, 434, 441, 442, 446, 448, 

449 
allergic reaction, Type 1 

acetycholine 627, 628 
alímentary tract 961 
anaphylactic shock 458, 583 
antibody deüciency syndrome 557, 558 
Arthus reaction, Type 1 component 587 
asthma 583, 584 
atopic subjects 58 3 
complement 615, 616 
corticosteroids 62 3 
defmition 579, 580 
enhancing substances 615, 616 
enzyme activation 612-19 
eye rr61, rr62 
hay fever 583, 584 
histamine 584, 6rr-14, 620-4 
5-hydroxytryptamine 626 
immediate skin reaction 450 
inhibitors 613-17 
insulin 681 682 
kinins 627 
lung 960-4 
malignancy 529 
mast cells 61, 614, 617 
mechanism 582-4 
passive transfcr (Prausnitz-Küstner) test 

41 
pharmacological mediators 584,619,620 
prostaglandins 628 
reaginic antibodies 581-3 
sclf-cure 440 
serum sickness 5 89 
skin 961 
skin tests 168, 190-214, 583, 584 
slow-rcacting substance A 617, 623-6 
tissuc sensitization 617, 618 
tissue scnsitizing antibodies 5 S 1-3 
transfusion reactions 58 5 

urticaria 584 
allergic reaction, Type 11 

antibody deficiency syndrorne 558 
complement 584, 586 
cytostirnulation 585, 586 
cytotoxic tests 3 7 
definition 579, 5 So 
drug reactions 5 86 
Forssrnan antisera 58 5 
haernol ytic anaernia 58 5 
haernolytic disease ofthe newborn 585 
homograft reaction 58 5 
incornplete antibody 584 
lyrnphocyte transformation 585 
neonatal thrornbocytopenia 585 
nephritis 5 86 
orchitis 58 5 
rheumatic fever 585 
thyroiditis 58 5 
transfusion reactions 584, 585 

allcrgic reaction, Typc III 
anaphylatoxin 588 
antibody deficiency syndrorne 577. 588 
antigen-antibody complcxes 587, 588 
antihistarnines 5 88 
Arthus reaction 587 
complemcnt 587 
certicosteroids 5 89 
definition 579, 5 So 
drug sensitivity 589 
cye II62, 1163 
heparin 588 
histamine 587, 588 
insulin 682, 68 3 
leucocytcs 587, 588 
lungs 653 
nephritis 5 89 
polyartcritis 589 
rheurnatic fever 837, 83 8 
rheurnatoid arthritis 589 
serurn sickncss 587, 588 
skin tests 195-200 
systemic lupus erythematosus 589 

allergic reaction, Type IV 
antibody deüciency syndrome 558 
antibody, rclation to 592 
Arthus reaction 587 
cclls producing 315, 316 
contact sensitivity 590 
dcficiency 545, 553, 554 
defmition 579, 580, 589, 590 
delaycd skin reaction 448, 449 
differentiation 592, 593 
eye rr63-5 
homograft reaction 590 
insulin 683, 684 
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allcrgic reaction, Type IV ( contd.) 
lymph node permeability factor 628, 629 
lymphocyte transfcr test 41 
macrophage-cytophilic antibody 439 
malignancy 522, 525, 526, 529 
mechanisms of 590-2, 612 
orchitis 585, II55 
passive transfer 206, 207, 213, 592 
role in discase 593, 594 
skin tests 168, 175, 176, 191, 195, 196, 

198, 200-IO 
transfer factor 592 
tuberculin reaction 5 90 

allergic response 
cell mediated 290, 29 1 
definition 432 
in skin 898 

allergic state 
defmition xxii, 575, 585 
delayed, induction of 590 

allergized xxiii 
allergized cells, 

actively allergized 
blast cell 3 9-41 
definition 433, 434, 441, 577, 582, 592 
hypersensitivity reactions 577,582, 592 
immunity 433, 434, 438, 441, 442, 

448, 449 
immunofiuorescence 39 
in vitro 3 9-41 
lymphocytes 39-41 
plaquing test 39 

passively allerized 
defmition 433, 434, 441, 577, 582, 592 
hypersensitivity reactions 577, 582 
immunity 433, 434, 438-40 
in vítro 41-5 
macrophages 41 

Allescheria boydii (Monosporium apoispermwn) 
96 

allogeneic graft 4 78 
allogeneic inhibition 3 16, 521, 522 
allogeneic reactions 578 
allogenic cells 32 5 
allosterism 434 
allotypy 

Gm groups in Bence-Jones proteins 375, 
376, 462 

Altemaria sp. 
skin tests 191, 193 
spores 71 

amidopyrene 
causing leucopenia 82 5 

amino acid generation test 
in drug sensitivity 739 

amino acid polymers as antigens 296 

aminonucleoside nephrosis 923 
aminophylline 

hype~sensitivity to 647 
arnn1oma 

inactivates C' 4 3 89, 408 
inactivates C' 3 391 

amniotic fluid 
bilirubin levels in 798 

Amoeba 
digestive activity of 336 

amoebiasis 135-9 
agglutination test 13 8 
carriers 13 3 
commensal form of Entamoeba 134 
colonic auto-antibody 1051 
complement frxation test 136 
immobilization test 137 
immunofiuorescence 13 8 
indirect haemagglutination test 138 
pncumonitis 983 
precipitin test 136 
skin tests 13 8 

amoeboid macrophages 338 
amyloid disease 557 

in Crohn's disease I054 
complement components 409 

amyot~ophic lateral sclerosis 1073, 1085 
anaemra 

see speciftc type, or aetiology 
anamnestic response 319 
anaphylactic hypersensitivity 

see allergic reaction, Type I; enaphylatoxin 
anaphylactic reaction 

in serum sickness 662 
to Witte's peptone II98 

anaphylactoid purpura (I-Ienoch-Schonlein 
syndrome) 706, I054 

anaphylatoxin, properties 404 
Type III reactions 588 

anaphylaxis 1296, 1302 
active cutaneous 42 
animals 1271 
atopic status 634, 648 
definition 580, 581 
due to drugs 666 
histamine 620 
insulin 681 
lung involvement 961, 962, 986 
passive reversed 581 
stings 648 
Type I reaction 58 3 

Anaplasma centra/e 1273 
Anaplasma margina/e 1273 
anaplasmosis 154 
anasarca 

in haemolytic disease of the newbom 787 
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anatoxine II85 
Ancylostoma canirun 1260 
anergy 

skin tests 204, 206, 213 
angioneurotic oedema 

clinical description 644 
complement 408, 410 
eye n62 
hereditary factors 635 
histamine 620 

angiotensin 
immunoassay 282, 283 

ankylosing spondylitis 
after total colectomy 1053 
Crohn's disease I042 
eye n69 

anthrax 
see Bacillus m1thracis 

anti-anaphylaxis 1305 
anti-antibody 853 
antibiotics 

effect on living vaccines 1270 
prevention of immunization 424 
resistance transfer factor 424 

antibody 
see antibody deüciency syndrome; anti

body formation; blood groups; 
immunoglobulins; specific antigens 

affinity 275 
anaphylactic 439, 440 
blocking 194, 638, 640 
chemical complexity 344, 345 
cross-reacting II, 12 
cytophilic 315, 439, 584 
cytotoxic, skin 901, 902 
failure of synthesis II 86 
fl uorescent 

see immunofluorescence 
Hashimoto's disease 942-4 
incomplete 584 

aglutination 16, r8-2r, 24, 28 
see enzyme-treated cells 

antiglobulin test 19-21, 24, 28 
definition 5 
high viscosity media I 8, 19 
poi ysaccharide-treated red cells 24, 

28 
red cell-linked antigen test 24, 28-30 

mitochondrial 878 
natural 428, 43 6 
reaginic 349, 440, 450, 45! 

asthma 652, 962 
atopic aczema 644 
atopic status 634, 637 
basophil degranulation 44 
colostmm 639 

complement 615 
dogs 637 
drug sensitivity 646, 647 
helminthiasis 1263 
histamine release 44 
IgE 17, 29, 45, 377, 638 
insulin 676, 679, 681, 682 
passive cutaneous anaphylaxis 43 
placenta! non-transfer 639 
Prausnitz-Küstner test 43 
red cell-linked antigen antiglobulin test 

29,45 
saliva 639 
Schultz-Dale reaction 43 
sensitization of monkey tissue 637 
skin tests 190, 196, 197, 639, 640 
stimulating antigens 635, 638, 642 
tissue ftxation 639, 641 
transfusion reactions 58 5 
Type I reactions 581-3 
urticaria 646 
vasopressin 687 

reagin-like, in animals 42 
skin-sensitizing 634 

see antibodies, reaginic 
tissue-sensi tizing 58 r-3 , 61 7, 6 I 8 

antibody absorption test 
diagnosis of ABO haemolytic disease 784 

antibody activity in immunoglobulins 376 
antibody deftciency syndrome 

acquired 547, 556, 557. s6o, 562 
aetiology 560-2 
Aldrich's syndrome 545, 554 
allergic reaction, Type I 557, 558 

Type II 558 
Type III 557, 558 
Type IV 545, 553, 554, 558 

amyloidosis 557 
antibody deüciency 55D-2, 563, s66 
ataxia telangiectasia 542, 545, 553-6, 559 
auto-allergic reactions 555, 558, 560, 

561, 567 
BCG 554 
cellular immunity deftciency syndrome 

545, 553, s6o 
classification 567, 568 
clinical description 544, 545, 553, 554, 

ss6 
combined immunity deftciency syndrome 

545, 553 
diarrhoea 554. ss6, 557 
dysgammaglobulinaemia 541, 552 
eczema 541 
haematology 541, 555, 556, 558 
Hodgkin's disease 554 
homografts 553. 558, 559. s66 
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antibody deficiency syndrome (contd.) 
hypogammaglobulinaemia 541, 542, 

545-68 
immunization s66, 567 
immunoglobulins 542, 546-53 
incidence 562, 563 
inheritance 547, 548, 554, 557 
Kveim test 554 
lymphatic leukaemia 542, 547, 554 
lymphopenic hypogammaglobulinaemia 

542, 545, 548, 553, 554, ss6, 559, s6o 
malignancy 522-4 
morbid anatomy 559, 560 
myelomatosis 542, 546, 547, 554 
nephrotic syndrome 542 
Pneumocystis cariníi 556 
progressive vaccinia 553. s66 
resistance to infection 540-5, 546, 548, 

ssr-6,563-7 
reticular dysgenesis 542, 554-6, s6o 
rheumatoid arthritis 557, 558 
rubella 546, 548, 562, s67 
sarcoidosis 541, 554, 555 
treatment 563-7 
virus infections 544, 545, 548, 551, 553, 

s66, 567 
antibody formation 39 

bone marrow 3 52 
cells concemed 294, 314, 3!5 
central nervous system 3 54 
liver 350 
locally 349, 350 
lymph nodes 348 
primary and secondary responses 32o 
spleen 348 
thymus 353 

anticholinesterase drugs roor 
anti-C' sera 

diagnosis of auto-allergic haemolytic 
anaemia 8o7-9 

antigens 
se e auto-antigen; speciüc bacteria, blood 

groups, diseases, organs, protozoa, 
and viruses 

anatomical sequestration 599, 6oo 
antibody formation 292, 293, 295, 296, 

355. 598 
B-like (bacteria!) 228 
blood cells 224 
cross-reacting rr, 12 
demonstration 4 
determinants rr, 12, 25, 3o 
diffusion constant ro 
distribution in body tissues 293-5, 356 
H (bacteria!) agglutination r8 
H-2 (transplantation) r8, 19, 32 

hidden determinant 6oo 
immunogenic 443 
Kunin (heterogenetic antigen) 1052 
Levay 224 
lipid 35 
molecular weight ro 
organ-specific 32, 503 
phagocytosing cells 295 
preparation of r 14 
prívate 224 
prostatic II3 4 
protective 443 
quantitative measurement 12, 13 
responsive cell 298 
sensitive cell 298 
standardization 76 
tolerance 598 
tumour-specific 500, 503-II, 516, 527 

antigen-antibody complexes 
active chronic hepatitis rro6 
asthma 651, 654 
diabetes mellitus II33, II34 
glomerulonephritis 916 
immune adherence 38 
serum sickness 664-6, 669 
skin reaction 194, 2o6, 2II 
Type III reactions 587, 588, 6o9, 666, 

669 
antigen-antibody reactions 

immunoassay 271 
antigenic variation 

malaria 123 5 
trypanosomiasis 1243 

antiglobulin consumption test 21 
congenital neutropenia and thrombocyto-

penia 799 
description 22 
idiopathic thrombocytopenia 22, 23, 822 
leucocytes 2 I, 22 
leucopenia 825 
platelets 21-3 
species identification 26o 
thrombocytopenia 799 

antiglobulin test 
acquired haemolytic anaemia Sos, 8o7-

15 et seq. 
bacteria! disease 64 
blood grouping 20, 244 
complement in 2o 
consumption test 21, 22 
direct test 2o 
haemolytic anaemia 20, 740, 807 
haemolytic disease of the newborn 20 
idiopathic thrombocytopenic purpura 

822 
immunofluorescence 21 
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antiglobulin test (contd.) 
mdirect test 20 
inhibition test 21, 22 
mixed 31-3, 261, 799 
passive haemagglutination 24 
polysaccharide-treated red cells in 24, 28 
principies of 19-25 
red cell-linked antigen antiglobnlin test 

21,24, 28-30 
systemic lupns erythematosus 88o 

antihistamines 584, 588, 620, 621, 624 
anti-lymphocyte sernm xxvii 

tuberculin test 206 
antimetabolites-immunosuppression xxyn 
anti-nuclear antibodies 872-4 

active chronic hepatitis 1098, 1099 
pulmonary infarction 6or 

anti-nuclear factor 874-6 
dermatomyositis 887 
drug-induced 710 
effect ofheating 875 
immunoglobulin classes 875 
1 ung disease 9 8 1 
myasthenia gravis 1009 
nuclear staining pattern 875, 876 
rheumatoid arthritis 86o 
scleroderma 886 
test for 942 
ulcerative colitus 1051 

antisera 
characterization of 7 
protective 3 3 
raising of 5-7 

anti-streptolysin O test 
see rheumatic diseases 
acute nephritis 909 
prolifera ti ve glomerulonephritis 911 

antitoxin 33 
activity of antibody 434 
response II86 

aphthous stomatitis 
Crohn's disease 1042 
skin tests 207, 209 

aplastic anaemia 
drug sensitivity 716 

appendix 307 
globulin production in 346 

arbor viruses 
diagnostic tests 128, 129 
vaccines 1221-3 

arthritis 
Crohn's disease 1042 

arthropod-borne viruses !28, 129 
see arbor viruses 

arthropods 
host detection 8, 26 

Arthus reaction 
see allergic reaction type III 
clínica! ca uses 5 8 8 
passive 587 
pathogenetic role of complement 405, 

409 
reversed passive 5 88 
Type 1 reaction 5 87 
Type 11 reaction 5 87 
Type IV reaction 587 

ascariasis xxiv 
diagnosis 174-7 

Ascaris lumbrícoides 175, 176 
Ascaris sp. 

lung disease 983, 984 
skin tests 193, 198, 199 

Ascaris suum 
cross-sensitization 172, 175 
immunity 1253-5 
prophylaxis 1256, 1257, 1262 

Aschoffbodies 832, 833, 840, 841 
as cites tumour cells 3 7 

immunity 441 
Asían influenza II 8 r 
Askenazy cells 

in Hashimoto's disease 935, 944 
aspergillorna 75, 77, 79, So, 83 
aspergillosis 77-80 
Aspergillus spores 71, 72 
Aspergíllus fiavus 79 
Aspergillusfumígatus 71, 72, 74, 76-9, 98 

skin test 191, 193, 197, 198 
Aspergillus nídu/ans 79 
Aspergillus niger 79 

Aspergil/us sp. 
lung disease 969-72, 978, 982, 987 
precipitins 970-2 
skin tests 970-2 

aspirin 
hypersens?tivity 647-9 

asthma 
acetylcholine 627, 628 
alimentary allergy 1037 
allergic 652-4 
allergic reaction. Type 1 58 3, 5 84, 960-8, 

970-2,975-7.981-7 
Type III 968 970-3, 975-7, 982-5, 

987 
aspergillosis 970-2, 987 
atopic status 633, 634, 968 
auto-allergy 964, 965 
bradykinin 627 
Candída albícans 972, 973 
conditioned reflex 963 
corticosteroids 964, 965 
definition of 649, 650 
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asthma (contd.) 
drug allergy 666, 69S, 70S, 709, 71S 
eosinophils 963-5, 970-2, 9S2-4, 9S6 
experimental, in animals 962, 963 
experimental, in man 963 
extrinsic 964, 96 S 
farmer's lung 973, 9S7 
Haemophilus ínjluenzae 965 
hereditary factors 63 5-7 
histamine 620, 623 
histamine sensitivity 636 
s-hydroxytryptamine 626 
infection 652 
intrinsic 649, 964, 965 
mill-worker's 975 
nasal polypi 649-51 
pathology 964 
pituitary snuff 976 
pollen 641, 653 
polyarteritis nodosa 977 
prostaglandins 62S 
psychological factors 6 52 
skin tests 190, 192-5, 197-9, 20S, 210, 

Ó40 
slow-reacting substance A 623-6 
visceral larva migrans 176 

ataxia telangiectasia 542, 545, 553-6, 559 
ATEE ( acety 1 tyrosine eth y 1 ester) 3 S S 
athyreotic cretinism 950 
atopic status 

auto-allergic disease 604 
definition 633, 634 
hereditary factors 634-7 
lung disease 96S, 973, 977 
nature 652 
Type I reactions 5S3 
vasomotor reactivity 644 

atrophic gastritis 954, 1021 
atrophic thyroiditis 934, 935 
atrophic variant 

of Hashimoto's disease 934, 935 
astropine sulphate 1299 

in asthma 654 
Auer reaction 

involving the colon 1046 
auto-agglutinins 

in auto-allergic haemolytic anaemia So7, 
S09 

auto-allergic xxii 
auto-allergic disease 597-610 

see auto-allergic haemolytic anaemia 
adrenal 1117-26 
adrenal, experimental II23-5 
antibody deficiency syndrome 555, ssS, 

s6o, 567 
blood diseases So4-30 

SS 

diabetes mellitus II32-4 
eye II69, II70 
immunoconglutinins 401 
immunofluorescence 16 
leucocytes S24, S2 5 
liver 1095-IIó 
origin of 59S-6o4 
pancreas 1126-34 
pathogenetic mechanisms of 604-8 
platelets 819 
prevention 6oS, 609 
prostate - II34, IIJÓ 
skin S93-904 
Type I reactions 604 
Type II reactions 604, 6o 5 
Type III reactions 6os, 6o6 
Type IV reactions 6o6 

auto-allergic haemolytic anaemia 
antibodies Sos, So9 
cold antibody type 812 
clinical frndings So6 
complement So9 
direct antiglobulin test 807 
following glandular fever 812 
free antibody 8o8 
idiopathic type 8o6 
in NZB/Brl mice 827 
serology 807 

auto-antibodies 
auto-allergic haemolytic anaemia Sos, 

8o8, 809 
Eaton agent 124 
immunoconglutinins 400 
immunoglobulin type 810 
intestinal disease 10 56 
liver injury II07, uoS 
Ji ver, adjuvant injections u oS, r 109 
malignancy 524 
myocardial infarction 83S 
non-organ-specific 8So, 883 
post-commisurotomy syndrome S3S 
rheumatic fever 837-42, S44 
systemic lupus erythematosus S83-5 
in thyroíd disease 933-54 
toleran ce 6o 1 

auto-antigen 
failure to establish tolerance 599-601 

autograft 476 
auto-immune xxii 

auto-immune complement fixation reaction 
S7S, S79 

'auto-immune hepatitis' 109S 
'auto-immune nephritis' 909-32 
'auto-immune thymitis' 1013 
'auto-immune thyroid disease' 936, 937 
autosensitization to skin 893-904 
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auxiliary pathogenic factors 426-8, 443, 44 7 
avían antibodies 

failure to fix mammalian complement 397 
azathioprine 

active chronic hepatitis II04 
auto-allergic haemolytic anaemia 8o6, 

807 
idiop~thic thrombocytopenic purpura 820 
'mínima! change' nephrotic syndrome 

927 

f3IA globulin 
see C'31 

/3 1c globulin 
see C' 3 

/31 E glo'mlin 
see C'4 

/31F g'obulin 
see C' 5 

Babesiosis 153, 154 
animals 1273 
complement fixation test 154 
immunity 1245, 1246 
man 153, 1233 
premunity 1246 
vascmatwn 1246 

Bacille Calmette-Guérin (BcG) 

antibody deficiency syndrome 567 
efficiency II 94 
immunization 469, 470 
lepromin test 208 
non-conversion 554 
production 1193 
tuberculin test 202, 203, 205, 213 
vaccination 44, 447, 1201 

Bacillus anthracis 
antiserum 1265, 1266 
auxiliary pathogenic factors 427, 447 
immumty 426, 429,430,434,444,447 
toxin 426, 427, 434 

Bacillus subtilis 
rheumatoid factor 864 

bacteria 
agglutination 63-5 

see Widal reaction 
allergy 645, 652 
antibodies in antibody deficiency syn-

drome 551, 556 
capsules 427, 428 
hypersensitivity 194, 195 
immune adherence 3 8 
immune lysis 36 
opsonization 3 8 
passive haemagglutination 27, 28 
skin tests 195, 206 

toxoids II 8 5 
vaccines 1268-71 

bacteriophage 
antigen 296 
foetallambs 346 
<tJX 174 326 

bagassosis 969, 97 5, 987 
balantidiosis 

immobilization test 157, 158 
immunofluorescence I 58 

basement membrane, protection 6oo 
basophils 44 

direct test in drug allergy 719, 736 
function 6 5 I 
indirect test in drug allergy 719, 736 
Type I reaction 582 
ulcerative colitis 1048 

Batty antigen 224 
BCG 

see Bacille Calmette-Guérin 
Bedsonia 1228 
bee sting hypersensitivity 647, 648 
Bence-Jones proteins 

occurrence 373 
similarity ofC terminal chain ha! ves 375 
similarity to light chains 3 73 
variability of N terminal chain halves 

375. 376 
benign monoclonal gammopathy 374 
bentonite flocculation test 24 
berylliosis 978, 979, 987 

skin test 21 I, 213, 214, 979 
Besnier's prurigo (atopic eczema) 643 
bilharziasis 

see schistosomiasis 
bilimbín 

amniotic fluid 798 
haemolytic disease of the newborn 786, 

788, 789 
biochemical sequestration 6oo 
biological standardization 1282--92 
bird fancier's lung 558, 969, 970, 975, 976 

skin tests 193, 197 
bis-diazotized benzidine 26 

in mixed agglutination JI 
black disease 1276 

see Corynebacterium novyi 
Blackfeet Indians 

rheumatoid factors in 864 
blast cell 39-41 

differentiation 314 
Blastomyces dermatitidis 72, 89--9 I 

skin tests 210 
blood dyscrasias, drug reactions 715,716 
blood grouping 

antiglobulin test 20 
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blood groups, animal 
cattle J 240 
pig antigens, immune anti-A 229 

blood groups, man 
A antibody 

anti-AP 229 
antibody deficiency syndrome 550, 

551, 553. 554 
haemolysis 34 
immune 229, 230 

A antigen 
anti-A+anti-B (O serum) 230 
identification in stains 263 
patemity testing 254 
skin 30, 3I 
subgroups 225-8 

ABO system 
alleles 253, 254 
antibodies 229 
antigens 225-9 
genetics of 226, 227 

B antibody 
antibody deficiency syndrome 550-4, 
immune 229, 230 

B antigen 
detection in stains 26 3 
subgroups 228 

Batty antigen 224 
Bombay antigen 228 
e antigen (not Rh) 230 
e antigen 

See Rhesus system 
eellano antigen 778 
ehimaeras II88, II89 
D antibody, prevention of haemolytic 

disease of the newbom 790 
D antigen 

see Rhesus system 
Diego antigen 243 

discovery 224 
Duffy antigen (Fy•, Fyb) 242 

in patemity testing 254 
E antigen 

see Rhesus system 
Gm 254 
H antibody 230 
H antigen 228 
Hunter antigen 233 
identification 

of animal fl.uids and stains 252 
of fragments to tissue 252 
of individuals 251 

Ii antigens 243 
anti-JT 243 
anti-i 243 

Kell antigen 240 
anti-Kp• 240 
anti-Kpb 240 
haemolytic disease of the newborn 

778, 780 
paternity testing 254 

Kidd antigen (Jk" Jkb) 242 
Lewis 

antibodies 241 
antigen (LeF LeL) 240-2 
ami-Le• 241 
H, relation to 230 

Lutheran antigen (Lu• Lub) 239, 240 
anti-Lu" Lub 240 
patemity testing 254 

MN system 
antibodies 233 
genetics 231 
haemolytic disease ofthe newbom 778 
identification in stains 26 3 
Mi" antigen 233 
paternity testing 2 54 
variants 231, 232 

notation 225 
O antibody 230 

paternity cases 254 
O antigen, detection in stains 263 
P blood group system 234, 235 

antibodies 234, 23 5 
pk antibody 234 
pk antigen 234 

Rhesus system 23 5 
albumin agglutination technique 223, 

239 
antibodies 18, 19, 21, 238, 239 
antiglobulin test 223, 239 
blocking test 222 
e antibodies 230 
e antigen 237. 238 
complement fixation 396 
D antibody, rheumatoid factor 857 
D antibody 790 
D antigen 237 
Du antigen 237 
E antigen 237, 238 
gene deletion 23 8 
genotyping 236, 237 
haemolytic disease ofthe newborn 777 
patemity test 254 
red cell grouping 244 
Rh1 238 
theories of 23 5 

seminal stains 264 
serology 243, 245-7 
S2 antigen 233 
Sm antigen, public antigen .224 
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blood groups, man (contd.) 
Ss antigens 232, 233 
Sutter antigens, Js' Jsb 240 
Su antigen, see anti-U 232, 233 
T antigen 243 
anti-Tj", in P system 234, 235 
anti-U 232, 233 
V factor, in blood groups 238 
V el. antigen, public antigen 224 
Vw gene, antigen 233 
Wright antigen 224 
Xg 554 
Xg• antibody 242 
Yt blood group system 

anti-Yt' 242 
anti-Ytb 242 

Blood stains 
direct grouping 262 
effect of ageing 263 
identification 259-64 

blood-brain barrier 339, 460 
blood-thymus barrier 339 
blood transfusion serology 221 
blue tongue 

vaccination against 1272 
bone marrow 

antibody formation in 352 
lymphocytes 299, 300 

bony fish 1299 
booster doses 

for diphtheria and tetanus 1191 
Bordetella pertussis 

agglutination 61 
agglutinin production 1197 
antigenic types 1197 
cerebral symptoms 1 198 
histamine sensitizing factor 1197 
immunity 444, 445 
mouse 1196 
phase 1 form 1196 
prophylaxis 459 
skin test 213 
vaccine 1194 

botulism 
see Clostrídium botulinum 11 8 3 

bovine haemorrhagic septicaemia 
vaccine against 1267 

bovine serum albumin 
incomplete antibody test 18 

Boyden's test 
see tanned red cell test 

bradykinin 282, 283, 626, 627 
brain 

allergic disease 1063-94 
brain-kidney 

common antigen 1078 

INDEX 

brilliant green•dye 
in smallpox:vaccine 1219 

British Veterinary Codex 1265, 1266 
bromelin 

haemolytic disease of the newborn 783, 
786, 787 

treated erythrocytes, agglutination 19 
bronchi 

auto-antibodies 965 
Schultz-Dale reaction 43 

bronchial provocation tests 652 
Brucella 

antibodies 18, 19, 21, 1036 
use in modified Waaler-Rose test 850 

Brucella abortus 
auxiliary pathogenic factors 427, 428 

immunity 430, 431,437, 444 
local antibody production in the udder 

350 
vaccmes 1269 

brucellosis 
diagnosis by agglutination test 63 
diagnosis by antiglobulin test 21 
eye 1164 
immunity 425,426, 430,431,447 

bullae 
in drug allergy 705 

Burkitt's lymphoma 
regression 53 o 
specific antigens 52 7 

'burr' cells 
in the haemolytic-uraemic syndrome 915 

bursa of Fabricicius 310, 450, 56o 
prevention of development 307, 347 
situation 307 

bursectomized chickens 
bursal grafts 3 1 o 
effects 305, 306 
humoral antibody response 307 
irradiation 307 

byssinosis 976 

e-reactive protein 67, 78 
definition 9 
skin tests 193 
tests for 8, 9 

calcium gluconate 
in intra-uterine transfusions 796 

Calmette test 1164 
Candida albícans 82-4, 90, 1044 

antibodies to 73 
hypersensitivity 653 
lurtg disease 972, 973, 978 
resistan ce to infection 5 53 
skin tests 198, 210 
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Candida endocarditis So 
Candida stellatoídea S3 
Candida tropicalis S 3 
candidiasis So-4 
canine distemper 

antiserum 1266 
vaccination 1272 

canine hepatitis 
antiserum 1266 

carbohydrate 
adsorption on bentonite 24 

carb_on particles 340 
carcmoma 

antibody deficiency 524, 525 
cellular reaction deftciency 525-7 
colon 504 
M-protein 374 
mammary 507, 512, 515, 529, 530 
stomach 529 

carrier prophylactics IIS9 
provoking poliomyelitis II98, II99 

carrier state 43 1 

cartilaginous fishes 
sensitivity to 1301 

cascade phenomenon 
i~ complement system 394 

case m 
antibodies 30, 103 7 

cat 
sensitivity 646 
skin test 192 

cat scratch fever 
skin test 209 

Caucasians 
ABO haemolytic disease in 7S4 

caviar 1299 
celllysis 

complement 393 
cellular and humoral schools of immuno

logy 334 
cellular immunity deficiency 

syndrome 545. 553, 560 
central nervous system 

antibody production in 354 
cercaría 1 So 
cercarienhiillenreaktion ( CHR) 

in schistosomiasis 1 S2 
cerebral cladosporiosis 96 
cerebrospinal fluid 

trypanosomiasis 142 
IgM content 142 
Wassermann reaction 354 

cestodes 
diagnosis 177-9 
immunity 1253 

Chagas's disease 2S, 143-5, 1244 

charcoal agglutination test 
schistosomiasis 181 
trichinellosis 172, 173 

chemotaxis 403, 430, 436, 437, 442 
complement in 403 

chemotherapy ofmalignancy 514, 515 
chich embryo cells 

vaccinia virus growth in 1220 
chickenpox 

globulin therapy 1221 
host speciftcity 1209 
immunity 44S 
vaccines to 1221 

chimeras 22S, 324, 325 
chlorambucil 

treatment ofhaemolytic anaemia S12 
cholera 

coproantibodies in 1035 
epidemiology 466, 467 
vaccine II94 

cholestatic jaundice 
due to drugs 7II 

cholinesterase 
staining techniques 1000, 1006 

chorio-carcinoma 514, 527, 531 
chorionic gonadotrophins 6S7 

immunoassay 274, 282, 283 
latex fixation test 2 5 

chorioretinitis II64 
choroiditis II64 
chromium phosphate particles 340 
chromomycosis 95, 96 
chromosomes 40 

blood group genes 253 
Chrysosporium 90 
cigarette ends 

secretor saliva on 264 
cilia 

agglutination 1 8 
Ciliata 157 
cladosporiosis 9 5, 96 
C/adosporíum herbarum 95 

skin test 191, 193 
C/adosporíum sp. 71, 75-96 
Cladosporíum tríchoídes 96 
clonal selection 3 26, 6o2 
Clonorchís sinensis 1 S4 
Clostrídium botulinum nS3 
Clostridium chauvei 446 
Clostridium oedematiens 446 
Clostridium perfringens 

a toxin 272 
Clostridium tetani 

see tetanus 
growth in tissues II 8 3 
immunity 434, 444, 446, 447 
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Clostridium tetaní (contd.) 
toxin 426, 428, 434, 458-60 

Clostridium welchii 
immunization of pregnant ewes 1202 
immunity 444, 446 
lamb dysentery II84 
lecithinase 59 
modified Nagler's test 59 

co-agglutination 25 
cobra venom 392, 4II 
coccidiosis r 57 
Coccidioides immitis 72, 73, 75, 86-8, 90, 91, 

93 
allergic reactions 978, 987 
skin tests 2 ro 

coccidioidomycosis 86-8 
prognosis 74, 75 

coccidioidin skin test 86, 87 
coccidiosis 

antibody response 1233, 1245 
precipitins to 1245 

coeliac disease 1038-42 
aetiology 1040 
pathology 1039 

coctostable substances 1302 
cold agglutinins 

Eaton agent 124 
incomplete anti-H 230 

cold haemoglobinuria 597 
cold sensitivity 645 
colectomy 

ankylosing spondylytis in 1053 
coliform bacteria 

immunity 430 
collagen disease 

rheumatoid factor 27 
collodion particles 

agglutination test 89 
coated 1050 
virus coating II7 

colloid goitre 
ditferential diagnosis 945, 946 

colon 
antibodies 32, 1050 
antigens roso, 1051 
auto-antibodies 1051 
carcinoma 1053 

colostrum 1036, II87 
antibodies 440, 461, 1268 
IgA in 350 
immunoglobulin levels 380 
piglets deprived of 345 
reaginic antibody 639 

combined immunity deficiency syndrome 
545. 553 

combined prophylactics, 1199 

disadvantages of II92, r 193 
common cold, 

immunity to n8r 
virus in cell culture 1209 

communicability of pathogenic mlcro-
organisms 425, 426 

compatibility of donar and host 477, 478 
competcnce inducing factor 3 r 2 
complement 384-4II 

see complement components; comple
ment fixation; complement fixation 
test 

anaphylatoxin formation 404 
antigen-antibody complexes 271, 274, 

277 
antiglobulin tests 20, 398, 807-9 
bactericida! action 436 
bacteriolysis 395 
bound components in tissues 409 
chemotaxis 403 
conglutinating complement absorption 

test 36, 117 
conglutination 34, 400 
consumption test in congenital neutro-

penia and thrombocytopenia 799 
cytotoxic test 3 6-8 
deficiency 406, 407, 54 r 
definition of 3 86, 3 87 
fixation by aggregates s66 
history of 3 8 5 
immobilization test r8, 37, 3 8 
immune-adherence 34, 38, 402 
immune cytolysis 26, 34, 37, 398, 399 
immune haemolysis 34, 35 
immunity 429, 437 
immunochemistry of 387, 395 
lesions, electron microscopy 3 9 3, 3 94 
levels 3 4, 407 
nephrotic syndrome 927 
malignancy 503, 509, 5II 
myasthenia gravis roo2 
opsonization 34, 38, 39 
organ culture 399 
pathogenetic role 409, 410 
phagocytosis 402 
rheumatic fever 841 
spermatozoal immobilization 1144, 

1146, II49 
Type I reactions 615 
Type II reactions 405, 579, 580, 584, 586 
Type III reactions 587 
Type IV reactions 405 

complement components 
C' oC' -o 3 87 et seq., 609 

complement fixation 
antibodies to cows' milk proteins 1037 
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complement fixation (contd.) 
anti-gluten antibodies 1050 
basic principies r 14, II 5 
fibrin 397 
IgG aggregates 396 
immunoglobulin class, efficiency 395 
importance of nature of antigcn 396 
initiation 395 
non-specific activation 397 
original description 3 8 5 
sequence (diagram) 388 
species significance 3 97 

complement fixation inhibition test 
psittacosis-ornithosis r r 7 

complement fixation test 
amoebiasis 136 
anaplasmosis r 54 
ascariasis r 7 5 
babesiasis r 54 
Chagas's disease 143 
clonorchiasis r 84 
coccidiosis 157 
description 3 4, 3 5 
drug reactions 7 3 8 
general considerations 39S 
hydatid disease 177-9 
immunoassay ofhormones 274 
immunofluorescent 15, r6, 35 
leishmaniasis r 46 
malaria 150 
meat testing 266 
myasthenia gravis 1002, roo8 
paired sera, use in viral diseases II 5, r r 6 
paragonimiasis r S4 
parietal cell antibodies 1022, 1027 
primary myxoedema 945 
schistosomiasis r So, r Sr 
specimen collection for I I 5 
thyroid disease 93S 
thyroid microsomal antibodies 939 
toxoplasmosis r 54 
trichinellosis r 70 
trypanosomiasJs 139 
viral disease II3-16, 1210 

complement-fixing antibodies r 13 
babesiasis 1246 
coccidiosis 1245 

complement-fixing antigens r r 3 
specificity r 14 

conditioned haemagglutination test 
see haemagglutination test, indirect 
in Chagas's disease 144 

conglutinating complement absorption test 
36, II7 

conglutination 
description 34-6 

significan ce 400, 40 r 
conglutinin 34, 36 
conglutinogen 400, 401 
conglutinogen-activating factor 392 
conjtmctivitis 

Type I reaction rr62 
Type III reaction II63 
Type IV reaction 1164 
vernal rr62 

constitutional upsets 663 
contact dermatitis, allergic 756-8, 775 

allergen 768, 769 
animal sensitization 768 
chemical considerations 764-7 
cross-sensitivity 764 
dermal 763 
duration of sensitivity 767 
genetic factors 770, 77 r 
hapten theory 767, 76S 
immunological mechanisms 767, 774 
mode of exposure to allergen 769 
photo-contact sensitivity 766, 767 
refractory period 770 
role of epidermis 769 
role of lymphatic system 771, 772 
skin testing in 75S-64 
tolerance in 773, 774 
topical medicaments S99, 900 
transfer of semitivity 773 

contact sensitivity 
eye 1164, 1165 
skin tests 200, 214 
Type IV reaction 590 

convalescent serum 
in virus diseases 12 1 o 

Coombs test 
see antiglobulin test 

Coons test 
see immunofluorescence 

coproantibodies 43 5, 103 5, 
cord blood 

cow's milk antibodies in 1037 
haemolytic disease of the newborn 7S5, 

7S6 
thyroglobulin 937 

cork-dust 969 
corneal grafts II71, r 172 
cortical necrosis, acute 

glomerulonephritis 914 
similarity to Schwartzman reaction 926 

corticosteroids 
actions 623 
antibody deficiency syndrome 561, 562 
asthma 650, 964, 965, 972 
coeliac disease 1056 
idiopathic steatorrhoea 1056 
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corticosteroids (contd.) 
insulin resistance 68 5 
lysosomes 609 
myasthenia gravis IOII 

phagocytic index 341 
reticulo-endothelial system 342, 432 
skin tests 194, 196, 206, 213, 214, 972 
spermagglutinins 1!54 
tuberculin test 525 
Type III reactions 589 

Corynebacterium diphtheriae 
alum-precipitated toxoid n89, 1!90 
antiserum production 1277, 1278 
demonstration of toxigenicity 59, 6o 
immunity 46, 434, 443, 444, 446, 447, 

462,464 
skin tests 207, 208 
toxin 428,434,443,458-6o, 1183 
toxoid 1!85, n86, 1!91 

Corynebacterium novyi 
antiserum 1276 

e orynebacterium peifringens 
antiserum 1277, 1278 

Corynebacterium pyogenes 
antiserum 1263, 1266 

Corynebacterium septicum 
antiserum 1276, 1278 

cot death 583, s88, 965-7. 986 
cowpox 1215 
cows' milk 

antibody 1037 
hypersensitivity 267 

coxsackie virus 
diagnostic tests for 13 o, 13 1 
Type A7 1224 

critica! period 
phagocytosis 296 

Crohn's disease 
aetiology 1043, 1044 
ankylosing spondylitis 1042 
colonic auto-antibody 1051 
complications 1052 
immunological aspects 1044 
pathology 1042, 1043 

cross-matching 239, 244, 245 
cross-reacting antibodies 

rheumatic fever 837-42, 844 
cross-reactions 76 
cross-sensitivity 

drugs 700, 765, 766 
penicillin G 766 

crypt abscesses 1045 
crypt ofLieberkühn 1041 
cryptococcosis 84-6 

malignancy 525, 527 
Cryptococcus neoformans 73, 83--6 

cryptogenic cirrhosis 1096, II 16 
Cryptostroma corticale (Coniosporíum) roo, 

969,970,975 
Cushing's syndrome 

renal antibodies I 119 
cutaneous leishmaniasis 94 
cutaneous reactions 

blood dyscrasias 707 
drugs 704, 708, 717 

cutaneous sensitization 
changes in lymph nodes 316 

cyclophosphamide 
glomerulonephritis 972 

cysteine 
action with papain in splitting IgG 372 

cystic fibrosis 541 
Cy sticercus bovis 

prophylaxis 1255 
cytoplasmic bridges 295, 296 
cytoplasmic constituents of cells 

antibodies 878, 879 
cytoplasmic inclusions 

dendritic macrophages 297 
cytostimulation 

Type II reaction 585, 586 
cytotoxic test 3 4, 3 6-8 
Czapek-Dox medium 78 

D amino acid polymers 
tolerance 598 

dander 
antigenic constituents 898 

dandruff 
mixed agglutination test 265 

Daphnia sp. 336 
'decisive period' 

of Miles 424, 425, 434, 436, 439, 440 
defaulting in immunization schemes 1190 
defective proteolysis 

and dietary antibodies 1055 
delayed hypersensitivity 

see allergic reaction Type IV 
immuno-cyto-adhesion 41 
migration-inhibition test 41 
myasthenia gravis roro 

dem yelination 
rabies vaccination 1225 

dendritic macrophages 
see macrophages 

dendritic reticulum cell 293, 296, 297 
dengue 

va e cine 122 3 
deoxycholate 939 
de Quervain's thyroiditis 941, 947 
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dermal sensitivity test 
see intradermal test; skin test 

dermatomycoses 97, 98 
dermatomyositis 886, 887, 1054 

gastrointestinal tract ro 54 
dermatitis 

histological features 756, 757 
dermographism 190 
desensitization 662, 664 

alimentary allergy 1038 
drug sensitivity 746 
low molecular weight allergens 767 
PAS 666 
streptomycin 666 

desoxyribonuclease 6ro 
determinant 

see antigen 
dextran 

incomplete antibody test r8 
skin reactions 199, 200 

diabetes mellitus II22, II23 
antigen-antibody complexes r r 3 3, II 34 
glomerulonephritis in 914 
insulin antibodies 270, 273 
parietal cell antibodies in 1027 

diarrhoea 663 
antibody deficiency syndrome 554-7 

Dick test 707 
Dictyocaulus viviparus 

immunity 1253 
prophylaxis 1256, 1259, 1262 

dietary antibodies ross-6 
dietary antigens 

in ulcerative colitis 1033, 1048 
digitalis 

immunoassay 273 
dinitrochloro benzene 

colitis roso 
contact sensitivity 563 

dinitrofluorobenzene 
contact sensitivity 563 

Dipetalonema witei 174 
diphtheria 

see Corynebacterium diphtheriae 
antitoxin, standardization 1284 
lesions II 8 3 
serum sickness 660 

Dirofilaría immitis 167, 174 
disaccharidase deficiency ro 3 8 
disulphide bonds 

in immunoglobulin molecules 371 
dizygotic twins 

see twins 
D-L antibody 

see Donath-Landsteiner antibody 8r6 
ss* 

D-myeloma protein 372 
DNA adsorption on bentonite 24 

adsorption on formalinized red cells 24 
antibodies to 876, 877, 885, 886 
auto-antibody 38, 39 
synthesis 3 9 

dog sensitivity 646 
dog hair 

skin test 192, 193 
Donath-Landsteiner antibody 597, 8r6, 

8r8 
double diffusion 

agar test ro, u8, II9 
discovery in virology II 8 

double layer leucocyte agglutination re
action 44, 45 

dourine 
see trypanosomiasis 

Dracunculus medinensis 174 
Drug sensitivity 

agranulocytosis 824, 825 
anti-nuclear factor 882 
atopic conditions 718, 719 
blood dyscrasias 715, 716 
clinical patterns 694-7, 703, 732 
diagnosis 732, 745 
dosage 702, 703 
drugs, chemical structure 699, 700 
fever 718 
genetic factors 698 
immunological mechanisms 717, 732 
LE cell test 882 
leucopenia 825 
patient's sex 697 
route of administration 700, 702 
sensitizing capacity 699, 700 
skin tests 733, 734 
thrombocytopenic purpura 722, 727 
Type Il reaction 586 
Type III reaction 589, 666 
vehicle carrying drug 700, 702 

dry rot fungus, 
skin tests 191, 193 

dung paste 
neonatal tetanus 1202 

dye exclusion 37 
dye test 

sarcosporidiosis 1 56 
toxoplasmosis 155 

dysentery 28 
bacillary 

agglutination tests 63 
coproantibodies 103 5 

dysgammaglobulinaemia 541, 550, 552 
dysimmunoglobulinaemia 552 
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:E toxin 
of Clostridium welchíí 1184 

East coast fever 
see piroplasmosis 

Eastem equine encephalomyelitis 
vaccme 1222 

echinococcosis 
see hydatid disease 

Echinococcus granulosus 177 
skin test 210 

Echínococcus multílocularis 177, 179 
Echinococcus sp. 

prophylaxis 1257, 1258 
ECHO viruses 

diagnostic tests for 13 1 
ectromelia 448 
eczema 

Aldrich's syndrome 554 
animals 902, 903 
autosens1t1zation 897--902 
clinical 643, 644, 965 
drug allergy 706, 707 
hereditary factors 63 5-7 
histological features 7 57, 900 
resistance to infection 541 
Type IV reaction 644 
vaccination 122 1 

eczema vaccinatum 1221 
egg 

antibodies 1037 
hypersensitivity 641, 643, 646 
skin tests 193 

eH of tissues II 8 3 
Eimeria steidae 1 roS, 1245 
Eimeria tenella 1245 

immunity 450 
electrophoresis 

identification of stains 261 
elephantiasis 

see filariasis 
emperipolesis 448, 950 
encapsulated organisms 

difficulty of phagocytosis 3 3 6 
encephalitogenic factors (EF) 1068, 1070 

circulating antibody 1071, 1072, 1077 
dialysability 1070 
disease index 1068, 1078 
problem of assay 1068, 1069 
properties 1069, 1070 

encephalitogenic material 
in rabies vaccine 1225 

Encephalitozoon cuniculi 1076 
Encephalom yelitis 

see experimental allergic encephalo
myelitis; post-vaccinial encephalitis 

rabies vaccination 6o1, 1225 

endocardial flbroelastosis 209 
endodermal phagocytes 

in colonial protozoa 3 3 6 
endoplasmic reticulum 

plasma cells 3 59 
lymphocytes 360 

endotoxin 432, 438 
anaphylactoid reactions 1271 
asthma 653 
pathogenicity xxv, 458, 459 
phagocytic function 342 
precocious immunity 1271 

enhancement 487 
malignant tissue 503, 514, 5 I 8, 53 I 

Entamoeba coli 
differentiation from E. histolytica r 3 7, 

138 
Entamoeba histolytica 

see amoebiasis 
enteric fever 

see Widal reaction 
Enterobacteriaceae 

immunity 444 
enterotoxaemia 

immunization schedules 1278, 1279 
environment 

influence on the RES 341 
enzootic abortion of sheep 

adjuvants in 1272, 1274 
enzyme-treated cells 223, 239, 242 

haemolytic disease ofthe newborn 782 
incomplete antibody 17, 19 

enzymes 
immunoassay 272 

eosinophilia 66 3 
eosinophils 

antibody deflciency syndrome 555 
ascariasis 175, 176 
asthma 963-5, 970-2 
asthma and nasal polyposis 649-51 
functions 651, 981 
phagocytosis 430 
pulmonary inflltration 981-5 
skin tests 191 
trichinellosis I 69 
ulcera ti ve colitis 104 7 
visceral larva migrans r 76 

epidemic encephalitis lethargica 
see Van Economo's disease 

epidemic haemorrhagic fever 
vaccines 1223 

epidemiology 74 
epidermal necrolysis 

in drug allergy 70 5 
Epidermophyton sp. 97 
Epidermophyton Jloccosum 79 
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epididymal cyst 
spermagglutinins r r 55 

epilepsy 
and visceral larva migrans 176 

episcleritis II 64 
episomal agents xxvm 
ergastoplasmic reticulum 

see endoplasmic retlculum 
erythema multiforme 

drug allergy 705 
erythema nodosum 

in Crohn's disease r042 
erythroblastosis foetalis 

see haemolytic disease of the newborn 
Escherichia coli xxiv 

agglutination 62 
antibodies 2S 
immunity 446 
immunofluorescence 5S 
pathogenicity in infants 543 
rheumatoid factor in rabbits S64 
ulcerative colitis ro52 

Europeans 
Gm allotypes S57 

Eustoma rotundatum r043 
exanthematic eruptions 704 
exchange transfusion 

in haemolytic disease of the newborn 
794 

exfoliative dermatitis 704 
antibody in 90r, 902 

exo-antigens 
anaplasmosis r273 
babesiasis r273 
trypanosomiasis r243, r273 

exophthalmos 94S, 949 
experimental allergic encephalomyelitis 

adrenocorticotrophic hormone IOSO 
antilymphocyte serum wSr 
bioelectric properties of myelinated cul-

tures I073 
bursa of Fabricius I082 
circulating antibodies ro7r, r074 
convalescent serum r079 
cutaneous hypersensitivity !074, I07 5 
cyclophosphamide roSr 
delayed hypersensitivity !074. I07S 
demyelination factor I073 
dietary factors IOS r 
formes frustes roS4 
guinea-pigs I064, I06S 

antigen dose ro65 
changes in axis cylinder I067, w6S 
course of disease r o6 5, w66 
histology I066, I067 
luxol blue stain I067 

macroscopic changes in nervous system 
ro66 

sensitized lymphocytes ro67 
Unna-Pappenheim's stain ro66 
Weigert-Pal stain I067 

immunofluorescent studies I07r 
immunosuppressive drugs wSo 
irljection ofbrain 3 54, I07S, !079 
injection of complete adjuvant 107S, 

1079 
methotrexate roSr 
ocular lesions II 69 
prednisolone roSo 
prevention of response I07S, roS2 
salicylates wSo 
species affected I068 
target systems I07S 
thymectomy wr3, 10S2 
tissue culture studies !072, 1074 
transfer studies with sensit1zed cells 1075 
X-irradiátion r079, roSo 

extrinsic allergic alveolitis 973 
Eye 

auto-allergic disease II69-7r 
immunological peculiarities u6o, 1161 
local allergic response II 66-S 
systemic allergic diseases u6S, II69 
Type I reactions u61, u62 
Type III reaetions u62, u63 
Type IV reaetions II63, II65 

F factor 23S 
Fab fragment 372 
familial factors 

systemie lupus erythematosus SS2, SS3 
thyroiditis 954 

farmer's lung 75, 9S-ro1, 969, 970, 973-5, 
9S7 

hay antigens 99 
Fasciola hepatica rS3, 1S4 

skin tests r93 
favism 695, 696 
Fe fragment 

heavy ehain disease 373, 3So 
strueture 3 72, 3 73 
tissue sensitization 5 Sr 

Fe' fragment 
in urine 3So 

feathers 
skin test r92, r93 

Felty's syndrome S49 
Fernandez reaetion 20S 
ferritin 

immunologieal response m foetal lambs 
346 
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ferritin-antibod y com plexes 
phagocytosis 1047 

ferritin label 
muscle antibody 1008 

fever 
drug allergy 708 
P AS sensi ti vi ty 666 

fibrin 
complement fixation by 397 
deposition in glomerulonephritis 914 
experimentally-induced arthritis 865, 

866 
fibrinogen 

toxaemia of pregnancy 914, 926 
fibrinoid deposit 442 
fibrinoid necrosis 

dual skin reactions 972 
systemic lupus erythematosus 871 

fibrosing alveolitis 980, 981, 988 
ficin-treated erythrocytes, agglutination 19 
filariasis 

diagnosis of 167, 169, 174 
skin test 174 

fmgerprints 
unique nature 251 

ftsh 
hypersensitivity to 641, 643-6, 1298 

Fisher's nomenclature 
for Rh subtypes 256 

fixed eruptions 
drug allergy 705, 706 

flagella 
agglutination 1 8 
antigen 293 

Flagellata 
see Mastigophora 

flocculation test 8 
see precipitation 

fluorescein 13, 855 
fluorescence inhibition test 

toxoplasmosis I 55 
fluorescent antibody tests 

see immunofluorescence 
foetal calf 

circulating antibody 345 
foetallambs 

antibody response 346 
foetal opossum 345 
foetus 

absence of syphilitic lesions 345, 346 
brucellosis 426 
antitoxin response II87 
circulating ant:ibody 345 
macroglobulin antibodies 345 
Treponema pallídum 345, 346 
Toxoplasma gondii 345 

fog fever 969, 974, 975 
folie acid deficiency 1046 
follicle stimulating hormone 

immunoassay 283 
Fonsecaea 9 5 
food allergens 

skin tests I 92 
foot and mouth disease 

antibody 1036 
vaccines I 2 72 

forbidden clones 602 
auto-allergic blood disease 826 
thymus 1012 

forensic science 
blood stains 21, 26, 3 I, 32 
cada ver material, species of origin 21 

formaldehyde 
bacteria! toxins I I 8 5 
treated red cells 24, 26 
viral inactivation 1215 

Forssman antigen 
A antigen 229 
antisera, Type II reaction 58 5 
antiserum 581 

effect on organ cultures 399 
haemolysis 34 

fowlleucosis 
host specificity I 209 

fowl malaria 151 
Franklin' s disease 

see heavy chain disease 
Frei test 123, 209 
Freund's complete adjuvant 

experimental fibrin arthritis 603, 865 
formula 6, 1065 
myelomatosis in mice 603 

fuadin induced haemolytic anaemia 818 
fungal angtigens 75-7 
fungal disease 77-101 

direct microscopic examination 73 
fungi 

eye II64 
hypersensitivity 74 
isolation 73 
polymorphism 72 

yA 
see immunoglobulin A 

yD 
see immunoglobulin D 

y E 
see immunoglobulin E 

yG 
see immunoglobulin G 
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y M 
see immunoglobulin M 

G2 alpha-globulin 628 
galactomannan peptide 98 
Gambian sleeping sickness 

see trypanosomiasis 
gas gangrene 

antiserum 1265, 1266 
gastrectomy 1030 
gastric antibodies 964, 965, 1021-5 
gastric atrophy 1021 

frequency 1023 
gas trie antibodies 1024 
thyroid disease 1025 

gastric mucosa 
iron deficiency anaemia 1025 

gastric parietal cells 
antibodies to 588, 561 
in Addison's disease 1122 

gastric ulceration 
parietal cell antibodies 1027 

gastritis 
chronic 1122 

gastrointestinal allergy 641, 1037, 1038 
insulin 681 
skin tests 190 

Gc groups 
doubtful paternity 254 

Ge 
immunoglobulin G, subclass 375 

gel diffusion 
see immuno-electrophoresis 
amoebiasis 137 
applications 11, 12 
methods (Ouchterlony) 10, 11, 39 
plaquing test 3 9 
quantitative 12, 13 
species identification 260 
tests 9-12, 39 
toxin analysis 3 3 
toxoplasmosis 155 
trichomoniasis 149 
trypanosomiasis 1 40 

genetic factors 
antibody deficiency syndrome 560 
auto-allergy 603, 604 

genetic transfer 444 
genotypes 

Rh system 256 
variation and virulence 444 

Geotríchum candídum 101 
German measles 

and congenital defects 1227 
attenuated vaccine 1227, 1228 
y globulin prophylaxis 1210, 1217, 1227 

germ-free animals 

lymphoid tissue in gut 346 
serum globulins 463 

germinal centres 
antibodies in 363 
formation following antigenic stimulation 

362-4 
Hashimoto's disease 934 
lymphadenoid goitre 363 
phosphorus uptake 363 
significance 3 21, 322 
thymus 363, 1012 

glandular fever 
see infectious mononucleosis 

gliadin 1039, 1040 
globin 925 
globulin, a2 

epidermal cells 902 
ulcerative colitis 1048 

globulin, y 
aggregates 566 
bovine · 1036 
cross-reaction 277 
immunofluorescence 13-16 

see immunoglobulin 
incomplete antibody 19, 20 
inihibition of antiglobulin test 21, 22 
therapy 210,437,448,527,557,563-6 

glomerulonephritis 663 
acute cortical necrosis 914 
antibody deficiency syndrome 558 
complement components in 409 
diabetes mellitus 914 
experimental 915-23 
fibrin deposition 914 
focal 912 
Goodpasture's syndrome 913 
haemolytic-uraemic syndrome 915 
human 911-15 
lobular 912 
membranous 912, 926 
physical and chemical agents 922 
proliferative 911 
systemic lupus erythematosus 913 
toxaemia of pregnancy 914 

glomerulosclerosis 
diabetic 683, 684 

glomerulus 
structure 910 

glucagon 
antigenicity 673 
binding capacity 678 
immunoassay 282 

glucose-6-phosphate dehydrogenase 695, 
740 

gluten 
antibodies 1037, 1056 



1326 INDEX 

gluten (contd.) 
coeliac disease 1039 
fraction III of 1049 

gluten-induced enteropathy 
see idiopathic steatorrhoea 

glycerol 
in smallpox vaccine 1219 

glyceryl trioleate 
effect on the reticuloendothelial system 

343 
glycyl-glycine 

ability to inhibit rheumatoid factor 863 
Gm groups 462, 856 

see allotypes 
imm unological significance 8 58 
restriction of 3 75 

G-myeloma protein 372 
Golgi element 

lymphocytes 361 
macrophages 295 
plasma cells 3 58 

gonorrhoea 
complement fixation test 66 
direct microscopy 57 
immunofluorescence 58 
spermagglutinins 1 1 53 

Goodpasture's syndrome 6os 
glomerulonephritis 913 
similarity to experimental diseases 926 

gout 
complement fixation 402 
immunoconglutinins 401 

graft versus host disease 488-91, 566, 602 
criteria 488 
discriminant spleen assay 489, 490 
germ-free mice 308 
mutual 489 

graft versus host reaction 
malignancy 521, 526, 527, 531 

Gram-negative organisms 
inoculation schedules 1276 
vaccines 1270, 1271 

granulocytes 
deficiency 522 

granulomata 
Crohn's disease 1043 
eosinophilic 1043 

granulomatous disease 
chronic 541 
lung 977, 987 
phagocytosis 431 

grass pollen 
skin test 192-4 
tanned cell inhibition test 26 

Graves' disease 948 
'auto-immunizing' thyroiditis 936 

intrinsic factor antibody 1031 
microsomal antibodies 939 
pathogenesis 951 
pemicious anaemia 1025, 1026 

growth hormone 
antigenicity 672-5 
binding capacity 678, 686 
immunoassay 280, 282 
resistance 686 

guinea-pigs 
com plement deficiencies 406 
passive cutaneous anaphylaxis 42 

H zones, muscle 
in myasthenia gravis 1006 

haddock 1299 
haemadsorption tests 

diagnosis in viral disease 120 
haemagglutination test (passive) 1050 

anti-colon antibodies 1051 
Crohn's disease 1044 
gluten antibodies 1040 
indirect 

amoebiasis 138 
Chagas's disease 143 
malaria 153 
toxoplasmosis 15 5 
Trypanosoma evansi 142 

haemagglutination inhibition test 
in diagnosis of viral disease 120 

haematin 788 
haematogenous protozoal infections 

periodicity 1233 
haematoxyphil bodies 872, 873, 883 
haemochromogen crystal test 259 
haemoglobins, 

abnormal, in malaria! infection 1233 
auto-allergic haemolytic anaemia of the 

cold-antibody type 812 
haemolytic disease of the newborn 786 
identification 259 

haemolysin 34 
haemolysis 

see immune haemolysis 
by drugs 740 

haemolytic anaemia 
acquired 337 
antibody def1ciency syndrome 555, 556, 

558 
antiglobulin test 70 
see antiglobulin test, haemolytic anaemia 
cold antibody type 243, 812, 814, 815 
complement-dependent 398, 807-9 
drugs 716, 8os, 818 
malignancy 524 
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haemolytic anaemia (contd.) 
mechanism 728, 730 
Cl methyl dopa 729, 730 
penicillin 728 
runt disease 82 7 
Type II reaction 585 

haemolytic disease of the newborn 
ABO disease 778, 781, 786 
ABO protection 780 
ante-natal 78 1 

antibody absorption test 784 
antiglo bulin test 20 
see antiglobulin test, haemolytic disease 

ofnewborn 
bilirubin levels 786 
blood group systems involved 719 
clinical diagnosis 787 
complications 788 
discoloured deciduous teeth 793 
dueto 

anti-Cellano 778 
anti-Diego 243 
anti-Duffy (Fy") 242, 778 
anti-Kell 778 
anti-Lutheran (Lu") 239 
anti-rhesus 235, 239 
immune antibody 226 

enzyme-treated cells 782 
foals 1274 
haemoglobin levels 789 
induction of labour 797 
indirect Coombs test in 783-7 
pathogenesis 779 
prevention 790 
primigravidae 779 
prognosis 792 
treatment 793 
Type II reaction 585 

p haemolytic streptococci 
see streptococci 

haemolytic-uraemic syndrome 
glomerulonephritis 915 
Schwartzman reaction 926 

Haemonchus contortus 
immunity 440, 451, 1253 
prophylaxis 1258-60 

Haemophilus ín.fiuenzae 28 
auxiliary pathogenic factors 427 
precipitins 965 

haemorrhagic enteritis (lamb dysentery) 
II84 

hairs 
identification of 266 

haptens 
immunoassay 273 
Type I reactions 64 7 

haptoglobins 
doubtful paternity 254, 255 
grouping blood stains 262, 263 

Hashimoto's disease (lymphadenoid goitre) 
antibodies 942-4 
atrophic variant 934, 935 
complement fixation test 396, 398 
differential diagnosis 945-7 
'fibrous variant' 942 
latex agglutination test 938 
'oxyphil variant' 942 
precipitins 93 8 
tanned red cell agglutination test 938 

Hassall's corpuscles !013 
hay fever 

atopic status 633-5, 1304 
hereditary factors 63 5-7 
histamine 620 
relationship to asthma 641 
sinusitis 642 
skin tests 195, 640 
Type I reaction 583, 584 

Heaf test 201 
heart muscle 

antibodies 601 
heartworm, dog 167, 174 
heat-aggregated serum protein 340 
heat sensitivity 645 
heavy chains 

disease 373 
immunoglobulin class 370 
molecular weight 370 
primary structure 3 76 

HeLa cells antibody 32 
Heller F II test 

for rheumatoid factor 854 
helminths 

antigens 167-70, 174-81, 183 
cross-reactivity 167, 172-4, 181, 182, 

1253. 1254 
diagnosis of infection 1 67-84 
immunity 435, 450, 451, 1253-55, 1263 
immunoprophylaxis 1252, 1253, 1255-

63 
metabolic products 1254, 1255 

Henoch-Schi:inlein purpura 
involving the gastrointestinal tract 1054 

Henshaw antigen 233 
heparin 654 

mast cells 613, 614 
Type III reactions 588 

hepatoma 504, so6 
hepatitis 

auto-allergic II09 
active chronic 1054, 1096, IIIO 

aetiology II04, II07 
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hepatitis (contd.) 
antigen-antibody complexes 1106 
auto-antibodies II 14, II 15 
complement fixation 1099, II01 
histology 1097 
immunological features II98, 1IIO 
immunosuppressive therapy in animals 
II07, II09 
Type III reactions uo6 
Type IV reaction 1106 

drugs 712, 713 
[upoid 926, 1098, 1099, II01, II02 
PAS sensitivity 666 
viral 
see infectious hepatitis 

see serum hepatitis 
herniorrhaphy 

spermagglutinins II 53 
herpes group virus vaccines 1221 
herpes simplex 

diagnostic tests 12 5 
r globulin therapy 1221 
immunity 435, 448 
'S' antigen 125 
skin test 207, 209 
'V' antigen 125 

herpes virus simiae 43 
herpes zoster 

host specificity 1209 
Herpetomonas papatasii 1 3 5 
Hess test 7 3 5 
Heymann 'auto-immune' model of glomer

ulonephritis 922 
histamine 

functions 6u, 621, 622 
gastric secretion 1021 
immunity 440 
intrinsic 620, 624 
metabolism 621-3 
release tests 44, 736 
Schultz-Dale reaction 42 
sensitivity, in asthma 636 
sensitivity factor of B. pertussis 1197 
skin reactions 42 
Type I reactions 584, 612-17, 620-4, 

653. 654 
Type III reactiom 581, 582, 587, 588 
ulcerative colitis 1047 

histaminopexy 635 
histiocyte 3 3 7 
histocompatibility antigens 304 
histocompatibility genes 477, 478 
Histoplasma 

eye II64 
Histoplasma capsulatum 

allergic reactions 92, 93, 88-91, 978, 987 

C Band 89 
skin test 210 

Histoplasma duboisii 88-91, 93 
Histoplasma farciminosum 88 
histoplasmin 88, 89 

M band 89,90 
histoplasmosis 74, 87-91 

prognosis 74, 75 
Hodgkin's disease 

antibody deficiency 522--4 
cellular reaction deficiency 522, 525-7, 

529 
immunity deficiency 5 54 
skin tests 20 5, 206 

hog intrinsic factor 
antibody to 1022 
in pernicious anaemia 1029 

holoendemicity 1236 
homograft reaction 4 76--9 

antigens 481, 482 
anti-lymphocyte serum 485 
brain tissue 3 54 
clinical implications 491, 492 
complement 405 
deficient 553, 558, 559, 566 
deficiency in malignancy 522, 526, 528 
eye 1171, II72 
H antigens 481, 482 
immunosuppressive drugs 484 
inhibition 483-7 
malignant tissue 500-4, 515, 518, 528, 

529 
mixed lymphocyte culture 41 
role of recipient cells 481, 486 
T antigens 481, 482 
thoracic duct fistula 484 
thymectomy 484 
tolerance to 482, 485, 486 
Type li reaction 585 
Type IV reaction 590 
typing reactions 492 
whole body irradiation 483 

homograft survival 
constitutional diseases of the recipient 

479 
experimental and therapeutic procedures 

479 
privileged si tes 4 79 
privileged tissues 4 79 

hormones 
antibodies 269, 270, 272, 273 
antigenicity 672-4, 678 
binding capacity 677, 678 
effect on phagocytic activity 342 
immunoassay 269, 270, 272-83 

horror autotoxicus 597 
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horse 
hypersensitivity to 634 
tetanus antitoxin in 1201 

horse allergens 655 
skin test 192 

horse serum 
reactions to 1202 

Hortega's silver carbonate stain 1066 
host specificity 

in viral diseases 1209 
host susceptibility 

to protozoal diseases 1233 
and splenectomy 1233 

house dust 
blood group activity in 264 
skin tests 191-4 

humoral immunity 
in viral disease 1 2 10 

humoral thymus mechanism 310 
Hunter antigen 233 
hybrid resistance 521 
hydatid disease 

clínica! description 177 
complement fixation test 177, 178 
diagnosis 167-9, 177--9 
passive haemagglutination test 26, 178, 

179 
Skin test 177, 179 

hydrochloric acid 
production in stomach 1021 

hydrocortisone gel 
in thc treatment of serum sickness 1203 

hydrophobia 
see rabies 

hydrazine 
inactiva tes C' 4 3 89 
inactivates C', 391 

h ydrops foetalis 
see haemolytic disease of thc newborn 

5-hydroxytryptamine 626, Ó54 
C 14 labelled 1078 

HymenJ/epis nana 
prophylaxis 1255 

h yperimmunization 
in horses 12 77 

hyperphagocytic cells 433, 438 
hypersensitivity 

definition xxii, 576 
hypersensitivity granulomatous interstitial 

diseases 97 3 
hypersplenism 555 
hypocomplementaemia 

see complement, deficiency diseases 
hypogammaglobulinaemia 541, 542, 545-

68 
active chronic hepatitis 1097 

effect on drug sensitivity 699 
idiopathic steatorrhoea 1041 
immunity 446, 448, 460-2 
rheumatoid lesions 865 
skin tests 190 
Swiss type 346 
virus disease 1208 

hypoparathyroidism idiopathic 545, 562, 
1123 

hypoplastic anaemia 555, 556 
hyposensitization 638, 655, 656 

I bands 
in myasthenia gravis 1006 

icterus gravis 
see haemolytic disease of the newbom 

'id' eruption 
skin tests 210 

idiopathic granulocytopenia 824 
idiopathic steatorrhoea 103 8-42 

aetiology 1040 
immunological aspects of 1040-42 
pathology of 1039 

idiopathic thrombocytopenic purpura 
819-823 

antiglobulin-consumption test in 22, 23, 
822 

antiglobulin tests in 822 
clinical features 820 
platelet survival in 823 
serology 821 
tests for platelet auto-antibodies in 822 

IgA 
see immunoglobulin A 

IgD 
see immunoglobulin D 

IgE 
see immunoglobulin E 

IgG 
see immunoglobulin G 

IgM 
see immunoglobulin M 

ileum 
vitamin B 14 absorption 1029 

immediate hypersensitivity 
see allergic reaction Type I; anaphylatoxin 

immobilization test 
agglutination 18 
see agglutination, immobilization test 
in amoebiasis 137 
in balantidiosis 157 
cytotoxic 18, 37, 38 

see cytotoxic, immobilization test 
immune adherance 34, 3 8, 402 
immune complex nephritis 605, 6o6 
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immune cytolysis 34, 36, 37 
immune deviation xxvi 
immune haemolysis 2S, 34, 35, 39, 3S7-95 

immunoassay 273 
immune macrophage 3 r6 
immune response (allergic response) 

anatomical factors regulating 327 
components 291 
cyclostome fishes, lamprey 303 
fate of responsive cells 292 
in hag fish 302, 303 
maturation 345 
opossum 303 
physiological 327 
population dynamics of responding cells 

292 
regulation of 326, 327 
regulating factors, immunological 327, 

32S 
role of antigen 292 
tadpole 303 

immune state 
definition 575 

immunity 
see st:'ecific diseases; specific micro-organ

Isms 
acquired 424, 425, 1179 

to protozoal diseases 1233, 1234 
virus infection 1209 

antibodies 459-67, 471-3 
cellular 441, 459, 471, 472, 541-3, 545, 

547. 54S, 553, 554, 559, 563, 564, 
567, s6S 

definition 424 
humoral 542, 543, 554. 559, s67, s6S 
malnutrition 467 
mechanisms 424 
neonatal 446, 44S, 449, 460-2, 465 
non-specific 42S-32, 472, 473 
opsonins 459, 471, 472 
passive 460-2 
quantitative character 11 So 
relation to allergy 45S, 459, 468-70 
semantics xxii, 457 
specific 432-51, 542 
subclinical infections 463-6, 11 So 

immunization, active 
disadvantages of 1199 
malignancy 504-14, 516, 617, 530-2 
reactions to II 97-9 
repetition of 1199 
speed II97 

immunization 
antibody deficiency syndrome s66, 567 
C. diphtheriae 20S 
malignancy 510, 51S-22 

one shot 1190 
organism-dependent disease 1184, 1193 
scarlet fever 207 

immunization schedules 
active 1200 
passive 1201 
programming of 1275, 127S 

immunize xxii 
immunizing doses 

ImD5o 12S2 
immuno-assay 

see specific antigens 
complement fixation test 270, 274 
double antibody method 277-Sr 
enzymes 272 
haptens 273 
hormones 272-S3 
immune haemolysis 273 
incubation damage 2So-82 
passive haemagglutination 270, 273 
precipitation 273, 274, 277-So 
principies 269-74 
production of antisera 275 
radio-isotopes 270, 273-S 3 
toxins 272 

immuno-conglutinins 36, 6oS 
levels in trypanosomiasis 141 
protective effect 400, 401 
subclinical infection 46 3, 464 

immuno-electrophoresis 
in amoebiasis 137 
application and method 12 
fascioliasis 184 
onchocerciasis 17 4 
paragonimiasis 1 S4 
trichinella antigen 170 
trypanosomiasis 142 

immunofluorescence 
amoebiasis 13S 
anaplasmosis 154 
antibody demonstration 
antibody forming cells 
antigen demonstration 
auto-allergy 16 

14-16, 39 
16, 39 
13, 14, 356, 357 

see auto-allergy, immunofluorescence 
demonstration 

balantidiosis 1 5 S 
carcinoma of the colon 1053 
Chagas's disease 144 
colonic antigens roso, 1051 
complement components 121, 39S, 409 
complement fixation 15, 16 
see complement fixation, immunofluore

scence demonstration 
detection of skin auto-antibodies 903, 

905 
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immunofiuorescence (contd.) 
direct 13, 121 

myasthenia gravis 1002 
gliadin 1040 
glomerulonephritis 912 et seq. 
hydatid disease 179 
indirect 14-16, 21, 121 
see antiglobulin test, immunofiuorescence 
indirect methods, advantages of 58 
leishmaniasis 148 
malaria 152, 1236 
malignancy 509, 5 II 
methods 13, 14 
parietal cell antibodies 1022, 1027 
plasma cells 3 6o 
rheumatoid factor 855 
sandwich test 14, 16, 39 
schistosomiasis I8I, 182 
staining 120, 121 
for thyroid antibodies 939, 941 
toxoplasmosis I 55 
trichinellosis I 72, I 7 3 
trichomoniasis 149 
trypanosomiasis 142 
ulcerative colitis 1053 
visceral larva migrans 176, 177 

immunogen xxii, 443 
immunoglobulin 

classes 20, 29 
immunoglobulin concentrations in the 

serum 378, 379 
measurement by gel diffusion 378 

immunoglobulin 
deficiency 541-54, 559-66 

immunoglobulin levels 
in human infant 345 

immunoglobulins 
allergic response 43 2 
biological activities 376, 377 
fractional catabolic rates 3 79 
heterogeneity of 374-6 
in colostrum 3 8o 
levels in first year of life 3 79 
levels in twins 378 
metabolism 379, 380 
partition in body fluids 380 
saliva 380 
structure 370-2, 375 
urine 380 

immunoglobulin A, IgA 18, 19, 29, 30 
Aldrich's syndrome 554 
auto-allergic haemolytic anaemia 8o8 
biological properties 3 77 
C 14 incorporation 350 
characteristics 290 

in coeliac disease 1041 
deficiency 546, 548-so, 5 52, 5 s6, 55 8, 

563, s66 
in externa! secretions 3 so 
in gastrointestinal tract 103 5 
immunity 446 
inability to fix complement 395 
in infants 543, 546 
in lachrimal secretions 350 
local synthesis 3 so 
lysozyme requirement 399 
metabolic characteristics 3 78 
polymeric forms 371 
in saliva 3 so 
transport piece 3 so 

immunoglobulin D, IgD 
antigenic activity 376 
biological properties 377 
deficiency 546, 549, 552 
in the gastrointestinal tract I 04 7 
in infants 543, 546 
in ulcerative colitis 1047 
metabolic characteristics 370, 378 

immunoglobulin E, IgE 17, 29, 45 
characteristics 290 
reaginic activity 377, 582 

immunoglobulin G, IgG 18, 19, 27, 29, 30 
antigen binding sites 372 
complement fixation by 395 
deficiency 546-50, 552, 559, 562, 563, 

s6s, s66 
fixation of complement by aggregates 

397 
halflife 37 8 
in infants 379, 543, 546, 547 
molecular characteristics 3 70 
muscle and thymus antibodies 1004 
production 290 
proteolytic enzymes, action on 372 
serum concentration 378 
skin sensitizing activity 377 
subclasses 3 7 5 

immunoglobulin M, IgM 18, 19, 27 
antibodies confined to 376 
auto-allergic haemolytic anaemia 813 
biological properties 3 77 
in coeliac disease 1041 
complement fixation by 395 
deficiency 546-52, ss6, 559. s6o, 562, 

s63, s66 
immunity 446 
in infants 543, 546 
metabolic characteristics 378 
molecular characteristics 3 70 
production 290 
in trypanosomiasis 143 
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immunological competence 
foetus 379 

immunological competent cell 297 
immunological deficiency 

lymphocyte transformation 40 
immunological development 

stages in 486 
immunological homeostasis 602 
immunological memory 312 
immunological tolerance 322-5, 1037 

antigen requirements 323 
acquired 322 
characteristics of 322 
defmition 322 
high zone 323 
host requirements 323 
hypothesis 324 
induction of 323 
low zone 323 
significance 326 

immunologically activated cell 297 
immunologically competent cells 344 

role ofbursa ofFabricius 305, 306 
thymus 305, 306 

immunosuppression xxvi, roSo 
immunosuppressive therapy 

in myasthenia gravis ror r 
immunotherapy 

importance 423, 424 
rmuran 

see azathioprine 
inactivated complement components 

in the circulation 408 
inactivated virus 

immunization with 1272 
inclusion conjunctivitis 1228 
imcomplete antibodies 222 

see Rh system; blood groups, man 
incubation pcriod 445, 446 
indirect Coombs test 

haemolytic disease of the newbom, 
diagnosis of 783-7 

see antiglobulin test 
indirect f!uorescent antibody technique 

in myasthenia gravis 1003 
see immunofluorescence 

indirect interference 
between antigens I 192 

infants 
immunoglobulins 543, 546, 547 
response to vaccination I2II-I4 

infection 
malignancy 522, 527 
subclinical 463-6 

infectious enterotoxaemia 
of sheep, goats II 82 

INDEX 

infectious hepatitis 
y globulin therapy 1226 
vaccine to 1226 

infectious icterohaemoglobinuria r r 82 
infectious mononucleosis 

antl-1 111 243 
hacmolytic anaemia 812, 815 
Paul Bunnell antibody 34 

infective parotitis 
see mumps 

inflammation 
immunity 425, 435 
perpetuation of 607 
phagocytes 430 
Type III allergic reactions 40 5 

influenza 
antigenic variation 1217 
diagnostic test for 125, 126 
experimental animals 1209 
haemagglutination test in I2II, 1218 
immunity 435, 443, 448, 449 
killed vaccine 121 8 
living attenuated vaccine 1218 
vaccines against 1217 

influenza virus 
allantoic fluid 1218 
antigenic plasticity rr81 
'S' antrgen 125, 126 
'V' antigen 125, 126 

inheritance 
rules of, as applied to blood groups 253 

inhibition techniques 
in grouping blood stains 261 

injections 
spacing of, in animals 1273 

inspissated bile syndrome 789 
insulin 

antibodies 270, 273, 676, 678-87, 1132 
antigemcrty 672-5 
binding capacity 678, 679, 684, 685 
hypersensitivity 676, 679, 681-3, 686 
immunoassay 270, 273 277-9, 282, 375 
resistance 676, 679-8 r, 68 3-5 

interfacial test 8, 9 
interferon 429, 440, 541 
intermittent porphyria 

due to drug 696 
international biological standards 1284-8 
international standards 

distribution 128 5 
establishments 1287, 1288 

international units 1285 
intestinal metaplasia 1021 
intestine 

allergic disease of 1033-57 
generalized disease of 1054 
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intracellular pathogens 
immunity, 437, 438, 447-9 

intradermal tests 
amoebiasis I 3 8 
Chagas 's disease r 44 
leishmaniasis 147 
sarcosporidiosis I 56 
trichomoniasis 149 

intra-uterine transfusion 
in haemolytic disease of the newborn 

795 
intrinsic factor 

production I02I 
intrinsic factor antibody ro22, I02J 

in pernicious anaemia 1028-9 
without pernicious anaemia 1030 

In V 
amino acid substitution 375 
restriction of type K only 375 

iodine 
radioimmunoassay 276, 280 

I' 25 use in labelling antigens 293 
P31 therapy 948 
iron deficiency anaemia 

gastric mucosa in 1025 
parietal cell antibodies in 1025 

irradiation chimaeras 483 
irritable colon syndrome IOJ8 
islets of Langerhans 

allergic reaction 684 
isogeneic graft 

definition 478 
iso-leuco-agglutinins 824 

Japanese A encephalitis 
see Von Economo's disease 

Japanese B encephalitis 
growth in tissue culture I 22 3 
vaccine against 1222 

joint pain 663 
joint swellings 

PAS sensitivity 666 

K chains 
see light chains 

KAF 

see conglutinogen-activating factor 400 
Kahn reacting material 

Donath-Landsteiner antibody Sr 8 
Kala-azar 

see leishmaniasis 
clinical features 1239 
premunition in 1239 

kallikrein 
C' 1 inhibitor 3 89 

Kedrowsky's bacillus 146 
keratin, organ specific-antigen 895 
keratitis u65 
kernicterus 

in haemolytic disease of the newborn 
788--9 

kidney 
antibodies 32, 919 
cortical necrosis 342 

Kimmelstiel-Wilson lesion 914 
Kline test 

trichinellosis 171 
Koplik's spots 1227 
Kuru ro85, ro96 
Kveim test 2II-l4, 979, 1044 

immunity deficiency 554 

L chain 
sce light chains 

labour 
induction of 797 

a lactalbumin 
antibodies to 1044 

lactoferrin II 50 
lactoglobulin 

antibodies to 1044 
lactase intolerance 

ulcerative colitis 1049 
lamb dysentery 

see Clostridium welchii II 84 
active immunization 
antiserum 1265-7 

!267, !268 

immunization schedule 1278, 1279 
lamina propria 1034 
latent epidemization 466 
latex fixation test 

chorionic gonadotrophin 25 
e-reactive protein 9. 25 
description 24, 25 
hydatid disease I 79 
rheumatoid factor 25 
thyroid disease 938 

latex particles 
mixed agglutination 3 I 

LATS 

see long acting thyroid stimulator 
lattice theory 17 
LE 

see systemic lupus erythematosus 
LE cell 

antibody deficiency syndrome 553 
direct test 873 
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LE cell (contd.) 
factor 601 
indirect test 873 

LE cell phenomenon 847, 872 
induced by drugs 710 

LE cell test 
active chronic hepatitis 1098, 1099 
in rheumatoid arthritis 86o 

LE serum factor 872, 873 
lecithinase 393 

see Clostridium welchii 59 
lectins 40, 2 3 1 
Leishmania adleri 

skin infection 1238 
Leishmania braziliensis 

acquired immunity in 1241 
immunoprophylaxis 1241 
killed vaccine 1241 
leishmanin test in 1241 

Leishmania donovani 
see Kala-azar 
acquired immunity in 1239 
immunoprophylaxis 1241 
leishmanin test 1241 
live vaccine in 1241, 1273 

Leishmania mexicana 
immunoprophylaxis 1241 
leishmanin test in 1241 

Leishmania tropica 
acquired immunity in 1239 
active immunization 1240 
immunoprophylaxis 1240 
leishmaniasis recidiva 1239 
zoonotic forms 1241 

leishmanin skin test 
see leishmaniasis 

leishmaniasis 145-8 
adhesion test in 148 
acquired immunity 1239 
agglutination test in 145-146 
classification 145 
complement fixation test 146 
host susceptibility 1238 
immunofl.uorescent techniques in 148 
immunoprophylaxis 1240, 1241 
importance of 133 
indirect haemagglutination test 146 
intradermal test in 147 
leishmanin skin test 148 
nature of the immune response 123 8 
precipitin test in 14 7 
recidiva 1239 

lens 
auto-allergy II70 

lens protein antigen 6or 
lepromin test 208, 209 

INDEX 

leprosy 
see Mycobacterium leprae 

leptospirosis 
antiserum 1266 

leucoagglutinin 730 
leucocytes 

antibodies to 21, 22, 32 
antibodies in congenital neutropenia 8oo 
antigens 24 7 
antigen-antibody reactions 247 
auto-allergic syndromes 824 
auto-antibodies 824 
drug allergy 825 
groups 246 
Type III reactions 587, 588 

leucoencephalitis 
acute haemorrhagic 1083 

leucopenias 663, 8os 
leucotoxin test 246 
leukaemia 

antibody deficiency 522, 523, 542, 547, 
554. 556 

auto-antibodies 524 
haemolytic anaemia 8o6 
immunity 460 
immunization against so6, su 
lymphocyte transformation 527 
proteins 374 
regression 53 o 
tumour specific antigens 507, 512, 513 

Liacopoulos phenomenon 675 
lichenoid eruptions 

in drug allergy 705 
light chains ( of immunoglobulins) 

free light chains in urine 371 
heterogeneity of charge 373 
K (kappa chains) Type K immuno

globulin 3 71 
A. (lambda chains) Type L immuno

globulin 371 
molecular weight 370 
restriction of type in M proteins 373 

light sensitivity 645 
lipoid nephrosis 913 
lipopolysaccharides 

from Gram-negative organisms 1270, 
1271 

liquid nitrogen 37 
lissamine rhodamine 13 
Listeria monocytogenes 

auxiliary pathogenic factors 427, 428 
Litomosoides carinii 174 
Liver 

antibodies 32 
antibody production in 3 50 
phagocytosis 430 
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livcr cirrhosis 
anti-nuclear factor 8 8 1 

liver damage 
in drug allergy 7II, 713 

Ji ver disease 
in Crohn's disease 1042 

liver fluke 
and C. novyi infection 1276 

lobar pneumonia xxv, 967, 968, 986 
lobular glomerulonephritis 925 
locusts 

h ypersensitivity 63 6 
Loeffier's syndrome 177, 977, 982, 983 
long acting thyroid stimulator (LATS) 400, 

6oo, 948, 951 
louping-ill 

vaccines to 122 3 
lubrol 939 
'lumpy-bumpy' deposits 916 
lung 

see asthma; cot death; specific pathogens; 
specific diseases 

allergic reactions 960 
Type I 960-8, 97o-2, 975-7, 981-7 
Type III 653, 968-77, 981-5, 987 
Type IV 978-80, 984, 987 

anaphylaxis 961, 962, 986 
a u to-allergic reactions 964, 96 5 
eosinophil infiltration 981-4 
histamine release 44 

lungworm 
immunoprophylaxis 1252, 1253, 1259, 

1260, 1273 
luteinizing hormone 

immunoassay 282, 283 
lymph gland enlargement 

due to drugs 714, 715 
lymphadenoid goitre 363 

see Hashimoto goitres 
lymph nodes 

antibodies to rro2 
antibody deficiency syndrome 559. s6o, 

s66 
antibody formation in 348 
antigen localization 293. 3 s6 
enlargement 39, 663, 666 
medullary sinuses 293 
paracortical areas of 34 7 
phagocytosis 430 
thymus dependent areas 347 

lymph node permeability factor 442, 628, 
629 

lymphoblasts 
malignancy sor, 502, 521 

lymphocytes 
antiserum 40 

blast transformation 39-41, 305, 441, 
442, 527, 563, 585, 10II 

circulating pool 301, 302, 362 
cytotoxic test 3 7 
depletion 303 

dueto drugs 715, 720, 737 
graft-versus-host reaction 304 
immw1ity 302, 441, 442 
intestinal 1034 
life span 3 02 
malignancy 500-503, 510, 5II, 518-24, 

528-30, 532 
mixed agglutination 3 1 
mixed culture 40, 41 
netting mechanism 3 64 
recognition agents 296, 322 
skin-homograft regection 304 
structure 361, 362 
transfer reaction 41, 526, 527, 578 

lymphocytic choriomeningitis of mice xxv, 
1096 

lymphocytopenic centres 
see germinal centres 

lymphocytosis 
stimulating factor 3II, 312 

lymphogranuloma inguinale 
skin test 209 

lymphoid follicles 293 
lymphoid organs 

primary and secondary 304 
lymphoid tissue 

gastrointestinal 559. s6o 
gerrn-free animals 463 
selective damage of 347 

lymphoma 
antibody deficiency syndrome 556, 

s6o 
immunization 504, 506, 510, 5II, 518, 

519 
small intestine r 04 r 

lymphopenia 541, 553. 555. ss6, 559 
lymphopenic hypogammaglobulinaemia 

542, 545, 553, 554, ss6, 559, s6o 
lymphopoietin 3II, 312 
lympho-reticular tissue 3 3 5 
lymphorrhages 

in myasthenia gravis rooo 
lymphosarcoma 522-4 
1 yophilization 

vaccine preparation 1268-9 
lyophilized tissue 

antibody to 21, 22 
lysin 351 
p lysins 429 
lysolecithin 

complement 393 
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lysosomes 
cortisone 343 
dendritic reticular cells 29 3 
enzymes 586 
thyroglobulin 937 

lysozyme 36,399,429-31,436,440 

M antibody 
(mitochondrial) 878 

M-macroglobulins 
(Waldenstrom) 372 

M protein (P haemolytic streptococci) 
rheumatic fever 834, 837 

M proteins 
discrete components of immunoglobulins 

372-4 
Machado reaction 143 
macroglo bulinaemia 

antibody deficiency 523 
macroglo bulins 

see globulin 195 
Ct2 669 
infants 346 

macrophages 337 et seq. 
activated 343 
antibodies 3 55 
antigen capture 245, 356 
cytophilic antibody 45 
dendritic 297, 3 s6 
see metalophil cells 
immune 441, 442 
immunity 472 
medullary 294 
migration 1077, 1078 
migration-inhibition 41, 442, 562 
phagocytosis 430, 43 I, 43 3, 434, 43 7-9 
role in allergic response 502, 503 
role of in delayed hypersensitivity 3 I 5 
role of graft-versus-host reactions 3 I 5, 

316 
role of immune response 295 
target-cell reactions 3 I 6 
Type IV reaction 591 

Madurella mycetoma 96 
Madurella species 96 
Maduromycetoma 96 
magnesium ions 

complement 390 
malaria 

acquired immunity 1236 
active immunization 1238 
agglutination test in I 5 I 
antigenic variation 1235 
avían 1235 
complement fixation test in I 50 

globulin therapy 1237 
host susceptibility 1234 
immunity 444, 449, 450 
immunofluorescence 152 
immunoprophylaxis 1237, 1238 
melanin flocculation test I 52 
milk diet, effect of 1236 
nature of the immune response 123 5 
occult infection 1235 
passive haemagglutinatin tests 153 
passive immunization 1237 
precipitin test in I 52 
protective antibodies 1236 
splenectomy 1235 

malignant tissue 
see speciflc neoplasms 
allergic reaction 3 7 
antigenic change 31 
anomalous diagnostic tests 168, 170, 178 
antibodies against 500, 503, 509, 511, 

514, 518 
antibody deflciency 522-5 
auto-antibodies 524 
cellular reaction agaimt 500-3, 509, 510, 

513, 518-22, 528, 531, 532 
cellular reaction defiCicncy 522, 525-7 
chemotherapy 514, 515 
complement 503 
enhancement 503, 514, 518, 531 
homograft reaction soo-4, 514, 515, 

518, 528, 529 
immune isolation 512 
immune paralysis 512 
immunization, active 504-14, 516, 517, 

530-2 
passive 510, 518-22 

infections 522 
radiotherapy 515, 516 
reticulo-cndothelial system 507, 515 
specilic antigens soo, 503-II, 516, 527 
spontaneous regression 529, 530 
tolerance 512 
viruses 503, 504, 506-12, 514, 516, 517 

mallein 
antibodies 28 

malnutrition 
immunity 467 

mannan A 81-3 
mannose 

in conglutinogen 400 
Mantoux test 57, 201 
maple-bark pneumonitis 100, IOI, 969, 

970, 975 
mast cells 44 

function 651 
passively allergized 433, 434, 440 



INDEX 1337 

mast cells (contd.) 
Type I reaction 582, 613, 614, 617 
in ulcerative colitis 1 04 7 

Mastigophora 139 
measles 1226 

antibodies 32 
diagnostic tests for 128 
y globulin therapy in 1226 
immunity 425, 426, 448, 465, 466 
killed vaccine 1227 
live vaccine 1216, 1227 
subclinical infection 11 8o, 1181 

meat 
identiftcation of 266 

megakaryocytes 
abnormalities in idiopathic thrombocyto

penic purpura 823 
megaloblastic anaemia 954 

antibody deficiency syndrome 555 
vitamin B 12 deficiency 1030 

melanin flocculation test 152 
rx melanocyte stimulating hormone 

immunoassay 283 
membrane 

in diptheria 1183 
memory cells 319-321 
Mendelian dominants 

blood groups 253 
meningococcal meningitis 

direct microscopy 57 
identification by slide agglutination 61 

meningitis 663 
meningo-encephalitis 663 
mental retardation 

following kernicterus 789 
2-mercaptoethanol 

effect on ANF 875 
effect on immunoglobulins 376 

6-mercaptopurine 1080, 1081 
auto-allergic haemolytic anaemia 8o6 
effects on active chronic hepatitis 1104 
in myasthenia gravis 1011 
thrombocytopenic purpura 820 

metalophilic cells 338, 339 
metazoal vaccines 1273 
Metchnikoff 335 
methionine 345 
methyl green pyronin 3 58 
rx methyldopa 

causing haemolytic anaemia 810 
methylmethacrylate polymer 340 
mi ce 

complement deficiencies in 406 
microglia 

components ofthe RES 338 
Micropolyspora species 75, 969, 970, 973, 974 

micro-precipitin test 
trichinellosis 170, 171 
visceral larva migrans 176, 177 

microsomal antibody system 
in thyroid disease 939 

microsomal thyroid antibody 
in diabetic mellitus 1132 

Microsporum 97 
migraine 

alimentary allergy 1037 
skin tests 190 

milk 
antibodies 29, 966, 967, 977 
hypersensitivity 645 
identification of 266 

Millon reaction 1301 
mínima! haemolytic dose 1282 
minimallethal dose 

LD50 1282 
mínima! skin reacting dose 1282 
mitochrondria 

in dendritic reticulum cells 29 3 
mitochrondrial antibodies 940 
mitosis 

lymphocytes 39-41 
Mitsuda reaction 208 
mixed haemadsorption 32 
Mongolians 

haemolytic disease of the new born 778 
monocytes 

phagocytosis 430, 431 
Monospora bicuspidata 336 
Montenegro test 147 
monozygotic twins 

sce twins 
morbilliform rash 663 
Moro test 201 
Mosaic theory 

in haemolytlc disease of the newborn 
777 

motor endplates 
in myasthenia gravis 1000 

mouldy hay 969, 970, 973-5 
Mowbray's factor 562 
mucosa! damage 

dietary antibodies in 1055 
mucoviscidosis 1127, 1128 
multiple myeloma 

see myelomatosis 
m u !tiple sclerosis 1 o8 2-S 
multipotential cell 292, 329 
mumps 

diagnostic tests for 127 
globulin therapy 1228 
immunity 425, 426, 448, 449 
killed vaccine 1228 
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mumps (contd.) 
live vaccine 1228 
orchitis 399 
skin test 209, 213 
thyroiditis 947 
'S' antigens 127 
'V' antigens 127 

muscle 
antibodies in 

mysthenia gravis 1002 
localization of 1006 
clinical relationships 1007 
striations, binding of globulin to 1004 

mushroom-picker's lung 975, 979 
mutants xxviii 
mutation rates 

in man 254 
myasthenia gravis 881, 954, 997-1014 

clinical features 998 
immunological abnormalities in 1002 
immunosuppressive therapy in 1011 
lymphocyte transformation 1011 
neuromuscular transmission 1001 
pathogenesis of 1011 
pathology 999 
rheumatoid-like arthritis 998 
systemic lupus erythematosus 998 
thyroid disease 998 

mycetoma 96, 97 
mycobacteria 

atypical tuberculin test 202-4 
Mycobacterium leprae 

skin tests 208, 209 
Mycobacterium tuberculosis 1 1 84 

antibodies 978 
auxiliary pathogenic factors 427, 428 
immunity 430, 436, 447 
Type IV reaction 978, 987 

Mycoplasma pneumoniae 
(Eaton agent) 123 
auto-antibodies to erythrocytes 601 
diagnostic test for 123, 124 
haemolytic anaemia 812 

mycoplasma 
rheumatoid arthritis 849 

myelin 
segregation of 1 1 8 8 

myelitis 663 
myelomatosis 372 

antibody deficiency 522, 523 
immunity 460 
immunoglobulins 546, 547, 554 
mice 345 
mice, due to Freund's complete adjuvant 

603 
resistan ce to infection 5 42 

myocardial infarction 
auto-antibodies 83 8, 842 

myocarditis 663 
myofibrils 

in myasthenia gravis 1006 
myoid cells 1004-6 
myositis 

ocular 949 
myxoedema 

pernicious anaemia in 1026 
thyroid antibody tests in 944 

Nagler's test 
see Cl. welchii 

naturally acquired immunity 
defects of 11 8 1 

N'Dama cattle 
trypanosorniasis in II 81 

Necator americanus 
prophylaxis 1260 

necrosis 
of muscle fibres 1000 
wasting disease of mice 308 

Negroes 
ABO haernolytic disease in 784 

nematodes 
diagnosis 167-177 
eye u64 

neonates 
antitoxin response II87 
immunity 446, 448, 449, 460-2, 465 
thrombocytopoenia 585 
thymectomy 849 

nephelometer 8 
nephritis 

lupus 6o6 
nephrotoxic 409, 6os 
oedema 663 
Type II reaction 586 
Type III reaction 5 89 

nephropathy 
dueto drugs 713 

nephrotic syndrorne 
immunoglobulins 547 
rninimal change 913, 927 
resistan ce to infection 542, 54 7 

nephrotoxic antibody 919, 920 
nervous system 

allergic disease 1063-94 
neurallergy 1083 
neuritis 

optic II64 
neuromuscular transmission 

in myasthenia gravis 1001 
neurosyphilis 3 54 
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neurotropic virus 
vaccines 1221-6 

neutralization 
biologically active rnolecules 33, 34 

neutralization test 
ín-vítro 1 19 
ín-vívo 
toxin 
viral 

II9 
33 

33 
neutropenia 541, 542, 545, 555, 556 

congenital 799 
neutrophil leucocytes 

phagocytosis 430, 431, 436, 437, 439 
Newcastle disease virus 849 
new world cutaneous leishrnaniasis 

see L. brasiliensis or L. mexicana 
Nippostrongylus braziliensis 

irnmunity 440, 451, 1253 
nitrogen-rnustard 

auto-allergic haemolytic anaemia 8o6 
phagocytic index 341 

Nocardia asteroides 97 
Nocardía brasiliensis 97 

skin tests 210 
Nocardia streptomyces 96 
non-thrornbocytopenic purpura 

in drug allergy 706 
non-tropical sprue 

see idiopathic steatorrhoea 
North American blastomycosis 91, 92, 87 
nuclear constituents 

antibody to 876, 878 
nurse cells 3 57 
nuts 

hypersensitivity 643, 646 
skin tests 19 3 

NZB rnice 
rnalignancy 524 

NZB(BL rnice 
auto-imrnune haernolytic anaemia m 

827 
nephritis in 922 

oedema 
in haemolytic disease of the newborn 

787 
oestradiol benzoate 

effect on the reticulo-endothelial systern 
343 

oidiomycin 81 
skin test 21 3 

oil ernulsion adjuvants 1274 
old tuberculin 200, 201 
old world cutaneous leishmaniasis 

see Leishmania tropica 

olive oil 
effect on the reticulo-endothelial systern 

343 
Onchocerca volvulus 174 
Onchocerciasis 

diagnosis 174 
operon 293 
ophthalmoplegia 949 
opisthotonus 

in kernicterus 789 
opsonins 294, 427, 430, 431, 437, 439 

imrnunity 459 
malignancy 503, 5II 

opsonization 34, 38, 39 
of organic partid es 3 3 7 

optimal proportions method 8 
orchitis 

antibodies 1 1 55 
auto-allergic 1154, 115 5 
mumps II53, II28 
Type II reaction 585 
Type IV reaction 585 

organ culture 
effect of antibody complernent 399 

ornithosis virus 197 
Ouchterlony 

see gel-diffusion 
ovalbumin 

antibodies to 1040 
imrnunological response in foetal lambs 

346 
sites of antibody synthesis 351, 352 
ulcerative colitis 1049 

overloading 
effect on the RES 341 

'oxyphil variant' 
ofHashimoto's disease 942 

oxytocin 
irnmunoassay 282 

pan creas 
auto-allergic diseafe of n26-34 

pancreatic antibodies 1127, II28 
experimental production 1129 
isoantibodies II29, IIJO 
man II27, II29 

pancreatic steatorrhoea 
proteolysis 1055 

papain 
action of immunoglobulin G 372 
treated erythrocytes 

agglutination 19 
haemolytic di~ease of the newborn 782 

Paracoccidioides brasiliensis 91-3 
paradoxical reaction 1295 
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para-amino salicyclic acid 
sensitivity 666 

para-infi uenza 
diagnostic tests 127 
vaccines 1218 

Paramecium aurelia 
immobilization 18 

parathormone 
antibodies 687, 688 
antigenicity 673 
immunoassay 274, 275, 280-3 

parathyroid 
antibodies 1II9 

paratyphoid vaccine II94 
parietal cell antibodies 1022 

diabetes mellitus 1027 
frequency 1023-5 
pernicious anaemia 1027 
rheumatoid arthritis 1027 
thyroid disease 1026 
ulcerative colitis 1051 

parietal cells 
stomach 1021 

paroxysmal cold haemoglobinuria 815 
direct antiglo bulin test 81 8 
Donath-Landsteiner (D-L) antibody m 

816 
roleofpH 818 
serology 815 

paroxysmal nocturnal haemoglobinuria 
410 

partía! absorption test 
haemolytic disease of the newborn 797 

partía! neutralization test of Witebsky 229 
passive agglutination test 

bentonite 24 
hydatid disease 178, 179 
trichinellosis 171, 173 

collodion 23 
latex, 24, 25 
principies 2 3, 24 

passive cutaneous anaphylaxis (PeA) 
description 42, 43 
Type I reaction 581, 582, 584, 587, 

588 
passive haemagglutination test 

see antiglobulin test; conditioned haemo
lysis; Rose-Waaler test; tanned red 
cell test 

antiglobulin test 24 
bacteria! antigens 27, 28 
bis-diazotised-benzidine 26 
carbodiimide 27 
chemically linked antigen 26, 27 
diagnosis of bacteria! disease 64 
formalinized cells 24, 178 

hydatid disease 
inhibition test 

178, 179 
25, 28 

immunoassay 270, 273 
polysaccharide-treated red cells 24, 27, 

28 
principies 23, 24 
red cell-linked-antigen antiglobulin test 

2I, 24, 28-30 
tanned red cells 24-6 
toluene 2.4 diisocyanate 27 

passive immunization 
defects of 1202-5 
length of 1202 
subsequent active immunization 1204 

passive transfer test 638-40 
clínica! use 194 
Type I reactions 581, 583, 584 

Pasteurella multocida 
antiserum to 1266 

Pasteurella pestis II 84 
auxiliary pathogenic factors 427, 443 

447 
immunity 431, 443, 444, 447 

patch testing 
technique 734, 73 5 

paternity 
blood group 252-9 
blood group systems in 254 
possibility of proof 257 

paternity testing 
present position 257 
proposed legal mea sures 2 58 

pathogenicity 
definition 42 5 

Paul-Bunnell antibody 
haemolysis 34 

pellagra 1045 
penicillenic acid 666 
penicillin 66 5, 666 

alimentary allergy 1038 
experimental tetanus 1203 
haemagglutinating antibody 736, 737 
hypersensitivity 647, 667 
incidence of allergy 666 
inhibition test 719 

penicillin allcrgy 667 
incidence 666 

penicillinase in penicillin allergy 609 
Pencillíum notatum 

skin tests 191, 193 
penicilloic acid 666 
penicilloyl-polylysine 667, 720, 721, 733 
pentamidine 564 
pepsin 

action on immunoglobulin G 372 
produced by chief cell 1021 
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peptone 
smallpox vaccine 1219 

periarteritis 
se e pol yarteritis 

periodic-acid Schiff technique 
R ussell bodies 3 6 I 

peripheralneuritis 663 
periportal granulomata 352 
pemicious anaemia 954, 1027-31 

auto-allergic aetiology 561, 562 
intrinsic factor antibodies 1022, 1023 
juvcnilc auto-allergic 1030 
proteolysis 1055 

peroral small-intestinal biopsy 1039 
pertussis vaccine 

experimental glomerulonephritis 922 
growth II96 
killing II96 
testing II 96 
see also Bordetella pertussis 

Peyer's patches 307, 1034 
germ-free animals 346 

PFDil 
inhibited by C' 1 inhibitor 3 89 

phaco-anaphylaxis II70 
phage typing 62 

see Salmonella typhi 
phagocytes 

endodennal 336 
phagocytic index, K 340, 341 
phagocytin 430, 431 
phagocytosis 3 3 5-7 

acquired haemolytic anaemia 337 
auxiliary pathogenic factors 427, 428, 

447 
effete erythrocytes 3 3 6 
encapsulated organisms 336 
immunity 428-40, 447 
opsonization 3 8 
role of complement 402, 403 
thyroglobulin 937 

phagosome 
macrophages 295, 430, 437--9 

phenol 
rabies vaccine r 22 5 
smallpox vaccine 1219 

phenotype 
Rh system 256 
variation and virulence 444 

Phialophora compacta 95 
Phialophora pedrosoi 95 
Phialophora verrucosa 9 5 
phlyctenulosis u65 
phospho-glucomutases 255, 262 
phospholipase e 

red celllesions 393, 394 

phospholipids 
in cell walls 393 

photo-allergy 707 
photo-oxidation 29 
photosensitization 707 
phototoxicity 707 
Physaloptera sp. 175 
phytohaemagglutinin 40, 305, rou 

in target cell culture 3 r 6 
piezo-electricity 1044 
piglets 

y globulin levels 345 
Pillemer's SPA vaccine II97 
Pima Indians 

rheumatoid factor in 864 
pinocytosis 

intestinal tract 1036 
piroplasmosis 153, 154 
pituitary snuff 6or, 602 
pituitary snuff-taker's lung 969, 976 

skin test 197 
placenta 

antibodies to 720, 927 
passage of antibody II87 

placentallactogen 
immunoassay 282 

placenta! transfer 
reagins 639 

plague 
see Pasteurella pestis 

plaque-forming cells 308 
plaque technique 

antibody producing cells 39, 298 
plasmablasts 294 

antibody 314 
fate 314 
function 3 14 

plasma cell tumour 314, 315 
plasma cells 39, 294 

antibody 360 
antibody deficiency syndrome ss6, 559. 

s6o 
antibody production 432 
fate 315 
gastric mucosa 1021 
IgG response 294 
intestine 1034, 103 5 
malignancy 522-4 
myasthenia gravis 999 
lymphoblasts sor, 502 
Russell bodies 361 
staining reaction 3 58 
structure 3 5 8-6 r 

plasma citrate 
\ transfused babies 796 
, plasmapheresis 1278 
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Plasmodia spp. 
antibodies to 1236 

Plasmodium 
see malaria 
bastianelli 123 5 
berghei 123 5, 1236 
falciparum 123 5-8 
knowlesi 123 5 
malariae 123 5 
vinckei r 2 3 5 
vivax 123 5, 123 7 

platelet lysis 73 7 
platelet survival studies 

idiopathic thrombocytopenic purpura 
823 

platelets 
agglutination 73 7 
antibodies 21-3, 32 
antigens 24 7 
auto-allergic syndromes 819-24 
auto-antibodies, demonstration 821 
factor 3 liberation by drugs 739 
groups n6 
idiopathic thrombocytopenic purpura 

822 
isoantibodies, congenital thrombocyto

penia 8oo 
PmKo antigen 204, 205, 213 
pneumococcus 

capsular polysaccaride 336 
capsular swelling 57, 6 r 
Type I allergic reaction 967, 968 
Type III 

antibody synthesis 351 
Type XIV 

H antigen 228 
Pneumocystis carinii 545, 556, 564 
pock counting technique 

toxoplasmosis r 55 
podocytes 910 
pokeweed 40 
poliomyelitis 

cell specificity 1209 
diagnostic tests 129, 130 
experimental animals 1209 
y globulin therapy 1224 
immunity 435, 448, 459, 464 
incidence 1216 
paralytic form II98 
Type I antigen I2II, 1212 
viral types 1224 
visceral larva migrans 176 

poliomyelitis vaccine 
formolized 1200 
infants I2II-I4 
killed 1214, 1215, 1224 

INDEX 

live 1215, 1224 
oral 1200, 1201 
uses 1216 

pollen 
allergenic potency 642 
allergens 6 55 
protein 1302 
skin tests 640, 642 
ulcerative colitis 1049 
urticaria 646 

polyarteritis 
drug allergens 709 
eye II69 
rheumatoid arthritis 848 
Type III reaction 589 

polyarteritis nodosa 666 
abdominal symptoms 1054 
lung disease 977, 982, 987 

polyethylene glycol 397 
polymorphonuclear leucocytes 

chemical depletion 336 
polymyositis 

myasthenia gravis 999 
polyps 

colonic 1053 
nasal 986 
nasal and asthma 649-52 
nasal sinusitis 642 

polysaccharide 
adsorption on particles 24 
treated red cells 24, 27, 28, 35 
type antigens 75, 76 

polystyrene latex test 
sensitivity 86r 
Waaler-Rose test 850, 854 

polyvinylpyrrolidone 
auto-allergic haemolytic anaemia 807 
incomplete antibody test r8 

population studies 
thyroiditis 9 52 

post-commisurotomy syndrome 838 
posterior pituitary 

antibody to 6or 
see pituitary snuff 

post exanthematous encephalitis 1082-4 
post-kala-azar dermalleishmanoid 1239 
post-necrotic cirrhosis IIOI 
post-transfusion hepatitis 

anti-D administration 790 
post-vaccinial encephalitis 1221 
potas~ alum 1274 
pox VlrUS 

diagnostic tests 124 
PPLO 

see mycoplasma 
Prausnitz-Küstner test 41, 42 
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Prausnitz-Küstner test (contd.) 
see passive transfer test 

precipitation 
see gel-diffusion; immunoelectrophoresis; 

radio-active methods 
flocculation II 8 
immunoassay 273, 274, 277-80 
quantitative 9 
virus diseases I 2 ro 

precipitation curves 
horse flocculation type 9 3 8 
rabbit type 938 

precipitation tests 8-I 3, I 6 
amoebiasis 136 
ascanaSIS I 7 5, I 76 
Chagas's disease 144 
coccidiosis 157, 1245 
cow's milk proteins 1037 
drug allergy 739 
gluten 1046 
hydatid disease 179 
leishmaniasis 147 
malaria 152 
meat testing 266 
myasthenia gravis IOOJ, roo8 
schistosomiasis I 82, I 8 3 
thyroglobulin 938 
trichinellosis 170, 171 
trypanosomiasis 140 
visceral larva migrans 176 

prednisolone 
use 664 

pre-existing immunity 
antitoxin response II 87 

pregnancy test 25 
premunition 449, 1233, 1234 

babesiasis 1246 
malaria 1236, 1237 
toxoplasmosis 1246 

primary allergen 700 
primary biliary cirrhosis 940, 1096, IIIO

r6 
features, general I II o, I II I 

immunological IIII-14 
histology II II 
mitochondrial antibodies II 12, II I 3, 

IIIÓ 
primary immune response 314-19 

histocompatibility antigen 3 I 5 
histophysiology 316 
spleen 319 

primates 
passive cutaneous anaphylaxis 43 
red cells in immune adherence 38 
Schulz-Dale reaction 43 

primigravidae 

haemolytic disease of the newborn 779 
Prímula obconica 

eczema 757 
privileged sites 6oo 
progressive proliferative glomerulonephritis 

925 
progressive subacute hepatitis 

see lupoid hepatitis 
prolactin 

immunoassay 282 
properdin 404, 405 
prophylaxis 

anaphylactic reaction 664 
delayed serum reaction 664, 665 
drug sensitivities 745, 746 
helminth disease 1252-63 
microbial disease u82 
protozoal disease 1232-47 
virus disease 1208-29 

p propiolactone 1223, 1225 
proptosis 93 6 
prostaglandins 628 
prostate 

antigen II34 
auto-allergic disease I 134-36 
experimental animal studies 1135, 1136 
Type III reactions II 3 5 

prostatitis 
spermagglutinins II54 

protein 
adsorption on particles 24 
adsorption on red cells 24-30 

protein losing enteropathy 547, 549, 557 
proteolytic enzymes 

action on immunoglobulins 372 
Proteus spp. 

diagnosis of rickettsial diseases 64 
protolysosomes 

in dendritic reticulin cells 293 
in macrophages 245 

protozoa 
classification I 3 5 
colonial (sponges) 336 
cytolysis 37 
immunity 449, 450 

protozoal diseases 
immunoprophylaxis 1232-47 

protozoal vaccines 
in veterinary medicine 1273 

provocation poliomyelitis II98 
induction II 89 

prozone 
agglutination I 8 

"brucellosis 63 
definition of 223 

pruritus 704 
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psittacosis-LGV-trachoma 122, 123 
diagnostic test 
skin test 209 

psonaSJS 848 
public antigens 224 
public health authorities 

apprehension in 1269 
pulmonary aspergillosis 75 
pulmonary berylliosis 769 
pulmonary sporotrichosis 94 
pulpy kidney (Glostridium peifringens type D) 

antiserum 1266 
purified protein dcrivative (PPD) 200-5, 

2II 
purified toxoid, aluminium phosphate 

precipitated II90 
puromycin 923 
purpura 

Aldrich's syndrome 554 
purpuric eruptions 

drug allergy 706 
pyoderma gangrenosum 1053 
pyroninophilic cells 

see plasma cells 
EM studies 3 1 5 

pyroniniphilic large lymphocytes 361, 362 

Q fever 
diagnostic test 122 

R (rabbit type) reactions 
fungal disease 78 

rabbit y globulin 
fragments I, II & III 1036 

rabbits 
complement deficiencies in 406 

rabies 
anti-rabies serum 1225, 1226 
host specificity 1209 
vaccines 122 5 

radiation-immunosuppression xxvu 
radio-active methods 16, 39 
radio-immuno-electrophoresis 

insulin antibodies 676 
radio-isotopes 

hormone assay 270, 274-83 
radiotherapy 

malignancy 515, 516 
RAff sera 859 
Raynaud's phenomenon 

auto-allergic haemolytic anaemia 812 
reaction of identity 11 

reaction of non-identity 11 

reagin 
see antibody, reaginic 

receptor destroying enzyme 126 
red cell 

acid phosphatases 255 
lysis 

haemolytic anaemia 740 
survival time 38 

red ccll adhesion test 
see immune adherence, trypanosomiasis 

red ccll antibodies 
see blood groups, man 245, 246 

red cell grouping 
see blood groups, man 

red celllinked-antigen antiglobulin test 21, 
24, 28-30 

see ~ntiglobulin test 
red pulp of spleen 293 
red water 

see babesiasis 
regional enteritis 

see Crohn's disease 
Reiter's syndrome II34 

eye u69 
renal biopsy 663 
renal glomerulus cells 

antibodies II02 
replica plating method 

separation of mixed cultures 69 
resistance transfer factor 424, 444 
respiratory disease vaccines 1217 
respiratory inhibition test 

toxoplasmosis 156 
respiratory syncytial virus 

vaccines 1219 
reticular dysgenesis 542, 554-6, 560 
reticulo-endothelial system 3 3 5 el seq. 

component cells 337, 338 
effect of simple organic substances on 

343 
function 

measurement 339 
hyperplasia 308 
immunity 425, 429-32, 438 
Kala-azar 1238 
malignancy 507, 515, 522 
ontogenesis 3 3 5 
opsonization 3 8 

reticulosarcoma 
auto-allergic haemolytic anaemia 8o6, 

812 
reticulosis 

antibody deficiency 522-5 
cellular reaction deficiency 526 
M-proteins 374 
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reticulum cells 
antigen capture 295 

retina! granuloma 
visceral larva migrans 175 

retini tis 1 1 64 
retinopathy 

diabetic 63 8, 684 
retroperitoneal f1brosis 

Methysergide 714 
Rhesus system 

see blood groups, man 
rheumatic diseases 

anti-streptolysin O test 66, 77 
e-reactive protein test 67 
serum reactions 66 

rheumatic fever 
anti-streptolysin O 834, 835 
Aschoffbodies 832, 833, 840, 841 
auto-antibodies 837-42, 844 
clínica! description 831-6 
cross-reacting antibodies 837-42, 844 
Üxed complement 841 
üxed y globulin 841, 842 
genetic factors 842-4 
p haemolytic streptococci 833-41, 844 
lung disease 980, 988 
prophylaxis 835 
salivary hapten 844 
secretor status 843, 844 
Type II reaction 585 
Type III reaction 837, 838 

rheumatoid arthritis 848-70, 954 
see rheumatoid factor 
antibody deftciency syndrome 555, 557, 

558 
anti-nuclear factor 8 8 1 
clínica! signs 848, 849 
complement components involved 409 
complement levels 408 
eye II69 
infectious agents 489 
juvenile 861 
lung disease 980, 988 
parietal cell antibodies 1027 
rheumatoid factor 850-67 
skin tests 206, 207 
Type III reaction 589 

rheumatoid factor 85o--67 
see rheumatoid arthritis 
antibody deüciency syndrome 555, 557 
antibody nature 852 
bentonite flocculation 24 
chromatographic separation 851 
diagnostic value 86r 
gastric aspects 86 3 
Gm groups 856 

TT 

histochemical demonstration 855 
isolation 8 5 r 
lung disease 981 
methods of detection 851 
myasthenia gravis 1010 
nature 86o 
nature of cross-reactivity 8 56 
nature of reactants 8 so 
pathogenic signiflcance 862 
reacting with fixed IgG 6oo 
Rose-W aaler test 27 
serum inhibitor 862 
systemic lupus erythematosus 88o 
tissue distribution 8 55 

rhinitis 986 
distinction from colds 641, 642 
hereditary factors 635, 637 
skin tests 190, 194, 210, 640 

rhinovirus 
in cell culture,1209 
vaccines 1219 

rhizopoda 135 
rhizopus arrhizus 101 
Rhodnius prolixus 

hypersensitivity 648, 649 
ribonuclease 296 
ribonucleic acid 

antibody formation 296 
'immunised' cells 296 
instructor 296 

ribonucleoprotein 
myasthenia gravis 1009 

ribosomes 
macrophages 29 5 
plasma cells 360 

Rickettsia prowazeki 
skin test 209 

rickettsial antigens II 9 1 
Rieckenberg reaction 38, 148 
Riedel's thyroiditis 947 
Rift valley fever 

vaccine 1223 
rinderpest 

antiserum 1266 
formolized spleens 1272 
vaccination 1272 

ring test 8 
species identiflcation 260 

Rose-W aaler test 
see rheumatoid factor 
description 27, 850, 851, 88o 

roundworm 
dog 168 

rubella 
see German measles 
diagnostic tests 128 
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rubella (contd.) 
immunoglobulins 546, 548, 562, 567 

rubeola 
see measles 

runt disease 488 
complements levels 405 
haemolytic anaemia 827 

see graft-versus-host disease 
Russell bodies 3 6 r 
Russian autumn encephalitis 

see Japanese encephalitis 
Russian spring summer encephalitis 

vaccine 1223 
rye pollen 1300, 1305 

S antibody 
myasthenia gravis 1003 

S (soluble) antigens r 13 
Sabin poliomyelitis vaccine 464 
Sabouraud liquid medium 78 
Saccharomyces cerevisiae 8 3, 84 
saccharated iron oxide 340 

glomerulitis due to 923 
salicylates 

in kernicterus 788 
saliva 

immunoglobulin levels 380 
immunoglobulin A in 350 
reaginic antibody 639 
stains 

identification 264 
Salk poliomyelitis vaccine 

inoculation schedules 1275 
Salmonella sp. 

antibodies r8, 28 
endotoxins 458, 459 
fiagellar (H) antigens 61 
phase separation 62 
slide agglutination 6o-2 
som~tic (o) antigens 6r 
vaccmcs 

storage of 1269 
Salmonella gallinarum xxv 
Salmonella typhi xxv, II84 

auxiliary pathogenic factors 427 
detection of Vi antigen 62 
diagnosis 6 3 
effect on phagocytic activity 342 
immunity 424-6 
phage typing 62, 68 
tube agglutination 6r 

Salmonella typhimurium 
active immunization 1269 
immunity 431, 439 

salmonellosis 44 5, 446 

INDEX 

sandwich technique 360 
see immunofiuorescence 

saponin 
induced red celllysis 3 94 

sarcoid granuloma 
and Crohn's disease 1044 

sarcoidosis 954 
antibody deficiency syndrome 555 
cellular reaction deficiency 525 
circulating antibodies 978, 988 
immumty deficiency 541, 5 54 
positive latex test 861 
rheumatoid arthritis 848 
skin tests 205, 206, 210-14 
Type IV reactions 979 

sarcolemma 
binding of y globulin 1004 

sarcoma 
immunization 

517, 519 
sarcoma I 

sos, so6, soS-u, s r6, 

ascites tumour 3 r6 
sarcomere roo6 
sarcosporidiosis r 56 

dye test 156 
intradermal test r 56 

scarlatina 
see scarlet fever 

scarlatiform rash 163 
PAS sensitivity 666 

scarlet fever II 84 
serum treatment 66o 
skin test 207 

Schick test 33, 207, 464, 466 
neutralization by antitoxin 57 

Schilder' s disease roS 3 
Schistosoma haematobium 180-3 
Schistosoma japonicum r8o-3 
Schistosoma mansoni 180-3 

immunity 1253 
Schistosoma sp. 

prophylaxis 1258, 1260, 1261 
schistosomiasis (bilharziasis) 

agglutination test r8o, r8r 
complement fixation test r8o, r8r 
diagnosis 167-9, 174, 180-3 
immunofiuorescence r8r, 182 
lung disease 983 
precipitation tests 182, 183 
skin test 183 

Schultz-Charlton reaction 207 
see Strep. pyogenes 

Schultz-Dale reaction 42, 43, 583 
Schwartzman reaction 

generalized 922, 1271 
involving the colon 1046, 1053 



scintigrarns 946 
scleritis II 64 
scleroderrna 886, 887 

see systernic sclerosis 
lung disease 980, 981, 988 

scrapie 1o8s 
screening tests 

haemolytic disease of the newborn 
scrub typhus 28 

immunity 424 
secondary allergen 700 
secondary disease 488 
secondary response 319, 320 

following irradiation 320 
irnmunity 466 

second-set phenornenon 4 79 
secretor status 

rheumatic fever 843, 844 
sedimentation test 73 7 
Sedormid 723, 724, Sos, 823 
Sedormid purpura 6os 
self-cure 440, 4S 1 
self recognition S99 
self tolerance 32 S 
seminal fluid 

antibodies 1147, 1148 
se m in al s tains 

ABO blood groups 264 
identifica tion 264 

seminoma S30 
Semple type 

rabies vaccine 
Sepedonium sp. 
serology 4 
serotherapy 

skin reactions 
serotonin 

122S, 1226 
90 

see s-hydroxytryptarnine 
serum albumin 

complexes with bilirubin 788 
levels in the newborn 788 

serum hepatitis 43 
y globulin therapy 1226 

serum inhibitors 
rheumatoid factor 862 

serum sickness 6os 
anaphylactic reactions 662 
clinical manifestations 662, 663 
complernent levels 408 
delayed 663 
delayed clinical manifestations 663 
drug allergy 66 S-7 
eye II69 
following horse tetanus antitoxin 
horses 1274 
human irnrnunoglobulins 664 
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1203 

incidence 66o 
insulin 6 8 1 

lung disease 9 8 7 
pathogenesis 

animals 667, 668 
man 669 

pathogenic role of cornplernent sos-9 
prophylaxis 664, 66s 
proteinuria in 910, 916-19 
reaginic-like antibodies 634 
renallesions 916-19 
Type 1 reactions s89 
Type 111 reactions s87, s88, 666, 669 
types of reaction 661, 662 

serurn sickness-type reaction 
drug allergies 708 

Setaria equina 17 4 
sex hormones 

influence on complernent levels 408 
'SH' antibody 

rnyasthenia gravis 1003 
sheep 

auto-'immune' glomerulonephritis 921 
shellfish sensitivity 64s 
Shigella sp. xxiv 

identification 6o, 61 
irnrnunity 446 

Streptomyces madurae 96 
Streptomyces pelletierií 96 
Streptomyces somaliensis 96 
sic ca syndrorne 8 81 
sickle cell trait 

malaria 123S 
sideroblastic anaemia 

due to antituberculous drugs 69s 
silica 1043 

skin reaction 21 S 
silicosis 978, 979, 987 

complement fixation 402 
immunoconglutinins 401 

sirnian virus SV 40 
tissue culture 1209 

single hit theory 
cornplement action 386, 394 

si tes of antibody production 346-s S 
si tes of inoculation 

anirnals 127S 
Sitophilus granarius 969, 97S 

hypersensitivity 199 
Sji:igren's syndrome 881, 9S4 
skin antigens 897, 898 

auto-allergy 
Type IV reactions in 904 

autosensitization 89 S-908 
effect of clirnate on sensitivity 770 
eruptions, alirnentary allergy 1037, 1038 
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skin antigens ( contd.) 
identification of 265 
lesions in systemic LE 409, 884 
sensitivity 

Kala-azar 1239 
stripped 762 

skin test 74, 121, 667 
se e specific antigens; specific diseases 
adrenalin 194, 205 
allergens 191, 192 
antihistamines 194, 206 
asthma 652 
concentration of test substances 763 
corticosteroids 194, 196, 206, 212 
cross-reactions 193 
dermographism 190 
diluents 763 
drug hypersensitivity 647 
evaluation of reactions 759-61 
false negative reactions 762, 763 
false positive reactions 761, 762 
granulomatous reaction 208, 21o--15 
histology 761 
hypnosis 191 
methods 758, 759 
pollenosis 640, 642 
positive reactions 759 
reaginic antibodies 190, 639, 640, 642 
Type 1 reaction 190-9, 201, 205, 207-10, 

214, 583, 584, 961 
Type 111 reaction 195-200 
Type IV reaction 191, 195, 196, 198, 

200-10, 213, 214 
urticaria 645, 646 

'skip' lesions 1042 
slide agglutination test 6o--2 

see agglutination test 
slide flocculation test 

toxoplasmosis 158 
slow-reacting substance A 617, 623-6, 654 
smalllymphocytes 

see lymphocytes 
distribution 298 
intestine 1034 
morphological qualification 298, 299 
role of 297 

smallpox 
dried vaccine 1220 
eczema vaccinatorum 1221 
eye infections 1219 
y globulin therapy 1219 
post-vaccinial encephalitis 1221 
primary vaccination 1220 
revaccination 

indications 1221 
reaction to 1220 

vaccine 1201, 1215, 1219-21 
smallpox handler's lung 969, 976 
smooth muscle 

antibody to uo1, II02 
SNagg sera 859 
snake venom 

antiserum 1265, 1266 
sodium flux 

increased by uptake of C' 4 390 
somatic mutation 

antibody synthesis 292 
South American blastomycosis 

(paracoccidioidomycosis) 92, 93 
specific activity 

radioimmunoassay 276 
spermatostasis II51-3 
spermatozoa 

antigenicity II43, II46, uso 
antigens 31 
auto-agglutinins II43-6, 1148-50, II 52-6 
detection in stains 264 
incomplete antibodies II46 
other antibodies 1148-50 
resorption uso, II51 
segregation u88 

spermatozoa-coating antigen nso, II54 
spherocytosis 

in ABO haemolytic disease 787 
spinal cord 

anterior horn u83 
spleen 

antibody deficiency syndrome s6o 
antibody formation 348 
antibody to II02 
antigen localization 293, 294 
assay 309 
marginal zone 243 
phagocytosis 430 
structure 3 1 8 

splenectomy 
antibody formation 348 
kala-azar formation 1239 
malaria 123 5 
polymorph function 336 
protozoal diseases 1233 
thrombocytopenia 820 

splenic atrophy 
idiopathic steatorrhoea 1041 

split tolerance 486 
spontaneous auto-'immune' nephritis 922 
Sporothrix schenckii 

skin test 2 1 o 
sporotrichosis 93-5 
Sporotrichum schenckii 93-5 
sporotrichin skin test 97 
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sporozoa 149 
sporozoites of malaria 

immunity to 1236, 1238 
spur, gel diffusion II 

stains 
blood 259-64 
identification 2 59-6 5 
mixtures 264 
saliva 264 
seminal 264 

straphylococcal antiserum 
production of 1277 

staphylococci 
auxiliary pathogenic factors 427 

Staphylococcus aureus 
effect on the RES 342 
immunity 426, 427, 431, 434, 444 
toxins 426-8, 434 

Staphylococcus pyogenes 
culture examination 58 

status eczematicus 7 59, 761 
steric hindrance 434 
sterile a bscesses 

following active immunization 1198 
steroid producing cells 

antibodies to II20, II21 
steroid therapy 

pernicious anaemia 1027, 1028 
steroids and immunosuppression xxvii 

active chronic hepatitis II04 
Stevens-Johnson syndrome 705 
Stibophen 

see Fuadin 
Still's disease 849 
stomach 

allergic disease 1020, 1031 
antibodies to mucosa! cells 32 

stools 
helminthiasis 167, 169 

stratum corneum antigen 897 
strawberries 

urticaria 64 5 
streptococcal M protein 915 
streptococcal nephritis 

experimental disease 923 
glomerulonephritis 915 

streptococcal plasma membrane 
and heart musc!e 601 

strep tococcal so re throat II 84 
streptococci 

agglutination 18 
agglutination by rheumatoid factor 850 
anti-streptolysin O 8 3 4, 8 3 5 
immunity 424, 430, 434, 444 
immunofiuorescence 58 
opsonization 38 

precipitation reaction (Lancefield) 59 
rheumatic fever 833-44 
rheumatoid arthritis 861 
skin tests 206, 207 
slide agglutination 61 
soluble antigens 834-7 

Streptococcus agalactiae 
rheumatoid arthritis 861 

Streptococcus pneumoniae xxv, 986 
auxiliary pathogenic factors 427, 436, 

443, 444, 447 
immunity 447 
toxin deficiency 428 

Streptococcus pyogenes 
auxiliary pathogenic factors 427, 443 
Schultz-Charlton reaction 6o 
toxins 428, 434 

streptolysin O 394 
streptolysin S 915 
striated m uscle 

A-bands 887 
Strongyloides papillosus 

prophylaxis 1262 
subacute bacteria! endocarditis 

rheumatoid factor in 864 
subclinical infection 

causing immunity u8o 
subcutaneous nodules 

rheumatoid arthritis 849 
suberosis 969, 976 
subtotal villous atrophy 1041 
sulphonamides 666, 788 

hypersensitivity 647 
rheumatoid factor 863 

sulphur granules 
see actinomycosis 

superficial gastritis 1020 
supersensitivity 1295 et seq. 
suprarenin 1299 
surra 

see trypanosomiasis 
swine erysipelas 

antiserum to 1265 
swine fever 

antiserurn 1266 
vaccination against 1272 

Swiss form of hypogammaglobulinaemia 
553 

swollen joints 663 
sympathetic ophthalmia II70, II71 
syndromes due to penicillin 

allergy 667 
synovial fluid 

complement levels 408 
synovial membrane 

fibrin induced experimental arthriti~ HM1 
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synovial membrane (contd.) 
rheumatoid arthritis 848 

syphilis 1296 
see Treponema pallidum 
eye n64 
fl.uorescent antibody test 66 
Kahn test 65, 66 
latex test 861 
paroxysmal cold haemoglobinuria 815 
treponema pallidum immobilization test 

(TP1) 18, 37, 3 8, 66 
Wassermann test 65, 66 

systemic defence reaction 3 3 9 
systemic lupus erythematosus 871-86 

antibodies against blood cells 879, 884 
antibody deficiency syndrome SSS 
auto-allergic haemolytic anaemia 8o6 
bentonite fl.occulation 24 
complement components 409 
complemen:t levels 408 
familia! factors 822, 883 
gastric antibodies 1027 
gastrointestinal symptoms 1054 
glomerulonephritis 913 
LE cell reaction 3 8, 39 
lung disease 981, 988 
myasthenia gravis 998 
nature of immunological disorder 88 s 
rheumatoid arthritis, similarity 848 
rheumatoid factor 861 
skin Iesions 409 
skin tests 199 
Type III reaction 589 
ulcerative colitis 1034, 1051 
wire loop lesion 925 

systemic lupus erythematosus syndrome 
in drug allergies 710, 711 

systemic reactions 
caused by drugs 708, 716 

systemic sclerosis 
gastrointestinal tract 1054 

Taenia saginata 178 
Taenia sp. 

prophylaxis 1257 
tale 1043 
TAME 

tosyl arginine methyl ester 3 88 
tanned red cell test 

see haemagglutination, passive 
description 24--6 
inhibition test 25, 26 
in myasthenia gravis 1003 
tetanus toxoid 26 

in thyroid disease 26, 938 
tapeworms 

prophylaxis 1262 
tattooing 

granulomatous reactions 215 
teaching of immunology xxiii 
telolysosomes in macrophages 295 
temperature 

effect on blood group antibodies 223 
temporomandibular arthritis 

following anti-tetanic horse serum 1203 
terminal motor nerve f1bres 

in myasthenia gravis 1000 
tertiary cortical follicles 3 4 7 
test dosing 

technique of 742, 743 
testis 

antigenicity II43, IISS 
testosterone propionate 

bursectomy in chickens 347 
tetanus 

see Clostridium tetani 
antiserum to 1266, 1277, 1278 
immunity to n81, 1183 
serum treatment 66o 

tetanus antitoxin 1201 
effectiveness 1203, 1204 
placenta! transfer 1202 

tetanus toxoid 
immunization of mothers 1202 
response to II91, II92 
tanned red cell test 26 

tetrazolium-reduction-inhibition test 123 
Texas fever 

see piroplasmosis 
Theileria annulata 1247, 1273 
Theileria parva 1247 
theileriasis 

vaccination 124 7 
Thermoactinomyces vulgaris 99, 969, 973, 

975 
Thermopolyspora polyspora 99 
6-thioguanine 

auto-allergic haemolytic anaemia 8o6 
idiopathic thrombocytopenic purpura 

820 
thorotrast 

effect on the RES 341, 342 
thrombocytopenia 

antibody deficiency syndrome 545, 555, 
ss6 

congenital 799 
malignancy 524 

thrombocytopenic purpura 716, 737-40 
allergic, drug induced 823 
insulin 681 
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thymol turbidity 
in thyroid disease 944 

thymectomized animals 
immunological defect 307, 308 

thymectomized mice 
antiglobulin test 308 
effect of tissue grafts 3 09 
effect ofhepatotrophic virus 308 

thymectomy 
in adult life 308 
auto-allergic haemolytic anaemia 807 
effect on immunological reactions 347 
effects of 305, 306 
in myasthenia gravis 1010 

thymidine 39 
thymocytes 

appearance in foetallambs 346 
thymoma 556, 560, 562 

antibodies to muscle and thymus in 1007 
effect of thymectomy roro 
and myasthenia gravis 999 
microscopic appearance 1000 

thymus 1034 
action of 3 1 o 
antibodies to 

clinical relationships 1007 
in myasthenia gravis 1002 

antibody formation in 3 53 
auto-allergic reactions 561 
cellular and humoral immunity 543, 

545, 553, ss9, s6o, 562, s66 
in Graves' disease 959 
humoral function 5 59. s6o 
isolated dysplasia 542, 553 
lesions in myasthenia gravis 999 
lymph nodes, immune response 306 
lymphocyte in 300, JOI 

thymus-depcndent areas 347 
thyroglobulin 601 

antibodies to 937 
in cervicallymph 93 8 
microdroplets 937 
tanned red cell test 26 

thyroid 
acinar colloid antigens 941 
Addison's disease II2I 
antibodies 964, 965 
antigens 93 6-42 
auto-antibodies, incidence of 933 ,936-43 
cytoplasmic antibodies m pernicious 

anaemia 1026 
disease and gastric atrophy 1025 
low reserve 945 
malignancy 946, 947 
malignant lymphoma 947 
microsom:~l antibodies 941 

papillary carcinoma of 946 
skin tests I 99 

thyroiditis 948, 949 
'auto-immune' 933-54 
chronic II2I, II22 
de Quervain's 936-47 
familia! studies of 9 53 
juvenile 936 
and other disease 9 54 
population studies on 952 
Riedel's 936, 947 
tissue destruction in 949 
T_ype 11 reaction 58 5 
virus 

see de Quervain' s disease 
thyrotrophic hormone 

immunoassay 282, 283 
thyroxine 937 
tick-borne encephalitis 

see Russian spring summer encephalitis 
tissue cells 

immune adherence 38 
tissue culture cells 

antigenic variation 3 1 
cytotoxic test 3 7 
species of origin 3 I, 3 2 

tissue culture infecting dose 
TCID50 1283 

tissue damage 
caused by sensitized cells 316 

tissue fragments 
identification by immunological means 

252 
toad 

phylogenetic studies in 927 
tolerance xxvii, u88, II89 

see immune tolerance 
in adult and newborn 324 
breakdown 324, 325, s6r 
breakdown by cross-immunization 325 
to bovine serum albumin 323 
cellular antigens 325 
chemical nature of antigen 598 
definition 576 
factors involved 598, 599 
flagellin 324 
malignancy 512 
partía!, to a toxoid II 8 8, II 89 
physical state of antigen 598 
route of administration 599 

Torulopsis 83 
tosyl arginine methyl ester (TAME) 3 88 
toxaemia of pregnancy 

glomerulonephritis in 914 
similarity of renal lesions with experi

mental models 927 
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toxins 
see speciftc micro-organisms 
Cl. welchii II84 
C. diphtheriae 33, 207, 208, 458-60 
classiftcation 428 
Cl. tetani 458-60 
erythrogenic 206, 207, II 84 
immunoassay 272 
immunogenicity 443 
neutralization 3 3 
virulence 426 

toxin-dependent diseases 
active immunization II83-93 

Toxocara canis 
see visceral larva migrans 168, 169, 175, 

!76 
lung disease 984 
skin test 210 
tissue reactions to 1273 

Toxocara cati 175, 176 
skin tests 210 

toxoid II85-93 
antitoxin response to I 196 

carriers for II85 
interval between doses I 190 
primary response II90 
recommendation for practice II9I, II92 
secondary response II90, II9I 
size of ftrst dose II 90 
in veterinary medicine 1270 

toxoid-antitoxin floccules II85, II98 
toxoplasmosis 154 

agglutination test 156 
complement ftxation test 154 
dermal sensitivity test I 55 
dye test 155 
eye u64, u67 
fluorescence inhibition test 155 
foetal infection 345 
gel diffusion test I 55 
indirect haemagglutination test 155 
pock counting technique 155 
premunity 1246 
respiratory inhibition test I 56 
slide flocculation test I 56 

trachoma 
vaccines to 1228 

transfer factor 
Type IV allergic reactions 592 

transference factor 
in bacteria 1269 

transfusion reactions 
see blood groups, man 
dueto 

anti-FY• 242 
anti-Le• 241 

anti-S 232 
platelet groups 246 
Rh antibodies 2 3 8 

Type 1 reaction 585 
Type 11 reaction 5 84, 58 5 

transient neonatal myasthenia IOOI 
transient neonatal thyrotoxicosis 952 
transplantation 

cells producing reactions 315, 316 
cytotoxic test 3 7 
transferred lymph node cells 362 

transport piece 
in immunoglobulin A 3 50 

trauma 
rheumatoid arthritis 866 

tree pollen 
skin test 192 

trematodes 
diagnosis I 80-4 

Treponema pallidum 
foetal infection 345 
immobilization 18, 37, 38 

treponema pallidum immobilization test 
complement dependence 399 
in paroxysmal cold haemoglobinuria 

8!5 
see syphilis 

triatomid bug 1244 
Trichinella spiralis 

see trichinellosis 
antigen 170, 171, 173 
cross-sensitization 172, 173 
immunity 1253 
prophylaxis 1259, 1262 
skin test 210 

trichinellosis 
agglutination tests 171, 172 
bentonite flocculation 24, 171, 173 
charcoal agglutination test 172 
clinical description 169 
complement ftxation test 170 
diagnosis I 67, I 69-7 4 
immunofluorescent tests 172 
micro-precipitin test 170, 171 
precipitation test 170, 171, 173 
skin test 169, 172, 173 
swine 173, 174 
urine test I 7 3 

trichomoniasis 148, 149 
agglutination test 148, 1246 
del-diffusion 149 
hypersensitivity 1246 
immobilization 18 
immunofluorescence 149 
intradermal test 149 
muco-antibodies in 1246 



trichomoniasis (contd.) 
vaginal mucus agglutination 149 

trichoph ytin skin test 97, 98 
Trichophyton gypseum 1044 
Trichophyton mentagrophytes 79, 97 

skin test 209, 210, 213 
Trichophyton purpureum 98 
Trichophyton rubrum 

skin test 79, 209, 210, 213 
Trichostrongylus colubriformis 

immunity 451 
prophylaxis 1262 

Trichostrongylus sp. 
immunity 1253 

Trichuris sp. 176 
Tricothecium roseum 

skin tests 191, 193 
trifiuorotrichloroethane 1219 
tri-iodothyronine 937 
trismus 1203 
tritiated adenosine 1034 
tritiated thymidine 315, 1034 
trophoblast 503 
tropical eosinophilia 982, 984, 98 5 
tropical sprue 1039 
Trypanosoma cruzi 

see Chagas's disease 
antiserum to 1244 
immunogenic activity 1245 
vaccines to 1273 

Trypanosoma gambiense 1242 
animal reservoir 1242 

Trypanosoma lewisi 
immunity 435 

Trypanosoma rhodesiense 1242 
antigenicity 1243 

Trypanosoma sp. 1242 
trypanosomiasis 139-43 

acquired immunity 1243, 1244 
adhesion test 141 
African 

acquired immunity 1243 
epidemiology 1242 
host susceptibility 1242 
immune response 1242 
immunoprophylaxis 1244 

agglutination test 140 
American 

immunoprophylaxis 1244 
se e Chagas' s disease 

animal 1242 
antigenic variation 1243 
complement fixation test 139 
economic importance 133 
exoantigens 1243 
gel diffusion test 140 
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immunity 436. 444, 449 
immunoconglutinin levels 141, 401 
immunofiuorescence 142 
increase of IgM 142 
indirect haemagglutination test 142 
inhibition of oxygen uptake 142 
pathogenetic mechanism xxv 
precipitin test 140 
red cell adhesion test 38, 141 
serum electrophoresis 142 

trypsin 
treated erythrocytes, agglutination 19 

tubercles 
pathogenesis 978 

tuberculin 
lymphocyte transformation 40 

tuberculin sensitivity 1304, 1305 
tuberculin test 

desensitization 202 
granulomatous reaction 214 
immunity deficiency 554 
malignancy 525, 526, 528, 529 
modifying factors 204-6, 213, 214 
multiple sclerosis 1084, 1085 
PmKo antigen 204, 205, 213 
revivescence 205 
Type I reaction 189, 201, 205 
Type III reaction 198 
Type IV reaction 198, 200-6, 590-2 

tuberculoma 
following BCG inoculation 1194 

tuberculosis 
see Mycobacterium tuberculosis 
agglutination test 64 
allergic response 42 5, 426 
antibodies 28 
antibody deficiency syndromes 564, 

565 
culture reaction 58 
epidemiology 466-70 
immunity 459, 467-72 
malignancy 525, 527 
Mantoux test, significance 64 
ocular u64, II67 
resistance to infection 545 
spermagglutinins II53 II55 
sputum examination 57 

tunny fish 
sensitivity to 1299 

twins 
dizygotic, thyroid antibodies 953 
immunoglobulin levels in 378 
monozygotic, thyroid antibodies 953 

typhoid bacilli 
in mice II95 
role ofVi antigen II95 
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typhoid fever 
see Salmonella typhi 

typhoid vaccine II94 
acetone killed II95 
alcohol killed II95 
antigenic competence II95 
efficacy of II 9 5 
phenol killed II95 

typhus 
se e Rickettsia sp. 

Ulcerative colitis 950, 1044-52 
aetiology 1045, 1046 
auto-allergic reactions roso, 1051 
bacteria! antigens 1052 
chronic continuous 1045 
chronic intermittent 1045 
dietary antibodies 1037 
dietary antigens 1048 
immunological aspects 1046 
infective theory 1045 
nutritional theory 1046 
pathology 1045 
remote complications 1052, 1053 
rheumatoid arthritis 848 
uve1t1s 1053 

ultracentrifugation 
rheumatoid factor 8 5 I 
myeloma proteins 373 

unitarian hypothesis 
of serum antibody 432 

urine 
Fe' in 380 
helminthiasis 167, r68, 173, 182, 183 
immunoglobulin levels 3 8o 

ursol 1302 
urticaria 704 

allergic 646 
clinical description 644-6 
drug-induced 646, 647 
eye u62 
flsh supersensitivity 1298 
hereditary factors 63 5, 636 
histamine 620 
insulin 682 
localized 641 
papular 647, 649 
para-aminosalicyclic acid sensitivity 666 
non-reaginic 644-6 
skin tests 190, 208 
Type 1 reaction 548, 898 
vulva 646 

urticaria pigmentosa 648 
ufticarial r~sh 66 3 

uterus 
antibody production in 350, 1246 

uvea 1053 
uveitis 

see eye 
in Crohn's disease 1042 
densensitization r 168 
granulomatous II64, II70 
local ocular hypersensitivity II65-8 
plasma cells u68 
Type 1 reaction u61, n62 
Type III reaction u63 
Type IV reaction n64 
in ulcera ti ve colitis ro 53 

vaccination 435, 443, 444 
re~ction of immunity 448, 449 

vaccmes 
attentuated virus 1215, 1272 
dead bacteria! r 194 
killed bacteria! 1270 
killed virus 1214, 1215 
live organisms II9J, 1272 
multicomponent 1267 
tests for effectiveness II94 

vacc1ma 1215 
antibodies 32 
immunity 443, 448, 459 
progressive necrotic 553, 566 
in tissue culture r 220 

vagina 
antibody formation in 3 so 

vaginal mucus agglutination test 
in trichomoniasis 149 

varicella-zoster 
diagnostic test for r 24, 12 5 

varicose eczema 899 
variola major 

see smallpox 
variola minor 

see smallpox 
vasopressin 

antibodies 687 
antigemclty 67 5 

veterinary medicine 
immunoprophylaxis 1265-79 
immunotherapy 1265 

Vi antigen II95 
Vibrio cholerae II 84 

immunity 436 
Vinblastine 

effect on immune response 303 
Vincent's angina 

direct microscopy 57 
virulence 425, 443, 444 
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virulent virus 
immunization with 1272 

virus antibodies 
globulin type 121, 122 

virus B 43 
inadequacy ofkilled vaccine 1215 

virus disease 
cell specificity 1209 
complement ftxation test IIJ-16 
haemadsorption 120 
haemagglutination 120 
haemagglutination inhibition 120 
latex test 861 
prophylaxis 1208-31 
vaccination against 12II 

virus haemagglutinins 120 
virus hepatitis 

skin test 209 
virus hepatitis A 

see infectious hepatitis 
virus hepatitis B 

see serum hepatitis 
virus neutralization tests II9, 1210 
virus particle antigens IIJ 
virus thyroiditis 

see De Quervain's disease 
virus vaccines 

in veterinary medicine 1271-3 
viruses 

antibody deficiency syndrome 544, 545, 
548, 551, ssJ, s66, 567 

immunity 435, 443, 448, 449 
malignancy 503, 504, 506-12, 514, 516, 

517 
tissue extracts 3 5 

Virchow-Robin space ro66 
visceral larva migrans 

see Toxocara can.is 
clinical dcscription 175 
diagnosis 167-9, 175-7 
immunofluorescence 176, 177 
micro-precipitin test 176 
precipitation 176 
skin test 175, 177 

visceral leishmaniasis 
see L. dotto!'an.i leishmaniasis 

vitamin Bu 
absorption of 1022 
and intrinsic factor 1021 

vitamin e 
in experimental allergic encephalitis 

1081 
vitiligo 

in thyroid disease 951 
Vollmer test 201 
Von Economo's disease 1222 

vulva 
urticaria 646 

W aaler-Rose test 
se e Rose-W aaler test 

Waldenstrom's macroglobulinaemia 372 
rheumatoid factor 855 

warm incomplete auto-antibodies 337 
wasp sting 

hypersensitivity 647, 648 
W assermann antibodies 

confmed to immunoglobulin M 376 
W assermann antigen 

in malaria 1 51 
W assermann reacting material 

Donath-Landsteiner antibody 818 
W assermann reaction (biological false-

positive reactions) 879 
description 3 5 
neurosyphilis 3 54 
TPI test ]8 

wasting disease in mice 
neonatal thymectomy 308 

western equine encephalomyelitis 
skin test 209 
vaccine against 1222 

wheal and fiare 1303 
wheat gluten 

see gluten 
wheat weevil disease 969 
white pulp of spleen 293 
white scour 

antiserum 1265, 1266 
whooping cough (pertussis) 

vaccines to II 81 
Widal reaction 63-65 

diagnosis of enteric fever 63 
due to vaccination 57 

see agglutination 
Wiener's nomenclature 

for Rh subtypes 256 
Witte peptone 

reaction to II98 
wounding 

use of antitetanic sera in 1204 
Wucheria battcrofti 174 

X-irradiation 
tuberculin test 206 

yeast 
hypersensitivity 641 
skin tests 191, 193, 198 



yellow fever 
Asibi strain 1215, 1221 

in experimental animals 1209 

live vaccine against 1215 

17D strain 1215, 1221 

and smallpox vaccine 1222 

Z lines 

INDEX 

in myasthenia gravis 1006 

zinc sulphate test 
in thyroid disease 944 

zirconium 
skin test 2II, 213, 214 

zooprophylaxis 1258 

zygote 292 

zymozan 
purification of conglutinin 400 
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