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PREFACE

Due Lo the fact that the allergic phenomenon can lake place in
cvery human organ and tissue, cach praclicing physician, whatever
lie heaneh of medicine, will be confronted with allergic problems.
\houph allergy is a definite entity, its manifestations, however,
nay assome a different character according to the organ concerned
and the problems which arise may vary widely.

Heeane of Lhe extensiveness of the field, it has become extremely
ittt o) not impossible, for one physician to write with sufficient
vonmpelence on such varied phases as allergy of the respiratory tract,
<l eves digeslive system, vascular and collagen tissue, as well as
on the physiologic, immunologic, and even botanic aspect; to discuss
al the -aome lime the morbid manifestations of the disease and the
way to combal them and introduce the reader to the many terra in-
counila of lixperimental Medicine. Herefrom the idea was born to
wiite o lextbook in cooperation.

I'ven if there are a number of disadvantages to this form of
cdhition, such as less uniformity in language and ideas, these are
nevertheless largely compensated by the fact that each chapter has
heen wrillen by an author well qualified in his particular field.

Although many minds have participated in the edition of this
volume, every endeavor has been made to make it as complete and
umiform as possible and to avoid unnecessary overlapping. Some
omissions, nevertheless, were necessary, as for reasons of conven-
renee Lhe size of the book had to remain within certain limits.

Il is our hope that this book will be of value not only to those who
take their first steps in the field of allergy, but also to those who
with to broaden their knowledge on some particular phase.

I'rogress in allergy is slow and it calls upon qualities of the highest
order, yel it is not devoid of spiritual rewards for those who have
heen able Lo master the many facets of its practice.

J.M.JAMAR
. de Ia Cambre, 52
Wunsels
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ANAPHYLAXIS
By

M. RocHA E SiLvA
Sio Paulo

The phenomenon of anaphylaxis was first described by Portier
wid Hachet (1902) in a dog receiving sub-lethal doses of an extract
al swencacbhimia. Richet named the toxic substance in these extracts
w o conpestine, because it produces abdominal pains, emesis and
Bloody diarrhea. When a small sublethal dose is first injected, the
anvnal wurvives; if the same small dose is again injected 20 to 30
Ly alter the first one, it produces severe symptoms which may lead
o death, The symptoms described by Richet were somewhat similar
to those produced by the actino-congestine itself, namely bloody
dinrhea, lenesmus, vomiting, prostration and death. It appeared to
Richet that instead of becoming “protected” or “immunized” the
dopr developed just the reverse condition. Portier (1952) described
the origin of the name given by Richet: “When the phenomenon
had been solidly established from the experimental standpoint, M.
itichel decided to baptize it. I tried to persuade him of the inutility
ol crealing a neologism, since there were already so many in the
~cienlific literature, and especially as we had forgotten our Greek.

You might be right, answered Richet, if the phenomenon we have
discovered is only a rarity, but if it presents a certain general inter-
esl, we have to have a name for it.—At this moment he approached
a small blackboard hidden under the stairs and asked me if I knew
the Greek word for “immunity”, “protection”.—No, I said, I might
have known it but I have forgotten.—It is guialyg (phylaxis), and
now let us affix a privative e.—The resulting word a phylaxie not
heing very euphonic, we decided to adopt the word anaphylaxie
(anaphylaxis). At that moment we could not dream of the great
vilue allached to this expression.” Later on, it was shown that the
phenomenon of Richet might be produced in a dog by the repeated
injection of nontoxic material, such as serum protein or egg albu-
min, as had been shown in the rabbit by Arthus (1903) and Arthus
and Breton (1903) and in the guinea pig by Otto (1906) and Rose-
nau and Anderson (1906).
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The symptoms. Since a first injection of such harmless materials
as horse serum and egg albumin fails to produce any symptom, and
only does so after a long latent period of 15 to 20 days, or when
repeatedly injected into the same animal or at the same site (Arthus
local phenomenon), the symptoms of anaphylaxis could not possibly
be due to any primary effect of the agent. The symptoms are medi-
ated by an immunologic reaction, producing antibodies which will
react with the primary agent, the antigen, reinjected a few days or
weeks later. In 1941, Dragstedt defined anaphylaxis as “an auto-
intoxication by physiologically active substances normally resident
in various tissue cells and liberated therefrom by some change in
cellular permeability brought about by the antigen-antibody reac-
tion”. There is a term, coined in 1933 by Sir Henry Dale, to indicate
such phenomena that develop as a consequence of the release of
active substances normally present in the organism in an inactive
form. This term is “autopharmacology” and, therefore, anaphylaxis
might be understood as an autopharmacological phenomenon, aris-
ing from the combination of the antigen with the antibody formed
during the period of sensitization. The expression “hypersensitivity”
is inappropriate, though widely used, because the symptoms of ana-
phylaxis can have no bearing on the primary effects of the eliciting
agent. They can arise out of nothing and are rather typical of the
species in which the experiment is made, quite unrelated to the
nature of the aggressor (antigen).

Each animal species has its own pattern of reacting to the dif-
ferent antigens. In the dog, besides the symptoms described by
Richet and Portier (1902), a sudden fall in blood pressure is typical
of anaphylaxis, when the antigen is given intravenously (Richet,
1909; Biedl and Krans, 1910). The heart continues beating with an
accelerated rhythm while the blood accumulates in the abdominal
vessels, with a sharp decrease in cardiac output. The liver is espe-
cially concerned with anaphylaxis in the dog, showing increase in
size, and stagnation of blood in the portal region (Pearce and Eisen-
brey, 1910; Manwaring, 1910). The role played by the liver as shock
organ in the dog was extensively studied by Weil (1912-17), who
demonstrated that stagnation in the portal region is quantitatively
enough to explain the fall in blood pressure: “The condition of the
liver dominates the pathological impression and presents a picture
which is rarely if ever seen under any other circumstances. The
organ is tremendously swollen and its color intensively cyanotic.
Upon section the cut surface bleeds freely” (Weil, 1917). The gastro-
intestinal symptoms described by Richet as the dominating feature
of anaphylaxis in the dog were considered by Weil to be secondary
to blood stagnation in the portal region. Removal of the liver, either
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by an Eck fistula (Voegllin & Bernheim, 1910; Denecke, 1914) or
by a ligalure of the supra-hepatic veins (Simonds and Brandes,
1927) strongly allenuales the shock. However, a milder but some-
times definite anaphylactlic shock can be observed in the dog after
surgical removal of the liver (Waters, Markowitz and Jaques, 1940
16). A typical symptom of anaphylaxis in the dog is the decreased
coagulability of the blood due to an increase in its anti-thrombin
ltiler (Quick, 1936) caused by a discharge of heparin from the liver
mast cells (Jaques and Waters, 1941).

Although the first demonstration of anaphylaxis in the rabbit was
a local aseptic inflammation, known as the Arthus phenomenon, a
general anaphylactic reaction can be elicited in the rabbit as well
as in the dog. If the animal is prepared by a few previous injections
of the antigen and then 20 days later the antigen is reinjected intra-
venously, the animal develops shock with fall in blood pressure and
death by circulatory collapse (Arthus, 1909). However, the liver of
the rabbit does not show any marked changes. The pathological pic-
lure is dominated by an acute dilatation of the right heart, which
appears filled with dark blood. The whole heart appears immobile,
which suggested to Auer (1911) the idea of a “heart death” as the
primary cause of the circulatory failure. However, if the heart is
isolated and perfused with blood or Locke solution it promptly re-
covers its normal beat (Gley and Pachon, 1909; Cesaris-Demel, 1912,
and many others). In 1914, Airilla showed that the primary circula-
lory change in anaphylactic shock of the rabbit was an increase of
pressure in the pulmonary artery bed. This fact was confirmed and
cxplained by Coca (1919) as being due to a constriction of the thick
smooth muscle coating of the rami of the pulmonary artery of the
rabbit. Another factor might contribute to the apparent “heart
dcath” described by Auer. If both vagus nerves are cut, the blood
pressure rises and the animal recovers from anaphylactic shock
(Rocha e Silva, 1940). Therefore, some central stimuli coming
through the efferent fibers of the vagus nerves might play a part
in slowing down the heart and aggravating the situation in the pul-
monary circulation.

As to the mechanism of production of the local anaphylaxis in
the rabbit, usually known as the Arthus phenomenon, somne con-
ceptual changes have been introduced by recent investigations. It
was a known fact that a parallelism existed between the precipitin
liler and the intensity of the skin reaction (Opie, 1924; Cannon and
Marshall, 1941) consisting of hyperemia, edema formation, necrosis
and scars. The idea that the complex formed by the combination of
the antigen with the antibody is cytotoxic, as suggested by previous
workers, was discarded as a consequence of the fine experiments
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by Aronson (1933) and Meyer and Loewenthal (1937), who have
shown that this complex is completely innocuous when formed in
contact with living cells isolated and transplanted into cultures. The
experiments of Rich and Follis (1940) producing the Arthus pheno-
menon in the rabbit’s cornea submitted to an intensive artificial
vascularization by previous application of an irritant, definitely
showed that the phenomenon depends upon the “organization” of
the tissue. Following accumulation of leukocytes and blood stagna-
tion, there occurs small hemorrhages and necrosis, by impairment
of the nutrition of the cells. Judging from experiments with ana-
phylaxis in the rabbit, in which there has been shown a general
tendency for leucocytes (Abell and Schenck, 1938; Dragstedt et al.,
1940) and platelets (Grafia and Rocha e Silva, 1945; Rocha e Silva,
1950) to agglutinate in the capillaries of the organs, one might as-
sume that the primary reaction leading to vascular damage in the
local Arthus phenomenon is the formation of microthrombi of leuco-
cytes and platelets which subsequently rupture, releasing substances
such as histamine or serotonin and proteolytic enzymes which will
damage the capillary walls. Experiments by Ovary and Briot (1951)
and Ovary and Bier (1952-53) in the guinea pig and rat substan-
tiated the idea that the Arthus reaction is one which involves cir-
culating antibodies and also damage to the walls of the small vessels.
On the other hand, the so-called “passive cutaneous anaphylaxis” is
a much more superficial reaction, needing a long latent interval be-
tween the intracutaneous injection of the antibody and the intra-
venous injection of the antigen. This reaction can only be revealed
by the use of a simultaneous injection of a dye, such as Geigy blue
or Evans blue.

In the guinea pig an entirely different picture develops as typical
of anaphylactic shock when the antigen is reinjected intravenously,
a fortnight after the first sensitizing dose. A persistent dyspnea is
the dominating symptom. In a few minutes the animal shows symp-
toms of asphyxia and dies after violent scratching of the nose, deep
respiratory movements and asphyxial convulsions. The physiologi-
cal analysis by Auer and Lewis (1909-10) showed that death was
the consequence of an acute constriction of the bronchiolar tree, im-
mobilizing the lungs in deep inspiration. All efforts made by the
animal to expel the air contained in the pulmonary alveoli are fruit-
less and the final appearance of the lungs is one of an enormous
emphysema filling the whole thoracic cavity. The heart continues
beating with an accelerated rhythm, even if it is separated from the
body. That the phenomenon is mainly peripheral was demonstrated
by Dale (1912-13), who showed that even in the isolated perfused
lungs, taken from a sensitized guinea pig, the emphysema could be
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produced by injeetion of the antigen. Further experiments by Dale
nid Kellnway  (1922) indicated that anaphylactic shock in the
Huinen pig is the consequence of an acute constriction of the smooth
muscles present in the bronchiolar tree, without much participation
of the circulatory system, which plays such a pronounced role in
nnuphylaxis in the rabbit and the dog. A fall in blood pressure as a
secondary effect of the lung distension, however, has been observed
by Auer and Lewis (1909-10) and others. When the antigen is given
intraperitoneally, the animal does not show very marked signs of
respiratory collapse, but will die in a few hours, after a long period
of coma, during which it remains prostrate with perceptible and
regular respiration (protracted shock). On section, the lung collap-
ses as a normal organ, showing no appreciable emphysema. The
nhdominal organs show extensive hyperemia, and the liver and
intestinal tract are engorged with blood. The predominant symptom
in this protracted shock in the guinea pig appears to be the fall in
bhlood pressure, with a drop in body temperature. As the rabbit, the
Huinea pig can develop a very typical Arthus phenomenon, but since
this species is more sensitive to the general effects of the reinjection
of the antigen, many die without reaching the stage of the aseptic
inflammation and necrosis. The “reverse Arthus phenomenon” has
heen studied by Ovary and Briot (1951) and Ovary and Bier (1952—
%) by injecting minute amounts of antibody in the skin, and the
unligen plus Geigy blue intravenously. No latent interval is required
nnd this suggests that the combination of the antibody with the cir-
culaling antigen, at the level of the small vessels, can start imme-
dialely the succession of phenomena leading to vascular damage and
hemorrhages.

Anaphylaxis in other animal species, such as the pigeon (Hanzlik,
Bull and Stockton, 1927), the rat (Longcope, 1922; Suden, 1934;
Halpern et al., 1955; Mota, 1957) and the mouse (Fink and Rothlauf,
1950 Fink, 1956), although they present interesting features which
ure lypical of each animal species, will not be discussed in extenso.

The endogenous mediators. Since anaphylaxis, in the definition
of Dragstedt, results from an auto-intoxication by “physiologically
nelive substances”, it has been a primary concern of physiologists
nnd pharmacologists who have studied anaphylaxis to identify those
principles involved in the production of the symptoms.

I'irst, we shall deal with the nature and site of release of these
stibstances; the mechanism of release being discussed later.

As Lhe main characteristics of anaphylactic shock in most species
of animals concern reactions of the smooth muscle, edema forma-
tion resulting from increased capillary permeability and fall in blood
pressure, it was natural to look for a principle having such pharma-
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cological effects. Another important symptom, especially occurring
in anaphylaxis in the dog, is the decreased coagulability of the
blood which is certainly due to heparin released from the liver mast
cells, as mentioned before. The indication that histamine might be
one of the important principles released in anaphylaxis, was already
suggested as early as 1910-11 by the fundamental experiments
by Dale and Laidlaw on the physiological action of B-iminazolyl-
ethylamine: “It may be noted that the symptoms and post-mortem
examination in the guinea pig correspond in a suggestive manner
with those described by several workers as the effect of poisoning
in that animal by Witte’s peptone, or by serum or other protein in
the sensitized guinea pig (anaphylactic shock)”. The evidence for
participation of choline or acetylcholine (Went and Lissak, 1936)
is meager and probably unimportant. By perfusing the sensitized
guinea pig lung with the antigen, a slowly reacting substance (SRS)
is released (Kellaway and Trethewie, 1940), this substance has been
studied more recently by Brocklehurst (1956) under the name of
“SRS-A” and appears to be different from bradykinin and sub-
stance-P. In the blood of the dog submitted to anaphylaxis, Beraldo
(1950) detected a slowly reacting substance resembling bradykinin
and this principle was also released when the plasma taken from a
sensitized dog was incubated with the antigen. Lately, some evidence
has been presented that serotonin might also participate in the
genesis of anaphylactic reactions of the mouse. It is of interest that
the increased susceptibility of mice receiving the H. pertussis vac-
cine to anaphylaxis and to the toxic effect of histamine (Parfentjev
and Goodline, 1948; Malkiel and Hargis, 1952; Kind, 1953; and
others) could also be observed in relation to the toxicity of sero-
tonin (Kind, 1957; Munoz, 1957), in accordance with the idea that
both substances or, predominantly, serotonin (Fink and Rothlauf,
1955, Fink, 1956) might be of significance in mouse anaphylaxis.
Release or activation of proteolytic enzymes has been consistently
detected in anaphylaxis.

At present we shall discuss the anatomical origins of these phy-
siologically active principles, presumably participating in the ana-
phylactic reactions. Where do they come from in the various animal
species?

Let us start with histamine. The first evidence for the release of
a hypotensive and smooth muscle stimulating principle was sug-
gested by the experiments by Manwaring, Hosepian, O’Neil and Moy
(1925), showing the release of such an agent when the liver taken
from a sensitized dog was connected to the circulation of a normal
animal; when the antigen was injected, an increase in intracystic
pressure and fall in blood pressure were observed. Dragstedt and
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Gebnuer-Fuelnegg (1932) identified histamine in the lymph of the
thorneie duel in a dog submitted to anaphylactic shock. Later on,
this substance was detected in the peripheral blood of a dog (Drag-
wledl and Mead, 1936; Code, 1939). The final demonstration that

histumine is discharged from the dog’s liver in anaphylactic shock
was presented by Ojers, Holmes and Dragstedt (1941). Pieces of
liver tnken before and after the shock, showed drastic reductions in
the histamine content, indicating that a liberation on the order of

several milligrams takes place during the shock. These experiments
hove been confirmed and extended to similar kinds of shock such
ns peptone shock (Holmes, Ojers and Dragstedt, 1941) and the
«hock produced by extracts of Ascaris suum (Rocha e Silva and
Grana, 1946). Perfusion experiments of the isolated liver of the dog
with T'yrode or Locke solution gave disappointing results (Rocha e
Silva and Grafia, 1946) since only a few micrograms of histamine
were obtained from the entire liver. If the liver is perfused in situ
helter results are obtained, but the highest histamine release still is
obtained when total silicone blood is perfused through the liver in
unaphylactic shock (Scroggie and Jaques, 1949) or by adding peptone
{ Rocha e Silva, Scroggie, Fidlar and Jaques, 1947). Another charac-
leristic of anaphylactic shock in the dog is leucopenia (Welb. 1924)
and thrombocytopenia (Rocha e Silva and Grana, 1946). Accumula-
lion of these blood elements in the liver and rupture of platelets fol-
lowing the injection of Ascaris extracts in connection with the release
of histamine, was described by Rocha e Silva, Porto and Andrade
(1946). Since total blood as close to its natural form as possible is im-
porlant for the histamine release from the liver of the dog in anaphy-
laxis, it has been suggested that the formation of microthrombi of
leucocytes and platelets with their subsequent disintegration is the
prelude to the sequence of reactions leading to the discharge of hepa-
rin and histamine from the liver mast cells. However, some extra-
hepatic components might aggravate the condition, since it has been
shown that under circumstances of Eck fistula, a fall in blood pres-
sure may occur in dogs submitted to anaphylaxis (Waters and Marko-
wilz, 1940; Waters, Markowitz and Jaques, 1946).

The interdependence of the blood elements and the liberation of
histamine has been better demonstrated in the rabbit. The blood of
lhe rabbit is an important source of histamine (Code, 1937) and it
was repeatedly shown that the rabbit’s platelets are very rich in
histamine (Minard, 1937; Zon, Ceder and Crigler, 1939). A clump-
ing of leucocytes in the rabbit’s blood when in contact with the anti-
gen was shown by Abell and Schenck (1938) and in experiments
of lung perfusion by Dragstedt et al. (1940). In the intact rabbit,
Rose and Weil (1939) have demonstrated that concomitantly with a

2 ALLERGY
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fall in leucocytes there is a substantial fall in the total histamine
extracted from blood. As far as platelets are concerned, Kopeloff
and Kopeloff (1941) showed a correlation between thrombocyto-
penia and the severity of the shock in rabbits. Finally, when the
antigen is added to the sensitized rabbit’s blood, there is a shift of
histamine from the white blood cells to plasma, as shown first by
Katz (1940). This simple and reliable technique has been exten-
sively utilized in the study of the mechanism of histamine release.
Therefore, when the white microthrombi accumulate in such a struc-
ture as the capillaries of the lung, the histamine released from plate-
lets might act directly upon the thick smooth muscle coating of the
pulmonary artery bed, producing the constriction typical of ana-
phylaxis in this animal species. Moreover, the mechanical plugging
of capillaries with microthrombi formed by agglutinated elements
might constitute an aggravating factor. We know that serotonin is
present in platelets in reasonably high concentrations (Humphrey
and Jaques, 1955; Pletscher et al., 1955) and that it might contri-
bute to aggravate the effects of histamine, since it seems that sero-
tonin might also act by increasing capillary permeability (Rowley
and Benditt, 1956) and that it also can release histamine from the
tissues (Feldberg and Smith, 1953). Here, too, the idea that the
whole anaphylactic crisis is confined to the blood and lung circula-
tion is too narrow, since Schachter (1953) has shown that by per-
fusing the limbs of a sensitized rabbit with Tyrode solution plus
antigen, histamine is released from the tissues. Obviously, those
findings concerning the general anaphylaxis of the rabbit might
also apply to a better understanding of the mechanism of the local
Arthus phenomenon, since the clumping of leucocytes and platelets
with a subsequent local liberation of histamine, and other products
of white cells disintegration, might constitute the primum movens
for the increased capillary permeability, hemorrhage and necrosis
characteristic of the local anaphylaxis in the rabbit.

Many of the classical concepts of the mechanism of anaphylaxis
resulted from experiments on the guinea pig, and from the begin-
ning the analogy was stressed between the symptoms of anaphylaxis
and the pharmacological actions of histamine upon the respiratory
system in this animal species. It is well known that to demonstrate
a phenomenon similar to anaphylaxis in the guinea pig it is suffi-
cient to inject half a milligram of histamine intravenously, and this
analogy was clearly indicated in the first publication by Dale and
Laidlaw (1910-11) as mentioned above. Nonetheless, at the begin-
ning of the second decade of this century two apparently opposite
conceptions were conflicting in the endeavor to explain anaphylaxis
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in the guinea pig. According to Friedmann (1909) and Friedberger
C1009) the incubation of the specific precipitate with the serum of
iw normal guinca pig could generate a toxin which they called ana-
phylatoxin. This material when injected in a normal guinea pig
could reproduce a symptomatology very similar to that of anaphy-

lnetic shock. This substance—anaphylatoxin or serotoxin—became
the foundation of the humoral theory of anaphylaxis. This theory
wis slrongly sponsored by the Belgian immunologist Jules Bordet,
who conlributed a great deal to the development of this concept of

the mechanism of anaphylaxis. According to Bordet (1913) it is not
necessary to use the specific precipitate; the incubation of the nor-
mul guinea pig serum with agar or starch being sufficient to activate
unanphylatoxin.

‘I'he humoral theory of anaphylaxis was strongly opposed by Dale
und his school on the basis of experiments made on the isolated
organs of the guinea pig (Schultz, 1910; Dale, 1913). The direct con-
tael of the antigen with a sensitized piece of smooth muscle, in the
complete absence of blood, was enough to elicit a strong contrac-
tion, followed by desensitization. This effect was understood as a
resull of the release of histamine previously bound to the cells, when
the antigen combined with the antibody anchored to the reacting
cells.

Since the effects of anaphylatoxin on the isolated smooth muscle
were not very constant, and since this material did not contain
histamine or had nothing to do with it, and since histamine was
apparently the most important mediator of anaphylaxis, anaphyla-
toxin could not possibly be involved in the mechanism of anaphy-
luxis (Dale and Kellaway, 1922). In the subsequent years, the bal-
ance shifted in favor of the cellular theory of anaphylaxis, as evid-
ence accumulated to show that the histamine from the tissues, espe-
cially from the lung, can be released by contact with the antigen
tBarlosch, Feldberg and Nagel, 1932; Daly, Peat and Schild, 1935;
Schild, 1939 and many others).

The hint as to the mechanism by which anaphylatoxin produces
ils lethal effects in the guinea pig, was given to us by the experi-
ments of Hahn and Oberdorf (1940) showing that anti-histaminics
prevent the shock produced in guinea pigs by an anaphylatoxin pre-
pared by incubation of guinea pig serum with inulin. In 1951, in
collaboration with Bier and Aronson, we started a series of experi-
ments showing that considerable amounts of histamine are released
lrom the guinea pig lung when perfused with an agar-prepared
anaphylatoxin. Later on, it was verified that rat anaphylatoxin,
which is much more potent than guinea pig anaphylatoxin, pro-
duced strong contraction of the guinea pig ileum through the libera-
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tion of histamine (Rocha e Silva, 1942; Rothschild and Rocha e
Silva, 1954; Rocha e Silva and Rothschild, 1956).

The argument commonly presented against anaphylatoxin as a
possible mediator in the release of histamine in anaphylactic shock
in the guinea pig, refers to the so-called latent interval of passive
sensitization. In 1913, Dale had demonstrated that if the uterus was
taken from a normal unsensitized guinea pig, it could be made “pas-
sively sensitive’ to the antigen, after a prolonged contact with the
specific antibody. A minimum of 3 hours was necessary to make the
muscle responsive to the added antigen. Also in vivo, to produce a
passive sensitization of the guinea pig, Doerr and Russ (1909)
showed that an interval of time must elapse between the injection
of the antibody and the assaulting injection of the antigen. This
“latent period of passive anaphylaxis” would indicate that the anti-
bodies must anchor to some specified structure (the isolated uterus
or the lung of the guinea pig) in order to elicit the reaction when
combining with the antigen. An excess of antibodies in the bathing
fluid or in the circulation of the animal would rather prevent the
development of the symptoms. In the in vivo experiments even a
period of 48 hours between injections of the antibody and the anti-
gen might be necessary for the production of a maximal shock in
the guinea pig. These early experiments were made without much
consideration of the quantitative relationships between antibody
and antigen. Experiments by Kabat and Landow (1942) indicated
that extremely minute amounts of antibody-N, on the order of 0.01
©8, could sensitize the horn of a guinea pig uterus to react with a
large excess of antigen. To sensitize a guinea pig passively, it was
enough to inject 30 ug of antibody-N; however, to produce a strong
reaction, not less than 1 mg of egg-albumin (0.16 mg N) had to be
injected, an amount at least 50 times as great as that necessary to
precipitate all the antibody injected. The conclusion was drawn that
the best anaphylactic response occurs in the region of large excess
of antigen. Since in that zone it is doubtful whether a precipitate
can be produced at all, it seems obvious that the release of histamine
might not depend upon such a precipitation but upon a chemical
reaction involving the two reacting materials (A X A). However, an
interesting fact that might have a bearing on our ideas about the
intimate mechanism of the reaction, has recently been presented by
Germuth Jr. and McKinnon (1957). An immediate passive anaphy-
lactic shock in the guinea pig, without a latent interval, can be
elicited by injecting the antigen-antibody mixture intravenously,
provided a great excess of antigen is present. Therefore, no latency
is needed for the antibody to anchor to the cells of the guinea pig’s
lung; not even a precipitate need be formed. It is possible that the
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Intent period, as shown previously, was the time needed by the cells
to metabolize some of the antibody injected, in order to shift the
bilnnee to the zone of an excess of antigen.

We do not know whether anaphylatoxin is a necessary step in the
release of histamine in the guinea pig anaphylaxis (this point will
he discussed later). We know that anaphylatoxin does not act as a
histamine releaser in the rat (Mota, 1957) and it is very doubtful
whether rat anaphylatoxin can act in the dog. But anaphylatoxin is
such a powerful agent in duplicating the symptomatology of ana-
phylaxis in the guinea pig, that we have to consider it as a possible
mediator in the chain of events leading to the death of the guinea
pig by anaphylaxis.

If we consider the participation of histamine in anaphylaxis in
other species of animals, such as the rat or the mouse, our know-
ledge is not so complete. The production of anaphylaxis in the rat
ean be easily demonstrated (Halpern, Liacopoulos and Castillo, 1955)
and the fact that anaphylaxis in the rat involves damage to mast
cells and release of histamine as a predominant symptom was re-
cenlly demonstrated by Mota (1957). Since serotonin is also released
from mast cells in the rat’s skin (Bhattacharya and Lewis, 1956;
Parrat and West, 1956), it is to be expected that there is a participa-
tion of 5-HT in the production of the symptoms, inasmuch as it has
heen shown that the so-called “passive cutaneous anaphylaxis” of
the rat i.s extremely resistant to anti-histaminics (Brocklehurst et al.,
1955) and can also be produced in an animal with its skin histamine
store strongly depleted (Rocha e Silva and Rothschild, 1955).

A cautious, but illuminating picture of the complexity of the inti-
mate mechanism of anaphylaxis is contained in the words of Dale
(1955) : “We must regard it as practically certain that an injury of
adequate severity will cause an activation of intracellular enzymes
and that products of proteolytic cleavage may be formed in the pro-
toplasma and diffuse from the cells into the tissue fluids, or that
the enzymes may themselves be liberated, to exercise their digestive
activities outside the cells. The discovery, that substances as active
as histamine were present in normal cells had tended for a time to
discount the evidence, much of it of a not very critical kind, which
had been put forward for the formation of such active products by
enzyme-action. More recently, however, the case for their existence,
and for their physiological and pathological significance, appears to
have been greatly strengthened by the separation in states of relative
purity—though with no claim as yet for chemical isolation—of in-
lensely active cleavage products of a peptide nature, such as those
which have been described as “kallikrein” and “bradykinin”. The
activity of both these substances, while much slower in onset and
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development than that, for example, of histamine, is nevertheless of
such intensity as to preclude an attribution of either to adherent
traces of histamine, which could further be excluded by qualitative
differences in the details of their actions.”

“It must be obvious that the liberation of histamine and the other
preformed agents from the epidermal cells of the skin, or, as some
would have it, from mast cells in the immediately subjacent derm,
will account for no more than the initial stages of many local allergic
reactions, or of the similar vascular responses to local injuries of
other kinds ... this initial phase is succeeded by a much more per-
sistent local vasodilatation, such as could much more plausibly be
attributed to the effect of agents of a different kind. And it would
seem that the slower and more persistent effects of the active pro-
ducts of a protein cleavage by locally liberated enzymes, the produc-
tion of which may further continue for an unknown period after the
initial trauma, might offer a possibility of explaining some, at least,
of these later phases of such reactions.”

Conclusion. Our endeavor was to sketch our ideas about the in-
timate mechanism of anaphylaxis. Since our purpose was limited,
this review is far from complete. It may be that with the deliberate
intention to make sense out of such a variable collection of symp-
toms and ideas, we have unduly left aside interesting details which
will become important in the future for the description of the pheno-
menon. Emphasis was given more to those facts which have been
confirmed in different laboratories, without exhausting the sources
of the available literature. A certain number of tentative interpreta-
tions can be embedded in that network of undisputed facts. These
theories might change with time and individuals, but the facts will
remain as the solid ground for further developments in this most
interesting field of Experimental Medicine.

PRESENT STATUS OF THE MECHANISM OF HISTAMINE RELEASE IN
ANAPHYLAXIS AND ALLERGY

The mechanism by which histamine is released in anaphylaxis
and allergy is still in the dark, in spite of the large number of papers
dedicated to this problem.

For the pharmacologist it is understandable why the problem is
not as yet solved. Our knowledge of the mechanism of release of
other pharmacologically active substances is indeed no more com-
plete. How is acetylcholine, serotonin, adrenaline or arterenol re-
leased in the physiological conditions of the living cell? We know
more about the mechanism by which bradykinin is released by the
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esterase aclivily of trypsin or snake venoms, because we can prepare
or isolale from the plasma globulins the precursor which releases
headykinin on incubation with those enzymes. This precursor, or
substrate, conlaining bradykinin in a bound, inactive form, can be
precipitated, denatured by boiling with acetic acid, washed with
distilled water and dialysed for any length of time (van Arman,
1955 Iamberg and Rocha e Silva, 1956). In the case of histamine,
however, it has never been possible to isolate a substrate, or pre-
cursor, which would set histamine free. As soon as one starts trying
to exlract any material having histamine in a bound condition, it is
released very promptly. Extraction with any solvent, even in the
cold, or by heating or simply grinding the tissue with sand or dis-
lilled water, will set most of its histamine free.

Therefore, inferences about the mechanism by which histamine
is released from tissues have been drawn rather on the basis of indi-
reetl evidence by using different kinds of releasing agents, such as
proteolytic enzymes, snake venoms, basic compounds, or by sub-
mitting the intact or chopped tissues to conditions in which the
aclion of enzymes might take place. But again, if one tries to identify
which enzyme is involved, we are only left with more or less indirect
cvidence based on the effect of temperature, of inhibitors such as
iodo-acetate, parachloromercuribenzoate, soybean trypsin inhibitor,
and so forth.

In the special case of the release of histamine in anaphylaxis and
allergy, we have to assume the interplay of many factors which
might be operative under the mild conditions of the living tissue.
As an aid to the following discussion, I would like to start with a
general equation of the phenomenon:

v
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To accept this equation as the final answer to the problem is not
at all the intention; it is even doubtful whether the above equation
can be applied to all animal species. I would like only to stress that
the four processes indicated in the above scheme have been, at one
time or the other, described in connection with the anaphylactic pro-
cess. It is rather a mould or pattern upon which we are going to
shape the following discussion.

Let us analyze the facts upon which the general equation is based.

Cellular versus humoral theory. I would like to outline briefly the
origins of the “histamine theory of anaphylaxis”. Since the dis-
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covery of histamine by Windaus and Vogt (1907) until the demon-
stration in 1932 of its release in the tissues of the sensitized animal
by contact with the antigen, the evidence for a participation of hista-
mine in anaphylaxis was mainly based on analogies between its
pharmacological effects and those which are typical of anaphylaxis.
This analogy was already stressed in the first report by Dale and
Laidlaw (1910-11) on the pharmacological properties of histamine.
Even the so-called in vitro anaphylaxis, performed with isolated
pieces of plain muscle of the intestine and uterus of the guinea pig,
the so-called Schultz-Dale experiment, was still an indirect evidence
of the participation of the histamine released from the surviving
tissues by contact with the antigen. Since the pieces of intestine or
uterus were freed by perfusion from any traces of blood, and still
gave strong responses by contact with the antigen, Dale (1912-13)
concluded that anaphylaxis is a cellular phenomenon resulting from
the combination of the antigen with the antibody anchored to the
muscle structure, releasing histamine or a closely related substance
existing pre-formed in the cells of the isolated organ (Dale, 1920,
1929).

This cellular theory of anaphylaxis, so intimately dependent upon
the discharge of a histamine-like substance from the sensitized tis-
sues, was naturally opposed to the “humoral theory” set forth by
Friedemann (1909), Friedberger (1910) and Bordet (1913). When
the serum of a normal guinea pig was incubated with the specific
precipitate or with polysaccharides such as agar, starch or inulin, a
toxic principle was generated which causes a shock very similar to
anaphylactic shock when injected into a normal guinea pig. The name
of anaphylatoxin was given to this principle, thus implying its parti-
cipation in the genesis of anaphylactic shock.

I cannot describe in detail the main arguments put forward in
favor of or against the humoral or the cellular theories. The reader
is referred to reviews on this subject by Rocha e Silva (1952), Hahn
(1954), Rocha e Silva (1954) and the book by Rocha e Silva (1955):
“Histamine, Its Role in Anaphylaxis and Allergy”’. 1 will only stress
the fact that with the increasing evidence that histamine was the
main agent released in anaphylaxis, the anaphylatoxin theory was
almost completely forgotten for many years.

Release of histamine in anaphylaxis. Among the experiments
showing the release of histamine in anaphylaxis, I would like to
recall those by Dragstedt and Gebauer-Fuelnegg (1932) showing the
appearance of large amounts of histamine in the peripheral blood of
the dog and those by Bartosch, Feldberg and Nagel (1932), on the
release of histamine by perfusion of the isolated lung of the guinea
pig with the antigen. There followed a series of demonstrations by
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baly, Peal and Schild (1936), Code (1939), Ungar and Parrot
C1036), Schild (1939) and many others on the release of histamine
i muny conditions of in vitro and in vivo anaphylaxis. In the sensi-
tized rabbil, Kalz (1940) developed the technique of adding the anti-
Ken o samples of blood and estimating the histamine shifting from
cells to plasma. This reaction has been extensively studied by many
workers and we now know that the histamine in the rabbit’s blood
Is mainly confined to the platelets, and its release in anaphylaxis is
somechow concerned with the damage inflicted to platelets by the
contacl with the antigen. A similar in vitro technique was applied to
sumples of human blood taken from individuals sensitive to ragweed
(Kalz and Cohen, 1941). A combination of both techniques, using
rabbil’s blood as a reservoir of bound histamine and studying the
in vilro release of histamine by adding sera of individuals sensitive
to ragweed, was utilized by Spain, Strauss and Neumann (1950).

Release of histamine by snake venoms and proteolytic enzymes.
As the evidences accumulated showing the release of histamine in
anaphylaxis and allergy, the participation of histamine in other
kinds of shock or poisoning has been described. In Australia, Feld-
herg and Kellaway (1937) described the release of enormous
amounts of histamine by perfusion of the guinea pig lung with snake
venoms such as the venoms of Denisonia superba and Naja naja.
Laler on the work was extended to show the release of histamine by
perfusion of several different organs of the cat, dog and monkey,
with cobra venom. In our laboratory, we have studied similar effects
produced by trypsin (Rocha e Silva, 1939-40) and papain (Rocha e
Silva and Andrade, 1943). In collaboration with Dragstedt, in 1940-
11, we have studied the release of histamine by trypsin in samples
of rabbit’s blood, using the technique devised by Katz (1940). This
ability of trypsin to release histamine has been confirmed many
times and it is interesting to recall, as stated by Mclntire (1955),
that crystalline trypsin is the only pure enzyme which has been de-
monstrated to release histamine. Also peptone was shown to release
histamine when injected into a dog (Dragstedt and Mead, 1936) or
perfused through the isolated lungs of the guinea pig (Feldberg and
O’Connor, 1937).

The importance of these experiments with animal venoms, pro-
teolytic enzymes and peptone derived from the fact that they mime-
tize, in many respects, the symptomatology of anaphylaxis. In vitro,
they produce contraction of the isolated smooth muscles of the in-
testine or uterus of the guinea pig, followed by desensitization, and
in many instances they have been shown to act by the release of
histamine. It is no wonder, therefore, that the problem of the mech-
anism by which histamine is released from its link with the cells,
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was first brought forward in connection with the action of such
venoms and enzymes.

The mechanism of histamine liberation was first described as one
of increased cell permeability following injury by the antigen-anti-
body interaction or by any agent damaging the cell structure. The
histamine contained inside the cell boundaries would be in a free
state and be discharged to the outside fluid as the cell wall disinte-
grated under the action of damaging agents. From the work done
with snake venoms and proteolytic enzymes, however, two main
theories have arisen assuming activation of enzymes as a prelude to
the release. On the basis that lysolecithin, the hemolytic agent gener-
ated by the interaction of the lecithinase of some snake venoms with
lecithin or egg yolk, also releases histamine (Feldberg and Kellaway,
1938), and since lysolecithin appears to produce hemolysis by break-
ing down the so-called lipoprotein complex presumably existing at
the red cell surface, Feldberg (1941) advanced the hypothesis that
the binding of histamine to the cells might depend upon the inte-
grity of this lipoprotein film at the cell surface. In favor of this
possibility was the parallelism found by Trethewie (1939) between
the hemolytic effect of several venoms and their capacity to release
histamine. However, this lecithinase theory could not explain the
release of histamine in other phenomena such as anaphylaxis,
allergy and peptone shock, in which hemolysis is no more than a
rare event.

Enzymatic theory of histamine release. But if the view sponsored
by Feldberg (1941) that histamine is retained by a sort of lipopro-
tein film at the cell surface or at any particulate structure inside of
the cell is correct, damage produced by proteolytic enzyme could also
release histamine. This possibility is generally known as the pro-
teolytic theory of anaphylaxis (Rocha e Silva, 1944, 1954) and had
its main argument in the fact that trypsin and papain release hista-
mine and also that anaphylaxis is somehow connected with activa-
tion of proteolytic enzymes (Bronfenbrenner, 1944; Rocha e Silva,
Andrade and Teixeira, 1946; Unger, 1947; and others). There was
and still is a growing literature showing activation of proteolytic
enzymes as a consequence of the interaction of the antigen with the
antibody. We might properly say that this activation of proteolytic
enzymes in phenomena connected with anaphylaxis is even more
fundamental than the release of histamine, and whatever may be
the link between histamine and the cell constituents (peptide link-
age or van der Waals forces), disintegration of the cell structure by
the action of these enzymes can obviously play a role in the genesis
of the symptoms.

There are many indications that the release of histamine under



ANAPHYLAXIS 27

the condilions of anaphylaxis and allergy involves chemical and
enzymatic reactions. It is now an established fact that histamine is
not released in vitro from pieces of lung taken from a sensitized
guinea pig, by the added antigen, when the temperature is lowered
to 2° C at the moment of the addition of the antigen, henceforth an
enzymatic action is probably required. Recently, Mongar and Schild
(1957 a) investigated the effect of a previous heating of the sensi-
tized tissues on the subsequent histamine release by contact with the
antigen, and found a striking temperature band (from 20° C to 45°
C) in which the histamine release can take place. If the tissues
(guinea pig lung or isolated ileum or uterus) are kept for 25 minutes
at 42°-43° C, the capacity of releasing histamine on further contact
with the antigen is completely lost. From these data they have con-
cluded that the enzymatic system involved in the mechanism of
histamine release in anaphylaxis has a higher activation energy
(45,000 calories) than that found in isolated enzyme systems. It
also appeared quite clear from Mongar and Schild’s experiments
that the mechanism involved in the release of histamine by octyla-
mine and the basic releasers of the 48/80 type is quite different from
that occurring in anaphylaxis, since the temperature affects this
release in a definitely different way. The following scheme of events
has been suggested by Mongar and Schild (1957):

Ant;(gen Enzyme Active Bound Free
R precursor ( ) enzyme () histamine () histamine

¢ Antibody
’ A ‘ « 1
- Haptens Heat ~._ Phenol, etc.
A cold
Inactive
enzyme

It appears quite certain therefore that the release involves an
enzymatic system, highly sensitive to the effect of temperature.
Opinions diverge on the nature of the enzymes or the enzymatic
system involved. By utilizing -SH reagents such as iodacetate and
p. chloromercuribenzoate, Mongar and Schild (1955) had con-
cluded that some oxidation-reduction enzymes requiring free -SH
groups would be involved. In a more elaborate attack on the problem,
Mongar and Schild (1957 b) have shown that other substances such
as cyanide, antipyretics, phenol, cinnamate, urethane, etc., can stop
the release of histamine without apparently affecting the desensiti-
zation phenomenon due to the combination antigen-antibody. The
correlation between blocking of the cell respiration and histamine
release, however, is not complete since dinitrophenol was found to
inhibit O2 consumption in much lower concentration than it was
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found to block the release of histamine. It seems likely that the
blocking of the histamine release by cyanide and oxygen lack might
rather be concerned with the state of organization of the reacting
cell, since it has also been proved by the British workers that the
release of histamine from a sensitized cell (guinea pig lung) by the
antigen will not take place if the cell is disintegrated and the mito-
chondria (mast cell granules) separated by centrifugation. The op-
posite is verified if these cell debris are treated with basic com-
pounds of the 48/80 type. On the other hand, the -SH reagents might
block the release by acting upon an entirely different step of the
process, as discussed in a later paragraph.

Along different lines, Humphrey and Jaques (1955) studied the
release of histamine (and serotonin) from rabbit platelets by the
antigen-antibody reaction. The platelets were separated from the
blood and resuspended, after washing with Ringer’s solution, in
heparinized plasma which had been submitted to several experi-
mental procedures, such as heating at 56° C for 30 minutes, or treat-
ment with several reagents such as oxalate, versene or citrate to
remove calcium ions. Adding the antigen-antibody mixture to the
plasma in the presence of the suspension of platelets, the histamine
releasing activity was studied under such controlled conditions. If
the antigen-antibody mixture was added directly to the suspension
of platelets in Ringer’s solution, no release was observed. Calcium
ions were found necessary for the release, and addition of the proper
amount of calcium chloride was sufficient to reverse the inhibition
of the release by the previous treatment with oxalate or versene, but
not if the plasma was previously treated with citrate. Trypsin (40
pg/ml) rapidly and completely released histamine from platelets sus-
pended in Ringer’s solution. On the contrary, the histamine liberator
48/80, in concentrations up to 200 ug/ml, did not release histamine in
conditions in which the antigen-antibody complex gave the normal
complete release. Treatment of plasma with agar was followed by
developments of histamine-releasing activity and also of proteolytic
activity. Activation of proteolytic activity was regularly found in most
instances in which the plasma acquired the histamine-releasing activ-
ity. From these experiments, the following sequence of events was
outlined by Humphrey and Jaques (1955):

_— component of of serotonin

Antigen Ca** ( Fixation of some Activation ] Histamine
—— -
complement protease [ released

X
Antibody
If one compares this scheme with the one given at the beginning

as the fundamental equation of the phenomenon, a striking analogy
can be noted. Of course, what Humphrey and Jaques call “fixation
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of some component of complement” might as well be said “activa-
tion of anaphylatoxin” which is prevented by heating the serum or
plasma for 30 minutes at 56° C.

Mode of action of anaphylatoxin. It is surprising that the mode of
action of anaphylatoxin had to wait 40 years, since its discovery in
1909, to be understood. In 1949, Hahn and Oberdorf tried antihista-
minics in two different kinds of shock in the guinea pig. The first
was the so-called inverse anaphylaxis, resulting from the injection
of the Forssman antibody (anti-sheep rabbit’s serum) which pro-
duces a shock very similar to anaphylactic shock by combination of
the injected antibody with the so-called Forssman antigen, present
in the lung tissue of the guinea pig. The second kind of shock se-
lected by the German workers was the shock produced in the guinea
pig by injecting anaphylatoxin, prepared by incubating normal
guinea pig serum with inulin. In both cases, the animals received a
protective dose of neo-antergan. Surprisingly enough the first kind
of shock was not influenced by the previous injection of the anti-
histaminic, while the second one (by anaphylatoxin) was completely
prevented by the protective treatment.

These experiments were the clue to try the effect of anaphylatoxin
on the isolated lung of the guinea pig. Experiments in our laboratory
(Rocha e Silva, Aronson and Bier, 1951; Rocha e Silva and Aronson,
1951) have shown a considerable discharge of histamine by a single
injection of a few ml of guinea pig’s serum activated by agar. The
amounts of histamine released from a single lung can be very great
indeed, amounting to 100 ug after a single injection of anaphyla-
toxin. Confirming the finding of Novy and De Kruif (1917) we have
demonstrated that anaphylatoxin prepared with rat’s serum is from
4 to 10 times more potent in releasing histamine than the one pre-
pared from guinea pig’s serum, and nearly all the characteristics of
the old anaphylatoxin could be found in the histamine releaser
activated in normal plasma or serum by contact with agar (Rocha
e Silva, 1952).

However impressive the amounts of histamine released by ana-
phylatoxin from the perfused lung of the guinea pig, Dale (1952)
cast doubt as to the validity of this argument for the possible role
of anaphylatoxin in true anaphylaxis of the guinea pig. According
to Dale, it is not a question of quantity of histamine but rather the
place where it is released that matters. In the perfused isolated lung
of the sensitized guinea pig, though the amounts of histamine re-
leased by the antigen were small, the observed bronchiolar constric-
tion due to spasm of the plain muscle was very potent and exceeded
that observed with agar anaphylatoxin (Dale and Kellaway, 1922).
A discussion on the subject can be found in the Ciba symposium on
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Histamine (1955). Nevertheless, Halpern et al. (1956) have demon-
strated desensitization of the guinea pig to true anaphylaxis by a
previous treatment of the animal with successive injections of ana-
phylatoxin.

Whatever may be the role played by anaphylatoxin in true ana-
phylaxis in the guinea pig, it seems beyond doubt that the above
experiments bridged the gap between the cellular and the humoral
theory of anaphylaxis, since in both cases the final mediator ap-
peared to be histamine itself. One of the strongest arguments against
anaphylatoxin was that the product resulting from the incubation
of the plasma with the antigen-antibody complex or with polysac-
charides, is not very active on the isolated plain muscle of the guinea
pig. We have shown that this is mainly a question of concentration;
if, instead of the weak anaphylatoxin obtained from guinea pig’s
serum, we use the potent rat’s anaphylatoxin, a powerful contraction
of the ileum results from a first addition and the reaction becomes
weaker after new additions of anaphylatoxin. Antihistaminics, but
not atropine, block this effect, which has been understood as a con-
sequence of a histamine release from the tissues of the guinea pig
ileum. Using this effect of anaphylatoxin, it has been possible to
study the conditions conducive to the activation of rat’s anaphyla-
toxin by polysaccharides (Rocha e Silva, 1952; Rothschild and Rocha
e Silva, 1954; Rocha e Silva and Rothschild, 1956). In particular, the
effect of anions and cations upon the phenomenon was extensively
studied. It was found that spontaneous activation takes place by
adding two volumes or more of distilled water to the normal hepar-
inized rat’s plasma. On the contrary, by increasing the ionic strength
to twice that of plasma, activation by agar does not occur. In this
respect, calcium among the cations and citrate among the anions
are the most potent in presenting activation. The process is very
sensitive to temperature, being completely stopped at 2° C. The
release of histamine by anaphylatoxin, when added to slices of the
normal guinea pig lung, is also sensitive to temperature, being stop-
ped by keeping the tissues at 2° C. It was shown by Hahn and Lange
(1955) that the precursor of anaphylatoxin can be found in the
fraction I, II, III of Cohn (albumin-free globulins) precipitated with
15.2 vol. % of ethyl alcohol. From this complex, the active fraction
could be precipitated into the fraction III-O by 27.7 % of alcohol in
presence of zinc. In a more recent paper, Giertz, Hahn and Lange
(1956) have shown that formation of anaphylatoxin depends on the
presence of two fractions: the fraction III-0, thermolabile and pos-
sibly enzymatic in nature, and the other contained in the remaining
I-11I-1, 2, 3. Anaphylatoxin would result from the interaction of both
fractions, depending on the enzymatic reaction of the first one.
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Flitw demonstration that anaphylatoxin belongs to the protein
vamplex of the plasma is inlerestling because it discards the possi-
hility of its funclioning as one of the basic compounds which will
heowtudied in the next paragraph. It was already clear that this could
nol he the ease, since anaphylatoxin does not release histamine from
val'n skin, and works most suitably in the guinea pig, although the
hasie compounds, of the 48/80 type, do just the opposite: they work
anlisfnetorily on the rat’s skin, depleting it of most of the stock of
histimine, and are very poor releasers when perfused through the
nulnen pig lung. It would be reasonable to assume, as suggested by
Ungnre (1955), that anaphylatoxin activates a protease in the guinea
pig lung, and that this would be the ultimate agent in the release
ol histumine, though a direct proof of this final step is still lacking.
It a5 nlso relevant that the release of histamine from lung slices by
ununphylatoxin is blocked by -SH inhibitors such as iodacetate and
p. chloromercuribenzoate, as shown by Moussatché and Danon
1 1h6) and confirmed in our laboratory. Of considerable interest is
the work by Haining (1956) on the inhibition by salicylate and
hydroxy-2.phenylcinchoninic acid (HPCA) of the release of hista-
mnmne from rabbit’s blood cells by the antigen-antibody complex and
hy dextran sulphate, and also the action of anaphylatoxin upon the
puinen pig ileum, which has been demonstrated to be due to a
1elease of histamine. In this respect, HPCA is a much stronger inhi-
Intor of both phenomena than salicylate. When comparing the ef-
leets of different dextrans and agar on the release of histamine and
nelivalion of proteolytic enzymes, Haining (1955, 56) has found a
diserepancy, since one of the dextrans utilized (Dextran-D) is able
lo release histamine and to form anaphylatoxin, but could not show
any detectable protease activation in rabbit’s serum. We have also a
few indications that activation of proteolytic enzymes is not con-
cerned with anaphylatoxin formation, and this has been shown in
parallel experiments with bradykinin release and anaphylatoxin
formation in rat’s serum (Rocha e Silva, 1955). Since both pheno-
mena have an independent course, we can assume that they are not
inlerdependent, otherwise each time anaphylatoxin would be ac-
livaled (by polysaccharides), some bradykinin should be released,
which is not the case.

Release of histamine by basic compounds. In the late forties it
hecame common knowledge that many basic substances, such as
D). tubocurarine, atropine, strychnine, adrenaline, and so forth, liber-
ale histamine from certain biological structures, especially the
striated muscle of the rat and from the rat’s skin. An extensive
study of the conditions of the release of histamine from the dia-
phragm and the hind legs of the rat, by D. tubocurarine was made by
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Rocha e Silva and Schild (1949). A number of substituted amines,
diamines and diguanidines release histamine when injected into the
cat or the dog (Mac Intosch and Paton, 1949). In 1951, Paton de-
scribed a similar release by the compound 48/80, first described by
Baltzly, Buck, De Beer and Webb (1949) as a condensation product
of p. methoxyphenethylmethylamine with formaldehyde. So far,
48/80 is considered the most potent histamine releaser for certain
structures, such as the rat’s skin or diaphragm. When injected
through the perfused hind legs of the rat, a few ugs of 48/80 are able to
release a comparable amount of histamine or more, and since its
molecule is many times larger than that of histamine, this indicates
that one molecule of 48/80 is able to release several molecules of
histamine. However, this compound is surprisingly inactive upon the
guinea pig lung or the digestive tract.

Histamine release from mast cells. The metachromatic granules
of the mast cells, or the Ehrlich’s basophil cells of the connective
tissue, were known since Wilander (1938) to be depots of heparin.
Recently Riley and West (1952-53) described a striking parallelism
between the content of histamine and the number of mast cells ob-
served in any structure. Mast cell tumors, for instance, can give as
much as 1 mg of histamine per gram. The ox pleura, in which mast
cells swarm, can have as much as 200 to 300 ug of histamine. When
a lethal dose of a fluorescent histamine liberator such as stilbami-
dine is injected into a rat, the fluorescent material can be detected
inside the mast cells as a prelude to their disintegration (Riley,
1953). A correlation between disruption of mast cells and histamine
liberation was thus very probable. These findings, of course, could
be related to previous findings by Wilander (1938) that in peptone
shock in the dog, concomitantly with the release of heparin, there is
a disruption of the granules of the mast cells, and the correlation
between release of heparin and of histamine from dog’s liver has
been shown in direct in vitro experiments (Rocha e Silva, Scroggie,
Fidlar and Jaques, 1947) by perfusing the dog’s liver with natural
blood kept unclotted in silicone flasks and to which peptone was
added immediately before the passage through the isolated dog’s
liver. More recently, disruption of mast cells in the lung of the
guinea pig was demonstrated in anaphylaxis by Mota and Vugman
(1956), when large amounts of histamine were released from the
lung of the sensitized animal receiving an injection of antigen. A
similar disruption of mast cells in the mesentery of the rat follow-
ing injection of 48/80 has been described by Mota, Beraldo and Jun-
queira (1953) and also in the rat’s skin by injection of peptone
(Mota et al., 1954).

It seems, therefore, that disintegration of mast cells is always con-
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necled with the release of histamine. We do nol know for certain if
the converse is true, i.c. if every release of histamine depends upon
destruetion of mast cells. In the rabbit’s blood, for instance, hista-
mine is mainly bound to platelets and its release depends upon an
welion on Lhese elements. But the important question is to know
whether in the mechanism of release of histamine in anaphylaxis,
ane might postulate the interaction of a mediator of the nature of
thewe basic releasers of the 48/80 type. Here we find a few striking
dinerepancies. Mongar and Schild (1952) showed a certain paral-
lelism belween the percentage of histamine released in different
trvaies of the guinea pig by contact with egg white and with the com-
pound 48/80. However, a previous application of 48/80 to pieces of
Inlestine increased considerably the output of histamine following a
turther contact with the egg albumin, while by inverting the order of
nddition, the egg albumin had no effect upon further release produced
by I8/80. Furthermore, by using minced lung from animals sensi-
lizedd Lo egg white, Mongar and Schild (1955) have shown that al-
though addition of iodoacetate prevents the release of histamine in
nnaphylaxis, the addition of the same agent almost doubled the
release of histamine by 48/80 or octylamine. Also impressive is the
difference described by Mota and Vugman (1956) between the mech-
unisms by which guinea pigs die from anaphylactic shock and from
un injection of 48/80; although in the first instance the symptoma-
lology recalls strongly that produced by histamine, the injection of
a lethal dose of 48/80 induces in the guinea pig a sort of collapse,
wilhout gross impairment of the respiratory function. On autopsy,
the lungs in both groups of animals are quite different; in the first
group a strong emphysema could be observed, while in the animals
submitted to 48/80 shock the lungs were collapsed. Furthermore, and
what seems to be more striking, is the fact that in the guinea pig
submitted to anaphylactic shock, the mast cells were almost com-
pletely destroyed in the lungs, while in the group of animals receiv-
ing the lethal dose of 48/80, the cells appeared little affected.

In the rat, the discrepancy is also impressive, but in another way.
As shown by Ovary (1952) one can reproduce in the rat’s skin a
rcaction called “passive cutaneous anaphylaxis”, by injecting intra-
dermally minute amounts of antibody, and a few hours later, intra-
venously, a mixture of the antigen + Geigy blue, or trypan blue. A
positive reaction is indicated by a strong blue staining of the skin
at the sites of injection of the antibody. Using this reaction, we have
recently shown (Rocha e Silva and Rothschild, 1955) that this ana-
phylactic reaction is not in the least affected by a previous treatment
of the rat with 48/80, although this completely prevents any further
cffect produced upon the skin by an intracutaneous injection of

3 ALLERGY
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TABLE I

Processes possibly involved in the mechanism of histamine release in
anaphylaxis and related phenomena.

Biological Main processes
structures
involved: 1 1I 111 v
. . . Activ. of Hlstamlne
ﬁll::gea pig’s Ant>1<gen —_— Activ. of N enzymes N release
i 9
Antibody anaphylatoxin SH enzymes? (blocked by {

SH activator? doacetate, et¢

Polysaccharides
(agar, starch, etc.)

48/80, - N enzymes release
nguc/osi?i,oe‘;g.) (No block by ”

Basic compounds Activ. of { Histamine

SH inhibitors) iodoacetate).
. . No histamin
Rat’s skin Antigen . Activ. of
(P.C.A) X - ana“:;;:;"l’z.lgfxin - enzymes - Po;illizslgluq’
s 9
Antibody Proteolytic? test
Polysaccharides ) j Depletion of No skin reactic
(agar, starch, etc.) f | anaphylatoxin — to AxA.
Basic compounds Activ. of Histamine
(48/80, ovo- - enzymes - release
mucoid, etc.) in plasma (no heparin)
Disruption of
mast cells
Rabbit’s Antigen . Activ. of Histamine
Activ. of
blood X —_ anaphylétoxin — enzymes — ¢ and serotonin
Antibody / (protease?) ] release
{ Polysaccharides } Peptone Trypsin, Histamine
papain. release
Dog’s Antigen Total blood Activ. of Histamine
liver X ——{ needed (leuc., — enzymes - and heparin
Antibody platelets?) A in plasma released
Peptone

48/80 itself, ovomucoid or dextran. Similar results have been pub-
lished recently by Brocklehurst, Humphrey and Perry (1955), who
have found that antihistaminics did not block the passive cutaneous
anaphylaxis in the skin of the rat, and that depletion of the skin
histamine had no effect either. It is therefore even doubtful whether
anaphylaxis in the rat is mediated by a histamine release.
Whatever might be the explanation for these discrepancies, it ap-
pears quite clear that anaphylaxis follows a route which does not

(increased b}
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necewanrily pass through o stage where a basic simple agent similar
to IERO or mono or diamines is released to account for the libera-
Hon ol histamine.

tonclnding remarks. 1 would like to complete this review of the
muny nspeels of the problem of histamine release, by presenting a
eneranl picture of the phenomenon as it appears in different animal
species currently employed in experimental anaphylaxis. I take, as
w hiie pattern, the four processes indicated at the beginning of this
review, The way to read the scheme presented in Table I, is the fol-
lowing: in the horizontal line we may have the natural sequence of
evenlts leading to the release of histamine or of other pharmacologi-
ewlly aclive agents. In the vertical direction, we have somehow
“"equivalent” processes. For instance, in the activation of anaphyla-
lowvin, polysaccharides can take the place of the Antigen X Antibody
complex, therefore polysaccharides are presented in column I. The
hieae releasers, such as 48/80, ovomucoid or dextran, do not activate
annphylatoxin, but appear to work through an enzymatic system.
I''ns enzymatic system is not inhibited by -SH blocking reagents,
nuech as iodoacetate or p. chloromercuribenzoate. Neither does pep-
tone aclivate anaphylatoxin. Therefore, they are “equivalents” (not
in the exact meaning of the term, but in their position in the
"paltern”) to anaphylatoxin and are placed in column II. Trypsin
i papain, and possibly other proteases, act directly upon the cell
structures to which histamine is bound, and therefore they are
pluced in column III. The final step, the release of histamine in
column 1V, might not occur, as in the rat’s skin in the passive
¢utancous anaphylaxis. In fact, process IV indicates the final agent
producing the observed symptoms, such as contraction of smooth
muscle, increased capillary permeability, vascular collapse, non-
congulability of the blood, and so forth. Thus the “equivalent” to
liustamine in this final process, could be serotonin, slowly reacting
wubslances, heparin, or unknown mediators as they occur in the
rnl’s skin reaction.

It is to be hoped that the apparent complexity of the scheme of
‘I'able 1 will not induce a general feeling of discouragement as to the
prospects of a future clarification of the whole problem. The mech-
nnisms involved in muscle contraction or in coagulation of the blood
are infinitely more complicated. We know for certain that Nature is
nol playing any tricks with us and that one day we will probably
he able to unveil all the details of the phenomenon, and our grand-
children might be able to say: “What a wonderful and simple mech-
anism Nature invented to elude our grandfathers!”
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THE PHYSIOPATHOLOGICAL ROLE OF HISTAMINE
IN MAN

By

J. LECOMTE
Liége

I. HisTAMINE, A NORMAL CONSTITUENT OF THE ORGANISM.
DISTRIBUTION AND METABOLISM

|. Histamine (H) is a normal constituent of human tissues. It is
held in a bound form, pharmacodynamically inactive; the nature of
this binding, physiochemical rather than chemical, is not fully
understood. On fractional centrifugation, bound histamine accom-
punies the mitochondrial “particle” fraction (Ciba Symposium on
lHistamine, 1956). The histamine content in tissues varies consider-
ubly in various organs and according to the individual who has pro-
vided the samples. The skin, studied by Craps and Inderbitzin (1957)
and by Stern (Symp. All,, 1957) contains 2 to 20 ug/g., its concentra-
lion being highest at the cephalic extremity (eyelids, forehead and
neck). Mast cells, normal or tumorous, are particularly well sup-
plicd (Hamrin, 1957). The central nervous system, systematically
analyzed by Werle (Ciba Symposium, 1956) shows a variable con-
lent according to the zone concerned, the greatest amount being
found in the superior cervical sympathetic ganglion (10 ug/g.),
whereas the posterior medullary roots and the medulla itself con-
tain practically none (0.5 to 0.05 pg/g.). The lungs contain between
8 and 20 pg/g. (Schild et al., 1951)—those of a fetus less than 2 ug/g.
(Werle and Meitinger, 1950)—while 10 to 20 pg/g. are found in the
naal mucous membrane (Baxter and Rose, 1953). In the digestive
tract, 10ug/g. are found in the mucous membrane of the prepyloric
area, 6 pg/g. in the fundus (Code, Ciba Symp., 1956), and 40 ug/g. or
more in the small intestine. Free histamine is also present in the
gastric juice where its concentration varies between 0.8 and 8 pg./litre
(Adam et al., 1954).

2. Histaminemia is the sum of the plasma histamine and histamine
hound to the leukocytes. These two constituents vary independently
of cach other (Code, 1952).

The most rigorous techniques for the determination of plasma
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histamine are at present that of Lowry and collaborators (1954),
in which no biological reaction is used, and that of Adam and
collaborators (1957), in which the dosage involves a surfusion of a
guinea pig ileum. Their results are comparable and determine the
value of plasma histamine in its free form to be less than 3 pg/litre.
The y-globulins can nevertheless fix a considerable quantity (Parrot,
Ciba Symp., 1956).

3. Histamine has been shown to be present in the urine, in which
it is found in the free and in the acetylated form (Urbach, 1949).
Schayer and Cooper (1956) have moreover shown that 1. methyl-
imidazole-4 acetic acid is the principal metabolite found in the urine
after an intradermal injection of radio-active histamine. Small quan-
tities of ribosyl-imidazole-4 acetic acid, imidazole acetic acid, 1.
methyl 4-(8 aminoethyl) imidazole, methyl-histamine and finally
free histamine are also present.

With the technique of Diiner and Pernow (1956), the elimination
of free histamine in the urine varies from 3.3 to 12 ug/24 hours and
in a combined form from 1 to 32 pg/24 hours. There is no correlation
between this elimination and the diuresis.

4. The presence of derivatives of imino-acetic acid in human urine
confirms the fact that part of the histamine is destroyed by the
action of amino-oxydase. This action is, however, less important than
the methylation process (Schayer and Cooper, 1956).

Various human tissues contain histaminase, particularly the kid-
neys, suprarenals, liver, intestine and blood platelets, while plasma
is practically devoid of it (Ciba Symposium, 1956). The placenta
(Decidua Compacta) contains large quantities which normally pass
into the blood stream of the pregnant woman, endowing it with an
important histaminolytic property (Van den Driessche, 1953).

5. Slow intravenous infusion of exogenous histamine does not
necessarily give rise to an increase in plasma histamine, even if the
infused quantity reaches 116 ug/kg/min., as exagenous histamine is
rapidly fixed and destroyed by the tissues. It is, however, followed
by an increased free histamine content in the urine, representing
approximately 1 % of the infused quantity (Adam et al., 1954). The
ingestion of histamine produces a rise in the value of acetyl-hista-
mine, formed in the intestine by bacterial activity.

Summarizing: the metabolism of histamine can be outlined in the
following manner: tissue histamine arises from the decarboxyla-
tion of histidine. It is bound to certain cellular constituents; the
mast cells are particularly well supplied. It is constantly released in
small doses in the blood plasma; it is either destroyed by histamin-
ase, methylated, or undergoes further transformations before being
eliminated in the urine.
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ngested histamine is cither acetylated and excreted as such, or

deawminized in the intestinal mucous membrane and excreted in the
Lo of imidazole acetie acid. Histamine administered parenterally
appenrs in the urine in the form of free histamine, accompanied by
vinnlons melabolites: it is not fixed by the tissues. The increase of

foee histumine in the urine henceforth is a good indication of its
pevious presence in the blood plasma and of its release from the

Linnites,

Il. Tk PHARMACODYNAMIC PROPERTIES OF HISTAMINE IN
NORMAL INDIVIDUALS

I. 'I'he intradermal injection of a small quantity of histamine
tnhove 1,10-¢ g.) causes the appearance of a complex vascular re-
wponse, consisting of three independent reactions: the triple response
ol Lewis (1927). One observes a local dilatation of the small vessels
teentral macule), an increase in their permeability (papule) and
tinnlly at some distance a dilatation of the adjacent arterioles (peri-
pheral erythema). While macule and papule depend on a direct ac-
tion of histamine, the erythema denotes a reflex mechanism of which
the involved fibres are not definitely known. The various participat-
ing mechanisms have been described by Parrot and Reuse (1954).

In addition to the vascular phenomena, histamine produces pruri-
lis (above 0.3. 10-% g.) (Broadbent, 1955). The threshold of this symp-
tom is generally higher than that of the papule and it usually dis-
uppears before it. In the same dose (0.16 to 0.25. 10+ g.) histamine
pives rise to a sharp transitory pain, resembling that of a burn
t Rosenthal, 1949).

2. The effects of a rapid intravenous injection of a single dose of
histamine become more marked when the injected dose increases
tWeiss et al., 1932). By this means it is possible to provoke: cephalic
vasodilation with hypotension, tachycardia, lipothymia, syncope,
cold sweat, at times bradypnea, vomiting and diarrhea. The return
to normal systolic values is accompanied by bilateral throbbing
headaches. At times a secondary arterial hypertension may be no-
ticed. The return to normal levels is slower in sympathectomized
palients (see Fig. I). With large doses—0.5 to 1 mg.—a cardiovascu-
lar collapse may be observed.

These symptoms can be better analyzed when slow, prolonged in-
fusions of histamine are administered in increasing doses.

3. Slow intravenous administration of histamine (above 1ug/
minute), causes complex reactions, chiefly affecting the cardiova-
seular system (Weiss et al., 1932; Pickering, 1933; Wakim, 1949;
l.ecomte, 1956).
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Fig. 1.
Comparison of the effect of the injection of a small dose of histamine (150 ug.)
on the systolic and diastolic arterial pressure in a normal and a sympathectom-
ized patient.

Ordinate: arterial pressure, expressed in cm mercury.
Abscissa: time, in minutes.
Full line: graph of pressure in a normal subject.
Broken line: graph of pressure in a patient with bilateral sympathectomy.
At time 0: a rapid intravenous injection of 150 uxg. of histamine
bichlorhydrate was given.

The fall in pressure is more marked and more prolonged in the sympathectom-
ized subject, who also showed signs of an incipient cardiovascular collapse. In
the normal subject, the initial hypotensive phase is followed by a transitory,
secondary increase in pressure. The histamine tolerance of the sympathectomized
patient is greatly diminished, as compared with the normal subject.

a. With doses under 20 pg/min., the vessels of the cephalic ex-
tremity experience a major vasodilatation, both venous and arterial,
indicated by a sensation of warmth and an intense flushing, some-
times cyanotic; the cerebral vessels become dilated too. This vaso-
dilatation extends progressively towards the extremities and is
not accompanied by pruritus or pain. It is followed by an increase
in capillary pressure, whereas the venous pressure remains un-
changed; the pulse rate is accelerated and the cardiac output in-
creased.

b. Above 20 pg/min., this generalized vasodilatation is accom-
panied by an arterial hypotension, proportionate to the administered
dose; at the same time an intense tachycardia occurs. With stronger
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doses, lipothymia and syncope may appear when the hypotension is
pronounced. The electrocardiogram shows a progressive flattening
of It and T waves.

o, 'T'he phase of vasodilatation may be followed by a sudden rise
i systolie arterial pressure due to a compensatory sympathetic reac-
Hion with secretion of sympathetic adrenal medullary amines into
the plasma.

I'he increase in systolic pressure at the end of the infusion is ac-
companied by an intense bilateral temporo-parietal headache, caused
hy distension of the dilated branches of the internal and external
carolid arteries by the increased systolic output. This has been
particularly studied by Wolff (1955).

d. The infusion of histamine, above 0.07 to 0.13 pg/kg/min., lasting
2 hours (Adam et al,, 1954), causes hypersecretion of gastric acid,
necompanied at higher doses by violent vomiting, colic and urgent
miclurition and defecation.

¢. Bradypnea and bronchial wheezing are occasionally observed.

I. The uterine tonus is unaffected, even in pregnant women.

#. Basal metabolism and glycemia are increased; these variations
nre perhaps dependent upon a concomitant hyperadrenalinemia.

h. Hematocrit values are increased, there is leukocytosis with
polynucleosis; circulating eosinophils disappear and thrombocyt-
cmia is increased.

i. Indirect and direct signs of adrenocortical stimulation are evi-
denl after administration of high doses (0.5 to 1 mg.), notably
cosinopenia (Perlstein, 1955).

1. The intra-arterial administration of histamine (1 to 20ug/min.)
m the forearm causes an increase in the circulatory rate in the per-
lused region proportionate to the injected dose (Duff and Whelan,
19h4). If the quantity of histamine is considerable, vasodilatation
15 nccompanied by cutaneous edema and urticaria with erythema.

h. Aerosols of histamine (1 to 2 %) cause bradypnea with pro-
longation of the expiratory phase; this dyspnea rapidly disappears
al the end of the administration. The transpulmonary resorption
of the amine is marked by intense cephalic vasodilatation and gastric
hypersecretion (Dautrebande, 1951).

6. The ingestion of histamine (1 to 5 mg.) does not give rise to
symptoms. No peculiarity is seen on X-ray examination of the stom-
ach after a barium meal. N

7. The antagonists of the effects of histamine are the same in clinical medi-
vine as in animal pharmacodynamics. They can be divided into physiological
anlagonists, which counteract certain histamine properties by opposite effects;
thus, epinephrine and the sympathicomimetic vasoconstrictors reduce vasodila-
tution and hypotension, and suppress bronchospasm by their bronchodilating
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action. The synthetic antihistamines (AHS) electively ncutralize certain effects
of histamine; their posology, side-effects and duration of action vary. As a rule
they suppress the pruritus, the pain and the Lewis triple response which follow
the intradermal injection of H. They also reduce the arterial hypotension and
the bronchospasm and exert an important anti-edematous action, which accord-
ing to Halpern (Proc. 1° Int. Congress All., 1952), is beyond the limits of a strict
antagonism against H. They do not influence the secretion of gastric acid.

Summarizing: histamine causes in normal individuals vasodilata-
tion of the arterioles and capillaries, an increase in capillary per-
meability and a rise in the tone of certain smooth muscle fibres
(digestive and respiratory tract). It induces a hypersecretion of
gastric juice and stimulates the cutaneous prurigenous and algo-
genic nerve endings.

Furthermore, it indirectly brings about compensatory sympathetic
reflexes, with adrenaline and adrenocortical hormone secretion.

The quantity of histamine present in the tissues is sufficient to
reach the threshold of the various pharmacodynamic properties of
the amine. Its release can thus a priori be indicated by a symptomatic
pathognomonic entity.

III. THE RoLE or HisTAMINE IN HUMAN PHYSIOLOGY

Participation of histamine in the normal functioning of certain
organs has often been postulated; it is however rarely established
with certainty.

1. Histamine constitutes the normal physiological stimulant for
the gastric acid secretion (Code, Ciba Symposium, 1956).

2. Its role in the vasodilatation following the stimulation of the
posterior roots is contested (Parrot and Reuse, 1954).

3. The amine intervenes in the provocation of pruritus of peri-
pheral origin. It is one of the normal excitants of certain pain-sensi-
tive nerve endings. The cutaneous regions which have the highest H
content are also those most sensitive to pain and require a greater
amount of local anesthetic (Stern, Symp. all., 1957). It can induce
axon reflexes whereby the excitation of various nerve structures is
involved; the existence of afferent histaminergic nerve fibres is con-
tested (Parrot and Reuse, 1954).

4. Histamine does not participate in paroxysmal post-ischemic
vasodilatation (reactive hyperemia) nor in the vasodilatation caused
by exposure to cold (Whelan, Ciba Symp., 1956). Nevertheless, as a
local hormone, it regulates certain peripheral circulatory circuits
(Feldberg and Schilf, 1930).
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APPENDIX :

1. Diagnoslic applicalions of histamine.

w. By intradermal injections in stages, histamine (10 x#g) serves to determine
the degree of residual capillary vascularization in limbs with damaged arterial
chrcnlation,

I» By subcutaneous or intradermal route (100 to 500 uxg), it influences the
avcrelion of gastric acid.

« At the same dosage it provokes headaches in certain receptive individuals,
o hronchospasm in patients with allergic asthma.

. Intravenously (100 to 200 «g), it causes an increased systolic tension exceed-
Iny 7 to 8 em. Hg in patients suffering from pheochromocytoma (Roth and Kvale,
[MRHIN

¢. ‘T'he interval between the facial flush and the intravenous injection of hista-
mine scrves as a measure for the circulatory rate.

2. Therapeutic applications of histamine.
T'hese are variable and are related to:

n. the vasodilating properties of continuous infusions of histamine (acute
cercbral ischemia, arterial occlusion, Méniére’s syndrome.

b. the adrenocorticoid stimulating property, (rheumatoid arthritis).

¢. the diminution of the sensitivity to histamine by repeated injections of
~mall and regularly increasing doses. (Applications of this desensitization are
very numerous.)

IV. THE PHARMACODYNAMICAL RELEASE OF ENDOGENOUS HISTAMINE

Administration of a histamine releasing agent (1935 L and 48/80)
lo a normal individual causes the histamine, normally bound in the
lissues (endogenous H), to enter the circulation in an active form
(L.ecomte, 1956). This histamine, passing from the lymphatic spaces
into the circulating plasma, is fixed by the tissues and partially eli-
minated by the kidneys. It produces a series of clinically recogniz-
able signs and symptoms.

1. On intradermal administration, 1935 L and 48/80 (above 0.1
;g) cause pain and pruritus, followed by a distinct Lewis triple
rcaction. The discharged lymph is rich in free histamine. Previous
lreatment with antihistamines suppresses all local manifestations.

Identity with the clinical effects of histamine, the presence of the
latter in the lymph and the antagonistic action of AHS establish the
role of cutaneous endogenous histamine in the pathogenesis of this
local lesion.

2. On intravenous administration, 1935 L provokes a pathognom-
onic syndrome.

a. The release of a small quantity of tissue histamine produces
cffects of minor importance. Two to three minutes following its
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liberation, the patient experiences a definite cephalic warmth, the
face is the site of an extremely unpleasant prickling, face and neck
become erythematous, pulse rate and arterial pressure remain un-
changed. After 5 to 8 minutes the colour of the skin returns to
normal.

b. If the amount of liberated histamine is important, the clinical
signs are obvious. From the beginning the patient suffers a prickling
and pruritus of the face as well as an intense feeling of cephalic
warmth. The face immediately becomes erythematous, the eyes
water. Flushing quickly invades the upper thorax, abdomen and
groin. Pruritus, localized at first at the cephalic extremity, palms
and soles, spreads over the body. Pulse rate is rapid and the arterial
pressure is considerably lowered. The patient experiences excruciat-
ing headaches, acid vomiting and a feeling of imminent defecation:

After 10 minutes the reaction fades; pruritus and pain diminish,
the erythema becomes milder. Urticarial papules of varying size and
shape then successively develop on the neck, the shoulders and arms.
The face has a swollen appearance; edema invades the eyelids, upper
thorax, thighs; lastly the abdomen shows the same papular swellings.
After 10 minutes, there is an evident progressive reduction in the
cardiovascular signs; erythema, urticaria and finally edema disap-
pear. An unusual feeling of warmth will persist for approximately
an hour. No delayed reactions complicate the clinical picture.

3. Intra-arterial administration of a histamine releasing substance
(d. tubocurarine) is accompanied by vasodilatation with pruritus,
followed by urticaria and edema in the irrigated area (Grob, Harvey
and Lilienthal, 1947).

4. The application of the same substance to the nasal mucous
membrane does not induce any reaction (Melon and Lecomte, 1958).

5. The symptoms produced by the release of histamine may be
described as follows:

a. Cutaneous manifestations.

a) Prickling is the first sensation perceived, it is transitory and
never passes beyond the upper thorax. It differs from pruritus.

B) Pruritus appears shortly after the prickling on which it is often
superimposed. Its location is at first limited to the face and neck,
but if the dose is increased, it spreads to the thorax, epigastrium and
abdomen, finally covering the entire cutaneous surface. It appears
before the erythema and precedes by 3 to 5 minutes the development
of urticaria. One may however observe urticarial papules without
particularly violent pruritus.

y) Erythema, due to vasodilatation, spreads on the skin according
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to the following topography: immediately visible at the cephalic ex-
tremily, it exlends progressively to the neck, thorax, abdomen and
npper parts of the thighs, sparing the distal portion of the lower
hmbs. Erylhema is always most pronounced on the neck and fore-
head,

&) Clinical characteristics of the urticaria vary according to the
wrea, It begins at the upper thorax in the form of peripilary nodules,
which punctuate the erythema. These nodules unite into small pa-
pules, whose volume, continuously increasing, soon reaches remark-
ahle dimensions. The fusion of these papules causes a true hard
edema of the face, filling the upper and lower palpebral fossae; fore-
hend and lips are swollen (Quincke’s edema).

Thercafter the urticaria spreads to the flexor sides of the upper
exlremities, the upper part of the back and abdomen; it finally
covers the interior side of the thighs but never extends below the
linees. Pressure points are electively occupied by cutaneous nodules.

h. Circulatory manifestations.

o) Vasodilatation, the cause of erythema, has previously been
mentioned. It accounts for the fall in blood pressure.

/3) The intensity of this lowering in blood pressure is in relation
to the administered dose and varies considerably according to the
patient under consideration. It does not seem to depend on age or
«ex, but on the initial arterial systolic pressure; hypertensives ex-
perience a greater fall than normotensives.

There is often a definite relation between the intensity of the fall
m blood pressure and the severity of the erythema. When the patient
15 in a state of cardiovascular collapse, however, the erythema fades
considerably.

Return to normal blood pressure is rapid. Occasionally, the sys-
ltolic arterial pressure exceeds the original level by 2 to 3 cm. Hg.
Al times, this hypertensive reaction develops after an abortive hypo-
lensive phase and reaches 5 to 6 cm. Hg. In all cases the return to
normal values precedes the disappearance of the erythema and the
urlicaria.

y) The cephalic headaches are of the pulsating type and are often
unbearable. They occur simultaneously with the rise of the arterial
pressure rather than during the hypotensive phase. No hemicranial
lenderness is revealed.

¢. Respiratory manifestations.

Bradypnea is often the only symptom; in the majority of cases,
il is indicated by an increased expiratory effort accompanied by a
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definite sensation of retrosternal oppression without bronchial or
tracheal rales.

d. Digestive manifestations.

Digestive signs are less frequent; nausea, vomiting, imperative
need to defecate and colic may appear when large doses are ad-
ministered.

The introduction of a gastric tube in the fasting patient submitted
to an intravenous injection of 1935 L shows the following modifi-
cations of the gastric fluid: within 15 minutes following the injec-
tion, the gastric contents generally become strongly acid, while in
the control samples the pH usually remains around neutral.

6. These manifestations undoubtedly depend on the rapid release
of tissue histamine. Not only do they present close analogies with
the pharmacodynamic effects of exogenous histamine (notably gas-
tric hypersecretion), but they are also accompanied by an increase
in plasma histamine, and are suppressed by preliminary treatment
with AHS (Lecomte, 1956). There are some differences however
between the effects of exogenous histamine and those exerted by
the liberation of endogenous histamine. The latter is accompanied
by local tissue manifestations, such as pruritus, prickling and urti-
caria, which are generally absent after intravenous infusions.

The release of endogenous histamine induces homeostatic reac-
tions in the adrenal medulla and cortex; the latter are evidenced by
a delayed increase in the level of the plasma 17-hydroxycortico-
steroids (Roskam et al., 1956).

Increased histaminemia does not necessarily give rise to a syn-
drome analogous to that following the administration of a histamine
releasing substance. Thus myeloid leukemias show a particularly
high level of circulating histamine without associated clinical signs.
The factor of importance is the concentration of free plasma hista-
mine.

The increase in free histamine is often transitory and must be
studied by successive determinations (Strengers et al., 1956). Some-
times, when the liberation of tissue histamine is slow or of little im-
portance, no increase in histaminemia is observed in spite of the
concomitant presence of local histaminic lesions (urticaria, hyper-
secretion of gastric acid).

Summarizing: The pharmacodynamic release of endogenous his-
tamine in the normal subject shows a special clinical picture, which
includes vasodilatation, increase in vascular permeability, rise in
tone of certain smooth muscle fibres, hypersecretion of gastric acid
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holees nnd stimulation of certain prurigenous and algogenous nerve
enlings,
I'he determinalive role of histamine can be confirmed by:

I. ils presence in plasma in a free state,

2 the analogies between its pharmacodynamic properties and
the observed manifestations, particularly the hypersecretion of
gaslric acid,

#4. the neutralization of certain effects by antihistamines.

V. THE PHYSIOPATHOLOGICAL ROLE OF HISTAMINE

I'he pathogenic role of histamine, often postulated, has only been
entnblished with certainty in a relatively few number of morbid
phenomena. To demonstrate this role, it is not sufficient to evidence
un increased histaminemia; it is necessary that this histaminemia
whould correspond to an increase in the free form, and be accom-
punied by some clinical signs analogous to the pharmacodynamic
ellfeels of histamine. An increase in free histamine in the urine is
nlso a good indicator of a tissue liberation.

I'he determination of the endogenous histamine content in patho-
logical tissues is often fallacious because every afflux of leukocytes
In accompanied by a contribution of bound cellular histamine, up-
selling the results (Craps and Inderbitzin, 1957). The disappearance
ol any manifestation after treatment with antihistamines or sub-
slunces of non-specific activity (Halpern, Proc. 1st Int. Congress
A1), constitutes only a vague presumption in favour of a histaminic
pinthogenesis.

We will now consider the pathogenic role of histamine, in non-
nllergic individuals and then in patients with allergic diseases.

A. Non Allergic Conditions.

I. Local lesions. Lewis (1927) was the first to establish the role
ol histamine release in the pathogeny of numerous cutaneous re-
actions, in which macule, papule and erythema are recognized clini-
cally. Some chemical agents causing similar lesions are shown in
Table 1.

Urlicaria factitia (dermographism) is accompanied by a liber-
alion of histamine (Lewis, 1927; Kalk, 1929). Similarly, cholinergic
urlicaria is the consequence of the liberation of histamine releasing
substances through sweating (Herxheimer, 1957).

The role of endogenous histamine in local inflammatory cutaneous
reactions is difficult to judge: the lesions caused by venoms, micro-
hial loxins, septic inflammations, burns, have a complex pathogen-

1 (R EIYERNS
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est¥™in which histamine probably playd a past. Histamine, b¥y -
creasing the vascular permeability withjout-pouring of plasma, to-
gether with its stimulating effect on ther @lo-en‘dﬁthﬂi_:ﬁggﬂ_sﬂ
on phagocytosis in general (Stern, Symp? 77, contributes to
limit the extension of septic lesions (Mechanism of Inflam., 1957).

TABLE 1
The following drugs cause local reactions of the histamine type
by intradermal injection.

morphine, codeine, dionine, papaverine,

Alkaloids of opium and narcotics: { thebaine, penthidine.

curare, d-tubocurarine, laudexium,

Curarising agents: compound 15.

Various alkaloids: atropine, strychnine.
Antibiotics and

. midine, stilbamidine, antricyde, trypo-
chemotherapeutic agents: © ’ yae, Lryp

flavine.

cystamine, diamino-octane and -decane,

Diamines: diguanidinopentane, diisothioureahexane.
priscol, apresoline, amphetamine,
Various: tyramine, 1935 L, 48/80.

s
A
{ licheniformine, propamidine, penta-

biliary salts.

It is to be noted that certain irritations of the skin, e.g. exposure
to cold, irradiation by X-rays or ultraviolet rays, are sometimes ac-
companied by a decrease in the local content of endogenous hista-
mine, with no Lewis triple response, as the liberation of H is too
slow.

We may also recall that certain insect stings and urticant plants
directly introduce into the skin a complex solution of histamine,
acetylcholine and 5-hydroxytryptamine.

2. General reactions. The extension of certain histamine releasing
processes over a large cutaneous surface can bring about general
signs of endogenous histamine intoxication. This occurs especially
in subjects particularly sensitive to cold after prolonged exposure.
This hypersensitivity to cold (often erroneously called “physical
allergy”) is accompanied, after the patient has been exposed for a
long time to low temperature, by cephalic vasodilatation, hypoten-
sion, localized urticaria and pyrosis with vomiting (Horton, Brown
and Roth, 1936). A constant trend of the gastric pH towards acidity
can be shown (Horton and Gabrielson, 1940). These vasomotor reac-
tions occur simultaneously with an increase in histaminemia. They
are prevented by previous treatment with synthetic antihistamines.
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TABLE 1
Phe ontiavenous administration of the following drugs causes general reactions.
Histamine releasers “sensu stricto”: 1935 L, 48/80.
Hydrolysates of proteins and peptone.
Antibioties and chemotherapeutic agents:
licheniformine
derivatives of acridine
. L X . pentamidine
stilbamidine and diamidines { ‘ 3s
| propamidine
arscenical trivalents.
Curare and curarising agents:
d-tubocurarine, compound 15, laudexium
Morphine, atropine (?)

In other cases, however, the liberation of cutaneous histamine is
the resull of an attack taking place through the blood. Thus, the
prenteral administration of certain drugs (Table II), the ingestion
ol certain fruits or shellfish can, without any preliminary sensitiza-
hon, provoke a vasomotor and edematous syndrome, comparable
with thal caused by the intravenous administration of 1935 L and
IN KO (Schachter, Ciba Symp., 1956, C.I1.O.M.S. Symp., 1957). The
nilritoid crisis caused by drugs can be explained by a massive libera-
Hhon of histamine. Its participation is often identified by the presence
ul urticaria, indicating that in the majority of cases, the reserves of
histiimine have been mobilized from the skin.

I'he resorption of endogenous histamine from damaged muscles
terush syndrome), or from traumatized or burnt tissues, has not
heen established with certainty. Although in extensive burns the
lvbauminemia is definitely increased, the cardio-vascular collapse
und the hemoconcentration are not proportional to it (Algower and
Sreprist, 1957). Similarly, in spite of a considerable increase in his-
tuminemia after treatment by X-rays, the radiation sickness cannot
he explained by a simple histaminic intoxication (Ellinger, 1951), no
more than traumatic or post-operative shock (Weiss et al., 1932).

In certain individuals, however, intensive muscular work is fol-
lowed by the appearance of giant urticarial wheals with plasma
hyperhistaminemia which are sensitive to the action of AHS. This
i. probably explained by the resorption of toxic substances with
histamine releasing properties, liberated by an exaggerated muscular
netivily (Serafini, 1951).

3. Let us now consider the local manifestations due to an abnor-
mal sensitivity of certain vascular structures.

U'nder the term histamine cephalalgia, Horton (1941) has de-
weribed a syndrome striking the cephalic extremity and character-
17ed, hesides a hemicranial pain, by widespread flushing, swelling of

'
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the nasal mucous membrane, increased lachrymal secretions and
perspiration on the corresponding side.

This syndrome, provoked by subcutaneous or intravenous ad-
ministration of histamine, and sometimes cured by histamine desen-
sitization, is considered as a manifestation of local hyperreactivity
to endogenous histamine; its allergic etiology is not definite.

4. Only exceptionally is a massive intestinal resorption of hista-
mine, for instance by eating putrefied meat or fish, accompanied by
signs of cardiovascular collapse.

5. Parental injections of histamine have been the cause of gastro-
intestinal ulcers (Kirsner, 1957).

B. In Allergic Diseases.

1. The content of endogenous histamine in tissues prelevated from
allergic patients does not differ from control ones. When no morbid
manifestations are present, the histaminemia in these patients is
normal as well as the amount of free and bound histamine in the
urine. However, the histaminemia undergoes large fluctuations
(Rose, 1941).

In these patients the threshold of exogenous histamine effects is
generally lowered: histamine manifestations occur with subnormal
doses and are more pronounced. Asthmatic patients react with a
severe bronchospasm after the parenteral administration or the in-
halation of a solution of histamine (Curry, 1946). In migraine, cer-
tain hemicranial attacks can be induced by histamine (Wolff, 1955).
The nasal mucous membrane of patients suffering from pollinosis
is more sensitive to H than that of normal individuals, the amine
causing pruritus, sneezing and edema (Melon and Lecomte, 1958).
In addition to the lowered threshold, considerable disturbances exist
in the metabolism of the exogenous histamine: after the subcutane-
ous administration of H, the increase in histaminemia is greater and
more prolonged than in normal individuals (Serafini, 1948). The
serum of allergic patients, in contrast to that of normal subjects,
does not “fix” histamine (Parrot and Laborde, 1953). Only in aller-
gic individuals does cortisone cause an increased urinary elimina-
tion of free histamine and of its various combined forms (Code, Ciba
Symp., 1956).

2. The Pharmacodynamic release of endogenous histamine fol-
lows a special course in allergic patients, evolving in two phases; the
one immediate and important, the other delayed and more reduced
(Halpern, Symp. All., 1957). It shows in addition a special clinical
aspect depending on the “terrain”: in asthmatic patients, it produces
an attack of intense expiratory dyspnea, analogous to that caused
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hy contael with specifie antigens (Lecomte, 1956) ;5 it causes edema
i those suffering from urticaria (Halpern, Symp. All., 1957). It is
probubly aomatter of special sensitivity of the receptor organs to the
Hbherated histamine.
TABLE 111
Spymploms caused by histamine powder in contact with the nasal
mucous membrane.

! ,:"" I'ruritus | Sneezing 0}\'.‘{,‘21';,%5 Congestion| Edema obsvl?lfgllion Rhinorrhea
A. Healthy subjects.

| | + — - - - -

A | - — + + — —

| [ ++ + + + — -+

h _ —_ —+ f— - —

" - — —_ —_— — —

/ | — — + — - —

" | — — — — —_ —

U I+ ++ - +++ — + -
m — — - — — —

B. Patients with Pollinosis
during a period of apparent clinical cure.

| |+ +++ ++ + +++ +++ +++

K b+ ++ — + ++ ++ +

i I ++ +++ +++ + + - ++

! F+ + — + +++ ++ ++

, I ++ ++ -— + +++ +++ +++

" I+ + ++ + + +++ +++ +

i b+ + + + +++ +++ +++

N -+ + — + +++ + +

" + + — + ++ + +
Al F+ + — — ++ + +

I'he mechanism of endogenous histamine release differs accord-
ing lo the process which induces it. For instance, the injection of
pollen in a skin site previously treated with a histamine liberator
ciuses, nevertheless, a Lewis triple response of weakened intensity.
It may well be that tissue histamine is fixed in different ways ac-
cording to selective affinities (Ciba Symp., 1956).

4. Certain allergic reactions in man are accompanied by a release
ol f'ree histamine, which can be measured in the plasma, the urine
nnd also in the lymph leaving the region where the antigen-antibody
renclion has taken place.

Lymph collected during positive intradermal reactions with pollen
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contains free histamine (Katz, 1942). Likewise plasma to which
white blood cells from a sensitized patient are added (Katz and
Cohen, 1941; Noah and Brand, 1954) and saline solution in which
a fragment of pulmonary tissue from an asthmatic is immersed
(Schild et al., 1951), become richer in histamine as soon as the cor-
responding antigen is added. Histaminemia increases when specific
intradermal reactions, carried out in series, become positive (Sera-
fini, 1948), as well as in patients suffering from giant urticaria or
anaphylactic shock (Lecomte, 1956). It also increases in the course
of certain serum sicknesses with an edematous component and in-
consistently at the onset of certain asthmatic attacks (Rose, 1950;
Rocha e Silva, 1957). The histaminuria increases after an anaphy-
lactic shock and in the course of Loeffler’s disease (Diiner and Per-
row, 1956). Mast cell tumors, during certain allergic reactions, con-
stitute an important source of easily liberated histamine (Hamrim,
1957).

Technically it is difficult to evidence a reduction in histamine
content in the tissues of man submitted to an antigen-antibody reac-
tion. Besides, leukocyte infiltrations of inflammatory origin, a
source of bound histamine, invade the reaction foci and thereby
constitute considerable disturbance. Nevertheless in urticaria, the
skin has been found to be poor in histamine (Nilzén, 1947) ; no rela-
tion, however, has been found between the histamine content of the
nasal mucous membrane and the intensity of the local allergic reac-
tion (Baxter and Rose, 1953).

The release of histamine is often accompanied by the passage to
an active state of heparin and of less well-known substances, the
slow reacting substance of Brocklehurst (Ciba Symp., 1956), whose
pathogenic role has still to be determined.

4. The pathogenic role of histamine released during certain aller-
gic reactions can be affirmed when the clinical picture, which de-
velops at the same time, reveals clear analogies to the syndrome as-
sociated with the pharmacodynamic release of histamine, and if the
synthetic antihistamines inhibit the above reactions. These condi-
tions are fulfilled in the anaphylactic lesion of the immediate type,
in particular, the Lewis triple response caused by specific scratch
and intradermal tests, in those which are the consequence of the
passive transfer of the Prausnitz-Kiistner type, urticaria attacks,
sudden cutaneous erythemas, nitritoid crisis, anaphylactic shock
(respiratory and circulatory form), certain manifestations of pol-
linosis, manifestations of shock with paroxysmal cold hemoglobin-
~uria and accidents of blood transfusions due to incompatible types
of blood.

Release of histamine cannot, however, explain the entirety of
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The denomination “shock and immediate reactions” refers to allergic affection which follow immediately upon exposure to
the antigenic agent responsible for the reaction.
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symptoms observed in the course of these reactions; leukopenia and
thrombopenia, activation of fibrinolysin and noncoagulability of
the blood observed during anaphylactic shock cannot be explained
by a histaminic mechanism, nor the leukocyte infiltration of polyps
prelevated in patients with pollinosis (Pepys, 1951).

The part played by endogenous histamine is very reduced in the
development of reactions of the serum sickness type. Pruritus, urti-
caria, certain types of erythema are explained by a similar auto-
pharmacodynamic mechanism, but the associated arterial lesions in
no way depend on it (purpura, allergic disseminated angiitis).

Finally, the allergic bacterial reactions and those which accom-
pany diseases involving auto-antibodies do not show any histaminic
participation.

Summarizing: In normal individuals release of endogenous hista-
mine can be observed in the course of certain toxic or localized in-
flammatory reactions. It also accompanies parenteral administra-
tion of certain drugs. This liberation is accompanied at times by an
increase in histaminemia, and always by concomitant pharmaco-
dynamic manifestations due to liberation of histamine (for instance,
hypersecretion of gastric acid).

In allergic patients, histaminic reactions have a more complex
interpretation; the metabolism of histamine is disturbed, as shown
by the special lability of the histaminemia. The individual sensi-
tivity to the effects of released histamine is also variable, the attacks
sometimes provoke a collapse, a bronchospasm, or again an attack
of giant urticaria. Some antigen-antibody reactions bring about a
release of tissue histamine, giving rise at times to an increase in
plasma histamine. Clinically this is manifested by vasomotor crises,
cardiovascular collapse and shock, which are the symptoms of an
endogenous histamine intoxication. These manifestations are char-
acteristic of anaphylactic accidents.

The release of histamine is only one of the phenomena induced
by the antigen-antibody reaction, nevertheless its role, although
limited, is essential in certain allergic diseases.
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ALLERGY AND IMMUNOLOGY
By

H. SHERW00OD LAWRENCE
New York

Introduction.

The term allergy, as originally coined by von Pirquet in 1906,
designated the altered response of an individual toward a specific
malerial resulting from prior experience with that material. In the
ensuing years allergy has come to mean things to many people—yet
wilhal, the most widespread preoccupation of the allergist has been
i relation to the wheal and erythema types of response occurring
spontaneously in the genetically susceptible few.

During this same period many immunologists were preoccupied
with the immune response, chiefly as it related to infectious disease
and the prevention or recovery therefrom. Following upon the intro-
duction of effective antimicrobial agents in the therapy of infectious
discase, there occurred a renewal of interest on the part of the im-
munologist in the phenomena of altered tissue reactivity—allergy
as originally conceived—in its broad biological sense. It is appro-
priate therefore to consider the recent advances in this area as they
relale to the understanding of altered tissue reactivity and disease
slales.

The immunologist’s interest in the problems specifically associated
wilh conventional hypersensitivity reactions (i.e., reactions related
to 1 measurable antibody) has been stimulated and broadened in
scope by information acquired from attempts at the solution of
problems of a general biological nature. This arises from observa-
lions relating to such diverse phenomena as the cellular origins of
antibody, homograft rejection phenomena, acquired tolerance to
foreign cells, allergic encephalomyelitis, agammaglobulinemia, asper-
malogenesis and reactions to autologous antigens. This chapter will
consider in some detail the impact which this extension of interest
has had both upon the courses of action in immunologic investiga-
tion and the current concepts of altered tissue reactivity.
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The Known Types of Allergic Inflammatory Responses.

Three main categories of allergic inflammatory response have
been separable largely on the basis of the presence of a measurable
antibody in the serum of sensitized individuals. The allergic respon-
ses associated with the presence of a detectable circulating serum
antibody fall into the category of “early responses”—a designation
suggested by Chase (7) to signal the prompt appearance of a visible
response in the sensitized subject following exposure to antigen. The
“early responses’ are further subdivided into the wheal and ery-
thema type of response and the Arthus or anaphylactic type of
response.

The allergic response of the wheal and erythema type is distinctive
in that it occurs spontaneously in nature, for all practical purposes
exclusively in man and usually in those human subjects susceptible
on the basis of genetic transmission. This type of allergic response
is classically seen in hay fever and certain types of bronchial asthma,
clinical states which are provoked in susceptible individuals by
specific plant pollens. The serum antibody found in association with
this type of response—the so-called “wheal and erythema” antibody
or “reagin’—is heat labile at 56° C and does not form a precipitate
when reacted with antigen in vitro. Some intimation of its quantity
can be estimated by titrations of human sera with the Prausnitz-
Kiistner technique—a circumstance dependent upon the fact that
the wheal and erythema response can be transferred passively with
serum to non-sensitive individuals.

The Arthus or anaphylactic type of response, whether produced
intentionally in laboratory animals or inadvertantly in man, is uni-
quely an iatrogenic allergic inflammatory response. It is an ex-
aggerated phase of the normal immune response to the parenteral
injection of soluble foreign antigens, the heat stable serum antibody
produced will precipitate in the presence of antigen and the response
can be transferred passively with serum. The Arthus type of res-
ponse usually follows repeated administration of the same antigen
and its intensity, in the host—as well as the capacity of the host’s
sera to transfer the response, has been shown by Benacerraf and
Kabat (1) to be a function of the titer of precipitating serum
antibody.

The least well understood of the known allergic inflammatory
responses is the delayed tuberculin type of response characteristic-
ally associated with bacterial allergy (26). It has suffered a tenuous
connection with conventional immune responses because of the
absence of a detectable antibody. Indeed, the delayed type of response
has been regarded as an immune response largely on the basis of its
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occurrence only in the specifically sensitized subjecl. The delayed
type of response, although characteristically associated with bac-
tervinl infections also follows viral, fungal and spirochaetal in-
tections and sensitization to certain plant materials and simple
chemieals,

The similarities and differences between the known types of
allergie inflammatory responses are summarized in Table 1.

Il may be seen that the main distinction between the types of
ullergie response relates to the presence or absence of a measurable
werum anlibody separating the “early” from “delayed” types of
response. The physicochemical characteristics of this serum antibody
turther subdivides the “early” responses. This may be an artificial
il deceptive separation arising from the limiting sensitivity of
the in vilro method for the detection of precipitating antibody. It is
possible for example that the skin reaction seen in delayed allergy
delecls Lhe presence of an immune response with a degree of sen-
silivily which is not currently available for the detection of minute
quuntilies of circulating antibody.

Il has been reported many times (39) that in delayed allergy there
4 u direct specific cytotoxic effect of antigen upon the cells of the
wensitized host. Cytotoxicity has thus been taken as another cardinal
point of difference between the delayed and the Arthus and wheal
erylthema types of response. In recent years the inconstancy of this
phenomenon and the unphysiological modes of its demonstration
when present, have raised the question whether cytotoxicity exists
and if so what meaning it has, if any, in relation to events in vivo.
Stetson (41) has posed this question clearly by pointing out the high
concentrations of tuberculoprotein necessary to demonstrate the
phenomenon and the frequent injurious effects of the same concen-
trations upon normal tissue. He regards the noxious effects of
tuberculoprotein on sensitive tissues as representing a real pheno-
menon but questions the relation of such effects to the presence of
delayed allergy in the donor.

The occurrence of delayed reactions in the avascular cornea of the
wensilized animal, in contrast to the requisite for vascularization of
the cornea before an Arthus reaction can be elicited (39), provided
cogenl experimental reasons for concluding that this represented an
in vivo manifestation of in vitro cytoxicity. Here again, this inter-
pretation is brought in question by Schlossman and Stetson (40) in
n recent histological study of the vascularization of the cornea during
delayed reactions. They observed vascularization of the normally
uvascular cornea as early as six hours after, in response to the
trauma of injection of Ringer’s solution. The vascularization was
more intense following the injection of specific antigen into sen-



TABLE I*
Types of allergic inflammatory responses.

Early Responses ‘

1 Delayed Responses

Wheal and | Arthus or

i
|
|
T e o e P S e Co e

Transfer of sensitivity ................ooo.t

Cytotoxicity of antigen for explanted
sensitive cells

Present in serum
Non-precipitable
Heat-labile

With serum

None

carbohydrates

Present in serum
Precipitable
Heat-stable

With serum

None

Erythema | Anaphylactie
Clinical state ....ccooovvviniiiiiiiniennnnnn, Hay fever, asthma Serum sickness Tuberculosis, lymphogranuloma,
histoplasmosis, syphilis, poison
ivy
Sensitizing material ........................ Pollens Soluble proteins, Bacteria, viruses, fungi, spiro-

chetes, plant materials, simple
chemicals

Absent in serum
Absent in cells
Unknown

Not with serum
With cells

Present

* Reprinted with permission of the editors of the American Journal of Medi-
cine. Source: H.S.Lawrence, The Delayed Type of Allergic, Inflammatory Re-
sponse. Am. J. Med. 20: 428, 1956

SEONSIHAVE AOOMNYIHES



ALLERGY AND IMMUNOLOGY 63

attized animals preceding the posilive corneal reaction associated
with delnyed allergy by many hours. These authors conclude that
elnyed reactions in the cornea do not occur in avascular tissue,
wid blood vessels participate in this as in other immunological
renclions,

The requirement of considerable numbers of intact bacterial cells
wnd Tocal neerosis of host tissue for the induction of delayed allergy
i nlsoin question as the results of recent experimental observations.
In nature these conditions prevail in bacterial, fungal and viral
inlections. In the experimental animal it was originally observed that
one needed intact bacterial cells to induce delayed allergy—injected
prelerably intradermally or subcutaneously, since intravenous in-
jection was without effect. If the soluble constituents of bacteria
were used to sensitize the animals then the Arthus type of sensitivity
tesulted. This notion was modified by the findings of Dienes and
hy those of Freund and his associates (15, 16). More recently Uhr,
“wilvin and Pappenheimer (36, 43) have produced delayed allergy
wilhoul injecting the soluble protein antigen into a tuberculous
locus or mixing the antigen with Freund’s adjuvant. Their technique
vnlails the use of specific antigen-antibody precipitates made in the
tegion of antibody excess. The injection of this material into the
lool pads of guinea pigs results in the induction of delayed allergy
lo the antigen without the concomitant production of serum anti-
hody. This experimental model offers a unique opportunity for the
nnalysis of the delayed type of allergic inflammatory response un-
vomplicated by the presence or contribution of conventional serum
unlibody.

Another of the cardinal differences between hypersensitivity re-
wehions of the immediate and delayed types relates to the incapacity
ol serum and the effectiveness of cells of the leucocyte series in the
hiansfer of delayed hypersensitivity. Since the original observations
imulialed by Landsteiner and Chase and Chase (7,8) the cellular
Liansfer system has proved an effective technique in the study of
delayed hypersensitivity reactions. More recently Chase and others
have adopted this technique to the study of the synthesis of conven-
tional serum antibody.

Thus it may be seen that Table I serves as a scaffold continuously
undergoing alterations in one section while other sections maintain
the essential structure of the whole. As such it is a useful aid in
defining, at least, the areas of our ignorance. With this discussion
us o background, T would like to consider a series of observations and
concepls derived therefrom which have evoked interest and enthus-
s in the study of the immune response in general and its aber-
ralion, hypersensitivity reactions in particular.
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Cellular Origins of Antibody.

In relation to the cellular origins of antibody there has been con-
siderable evidence collected to suggest the association of a variety
of cell types with various phases of the immune response (22).
Earlier studies by Sabin suggested that the macrophage might have
an important role in antibody formation insofar as the disappearance
of a coloured antigen phagocytosed by these cells coincided with the
appearance of scrum antibody. More recently, McMaster’s findings
clearly demonstrated the production of antibody in lymph nodes
and the lymphocyte then assumed prominence in relation to this
problem. Evidence collected along several lines has demonstrated
that the lymphocyte is concerned in the production of antibody in
as yet some unknown fashion. This view results from the finding of
antibody in efferent lymph draining nodes stimulated with antigen
as shown by Ehrich and Harris. Additional evidence of antibody pro-
duction using thoracic duct lymphocytes has been secured by
Wesslén and using splenic white pulp lymphocytes by Keuning and
Von der Slikke. In support of the role of the lymphocyte in the pro-
duction of antibody have been the findings initiated by Chase (8)
and extended by Harris and by Dixon, demonstrating the synthesis
of antibody in recipients of transferred cell suspensions obtained
from lymph nodes. The cell populations consisted mainly of lympho-
cytes although other cell types were present.

The plasma cell is currently undergoing intensive investigation as
the cell type most intimately connected with antibody production.
This cell in addition to being associated with chronic infection and
inflammation has been demonstrated to appear in response to anti-
genic stimulation and to be associated with the production of gamma
globulin. There has been accumulated a considerable body of in-
direct experimental evidence in man and the experimental animal
linking the presence or proliferation of plasma cells with the pro-
duction of serum antibody. Recent direct evidence obtained by
fluorescine techniques has been secured by Coons (11) and his col-
leagues, demonstrating specific antibody in plasma cells in lymph
nodes and spleen of animals undergoing antigenic challenge. Of
interest in this connection is Good’s (19, 20) demonstration that the
agammaglobulinemic patient who is unable to respond to antigen
with the formation of detectable serum antibody, has a demon-
strable parallel deficiency of plasma cells.

The capacity of the macrophage to ingest and metabolize foreign
particles which happen to be antigenic is clear. So also, the lympho-
cyte and antibody production is in some way closely associated.
However, there appears to be a more direct relationship between the
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appemranee and proliferation of the plasma cell and antibody syn-
thenin an the basis of the evidence secured Lo date. The gaps in our
bormation revolve around Lhe relationship of these events to each
alher and the origin and developmental potentials of the cells
Involved,

Mlergies of the Immediate Type.

An ndvance in the understanding of wheal and erythema allergies
wied the properties of the reaginic type of antibody has been made by
IWuhns and Pappenheimer (23-25), (35). This illuminating series of
shidies acerued from the application of a known antigen-antibody
syulem, diphtheria toxin-antitoxin, to the study of allergic responses
ol the wheal and erythema type. This immune system has the follow-
g ndvantlages not possessed by the usual pollen allergens and their
1ewpeclive antibodies: 1) The antigen is highly purified, 2) The test
tor untibody (i.e. neutralization of toxin in rabbit skin) detects small
wmounls of antibody, 3) Both the antigen (toxin) and the antibody
or reagin (antitoxin) have biologic properties which indicate their
presence in addition to detection by conventional immunological
lechniques.

Kuhns and Pappenheimer found that the secondary response to
immunization of human subjects with diphtheria toxoid may result
in the production of antitoxin which does not precipitate in the
presence of antigen and which has the capacity to produce the wheal
nnd cerythema response on passive transfer. It is of interest that
subjects with a clinical history of antecedent allergies of other types,

‘I'he reaginic antitoxin was found to neutralize toxin as effectively
ns lhe precipitating variety. This latter property of reaginic anti-
toxin is heat stable whereas its skin sensitizing capacity is heat
libile. There also occurred a blocking antibody in some of the sub-
jecls immunized which differed from the reaginic antitoxin and the
precipitating antitoxin. The blocking antibody has no great avidity
for the skin, it is heat stable and appears in the gamma globulin
fraclion of serum. The study of the immune response of allergic and
normal subjects to well characterized antigen-antibody systems
which permit a biological as well as an immunological measurement
as this study has done, affords a fruitful approach to the under-
standing of the mechanisms mediating this type of allergic response.

Allergies of The Delayed Type.

Bacterial Allergy: The recent advances in the field of hypersen-
silivity of the delayed tuberculin type have done much to relate this

b ALLERGY
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type of immune response, not associated with a detectable antibody,
more closely to conventional immune responses which are associated
with measurable antibody. The investigations of Gell and Hinde
(17,18) have suggested that delayed hypersensitivity evoked by
repeated testing with protein antigens is an initial and incomplete
phase of the immune response which, if testing is continued, is
followed by the production of serum antibody and the Arthus type
of hypersensitivity. It is of interest that the delayed reactions to the
initial application of antigen were characterized by a mononuclear
type cellular response. Such delayed sensitivity was amenable to
transfer with cells of the leucocyte series, but not with serum. How-
ever, concomitant with the development of detectable serum anti-
body to the same antigen and Arthus type hypersensitivity, the
mononuclear cell population characteristic of the delayed reaction
was replaced by plasma cells.

In studies of the induction of delayed allergy Uhr, Salvin and
Pappenheimer (43) have devised a system whereby delayed hyper-
sensitivity can be studied in the absence of serum antibody. To ac-
complish this, specific precipitates of well characterized protein
antigens are prepared in the region of antibody excess. When such
precipitates are injected into the footpads of guinea pigs or skin
of man delayed allergy is induced and serum antibody production
is suppressed for a variable period, usually a month. The chief
advantage of this experimental model is that it affords the oppor-
tunity to exclude confusing reactions of the combined delayed
and Arthus type that occur incident to the presence of serum
antibody found in other modes of induction of delayed hyper-
sensitivity.

Our understanding of the mechanisms involved in the induction
of delayed hypersensitivity has been advanced by a series of studies
carried out by Good and his associates (19, 20) and by Porter (37)
in patients with agammaglobulinemia. Briefly, individuals afflicted
with this disorder are incapable of responding to antigenic stimuli
with the production of serum antibody and are therefore prey to
recurrent bacterial, but not recurrent exanthematous viral infec-
tions. Associated with the incapacity to synthesize detectable serum
antibody is a parallel absence of plasma cells in such individuals.
It has been shown recently that despite the incapacity of these sub-
jects to form serum antibody they do respond to antigenic stimu-
lation with the acquisition of delayed hypersensitivity (tuberculin,
dinitrofluorobenzene, diphtheria toxoid). Moreover, the actively in-
duced delayed hypersensitivity can be transferred from the agamma-
globulinemic individual to normal subjects by means of peripheral
blood leucocytes. These observations would suggest that delayed
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hy persensilivily is nol dependent for its induction or transfer upon
the presenee of a capacily to synthesize conventional serum antibody.

One of the chief impediments to an understanding of the mechan-
tnnis underlying baclerial allergy has been the inability to detect an
wnlibody which parallels the tissue damage incident to this type of
wltered response. Chase (8) provided a fundamental contribution
which supplied the most direct evidence that tuberculin sensitivity
in medinted by an immune mechanism intimately bound to cells of
the lencoeyle series. He observed that tuberculin sensitivity is con-
terred on normal animals following the injection of leucocytes ob-

tnined from blood, spleen, lymph nodes or peritoneal exudates pre-
pured from sensitive animals. The sensitivity transferred to the re-
vippent was transient and disappeared in 3-5 days—its intensity

paralleling the intensity of sensitivity in the donor and the volume
ol cells used. Transfer of sensitivity could only be effected by living
velly, These findings have been confirmed repeatedly in animals and
wxlended to include delayed hypersensitivity to other bacterial
nnligens,

I'ne application of the cellular transfer system to the study of
haeterial allergy (tuberculin, streptococcal proteins) in the human
sihjeel also resulted in similar findings with, however, several signi-
ficant species differences (29). The transfer of delayed sensitivity
In man requires a volume of leucocytes, which in relation to the
nirface area of the recipient is relatively minute. The duration of
the transferred sensitivity is also greater in man in terms of persist-
ing for months to 1-2 years. Finally, extracts of leucocytes have
heen shown as effective as viable leucocytes in the transfer of de-
luyed sensitivity in man (28, 13). This property of the human
leucoeyte extract has allowed attempts to be undertaken at identifi-
culion of the factor in human leucocytes concerned in the transfer
ol delayed sensitivity.

T'o date, such attempts at identification have been successful only
i suggesting what transfer factor is not; however, they do give
promise of ultimately defining its nature. For example the capacity
ol human leucocyte extracts to transfer delayed sensitivity is not af-
feeted by treatment with the enzymes desoxyribonuclease, ribonu-
clease or trypsin (28, 29). Using purified diphtheria toxoid as anti-
pen, conventional serum antibody is not detectable in the leucocyte
exlracls used to transfer sensitivity nor in the sera of the recipient
nl the lime of maximal delayed skin reactivity. From this study it is
concluded that antibody of the conventional type is not involved in
the transfer of delayed sensitivity or it escapes detection by a most
sensilive biological test (30, 36). This type of experimental approach
cmploying leucocyte extracts may permit identification of transfer
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factor—and with identification the possibility of quantitation of
delayed hypersensitivity.

The application of cellular transfer to the study of hypersensitivity
in agammaglobulinemic patients has yielded valuable clues to the
nature of delayed allergy. It has been shown that delayed hyper-
sensitivity can be transferred by means of peripheral blood leuco-
cytes from normal donors to the agammaglobulinemic individual
and also from actively sensitized agammaglobulinemic donors to
normal subjects. The transferred sensitivity has persisted in the
agammaglobulinemic recipients for as long as two years. These
observations suggest that the factor in human leucocytes concerned
in the transfer of delayed sensitivity can cause its effects for pro-
longed periods in the absence of the mechanism necessary for the
synthesis of serum antibody. They also suggest that whatever cell
or cells of the leucocyte series mediate the transfer of delayed sen-
sitivity, it is not the plasma cell. Of interest in this connéction and
in relation to the cellular origins of antibody, is the observation in
humans that the use of peripheral blood leucocytes although con-
sistently effective in the transmission of specific delayed allergy
are incapable of causing the appearance of serum antibody to the
same antigen in normal (30) or agammaglobulinemic (19, 20) reci-
pients. However, the transplantation of lymph nodes from normal
donors to agammaglobulinemic recipients results in the transfer of
the capacity for serum antibody formation and the development of
delayed hypersensitivity as well (31).

The application of the cellular transfer system to other disease
states in man has also supplied interesting information concerning
the relation of delayed hypersensitivity to disease. For example it
has been shown that tuberculin sensitivity may be transferred by
leucocytes to anergic patients with Boeck’s Sarcoid (44). This
finding has done much to clear the confusion engendered by the con-
cept of circulating “anticutins” postulated to explain tuberculin
anergy in these patients. In cat scratch fever, a disease presumed to
be of viral origin, the delayed hypersensitivity to the cat scratch
antigen has also been shown amenable to cellular transfer (45).

Contact Allergy.

This type of delayed hypersensitivity has been thought of as
distinct from the tuberculin type, but recent observations have sug-
gested that it is probably mediated through the same pathways as
bacterial allergy. The unique features which set this response apart
from bacterial allergy lie in the nature of the sensitizing materials
and in the elicitation of the response. The sensitizing materials here
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wie low molecular weight subslances, called “simple chemicals”,
which are haplenes rather than complete antigens. It was suggested
trom the findings of Landsteiner and Jacobs that such materials are
cipable of forming prolein conjugates in vivo. Eisen and his col-
lengues (12) have recently furnished direct experimental evidence
that this is actually the case. It was demonstrated by this study that
the capacity of low molecular weight chemicals to elicit delayed
hypersensitivily was related to their ability to combine with protein
ol the skin. The inability of serum and the effectiveness of leucocytes
in the transfer of this delayed response has been repeatedly demon-
straled by Chase (7,8,10) and others in animals. After two un-
wnecessful reports, recent studies (14, 19, 20) have demonstrated the
transfer of delayed allergy of the contact type with peripheral blood
leucocytes in man. It would appear that for the cellular transfer of
conlact allergy in humans the degree of sensitivity of the donor and
the volume of leucocytes injected into the recipient govern the de-
gree of success achieved, as had been demonstrated in relation to
haclerial allergy (29).

Chase (7-10) has made interesting observations in relation to
simple chemical sensitization which have a bearing on the variety
ol hypersensitive responses provoked in patients exhibited drug
reaclions. He has called attention to the fact that the type of sen-
silivity produced (immediate or delayed) is determined by the
chemical nature of the sensitizing substance. One group of chemicals
may have the property of producing predominantly the delayed type
of scnsitivity, while another group may produce immediate type
sensitivity and still other chemicals may produce immediate and
delayed sensitivity at the same time to the same material. He also
showed that the type of sensitivity produced in the donor animal
roverned the type transferred to the recipient by means of cells. By
this means he was able to transfer both immediate and delayed
sensitivity simultaneously to the same chemical using the same cells.
This variable hypersensitive response to different chemical group-
ings suggests an explanation for the diversity of responses provoked
in patients by drugs. It may also explain many of the negative re-
aclions obtained in patients sensitive to a particular drug, if only
lhe delayed contact type of sensitivity is looked for by means of
the patch test.

The problem of hypersensitivity reactions to antibiotic agents such
as penicillin and streptomycin in patients is even more complicated.
llere in addition to the pathways of sensitization open to low mole-
cular weight materials, one has the extra complication of sensitiza-
lion of the type associated with fungal antigens, which is predomi-
nantly delayed in type.
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Chase (9) also observed that animals which had been fed the
particular chemical before sensitization was attempted, became and
remained refractory to sensitization by the usual means. The only
way in which this refractory or tolerant state could be overcome
was by means of cell transfer with leucocytes obtained from sen-
sitive donors. This observation may have its counterpart in drug
allergy observed in patients. For example, it is not known whether
the sensitivity reactions to penicillin—or other topically or parenter-
ally administered drugs—could also be inhibited by this means.

Reactions to Homologous Tissues; Homotransplantation Immunity.

If an individual is confronted with another’s tissue as exemplified
by the application of a skin homograft, a definite and predictable
sequence of events will ensue. Initially the graft will take and appear
viable until about the 10-12th day when a brisk inflammatory res-
ponse occurs with resultant necrosis and rejection of the graft. If
the same individual is again confronted with skin from the same
donor this response will be more intense and occur with an accele-
rated tempo (4-6 days) (2, 27).

In a series of classical experiments Medawar (32-34) and Billing-
ham, Brent and Medawar (2, 5, 6) have established that the pheno-
menon of homograft rejection is mediated by an immune mechanism.
The immune response to foreign tissues or cells exhibits many
similarities to bacterial allergy of the delayed type, namely the
requirement for specific prior sensitization, the temporal sequence
of events in the primary and accelerated rejection of tissues, the
inability to transfer the response with serum (vide infra) and the
successful transfer of accelerated homograft rejection by means of
cells from regional lymph nodes of sensitized donors. There is also
much evidence collected to support the notion that the serum anti-
bodies inevitably formed to tissue antigens, may play a role in
mediating homograft rejection (2). However the most direct ev-
idence for this possibility has only recently been secured by Stetson
(42) who demonstrated the local passive transfer of accelerated ho-
mograft rejection by means of hyperimmune sera in rabbits and mice.

The problem of the antigen(s) that incites this type of altered
tissue reactivity and the antibody (ies) that mediates it are currently
under intensive investigation.

Acquired Tolerance.

An entirely new area of immunologic investigation has been
opened by the demonstration by Billingham, Brent and Medawar (6)’
that exposure of the foetus to cells of a prospective donor allows
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the Tormer, afler birth, to tolerate that donor's skin homograft in-
detinitely, ‘This aclively acquired toleranee may then be interrupled
i Iymph node cells from a normal mouse are injected into the
tolernnt mouse, ‘The rejeetion of the previously tolerated homograft
will occur slowly if the lymph node cells are oblained from non-
nensitized donors and rapidly if oblained from donors specifieally
sensilized Lo the same homograft. This work has provided direet
evperimental proof of the postulate of Burnet and Fenner (3,4)
thnt anligens introduced into the embryo at an carly period will he
tecognized as “self” and therefore be incapable of provoking an
immune response. The far reaching implications of this and sub-
sequent observations have a practical bearing on the onltogeny of
immune mechanisms and the hitherto unsuspected immunological
condilioning which may be exerted by the mother upon the foctus.

leaclions to Autologous Tissues.

If an adult animal is exposed to certain of his own tissues in n
particular fashion there will result a specific hypersensitive stale
developed by the recipient against these tissues. The experimental
sludy of this phenomenon in relation to tissues of the central nervous
«yslem was given impetus by the clinical observation of the develop-
ment of allergic encephalomyelitis following certain viral infections
nnd viral immunization procedures. The experimental production of
this syndrome has been facilitated by the addition of Freund’s ad-
juvant (21) to the nervous tissue (brain or spinal cord) rcinjected
into the donor animal. An allergic neuritis with many of the features
of the Guillain-Barré syndrome has also been experimentally pro-
duced in animals (47). Similarly allergic uveitis has resulted from
sensitization to retinal tissues. The immune response to autologous
lissues of this type has in common with the immune response to
homologous tissues, many similarities to hypersensitivity of the
delayed type. For example, in allergic encephalomyelitis the timing
of cvents and failure to transfer the sensitivity passively with serum
from actively sensitized animals are suggestive pieces of evidence.
llere, although the sensitivity has not been amenable to transfer with
cells of the leucocyte series, Freund has demonstrated successful
(ransfer in parabiotic rats (16).

Allergic aspermatogenesis induced in the guinea pig by Freund
(16) by the injection of homologous or autologous testicular ma-
lerials in adjuvant has many similarities to allergic encephalomye-
lilis. It differs from the latter, however, in being both species and
organ specific and in the requisite for killed mycobacteria for its
induction.
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Reactions to Autologous Antigens.

It is appropriate to close with a description of recent immunolo-
gical observations made in a disease of man, thyroiditis (Hashim-
oto’s disease), since they afford an illustration of the practical ap-
plication of some of the concepts of altered tissue reactivity dis-
cussed above. Witebsky and his colleagues (46) observed that the
injection of rabbits with thyroid extracts or thyroglobulin prepared
from their own or other rabbit thyroid tissue and incorporated into
Freund’s adjuvant, resulted in the formation of precipitating and
complement-fixing antibodies directed against thyroglobulin. As-
sociated with this production of anti-thyroglobulin antibody was the
histological picture of thyroiditis and dense infiltration of the gland
with lymphocytes.

The finding of elevated gamma globulins in patients with Hashim-
oto’s disease and their subsequent return to normal following sur-
gical extirpation of the gland suggested to Roitt and Donach (38)
the possibility of an immunological basis for this disease and re-
sulted in their subsequent demonstration of precipitating antibodies
in the sera of such patients directed against human thyroglobulin.
Witebsky also found precipitating and hemagglutinating antibodies
in the sera of similar patients directed against human thyroid
extract.

Roitt and Donach postulate that since thyroglobulin resides
within the thyroid follicles, the foetus is not exposed to this antigen
in utero and therefore on the basis of the Burnet and Fenner “self-
marker” hypothesis and the Billingham, Brent and Medawar de-
monstration of acquired tolerance, it is not recognized by the adult
as “self”. When in adult life thyroglobulin gains access to the fluids
and tissues of the organism, antibodies are formed against it which
react with the thyroglobulin of the gland and stimulate lymphocytic
infiltration and plasma cell proliferation within the gland itself.
There follows further damage to thyroid follicles with further release
of antigen. It is suggested however, that there may be involved a
cellular hypersensitivity of unknown type in addition to precipitating
antibodies to thyroglobulin, to account for the extreme example
of the progressive disease with almost total destruction of the
thyroid gland.
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DEFINITION—PREVALENCE—PREDISPOSING
AND CONTRIBUTORY FACTORS

By

D. A. WiLLIAMS
Cardiff

I. DEFINITION OF ALLERGY AND BRIEF HISTORICAL REVIEW
OF PRESENT CONCEPT

It is obviously most desirable that we should know what is at
present meant by and included under the term Allergy.

Allergy includes those illnesses in man and animals resulting
from an altered capacity to react in which there is an underlying
immunological mechanism, i.e. those illnesses due to an indirect
action resulting from an antigen-antibody reaction. It is a com-
prehensive term including all such reactions.

As has been pointed out by Payling Wright (1953) both hyper-
sensitivity (allergy) and immunity are “dependant on the action of
a provocative antigen—the essential difference between them lies in
the amount and distribution of the specific immune bodies as be-
tween body fluids and cells ... Much evidence supports the belief
that whereas a combination of antigen and antibody can take place
without any detrimental effect on the individual as long as both are
free in the blood or tissue fluids, any union that occurs when either
have become fixed is followed by serious disturbances in the cells
in whose membrane or interior the process happens.”

The present concept of allergy has only taken place gradually as
advances in knowledge have been made both by clinicians and
pathologists. With increasing knowledge, more and more illnesses
have been brought within its scope.

It was therefore felt that a brief historical review would help the
reader to appreciate more fully than by definition, not only what
is now included under the term allergy, but how this has come about
and, it is hoped, may enable the reader to understand and assess
future developments in this field.
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ldiosynerasies have been known throughoul the ages, for the old
proverh “One man's meat is another man’s poison” was wrillen in
the first cenlury B. €. by Lucretius.

It was in the 19th eenlury that clinical medicine began Lo appre-
cinle the importance and frequency of idiosynerasies. Hyde Saller
t1868) showed clearly that inhalant and food idiosyncrasies played
n part in asthma and that the tendency to such idiosyncrasices might
he familial, cighty-four of two hundred and seventeen asthmatics
piving a family history of asthma. Charles Blackley (1873) cxperi-
menled on himself and showed that hay fever was due to grass
pollen in the atmosphere. He was the first to use the skin as a means
ol lesling a subject’s idiosyncrasy. In the 19th century also, came
unimal experiments in this field. Magendie (1839) found thal ani-
mals which came to no harm after a first injection of albumen, were
muade ill and died by a later injection. A similar type of reaction was
nlso found by von Behring (1893) who referred to it as a “para-
doxical reaction”.

It was not, however, until the turn of the present century that it
heecame gradually recognized that idiosyncrasies in clinical medicine
nnd Lhese paradoxical reactions in experimental animals were linked
logether by the same basic immunological and chemical mechanisms
nnd that human idiosyncrasies were linked by heredity.

In a series of classical experiments Charles Richet apprecinled
thal he was dealing with a fundamentally new mechanism of disease
which he and Portier (1902) termed anaphylaxis, meaning “without
protection”. Their basic concept being that a substance which was
relalively harmless on first injection might, on reinjection, become
severely toxic in its action when given in the same or even smaller
dosage after an interval of several days.

In the following year, 1903, Arthus produced local skin nccrosis
hy repeatedly injecting (every sixth day) small amounts of horse
werum into the skin of rabbits, a reaction now known as the Arthus
I'ienomenon. Here was the first example of local tissue neccrosis
caused by repeated injections of an otherwise innocuous substance.
Arthus also showed that the local reaction was linked with general
nnaphylaxis, for animals sensitized locally were killed by subsequent
inlravenous injection of horse serum.

In 1905 von Pirquet and Schick described serum sickness, com-
hining the results obtained from animal experiments with clinical
findings in man. In the same year Czerny (1905) was linking asthma,
vasomotor rhinitis and eczema under the concept of an exudative
dinthesis and in 1906 Wolff-Eisner suggested that hay fever was
linked with anaphylaxis.

The word Allergy was introduced by von Pirquet in 1906. It was
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derived from two Greek words, allog meaning altered and epyov
meaning energy or action. The word, therefore, means literally, an
altered action. von Pirquet used the word in the sense of an exces-
sive or diminished action—the changes in condition of the organism
brought about by contact with some organic or inorganic toxin or
other. Pollen, foods and other organic substances giving rise to
idiosyncrasies came within his definition of an allergen, although
he was studying human reactions to sera, tuberculin and vaccines.

von Pirquet described in the following year (1907) the delayed
reactions to tuberculin which occurred in human cases of tubercu-
losis and which had been previously reported in tuberculous animals
by Koch (1891).

Besredka and Steinhart (1907) described the process and at-
tempted to explain the mechanism of desensitization which they
called anti-anaphylaxis, and a few years later (1911) Noon described
the first successful use of inoculations as prophylactic treatment
against hay fever.

In 1909 Gillette called attention to the similarity between ana-
phylactic shock and asthma, as did Biedl and Kraus in the following
year. It was, however, Meltzer’s article in 1910 which brought wide-
spread notice to the similarity between anaphylactic shock in guinea
pigs and asthma in man and he suggested that asthma was an an-
aphylactic reaction. This article focussed attention on the possi-
bilities of a new approach to asthma, linking idiosyncrasies in man
with the new understanding of anaphylaxis. Asthma became ac-
cepted by many as an “anaphylactic disease”.

In 1910 a new contribution was made relating to the mechanism
in anaphylaxis—Dale and Laidlaw demonstrating the marked simi-
larity between anaphylactic shock and the effect of histamine in ex-
perimental animals.

In the same year, 1910, Eppinger and Hess introduced the concept
of vagotonia and Staiible the concept of the “eosinophilic diathesis”.
Eppinger and Hess instanced asthma as a classical example of vago-
tonia which also included urticaria. Staiible (1910) using the eosino-
phil cell as the index linked asthma, eczema, urticaria, angioneu-
rotic oedema and various intestinal disorders. Schloss two years
later (1912) reported urticaria, angioneurotic oedema and eczema
occurring as idiosyncrasies to certain foods and used skin tests to
identify the causative agents.

At the same time Doerr (1913) gathered under the term Allergy,
all the phenomena of altered reaction, hypo- and hyper-sensitivity
in man and also in animals (animals were not included by von
Pirquet).

In 1913 Longcope described lesions resembling glomerulonephritis
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moaninmls subjected Lo repeated injections of foreign protein, ‘This
win howans one of the earliest suggesling an allergic mechanism as the
vanwe of nephritis and gave further evidenee of a forcign protein, in
Waell harmless, causing Lissue damage on repealed injection,

In 1010 Cooke and Vander Veer conducled a careful study of here-
ity in usthma and hay fever and this was followed by a number
ol nueh studies which brought out the hereditary nature of some of
the naturally occurring allergies in man.

In 1920 Coca used the word allergy for the hereditarily oceurring
himan illnesses due to hypersensitivity, anaphylaxis for the mani-
femtutions of artificially induced hypersensitivity, and hypersentive-
nenn s the overall term to include both.

‘I'his was soon apparent as too narrow a use for the word allergy:
however in 1923 Coca introduced the word atopy, a word meaning
"nlrange discase”. Atopy was a term to include those allergic dis-
wews of a hereditary nature and which occurred naturally. Coen
lnter (1915) defined atopy as a “type of hypersensitiveness peculine
to mun, subject to hereditary influence, presenting the characteristie
mmediale whealing type of reaction, having the circulaling anli-
hody reagin, and manifesting peculiar clinical syndromes such as
mlhma and hay fever.”

I'he proof that there were “circulating antibody reagins” was
divcovered by Prausnitz and Kiistner in 1921. They showed thal a
positive skin sensitizing factor was transferable by the serum of a
sensilive person to the skin of a non-sensitized person. Kiistner was
wllergic Lo fish. A small amount of his serum was introduced intlo
the skin of a non-sensitive patient and subsequent testing ol this
pussively sensitized site resulted in a positive reaction, while a con-
tiol lest elsewhere on non-sensitized skin was negative. This was
the long awaited proof which had previously only been hinted al.

Coca and Walzer and their colleagues later made extensive studies
ol this phenomenon and Coca termed these antibodies “atopic rea-
pins”. It was by using serum containing atopic reagins transferred
1o n non-sensitive patient that Walzer (1927) was able to show that
unultered proteins were absorbed unchanged from the alimentary
cunal and so explained the specificity of foods as allergens.

In the early nineteen twenties also, Zinseer (1921) was carrying
oul his studies on bacterial allergy. He gave convincing proof of two
dilferent types of immunological response to the tubercle bacillus,
the anaphylactic type from the nucleoprotein fraction of the bacillus
md the delayed tuberculin type from the “residue antigen”. Two
vears later he and Parker recorded the findings of chemically similar
nubslances in other bacteria they investigated.

Al Lhe same time, Verkoeff and Lemoine (1922) using lens tissue
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for intradermal testing, found positive reaclions in patients who
developed “endophthalmitis” after operation. Uhlenhuth had shown
in 1903 that lens tissue was antigenic. Verkoeff and Lemoine put
forward the theory that the inflammatory reaction in the eye fol-
lowing trauma to the lens was caused by the development of a sen-
sitization to lens protein. A few years later, in 1925, Woods intro-
duced skin tests with uveal pigment solutions in sympathetic
ophthalmia, and following this with further contributions to the
understanding of allergy in ophthalmology.

In 1923, Duke recorded a series of observations showing how
physical agents, light, heat, cold and mechanical irritation, were
capable of producing various symptoms such as asthma, rhinitis,
urticaria, etc. He introduced the term physical allergy for such reac-
tions. However, no antigen-antibody reaction was proven and so the
inclusion or otherwise of this concept as an allergic mechanism has
remained controversial.

Around this time, also, studies in contact dermatitis were being
actively pursued. In 1924 Low described how primula leaf when
first applied to the skin gave no reaction, but when repeated, a
dermatitis was produced after a few weeks. Two years previously
Spain (1922) had found that when the oil of poison ivy was applied
to the skin of adults sixty-five per cent reacted but that the skin of
infants did not react to the first test. He thus excluded the action
as being primarily an escharotic effect. In 1926 Block and Steiner-
Wourlisch showed that by repeated application of an extract of
primula to a limited area of the skin they could sensitize the entire
surface of the skin of all their (twelve) subjects. In the following
year Cooke and Spain (1927) showed that the alcohol-soluble frac-
tion of poison ivy when applied as a “patch test” produced the
typical lesions of dermatitis. Within a few years the use and value
of the patch test in dermatology was being demonstrated.

In 1928 Shwartzman described a local tissue reaction to bac-
terial filtrates now known as the Shwartzman phenomenon. He
found that if a bacterial filtrate was injected intravenously, there
appeared in four to five hours, at the injected skin site, a local in-
flammatory reaction developing into a haemorrhagic necrosis. It
has since been shown that not only the skin can be affected but
many other organs such as the stomach and intestines, the peri-
toneum, liver, joints and testes. Many other bacterial, viral and other
filtrates can produce the same result and the preparing and the
exciting factor need not be the same.

Cardiovascular disorders were beginning to be linked together
with bacterial allergy when in 1926 Swift correlated bacterial aller-
gens with rheumatic fever, a viewpoint supported by Coburn (1931).
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o 1Rk Simon and Rackemann showed that there was no absolule
Miterentintion between atopic and non-atopie persons, for by re-
peabed inteadermal injection of quile small quantities of guinea pig
werim, sensilizalion oceurred in one hundred per cent of their sub-
Jov v They also showed thal sensilization was Tirst of the “tuber-
cuhn or delayed type”, and laler, after conlinued injeclions, positive
viluncous reactions of the “immediate whealing or urlicarial lype”
neenrred,

In 1935 Squicer and Madison showed that in convalesceence from
mprnnuloeytosis due to amidopyrine, the application of this sub-
slanee lo the skin produced a fall of white cells with a positive skin
teaction, Thus an allergic reaction to amidopyrine was the basis of
the ngranulocytosis.

In 1934 Burky introduced a new method of sensitizing animals to
proleins of relatively low antigenic power by the addition to them
ol slaphylococcus toxin. Lens tissue was incubated in hormone hroth
and the sterile tubes inoculated with toxin-forming staphylococeus
mureus, After ten days incubation, 0.5 per cent trikresol was added
andd the solution filtered through a Berkefeld V. filter. Wilh thix
lens loxin solution he was able to produce sensitivily to lens prolein
In rabbils quite readily and regularly, although in his experimental
wark during the previous eight years he had been unable to produce
nnlisfaclory sensitivity to lens protein by the usual mecthods wilh
sunple lens extracts. In the same way he easily produced a marked
sensilivily to ragweed pollen in rabbits, although it was common
eavperience that using pollen extracts only, it was difficult Lo oblain
any salisfactory degree of sensitization in rabbits. Using the sume
teehnique he also showed, that rabbits could be sensitized lo their
own muscle.

In 1936 Swift and Schultz confirmed Burky’s observations wilh
other proteins and bacterial toxins. They found a “synergistic condi-
tioning” when diphtheria toxin or streptococcus toxin was used
with scrum.

In 1936 Landsteiner provided the basis for our present knowledge
thal a non-protein substance can attach itself to a normal prolein
ol the body, thus forming a new protein substance capable of sti-
mulating the production of an antibody specific for the chemical
subslance which attached itself to the protein. This explained how
previous idiosyncrasies to drugs and other chemicals could in fael
he specific allergic reactions.

In 1936 Sikl described myocarditis with many eosinophils in a
patient who died of exfoliative dermatitis following arsenic and he
suggested that the myocarditis might represent an allergic reaction
to the drug, and in the following year Clarke and Kaplen (1937)

6 ALLERGY
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described myocarditis in human serum sickness. In 1942 French and
Weller showed that hypersensitivity to drugs could produce local
collagen degeneration.

In 1942 Rich discussed the role of hypersensitivity in periarteritis
nodosa and recorded seven such cases developing during sulphona-
mide therapy. Later, in the same year, he described another casc
resulting from a sulphonamide reaction.

In the following year Rich and Gregory showed that destructive
and fatal vascular reactions could be produced in animals by sub-
jecting them to a protracted hypersensitization reaction. They pro-
duced glomerulonephritis in rabbits with horse serum or egg al-
bumen in amounts that permitted some to remain in circulation
until the antibody made its appearance.

In 1942 Harley used the term allergy to include 1. Hereditary
Allergy; 2. Bacterial Allergy; 3. Allergic Contact Dermatitis, and
4. Serum Sickness and Drug Allergy. Hypersensitivity was still used
as a comprehensive term to include “all forms of increased reactivity
in man and the lower animals which are considered mediated by
special mechanisms.”

In 1943 Haxthausen established proof of the existence of anti-
bodies in contact dermatitis in animals. He showed that antibodies
from guinea pigs previously sensitized by contact with dinitrochlor-
benzene became transferred to the skin of a joined partner.

In 1945 Chase showed that passive transfer of tuberculin sensi-
tivity could be accomplished by transferring washed living mono-
nuclear cells from a sensitized animal to a normal one. This gave
the long sought for confirmation that the tuberculin reaction was
in fact an antigen-antibody reaction.

In 1946 in their book “Allergy’”’, Urbach and Gottlieb wrote that
“In Europe today, the viewpoint is generally accepted that an anti-
gen-antibody mechanism represents the basis of all allergic hyper-
or hyposensitiveness.”

In the following year, 1947, Cooke in his book “Allergy in Theory
and Practice”, wrote “Allergy was such a short, neat and expressive
word that by a sort of common consent it has been appropriated and
is now generally used to designate a special group of diseases in
man. On account of the interrelations of the various antigen-anti-
body reactions of man and of animals and the pressing need for a
concise over-all word for all such reactions, “Allergy” should be
selected as that word.” Cooke suggested the dropping of the cumber-
some word Hypersensitiveness and other unsuitable terms such as
Hyperergia and Pathergy and Idiosyncrasy. Atopy he suggested
should either be dropped or re-defined to designate the immediate
whealing type of spontaneous allergy.
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I 1010 Cooke defined allergy as all manifeslalions resulling from
wnligen sensilized cell reaclions and only these. He wrote that *sub-
whnees in themselves usually harmless, by “indirection” (indireet
wetion) produced profound and even lethal effeets upon tissues be-
vinnne of the exislence of a specifie cellular sensitization, for sensi-
treed cells when combined with an antigen seem Lo liberate some
mm e nelive substance or poison and the resulting reaclion consti-
tutes nllergy.” .. “But it is necessary to go a step further and ap-
pmecinte the fact that all antigen-antibody reactions are not identiceal,
The tissue responses vary with the nature of the antigen, type of
vell or immunological mechanism involved.” He cited three different
types ol allergy-——*“that occurring in a ragweed-sensilive hay fever
putient, the delayed reaction of the tuberculin type and the derma-
titie Lype by contact with poison ivy.”

In 1918 Raffel took tuberculin allergy a stage further when he
nhowed that hypersensitivity similar in all respeets to tuberculin
nensilivily could be established by the injection of tuberculo-protein
mived with a lipid fraction of the tubercle bacillus. (Neither sub-
stance alone will induce this type of sensitivity). Ile found thatl u
high degree of tuberculin sensitivity could be established withoul
any concomitant enhancement of resistance to infection.

In the last ten years additional work, clinical and pathological,
his further strengthened this concept of allergy and has brought oul
increasingly its importance in medicine. Interest in allergy has been
considerably stimulated by the wide range of diseases relieved or
madiflied by cortisone and corticotrophin. Freund (1957) has pointed
onl how during the last eight years or so a new group of cxperi-
menlal diseases have been discovered, diseases due to sensilizalion
with organ-specific antibodies. Experimentally produced encephalo-
myelilis, neuritis, uveitis and testicular damage can be produced in
nnimals by the injection of a suspension of the respective Llissues to
which adjuvants or potentiators—paraffin oil, killed acid-fasl bacilli

have been added.

There is now much support for the belief that various nervous
diseases in humans—encephalomyelitis, the Guillain-Barré’s syn-
drome, various diseases due to demyelinization—result from an
nllergic mechanism, and some—the Guillain-Barré’s syndrome and
wome induced neuritis—have been shown to respond to corlisone
(Graveson, 1957).

In the field of haematology Ackroyd (1952) has shown thal
Ihrombocytopenic purpura due to Sedormid is due to the develop-
menl of an antibody that destroys platelets. He points out thal since
plalelets and capillary endothelium are antigenically related the
mechanism whereby the vascular lesion is produced in purpura is

(1



84 D.A. WILLIAMS

similar to that which causes thrombocytopenia, i.c. an allergic
mechanism.

It is hoped that this brief historical review will have given the
reader an idea of the present concept of allergy.

Allergens, it has been seen, may be derived from otherwise inno-
cuous substances such as foods or inhalants or non-pathogenic or-
ganisms, from drugs and other chemical substances, from tissues
altered by adjuvants, or from bacterial or other pathogenic organ-
isms. Some of these allergens only sensitize people who have a
natural tendency to become sensitized while others sensitize all
people.

It has been seen that various types of tissue reactions occur as
the result of allergic mechanisms. A simple and practical classifica-
tion is: I. The immediate whealing type of reaction, and II. the de-
layed tuberculin type, which also includes the delayed drug allergies.

Hartman (1956) in a comprehensive review suggested a useful
classification of allergic disorders based primarily on the predo-
minant type of tissue reaction. Allergic disorders with:

I Anaphylactoid tissue reactions, e.g. asthma, hay fever, eczema,
mild serum diseases, etc.

II Necrotizing tissue reactions.
(a) cell selective, e.g. Rh sensitization, agranulocytosis, haemo-
Iytic, anaemia, etc.
(b) tissue selective, e.g. acute dermal necrosis, encephalomye-
litis, demyelinizing diseases, etc.
III Granulomatous tissue reactions.
(a) Tuberculoid type, including sarcoidosis.
(b) Rheumatoid type, including rheumatic fever.
IV Hyalinoid tissue reactions.
(a) collagen diseases.
(b) amyloidosis.

Hartman, under the above headings, further classified allergic
disorders into three clinical groups. I. Those disorders always or
usually allergic in origin such as hay fever; II. Those disorders in
which allergy is considered frequently a cause such as glomerulo-
nephritis, and III. Those disorders in which allergy is uncommonly
a cause such as scleroderma.

To some, the exhaustive lists of diseases which have been sug-
gested as allergic would seem, possibly, to be too comprehensive, but
this only illustrates the difficulty of drawing a sharp line in allergy
in our present stage of knowledge; i.e. our present difficulty in
deciding how important a part an allergic mechanism plays, and/or
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o commonly, in producing certain illnesses at present considered
hovderline, Only the future can tell.

With the contents of this chapler in mind, the elinicinn may well
tollow n simple and convenlional subdivision of allergy as follows:

b The immediale whealing allergies; - hay fever and vasomotor
rhinitis, asthma, infanlile cezema, urlicaria and angioncurotic
ocdema, food allergies and (somelimes) migraine; whether or
nol there is a hereditary factor proven.

Y Drug allergies —immediate and delayed, including serum  dis-
enses and anaphylactic reactions in humans.

W Allergic contact dermatitis.
I Bacterial allergies.

. Anaphylaxis, Arthus Phenomenon and other artificially induced
reaclions in animals.

By common consent the concept of hypo-allergic reactions haw
heen dropped.
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II. PREVALENCE oF ALLERGY (NATURALLY OCCURRING Typri)

An accurate assessment of the prevalence of the naturally occur-
ring allergic diseases is at the present time difficult. There are still
difficulties with regard to what should be included. For example
there is even now much sincere disagreement as to what manifesta-
tions result from food allergies and as to the prevalence of allergic
reactions to foods.

As an example of the present diversity of opinion with regard to
this, the findings of Loveless (1950) can be instanced. She found
from a poll of 191 specialists in pediatrics and allergy in the United
States that 1.5 per cent of 245,000 patients were considered allergic
to milk whereas the figures suggested by Rowe, Randolph and Rin-
kel would be five to ten times higher. In the same way she obtained
information that ingested corn in the United States caused allergic
symptoms in 0.16 per cent of 45,000 patients in contrast to an incid-
ence of 16 per cent to 30 per cent by Rinkel, Randolph, Rowe and
Crandall.

At present, therefore, any estimate of the prevalence of allergy in
a population can only be a rough estimate and is likely to be affected
to a certain extent by the views of the investigator.

Prevalence Studies in the United States.

Vaughan in 1932 estimated the prevalence of allergy in the village
of Clover in Southern Virginia comprising 508 individuals. He
classed as major allergies, asthma, hay fever, eczema, urticaria,
recurrent headaches or indigestion for which foods were known to
be responsible. A total of 10.8 per cent were found to have or have
had major allergies. Minor allergic manifestations at one time or
another were found in 48.1 per cent, making a total of 59 per cent
of the population who had or had had allergic manifestations. The
manifestation of minor allergy included a great variety of symptoms
(quoted Vaughan & Black, 1954, p. 95).

Jimenez (1934) in an investigation of 6,935 students of the Uni-
versity of Michigan considered 35 per cent as sensitized persons.
This included those who had or had had asthma, hay fever, rose
fever, eczema, gastro-intestinal upsets, food idiosyncrasies, frequent
colds and headaches, etc. Based on the family history, another 20 per
cent were considered potentially allergic, making a total of 55 per
cent being considered allergic or potentially allergic.

A few years later Pipes (1937) at Jackson, Louisiana, investigated
700 residents and students at the secondary schools and university.
Forty-nine per cent were found to have allergic manifestations, 1.6
per cent had major allergic symptoms and 35.8 per cent minor
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avimptoms, As with Vaughan's study, the incidence of food allergy
win high,

Service (1939) al Colorado Springs investigated through trained
tvestigators one thousand families, 3141 persons, and found that
0 per cent had or had had one or more major allergic manifesta-
Hon, i.e. asthma, cezema, migraine, urticaria and/or gastro-intestinal
nllergy.

I is from these carly studies and from the subsequent clinieal
opinions of olther workers in this field that there is now general
agreement in the United States literature that some 10 per cent of
thie population are subject to major allergic illnesses and that some
10 per cent Lo 60 per cent suffer from minor allergics (Vaughan and
Whaek, 1954).

I'revalence Studies in Europe.

Denmark. Schwartz (1952), based on careful personal study of
1790 persons, estimated the prevalence in Denmark of asthmua as
101 per cent, hay fever 0.30 per cent, vasomotor rhinitis 1.40 per
vent, Besnier’s prurigo 0.10 per cent, eczema 4.60 per cent, urlicarin
7.20 per cent, Quincke’s oedema 1.45 per cent and gastro-inteslinal
allergy 0.10 per cent, making a total of 16.16 per cent. If migraine
nt 1.10 per cent is included the total is 20 per cent of the population.

I'inland. Eriksson-Lihr (1955) draws attention to the findings of
P'ellonen and his colleagues at Turku where they found that of
1.832 children aged 7 to 14 years, 6.8 per cent had allergic manifesta-
hions, 7.39 per cent of 2,312 boys and 6.23 per cent of 2,520 girls,
Infantile eczema had a prevalence of 3.0 per cent, urticaria 3.2 per
cenl, asthma 0.6 per cent, rhinitis 0.4 per cent, “other allergies”
0.6 per cent, making a total of 6.8 per cent.

Brilain. The following figures are quoted from Reports (No. 7 and
No. 9) issued from the General Register Office of England and Wales
by ils Chief Medical Statistician W. P. D. Logan, of analyses of the
clinical records from April 1951 to March 1954 of ten selected gen-
eral practitioners. The figures give an average annual rate of pa-
tients consulting their doctors for allergic illnesses. It is to be borne
in mind that the services of a general practitioner in Britain are free
nnd that any drugs prescribed are issued at a nominal fee. Thus all
palients with active disease requiring either advice or medicinal
treatment will attend their doctors. It is, however, probable that mild
urlicarial cases would not visit their doctors, nor possibly would
milder cases of migraine who would no doubt treat themselves with
aspirin or codeine. The figures, therefore, will indicate active illness.
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In males (all ages) asthma had a prevalence of 0.86 per cent, hay
fever 0.44 per cent, urticaria 1.38 per cent, “other allergic disorders”
0.30 per cent, making a total of 2.96 per cent. If eczema 1.43 per cent
and dermatitis 1.48 per cent are added, the prevalence would be 4.87
per cent, just under 5 per cent.

In females (all ages) asthma had a prevalence rate of 0.77 per
cent, hay fever 0.47 per cent, urticaria 1.62 per cent and “other
allergic disorders” 0.43 per cent making a total of 3.29 per cent.
With eczema 1.37 per cent and dermatitis 1.53 per cent the total is
6.19 per cent, a slightly higher figure than in the males. The addition
of migraine 0.38 per cent in males hardly affects the total figure,
while 0.93 per cent in females brings the total figure in females up
to 7 per cent.
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THE PREVALENCE OF ASTHMA
Introduction.

Knowledge of the prevalence of a disease not only gives us a
measure of the load imposed by the disease on a community, but is
of value for the light it may throw on the aetiology and natural
history of the disease. Comparative studies by showing similarities
or differences may well guide us more surely on fundamental aetio-
logical factors than isolated individual studies.

In asthma, differing climatic conditions, differing environments,
differing ways of life and social conditions, differing racial charac-
teristics and sex and age differences have all been considered to play
important parts in its aetiology and natural history. Careful com-
parative studies of the prevalence of asthma in different communi-
ties would be one method by which the relative importance of these
different factors could be assessed.
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In assessing the value and meaning ol prevalence studies eare
must he taken to note the exact definition of asthma used and
whether il includes inaclive as well as active asthmatics, the methods
used to establish the population at risk and the number of asth-
malies, the age and sex distribution of the population, and the year
of examinalion. Each of these factors affecls the resultant figure
and only by most carceful comparison can one hope eventually to
nssess Lthe effect of different modes of life, different climales, cle.

llurope.

Brilain: Asthma was the cause of rejection of 0.9 per cent of
voung men aged 18 to 19 years medically examined for the Armed
IF'orces ( Williams, 1952). Among university students, in 1949 H0
Itook at Cambridge found that of 1,786 students medically examined,
0.6 per cent gave a history of asthma and 2.4 per centl had aclive
asthma, while at the University of Wales, Hitchens found that of
1.198 students, 3.1 per cent gave a history of asthma and 1.7 per cent
had active asthma (Williams, 1952). Grant (1957) in a medical
~tudy of 4,571 students at the University of Wales, found that 3.3
per cent gave a history of asthma and 1.9 per cent were still having
attacks. Grant (1957) gave figures strongly suggestive that asthma
wias more prevalent in university students than in the general popu-
lation at that age-group.

Roughly it would appear that some 2.0 per cent of universily
students in Britain have active asthma and between 3.0 and 1.0 per
cent give a history of asthma.

During 1946-47 Stocks in a two-monthly survey of illnesses in n
random sample of a canvassed population of 37,458 persons aged
16 and over, selected with proper regard to regional distribution and
representation of urban and rural districts, found the mean monthly
prevalence of asthma to be 0.9 per cent (Williams, 1952).

In 1954 two general practitioners from Barrow-in-Furness, an
industrial town in the northwest of England, found that in their
practice of 4,000 patients, 1.7 per cent consulted them on account of
asthma (Hamilton and Bendowski, 1954).

The General Register Office of England and Wales under the
puidance of its Chief Medical Statistician, W. P. D. Logan, has pub-
lished an analysis of the clinical records from April 1951 to March
1954 of selected general practitioners. The following is an cxlracl
from these publications. The overall figure of the prevalence of
asthma 1951-54 was 0.85 per cent as estimated from ten general
practitioners covering a population of 36,889 persons of all ages. In
1951-52 in eight practices, the prevalence was 0.97 per cent; in 19H2
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in 9 practices (with addition of onc practice with a prevalence of
0.7 per cent), the prevalence was.0.83 per cent, and in 1953- 54 in
9 practices the prevalence was 0.74 per cent. It is interesting to sce
that the prevalence of asthma is not of necessity constant each year
even over a period of three years.

That both age and sex have an affect on the prevalence of asthma
is shown in the following table:

Prevalence Analysed by Age and Sex.

Ages Males Females
0-14 0.97 % 0.519%
15-44 0.64 % 0.70 9%
45-64 1.07 % 1.25 9%
65 plus 1.00 % 1.189%

It can be seen that in the 0 to 14 age-groups, males have asthma
twice as frequently as females, whereas in the middle-aged and
elderly, females have asthma more frequently than males. Asthma
is commoner in both sexes over the age of 45 years than under
this age.

In Finland, Eriksson-Lihr (1955) recorded that of 2,176 recruits
for the Armed Forces age 18 years, 0.9 per cent were rejected on
account of asthma, a figure almost identical with that of Britain.
From school records at Helsinki of 14,668 boys and 13,331 girls aged
7 to 14 years, she found a prevalence of 0.4 per cent in the boys and
0.3 per cent in the girls. She quotes figures from Turku by Peltonen
and his colleagues showing that in a population of 4,832 school chil-
dren aged 7 to 14 years the prevalence of asthma was 0.6 per cent.

In Sweden, Kraepelin (1954), from school cards for the whole of
Sweden, found the prevalence of asthma in school children 7 to 14
years to be 0.73 per cent in both 1948/49 and 1949/50, populations of
235,437 and 247,000 respectively. In March 1953 in Stockholm, after
a personal interview with the school doctors of Stockholm the pre-
valence of asthma was found to be 1.37 per cent of the population.

In Norway, Claussen (1948) in a survey of 295,356 persons of all
ages over a considerable area of Norway, chiefly in smaller country
districts, found a prevalence of 0.4 per cent. He could find no obvious
differences in the frequency of asthma as between coastal and inland
districts but noted considerable differences in prevalence in different
age-groups. The maximum prevalence occurred in males in the 60-65
age-groups, 1.15 per cent, and in females, in the 55-65 group, 0.85
per cent.
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In Denmark, Schwartz (1952) in a very careful study of 1,700
persons, ealeulated the prevalence of asthma at 1,01 per cent of the
population,

In the Netherlands, Quarles van Ufford (1951) records thal of
171,737 young men of military age, 0.93 per cenl were found Lo have
usthma, IUis of interest that in the larger towns of more than 25,000
inhabitants, the prevalence was 1.18 per cent while in the smaller
ones the prevalence was 0.77 per cent; a definite difference.

In Germany, Albrecht and Dwerstef (1957) as the result of cir-
culurizing doctors in 1953 found the prevalence of asthma to be
001 per cent.

Norlth America.

Uniled States of America. One of the earliest estimates of the pre-
valencee of asthma was that of Frankel and Dublin (1917) who, in n
survey in the principal cities in Pennsylvania and West Virginia
hetween 1915 and 1917 of those who were ill on the day of visiling,
found a prevalence of active asthma of 0.04 per cent in 464,873
|u'|)|)|(‘.

Laler studies have shown this figure to be excessively low.

Sydentricker (1928) in a study of the prevalence of various dis-
eases at Hagerstown between 1921 and 1924 in a population of 8,087
found asthma to give an annual sickness rate of 0.41 per cent.

Collins (1935) in a canvassed population of 9,000 familics, 39,18)
persons in eighteen states visited for twelve months between 1928 31,
found active asthma to have a prevalence of 0.42 per cent. The fol-
lowing table shows his findings of the differing prevalence rates of
nctive asthma in the different age-groups: —

Under 5 years 0.33 %
5- 9 0.45 %
10-14 0.31 %
15-19 0.07 %
20-24 0.19 %
25-34 0.41 9
35-44 0.37 %
45-54 0.60 %
55—64 0.75 %

65 plus 1.00 %

Bigelow and Lombard (1933) in an assessment of chronic illness
in Massachusetts State in 1929-31, in a population of 75,668 bascd
on 13,000 cases, estimated a prevalence of active asthma of 0.45 per
cenl. Rackemann (1931) based on admission to the hospital clinic
ul Boston estimated the prevalence of active asthma as 0.5 per cent.
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Rowntree et al. (1943) found in World War 1I, that of 48,585 re-
cruits for the Armed Forces, aged. 18-19 ycars, asthma was present
in 0.53 per cent and 0.37 per cent were rejected on this account. This
figure for rejection is a lower figure than that for Britain and Fin-
land for the same age-group.

Hyde and Kingsley (1943) found in recruits to the U.S. Army aged
21-44 years, that 0.7 per cent were rejected because of active asthma.

Rowntree (1944) in an analysis of recruits to U.S. Army aged
18-38 years found 0.75 per cent rejected on account of asthma.

Vaughan in 1934, in a careful study of the inhabitants of Clover,
Virginia, a population of 508, found 3.3 per cent had or had had
asthma (Vaughan & Black, 1954).

Service (1939) in a canvassed population of 3,141 persons in Colo-
rado Springs, found 3.6 per cent had or had had asthma.

Rowe, (1937) among university students, population 1,000, found
that 3.0 per cent had or had had asthma.

Blanton, et al. (1953) in a study of 37,497 persons 1949/50, who
were over the age of fifteen years, found that 2.6 per cent had or had
had asthma.

Dees (1957) records that during 1955, of 2,951 first visits or ad-
missions of children to the Pediatric Department of The Duke Uni-
versity Hospital, 274 asthmatics were seen, giving a rate of 9.3 per
cent of all pediatric admissions.

A survey of the literature of the prevalence of asthma shows that
at present only a very rough comparison can be made.

In Europe, the prevalence of active asthma in England, Denmark,
Netherlands and Finland, is, surprisingly perhaps, very similar, all
being around or just under 1.0 per cent. In Sweden the figure for
children aged 7 to 14 years of between 0.7 per cent and 1.37 per cent
would suggest at least a similar prevalence amongst the adults. The
figure of 0.5 per cent for Germany is by comparison low, but as the
authors point out this figure can only be regarded as a rough estim-
ate as the returns from some doctors were unsatisfactory. The figure
of 0.4 per cent for Norway is also rather low when compared with
other studies in northern Europe and it would be of considerable
interest to see figures of more recent studies from this country.

Present studies suggest that roughly the prevalence of asthma in
different countries in northern Europe may well be somewhat
similar.

The United States is of course a vast continent as compared with
northern Europe, but it would appear that their prevalence figures
for active asthma are in general lower than those of northern Europe,
roughly 0.5 per cent as compared with approximately 1.0 per cent.
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AGE OF ONSET OF ASTHMA 1N
1000 MALES AND 1000 FEMALES
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Fig. 1.

I'veviously published in the Proceedings of the First International Congress
for Allergy, Basel, Karger, 1952, page 50.

Aye of Onset of Asthma.

I'igure I shows the age of onset of asthma in one thousand males
nnd one thousand females as found at the author’s clinic. IL can he
ween that before puberty boys develop asthma more frequently than
pirls, in a proportion of some 2-1; between puberty and the meno-
pause more woman develop asthma than men, and that after the
menopause the two sexes develop asthma approximately cqually.
More recent studies by the author with Dr. Higgins of the Pneumo-
coniosis Research Unit Llandough, Cardiff, have shown thal of
9,018 males and 16,592 females, asthma started in 38 per cent belore
the age of 5 years, 54 per cent before the age of 15 years, 67 per
cenl before the age of 25 years and in 80 per cent before the age
ol 3) ycars. A definite sex difference was found, 80 per cenl of
the males as against 40 per cent of the females developing asthma
hefore the age of 15 years, and 90 per cent of the males as against
7 per cent of the females developing asthma before the age of 30
yvears. Thus 25 per cent of the women, compared to only 10 per cent
ol the men developed asthma for the first time after the age of 35
years.,

Dealhs from Asthma.

T'he next table (A) shows the death rates from asthma as recorded
by death certificates in different countries. The figures represent n



96 D.A. WILLIAMS

TABLE A
Mean Death Rates from Asthma per 100,000 of the Living Populalion

-

Country ’ Yoaoin | TgwlNo.| Moo
Japan .ciicvieiiiiie e, 1948-50 3 15.7
Germany (Federal Republic) ...... 1949-50 2 10.8
England and Wales ... 1946-50 5 7.0
Ireland ..ocovovieieiiiiiiiiiiiiiiineenens 1946-49 4 6.8
Scotland ...cceeeeiiiiiiiiiiiiiiiee 1946-50 5 6.2
Netherlands 1946-50 5 6.1
Italy ..oooovvnennen. 1946-48 3 5.9
Denmark ...c.ccoiceeiiiiiiiiiiiiiiiinnnn, 1946-50 5 4.5
Norway ..... 1946-50 5 4.3
SPain s 1946-48 3 4.2
Finland ....cooviiiiiiiiiiiiiniiiinnnen. 1946-50 5 4.1
France ....ooecoovvveiiiiiiiiiiininininninns 1946-47 2 2.2
United States of America ............ 1946-49 4
Total .oooiiiiiiiiiiiiiiiiie e 2.2
Whites .oecoevieiiiiiiiiiiiiiiiiiiienenns 2.2
Others ...coeveeiiiiiiiiiiiiiiiiiieeenns 2.2
New Zealand ... 1948-49 2 2.2
Australia ......... 1946-49 4 2.1
Canada ..oooviiiiiiiiiiiiiii e 1946-49 4 2.0

comparison of the view of a large number of doctors in the different
countries, whose medical standards are similar and which can
probably be taken as an average comparison in regarding the true
death rates from asthma in those countries. They may well indicate
the relative severity of asthma in these various countries and pos-
sibly be a guide to the relative prevalence. The figures must, of
course, be considered with a modicum of reserve. The figures for

TABLE B
Deaths from Asthma Compared with Other Well-Known Medical Conditions
in England, Scotland and Wales for 1950.

Condition | M| F Total
AStNINA oot et e s 1,796 1,628 3,424
AppPendicitis .vieiiieriiiiiiiiiiiiiii e 717 535 1,252
Bronchiectasis ..ieveiiieieiiiieiieiieeninerieieiieenens 1,210 550 1,760
Duodenal UlcCer .....cccoviiiiiiiiiiiiiiiiiiiiiiiiiierenannnn. 2,143 411 2,654
Diseases of Blood and Blood Forming Organs ... 977 1,763 2,740
Diseases of Liver and Gall Bladder .................. 1,297 1,960 3,257
Gastric UICer ...oivviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiceeenns 2,250 925 3,175
DIabetes ..vvvireriiietiiiiieiiiieaeeireeneereaaereaaaaaes 1,383 2,866 2,249

Taken from Registrar General Statistical Review of England and Wales for the
year 1950, Volume 1, Medical, London, H. M. S. O.
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Foglond and Wales have been largely corroborated by elinieal stu-
e ol the author,

The next tnble (B) gives an indieation of the relative importanee
ol denths from asthma as compared with other illnesses (Registrar
Cieneral, 19HO).

The next tables (C. & D)) (both reproduced by permission of Kar-
fer, Busel from the Proceedings of the First Internalional Congress
ul AMlergy), show the relative importance of the allergic discases as
vompored with other common illnesses with regard to prevalence
wiid ineapacily, IEngland and Wales.

TABLE C
Mcan Monthly Prevalence Rates per 100,000 Population.
t1he Monthly Periods being evenly distributed from May 1946 till April 1947),

At s 904 Pernicious Anacmia .............. . 140
[ R R PPN 168 Other Specified Anacmia ...... 4
R T TR TP N 26 Undefined Anaemia ................ 1,000
Allcrgle Eezema 9

MU0 Ine e 250 Anaemia, all forms ................. 1,410

1,357 Heart Disease of Rheumatic

- (0] 5 7:3 1 1 W 176
Iwherculosis-Pulmonary ........ 280 Valvular Disecases of heart not

All sites ........ 374 said to be rheumatic ..... 189

P NZ e eeeeeas 1,326 Coronary Disease, Angina ........ 108

ol rie TTEEr covvivvviiiiiiiiinnnnes 476 - -

Duodenal Uleer .o.ovvvveeeinennn.n. 516 473
I'iptic & Anastomotic Ulcer ... 48

High blood pressure ............... 1,362

1,040 Diabetes ...ccccocvvnennnn 201

R — Simple Goitre 182

¢ hronic Bronchitis ............... 3,110 Thyrotoxicosis 14

¢ hronie Nasopharyngitis ....... 7,452 All Thyroid Conditions ........... 200

ENUSTEES i e 126 Pneumoconiosis ...........c...enll. 03
| 2 1Y RPN 289
Industrial Dermatitis ............ 52
Hheumatoid Arthritis ............ 419
Onteo Arthritis ..o, 39
SpondyTitis coviiiiiiiiiiie i 14

Other Arthritis

All forms of Arthritis ............ 1,530

alen from Table 15, “Sickness in the Population of England and Wales in 1944
1947, by Percy Stocks, C.M.G., M.D., F.R.C.P., Studies on Medical and Population
Subjects No. 2.

Previously published in Proceedings of the First International Congress
for Allergy, Basel, Karger, 1952, page 60.

1 ALLERGY



98

D.A. WILLIAMS

TABLE D
Days of Incapacity in Month per 10,000 from all Causes.

Asthma .....cooviiviiiiiiiiinnnenn, 206
Hay fever ..... -
Urticaria 1
Allergic Eczema .......c........... -
Migraine .......coeeeiiiiiiiiieinnians 23
230

Tuberculosis-Pulmonary ........ 72
All sites .. 108

Influenza ......coovvvvviiiiiiinnnnnn. 906
Gastric Ulcer ....ccccevvvvneennnenn.. 124
Duodenal Ulcer ........c.ceeeueennn. 120
Peptic & Anastomotic Ulcer ... 18
262

Chronic Bronchitis ................ 858
Chronic Nasopharyngitis ........ 51
Sinusitis ...oveeiiiiiiiiiiiiiin 16
Eczema ...ccooevivniiininiiiiiinneannns 32
Industrial Dermatitis ............ 33
Rheumatoid Arthritis ............ 61
Osteo-Arthritis ..................... -
Spondylitis ....ccovevvriiiiiiiiinnin.. -
Other Arthritis ...............e.ee 133
All forms of Arthritis ............ 194

Pernicious Anaemia ............... 20
Other specified Anaemia ......... -~
Undefined Anaemia ................ 54
Anaemia, all forms ................. 74
Heart Diseasc of Rheumatic
Origin .oocovvviiiiviiieniieninnnnnnnn 14
Valvular Disease of heart not
said to be rheumatic ............ 28
Coronary Disease, Angina ........ 16
58
High blood pressure ............... 62
Diabetes ...coceeiviiiiiiiiiiiiiiiiin., 4
Simple Goitre 18
Thyrotoxicosis -
All thyroid conditions ............ 26
Fractures, all sites .................. 194
Pneumoconiosis .................... 11

Taken from Table 15, “Sickness in the Population of England and Wales in 1944
19477, by Percy Stocks, C.M.G., M.D., F.R.C.P., Studies on Medical and Population
Subjects No. 2.

Previously published in Proceedings of the First International Congress
for Allergy, Basel, Karger, 1952, page 61.

TABLE E
Summary—31 General Hospitals.
England, Scotland and Wales.

Total Asthma Asthma as %,

No. Medical Principal of Medical

Discharges Disease Discharges
London Teaching Hospitals ...... 6 32,659 7317 23 %
Provincial Teaching Hospitals... 11 143,313 3,150 229
Non-Teaching Hospitals ........... 14 64,065 1,283 2.09%
Total General Hospitals ........... 31 240,037 5,170 2.2 9,

Previously published in Proceedings of the First International Congress
for Allergy, Basel, Karger, 1952, page 63.
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Uhie next table (1) gives the pereentage of the total admissions to
thinty one hospitals in Britain, The maintenance cost in hospital if
the nvernge stay was three weeks was estimated in 1919 as four and
w hall million Pounds Sterling annually.

There is no doubt that asthma is of considerable social importance,
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PREVALENCE oF HAY FEVER
The following are the figures given for the prevalence of hay fever.
Europe:

Britain (Based on patients consulting their doctors in ten general practices
in different parts of Britain).

Years Males Females
0-14 0.43 % 0.23 %

15-44 0.56 % 0.67 %
45-64 0.28 9% 0.48 9%
65 plus 0.30 % 0.12 %
All ages 0.44 9 0.47 %

(Extracted from Medical & Population Subjects No. 9, H. M. S. O. London)

Denmark 0.3 9% (Schwartz, 1952).

Italy 0.5 % (Sangiorgi, 1956).

Spain 0.5 % (Surinyach et al. 1956).

(Barcelona)

Middle East:
Israel 0.3 % (Kessler, 1954).

America:
United States 4.4 9% of 3,000 (Piness and Miller, 1930).
3.0 % of 1,000 (Piness and Miller, 1930).
5.3 % had or had had hay fever (Vaughan, 1954).
100% , 5 » s » 5 (Service, 1939).
10.0 % ” ” L) ’ ” 2 (ROWC, 1937)-
8.0 % of 2.140 school children had hay fever
Glaser et al., 1951).
3.0 % had or had had hay fever (Blanton et al., 1953).
2.3 % “conservative estimate” (Alexander, 1947).
1.0 9% (Scheppegrel, 1922).
Brazil Nil-—no cases of true hay fever among native
Brazilians (Lima et al., 1946).

It can be seen that a figure of approximately 0.5 per cent could be
taken for the prevalence of hay fever in Europe, but that in the
United States, hay fever which includes sensitivity to ragweed, a
pollen which does not occur in Europe, results in a much higher
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Hygnre, som 3.0 per cent to 10,0 per cenl with a past or present
hintory of hay fever.,

URTICARIA AND ANGIONEUROTIC OEDEMA

The following are published figures with regard to prevalence:

Lutope:

Britain Urlicaria
Years Males Females
0 14 3.47 9, 3.76 %
15 44 0.66 % 1.22 9%,
45 64 0.39 % 0.79 %
65 plus 0.34 % 0.77 %
All ages 1.36 % 1.62 9,

(Ixtracted from Medical & Population Subjects No. 9, H. M. 8. O. London)

I'inland School children 7-14 years 2.2'9% of 109
(Eriksson-Lihr, 1955).
Denmark Urticaria 7.2%

Quincke’s oedema 1.45 %
(Schwartz, 1952, p. 253).

U'nited States of America:

3.2 9 Angioneurotic oedema and Urticaria (Service, 1039),

0.39'% Angioneurotic oedema (Vaughan, 1954).

4.9 9 Urticaria (Vaughan, 1954).

15.7 % of 1,424 College Students had or had had once or
more attacks of urticaria (Sheldon et al,, 1964).

13.0 ‘9% Personal history of urticaria in 1,600 students
(Rowe, 1937).

23.6 % of 1,000 persons had urticaria (Swinny, 1941).

Eczema
Furope:
I'inland 3.0 % of school children with infantile eczema
(ages 7-14 years) (Eriksson-Lihr, 1955).
Denmark 4.1 9% eczema.
0.1 9% Besnier’s prurigo (Schwartz, 1952).
Britain
Eczema
Years Males Females
0-14 2.029% 1.83 %
15-44 1.07 9% 1.18 %
44-65 1.26 % 1.46 %
65 plus 1.63 % 1.04 %

All ages 1.43 9 1.37 %
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Dermatilis
0-14 1.49 % 1.62 %
15-44 1.39 % 1.42 9%
45-64 1.81 ¢ 1.52 %
65 plus 1.05 % 1.48 %
All ages 1.48 9, 1.53 %

(Extracted from Medical & Population Subjects No. 9, H. M. S. O. London)

United States of America:

4.5 % personal history of eczema (Rowe, 1947).
0.6 % allergic eczema (Vaughan, 1954).
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HL PremisrosiNG FACTORS

N Heredily and Allergy.

The great majorily of clinicians accept heredily as a basie factor,
piving rise to the tendeney for some individuals rather than others,
to develop spontancous allergice discases of the immediate whealing
Iy pe.

The most recent and notable contribution to this subject has been
that of Schwartz (1952) who critically (and excellently) reviewed
and summarized the literature and studied the occurrence of discases
ol known or of suspected allergic nature in the families of 191 asth-
mualies, 200 “controls” and 50 cases of baker’s asthma. All the asth-
malics had been fully investigated at the University Hospital, Copen-
hngen, and all were patients, of all ages, referred to the Medical Oul-

*alient Department. The majority were seen in 1943.

The illnesses studied in their families are listed below and were

ns defined :—

I. Asthma.—Paroxysmal dyspnoea accompanied by a wheezing respiration,

2. Hay fever.—Characteristic symptoms occurring each year during the scason,
In practically all cases the causative agent was grass pollen with only a few
spring and autumn hay fever cases.

4. Vasomotor rhinitis.—Paroxysmal, sudden rhinitis and sncezing, ilching in
the nose and nasal obstruction, at all times of the ycar.

I. Besnier’s prurigo.—“Eczema”, recurrent or chronic, characterized by intense
itching, prurigo, papular and lichenization in the flexor surfaces of the
knees and/or elbows, wrists and face. Only cases considered certain were
included, more doubtful ones were relegated to eczema. The majority
started before the age of 20 years.

4. Ecezema.—Included were: (1) cases where the precipitating factor was known,
primula, nickel, turpentine, etc. (2) Cases of typical eczematous cruptions of
protracted duration but in which the aetiological factor was unknown,
(3) Cases of mixed and uncertain character including eczema during infancy,
cczema with ulcer of the leg and eczema solare.

6. Urticaria.—Urticarial wheals with erythema and itching of some hours du-
ration subsiding with sequelae (strophulus not included).

7. Migraine—Paroxysmal unilateral headache accompanied by nausca and
vomiting with scotoma, etc.

8. Quincke’s oedema.—Paroxysmal, sudden swelling of the skin or mucous
membranes of a few days duration subsiding without sequelae.

). Gastro-intestinal allergy.—Included were only cases of regular attacks of
vomiting, diarrhoea or acute abdominal pain occurring invariably after in-
gestion of well-defined foods or drugs. All uncertain dyspeptic cases were
excluded.

10, Epilepsy.—

11. Ichthyosis.—Included only those with typically cracked, scaly skin; “fish
skin disease.”

12, Psoriasis.—
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The “controls” were subjects who did not suffer from any of the
above diseases but were matched by age and sex. There was no social
difference in the two groups. Both groups lived in Copenhagen. The
“pedigree” or family studies included the patients’ and controls’
parents, grandparents, parents’ children and children. More distant
relatives such as first cousins or grandparents’ children were not

that a genetic relationship was demonstrable between asth-
yasomotor rhinitis, while Besnier’s prurigo and presumably
i also appeared to be genetically related to asthma. He found
#as possible but not very likely that urticaria and Quincke’s
fi in females are in certain instances genetically related to
n a. He found that eczema and migraine were unrelated to asth-
ma, nor were psoriasis, gastro-intestinal allergy, ichtyosis and epi-
lepsy.

It is of considerable interest that in his investigation of the asth-
matics he analysed separately those cases of definitely allergic asth-
ma and those cases of asthma in which allergic exciting factors could
not be demonstrated, the so-called non-allergic group. He found a
striking correlation between these two groups and could find no
essential differences between them, concluding that asthma was a
disease entity, a genetic entity.

1t is also of interest that Schwartz, on the basis of the genetic
entity of asthma and its close association with vasomotor rhinitis,
Besnier’s prurigo and hay fever, and on the common finding of
positive cutaneous reactions and eosinophilia in these diseases, con-
siders that the evidence strongly indicated that these diseases are
always of allergic origin.

Schwartz’ results, as he points out, support Coca’s concept of
atopy, for Coca has for years been of the view that these diseases
differ from other allergic diseases by virtue of their common here-
ditary background.

Urticaria and Quincke’s oedema were found to be genetically
linked, to have a positive correlation and may be regarded as identi-
cal. This illness and asthma were linked apparently only in females.
It was suggested that there were two varieties of this illness, only
one of them being hereditary.

Bray (1930) had maintained that asthma was inherited twice as
often from the maternal side as from the paternal side, but Schwartz
showed from his own material that the diseases he demonstrated to
be genetically related, asthma, hay fever, etc., afforded no evidence
to support the idea of extrachromosomal inheritance through the

e -
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mother, nnd after considering the evidenee, considered exteachrom-
onomal inheritanee as unlikely.

The work of Cooke and Vander Veer (1916) and Spain and Coolke
102 1) suggested thatl patients with allergic predisposition from hoth
the paternal and malernal side manifest the allergie discase before
puberty, that in patients with unilateral allergic predisposition the
dinense does not occur until shortly after pubertly, and that patients
without obvious allergic predisposition develop Lheir illness at a
mare advanced age. Wiener, Zieve and Fries (1936) presumed the
evistence of two allelomorphice genes, H. (normal) and h (allergic).
I 1L is the normal and h.h. always develops allergic discase hefore
puberly, with all the intermediate combinations. Schwarlz analysed
their basie studies and condemns them on the basis of Ltheir materinl
el also on their assumption of an incidence of seven per cenl of
nllergie discases in the population, which is used for the caleulation,
I'nrther, Schwartz could not find in his own malterial that the pre-
senee or absence of allergic predisposition influenced the age of onset
ol nsthma. He therefore rejects the theory of Wicener, Zieve amd
I'ries. Schwartz also ruled out the possibility of sex-linked inhorl-
tunee in these diseases.

T'he possibility of dominant or recessive heredity in the asthmn
proup is discussed in detail. He concludes that the genelically related
diseases: asthma, vasomotor rhinitis, Besnier’s prurigo and hay fever
wre lransmitted by Mendelian dominance with failing manifestation,
As far as asthma is concerned there is, moreover, a “localization
fnetor” of genetic nature.

In discussing the localization factor, attention is drawn to the
previous work of Clarke, Donally and Coca (1928), who had found
thal whereas there appeared a heredity correlation between asthmn
mnd hay fever, asthma seemed to occur with preference in some
fnmilies and hay fever in others. Schwartz draws attention to the
npreement of his figures, that among the relatives of asthmatics the
predominant disease is asthma, and therefore supports the sug-
pestion of this localization factor in asthma, i.e. that asthma tends
to occur in the relatives of asthmatics more commonly than the other
allergic diseases.

T'he degree of manifestation of these hereditary diseases is about
forly per cent. From this he calculated the following risks. If one
parent had asthma and the other was healthy, fifty per cent of the
children would be carriers of the gene but only forty per cent of this
lifly per cent, i.e. twenty per cent, would acquire manifest allergic
discase, thirteen per cent would develop asthma and the remaining
seven per cent vasomotor rhinitis, Besnier’s prurigo or hay fever.

If both parents are asthmatic, seventy-five per cent to one hundred
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per cent of the children would be carriers of the gene and so thirly
to forty per cent would manifest one of the allergic discases, asthma
occurring in twenty to twenty-five per cent.

In cases of healthy persons from families with asthma or one of
the other allergic diseases, calculation of the risk must be uncertain
for it is impossible to know whether or not they are carriers of the
gene. At the usual age of marriage the probability of being a carrier
of the gene is between thirty and fifty per cent. If two carriers of the
gene marry, seventy-five per cent of their children will be carriers
so that thirty per cent will manifest an allergic disease, twenty-two
point five per cent as asthma.

Bowen (1953) has studied fifty-nine pairs of identical (monozygo-
tic) twins over a period of fifteen years. He found co-existing allergies
in twins to be the exception. In only seven instances was there a true
bilateral allergy of similar pattern while in fifty-two cases the aller-
gic condition existed only in one twin.

Ratner and Silberman (1953) review their own material and the
literature and discuss Schwartz’ article. They agree that there is no
relationship between the type of family history and the age of onset
of symptoms and Ratner also draws attention again to his previous
findings (1951) that fifty-nine per cent of children with allergic
eczema later have respiratory allergy (asthma and hay fever).

Their general conclusions are that the difficulty in obtaining
adequate material, the inadequate definition of essential criteria and
the difficulty in dissociating acquired from genetic factors make it
impossible at present to fit any genetic hypothesis to the existing
data. Schwartz’ views, however, are of considerable importance and
an acceptable hypothesis.
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B. Eeposure lo Allergens as a Faclor in Allergic Diseases.

ILis obvious that before a person becomes allergic Lo a substance,
he or she must have been exposed to it

It is generally accepled that differing substances have differing
degrees of antigenicity, but unfortunately there is no method of
estimating this factor in man except by clinical observalions,

It is also generally accepted that the tendency to develop sensi-
lization depends up to a certain maximum at least, upon the degree
of exposure, both quantitatively and over a period of Lime. Here
again accurate observations in man are most difficult to obtain. The
outhreaks of “epidemics of asthma’ near factories processing castor-
hean, from large quantities of castor-bean dust escaping into the
air, show how large quantities of a highly antigenic dust can rapidly
produce asthma, and even in people not naturally susceptible (Ord-
man, 1955).

Phillips (1939) has shown that clinical sensitivity to heet pollen

-Beta vulgaris-—developed in a number of persons after only two
seasons of exposure. In his district, domestic beet was introduced for
the first time in 1936 when some 1,800 acres were planted. In 1947,
3,200 acres and in 1937, 5,500 acres were planted. The pollen pro-
duction was enormous. Two years of preparation with an adequate
exposure in the third year were required to elicit symptoms of sensi-
livity to beet pollen; nearly seventy per cent of a group of allergic
patients so exposed being affected. In the following year Phillips
(1940) gave evidence on similar lines that for the spores of Johnson
grass smut (Sphacelotheca sorghi, S.cruenta or S.holci) at least five
seasons of exposure to its spores were required to induce cutancous
and clinical sensitization.

Clark and Leopold (1940) analysed the percentage of ragweed hay
fever sufferered in 103 American-born patients and 98 forcign-born
patients in respect of the time of onset of symptoms after they had
been exposed to ragweed pollen. Both groups had spent their Ameri-
can years in or near Philadelphia where the ragweed is a never
failing crop. Although 33 per cent of the American-born and 30 per
cent of the foreign-born ragweed hay fever patients had their symp-
toms within ten years, the peak time of developing symptoms was
after an exposure time of eleven to twenty years when 36 per cenl
of the American-born and 47 per cent of the foreign-born patients
developed their hay fever.

In a study of vasomotor rhinitis due to orris root and horse dander
Rackemann (1925) found the period of sensitization varied from a
few months up to seven years. In bakers and others working with
wheat there have been many studies made concerning the period of
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sensitization. There is general agreement that the period of sensi-
tization is about ten to fifteen years but in any individual it may
vary from one year to forty-two years (Schwartz, p. 217). It has been
estimated that some ten per cent to twenty per cent of persons work-
ing with flour become sensitized to it.

These are examples of published work which give us an idea of
approximately the length of time necessary for exposure to certain
inhalant allergens before symptoms of sensitization occur. In practice
it is perhaps worth emphasizing that when a child or adult develops
asthma, it is the common inhalants such as house dust, feathers,
animal danders, etc., i.e. inhalants with which the patient has been
in common contact for some time, which are likely to be the cause
of asthma. It is most exceptional for an unusual inhalant which has
been introduced very recently into his environment to be the cause
of symptoms, and enquiry on those lines is likely to be abortive.
Whatever finally precipitates symptoms, the development of inhalant
sensitivity occurs gradually over a period of time. Food allergies
usually develop at an early age, often in infancy, but here again,
sensitivity to one of the common foods, eggs, milk, wheat, potato is
far more likely to be the cause of symptoms.than unusual foods.

Exposure to poison ivy will produce a contact dermatitis in some
fourteen days (Field and Sulzberger 1936) and to primula within
three weeks (Low, 1921).

Schwartz writes that dermatitis from wearing apparel begins usu-
ally five days or more after the garment has been worn and that in
an occupational dermatitis, such dermatitis must be shown to have
developed after an incubation of at least seven days after first expos-
ure to the sensitizing substance (Schwartz, 1947, page 265).

The role of length of exposure to the varying antigenicity of vari-
ous sensitizers, and the question of inheritance, are and need to be
increasingly studied because of their importance in occupational
diseases, for the number of occupations where such a hazard exists
is very numerous.
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C.The Effect of Climalic Faclors and Allilude on Allergic Symploms.

One of the first to express an opinion on the effect of atmospheric
conditions on asthma was Sir John Floyer. In 1698 Sir John con-
sidered that moist air was injurious and dry air beneficial Lo the
nsthmatic and that changes in the weather, especially a falling haro-
melric pressure, were likely to precipitate attacks.

Ilyde Salter (1860) was of the opinion that low damp areas with
nbundant vegetation were unsuitable for asthmatics and in more
recent times Storm van Leeuwen (1925) considered asthma lo be
commoner in the more humid areas of Holland than in the drier areas,

Jiménez Diaz and his colleagues (1932) also associaled climntic
nsthma with high humidity and found certain parts of Spain to he
particularly so affected. There would appear to be much agreement
among both European and American clinicians that climate plays n
parl in allergic illnesses and in general a warm dry atmosphere is the
hest for those with naso-respiratory allergy. There is, however, no
slatistical information to support this, and even if there was ils cor-
reel assessment would be very difficult, for many other factors may
he involved.

Both Storm van Leeuwen and, to a certain extent Jiménez Diaz,
favour the possibility of mould spores as a possible cause of increased
nsthma in humid areas, and in assessing climatic effects full regard
must be paid to the role of differing atmospheric content of pollens
und mould spores, resulting in freedom or otherwise from symptoms,
Harsh (1952) is of the opinion that the chief reason for the grealer
incidence of respiratory allergy in a humid climate is that the hu-
midity renders house dust and possibly certain other allergens more
unligenic, but this view although interesting, has only had very
limiled support, as others consider house dust antigenically similar
the world over (Vaughan and Black, 1954, p. 71). Apart from having
to consider possible exposure to or freedom from allergenic sub-
slances in different climatic areas, other factors such as racial dif-
ferences, social differences and differing degrees of urbanization
have also to be considered.

The possible effect of altitude is of special interest, for altitude
nnd climate are intimately connected. In the older European litera-
ture there was general agreement that asthma was relieved by re-
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sidence at a high altitude and a figure of 4,500 feel was [requently
mentioned. It has, however, become evident that whercas there may
be some truth in this observation with regard to certain mountain
resorts, altitude as such does not prevent allergic manifestations.

Baker (1948) working in Mexico City at an altitude of 7,325 fcet
has pointed out that allergic manifestations not only occurred in
Mexico City but in her opinion were more prevalent in that city than
at lower altitudes. Other observers have also found that allergic
symptoms are not invariably relieved by residence at a high altitude.

The effects of sudden changes in weather, especially sudden
changes in barometric pressure, have also interested clinicians, but
except for a few isolated observations (Rappaport, Nelson and Wel-
ker, 1935) who suggested that sudden barometric variations pre-
cipitate asthma, there is as yet little definite correlation.

The correlation is difficult because of other accompanying atmos-
pheric changes such as humidity and also because such changes
affect the atmospheric pollen and mould content. Certain weather
conditions, such as thunderstorms, produce very high pollen counts
for short periods of time (Dingle 1955).

One of the most helpful and recent contributions to the subject
of climatic asthma is that of Ordman (1955) in South Africa, who
has for some years studied this problem in detail. The greater por-
tion of the Union of South Africa has an elevation of some three
thousand feet above sea level, but there is a narrow fringe below
1,500 feet around the coast. He has found that the incidence and
severity of the perennial type of respiratory allergy (bronchial asth-
ma and nasal allergy), are relatively greater in this coastal area,
than on the plateau, especially on the east coast. He has also found
that numerous cases seen both inland and in the coastal areas, have
maintained good allergic health inland but become ill on the coast
and observes the opposite to be true as well, i.e. sufferers of perennial
allergic symptoms on the coast are ameliorated or restored to health
when they reside inland.

The possibility of these cases being affected by psychological fac-
tors or by differing allergenic factors was considered and after much
investigation excluded. Local pollens were excluded by the history,
consideration of the local pollens and skin testing. Numerous cases
were also tested with a wide range of fungous allergens. No greater
degree of sensitivity was found on the coast at Durban, Port Eliza-
beth and Cape Town than was found in some of the inland cities
where similar studies had been made. The atmospheric fungus con-
tent as revealed by plate cultures was no different at these coastal
towns than had been found over many years inland at Johannesburg.
The fungus content of house dust and bedding materials from the
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homes of sulferers at the const was not found o be significantly
different from corresponding material at Johanneshurg, Ordman
nlso considered the possibilily of enhanced elinical sensilivity o
house dust as a posible cause, but large numbers of patients from
mdand and coaslal arcas showed similar reactions to extracls of
house dusl derived from cither region.

Ordman did nol consider that altitude alone was an explanation
of the observed clinical differences, for in certain inland districts
perennial climatic asthma also occurred. This he suggested might
he associated with mists, but is being further investigated.

He came to the conclusion that climate was the agent responsible
for the precipitation of symptoms. Climate, he points out, is the
cumulative weather state over a period of time and is the resultant
of air temperature, barometric pressure, rainfall, relative humidily.
hours of sunshine and so on and is closely related to geographical
fealures such as altitude and proximity to the sea or to mountain
ranges. Meteorological data were studied in detail and large numbers
ol charts on such data were drawn up in an attempt to find critical
differences between inland and coastal climates. After the study of
many charts he found a striking and obvious “pattern”. The climale
ol the South African coastal towns is subtropical and the “pallern’
wias a “compressed” one showing a temperature range of 55" Lo 80"
I with a relative humidity of 60 % to 80 % showing little variation
during the day and night and throughout the year. Some of the in-
land towns showed a marked change in the month to month temper-
alures and relative humidity, but even in other inland towns where
the month to month variations were not so great, the day-night vari-
ations were pronounced.

Il is this combination of a high atmospheric temperature and high
relative humidity in a constantly narrow range throughout the
twenty-four hours and during the year which he considers the signi-
ficant climate factor in exacerbating naso-respiratory allergy in the
coastal area of South Africa.

Spoujitch and Danilovitch (1956) also support the important role
played by the climatic factor in the incidence of asthma. The high-
lands and hilly parts of Yugoslavia, with less mist, are much less
injurious to asthmatics than the Panonic plain with its marshes and
mists. They also report a higher incidence of asthma in industrial
centres. The Dalmatian coast is considered to be favourable to asth-
malics. The climate of Slovenia in contrast to other hilly regions,
due to local factors such as the mist and the fog of the large forests,
is unfavourable.

In England, it has been found that deaths from asthma are com-
moner in the winter months than in the summer and that incapacity
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from asthma is commoner in the wetter areas of the wesl coast of
Britain and in the colder northern areas than in the south castern
area which is a drier and warmer area (Williams, 1956). It would
appear from the literature that naso-respiratory allergy at least is
influenced by climate.

Sheldon and his colleagues (1953) have found that a pleasant
warm location such as Arizona and Florida results in a marked re-
mission quite frequently in atopic eczema, but emphasize that cli-
matic changes should never be advised until careful consideration
is given to the patient’s environmental and social situation. Marchio-
nini and Borelli (1956) in a study of a hundred patients with neuro-
dermatitis living in Ankara, Hamburg and Munich found a change
of climate beneficial in seventy-nine patients. Only if the altitude is
above 1,500 feet will a stay in the mountains be of any help and it
should last for at least six weeks. They also suggest careful indi-
vidual study before recommending a change of climate.

In general it would appear that a warm dry climate will benefit
many intractable asthmatics and atopic eczemas. Each patient ,how-
ever, must be fully investigated from the allergic viewpoint and very
careful consideration given to all the factors involved before a change
of residence and climate is advised.
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S0CIAL DISTRIBUTION OF STANDARDIZED
MORTALITY AT. AGES 20-65 FROM ASTHMA
MALES AND MARRIED WOMEN, 1930-1932
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Fig. 2.
I'aken from the Registrar General’s Decennial Supplement, England and Wales
1931: Part Il a Occupational Mortality, Diagram 3.

D. Social Factors in Allergic Disease.

Figure 2 shows that in Britain, mortality from asthma is affecled
by social position. In Class I, the professional classes, there is 2
distinctly lower death rate than in the other classes.

Table G shows that in Britain the amount of incapacity duc lo

8 ALLERGY



114 D.A. WILLIAMS

TABLE G
Incapacity Due to Asthma—Males (Great Britain)—Classified According
to Occupations.
Occupations listed in order of increasing prevalence of
“spells of incapacity”.

Population | Spells of Spells of

Occupations at risk | Incapacity | Incapacity

(1,000) (1,000) per cent

1 Administrators, Directors, Managers ..... 373 0 -
2 Professional and Technical ................. 695 1 144
3 Commerce, Finance and Insurance ....... 1,328 2 151
4 Agriculture, Horticulture and Forestry . 1,052 2 190
5 Engineering, Metal Manufacture .......... 2,521 5 .198
6 Workers in Wood, Cane, Cork ............ 484 1 207
7 Persons Engaged in Personal Service;
hotels, clubs, institutions ................ 491 1 204
8 Workers in Building and Contracting ... 902 2 222
9 Fitters, Machine Erectors .................... 813 2 .246
10 Clerks, Typists ..ocoovveviiiiiiiiiiiiiireennnnn. 793 2 252
11 Road Transport Workers .......cc..coeuuene. 788 2 254
12 Warehousemen, Storekeepers, Packers... 363 1 275
13 Electricians, Electrical Apparatus
Makers and Fitters .........ccooeiviiiinet 358 1 279
14 Painters and Decorators ......c.ccoevvuennnn 332 1 301
15 Railway Transport Workers 316 1 316
16 Water, Air and other Workers in

Transport and Communications ........ 293 1 31
17 Workers in Unskilled Occupations ....... 1,233 5 .406
18 Coal MINErS .i.veeeeceneneniieininiiiieeieenenans 630 3 476
A1l Occupations ....ccceeveevivveneinnnennennnnns 14,400 35 243

Information obtained from the Ministry of Pensions & National Insurance, Digest

of Statistics Analysing Certificates of Incapacity, 1951-52. Calculations checked

by E. Lewis-Faning, D.Sc., Ph.D., F.S.S., Department of Medical Statistics, Insti-
tute of Preventive Medicine, Welsh National School of Medicine, Cardiff.

Previously published in The Therapy of Bronchial Asthma, Edited by Jhr. Dr.
W. J. Quarles van Ufford, Leiden, H. E. Stenfert Kroese NV, 1956, page 93.

asthma is affected to a large extent by social position, the amount
of incapacity increasing to threefold with declining social position.
The first eight occupations (those above the cenire line) are all
occupations where there is less incapacity than the average for all
occupations and those below the line have all more incapacity from
asthma than the average. The difference between Group I, Admin-
istrators, Directors and Managers, and Group 10, Clerks and Typists,
is marked, although the difference in the work and place of work
may be slight. It is in the financial and resulting social differences
that we must look for the reasons of variations in the amount of
incapacity from asthma.
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Asthimn is an illness which is adversely affected by poor social
conditions, TUis especially important that we should remember this
when advising a choice of occupation for children and young adulls,
I have for many years advocated that children with asthma should
he encouraged to work hard at school and to attend as regularly as
possible so that their education later enables them to have a suilable
vhoiee of occupation and that they do not become workers in un-
slalled occupations.

A few arlicles have supported the viewpoint that allergic mani-
lestations, especially asthma, are commoner in urban than rural
arens, thal is in the big cities rather than the country districts, How-
ever, in a survey of the prevalence of asthma in a sparsely populated
country district (asthmatic population 5,939) and in a densely popu-
hnted mining district (asthmatic population 19,671) in close proxi-
mily, il was found that the prevalence of asthma was a little higher
in the country than in the mining towns, 1.8 per cent against 1.4 per
venl, but the severity of asthma was less in the country distriet thun
in lhe industrialized towns, 8.5 per cent in the country having fre-
quenl incapacity (loss of work at least once a month) as agninsl
16.7 per cent in the industrialized towns (Higgins and Willinmmy),
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I, The Infective and Traumatic Factor in Allergic Diseases.

Il is generally accepted that naso-respiratory infection may preci-
pmilale asthma, vasomotor rhinitis and even hay fever and thal local
lrauma or infection also plays a part in the localization and precipi-
tation of allergic dermatitis.

In asthma, many authors have pointed out the frequency wilh
which naso-respiratory infection precedes the first attack. Ilnjos
11926) found 40 per cent of asthmatics reported an acute respiratory
mfection preceding their first attack; Kammerer (1927) found an
acule infection preceding 56.6 per cent of his cases and Claude
(1931) found 44.6 per cent gave a previous history of lung infectlion
or other lung damage. Recently Dr. Lewis-Faning of the Department
of Medical Statistics of the Welsh National School of Medicine, and
Ihe author, have found that of 487 consecutive asthmatics of all ages
allending his clinic, 51 per cent gave a history of bronchitis; 15 per
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cent a history of pneumonia and 22 per cent of “other respiratory
infections” (influenza, colds, congestion of lungs, pleurisy or croup,
but not tuberculosis) preceding the onset of asthma, while the cor-
responding figures for “controls” matched for age, sex and civil
state were 13 per cent, 8 per cent and 10 per cent. Respiratory infcc-
tive episodes were certainly far commoner in the preasthmatic pa-
tients than in the “controls”. (“Controls” were patients attending
the Accident Unit of the same hospital).

Infection may not only initiate asthma but it may also precipitate
further attacks. Many cases of chronic asthma are infective in type.

Chobot and his colleagues (1951) in a study of 400 children found
infection to play a part in 87 per cent and to be the sole cause of the
attacks in 30 per cent. Pearson (1956), in an analysis of 500 cases
of asthma of all ages, found that infection played a part in 45 per
cent and that it was the only cause in 17 per cent. Lewis-Faning and
the writer in an analysis of 487 asthmatics found the infective factor
present in 77 per cent and the sole cause in 11 per cent. It is in the
middle-aged and elderly that naso-respiratory infection plays an
especially important part.

Prigal and his colleagues (1947) consider infection plays a major
role in the production of allergic symptoms of the respiratory tract
and is the most common cause of status asthmaticus. Swineford
(1954) finds true status asthmaticus at his clinic unusual in the
absence of infection. The writer’s experience in Britain is similar.

The mechanism by which asthma and other allergic illnesses are
precipitated by infection or trauma is a subject which has been much
discussed of recent years. Pasteur Vallery-Radot and his colleagues
(1956) on the basis of both clinical and experimental findings sug-
gest that infection and trauma play a part in localizing the circulat-
ing antibodies. They point out how in special cases, positive cutane-
ous tests had been obtained with extrinsic allergens but that symp-
toms did not manifest themselves until an infection or some other
form of trauma precipitated symptoms. They also draw attention to
clinical observations where the localization of allergic dermatitis has
occurred at skin sites previously injured by trauma or infection.
Their experimental findings show that local trauma will increase the
speed with which an allergic reaction occurs in the tissues when a
standard dose of antigen is injected.

Whether or not asthma can be caused by bacterial allergy is still
controversial. Gay and Marriott (1947) have pointed out how in
cases of infective asthma an asthmatic attack may be precipitated by
a small dose of vaccine, especially from an autogenous vaccine, and
instance this as one of the most convincing factors supporting the
viewpoint that bacteria can act as allergens in asthma. Rackemann
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o) considers that “in some eases the dingnosis of “baelerinl
wathmn® seems indieated even if hard lo prove.”

Carry (1950), while acknowledging the importance of the role of
venpirntory infection in asthma, considers that the role of allergy in
bhocterinl infections associaled with asthma is not elear. Spoujiteh
wied Daniloviteh (1953) also acknowledge the important part played
v mfeetion or bacleria in asthma and suggest that their role is nol
always the same in all cases, nor is it a simple matter. In certain
cunes the bacteria may act as allergens, at other times they aid the
penelration of other allergens while they may also acl as a loealizing
Inetor which produces the shock tissue.

There is general agreement as to the considerable value of anti-
moties for the acute episodes of naso-respiratory infection in asth-
matics, and their lesser value in the chronic infective asthmatic.

I'he value of bacterial vaccines, either stock or autogenous, has
heen discussed for many years. There is no doubt that such vaceines
wre almost universally used in the treatment of the chronie infeelive
cuse, but their value has been difficult to estimate and there is no
ngreement as to whether any effect obtained is specific. Franklund
nnd his colleagues (1955) found as a result of a controlled trial in
200 cases of infective asthma that regular injections of an aulo-
penous bacterial vaccine produced no greater benefit than similar
mjeclions of carbolsaline, just over 50 per cent in both groups ob-
taining benefit.
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F. Hormonal Influence on Allergic Manifestations.

That there are hormonal influences on allergic manifestations has
long been assumed.

That asthma and hay fever develop more frequently in boys than
in girls before puberty, and in women more than men after puberty,
supports this view. Pregnancy has been found to profoundly affect
various allergic manifestations. The recent knowledge of the strik-
ingly beneficial effect of cortisone in allergic conditions has further
strongly supported this viewpoint.

The exact role of hormones in allergy is still, however, unknown.
Evidence has been sought by many workers that in the allergic per-
son there is either a continuously or intermittently lowered produc-
tion of hormones from the suprarenal, but the results are as yet
inconclusive. There is no doubt that the suprarenal, even in status
asthmaticus, responds very actively to corticotrophin stimulation
(Davies 1956). There may indeed be a dysfunction of the hypo-
thalamus or of the pituitary which fails to adequately stimulate the
suprarenal but this again is as yet surmise.

The role of the thyroid on allergic manifestations has been exten-
sively studied. There is experimental evidence that decreased thyroid
activity reduces allergic reactions and increases resistance to hista-
mine and acetylcholine (Nilzen 1955). Some allergic reactions in
animals can be abolished by thyroidectomy, circulating antibodies
restrained, but other manifestations presumably allergic are not
affected (Nilzen 1954).

Nilzen (1955) also showed that destruction of the thyroid in-
hibited anaphylactic reactions provoked by antigen administration
via the respiratory passages.

Long and Sherwell (1954) found that thyroxine increased sensi-
tivity to tuberculin by inducing hyperinsulinism from an increase
in the amount of islet tissue.

Long (1956) points out that the ratio of insulin to cortisone out-
put profoundly influences the immunological and allergic responses
of guinea pigs to bacterial infection. He also points out that the in-
fluence of hormones upon sensitivity to tuberculin is intimately con-
cerned with ascorbic acid-sulphydryl metabolism.
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Statistical evidence as to the incidenee of allergic disenses in din-
heties s inconclusive but, although the two diseases do oceur to-
pether occasionally, it is the impression of the writer and of some
statisties that the incidence of diabetes amongst allergic patients
in less than among the general population,

Clinically there is also no general agreement as to the role of
thyroid in allergic manifestations. The writer has a few adull asth-
malies with undoubted myxoedema of several years standing and
has found that when these patients are allowed to become inerens-
mply myxocedematous there is a decreasing liability to asthma while,
with increasing doses of thyroxin, there is exacerbation of thelr
nsthma.

Quarles van Ufford (1951) on investigating the B.M.R. on 420
nwthmatics, found 67 per cent were within normal range; 27 per cenl
Il hypometabolism and 26.7 per cent hypermetabolism. He points
oul that from the literature and his own investigations, the allergle
condilion is often complicated by a dysfunction of the thyroid gland,
Ie found that treatment of deviation from normal, although il fre-
quently helped the patient, generally never directly improved the
asthma, He concludes that thyroid treatment should never he used
by ilsclf as a treatment of asthma, a point of view gencrally held.
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THE DIAGNOSIS OF ALLERGIC DISEASES

By

K. WILKEN-JENSEN
Copenhagen

The expression “allergic diseases” is currently used to cover symp-
tom complexes which may or may not have an allergic etiology.
The problem confronting the allergologists—or allergist—is then to
find out whether or not these symptoms are present in a patient
with an allergic constitution (28) (“Allergiebereitschaft”) (18),
defined as “the tendency or ability to be sensitized”. This is rather
a poor definition, but it is just as well that one realizes how little
we actually know as to what is happening in the organism of an
allergic patient. It should always be kept in mind that asthma,
rhinitis, eczema etc. are only symptoms and may all have a non-
allergic etiology. Unfortunately we have no specific test for allergy,
although numerous investigations have been performed in the hope
of finding a deficiency or an appearance of a protein, hormone,
blood corpuscle or any other organic or inorganic material which
could be pathognomonic for allergy. Even physical examination or
the macro- or microscopic picture do not reveal any features which
are absolutely specific for allergy.

The question of “allergy or not” is a strange one and appeals to the
detecting sense of the physician, because not only must he solve this
problem, but if he concludes to an allergic background, he may often
find it difficult to discover the offending allergen. Some physicians
never think in terms of allergy while some allergologists try to
find an allergy in every patient. Much experience is needed to adopt
an intermediate position between these two viewpoints. When start-
ing to practice allergy, the physician will sometimes be disappointed
because what seems at first to be a simple case may later appear to
be a difficult combination of physical and psychological problems
which takes much effort to correct, as psychology plays a more pro-
minent role in allergic diseases than in most others. The reward of
the allergologist, however, lies in the fact that a number of patients
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will huve received various trealments from severalma@0®oes withoul
aeeess unlil o ocareful investigator reviews the whole history and
revenls an allergy.

How is it possible lo ascerlain thal the symploms for which the
patient consults are definitely or likely of an allergic origin?

1) ‘The physician must know the sympltomatology of the disenses
possessing a possible allergic ctiology. Although there is some
disngreement amongst allergologists about the number of complaints
which may be termed “allergic”, at least some discases are uni-
tormly agreed upon as being due to allergy.

With regard to the symptomatology, reference is made o the
wpecifie chapters about allergy in the various organs where the
differential diagnostic possibilities are discussed.

2) Allergic diseases are intermittent or chronic wilh exacerba-
tions which makes it very difficult to reveal an allergy from the
hrest altack. However, exposure to a suspected provoking allergen
may produce another attack and thus ascertain the “intermittence,
I'rue, an infection may also behave in this way, but a greal nmount
ol allergic response is involved in the reaction to infection, so thal
this is only reasonable. Nevertheless, the intervals between the re-
currence of symptoms or their localizations will sometimes lead to
the suspicion of the involvement of an allergy. If a patienl always
reacls with characteristic symptoms, known to be of a possible nl-
lergic origin, to a substance which is innocuous to other people and
whose pharmaco-dynamic properties are unrelated to the symptoms
which it produces, it may be termed an allergic reaction. Such palienis
however are rarely encountered. The characteristic symptoms are
always confined to the same organ under the same condilions und
occeur as a reaction to some more or less specific exposure. Although
it is not uncommon to have a combination of two or more types of
manifestations (for instance asthma and prurigo, rhinilis and
asthma ete.), the symptoms in the same organ are practically alwunys
of the same quality even if there may be a difference in degree.

Here is one of the pitfalls in the diagnosis. A patient may oflen
have noticed that he is sometimes sensitive to a substance Lo which
he does not react under other circumstances. This is one of the
arguments which is brought forward most often by colleagucs who
do not believe that allergy is a very frequent condition. This can he
explained in various ways. My theory is based on the fact thal
the human organism has a tendency to be well balanced againsl
whatever may try to disturb its equilibrium. If the allergy is nol of
it loo pronounced degree or the exposure to the allergen is not too
intensive, the body will be able to resist the attack by means of ils
normal control functions, provided that the natural resistance is
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unhampered. When the patient is fatrgued or exhausled, or when
he has been under mental strain or has developed an infection, the
controlling resisting forces are engaged in adjusting these defi-
ciencies and the allergy will then cause symptoms. Unfortunately
we do not know what a lowered resistance really is or how it can be
explained biochemically. As an example, there is the common experi-
ence that a patient exposed to cold or to wet feet can be infected
by bacteria which he has been carrying in his throat for days without
harm. This theory can also be applied to patients who present
symptoms on certain days and not on others although there seems
to be no difference in exposure during these days (foodstuffs must
be included in what is termed exposure). Finally this explains why
patients who have been desensitized and are apparently symptom-
free may develop another attack under extremely high exposure
(see fig. 1).

3) The suspicion of an allergic etiology is increased if the patient
presents more than one potential allergic disease. The presence of an
eczema obviously provoked by contact with a specific substance,
makes it seem more probable that a concomitant rhinitis can be due
also to a hypersensitivity, although the symptoms may be perennial
and chronic. The cause may be the bread or the cheese which the
patient consumes daily.

4) Of less importance, but still “a little evidence”’, (Rackemann
(27)), is a positive family history of allergy. Schwartz (37) has
found, that if one of the parents has asthma, 50 % of the children
will carry the “asthmogenic” gene and about 20 % of the children
will acquire manifest asthma. If both parents are asthmatics 75—
100 % of the children will carry the gene and 30-40 % will develop
the disease, while the incidence of allergic disease in the general
population is 7-8 %.

5) The results of skin tests should be used only as any other
laboratory procedure. They should never be performed unless there
is some evidence from the patient’s history that he is allergic. Posi-
tive skin tests will also be encountered in a group of perfectly nor-
mal controls with no history of allergy in the family or in their past
(Rackemann & Simon (29), Grow & Herman (16)). Positive skin
tests alone can never be considered as a proof of allergy, but when
allergy is ascertained or strongly suspected, skin testing may be
helpful in detecting the substances responsible for the symptoms
(43). “No technic is better than the technician who uses it. The dia-
gnostic value of the technics will depend more on the clinician’s
ability to interpret his results correctly than on the elicitation of
positive reactions” (Walzer (42)). Samter (34) has related an ex-
periment in which the etiologic diagnosis was based solely on skin
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tendn in one group as compared with another where the dingnosis
wirh bused on the history or interviews wilth the patient, In the fiest
wronp an approximale diagnosis was reached in less than 10 9% while
in the other an adequate diagnosis was found in almost 70 %, ‘T'his

shiows clenrly the “validity” of skin tests alone.
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) losinophilia in the blood and in various secrelions is likewise
an indication for allergy and is so far “the chief cellular character-
inlie of the allergic reaction in man” (Gay (14)), bul the absence
ol cosinophils is by no means conclusive for the rejection of allergy.
I'osinophil cells in the nasal secretion, in the bronchial mucus, in
the Iaeces or in the saliva are by some authors (15, 17, 19, 44) con-
wudered to be pathognomonic for an allergic condition in the respec-
Iy organs but no final agreement about this subject has as yel heen
reached.

7) Many papers have been written in which the resulls of treal-
ment have been regarded as a proof of an existing allergy. The facl
that a patient has responded successfully to an elimination dicet, n
change in occupation or environment, to a desensitization treatment
tall of which are maintained to be specifically “anti-allergic™) or to
2 symptomatic treatment including hormones, is regarded by some
authors as proof of an allergic background of the disease. This is
nol convincing evidence, however, as the psychological effect of an
mlterested doctor who listens carefully and is very understanding, or
the many other factors which are involved in any of these types of
therapy are not taken into consideration. Another thing is that in
very few cases in which the pathogenesis is extraordinarily difficullt,
helping the patient without being certain about the etiology may
he resorted to as a final attempt.
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DIAGNOSTIC l’lm(:r:;)umcs
A) History-taking.

The first and most important part in the diagnosis is the history-
taking. The first interview with the patient or his parents, which
often will last for an hour or more, should best be held in a room
where the doctor can ask questions without interruptions from
others. This will give the patient an opportunity to think and from
the first interview he will have an idea as to what is expected of him
and if he is cooperative—and this is usually the case—he will try to
think backwards in the way which is intended, namely that he tries
to find a cause for each attack he has had, at least the more recent
ones. Then, when he comes back for the second interview, which
need not last as long, he will be able to correct the information he
gave the first day and perhaps add something new. The first inter-
view should enable him to give an accurate account of his past
history and his environment. It is necessary that the history-taking
should leave a clear impression, not only regarding the particular
symptoms for which the patient is consulting, but also of his phy-
sical and mental development as well as his environmental con-
ditions. It is essential to determine his eventual contacts with foreign
substances and his reaction to them, his behaviour towards the
people he meets and his reaction to infections, fatigue and psycho-
logical stress. Obtaining a distinct picture of the patient, his symp-
toms and his surroundings is much more helpful in making a proper
diagnosis and solving the problem of the presence of “allergy or not”
than any other procedure, including the physical examination, skin
tests, laboratory tests or X-ray (Alford (1)).

In all treatises on allergy the importance of taking a careful
history is stressed but differences exist as to the best method in
which it should he obtained. Some advise “a clean sheet of paper
and plenty of time” (Chobot (5)), while others prefer question-
naires or forms (examples are given by Glaser (15) and Harris &
Shure (19)). Both methods involve certain disadvantages: 1) with-
out a questionnaire or form pertinent questions may be forgotten
and omitted while the patient or mother is speaking steadily, es-
pecially if the physician is not well trained in this matter and 2) with
a standard form the spontaneous description of the development of
the symptoms may be brought to a standstill as the patient is being
constantly interrupted in his narration. Valuable details, all of which
cannot be included in a form, may be forgotten. Therefore, the best
method in my opinion is probably to register first the spontaneously
given history and thereafter ask questions whose answers are not
already apparent from the patient’s statement. One can thus fill in
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the questionnaire which is attached to the “blank sheet™ and which
continins all the necessary details that are so indispensable tor the
correel dingnosis and no less for the confirmation of the value of
e positive skin tests.

Tuking o carceful history is time consuming and laborious bhul
nevertheless an essential procedure, more so than in any olher
hoaneh of medicine. 1L is better to have more information than
netunlly needed at the moment because later on it may be wanted
lo control the reliability of the narrator or to compare the resulls
ol skin tests or of progress with the past history. As the allergologist
hecomes more accustomed to the history taking of allergic palients,
he shall probably find it unnecessary to write down cvery hil of
intormation, only to make certain that he has wrilten down the most
important details.

‘I'he past history must include information about infancy, especei-
nlly concerning infantile eczema and an early tendency to caleh
colds. If the patient has been suffering from infantlile cezema, he
nhould be questioned as to whether or not he was breast-fed and
it nol, what was the constitution of his diet? Did the cezema starl
in relation to a change in formula? In childhood it is of inlerest to
know when the first symptoms started even if they did nol suggest
nl thal time any suspicion of allergy. It often begins in children with
wneezing or coughing, whose only distinction from common colds
lies in the chronicity of the complaint. Later on pscudocroupal al
tneks or periods with febrile bronchitis may appear and very oflen
the discase develops into genuine bronchial asthma. In such a case,
il is very important to know if anything else but “common cold”
was noticed as a provoking factor of a dripping nose, cough, or
hampered respiration. Sometimes the patient or the relalive who
nccompanies him can remember that the first symptoms appeared in
relalion to some other event in his life or in his environment, Have
similar events taken place subsequently and what were the conse-
quences? It is likewise of interest to inquire as to any other preceding
discase as well as the exposure to anything which may provoke an
allergic attack, such as animals, foods etc. When the symploms did
nol commence before adulthood, it is usually easier for him to remem-
her Lhe circumstances under which the first attack was noled and
vitluable data can be obtained as to exact time of day, year, and in
which locality the first unpleasant reaction had been noticed. Any
mformation concerning the first attack may be relevant so that il
cannot be deseribed in too much detail.

Several questions may arise about the patient’s reactions to similar
situations and exposures to the same allergens but under different
circumstances. It must here be remembered that in infancy and early
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childhood, for the most part, foods and infections will produce
allergic reactions, aside from contact dermatitis. Allergy towards
inhalants is scarcely encountered in this group. With increase in
age, the inhalants become of growing importance although pollen
allergy seems to occur rarely before the age of four or five.

The importance of foods as a cause of allergy is still under dis-
cussion. Some investigators claim that up to 50 % of all allergic
manifestations are due to ingestants (31, 40) while others find this
figure most exaggerated (5,8). There is no doubt, however, that
food sensitivity is of significance and causes many unpleasant re-
actions. For several reasons the diagnosis of this type of allergy is
much more troublesome than inhalant allergy and is therefore often
disregarded. Skin tests with foods are unreliable; only few foods
are seasonal such as fruits and vegetables, some are seldomly eaten,
such as shellfish, and from the case history it is impossible to dis-
cover that the patient is sensitive to milk, cheese, bread, egg, meat
or any other daily consumed food. Finally, elimination diets and
provocation tests with foods are more dependent on the cooperation
of the patient, unless he is hospitalized, and are therefore less
reliable.

When reviewing the past history of the patient from early child-
hood to the present, one should make certain that the following in-
formation has been obtained concerning the existing symptoms:

1) The onset: age of patient, period of year and approximately
time of day.

2) The first signs and suspected causes.

3) The evolution of the illness and influence of environmental
changes and treatment.

4) The seasonal, daily and local variations of symptoms: their
appearance in particular rooms or places, during night or day
time, at work or while engaged in some hobby.

5) The condition between attacks.

6) The non-specific factors which may disturb the well-being of
the patient, weather variations, dusts, fumes and smoke.

7) The patients’ psychological state and how symptoms are in-
fluenced by emotion, stress, etc.

Inquiry is then made as to the present complaints and symptoms
involving the various organs: bronchi, nose, skin or the more rare
locations such as headaches, gastro-intestinal symptoms, bleedings,
nervous or epileptic disorders. At this time, the suspected allergens
should be searched for, including inhalants, foods, colds or other
infections, particularly of the upper respiratory tract, drugs or con-
tactants. Questions should be asked regarding the influence of non-
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apecilie Tuetors, as mentioned above, upon the present symptoms, and
about the variation of symptoms due to season, time of day and
loenlity.

I possible at the time of the first interview it may also be of

“rent importanee to ask about the psychic factors which may be
imvolved, but sometimes it is better to wait until one knows the
patient a little better before going too deeply into this question,
Some investigators claim that asthma, for instance, may develop
without the involvement of an allergy on a purcly psychosomalic
hiis, yel, although several psychologists and psychiatrists have
published case reports intended to prove the psychologic origin,
wapecially from maternal rejection, no one has so far been able to
tind any psychological picture which is not found in an equal
munner in children with behaviour disorders or in maladjusted
ndulls, When, through investigation, the provoking allergen has nol
heen evidenced, this is not the fault of the patient, but may be due to
W too inaccurate case history, bad testing material or an inndequule
technique, however, it is not a proof of the absence of an allergy.
Il is, lherefore, of utmost importance to ascertain the allergic
haekground in cases where psychic factors evidently play a role.
Il is lthe opinion of all trained and experienced allergists thal
puyehie involvement may be present in all allergic patients, bul to
n variable extent. In asthmatic children, for instance, the more or
less hidden anxiety seems to be a common finding in mosl or per-
haps all cases, but it is much more likely that the anxicly is se-
condary to the asthmatic attacks instead of being the original cause
tI'cinberg (10)). The emotional picture of the asthmatic child can
he found to the same degree in children with other disturbances and
i the same proportion, but perhaps to a less degrec in so-called
normal children (45). Just as a psychological “stress” may resull
i linger sucking or nail biting or bed wetting in some children, il
may result in dyspnea if the child has an allergy, so that it may acl
as o lrigger mechanism just as an infection or an exposure to a
«pnificant allergen. In every case, in order to provide adequate treal-
ment, it is necessary to know about the psychological and environ-
menlal influence upon symptoms.

\With regard to the intended treatment, it is advantagcous Lo
linow how the patient has been treated previously, which examina-
tions he has undergone, especially recently in order to avoid repe-
litions. Thus it may be of interest to make inquiries at the hospitals
and from doctors he has already visited concerning pertinent
findings.

IFor the purpose of substantiating the diagnosis of allergy it is
also of importance to ask in detail about the family history. Not
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Fig. 2 and 3.
A girl and a boy with asthma.

only are allergic manifestations more common in allergic families
but an organ specificity is encountered to a certain extent as well.
Children of asthmatic parents are more exposed to asthma than
those without this trait in their family.

B) Physical Examination.

It is very important to remember that, as previously mentioned,
the asthmatic attacks, the sneezing, the itching and so forth are
symptoms which may have an non-allergic origin. A thorough phy-
sical examination is therefore always a necessity. The dyspnea may
arise from heart disease, tuberculosis, bronchitis, emphysema, for-
eign body etc.; hay fever symptoms may be due to sinusitis; eczema
to fungus infection and so on. Accordingly all possible measures
must be taken to refute any other etiology by a careful examina-
tion which must include blood pressure and X-ray of lungs, sinuses
and teeth.

Quite often a more or less perennial rhinitis results in chronic
post-nasal drip and blockage of the nose and consequently the child
breathes through the mouth. Thus the mucous membrane of the
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theontl is constuntly ireitated and the air comes direetly into contael
wilh il withoul being filtered and heated o the nose. Heneeforth,
a rhinitis may resull in a constant cough, perhaps in bronchilis,
und subsequently in asthma. This siluation may be overlooked in
children who very often do not blow their nose but instead sniff the
secrclion inwards. The earlier this is stopped the better are the
possibilities of prevenlion. A stubborn case of asthma can on rare
oceasions be elarified by means of a bronchoscopy, which may lead
lo the discovery ol a tumor or a foreign body. At the same lime,
mucus can be taken for microscopic examination in scarch of
malignant cells or for culturing to determine the bacterial resistance.
Bronchography, however, should only be done when a foreign body
is scriously suspected, as the contrast material generally conlains
iodine to which the patient may be allergic. Different laboralory
lesls and visits to other specialists, such as the ear-nosc-throat spe-
cialist, cardiologist, dermatologist and psychiatrist or psychologist
can be considered.

(\) Laboratory Tests.

Iirythrocyte sedimentation rate and haemoglobin should be de-
termined routinely, and the blood count may also prove to he of
inlerest. Some clinicians use the leucocyte and differential count,
while others determine only the eosinophil count; the number of
cosinophils seems to show variations during the day in relation to
meals and their contents. A great deal of research is still necessary
lo determine the importance of the eosinophil cells. The finding of
an eosinophilia, when no other reason can be evidenced, e.g. a hel-
minthiasis, is regarded as a sign in favour of allergy although in ils
absence allergy is certainly not to be excluded. Cooke (8) reporls
Lhat in case of infectious allergy the eosinophilia is more pronounced
and the author is in agreement with this opinion. Some authors are
convinced that eosinophil cells in various secretions such as in the
nose, sputum, or stool, are pathognomonic for an allergic condition,
hut definite proof is still lacking, especially as the absence of cosin-
ophils, in this case also, does not exclude an allergy (15,17, 19, 44).

Electrocardiogram and lung ventilation tests may be of importance
for the differential diagnosis.

D) Skin Tests.

Skin tests are of some value and will give some information in
regard to the diagnosis provided they are interpreted in an adequale
way. It should always be kept in mind that a positive skin reaction
lo a certain allergen does not necessarily mean that this substance

9 ALLERGY
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will produce symptoms, nor does a negalive skin test exclude the
possibility that this substance might be the cause of the illness,
Skin tests should always be interpreted in relation to the history
and eventually with clinical exposure tests. Quoting Bruce Pcarson:
“Skin tests do not provide a short cut to a speedy diagnosis, and in
the hands of those who expect too much they are often mislead-
ing” (24).

Skin testing is a valuable procedure as (1) it may confirm the
history findings, (2) a patient may be unaware that certain factors
influence his allergy, a positive skin test may in this case lead his
thoughts in the right direction and make him acknowledge that
symptoms appear on exposure to these substances, (3) it may call
the doctor’s attention to a substance which was not suspected to
be of significance so that it can be tested by provocation (43).

A great difference exists between the various allergens in regard
to their reliability. The most dependable are the inhalants and sub-
stances which produce contact dermatitis. Ingestants on the other
hand are considerably less reliable.

Positive cutaneous reactions may be found with allergens which
do not provoke symptoms; this is termed “latent allergy” (33). A
good example is grass pollen in children, which may show positive
skin test, but negative provocation test. The provocation test, how-
ever, may become positive within a year or two, although there are
still no seasonal symptoms. This condition is called “subclinical
allergy” (11, 32) (“semi-latent” (20) or “nonclinical” (39)) and may
gradually change into a manifest allergy. This again may return to
the latent stage, with or without treatment, as shown in table 1:

TABLE 1
Provocation Clinical
Cutaneous 0
P test, Sniff or Hypersen-

Reactions Exposure Zilzivity
Latent Allergy ....ccocoevvveveenennn. + —_ —
Subclinical Allergy ................ + + —
Manifest Allergy .....cceceveevenn. + -+ -+
Postelinical Allergy ................ + — —

Sometimes positive reactions are obtained due to the presence of
irritants in the material, histamine for instance, while at other times
the skin reaction remains negative although the food concerned pro-
duces evident clinical symptoms. Several reasons can be evoked. The
material being used is insufficient, too weak or too old, the testing
material has changed during preparation,—for instance Ratner (30)
has reported that milk is altered with regard to its allergenic pro-
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perties by the evaporation,  the skin shows no reaclion due to
hanges in the lissues, dehydreation, oedema, inanition, infeclion,
hyperemin, enchexia, ele., or the allergic organism contains no anti-
hodies towards the substance as such, bul towards metabolie producls
devived within the organism as a result of the digestive enzymes
an the food, This has been demonstrated by Cooke (7) and by Bloom,
Markow & Redner (4) who conclude: “In Lthe search for the aclio-
lopie ngentl in nonreaclive cases, the use of digested extracls for
tewling purposes will offer no advantage over a thorough and care-
lully taken history, confirmed by test feedings”. Finally il may be
mentioned that drugs usually give no specific reaction with scrateh,
prick or intracutaneous tests while the drugs responsible for con-
tnet dermatitis give very typical reactions by patch test.

I'he first cutaneous tests were performed by Blackley (3), who
teseribed how, on July 13th 1865, he did a scratch test with pollen
ol Lolium Italicum and obtained a positive reaction. Although Bela
Schick (35) in 1956 called von Pirquet “the father of all skin lesting
lar diagnostic purposes”, Blackley must be given the credil, nol only
tor the skin test, but also for the provocation test which he de-
weribed in a way which has not been improved since that time. After
von Pirquet’s scratch test for tuberculosis in 1907 (25), Smith in
1908 (38) introduced, and Walker in 1917 (41) reintroduced, the
~nme Llechnique for application in allergy. Meanwhile Mantoux, 1908
('2) had employed the intracutaneous test with tuberculin and
0. Schloss in 1912 (36) resumed this procedure for allergic Llesting.
Finally the prick test was introduced by Lewis, 1924 (21), wilh
histamine only, while Freeman (13) in 1930 applied this method for
diagnostic purpose in allergic patients.

TESTING MATERIAL

Reliable testing material is of the greatest importance. Some aller-
Fisls prepare their own material while the majority buy their cx-
tracls from commercial firms. The processing and preparation of
lesling materials vary to some extent and differences may bhe noted
m various handbooks. Only by experience can the physician ascer-
lain that the materials he employs are the most dependable. The test-
ing material in Denmark is manufactured by Allergologisk Labora-
torium in Copenhagen. Table II indicates the manufacturing process.

The testing equipment should preferably consist of a large varicly
of cxtracts, as an examination made with only a few allergens is
hardly worthwhile and is apt to create an unfavourable reputation for
this otherwise valuable diagnostic procedure.
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The allergologist must be able Lo test the patients with:

a) Inhalants:

1) house dust; some prefer a sample from the patienl's home
and working place, others use a stock material,

2) animal hair and dander, e.g. cat, dog, horse, cow, sheep, rab-
bit, goat,

3) feathers: duck, goose, chicken,

4) grass pollen, all the common grasses in the neighborhood,
including wheat, rye, corn etc.,

5) pollen from trees and flowers known to be allergenic, growing
in the region,

6) mould spores of the local types,

7) clothing material, cotton, linen, silk, kapok, hemp etc.

b) Ingestants:
1) milk, perhaps also lactalbumen, lactoglobuline, and caseine,
2) egg yolk and egg white,
3) flour, types most frequently employed,
4) meat of the locally eaten animals, including birds,
5) fish and shellfish of various kinds.
6) vegetables, locally consumed,
7) fruits, obtainable in the region,
8) nuts, almonds, chocolate, coffee, tea etc.
9) cottonseed, flaxseed, grains, spices, and perhaps drugs, e.g.
ipecacuanha.

For contact or patch test a completely different equipment is
needed. Here the different metals, tars and ointment.bases must be
at hand as well as a variety of other substances frequently en-
countered in daily life, paraphenylenediamine, formalin, linseed oil,
orris root etc. Last, but not least, adhesive plaster used for the test
must be included.

TECHNIQUE

A) Scratch and Prick test.—When prepared solutions are used
for the tests, the scratches—2 to 5 mm in length—or pricks aré made
on the clean skin and on each scarification or prick a drop of the
solution is applied. Whenever dry material is used, a drop of N/10
sodium hydroxide is placed in rows on the testing site and the dry
powder is mixed into it with a small wooden toothpick which must
be changed for every test. A scratch or prick with a sharp needle (a
gramophone needle can also be used for this purpose), is made
through the drop. After every test it should be cleaned and wiped
carefully in order to avoid contamination.
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Tests enn be made cither on the flexor side of forearm, upper side
ol nrm or on the back and spaced 1 to 2 em apart, 1f the lesting is
done on a routine basis with numerous preparalions, il may prove
andvantageous to make intervals between the suspected antigens aboul
P em while 1 em belween the less probable reacting substances is suf-
heient, Neither serateh nor prick should be deep enough to draw blood,
Vbhout 15 minultes after the Lest, the arm is cleaned with ordinary
waler and the results are read. A positive reaction develops in 1020
minutes and is characterized by an urticarial wheal with or withoul
pseudopods and surrounded by a red zone. The larger the wheal, or
the more pseudopods, the more positive the test is considered to be,

When the reaction is so large that it overlaps those next lo it,
these should be repeated. For comparison a control test with the
diluting fluid must always be done. The reaction begins Lo fade awny
within a half hour. Infrequently, delayed reactions occur, mostly
wilh foodstuffs.

It is important to keep in mind that there is not necessarily n
parallelism between a large positive skin reaction and a high degree
of sensitiveness, even if this is sometimes the case. Unexpeeted post-
live reactions should always be repeated.

Prick tests have the advantage of causing less discomforl to the
palient which is especially important with children. It is also ecasier
lo make identical pricks than uniform scratches. As Lhe reactions
arc smaller, there is less chance of a general malaise and confluence
helween adjacent wheals is less frequent.

B) Intracutaneous tests are far more sensitive than scratch and
prick tests, but are more hazardous, and false positive rcactions nre
more frequently encountered. In addition, they are more time consum-
ing, more difficult to perform and interpret correctly. Nevertheless,
many allergologists prefer this method as they consider il more
important to obtain some false positive reactions than to omil any
significant ones. The results, at any rate, must be compared with
the case history and/or with the provocation test.

It is best to use a tuberculin syringe of 1 cc with lines al every
0.01 cc and a small needle, e.g., 20. Carc should be taken to make the
injection so superficially that no blood will appear and not lo in-
jeet more than 0.01 to 0.02 cc as larger amounts will make the
reaction more difficult to read. The injection may not be done too
rapidly and care should be taken not to inject any air as in bolh
cases a wheal, simulating a positive reaction, may appear.

It is recommended to perform the tests on the flexor side of the
forcarm and not on the back, so that in the case of a constitutional
rcaction a tourniquet can be placed above the site of injection.
Constitutional reactions and their treatment are described in the
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Fig. 5.
The skin is pricked with a scalpel.

chapter on specific desensitization treatment. As shown in fig. 7,
the arm is reacting in almost the same manner from a little under
the elbow to the lowest 145 of the forearm. It is advisable not to
perform more than 8-10 tests at the same time if there is a sus-
picion that any of them will react positively, as an accumulation of
strongly positive reactions increases the chances of a constitutional
reaction.

In children, intracutaneous tests are regarded as too dangerous
and produce far too much discomfort when done routinely. Only if
the history raises a suspicion that the child is allergic to a sub-
stance and the prick test remains negative, is an intracutaneous in-
jection to be considered. If, on the other hand, the prick gives a
dubious reaction, it can be controlled by doing a series of intra-
cutaneous tests with the same substance in increasing concentra-
tions. If the same amount of fluid is injected in various concentra-
tions, the reactions should increase in size in proportion to the con-
centration, otherwise there is no evidence of a reliable positive
reaction. This applies to adults as well. The present author gener-
ally uses two injections, 1:1,000,000 and 1:10,000 (weight per vol.
—see p. 137) and a definite difference must be noticed before con-
cluding that a reaction is positive (see fig. 8). For food tests it is
customary to try concentrations such as 1:10,000 and 1:100 in
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Fig. 6.
leactions of different strength. Notice the confluence between different whenls,
These tests must be repeated.

order to get a positive reaction, but it must be cmphasized once
more that the reactions must be correlated with the history and/or
provocation tests. Only egg, shellfish, nuts and cottonsced should he
Iriecd with weaker solutions in comparison to other foods. If the Lests
mentioned do not give a distincet reaction, skin sensitivily is very
doubtful. It must be remembered, however, that this does not ¢x-
clude a constitutional reaction.

Group tests are used quite often in spite of severe criticism. T'he
purpose in employing mixtures, e.g. one of inhalants, one of meals,
one of cereals, one of vegetables and so on, is to diminish the number
ol tests to be performed. A great disadvantage of this method is
that the reaction may remain negative because the one substance
which, separately, would react positively, has been diluted by the
other allergens in the group. If the group test is positive it is neces-
sary to test all the components individually and it is thercfore very
doubtful if any time or work is actually saved in this way. Many n
lime it has been experienced with the prick test that a group re-
acled negatively while a suspected component, tested separately, guve
a positive reaction. With the intradermal test the procedure may he
permitted with groups of substances chemically or biologically re-
laled, such as grass pollen or fish. It is very seldom, indeed, thal n



136 K. WILKEN-JENSEN

Fig. 7.
The reactions are identical in size from slightly below the elbow to lower
14 of forearm,
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person s allergic to one sorl of grass or lo one lype of fish only,
and as Frankland (12) has shown, the sort of grass to which the
ptient is allergic is nol so important in regard to trentment.

Several attempls have been made to find a Lest for bacterial allergy
o many individual bacleria as well as groups of bhacteria or culture
mnlerial have been tried Lo prove the existence of allergy towards
infeetion, No convineing evidence, however, has as yel been published
wlthough most allergologists believe in its existence. Either the skin
tests are posilive in all patients who have had a sore throal or n
similar infection, or they are dubious or negative.

Standardization of extracts is a problem which has aroused many
dincussions and many experiments have been carried out in order
lo lind a reliable method. Different procedures have heen tried,
I'he lolal nitrogen content is not reliable, as the protein nitro-
pgen in older extracts gradually changes to non-protein nitrogen,
I'rolein nitrogen content is therefore a better standard to use, bhul
even Lhis is not sufficient because with different methods of preci-
pitation it can be shown that not all of the reacting substance is
tound in one portion of the protein. Some patients scem to reael lo
the fluid which is left over when all of the protein should be pre-
cipitated from it. Noon’s pollen unit (23) is the amount of extrael
oblained from 0.001 mg. of pollen, but great discrepancies cxist he-
Iween the content of reacting allergen and the weight of the pollens,
Coca (6) redefined the Noon unit as the quantity of pollen extracl
which contains 0.00001 mg. of total nitrogen, but here again the
queslion of protein nitrogen and non-protein nitrogen comes into
consideration, and so far no chemical standardization method has
heen fully acknowledged. A completely different method is the bio-
logical one in which intracutaneous reactions with the old known
exlracts are compared with those of a new production. The ¢x-
tracls may be tested in two corresponding areas on a palient or
uanimal sensitive to the allergen concerned. The test material is, for
example, made as shown on Table 11, and after the pulverization has
taken place, the extraction with buffer solution is carried out in the
proportion 1:100 (weight per volume). From this solution dilutions
are made and compared with similar ones of the old extract, and
the new ones are diluted until they respond with an intradermal
reaclion identical to the one produced by the old extract.

Concentrated solutions of extracts preserved cool, in dark air-
light bottles, under sterile conditions, keep about one year or more
wilhout losing their strength. However, weaker solutions will not
last as long. Dry powder seems to keep its strength for years.

(i) Patch tests are done in cases of contact allergy. If the suspected
substance is solid, some of it is placed on a small piece of gauze,



TABLE 2
Preparation.

l:i';l;ii- 2?.:“ Ani- | poa. | Meat |Vege-| o | Nuts | Ce- c?'/gzlxl:n To-

house-| from h";?lr ther Aﬁsh tables Fruit secds | real re- Eggs | Pollen ) Moulds bacco

dust pts moved
Grinding ..o + + + + +
Squeezing ....cooiiiiiiiiiiiiiiiiiiiii + 4
SIfting ceevieiiiiiiiiiiii e -+ +
Extraction with ether + + +
Extraction with aqua distillata ...... - -+ 4 + + + +
Extraction with 14'9% alcohol ......... + +
Vacuum-distillation ...................... partly -+
Precipitation with acetone ............. +
Double fractioned .........c.ccovvevnneenns +
Paper-filtration ..........ccccceeiiiiinnen. + + +
Washing with ether ...................... + + + 4
Cultivation .......cooiiiiiiiiiiiiinii.. +
Washing with alcohol .................... + 4+
Drying ..oooooviiiiiiiiii + -+ + + + + + + + + +
Pulverizing .....c.coeveviiiieiiiiiiniiinnnn.. + + + + + + + + +
Extraction with buffer solution ...... + + + -+ + + + + + + + + +
Paper-filtration ..............cl + + -+ -+ + +
Dialysis coviieiiiiiiiiiiiiiiiiiiii -+ <
Sterile-filtration ... e + + + + + + + + + + + + -
Aseptic dilution .........cooeiiiiiiini - + + -+ + + + + + + + + - -
Control of sterility ..............coooiil + + + + + + + + + + + + + -
Biological test ..............ccociiiii + + + + + + + + + + + + -
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mobstened with saline or one-tenth normal sodium hydroxide, and
thus attached to the skin by means of an adhesive plaster, 10 is hest
to use plasters wilh a circular picee of plastie fastened to ity and in
order to keep il in silu o small picee of foam rubber may be pul
hetween the gauze and the plastie. A liquid substanee can he dripped
directly on the gauze. The paleh may be left in place for 2 or 3
divy provided the reaction is not very strong or induces itching, I
I eonsidered positive when small red papules develop corresponding
ta the picce of gauze and not outside the plastic. Somelimes, how-
ever, the palient is allergic to the plaster so that the circular spot is
normal but surrounded by a red and irritated square corresponding
to the plaster.

) Prausnilz-Kiistner (26)—de Besche (2) tests (passive transfer
tesls) are done in patients with extensive eczema, a contlageous skin
thsease, or when ordinary skin tests are difficult to interpret he-
vnuse of the presence of an ichthyosis, urticaria ete. They are also
u~ed when the patient is so ill that a direct test may aggravale the
distress, in cases of fighting and struggling children, or in infants
too small to do as many prick tests as required.

The Llest is made by taking blood from the patient and injecling
1 ¢e of this serum into the skin of a normal person, or at least n
person not reacting to the substances which should be tested. The
wites of injections are marked on the skin. The next day the lesl
solution is injected in the same sites and, as a control, on a symme-
trieal place on the opposite side. If the reaction is positive on the
~erum site and negative on the other, the patient is sensitive to the
lested substance.

This, of course, can also be used as control for an unexpectled
reaclion obtained in the ordinary way, especially if the patient shows
i whole series of positive reactions which are believed to be false, or
to delermine if a patient is sensitive to a serum which is intended to
he given against tetanus or diphtheria.
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PROVOCATION TESTS

By

H. CoLLDAHL
Stockholm

1. BRONCHIAL TEST.
CHANGES IN PULMONARY FuNcTION IN CONNECTION
wITH THE INHALATION TEST

A positive skin reaction in an asthmatic patient does not neces-
sarily prove, nor does a negative one exclude, that the antigen con-
cerned is of etiological importance.

To determine the existence of a hypersensitivity in the small
bronchi to a certain antigen, the latter can be brought into contact
with the mucous membrane through inhalation of a nebulized solu-
tion. This is called a provocation test.

The sensitivity of the bronchial mucosa can also be evidenced by
the so-called exposure test in which the patient is brought into con-
tact with the suspected antigen under natural circumstances; for
example, a patient who is suspected of being allergic to horse epi-
thelium may be asked to remain in a stable an hour or so under
close supervision.

A positive bronchial provocation or exposure test will result in
asthmatic symptoms: shortness of breath and the appearance of
sibilant rales, when no abnormal auscultatory signs were present
before the test. In certain cases the changes are so evident that
there can be no doubt that the antigen which has been tested is
able to provoke asthma. In other cases an objective registration of
the changes in respiratory function is necessary in order to judge
the results of the provocation test. For this reason the variations in
respiratory function in connection with asthma will be discussed
first.

A. Changes in Certain Pulmonary Functions
in Asthma

a. Oxygen uptake, carbon dioxide elimination and
body temperature.

It has been shown (Colldahl) that pulmonary ventilation, oxy-
gen uptake and carbon dioxide elimination are altered in a regular
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winy both in experimentally indueed asthma in guinea pigs (1940)
wid i nsthnue in humans (1947). During very severe altaneks von-
tlntion of the lungs as well as oxygen uplake are lower than
under busal condilions, The organism is compelled Lo carry oul an
Anerensed breathing effort with participation of all the accessory
venpirnlory museles, bul is nevertheless unable Lo Lake up even as
much oxygen as is required when the organism is at rest, This hrings
nwhout an oxygen debt and this deficit must be compensaled for when
the altack is over. Consequently the oxygen uptake is considerably
incrensed when the attack has subsided. In a moderately severe al-
tnek of asthma, the arterial oxygen is lowered, as was demonstraled
albrendy in 1921 by Meakins. In a mild attack pulmonary ven-
Hhntion and oxygen uptake are increased above normal values. No
mvypen debt arises, the organism being able during the allack to
take up the necessary amount of oxygen which may even exeeed
hy 1009, the requirements under basal conditions.

I'he alteration in gaseous tension occurring during an asthmalice
alinck produces disturbances in the intermediate metabolism which
have been demonstrated experimentally in guinea pigs (Colldahl
1013 1917). There are reasons to believe that similar changes occur
wlwo in asthmatic patients during severe prolonged attacks. During
severe asthma in guinea pigs the concentration of blood lactate was
vlevaled, a finding in favour of the fact that a lack of oxygen has
tnlen place in the tissues during the asthmatic breathing.

I'urthermore, it has been shown both in guinea pigs and in humuns
Ihat during severe prolonged attacks the body temperature is lowered
while in mild asthma it is raised.

‘I'he results obtained by Colldahl regarding oxygen uptake, carbon
dhoxide elimination, respiratory quotient and body temperature in
esvperimentally induced asthma in guinea pigs and in spontancously
occurring asthmatic attacks in man, are similar to those found in
usthma provoked by inhalation of an antigen to which the patient is
allergic.,

‘T'his is apparent from Schleinzer’s work (1949-1951). This author,
however, interprets the registered changes in the ventilatory gas
exchange as being secondary to a primary metabolic reaction (Stoff-
wecehselreaktion) resulting from antigen-antibody reaction in various
organs. It seems difficult, however, on the basis of the gas exchange
to conclude in favour of a disturbed metabolism in the cells when the
:ns exchange in the lungs undergoes such great alterations as aresult
of the beginning asthmatic breathing.

The fact that the degree of pulmonary ventilation and oxygen up-
tuke are directly dependent upon the degree of difficulty of the
slenotic breathing clearly shows that the variations in gas exchange
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are caused by the asthmatic breathing. During a severe attack oxygen
uptake and lung ventilation per minute are lowered under normal
levels but as soon as the asthma improves, oxygen uptake as well as
lung ventilation increase. (Colldahl 1943-1947). (Further details are
given under “d”’).

b. Intrapulmonary air mixing.

Several authors have shown that the intrapulmonary mixing of
respiratory gases is lowered in asthma and emphysema. In 1952 it
was shown by Colldahl and Lundin that in provoked asthma, changes
in the intrapulmonary air mixing occur even before the patient
feels a sensation of tightness in the chest or difficulty in breathing.
At this stage no lowering of the arterial oxygen saturation could be
evidenced.

The nitrogen content in the exhaled air during the oxygen breath-
ing is registered continually; the method is simple and does not
demand much cooperation on the part of the patient. It is most
important that the patient breathes normally as forced breathing
may aggravate the asthmatic state. In case an objective registration
of a provocation test is necessary, the registration of the intra-
pulmonairy air mixing is probably one of the most sensitive and best
methods.

As an example is quoted a provocation test with horse epithelium
in a patient, 17 years old, in which contact with horses resulted in
asthma. (Colldahl and Lundin 1952). The intracutaneous titration
gave a positive reaction with an antigen dilution of 10-10.

TABLE 1
Inhalation V‘{;};‘;ﬂgﬁ:l

— e 2.0

Coca’s solution ... 2.0
Horse epithelium extr. 10712 ..................... 2.3
” 2 ” 10711 e 2.3

) 9 , 10710 . 2.3

2 2 2 106 e 2.0

» ’ s 1075 L 2.5

9 2 s 1074 7.1

Table I shows the results of the inhalation tests. As criterion of
the ventilatory changes, the time required for the patient to wash
out the nitrogen from the lungs on breathing at rest after the tran-
sition from air to oxygen breathing i.e. “washing-out time” has been
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waedd, ‘The nitrogen washing-oul is recorded by conlinuously register-
ing the nitrogen content of the alveolar air by means of o so-called
nitrogen analyser,

The elimination of nitrogen during oxygen hreathing depends on
the alveolar ventilation (Ltidal volume, dead space, respiratory rale)
und on the intrapulmonary air distribution.

¢, Vilal capacity.

Determinations of the vital capacity have frequently been per-
formed in connection with provoked asthma (c.g. Lowell and Schil-
ler). These authors have shown, by using a closed respiratory sy-
nlem, that in asthma there appears a temporary deercase in lidal
volume, an increase in the functional residual capacity and a de-
crense in the expiratory reserve volume, inspiratory capacily and
vital capacity.

In 1954 Ten Cate published an investigation on provocalion tests
in which the determination of the vital capacity was used Lo register
ohjeclively the results. The provocation test was only considered to
he positive when repeated measurements of the vital capacily afler
the inhalation were lowered by at least 10 % in comparison with
those prior to the test. It must be remembered, however, thal in
some patients repeated measurements of the vital capacity, especially
when asthmatic symptoms are present or when made at short inter-
vals, may lead to a progressive diminution in the vital capacily and
evenlually to the appearance or aggravation of respiratory symptloms
(Schiller and Lowell, 1954).

. Oxygen saturation of the arterial blood.

In normal individuals the inspired gases are distributed to the per-
fused alveoli in a very efficient manner. Their abnormal distribution
in asthma may lead to an underventilation of well perfused alveoli
und consequently the blood leaves these spaces without becoming
fully saturated. This can only be compensated for if these spaces
become better ventilated or less perfused (Schiller and Lowell).

As early as 1921 Meakins showed that severe asthma leads to n
lowering of the oxygen saturation of the arterial blood. In asthma
in guinea pigs severe enough to produce an insufficient gas cx-
change in the lungs, the arterial blood becomes unsaturated (Coll-
dahl 1943). In mild provoked asthma in man, Colldahl and Lundin
(1952) found no reduction in the oxygen saturation of the arterial
blood in spite of the fact that an important alteration in the intra-
pulmonary air mixing could be shown.

Likewise, Lowell, Schiller and Lowell (1952) found a decreasc in

10  ALLERGY
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the oxygen saturation of the arterial blood, as delermined with an
oximeter, in the more severe attacks of asthma but not in the milder
ones which were nevertheless associated with definite changes in
the respiratory pattern. Arner, Wiholm and Ohnell have also demon-
strated a lowered arterial oxygen saturation in severe attacks of
asthma.

Hansen and Schleinzer (1949-1956) have a divergent viewpoint
on this question as they believe that in provoked asthma a decrcase
in oxygen saturation of the arterial blood takes place before any
difficulty in breathing is experienced by the patient. These authors
seem to base their opinion primarily on the fact that of the various
changes in respiratory function which they had tested (i.e. lung
ventilation, oxygen uptake, carbon dioxide elimination, arterial
oxygen saturation and body temperature), the reduction in the
arterial oxygen saturation appears first, which returns to normal as
soon as the inhalation is stopped or aludrin is given. According to
these investigators, the reduction in arterial oxygen saturation is an
indication of a primary general metabolic reaction, the cause of
which is still unknown (Hansen 1956). As opposed to this interpre-
tation, it should be stressed that in any case where a reduction in
oxygen saturation of the arterial blood can be shown in connec-
tion with provoked asthma or in other allergic reactions, the gas ex-
change in the lungs is evidently insufficient, whether resulting from
pulmonary or cardiovascular causes or from both. In other cases the
increased demand for oxygen could be compensated for rapidly by
the lungs and by the circulation adapting themselves to the new
requirement. At the onset of asthma, before it becomes severe, the
oxygen uptake is raised. Later, when the severity increases, an ade-
quate uptake of oxygen, corresponding to the actual requirement,
becomes impossible, resulting in a lowered oxygen saturation of the
blood. This is the reason why the blood can be unsaturated, in spite
of an increased or unchanged oxygen uptake in comparison with
that before the onset. Not until the asthma is aggravated still
further, will the oxygen uptake be lowered under the initial amount.
The fact that aludrin can cause their disappearance, also points out
that the variations in the gas exchange are due, at least to a con-
siderable extent, to pulmonary and cardiovascular changes.

For the registration of provoked asthma, the determination of
intrapulmonary air mixing and vital capacity, are, according to
present investigations, probably the most suitable methods. The
former causes less strain to the patient and is less dependent
upon his cooperation; the latter requires a simpler apparatus
and can be performed more rapidly. The determination of the varia-
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Hony in the respiralory gas exchange is not suitable as these changes
ditfer in mild and severe asthma, Likewise, determinations of the
witerinl oxygen saturation are probably not appropriale, since, ne-
vording to several investigators, a lowered oxygen saturation will
ippear in severe asthma only and the provocation lest should be
terrapled in mild but definite asthma. The determination of the
muximal breathing capacity cannot be used for this purpose as the
method can induce asthma. Other methods of investigation such
e pncumometry (Wyss-Hadorn), pneumotachygraphy (Fleich) and
the delermination of resistance and compliance can also be used nd-
vanlageously for objective registration of provocation tests. Resulls
on Lhese investigations have recently been published (Colldahl, Nisell,
Iipe and Svanborg; Nisell and Ehrner; Engstrom, Karlberg, Koch
i Kraepelien).

B. Technique of Provocation Tests.

A good nebulizer should be used e.g. the model indicaled by Barach
or the De Vilbiss # 40. It is important that the nebulized solution
does not contain large drops. This can easily be checked by holding
i mirror before the nebulizer making certain that the mirror does
nol become wet. The nebulization is best performed with compressed
mr. The patient first inhales about 1 ml. of the pure solvent used for
the extract, which lasts approximately 10 minutes. In mosl cases,
n I'-tube is inserted in the circuit of the rubber tube conveying the
compressed air so that nebulization takes place only when the patient
closes the opening with his thumb. Expiration can be made through
the mouth or through the nose. If, after inhalation of the solvent,
the patient does not feel any symptoms, he should inhale the antigen
solulions. It is advisable to start with a weak concentration c.g.
1:100,000. After each inhalation of an antigen solution one must
wiail 10 minutes; if no symptoms arise during this period, the in-
halation may be continued with stronger concentrations. The palient
should be examined after each inhalation and the auscultatory find-
mgs as well at the subjective symptoms should be recorded.

If it is considered necessary or desirable, an objective registration
delermining e.g. the intrapulmonary gas mixing or vital capacily can
bhe made between inhalations.

The provocation test will not be reliable if, at the onset of the test,
the patient has any objective symptoms. It is not considered impor-
tant, however, if the respiratory sounds before the test are somewhatl
impure on auscultation (Colldahl, 1952).

1*
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C. Results of Provocalion Tesls

Results of provocation tests of the bronchial mucosa have been
published by several authors, among others: Peipers, Stevens, Harris,
Lowell and Schiller, Christensen and Sonne, Nilsby, Juhlin-Dannfell,
Arner, Wiholm and Ohnell, Schleinzer, Colldahl and Ten Cate.

TABLE II
Result of Result of pro- Toftal of |
. intracu- ocation test, erforme
Antigen ltgnr::us v in %, p;:ovoc::-(
skin test " o tion tests
All antigens employed ... e 16 10 74 58
+ 43 15 42 111
+ & — 34 13 53 169
Dust .icovviiiiiiiiiiiiininne, + 72 14 14 29
Pollen ....cocvvvviivvinininenns + 59 6 35 17
Animal epithelium ........ + 20 22 58 1
TABLE III
Lowest antigen concentration
giving just a positive Positive provo- Total performed
skin reaction cation tests, in %/, provocation tests
(intracutaneous tests)
10-6 62 13
104 45 33
10-3 32 57
>10-3 16 58

Colldahl published in 1952 the results of 169 provocation tests in
44 asthmatic patients (Table II). From this table it appears that a
positive skin reaction to house dust is of greater significance in re-
gard to the patient’s illness than a positive skin reaction with animal
epithelium; pollens occupy an intermediate position.

From Table III it appears that the higher the percentage of posi-
tive tests, the higher also is the skin titer (Colldahl, 1952-1953).

Ten Cate found that out of 300 asthmatic patients, 165 or 55 %
presented one or more positive inhalation tests with antigens pro-
ducing a positive skin reaction.

The results obtained by different authors concerning provocation
tests in asthmatics generally show that frequently positive skin
reactions are found while no disturbances appear when the same
antigen is inhaled. Some authors have also shown that occasionally
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o dnhadation test ean be positive while the intracutancous lest
temadns negalive (Stevens, Colldahl),

An allergie state with positive skin reactions having no ctiologie
nignificance with regard to the patienls disease, even afler strong
waposure, has been called “latent allergy” by Salén and Juhlin-Dann-
fell (1932 1935) and “non-clinical allergy” by Tuft, in opposilion
to “manifest allergy” where the skin tesls possess an cliological
nignificance.

2. NasaL TEsT

The method of determining the etiologic factors in nasal allergy
hy bringing the suspected allergens into contact with the nasal
mucosa was introduced many years ago. In this connection it will
only be necessary to mention the elucidation of the ctiology ol hny
fever in the 19th century when it was discovered that pollen, when
kepl until winter, could provoke hay fever symptoms when inhaled
hy palients hypersensitive to the same pollen. Efron and Penfound
(1930) are of the opinion that the nasal reaction with pollens permits
i more reliable diagnosis of hay fever than skin tests.

According to Juhlin-Dannfelt (1950) the best way of perform-
ing the test is as follows: the solvent is first dripped into one of the
nostrils and if no reaction occurs, a weak antigen solution is used,
A skin titration will provide some information as to how strong the
chosen solution should be; it is advisable to start with a solulion
just producing a positive skin reaction. After each solution, one
musl wait for at least 10 minutes before administering the next one.
Il however, after using the strongest antigen solution (1:10) no
wymploms appear, the dry antigen should be tried e.g. by taking
n very small quantity of the substance with a toothpick and letling
the patient inhale it. It must be ascertained beforehand, however,
that pulverized substances do not produce an aspecific irritation.
I'or this reason the patient should first inhale talc or some other
mdifferent substance through the nose.

When the test is performed the patient should be free of nasal
calarrah. A positive provocation test is indicated by a watery nasal
discharge, nasal obstruction, asthma, urticaria, etc. In case of a very
severe positive reaction, the nostril should be washed with a sall
solution in order to remove the antigen as quickly as possible. If,
in spite of this, severe symptoms continue, nose drops with adrenalin
or cphedrine should be given. Occasionally the reaction does not
nppear until some hours later; therefore, only one substance should
he tried within 24 hours.
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3. CONJUNCTIVAL Tikr

Blackley, as early as 1873, tested pollen sewsrorvity-hy-hmtrotemy

a small quantity of pollen into the conjunctival sac. This test is still
used nowadays, particularly in examining hypersensitiveness to
pollen and other inhalants. As is well known, certain forms of pollen
rhinitis are accompanied by conjunctivitis, and in certain cases, the
latter may even predominate over the nasal symptoms.

The test can be performed in the following manner: a drop of the
solvent is dripped into the conjunctival sac by means of an eye-
pipette. If no reaction occurs, the test is continued with antigen solu-
tions of different strengths. It is advisable to start with the minimal
dilution which gives rise to a positive skin reaction. If no reaction
follows the introduction of the strongest antigen solution (1:10),
a very small quantity of the dry testing substance is placed on the
conjunctiva of the lower eyelid by means of a toothpick. After ap-
proximately 5 minutes, the testing substance may be removed with
a small swab dipped into a salt solution. In case of a positive reac-
tion, there appears a redness of the conjunctiva; a chemosis may be
seen in very severe reactions. As severe reactions are to be avoided,
stronger antigen solutions than actually needed should not be used.
As soon as a reaction becomes evidently positive, the eye should be
washed and occasionally drops of boric acid and adrenalin should be
administered. This test has been studied especially by Peshkin
(1926-1931).

4. PROVOCATION TEST OF THE DIGESTIVE TRACT

Skin tests with food extracts are not as reliable as those with in-
halants. Rowe and Hansen, however, found around 50 % accuracy
with food tests.

When a food allergy is suspected and skin tests with foodstuffs
remain negative, Rowe’s elimination diets may be helpful when the
symptoms are of daily occurrence; a food diary may be of value
when they occur rather infrequently.

The symptoms of a positive provocation test with foods are mani-
fested in the digestive tract by cheilitis, herpes labialis, aphthae,
nausea, vomiting, diarrhea, spastic constipation etc.

a. If a certain food antigen is suspected, it must be excluded from
the diet until the patient becomes symptom free. It is then reintro-
duced into the diet and the clinical symptoms are observed. Suffi-
cient quantities of the food should be given e.g. 100 gr. of milk, 10
or 20 gr. of egg etc. In case of a negative result, the provocation test
may be repeated with larger amounts.
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1 is sometimes of interest to make radiologic studies of the dige-
stive trael after mixing the suspeceted antigen with the barium meal,
Hefore the provoeation test the patient should be free of symploms,
Iivst he should be given an ordinary contrast medium whereby the

“mueosn, Lhe seeretion, the peristalsis and the evacualion ean be
shudied, Half an hour later the contrast medium in which the
antigen has been mixed should be given. The quantity of anligen
which is added must be chosen with caution. In case of a moderate
hypersentivity to egg, e.g. 1/10 of the white or the yolk can he tried,
I no changes occur the quantity should be increased. Malaise and
vamiting may follow the ingestion. The X-ray will show thick folds
ol the mucosa and the passage through the pylorus is delayed or
obstructed. It is advisable after a few days to make another X-ray
waaminalion with an ordinary contrast meal. The changes on which
the radiologic findings are based consist in an oedema of the muecosa
and morcover, a change in tonus may occur (Wellz, 1940),

During symptom-free periods, 80 % of the patients with food
wllergy have normal amounts of gastric juice (Rowe, 1931). In con-
neclion with the ingestion of the antigen, Gay (1936) demonstrated
n reduction in the quantity of acid up to anacidity.

h. I no particular antigen is suspected, the patient should he kept
on o very restricted diet. As soon as he becomes sufficiently free of
~ymploms so as to make it possible to recognize an exacerbation, one
toodstuft after another is gradually added to the regime. IFood nd-
Jitions must not be made too rapidly, a 2 to 4 day interval is required
nnd in some cases even more.

Rowe and others have described different elimination dicls. The
physician should start with the one which is most adaptable to the
patient’s needs. If no improvement occurs after a few weeks wilh a
cerlain diet, another should be tried. As soon as a definite improve-
ment is noted, a new food may be added every three days. The ng-
pravalion of the symptoms subsequent to the addition of a new
lood is the best evidence of an allergy to that particular food. To test
the result, the offending food should be removed from the diet for
weveral days and then given again. A daily supplement of vila-
mins is desirable but not until some therapeutic response has heen
oblained.

According to several investigators (Vaughan, Squier and Madi-
son), a change in the blood picture possessing a diagnostic signific-
ance often occurs after ingestion of the offending food, i.e. leuko-
penia and increase of the eosinophils. The “leukopenic index”, nc-
cording to Vaughan, should be performed in the morning. Two
asting leukocyte counts are made at a thirty minute interval, where-
after the patient is asked to ingest the food to be tested. Leucocyle
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counts are made again sixty and ninety minutes later. If cither of the
last two counts drop 1000 or more below the fasting counts the test
is considered to be positive, indicating an allergy to the tested food.
Similar changes in the thrombocytes have been described. Not all
investigators have been able to confirm the results and consider
these tests of no proven value.

CONCLUSION

There is no doubt that the possibility of an effective treatment in
allergic manifestations is considerably greater when the etiologic
factors are known. The history of the patient, the skin test as well
as the exposure and provocation tests, represent the most important
steps in the diagnosis of allergy. A positive skin reaction means that
a hypersensitiveness is present in the skin which can possibly, but
not necessarily, correspond to a hypersensitiveness in the diseased
organ of the patient. If history and skin test are not in accordance,
it may be necessary to test the reaction of the diseased organ against
a certain antigen and it will then become evident that several positive
skin reactions do not possess any etiological importance, but are
merely a manifestation of a so-called latent allergy. A hyposensitiza-
tion treatment with such an antigen cannot lead to the recovery of
the patient. Part of the confusion concerning the value of specific
hyposensitization is the result of a lack of consideration as to the
existence of latent or non-clinical allergy.
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ALLERGY OF THE UPPER RESPIRATORY TRACT

By

J. DUCHAINE
Brussels

The two main functions of the upper respiratory tract involve ol-
faction and respiration. The air passages heat and conduct the
atmospheric gasses towards the lungs, protecting them against any
foreign particles (dusts, microbes) which might have been inhaled.

Histology shows that the essential structures of the entire respi-
ratory tract, from the paranasal sinuses to the end of the bronchi,
consist of the surface epithelium, basement membrane and tunica
propria. The normal epithelium is comprised of three types of cells:
ciliated cells, goblet cells and undifferentiated cells, the latter having
the capacity to evolve into ciliated cells. The number of cellular
strata and consequently the thickness of the epithelium varies ac-
cording to the caliber of the bronchus. The question arises whether
in reality there is more than one layer of cells whose nuclei, located
at different levels, contribute to assume the appearance of a pseudo-
stratification (1). But, at whatever level it is considered, the mucosa
is essentially the same and this unicity calls for similarity in reaction
towards pathological aggression.

This normal epithelium undergoes certain changes in its adapta-
tion to environmental circumstances (age of the individual, fre-
quency of acute infections, irritations due to allergy, or to contact
with occupational dusts etc.) (2). The most important role is played
by the vibratil cilia which ensure disposal of the atmospheric impu-
rities and adequate drainage of the nasal cavities and of the air-cells
of the head.

Pathology of that region is dominated by the deficiency or the im-
pairment of this particular function. It is therefore understandable
that inflammation of the respiratory mucosa, particularly when
chronic as in extrinsic allergy or in bacterial allergy, is one of the
main elements of the diseases of the upper respiratory tract.

It is true that, contrarily to asthmatic patients, those suffering
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Irom blocking of the nose very often delay secking early medienl
wdvice, Although the same causes may be operative on the nasal
mucosn and on the bronehi, in the latler case, bronchial spasm and
oedema of the smaller tubes interfere violently with normal respira-
tion. When only the nose is involved, conscious breathing through
the mouth may alleviate the respiratory difficulties for a certain
length of Lime, at least during the day, but the patient will become
more and more conscious of his impairment in respiratory funclion
during his sleep, and only then will he seck professional advice,

Classificalion of Rhinitis.

Rhinilis may be classified in three categories according to thelr
cliology.

1. Allergic rhinitis.

n) Pollinosis (seasonal rhinitis) which has a typical scasonal in-
cidence corresponding to the pollination of the causalive plant or
the outpouring of fungi spores into the air.

) Perennial allergic rhinitis (non seasonal rhinitis) due to n
variely of specific allergens other than pollen or fungi such as house
dust, animal epidermals, orris root powder, occupational dusts (and
somelimes, but rarely, ingestants such as foods or drugs) or, espe-
cinlly in children, bacterial sensitization.

2. Vasomotor rhinitis due to non-allergic irritants or Lo undeter-
mined causes.

3. Infective rhinitis (i.e. the common cold) due to the toxins of
microbes or viruses.

Sccondary infection may complicate allergic or vasomotor rhinitis
thereby making a correct diagnosis most difficult.

Pathology of Allergic Rhinitis.

During the acute stage, the membrane is moderately swollen and
red because of the engorgement of the blood vessels. As the case
lends towards chronicity, the oedema is often more marked, the
hyperemia is less pronounced and the color becomes grayish red or
pearly gray in appearance. Nasal polyps are sometimes present and
are often associated with chronic sinusitis, chronic infection or hae-
terial allergy (3). Goblet cells and mucous glands are hypertrophicd
and secrete actively. The mucosa is infiltrated with lymphoid and
cosinophil cells, the later passing into the mucoid secretions. They
may be evidenced on appropriate slides and constitute an important
clement in the diagnosis.
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Physiology of the Allergic Rhinitis.

What changes take place when an allergen (e.g. a pollen granule)
comes in contact with the sensitized nasal mucosa?

Firstly there is a considerable slowing down of the ciliary move-
ment and a formation of oedematous blisters in the layer of the
ciliated cells, which undergo a very rapid change either to ordinary
epithelial cells, or perhaps, to secretory ones.

Later, the submucosal structures are distended by oedema arising
from the submucosal capillaries which infiltrates the cells of the
lower layer without impairing their vitality.

Of these successive changes, the first one, i.e. the impairment of
the movements of the ciliae, is the most important because it condi-
tions the tissular and the humoral development of the attack by
suppressing the physiological barrier which normally prevents pene-
tration of all foreign particles, whether solid or liquid, which might
come in contact with the walls of the nasal fossa (4).

Differential diagnosis.

The diagnosis is made from the symptomatology, clinical history
and the skin reactions.

In pollinosis, the onset of the symptoms is clearly marked. There
is a watery discharge, the eyes are red and swollen with constant
itching of the nose and, in some cases, of the throat, the palate and
the external auditory canal.

But one or more of these symptoms may predominate exclusively
and many factors (specific or non specific) exert their influence
upon them. These are discussed later (see Pollen).

For instance, in a few cases we have seen as only evident symp-
tom a vascular congestion of the conjunctiva; in others, the symp-
toms consisted almost exclusively in a constant itching of the
cheeks and lower palpebral region.

Fortunately, as skin tests are positive in a great majority of cases,
the correct diagnosis, eventually to be confirmed by the results of
specific desensitization, is easier to reach than in the case of peren-
nial rhinitis.

In rhinitis due to allergens other than pollens or seasonal fungi,
skin tests are not as reliable but the history most of the time, is self
explanatory. As, in the majority of cases, the symptoms are pro-
duced by contact with domestic or occupational dusts, they will be
relieved whenever the patient spends a few days away from home
or his place of work.

Although, according to most allergists, ingestants do not play a
major role in allergy of the respiratory tract, a divergent opinion
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haw been upheld by Rowe (D) and Pisani (6) who assign great lim-
portanee to the various food allergens, the inhalants constituting
only n secondary, aggravaling faclor.

Muany cases of perennial rhinitis show concomittant sensitization

o pollens and experience exacerbations of their symptoms during
the pollen season,

In Europe at least, sensitization to pollen alone is far less frequent
thun sensitization to both pollen and house dust. According lo our
stalisties on 1275 cases of respiratory allergy (asthma and/or rhin-
ilis), 62 9% were sensitized to house dust, 25 % to house dust and
pollen and only 13 % to pollen alone.

PPalients experiencing symptoms all the year round are apt to
develop allergy to drugs, especially to nose drops of which they
often make excessive use, (antihistamine sprays, local vasoconstrice-
tors, antibiotic aerosols).

Infective rhinitis. Infection exerts its action in two different ways:

1. as a toxic agent: either as the only cause of the discase (common
cold) or as a complication of a pre-existing allergic or vasomotor
rhinitis;

2. as an allergen: the bacteria in this case are endogenous and nel
ns allergens. Bacterial allergy may be a disease in its own righl or a
complication of an extrinsic allergy. In typical cases, infcclive rhin-
ilis is casy to differentiate from allergic rhinitis. Fever, sore throal,
malaise, the simultaneous occurrence of the same symptoms in other
non-allergic members of the family as well as the preponderance of
neulrophils in the nasal secretions are the main points in the diagno-
sis. Unfortunately, in practice, it is not so easy as the two conditions
oflen occur together. In this case, the symptoms due to the infection
are the most conspicuous and they tend to mask the underlying
nllergic condition.

In bacterial allergy, the patients present local symptoms which
nre due to the allergic inflammation of the mucosa (nasal blocking,
sneezing, watery discharge, postnasal drip) and often, but not
always, generalized symptoms due to the absorption of baclerinl
loxins (malaise, depression, lack of appetite, generalized ncuralgia,
insomnia). Allergy due to bacteria displays a tendency to periodic
exacerbations, often precipitated by chilling, fatigue, overwork, wor-
rics or menstruation. According to Surber, staphylococcus aureus is
the main causative organism, the next important being streptococcus
viridans, streptococcus hemolyticus and pneumococcus type 3 (7).

Skin tests with bacterial allergens are not of a great help in
rhinitis due to bacterial allergy. Foci of infection in the tonsils or
adenoids in young children, in the paranasal sinuses in adults and
older children are significant and anti-infectious therapy may help
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to clear the way for a more precise unveiling of the basic cause. As
Sherman and Kessler rightly state: “While the absence of reactions
to extrinsic allergens obviously directs attention to infective factors,
the coexistence of factors of both types is very common and the sus-
picion of infective factors should be based on positive cvidence
rather than exclusion of extrinsic factors” (3).

Vasomotor or reflex-type rhinitis is the “no man’s land” of rhin-
itis. It is unfortunately a kind of wastepaper basket apt to welcome
all of those cases in which a complete examination has not been able
to reveal the cause.

It apparently afflicts more frequently patients over forty, posses-
ses undoubtedly an emotional basis and may be due (in part) to
nervous or hormonal unbalance.

Blocking of the nose passages can be induced by a variety of
causes, cold, heat, ultraviolet light, local irritants or even by normal
physiological functions like digestion or by changes in position etc.
All these stimuli are immuno-biologically neutral and do not cause
formation of antibodies. In normal individuals, they hardly produce
any symptoms. For some unknown reason, in vasomotor rhinitis,
the reaction threshold is lowered and the nasal mucosa is therefore
abnormally irritable (8).

The allergic history as well as the skin reactions are usually
negative although border cases do exist and it is often very difficult
to separate the allergic from the reflex type.

Vasomotor rhinitis holds about the same place, in the pathology
of the uper respiratory tract, as non-allergic asthma in the lower.

Complications.

1. Hyperplastic sinusitis. In allergic rhinitis, the nasal mucosa,
chronically inflamed by contact with the allergens offers poor re-
sistance against bacterial invaders. In the paranasal sinuses, the
oedema of the mucosa impairs efficient drainage and infection will
thus develop in a closed vessel, evolving towards a stage of chronicity
interrupted by occasional flare-ups. After a few months, even when
the focus has undergone more or less complete auto-sterilization, the
mucosa of the sinuses will most of the time acquire some degree of
sensitivity towards the bacterial proteins. This will result in chronic
hyperplastic sinusitis with a thickening of the lining membrane of
the sinuses which very often can only be evidenced by X-ray ex-
amination. There is little or no exudate except during the acute
stage. Most authors agree with Sherman and Kessler that chronic
hyperplastic sinusitis is at least partly due to bacterial allergy.

Unlike acute, chronic sinusitis is resistant to most therapeutic
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mensures, Anlibioties are of litlle avail against foci of infecetlon
deeply inhedded in the mucosa, Preatment should endeavour o re-
nlare proper dreainage of the eavilies, Lo impede further progress of
the infection and to remove all known causalive allergens from the
covironment of the patient. During acute flare-ups, sinus lavages and
untibiotics are indicated; later, when quieseence has been obtained,
desensitizalion with stock or autogenous baclerial vaccines or with
vieeines prepared by the more rational “pathogen-selective’” method
(1) may be tried but results are in most cases questionable.

The only drug of choice is prednisone as it is of special value
neaninst the effects of bacterial allergy. Recurrent respiralory in-
leetions or local flare-ups should be treated with prednisone and
nntibiotics, but prednisone alone can be used in hyperplastic sinu-
wilis al least until the allergy has been brought under control,

2. Nasal polyps. Examination with a nose speculum often revenls
mucous polyps in the nasal cavity or arising from the antrn and
ethmoid cells. They are the result of the same changes in the mucosn
ol the nose as those undergone by the membrane of the sinuses in
hyperplastic chronic sinusitis.

They are irreversible, due to bacterial allergy and therefore in-
neeessible to treatment directed exclusively against extrinsice al-
lergens.

When polyps cause obstruction of the air passages, surgical re-
moval is indicated but recurrence is frequent.

Here, as in hyperplastic sinusitis, bacterial vaccines, avoidance of
irrilants (inhalant allergens, drugs administered locally, respiralory
imfeetions) and more reliably, peroral prednisone are indicaled.

1I'realment of allergic rhinitis.

Successful treatment of allergic rhinitis depends on whether or
nol diagnostic measures have been able to evidence if not all at least
the most important causes of the disease. History taking, skin test-
g, thorough examination of the nose and sinuses (with X-rays),
evenlually specific provocation tests, are the fundamental steps
which cannot be avoided or abridged. Special attention should be
paid to acute or chronic infection, a complication which is more
frequent in the upper than in the lower respiratory tract.

In clear cases, specific desensitization and avoidance of the aller-
pens will bring lasting results. However, in complicated cases and
in those where food allergy is involved or where complete removal of
the cause, even when specific, is unattainable (as in occupational
allergy), both the sagacity of the doctor and the endurance of the
palient may be severely taxed.
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POLLEN

The term “pollinosis” comprises all the pathological manifesta-
tions occurring when pollen grains enter into contact with a speci-
fically sensitized mucous membrane.

Among the thousands of pollen-producing species, only about a
hundred are suspected of being responsible for all the cases of pol-
linosis. Even among these, there are at the most a dozen, the in-
fluence of which must be considered predominant within a particu-
lar region.

Their importance depends upon their manner of pollination and,
for this reason, they may be classified into three groups:

1. The entomophilous plants, pollinated by insects. These species,
the flowers of which display attractive colours, are fragrant or pro-
duce nectar. The pollen is thick, sticky and scanty. Example: the
fruit trees.

2. The anemophilous plants, the pollen of which is exclusively
carried by the wind. Their flowers are unobtrusive, non-fragrant,
without nectar and mostly unisexual. Their pollen is very abundant,
dry and dusty. Example: the Grasses, Plantago, Rumex.

3. The amphiphilous plants, which combine the characteristics of
the two preceding groups. They have visible and fragrant flowers
with abundant and light pollen. Example: Salix.

A certain number of species, in which the entomophilous pollina-
tion is imperfectly carried out, may be classified among the last men-
tioned. Their pollen is often dispersed in the atmosphere by insects
which have gathered it on the flowers or it has been propagated by
gusts of wind, as demonstrated by the frequency with which it is
found on the slides of the pollen-surveys. Example: Dahlia, Helian-
thus, Solidago.

The Thommen Postulates.

In order that a plant may be suspected of provoking epidemic pol-
linosis, the following five conditions (called “the Thommen postu-
lates’’) must be fulfilled:

1. Its pollen must contain an excitant for hay-fever.

The pollen of pine is inoffensive because, although widely dis-
persed in the atmosphere during certain periods of the year, it does
not contain the active principle which induces hay-fever.

2. Its mode of pollination must be wind-borne.

This principle applies to the great majority of plants which pro-
voke pollinosis. However, the pollen of the species classed as am-
phiphilous may be found in the atmosphere when the pollen is very
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awhundant (Tilia, Olea, cerlnin Compogsilae. cle)), or when coming
trom n large aren devoled Lo the cultivation of w single species
tHellanthas Tields in Easlern Kurope). Gardeners, florists, hothouse
cultivitors ete,, who often handle entomophilous flowers and regu-
b ly inhale the pollen, may become sensilized more or less rapidly,

A N pollen must be produced in a sufficiently large quanlily.

T'his is n characleristic of anemophilous plants and explains why
pollinosis is caused essentially by these species.

4.1y pollen musl be sufficiently buoyant to be carried consider-
uble distances.

I'he pollen corresponding best to this specification is composed
ol xmall grains (less than 35 microns), is dry, light and spherical,
Cerluin pollens, as for instance that of Zea Mays, although fulfilling
wll the other conditions of the Thommen postulates, arc inoffensive
heenuse Lheir grains are large and sticky.

. Ils pollen must be produced by an abundant, widely distribuled
plant.

This fact is of primary importance. Certain specics, extremely
noxious in certain regions of the world where they are plentiful, nre
ol no importance in other parts, due to insufficient distribution, ¢.4.
Ambrosia, the principal cause of pollinosis in America. Although
rure specimens of this plant are found scattered here and there in
I'urope, it must be considered as inoffensive outside of the Americas.
I'he same applies to Parietaria, the growth zone of which does not
evlend beyond the Mediterranean Basin. Cynodon dactylon is abun-
dunt south of the 34th parallel in America because it is cullivaled
ns pasture and lawn grass, where it causes the majority of cases of
pollinosis due to grasses. It extends into the Northern and Eastern
regions, but in insufficient quantity to provoke clinical symptoms.

I'urthermore, certain species may be abundant in one locality or
even in a section of one locality as is the case especially with trees.
‘I'his explains why the symptoms experienced by patients may dis-
nppear completely after a change of residence.

l'aclors which may influence the Concentration of Pollen
in the Atmosphere.

Gienerally, the floral anthers release their pollen during the early
hours of the morning (between 4 and 8 A.M.) and the symptoms
experienced by patients are strongest during this period. The dis-
persion of the pollen, however, is subject to numerous meteorological
fnelors, the investigation of which encounters serious difficultics as
they may exercice their influence on vast regions or only on localized
nreas.

Il  ALLERGY
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The vigor of plants is conditioned by the quantily of waler al their
disposal during growth. If the months of April and May have been
rainy, it can be anticipated that the pollen scason for grasses will he
severe. The rain influences not only the abundance of pollen but
also its antigenic property. This explains why vaccines, prepared
under the same conditions, may differ in antigenic power from one
year to another according to the harvest, even if it comes from the
same region.

Clear, sunny weather favours the opening of the anthers and the
scattering of the pollen in the atmosphere. It must be noted, how-
ever, that the majority of patients are mostly troubled when an
early morning mist covers the ground, even making them believe
that the mist is the only cause of their complaints. Ordinary steam
from a boiler or an inhaler is, nevertheless, well tolerated by these
same patients and even helps them. The divergency arises from the
fact, as demonstrated by Heise and Heise (1), that the presence of the
ground mist is the consequence of an inversion of the temperature
of different air layers, the coldest being in contact with the ground
and thus imprison the granules of pollen which have been emitted.

The pollen is propagated by the turbulence of the atmosphere
and it is easy to understand that a violent wind can transport it
enormous distances. This explains the occurrence of “pollen showers”
during which considerable quantities of pollen, falling from the
upper atmospheric levels, can be collected on the slides even though
the local conditions at the ground level (clouds, rain) are completely
unfavourable to the unfolding of the anthers.

Differences of opinion on this point exist between European investigations
and those carried out in the U.S.A. The pollen-surveys in the latter country,
especially those carried out by Wiseman et al. (2) in the harbour of New York,
show an obvious correlation between the quantity of pollen gathered at various
stations and the direction and force of the wind. Sack (3), utilizing stations on
board vessels and aeroplanes, demonstrated the presence of pollen grains in the
atmosphere at a distance of more than 300 km from the coast. Contrarily, van
Dishoeck and van Horn (4) concluded, from the results of surveys carried out in
Holland and compared with data furnished through meteorological observations,
that the quantity of pollen in the air depends exclusively on the maturity of the
floral organs of the plants and has nothing to do with the humidity of the atmos-
phere or the precipitations of rain. The release of the pollen diminishes when the
temperature of the air falls below 15° C, or when the barometric pressure rises.

These divergencies may be explained, up to a certain point, by the fact that
the experiments in the U.S.A. were made with Ambrosia pollen and that in
Europe the experiments could be carried out only with grass pollen, consider-
ably more heavy (20 to 100 microns @) than the first named (17 to 24 microns
). Morcover each Ambrosia plant pours out into the atmosphere twice as many
pollen grains as a Graminea, and three times as many as Plantago. Ambrosia
pollen will thus be dispersed over extensive areas and will be recovered much
further away from its source than the pollen of grasses.



THE UPPER RESPIRATORY TIRACT 103

Facltors beside Pollen which may influence the Sypmploms,

Other factors than pollen may aggravale the symptoms,. Alone,
they nre, of course, inoperative and cannot manifest their influence
unless the patient is sensitized to pollen, Therefore, they are difficult
to nnnlyze as il is impossible to separale exactly what is due (o the
apecifie aclion of the pollen from what must be considered due to
the nggravaling factors.

1)y Meleorological Faclors.

Wind, humidity, rapid fluctuations in the barometric pressure,
wlormy weather and especially the sun’s rays all influence un-
fuvourably the comfort of the patient. Most of hay-fever sufferers
cunnot stand bright sunlight and protect themselves instinetively
by wearing tinted glasses. Itching and watering of the eyes inerense
during the bright and sunny days. As these melcorological condi-
lions, however, are exactly the ones which favour the diffusion of
pollen in the atmosphere, the tendency has bheen to consider thewe
only.

Special climatic circumstances have enabled us to provide proof of the aetion
ol sunlight on some patients outside the pollen-season. In Brusscls, three dayn,
the 11th, 12th and 13th of March 1957, were extremely hot and sunny, with a
muaximum temperature of 20° C. Five of our patients, then under desensitizing
trentment, presented minor but typical symptoms of pollinosis at this thme, All
were sensitized to grasses only and no pollen-grains from species belonging to
this family exist in the atmosphere in Belgium during the month of March,
I'urthermore, pollen-survey slides had collected only a few grains of Ulmus
during the days mentioned.

) Food Factors.

By subjecting systematically 540 pollen-patients in Belgium o
skin tests with cereal allergens, we have been able to show thal 13
per cent of them had positive reactions to wheat flour and 6 per cent
lo rye flour. This must be due to cross reactions, and it secems proh-
able that a common antigen is present in the pollen and in the grain
of the Gramineae. The predominance of the reactions to wheat may
be explained by the feeding habits of the local population which does
not eat rye bread. However, in 11 of these 540 cases we have been
able to demonstrate by alimentary provocation tests, the exislence of
a clinical sensitization to wheat, the symptoms of which (mostly of
a gastro-intestinal nature) did not appear until the period of polli-
nation of the grasses. These troubles disappeared rapidly after sub-
stituting rye in the diet for wheat. As the symptoms cxisted only
during the months of May-June, it must be concluded that they
were provoked by the simultaneous action of the wheat and gruss-

e
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pollen allergens. When each of these two allergens is absorbed se-
parately, no reaction takes place because the threshold of tolerance
of the organism has not been reached. But, this is not the case when
both allergens gain entrance into the organism at the same time and
the antigenic effect of each will be increased by the antigenicity of
the other. A clinically apparent reaction will then occur (5).

Pisani (12a) believes that the cross sensitivity between foods and
pollens extends farther than merely an antigenic similarity between
the cereals and the grass pollens. Using the Ovary technique, he
showed in guinea-pigs that a great number of pollen antibodies evi-
dence reactive capacity to extracts of a series of semi-digested foods
having no botanical relation such as cottonseed, hazel nuts, figs,
cabbage, turnips, beans and soya. The author claims that treatment
on these lines i.e. by eliminating from the patient’s diet all of those
foods who have cross reacted with the pollen antibodies, has been
successful in the majority of his hay fever cases.

The importance of the food factor in pollinosis has been stressed
previously by Feinberg (12b) and there is no doubt that there is a
great deal of truth in this theory, but much experimental and clinical
work will have to be done before it is definitively proven that ali-
mentary allergens play the major role in the production of the pollen
syndrome,.

Specificity of Skin Tests.

It cannot be denied that a tendency exists towards cross reactions
among plants belonging to the same genus, but this cross sensitiza-
tion is never complete, even between the grasses.

1. Cross Reactions between the Grasses.

In testing 900 cases of pollinosis with 27 different kinds of grass
pollens, we did not find a single case which reacted to all the pollens.
If Dactylis glomerata, the most widely spread graminea in the tem-
perate zone of Europe, has given 75 per cent of positive scratch tests,
more uncommon species, such as Oplismenus crus-galli, or even
species completely unknown in the vicinity, such as Cynodon dacty-
lon have given respectively 32 and 27 per cent positive skin reac-
tions. The species, whose pollen lacks buoyancy because the grains
are large and heavy (Secale cereale, Zea Mays) or which are ferti-
lized by autopollination (Triticum sativum) only produced 39, 40
and 38 per cent of positive reactions. It can therefore be admitted
that roughly between 10 and 30 per cent of the patients sensitized to
grasses will react to pollen of grasses with which they have never
had the opportunity to come into contact with. Table I sums up the
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TABLE 1
Comparison of the pereentage of positine reactions (n grass sensltive patienia
tented with seven different grass pollens in the USA, Haly and Belginm,

U.S.A. (Virginin) Itnly Belglum
Botanle names Grubb &
. Serafind (7) Duchnine (8)

V;Il;;‘l(l::::‘g» #:72 cases \l:m mm‘un
Dactylis glomerata. 48.1 62.6 706
Phlcum pratense ... 45.4 35.6 03
Agrostis alba ........ 65.6 56.2 11}
Poa pratensis ........ 51.4 50.2 00
Bromus spp. ......... 394 44.3 19}
Sorghum halepense 445 32.5 40
Cynodon dactylon . 35.1 12.2 27

work carried out in the U.S.A., Italy and Belgium, and shows that
the phenomenon of cross sensitivity to grasses exists all over the
world.

That grass pollens have a common main protein component hows
heen established immunologically by Augustin and Hayward (8a)
using precipitation tests, Ouchterlony’s diffusion tests, skin lests
and chemical and electrophoretical isolation.

A differing opinion has recently been upheld by Fecinberg (8h)
who, using an original modification of agar gel immuno,-analysis,
has found “striking individualities among the common grass pollens™,

Contrarily to the opinion of Freeman and his school who advocate
Ihe use of only one or two grass pollens for hyposensitization against
grass hay fever, Feinberg favors treatment with as wide a range of
pollens as practicable.

2. Cross Reactions between the Compositae.

Many studies have been made in the U.S.A. on this subject bul
the results have been difficult to appraise because of the ubiquitous
presence of Ambrosia pollen in the air during most of the pollina-
tion period of the other Compositae. In Europe, where Ambrosia is
unknown, the problem has been studied, but no definite conclusions
have as yet been reached.

Even if autumn hay fever, in our opinion, is a very rare affliclion
in Europe, we have been rather surprised to find that about 15 per
cent of our patients showed positive skin reaction to different ancmo-
philous or amphiphilous Compositae pollens. All of these patienls
were sensitized to grasses, but only 4 of them (0.44 per cent) pre-
sented clinical symptoms during the flowering period of the Com-
positae, which follows that of the grasses (August-September). Pro-
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vocation tests after inhalation of differenl Composilae pollens were
positive in 38 per cent of thesc cases. The absence of clinical symp-
toms suggests latent allergy, which never has the opportunity of de-
veloping into clinical allergy because the amount of pollen dispersed
in the atmosphere by the Compositae, as attested by what is gathered
on the slides, never appears to be sufficient to provoke manifest
clinical symptoms (9).

It is because of cross-sensitization between the Compositae that
a certain number of cases of sensitization to Ambrosia (with posi-
tive skin and inhalation tests) can be explained in patients who have
never lived outside of Europe. It is probable that the sensitizing
allergen here is the pollen of dahlias and asters used to decorate
rooms during summer-time and which, mixed with the house dust,
may sooner or later provoke sensitization of the respiratory system
to all the pollens of the Compositae family. Pyrethrum powder,
manufactured from flowers of Chrysanthemum coccineum, may play
the same role.

The active Agent in Pollen.

Much work has been done with the aim of extracting and purifying
the antigenic component contained in the pollen grain. Pollen ex-
tracts have been submitted to chemical analysis, electrophoretic
separation, ultracentrifugation, ager gel analysis etc.

Although no unanimity of agreement has yet been reached, most
of the authors are of the opinion that there is more than one anti-
genic substance and that no single grouping represents the whole
antigenicity of the pollen grain. The active component is probably
a polypeptide (Rockwell (9a)), a denatured protein of the albumin
type (Harley (9b)) or a non dializable protein of low molecular
weight: 14,000 (Augustin (9c¢)), 5,000 (Abramson (9d)), less than
10,000 (Silver and Bookman (9e)).

Until the question: why is a pollen grain antigenic ? has been
satisfactorily answered and the substance responsible for its anti-
genicity isolated, all methods of standardization of extracts must
necessarily be empirical and the extracts will vary according to the
technique used for their preparation, to their keeping qualities, and
to divers factors which have exerted their influence on the plants
before and during pollination.

Field and Pollen Surveys.

In each region, the severity of pollinosis depends on the abund-
ance of anemophilous plants, the quantity of pollen which they dis-
perse in the atmosphere and the duration of their pollination. Hence



TR CPPER BRESPIRATORY TRACT 107

the necessily of establishing field surveys o identify the regionnl
species, nnd of pollen surveys to deteet whatl pollens may be found in
the wie and their relative atmospherie incidence.

I Lield Surveys.

These are carried oul with maximum efficacy by professional or
amateur botanists, Hundreds of interested allergists and bhotanists
hinve thus covered most of the Buropean and of the North Americnn
regions, The result of their work is summarized in tables T and 11,
The pollination data mentioned are approximate ones. They depend
on local conditions, meteorological factors and the temperature of
the air, which determine the changes in the seasons. These are brief
i well-defined in the temperate zone. Pollen scason will he severe
hut of short duration because most of the anemophilous species
telease their pollen all at the same time. Contrarily, in the regions
nenr the equator, there will be only two seasons, poorly demareated,
the dry and the rainy seasons. The period of pollination may Iasl
weveral months and the quantity of pollen released cach day in the
ntmosphere will be correspondingly reduced.

To facilitate matters, from the point of view of pollinosis, the
enrth may be divided into three regions: Europe (excepling the Me-
diterranean Basin), the Mediterranean Basin (South of France, Ialy,
Spain, Portugal, Turkey, Israél, North Africa) and the Amerieas,
As far as Asia, Australia, Oceania and the major part of Africa are
concerned, details are either completely lacking or are loo frag-
mentary.

\. Europe, excepting the Mediterranean Basin.

Grasses predominate almost exclusively because they are culli-
valed for hay and pastures. Denseness of population is very high in
mosl regions and nearly all of the land, even the most arid, is under
cullivation. This explains the relative scarceness of species like Arle-
misia, Chenopodium, Rumex and the complete absence of Ambrosia
and Franseria which have never been able to gain foothold in Iu-
rope, notwithstanding favorable climatic and soil conditions, be-
cause they are promptly eradicated by the farmers.

Pollinosis from trees is uncommon and autumn hay fever is ¢x-
tremely rare, although it exists.

3. The Mediterranean Basin.

I'his region embraces a varied flora comprising most of the species
of the temperate regions in addition to others which are only to he
found in the warmer regions (Cynodon dactylon, Parietaria, Olea
curopea, Acacia etc.).
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TABLE 11

Relative Allergenic Significance of Plants
(with their English, French and German common names).

Key to Symbols: O according to most authors, this plant is of very little
importance, except as cross reactive; * may be important, at least
locally; + locally important; 44 important over widesprcad arecas;

+ 4+ very important; ? influence unknown.

Q
ol 28
Botanic Names Cglr?({:é:r:rrx,%i’g;ﬁh Comn&grrlngsrench Comrr:\}):m(gtserman g‘g
o
2%
1. Trees
Aceraceae
Acer spp. Maple Erable Ahorn +
Box-elder
Anacardiaceae
Schinus molle Pepper-tree O
Arecaceae
Chamaerops Dwarf palm Palmier Palme ?
humilis
Betulaceae
Alnus spp. Alder Aune Erle +
Betula spp. Birch Bouleau Bircke +
Carpinus spp. Hornbeam Charme Weissbuche +
Ironwood
Ostrya Hop-hornbeam +
virginiana Leverwood
Ironwood
Corylus spp. Hazel Coudrier- Haselnuss O
Filbert Noisetier
Caprifoliaceae
Sambucus spp. Elderberry Sureau Holunder +
Casuarinaceae
Casuarina Casuarinatree +
equisetifolia Australian pine
Beefwood
Coniferae
Cupressus Lawson cypress +
fragrans
Juniperus spp. Juniper Genévrier Wacholder +
Mountain cedar
Redberry
Picea spp. Spruce Epicéa Rottanne @]
Pinus spp. Pine Pin Kiefer (@)
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TABLE 11 (cont.)

14

Fagaeeae

nltissima

Caunlunen spp. Sweet chestnut Chataignicer Kastanle (@)
Chinquapin
Fugus spp. Beech Hétre Buche )
Quercus spp. Ouak Chéne Eiche -}
nuber Cork-oak Chéne lidge Korkbaum il
Juglandaceae
Juglunds spp. Walnut Noyer Walnuss (@)
Butter nut
Curya Pecan Hickory Noix Hickory Hickorynuss -
Mimosaceae
Acacin Opopanax Mimosa Akazie ?
Popinack
I'rosopis Honey mesquite KK
fuliflora Algaroba
Mirtaceae
I'ucalyptus spp. Gumtree Eucalyptus Eukalyptus )
Moraceae
Morus alba White mulberry  Miirier Maulbecere |
Hroussonetia Paper mulberry  Mirier du Japon Japanische -}
papyrifera Maulbere
Oleaceae
Olea curopaea Olive-tree Olivier Olivenbaum -
I.igustrum spp. Privet Troéne Rainweide Rl
I'raxinus spp. Ash Fréne Eschenholz HE
I'hyllirea Philaria RH
ungustiflora
I'ulmaceae
Cocos nucifera  Coconut palm Cocotier Kokospalme ?
I’hoenix Date palm Palmier dattier Dattel Palme ?
dactylifera
I'lalanaceae
I’latanus spp. Plane Platane Platane -|-
Sycamore
Salicaceae
Salix spp. Willow Saule Weide @]
I’opulus spp. Poplar Peuplier Pappel -}
Cottonwood
Aspen
Simarubaceae
Ailanthus Tree-of-Heaven Vernis du Japon 3
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TABLE II (cont.)

Taxineae
Taxus spp. Yew If Eibe ?
Ground hemlock
Tiliaceae
Tilia spp. Lime Tilleul Linde +
Basswood
Ulmaceae
Ulmus spp. Elm Orme Ulme +
Celtis Hackberry Micocoulier Falsche Ulme -+
occidentalis Sugarberry
False elm
Grasses
Cyperaceae
Carex Tussock sedge Carex paniculé Riedgras +
paniculata
Cyperus Nutgrass Soucher Zypergras +
esculentus Galingale
Scirpus Bulrush Jonc des +
lacustris tonneliers
Gramineae
Aegilops ovata  Goat grass Egilope Geissauge O
Agropyrum Dog’s grass Escourgeon Ackerquecke O
repens Couchgrass Chiendent Hundsgras
Quackgrass
Agrostis alba Common bent Traine Straussgras ++
Red top
Aira media Hair-grass Canche Rocksbart +
(= Deschamp-
sia)
Alopecurus Meadow foxtail Vulpin Wiesenfuchs- @)
pratensis swanz
Ammophila Marram grass Oyat Strandhafer +
spp. European beach-
(==Psamma) grass
Andropogon Wooly Beard Pied de poule Bartgras O
ischacmum grass
Anthoxanthum Sweet vernalgrass Flouve odorante Ruchgras ++
odoratum
Arundo Donax  Bamboo-Reed Cannevelle Bambusrohr =+
Giant reed
Avena Perennial oat Avenette Wiesenhafer +
bromoides grass
— elatior Tall oat grass Fromental Glatthafer -+
(=arrhenate- False oat grass Fenasse
rum elatius)
— fatua Wild oat Folle avoine Wildhafer + 4
— sativa Common oat Avoine Hafer O
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Houteloun
W dlis

nchypodium
planatum
Wiken media

romus mollis

vigldus
aterilis

Cvimpogon spp.

Cynodon
dactylon
t  Capriola
ductylon)

yvnosorus
ceistatus
Ductylis
wlomerata
Digitaria
sanguinalis
Fly mus spp.

Frngrostis spp.
I'estuca elatior

ovina

pratensis
rubra
IHoleus lanatus

vulgare

Hordeum

murinum
vulgare

Iyparrhenia

spp.

Imperata spp.

Kocleria
cristata

Mesquite
Buffalo grass
Grama
Tor-grass

Quacking grass
Totter-grass
Soft brome

Lop grass
Ripgut grass
Barren brome
Hungarian brome
grass
Turpentine grass
Bermuda grass
Dog’s tooth grass
Scutchgrass

Crested dog’s tail

Cocksfoot
Orchard grass
Hairy fingergrass
Crabgrass

Lyme grass
Giant rye

Love grass

Tall fescue
Dover grass
Sheep’s fescue
Black twitch-
grass

Meadow fescue
Red fescue
Yorkshire fog
Tufted grass
Velvet grass
Wooly soft grass
Indian Millet
Guinea corn
Wall barley
Mouse barley
Cultivated barley
Tambookie grass

Blady grass
L.along grass
Crested hair-grass
Western June
grass

Paléne
Tremblote
Brome mollet

Brome trés grand
Averon

Herbe des
Bermudes
Chiendent pied
de poule

Patte de perdrix
Crételle

Pied de poule
Sanguinette

Oyat

Amourette
Grande fétuque

Coquiole
Fétuque des prés

Fétuque rouge
Houque laineuse

Millet d’Inde
Orge des rats

Orge cultivée

Impérata

Koeleria a créte

Ficederzwenke
Ziltergras

Weiche Trespe

Taube Trespe

Bermudagras
Hundszahn

Kammgras
Knauelgras
Hahnenfuss
Blutfennich

Seehafer

Liebesgras
Hoch-Schwingel

Schafgras
Wiesenschwingel
Rotschwingel
Wolliges
Honiggras
Mohrenbartgras
Mausegerstce

Gerste

Silberhaargras

Kammschmiele
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TABLE 1II (cont.)

Lagurus ovatus
Lolium perenne

Loudetia
arundinacea
Melinis
minutiflora
Melica ciliata
Molinia
caerulea
Oplismenus
crus-galli
(=Echino-
chloa)
Panicum
miliaceum

Paspalum
dilatatum
Phalaris
arundinacea
(=Baldingera)
— canariensis

Phleum
pratense

Poa annua

— compressa

— pratensis

— trivialis

Polypogon
monspellienses
Saccharum
officinarum
Scleropoda
rigida
(=Catapo-
dium)

Secale cereale

Hare’s tail grass
Rye-grass
Ray-grass
Eavers

Molasses grass

Nodding melick
Purple moor-
grass

Cockspur grass
Barnyard grass

Common millet
Red millet
Para grass
Dallis grass
Water grass
Reed grass

Canary grass

Timothy

Cattail

Herd’s grass
Annual meadow
grass

Annual blue grass
Low spear grass
Canada bluegrass
English bluegrass
English meadow
grass

Kentucky blue-
grass

June grass
Rough meadow
grass

Rough bluegrass
Beard grass
Rabbitfoot grass
Sugar cane

Fern grass
Hard meadow

grass

Rye

Queue de liévre
Ivraie
Raygrass anglais

Mélique
Molinia

Pied de coq

Panic faux millet
Mil d’Inde

Alpiste roseau

Alpiste des serins

Fléole des prés
Timothée

Paturin annuel

Paturin des prés

Gazon d’Angle-
terre

Polypogon de
Montpellier

Canne a sucre

Poil de loup

Seigle

Hasenschwanz
Lolch
Englisches Rai-
gras

Perlgras
Besenried

Hiithnerfennich

Hirse

Rohrglanzgras

Kanarienglanz-
gras
‘Wiesenliesch-
gras
Timotheegras
Jahriges Rispen-
gras

Wiesenrispen-
gras

Rauhes Rispen-
gras

Vielbart
Zuckerrohr

Steifes Viehgras

Roggen

o
+++

HH +

H+

H+

H+

+++

++
+++

I+

1+

I+
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Nenlerin Blue moor-grass  Seslérie bleue Elfengras )
cacinlen
Hetutbn app. Bristle grass Sétaire Borstengras iR
Panic
Horghum Johnson grass Sorgho d’Alep Aleppobartgras -|-
halepenne Sorghum
sgyptian millet
vulgure Sudan grass Millet a balai Mohrenhirse +-
v nudanensis Negerkorn
Hparobolus Drop-scad grass Sporobole Samenwerfer -}
punens
“tenotuphrum St Augustine Chiendent de Buffalo gras ?
wimerleannum grass boeuf
Short grass
Buffalo grass
Sipn juncea Rush-feather Stipa faux-jonc Pfriemgras (@]
grass
Needle grass
hemeda Rooigrass -}-
tinndra
Lilcholaena Natal grass HE
tonen
idsetum Yellow oat grass Triséte jaunatre  Goldhafer HE
fluveseens Golden oat grass Avoine dorée
leiticum Cultivated wheat BIlé Weizen O
nlivam Corn
Vulpia ciliata Rat’s tail Queue de rat Kammschwingcl A
Zoen Mays Maize Mais Mais @)
Indian corn
lincaceae
Lauzula Common wood Luzule des Binse A
campestris rush champs
Good Friday grass
I'yphaceae
I'ypha latifolia Cattail Massette Sumpfpflanze 4
3. Weeds
Vmaranthaceae
Amaranthus Pigweed Amarante Amaranthe +
wpp. Carelessweed
Tumbleweed
Acnida Western Water- +
lnmariscinia hemp
Cannabinaceae
Cunnabis sativa Hemp Chanvre Hanf H
IHumulus Hop Houblon Hopfen O

lupulus
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TABLE 1I (cont.)

Chenopodiaceae
Atriplex spp. Saltbush Arroche Melde +
Orache
Shadscale
Quaibrush
All scale
Beta vulgaris Sugarbeet Betterave sucriére Runkelriibe (@]
Chenopodium Lambsquarter Chénopode Giansefuss +
spp. Goosefoot
Mexican tea
Kochia scoparia Burning bush +
Summer cypress
Fire bush
Salicornia spp. Glasswort Salicorne Mecerfenchel +
Salsola pestifer Russian thistle Salsola Salzkraut + +
Saltwort
Tumbleweed
Sacrobatus Greasewood +
vermiculatus Chico
Compositae
Achillea Yarrow Mille-feuilles Schafgarbe O
millifolium Milfoil
Ambrosia spp. Ragweed Herbe-a-poux Traubenkraut ++ 4+
Hogweed Sarriette
Bitterweed
Anthemis Chamomille Camomille des Kamille
cotula Dogfennel chiens
Artemisia spp. Wormwood Armoise Beifuss + +
Mugwort
Sagebrush
Aster spp. Aster Aster Aster O
Baccharis spp. Groundsel bush +
Desert bush
Bidens spp. Bur-marigold Bident +
Chanvre d’eau
Chrysanthe- Dog-daisy Marguerite Margerite O
mum Oxeye-daisy Ginsebliimchen
Leucanthemum
Cyclachaena Prairie ragweed ++
xanthifolia Carelessweed
Burweed
marshelder
Franseria spp. False ragweed +
(= Gaertneria) Rabbit bush
Helianthus Sunflower Tournesol Sonnenblum +
annuus
Hymenoclea Burrow weed *
salsola
Iva spp. Marshelder +

Poverty-weed
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Solldugo

perennis

Goldenrod Solldage Goldrute )
virgnuren
Farnxncum Dandcelion Pissenlit Lowenzahn [
olfleinale
Nunthinm spp.  Clotweed Lampourde Spitzklette 1
Burweed
Cocklebur
Clotbur
Fuphorbiaceae
Mercurialis Dog’s mercury Mercuriale Bingelkraut [
vivante
Chou du chien
Castor oil plant Ricin Rizinus [

icinus
comimunis

Palma Christi

'apillionaceae
Cerntonia Caro-bean tree Caroubier Johannisbrot- [
Siliqua baum
Medicago Alfalfa Luzerne Schneckenklee (
antiva Lucerne
Meclilotus spp. Sweet clover Mélilot Honigklee [
Robinia Locust Robinier Robinic 0
pscudacacia Falche Akazic
I'rifolium spp.  Clover Treéfle Klee (]
I'lunlaginaceae
I'lantago English Plantain  Plantain Spitewegerich |
lanceolata Ribgrass
Ribwort
I'olggonaceae
Rumex spp. Dock Oscille Ampfer |
Sheepsorrel Surette
Mexican tea
l'rlicaceae
Parietaria Pellitory Pariétaire Mauerkraut [
officinalis
['rtica spp. Nettle Ortie Nessel O

(.. The Americas.

The flora is characterized by the abundance and the variely of
noxious species. This fact must be ascribed to the vastness of the
lerritory, to the variety of climatic conditions as well as to the local
agricultural technique, adapted to the cultivation of extensive areas,
with the tendency to let less profitable soils lie fallow. The anemo-
philous Compositae (Ambrosia, Franseria, Kochia), which cannot
be found in any other regions of the world, constitute the most aller-

genic element.
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Fig. 1. The United States divided into hay fever zones (19).

The U.S.A. can be divided into seven pollination zones (fig. 1), but
the shortcomings of this procedure have been exemplified by G. E.
and E. M. Rockwell (10). “That the flora of the United States is not
such that the country can be divided into zones with well defined
boundaries is exemplified by the fact that writers have divided the
country into a varying number of sections with widely differing
boundaries. Since each section covers a wide territory, many inter-
esting local situations are missed. In Zone 4 particularly, widely
varying types of flora may be encountered within relatively short
distances, owing to differences in elevation and conditions of irri-
gation. Also, there are year to year variations in the flora, pollen
count, and days of pollination in a specific locality.”

2. Pollen Surveys.

It is important that surveys should be conducted according to
definite procedures so that data from all over the world could be
compared.

These procedures have been standardized by the National Pollen Survey Com-
mittee of the American Academy of Allergy.

Essential Equipment.

“Standard air sampling device consisting of two parallel planes of polished
stainless steel, 23 cm. in diameter, with the slide holder raised 25 mm. above the
lower plane. It is supported by a 76 cm. metal rod on a tripod laboratory stand.
Screw holes are provided in the base so that it may be fastened securely to any
wooden floor. This apparatus can be purchased from Wilkens-Anderson Com-
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preney, AL West Division Steeet, Chieago 01, US A I the worker prefers to bulld
hia own dnstrument, o working deawing will he fuenished without charge by
wilthg to Oren CoDurham, Abbott Laboratories, North Chicago, Hliinols, U.NA,

Compound microscope (preferably binocular) with mechanleal stage (profer
abilv with graduated seales and verniers).

Cobs alldes, 26 by 70 mm. If slides with frosted ends are used, no paper lnhels
will he necessary.

Cover glasses, 22 by 22 mm.

Soll petrolatum jelly: 75 per cent petrolatum, 25 per cent mineral oil.

Disnecting needle.

Caulherta’s solution, made up of 5 cc. of glycerin, 10 cc.of 95 per cent aleohol,
I e of distilled water, and 2 drops of saturated aqucous solution of fuchsin,

hpechmen reference slides, photomicrographs, drawing of pollen grains,

P'hee and time of exposure.

Lhe ideal location for the sampling apparatus is the centre of an unobstructed
ool ol a tall, flat-topped building near the geographic centre of a glven com
munity. The building chosen should not be immediately flanked by taller strue.
turen, I the roof is equipped with a parapet, the top of the exposure apparatus
should be 75 em. above the parapet. Porches and window ledges are not satis-
tuctory sites for pollen sampling.

Shides should be exposed, with label under the clip, for periods of twenty four
hours, starting preferably in the morning and at approximately the same hour
v hoday.

ldentificalion technique.

Slides should be prepared with a very thin film of petrolatum jelly (rubbed
oul  nol flowed on with heat). Preparation of slides should be carvied out in w
toom free from air currents and dust particles.

I'xamination of slides and identification of allergenic particles may be carvled
wut most effectively by staining with Calberta’s solution. The larger dirt par
1 les, soot and sand should first be removed with a dissecting ncedle with the
wid of 2 hand lens. A few drops of the stain are then placed dircctly on the slide,
Ihe amount used should be just sufficient to fill the space between the lree
pular oiled surface of the slide and the cover slip and will vary according to the
qunlity of debris on the slide. If the cover glass actually floats free, the excess
«tain may be removed with a blotter. The slide may usually be examined within
three to five minutes after application of the stain.

Identification and counting may be carried on without stain. Even when staln
i~ uscd, only about one-half of the slide surface will be disturbed, leaving the
remainder for observation of unstained granules.

Counling.

I'or routine counting, low power should be used—usually a 10 X objective
with a 10 X or 15 X eyepiece ... The whole area (4.84 square centimeters) under
vover should be counted by systematic sweeping of the cover glass area. Dividing
hy 4.84 gives the average number of pollen granules per square centimeter!,

' ‘This method of counting is undoubtedly time consuming. To those allergists
who do not dispose of sufficient technical help, we would suggest that they use
w 10 mm. X 10 mm. cover slip which corresponds exactly to one squarc centi-
meter. Results may not be quite as accurate as those obtained with the larger
cover slip but they are adequate for daily routine work. Nevertheless, if the data
are published, details on the technique used should be given. (Author’s notc).

12 ALLERGY
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I'ANL)
Pollination Times of Planls Causing or Suspeel

Key to Symbols: numbers in squares represent pollinating months., Plus sign Ind
little allergenic importance; + + the plant may be locally important; -f | | the pl
its abundance, the amount of pollen shed and the clinical reactivity in the patients,

ing its importance are lacking. Pollinating times for South Amecerica and Africen o
to fig. 1 (see p. 176). (This chart has been partly compiled from a similar onc¢ dra

countries. For sources, please refer to the bhibliography (13)).

Canada C.S.A.
. ‘ R O a
5, |
S 3 i
Botanic Names % ; [ i
S 2 | = 1 2 3 .
=88 1+ g2y ’
ZE ===
=2x =)
=y Sz 3
2] ‘ =c& |
1. Trees
ACET v 4-5 4-5 4-5 3-5 3-4 q
+ ++ + + +
Acacia ..ooovviiiiiiiiiiiieieeeeas
Ailanthus ....ccoooeviiiiiiininn... 5-6 5-6 4-5
+ + +
AINUS .eviiiiiiiiiiieireiieenaaans 314 3-4 3-4 3-4 1-2 1
+ + + + +
Betula ...cooveviviiiniiiiiiniiniinne, 4-5 4-6 4-5 3-4 4-6 &
+ + ++ ++ +
Broussonetia ........oooceviiininnnn 4-5 5 3-4
+ + +
Calluna vulgaris ..................
Castanea sativa .............oo.oee 7 6-7
+ +
Carpinus .....oceeevvveiieiiiineinnn 2-4 3-4 3-4
+ + +
[OF: ¥ o\ 'Z: PP UPPPPIN 6 3-5 3-5
+ ++ ++
Casuaring ......ceevvvieneenneineannn 3-11 3
+
Celtis covvriiiiiiiiiiiiiiiieeeaenes 5 4-5 4-5 3-4 2
+ + + +
Ceratonia ......ccovvvvviiiviinniinns
Chamaerops humilis .............
Cocos nucifera .......c.coeeveenenn.
+
Corylus coovvviviiiiiiiiiiiiinn, 3-4 4-5 3-4 3-4 2-3
+ + + -+ +

CUPTESSUS wvrrrerrreeeninreennnarnnnns
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‘AL
'gum Vodlinondn an the Different Regions of the Earth,

h“n tinportanee: | the plant grows In the reglon but its pollen is of no or of very
Mant over all the veglon coneerned; || || the plant is very important beenuse of
rl'n oblcates elther that the plant does not grow in the vegion or that data coneern-
Mhnod becnuse they vary considerably according to latitude, ULS.AL regions according
inln U5 clties by Harris and Shure (12) and from data published in the different

m

S i | Afrien
‘ | 2 |
‘ ‘ 2
| g | d |
| d =k o
5 G 7 5 ﬁ E 2 ; |
Pl E B L g
g £z g Es 3 q
S 5 3 I ) 3 g 5 -
| = S8 | & 58 @ A
'R 2-3 2
| + + ++
§h 15 4-5 4-5 4
| | ++ + + ++
[ X 6 7 5-6 5-8
' | + +
[ K] 24 3-4 3-4 3-4
' | = : + +
M 15 4-5 45 45
t e + + + +
4-5
+++
7-9
+
" 7 6-7 7 6-7
l S + + +
b4 3-5
F +
3-6
+
I} 4-5 4-5 4
| ++ + + +++
8-10
+
5-7
+
4+ + +
41 4-5 2-3 2-3
I + + +
[ 3-5 H 10
| + gl
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TABLE 11 (
Canadz U.S AL %
—‘E____ - B ! M
2
E §
Botanic Names %’ E
S 2 5 1 2 3 u
582 | Sei
27 EEE
] So&
Eucalyptus ..cccoeeveviniiiiiiiinn
Fagus .cccocvvivneniiiiiiininiinan 5 4-5 4-5 3-4
+ + + +
Fraxinus ....ccoceeeiiiiiiiiniinnnn., 5-6 4-5 45 4-5
++ + ++ +
Juglans ..ceeveeieiiiiiiiiiiiiiien 5-6 4-5 4-6 4-5
+ + ++ ++
Juniperus .......ooiiiiiiiiiinin 4 2-3 14
++ +
Ligustrum ......cocoeviiiieninnn. 5-7
+
MOTUS +erreenrennereneeransoncnnesncen 5 4-5 4-5 3-4
+ + + +
(6] 1= RO
(0113 o 7 NSRRI 5 5
+ +
PhoenixX ...ccceeeevenecneniininnnnins
Phyllirea ...cccocevvevniiiiininnnninns
PiCea uvvvirveriniiiiiiiiiieiiiiaieen 5-6 5-6 5-6
+ + +
Pinus coocovivniiniiiiiiiiii 5-6 5 5
+ + +
Platanus ..ooceeeeenieriieeneecacennen 4-5 4-5 3-5
+ + + l
Populus ..oovveveiiniiniiniiiiiininn, 4 4-5 4-5 3-5 2-4
+ ++ + + +
Prosopis cceceveeeeinnerineiiiiiniinnes 4-6 4-6
+ +
QUETCUS «vvvreeeirnrreeeeeeiinenaaens 4 5-6 45 3-5 3-4 |
+ + +++ +++ ++
Robinia «ooceveeniienieiniiiininnnnns
SALlIX eerreernrnnennereeneraiencaeenss 2-4 4-5 4-5 3-5 3-5
++ + + + + 1
Sambucus ..ieeeeeeniiiiiiiiiina
Schinus molle .......cccoeveenenn.
TaXUS cevrrrernirreiinninnniieennenns 4-5 l
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+
4-5
+
1-6 12-2 4-5 4
F + ++ +
4-5 3-4
+ + +
5-6
-+
4-5 4-5
+ + 4
4-6
+ ++
+ +
6
++
5-6
+
5 5
+ ++
4-5 4-5 4-5
+ + ++ ++
4-5 2-5 3-4
+ + + ++
+
4-5 4-5 4-5
+ + ++ o+t
5 5
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3-5 3-4 3-4
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5-6 5-6
+ +++
10 2
+ +
4-5
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TABLE 11T (¢

Canada U.S A
K ' o ’ )
a
g =
Botanic Names = g '
8 2 5 1 ’ 2 } 3 ¢
=88 $2%
238 EED | 1
£28 | 283 | \
Tilia ceeeerriiiieiiir e 6-7 4-5 4-5 4-5 4
+ + + + +
UlMUS cviveiniiieenenneniiiiiieiinens 4 4 3-4 3-4 8-10 24
+ ++ + ++ +
2. Grasses
Aegilops ovata ........cooevvennnt
AZropyrum repens ................ 6-8 6-7 6-8 6-8 5-7 b
++ + + + + +
Agrostis alba «...oooeveiiiiiiiinnnn 6-7 6-7 6-7 6-8
+ + + ++
AQTa SPP. cveviiiiieiiiiiaes i
Alopecurus pratensis ............ 5-6 |
- +
Ammophila ... .
Andropogon Spp. ...coeeeevianeennn.
Anthoxanthum odoratum ...... 4-5 5-7 6-7 5-7
+ -+ +
Avundo Donax ................e..el
Arrhenaterum elatius ............ 5--6
++
AVENA SPP. cvteeiiiiiiiieiaiaaaans 4-5 |
+
Bouteloua gracilis ................ 5-17 6
+ 1
Brachypodium .....................
Briza ....ccooiiiiiiiiiiiiiiiii
Buchloe dactyloides .............. 5~
+
Bromus Spp. «eeceviiieiiiiiiiinienn. 6-8 5-17 6-7 5-6 4~
++ + + ++ +
CareX SPP. cvvereerriiiiniieinnneienns 5-6 4-5 4-5
+ + +
Cympogon Afronardus ...........
Cynodon dactylon ................ 3-11 4-11 3-1
++ +++ ++
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USA | ! X | Afrlen
: | 2 !
| - |
g 3 & i i
£ EE R g |
¢ i £ SE z g I -
= EL 2 i 3 \ g
H =5 ! g Tz 4 g
z &g £ =3 S a
1h 45 6-7 6
| + ++ +
3h 3-5 2-4 3-4
| + + ++ +
5—6
++
68 6-7 7-8 6-9
| + + +
G 8 6-8 6-8 5-7
bo-i + ++ ++ +
6-17 6
+ +
4-6 5-17
+ +
6-8 6-8
+ +
8-10
+ + I
5-7 4-6 4-6
++ + +
8-10 9-10
+ ++
6 6-9 6-9
+ ++ ++
56 6-7 6-8 5-8
+ + + 4+ ++
5-7
+
6-8 6-8
+ ++
6-8 6-8
+ ++ +
5-7
+
5-6 5-7 5-7 5-7
+ -+ + ++ ++ |
4-6
+ +
-
7-9 1-12 5-9 8-9
+ +++ ++++ ++ + |
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TABLE I (OQ

Canada U.S. AL
- e s i e -
2
E §
Botanic Names % z
S & o 1 2 ) [}
L) [Loo
SEa SE2
-] B89
N SE o
-] =c&
Cynosurus cristatus .............. ;
Cyperus esculentus ............... 6-8 6-8
+ +
Dactylis glomerata ............... 5-17 6 5-6 5-7 5-8
++ ++ ++ ++ +
Digitaria spp. «.vceevvvieiieenennnn 8-9 8-9
+ +
Distichlis spp. covvveeeennieneannnn. 6-8
+
Echinochloa crus galli ........... 6-8 7-9 7-9
(Oplismenus) + + +
Elymus .coceevvneiniiniiniiininannn. 5-6
+ +
Eragrostis spp. ceceeeeviiniininnnnn.
Festuca spp. «voeveveieniiinneinnnnnns 5-6 5-6 6-8 6-8
+ + + + +
Holcus lanatus .......cooevvvnnnnen. 5-17 6-7 2
++ + +
Hordeum vulgare .................. !
Hyperhania spp. ...cooeevvvnveennn.
Imperata cylindrica ..............
Koeleria cristata .................. 6-8 5-6 5-6 5-6 6“
++ + + + +J
Lagurus ovatus ......ccceeevnennn. |
Lolium Spp. coeovvveiniiniininennens 5-7 5-7 6-8 4-6 3
++ + + ++ +
Loudetia arundinacea ............
Melinis minutiflora ..............
Melica SPP. «vveeeverinninnininennnns *
Molinia caerulea ..................
Panicum ......cccevveiiviiiennnennes
Paspalum spp. c.ooevvveveviinennnns 4-10 6—-91
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v ) Afrlen
v
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6-8 5-7
++ +
6-8
_I_
(] 6 5-6 5-6 5--6
\ |-l ++ ++ +++ ++
S 8-9
| + I
4 68
[ |
an 69 6-8 8-9
[ | + + + |
[} n7 5-6 6-8
[ |-+ + +
6-7
+ + I
SAn 67 6-7 6-7 5-6
! F + ++ ++
N 5-6 5-6
(! ++ + -+ +++
6-7 57
+ + ++
(!
.|. |
40 H-6 6-7 6-17 5-6
| + +4 ++ +
5-17
+
i 6-7 4-6 5-8 6
[ + + + - +++ +++
SR
11-2
+ + ]
5-7 5-6
+ ++
7-8 7
+ +
11-2 7-9
+ ++ + ++ + -
L 7-9 7-8 8-10
| + + ++ ++ ++ +-
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TABLE HI (¢

Canada U.S AL R
_ P I .
2 .
Botanic N g g
otanic Names = ¥F
& 2 o 1 2 3 d
=8 2L !
£52 =542 |
=2 =
23 285 s
Phalaris canariensis .............. 6-7 6-7 4-6
+ + +
Phleum pratense .................. 6-7 6-7 5-6 6-8 4-17
+ + 4+ ++ ++ +
Poa pratensis ....cccooeeevrninnnnnn. 6-8 5-6 5-6 5-7 5-9
+++ + ++ +++ +++ +
Polypogon monspellierensis ... a
Saccharum officinarum .........
Scleropoda rigida .................
Secale cereale ..........cooveenvennn. 6-7 0#
+
Sesleria caerulea ..................
Setaria .....ocoovviiiiiiiiiiien
Sorghum halepense ............... 6-8 5-11 41
+ +++ +
Sporobolus spp. ....cciiiiiiiint
Stenotaphrum americanum .... 1-12 1
+
Stipa SPP- cvvveiiiii e
Themeda triandra .................
Tricholaena rosea ................. 7-9
++
Trisetum flavescens ..............
Triticum sativum ................. 6--7 6-7 6-7 6-7 6-7 6«?
+ + + + + +
Vulpia ciliata .....oooovviininai.
Zea Mays covevevien i 7-8 7-8 7-9 7-9 6
+ + + + +
. Weeds
Achillea ....coooeveiiiii it
Acnida oo 7-9 6-9 o-@t
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LR J ‘ . ‘7 Atrlen
g }
) | e !
| 54 = c !
c [ o
g l tF : e
W ; ! 2 S E = g | } B
P i il s
! 7 <= = I sE < |
| EERE RN EE RN
h 6 6 7 45
| -+ -+
(i 6 7 6--8 6-7
| S+ +++ +
ho10 5 7 5-6 4-5
EL +4++ ++
6-8 38
+ +
11-2
+ + |
5-6 5 6
+ +
6-7 5-6
+ B ++
4-6 4-6
+ o
8-10 7--10
+ ++ | |
5-10
+ |
8-9
+ + |
7-8
+ +
|
6-7 6-7
+++ +
6 7 6-7 6-7 57
f + + +4 +
5-6
+
7 7-8 6-9
+ - + +
6-9
+
7-9
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TABLE 11 (o

Canada U.S AL
I -
=
t =
. 5 g
Botanic Names 5 £ ‘
Q o s 1 2 3 *
8L R
£z | 53
= wn b
523 =85 B
Amaranthus spp. ...cc.oovvieinnnnen 7-9 6-8 4-8 7-9 5-11
++ ++ ++ ++ +++
AmDrosia Spp. «veeeveiiriniieneinnnn 7-9 8-10 8-9 8-12 i
+++ +++ 4+ 4+
Anthemis ....cceevevviniiiinennnennns i
Artemisia ...oooiviiiiiiiiininiiaen.n. 8-9 7-9 7-9 8-9 7-11
++ ++ + + ++
ASter .oiiiiiiiiiiiiii e
Atriplex ...oociiiiiiiiiiiiiii 8-9 7-8 7-8 5-9 ﬁ
+ + + +
Baccharis .....coovvviiiiiiiiiinninann
Beta vulgaris .....cccceviiieennnn.
Bidens ...cvveviriiiiiiiiiiiiiiiieene
Cannabis sativa .....cccevueeennnn. 7-9
+ )
Chenopodium ......ocovvvivinnnnnnn. 7-9 7-8 6-10 5-10 6-9
+ ++ ++ ++ ++ <+
Chrysanthemum leucanthem. .
Cyclachaenia spp. ......ccoveueeens 7-8 7
++ +
Franseria Spp. «.ocovvvvivvveennnss 7-9 5-9 3
+ ++
Helianthus .....cocevviiiiiiinnnnnn,
Humulus Iupulus ......ocoveveneen
Hymenoclea .........ovveivinennnnns
+
IVa SPP. cevveeineiiiiiiiiiiaieeas 7-9 7-9 7-9 7-9
+ + + ++ +
Kochia Spp. cvevevvieniiiniiniinnnnn. 8-9 7-8 6-8
+ + + +
Luzula campestris ................ 4-5 4-5 4-5 4-5 4-5
+ + -+ -+ + :
Medicago ..eevevinenniniininiieiennnns 5-7 5-7 5-8 5
+ + + +

Mercurialis ......coovevniirenieennnns
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18 6-8 1-12 7-10
N o+ ++ ++ ++
89 7-9
R R S e S ++
6-9 7-10
+ +
89 7-9 7-9 9-10
L+ + ++
7-9
+
Hh9 6-8 7-9 8-9
I+ + + ++
+
78 5-10 7-8
Ik + +
7-9
++ +
7-9 6-17
+ +
510 6-9 5-10 8-9 8-10
F+ + + ++ + ++
5-8 6-9
+ +
7--8 7-8
Tt
8-9 8-9
F+ + ++
8-9 8-9
+ +
7-9 6-9
+ +
6-9 8-9
++ +
7-8 7-9
+ +++
4-5 4-5 4-5
+ + +
6-8 5-7 6-8
+ + + +
3-5 4-8
+ +
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TABLE 11T (eql

Canada l .S, A, 1
T o e ‘ -
ER | |
Botanic Names —'Z 2 ; ‘
3 2 @ 1 \ 2 3 4
=82 g2¢
| £3% 258
i L= Io =
-] =CO i
Melilotus covvvvvereinieneeneiinanennn.
Parietaria spp. ..ccoovviiiiiiiiianns
Plantago SPP. «.eevevvenvenniiinninns 5-9 5-9 5-8 6-8 4-9 4
++ ++ + + + a
Ricinus communis .........c......
Rumex spp. «oovvvviiiiiiiiiiniiin. -+ -+ + + 3-11 I'®
8-9 6-8 5-8 5-8 4 4
Salicornia ...coevvvvviieniiiiineninns
Sarcolatus vermiculata ..........
i
Salsola .eeeviiiniiiiiii e 7-9 7-8 7-11 7
++ + ++ +4
Solidago ...covvvvviiiiiiiiiiiii 7-8
4+
Taraxacum officinale ............ 5-9
++
Trifolium Spp. covvvveeiiiivineennns
Typha .covoiiiiiiiiiiiiiie
105 4 3 1 NP 7-8 6-7
++ ++
Xanthium spp. «..voveviinninnenn. 8-9 8-10 6-8 7-
+ + + +

For the sake of uniformity, it is advisable that counts be computed and re-
ported on the basis of the number of pollen grains (or spores) of each type or
species found on one square centimeter of slide area.” (11)

Conclusion

There is no doubt that skin testing in pollinosis constitutes only
one of the elements in the diagnosis. Not only must the allergist
have a thorough knowledge of the anemophilous flora in his region
and data about their periods pollination, but he must also subject
each individual patient to a detailed anamnesis with the object of
studying, and later eliminating or at least neutralizing, all the spe-
cific factors (flowers in the house, insecticides, mattress dust, air-
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69 69
+ 4-
6-9 310
+ ++ -+
o8 59 5-9 4-7
| -+ + +++ +
5-10
+
(] 5-9 5-8 6-9
| + ++ +4-
8-9
+
8 10
|
79 7-9 7-8
P4 +++ ++
7-9
+
4-5
+ ++
5-9 5-9
+ +
6-8 6-8
+ ++ +
6-8 6-8
++ ++
] 7-9 9-10 7-9
| + + + +

horne fungi spores, foods etc.) or non-specific ones (irritating odours,
aleoholic drinks, fatigue, overwork etc.) which he may have been
able to uncover.

The care needed by a hay-fever sufferer thus exceeds by far the
ordinary limits of pollen allergy.
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FUNGI AND MISCELLANEOUS INHALANT
ALLERGENS

By

P. J. vaN DER WERFF and W. J. F. vaN DER BiJjL
Amsterdam

As long as the primary cause to which the allergic constitution is
due continues to be obscure, in spite of the immense number of
studies concerned with allergic diseases, we shall have to do the best
we can with what has so far been brought to light pertaining to the
precipitating factors which may give rise to allergic symptoms.
First of all, we must not forget that the patient should be regarded
as a whole; it is the patient who is ill, not an area of the skin or a
portion of the mucous membrane of the respiratory tract.

In certain conditions, the examination may appear to be a simple
matter, e.g. when a patient with hay fever has his attack in the
spring; however, even in these cases other factors beside pollen, such
as fungi, foods and secondary infections of the paranasal sinuses as
well as emotional factors may play an important role.

As a rule, an allergic manifestation is due to a number of deter-
mining factors, though one or two will frequently be predominant.
These determining factors may be of the somatic, psychological,
and/or social type.

Somatic factors may be classified into:

(1) true physical allergy,

(2) broncho-bacterial factors and focal infections (sinusitis),
(2a)endogenous parasites, e.g., worms in the digestive tract, fungus
diseases of the skin associated with mycids in other areas,

(3) endocrine factors,
(4) allergic factors including:
(a) food and drug allergens;
(b) inhalant allergens such as house dust, fungi occurring in
the in- and outdoor air, in factories and workshops; indus-
trial dust, especially of organic origin, the dust of mites and
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moths, epidermal materinls of domestic animals and, pos-
sibly, human dandruff;

fe) o wide variely of substances causing specific conlact aller-
gy of the skin,

AMthough there is little doubtl that meteorological conditions as
such influence the allergic state in many patlients, genuine cli-
mulic allergens are very likely Lo be inhalant allergens, regardless
ns o whether they are gascous emanations of the soil or substances
of vegelable or animal origin (air-borne bacteria, fungus spores and
disinlegration products of fungi on their natural substrate),

Accordingly, it is essential to study these factors in detail, parti-
cularly as the differential diagnosis is of utmost importance in view
of specific treatment and as the great majority of patients with so-
called allergic disorders show a polyvalent rather than a monovalent
type of allergy, at least if there is any (demonstrable) allergy in-
volved at all.

The great majority of patients developing symptoms in a parti-
cular area or during a particular season, probably do so beenuse of
the fact that a large number of allergens harmful to them are pre-
senl in that district or during that period, which alone or in con-
junclion with other factors, are just sufficient to induce an altnck,

Of primary importance is the correct recording of the palient's
history. Pollinosis mostly occurs during one of the specific pollen
seasons; many patients with fungus allergy observe a parlicular
increase in the severity of their condition in late summer and au-
tumn, the severity showing marked seasonal variations in several
districts, though pronounced symptoms may also persist throughout
the rest of the year. These seasonal influences will depend mainly
on Lhe species of fungus involved. Some patients, whether or not
alfected by fungus allergy, continue to show symptoms all the year
round, except when snow has fallen; other patients with broncho-
hacterial infections or substantial pulmonary emphysema, possibly
associated with an allergic condition, are liable to present attacks of
bronchospasm in the event of a dry north or east wind, while at
olher times, attacks may be due to emotional causes or to a com-
bined action with other allergens (food or house allergens). The
range of possibilities is enumerable and each patient confronts us
with new problems.

FUNGUS ALLERGY

In comparison with the vegetable kingdom, fungi rank slightly
above bacteria. They are found almost everywhere, chiefly in humid
and moderately warm places, though certain fungi are known to
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grow in refrigerators or on snow. In addition, therc exist markedly
xerophilic and thermophilic fungi such as those of the genus Asper-
gillus, which are frequently found in citrus-fruit plantations; this
genus also includes a number of species able to live in the bodies of
human subjects and birds.

This is sufficient to show that their mode of life is cosmopolitan.
They live as parasites or saprophytes, mainly upon the living and
dead parts of higher plants. They occur on every kind of material
of vegetable or animal nature, in damp houses, closed spaces under
staircases, cellars, upholstered furniture, in flour, on leather, vege-
tables and fruit; they may cause decay of food, etc. Fungi preferably
grow in a moderately acid and moist environment where bacteria are
less liable to multiply; there they may accumulate in enormous
quantities.

So far, thousands of species and saltants have been described and
though most fungi live as saprophytes in nature, others may occa-
sionally act as pathogenic agents in plants and human subjects, as
endogenous parasites in the lungs (e.g. the notorious Aspergillus
fumigatus Fres), or as inhalant allergens.

Diaspores of moulds and yeasts are found both in- and out-of-doors
as well as in factories and workshops, though the number and
species vary as a result of several factors. Fungus spores still capa-
ble of germinating have even been found at times in severe cold and
in the higher layers of the air.

As such spores consist of small, very light particles, characterized
by great buoyancy, they are readily displaced by horizontal and
vertical wind currents and are present in the surrounding atmos-
phere for prolonged periods. They are particularly abundant in the
lower marshy coastal areas. The incidence of fungus diaspores in the
surrounding atmosphere gradually diminishes above sea level and
when higher air layers are reached, although layers containing high
concentrations may also be observed at higher altitudes, e.g. just be-
low clouds or in the lower cloud strata.

Storm van Leeuwen, who actually rediscovered the significance of
fungi as inhalant allergens, simultaneously with Cadham in the
U.S.A., was the first to identify, in conjunction with Kremer, cir-
culating reagins and blocking antibodies. Later, the distribution of
air-borne fungus diaspores at various levels and over large areas
was chiefly studied by Durham, Nilsby and Heise. Data on the pre-
sence of fungi in damp houses have also been available for a long
time. To-day it is a well-established fact that cases of occupational
asthma are also frequently caused by fungi and their products.

The above shows that allergy to fungi is a very likely contingency
which has been underrated for many years, and as the significance
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ol tungi oy enusnlive organisms is still widely ignored, we believe we
wre Justified in panying particular attention to this seetion on inhalant
wllergens especinlly those which are of paramount importance in
general practice and in the treatment of allergic conditions,
Myeetes are subdivided into Pseandomyeeles, including Schizo-
tgeeles (bacleria) and Myxomyceles (slime moulds), and Eumy-
celes, the true fungi, which in turn are subdivided into those having
unmieellular (non-seplate) mycelia, Phycomyceles, and those having
mullicellular (septate) mycelia, Ascomycetes, Basidiomyceles and
'ungi Imperfecli. Actinomycetes are intermediate organisms he-
tween true fungi and bacteria; they are classified today as bacteria.

Cryptogams
vl
!
. mosses
ferns Thallophyta
|
|
[
lichens
algae fungi
|
Pseudomycetes Eumycetes
| | )
| | |
i [ (non-septate) (septate)
Schizomycetes Myxomycetes Phycomycetes Ascomycetes

Basidiomycetes
Fungi Imperfecti

Almost all Eumycetes consist of a network of filaments, hyphae,
collectively termed the mycelium. Phycomycetes have no septa and
are therefore unicellular, with the possible exception of the hyphae
hearing fruit-bodies of asexual spores. The other fungi possess a
seplate mycelium.

The spores of the various fungi are highly specific and are charac-
lerized by a constant structure, shape, size, colour and arrangement,
which makes classification possible. Two types of spores may he
differentiated, the sexual and asexual spores.

Phycomycetes, Ascomycetes and Basidiomycetes have been classi-
fied in a natural system, as these three classes are capable of sexual
propagation and are therefore complete forms of the species.

The moulds coming under the heading of Fungi Imperfecti do not
produce sexual spores, with a few exceptions, e.g. some species of
Aspergillus and Penicillium, which have complete forms. For the
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sake of convenience, however, these are all classified as Fungi Im-
perfecti, subdivided into form genecra. Mason has attempled to clas-
sify fungi, and especially Fungi Imperfecti, according to their hio-
logical and physiological characteristics, with particular reference
to the possible distribution of the spores. This has been elaborated
in greater detail by Ingold and Gregory. Spores may be distributed
by passive liberation or active discharge. In the event of passive
liberation, the spores may remain at the same site until conditions
of growth, which have temporarily been unfavourable, show an im-
provement; they may then be distributed by water, birds, etc., and
especially by air currents. The spores in this case may be so-called
“dry” spores which are immediately detached from the sporophores
by the wind during dry spells, whereas the so-called “slimy” spores
which are embedded in a slimy substance, are only detached during
wet periods, when, according to Gregory, they are diffusely dis-
persed by splashing droplets of rain, so that they become air-borne.
However, even this classification cannot always be adopted in view
of intermediate stages in certain fungi and the presence of both dry
and slimy spores in some species. Actively discharged spores are,
for example, the sexual spores of Ascomycetes, which are forcibly
ejected from the ascus in fungi having a complete perithecium. This
concept is of special importance with regard to allergy.

Reduction, division and nuclear fusion occur in sexual spores,
whereas asexual spores are vegetative and are detached from more
or less specialized hyphae, i.e. without previous nuclear fusion.
Phycomycetes, are classifiable into two groups:

(a) Oomycetes and
(b) Zygomycetes.

The former are probably of no importance as allergens, as they
mainly live in water, the latter are found on land. The Zygomycetes
include two genera which are also frequently found indoors, Mucor
and Rhizopus. These Mucorales predominate in several types of fac-
tories, especially in the flour-using industries and in textile mills.

Ascomycetes: Of this group, the most important for our purpose
are the manure fungi Sordaria and Chaetomium, which are found
occasionally in upholstered furniture. In addition, Saccharomyce-
tales may play a role in food allergy.

Of the Basidiomycetes, Merulius, or house fungus, deserves special
mention.

The Fungi Imperfecti include most fungi liable to cause allergic
reactions. Amongst them Cladosporium, in view of its high incidence
and ubiquity, ranks first. It is the most widely distributed seasonal
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climntie fungus in the Netherlands: it is not confined to this coun-
ey, however, but is cosmopolitan, In addition, il is one of the fungi
most commonly found in houses, on wall-paper, blolling paper,
henenth carpeting and in weather-stained cotton and linen. Aller-
naria, considered one ol the predominant fungi in the U.S.AL is of
little importance in this country as an ouldoor fungus, exeepl in
corn-growing districls. This is also the case of Stemphylinm. Aller-
naria, however, is a very important house fungus in some cases.

Though very common in northwest LEurope, Pullularia is hardly
ever reporled as oceurring in other parts of the world. The same can
he said for Fusarium which is a fungus highly selective in regard to
i1s substrate and, when not cultured correctly, it will often be classi-
fied as mycelium sterilium. This form genus also shows marked
seasonal variations, its peak occurring late in July as well as in
Augusl and September. Botrytis, predominant both indoors and oul,
<hows peak incidences somewhat later, viz. in September and Octo-
her. Penicillia are observed both indoors and outdoors all the year
round, especially when there is a high degree of humidily. Curiously
enough, it is found to occur conjointly with Aspergillus in Spain and
apparently it has a preference for towns rather than for rural dis-
tricls, contrary to Cladosporium.

I'or differentiation, etc., the reader is referred to Smith’s Intro-
duclion to Technical Mycology and to the recently published mono-
praph by one of the present authors, which provides some reading
maller for those who have received no previous mycological training,
as o preliminary guide to the cumbersome mycological textbooks.

\With regard to the yeasts, some are species of Saccharomyces, the
olhers, of which there are various classifications, belong to the Fungi
Imperfecti. Of the latter, the most important in regard to allergy arc
(.andida and Rhodotorula, the spores of which are air-borne. In addi-
tion, the Torulopsis species should be mentioned which also occeur
endogenously as commensals or parasites. This might possibly be
the case with a few other fungi which, besides being capable of in-
ducing inflammatory reactions, may act as endogenous allergens
as well, e.g. certain Aspergelli.

Identification of species of yeasts requires entirely different
methods of culturing and differentiation. Yeasts, however, should
he taken into serious account as allergens. Feinberg et al. (1935),
sludying 600 patients with respiratory allergy, observed a posilive
response to yeasts, including responses to cross tests using ycasls,
in 10.8 per cent of the cases.
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History.

Even the older literature contains reports on a number of cases in
which fungi must undoubtedly have played an important part, espe-
cially in inducing attacks of bronchial asthma or vasomotor rhinitis.
Floyer (1726-1782) cited Bonetus who reported the case of an asth-
matic patient who developed dyspena when entering his wine cellar
where must was fermenting. Tersdncky (1848-1849) and Hirt
(1871) reported fungi as having a pathogenic action in workers in
the tinder industry. Michel (1863) described the “mal de canne de
Provence” in osier workers and reed cutters who developed symp-
toms, which to-day may be classified as allergic, within 12 to 24
hours after working in hot and windy weather. Kuttner (1928) ob-
served allergic symptoms in a cavalry officer on inspection of the
stables; this author had previously reported two cases of house dust
and house fungus allergy respectively. The great impetus to the
study of fungus allergy was given by Storm van Leeuwen, although
it may have been Blackley (1873) in his book on hay fever and be-
fore him, Salisbury (1861-1862) who made the first tests using
fungus spores without sufficiently realizing the significance of these
studies.

About 1924, Storm van Leeuwen reached the conclusion that there
must be a still unknown asthmogenic substance, in view of the local
occurrence of asthma in the rural Dutch province of Zeeland. In
conjunction with Bien, Varekamp and Kremer, he called these soil
effluvia, consisting of disintegration products of vegetable and ani-
mal origin, miasmata. These patients showed a particularly rapid
improvement in his allergen-free rooms.

Prior to Storm van Leeuwen, Jack (1924) had believed attacks in
asthmatic patients to be due to noxious “hemolytic’’ gases produced
by decaying organisms in the soil, so that he proceeded to construct
gas filters and built air-conditioned rooms which had beneficial
effects.

Later, Varekamp studied a large number of allergic patients
in the Netherlands, and found that the somewhat higher, dry sandy
areas were usually more favourable than low marshy humid dis-
tricts.

Like others after him, Storm van Leeuwen not only had observed
that mountain regions had a favourable effect on these patients, but
in conjunction with d’Hérelle, he provided evidence showing that
when an asthmatic patient is brought into contact with his noxious
allergen at high altitudes, he will then also develop his hypersensi-
tivity reaction.

These studies were well-planned, as all measures had been taken
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to eliminate any psychological effects, Others having obtained simi-
hire resulls in Spain and France, Storm van Leemwen decided to in-
troduce his “minsma theory”. Although at that time he had not as
velt encountered fungi as such, conlinued investigation showed the
fungi to be a highly important group of causalive organisms acling
awcinhalant allergens. At the same time, he examined the air in a
number of hospitals and homes, finding Penicillium, Cladosporium,
Mucor and Aspergillus in nearly every case. His mycological studies
ol the ouldoor air, which were rather casual at the time, mainly re-
vealed the presence of Penicillium, Cladosporium, Mucor and Phoma.
As skin tests with extracts of these fungi were positive in approxi-
malely 30 per cent of the cases, and as 90 per cent of his palients
whowed a positive response to house dust, he did not believe fungi
to he very harmful at the beginning. Shortly later his opinion
changed upon finding an Aspergillus in the kapok of a mattress and
pillow of a female patient with asthma and eczema. When a sister
ol Lhis patient used the same bed, she suddenly developed an cczemn
of the face.

T'he next few years, working in conjunction with Kremer, Tissol
van Patot, Varekamp, Bien, van Niekerk, von Bdnszky, de Lind van
Wijngaarden and van Dishoeck, were epoch-making ones in this
lield.

Cadham (1924), independently of these authors, reported 3 cases
ol asthma in Canada due to a fungus causing rust in wheat. From
thal time on, the study of fungi as allergens rapidly advanced all over
the world; in Germany, the first author concerned with the study of
fungi was Grimm (1925-1928), subsequently followed by Hansen;
in Spain, Jiménez Diaz (1932) and in the U.S.A., inter al. Prince,
Vaughan and Feinberg. Hansen, who was especially interested in
skin tests, found 15 per cent of his asthmatic patients to be hyper-
sensitive to one or several Aspergilli and Penicillia.

In subsequent studies, the results obtained by inhalation tests
using fungi were also found to be positive (inter al. Nilsby 1949,
len Cate, 1954). Blackley (1873), who actually had been the first to
make inhalation tests, failed to recognize the significance of fungi
as non-pollen factors in hay fever. After Storm van Leeuwen in 1925,
it was chiefly Rackemann and his associates who stressed the im-
portance, not only of the fungi themselves, but also of the disintegra-
tion products formed by fungi on their natural substrate. Investiga-
lions on this subject, however, are still in the initial stage. The data
reported by Cohen are not in concordance with the above. It is
heyond the scope of this book to mention all of the names of investi-
gators in this field.

Attention should briefly be drawn to the fact that these studies
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have shown that the coastal arcas of Kurope from Norway lo Spain,
are of particular importance as to the prevalence of fungus aller-
gens. This was reported by Jiménez Diaz (1932) in Spain; Frdnkel
obtained positive skin test with fungi in about 57 per cent of the
cases in England, while the number of positive tests was only 19
per cent in Germany.

It is essential, especially in the case of asthmatic patients, that the
surrounding air which they breathe daily be free of harmful types
of dust which frequently contain fungi. Owing to the humid condi-
tion of floors and walls, many homes, especially those in the low-
lands, contain fungi, the spores of which are scattered in the atmos-
phere of living-rooms and bedrooms and may even spread rapidly
all over the house, as was shown by Christensen.

The fungi concealed behind cupboards, in store-rooms containing
old furniture, in attics or cellars, in carpets, behind decorative wall-
cloths and in floor seams, as well as those found in factories using
material of vegetable or animal origin, are mainly various species of
Stemphyllium and yeasts, Penicillium, Aspergillus, Cladosporium,
Rhizopus, Mucor, Fusarium, Botrytis, Alternaria, Trichoderma and
the dreaded house fungi of the genus Merulius. They may be found
anywhere, in worn clothing, cupboards, old shoes or slippers
(leather), in kapok and feathers of mattresses and pillows, on the
covers of books, etc. Henceforth, almost every asthmatic patient
shows considerable improvement after his home has been cleaned.

The important part played by fungi in the pathogenesis of asthma
explains some of the favourable effects of open-air schools and the
moving to drier districts (sandy soil).

Like the symptoms caused by pollen in hay fever, typical “fungus
symptoms’ tend to occur in seasons particularly marked by the ap-
pearance of certain fungi, especially Cladosporium, Fusarium, Bo-
trytis and Pullularia, when patients stay for some time in damp
houses, cabins, in a circus, etc.

Not taking into account a pre-existent latent allergy due to a here-
ditary predisposition, anyone may become sensitized to fungi (oc-
cupational asthma), although this will also depend on the degree
of personal susceptibility. The spores are the main source of aller-
gens, the mycelium being considerably less active; asthma is par-
ticularly liable to be induced by mould spores, as these are so finely
divided (smaller than 12 x) that, unlike the much coarser pollen,
they are readily able to penetrate into the lower respiratory tract.
Kremer (1940) reports that at least 1 per cent of the population in
the Netherlands has been allergized by fungi, though this need not
mean that the patient shows symptoms, e.g. vasomotor rhinitis or
asthma which induce him to see a physician.
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According to Feinberg (1037) patients with fungus allergy may
he ol any age and of either sex. He found 20 per cent of his allergie
punlients lo be sensitive to fungi. Several investigators in this field
observed markedly varying percentages of mould allergens, apart
from mycological technical errors in culluring, preparation of ex-
Lenets, omissions and inadequate taking of fungus inventories result-
ing in loo small a number of test series. Regional, scasonal and an-
nunl variations undoubtedly play a part in this.

Symploms vary with the degree of pollution of the atmosphere;
in addition to marked seasonal variations (May-November), there
wre also changes in the fungus flora during the day. Towards dawn,
slimy fungus spores are abundant, especially when dew has fallen;
rniny weather is marked by the presence of yeasts, Fusarium, Phoma
nnd parasitic species of the form genus Bolrytis. In the daylime,
fungi bearing dry spores such as Cladosporium may often be col-
leeted in large numbers. They frequently disappear almoslt com-
pletely during and immediately after rain showers, suddenly ap-
pearing in increasing numbers on the dry days following these wel
apells,

Wind is their important carrier and, hence, the spores hecome
widely distributed; they have even been found to be present in the
stralosphere and occasionally large numbers may be found in con-
junction with autochthonous fungus spores.

Cladosporium, Fusarium, Pullularia and Botrytis are typical sca-
sonal fungi. Occasionally, Rhodotorula is very common on certain
days in November and December, especially in foggy weather; fungi
such as Candida and Penicillium distribute their spores all the year
round. Therefore, all statistics relating to the lowlands show marked
peaks in late summer and autumn.

Not only do the fungi vary in quality and quantity from one place,
district or country to another where they are naturally found in
conjunction with ubiquitous fungi, but annual variations are ob-
served as well. A striking feature, however, is the fact that there are
relatively constant combinations or associations, as have long been
known to occur in the higher plants. The same holds true in regard
lo houses, various factories and workshops. Accordingly, the investi-
palor concerned in making a more detailed examination in the case
of a patient who has a history suggesting respiratory allergy and
especially fungus allergy, should study the fungus flora characteristic
of the district as well as the fungus flora in the home and place of
work of the patient.

As previously stated, the possibility of fungus allergy should also
he borne in mind in the case of a patient affected with so-called pol-
linosis; otherwise, specific desensitization might be apt to fail. This
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does not apply only to vasomotor rhinitis, but scasonal dermatitis
and conjunctivitis may be caused by specific fungi as well, e.g.
Cladosporium and Alternaria (Simon, 1938).

Maunsell (1954) has drawn particular attention to the marked
specificity of fungi. In this author’s opinion, only those fungi which
elicit an immediate positive skin reaction are allergenic (mainly
saprophytes) ; those eliciting a delayed response belong to the so-
called pathogenic fungi.

Treatment.

In the therapy of fungus allergy three factors should be borne
in mind, beside the fact that not only the fungus itself, but also the
products developed by the fungus on its substrate, may act as an
allergen, viz.:

(1) Fungus allergy is hardly ever the only factor involved, but fungi
can be one of the causes inducing an attack in the patient.

(2) Sanitation of the patient’s environment is a highly important
factor in fungus allergy.

(3) Fungus allergy may be desensitized satisfactorily.

On a whole, the method used in desensitization is similar to that
used in pollinosis. As a rule, injections are administered twice weekly
in the beginning or sometimes only once a week, depending on the
time when the patient is first seen by the attending physician. If
the patient is seen for the first time shortly prior to the peak of the
fungus season, injections should be made as often as possible in
order to still afford at least some protection. As a rule, desensitiza-
tion should be started as soon as the diagnosis has been established,
as this treatment will have to be continued over a long period of time,
(from 1145 to 214 years).

The initial concentration of the injected fluid should be tested
accurately depending on the highest dilution which still produces a
wheal in skin tests; the initial solution employed may sometimes
even be as high as 1: 10,000 per cent. Usually, 1 ml. of a 1 per cent
solution will be sufficiently strong to start administration of the
maintenance dose; in some cases, a 5 per cent solution will be ne-
cessary, especially when the injected fluid has not been prepared
from a single fungus or allergen.

Which fungi should be used in desensitization? This will un-
doubtedly depend upon the symptoms shown by the patient and the
results obtained by specific tests (intracutaneous, inhalation and
provocation). Subsequently, the composition of the fluid may be de-
termined from the results of these tests.
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It should be remembered, however, that the intensily of the skin
tenetion does not afford a true measure of the severity of the allergy
morcover, it may well be possible that the combination of several
untigens in the desensitizing fluid will either polentiate or weaken
the netion of one (or several) of these antigens.

In carrying outl investigatlions, it is essential to know which fungi
nhould be studied. Prolonged studies have shown that the findings
in the Netherlands bear a marked qualitative and quantitalive re-
wnemblance to those in other countries. Differences, in this respect
eaisl however, not only from one country to another, but also in
the Netherlands from one district to another. In regard to houses,
the variety of species is larger in damp homes than in dry ones
(7 to 3), the spore counts being higher as well. In addition, the
fungus flora in some houses varies markedly from the usual flora,
This is cven more apparent in factories and workshops, especinlly
those using substances of a vegetable or animal naturc. Weslerdifk
nssumed that there are relatively constant fungus associations which
nre characteristic of the various, very particular, substrales. A my-
cological study by one of the present authors, involving a large num-
her of factories and workshops, provided conclusive evidence show-
g Lthat this theory of fungus associations is correct. This is a for-
lunate circumstance, as it means that of the thousands of known
fungi, there remain only about 120 which are not observed sporadic-
ully, only 30 being actually common in the Netherlands and there-
fore of possible importance in the case of allergic patients. There are
exceptions to this rule, e.g. we once found a fungus causing the so-
called pineapple disease of sugar cane in a home. The houscwil¢
showed a markedly positive response to this fungus both in the skin
and provocation tests, and little if any response to other common
ullergens (other inhalants, foods).

FFormerly (and these attempts are still being continued to-day in
olher countries) every effort was made (in vain) to obtain a satis-
faclory uniform culture medium. As when growing in nature, fungi
have a special preference for a particular substrate in vitro. Many
fungi such as true mildew, which causes rust and blight, and many
species of toadstool do not grow at all or only yeast-like in cultures;
n small number of ubiquitous fungi will readily grow on any me-
dium, provided it is slightly acid; the majority, however, require a
slightly acid, not too rich nor too dry, natural and therefore bio-
logical substrate such as tomatoes, cherries, malt, sausage, plums,
polatoes, rice, oatmeal, slices of carrot or lupin stalks (Lupinus
polyphyllus Lindl).

When, therefore, the common error is made of preparing the
medium too rich (particularly in carbohydrates) or using medin
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having a ncutral or even alkaline reaction, this will resull cither in
a rapid growth of a large number of hyphae and hardly any spore
formation or in no growth whatsocver. This also occurs in the case
of most fungi cultured at incubator temperature. The oplimum tem-
perature to store stock cultures is 10° C., the optimum temperature
for growth being 20° C. in the majority of cases. In a manner of
speaking, the fungi have to wage a struggle for life prior to bearing
fruit, and this is just what is essential for the preparation of extracts.
In addition, if we wish to preserve a culture, it should be trans-
ferred from time to time to another medium, as otherwise the species
will be bound to degenerate and thereby lose its allergenic properties.
Accordingly, most families, form-groups and species require special
diets with varying menus for collection and identification, cultur-
ing, storage of the collection, or for cultivation with the view of
preparing fungus extracts.

If any break-down products of natural liquid substrates should
adhere to the mould pellicle, these products may have a non-specific
irritant effect in the skin test. Therefore, in preparing extracts of
readily growing fungi, transfers may be made from the stock cul-
ture to a liquid synthetic medium such as Czapek’s medium or one
of its many variations. For the remaining large group of fungi a
direct inoculation may be made on a solid natural medium from
which, after or without desiccation, the spores may be removed by
shaking off, scrapping or washing off with alcohol or ether. Another
method consists in placing a cellophane paper on the solid culture
medium, on which the fungus is then to be inoculated. Later, the
entire mycelium can be removed very quickly. When the fluid
underneath the pellicle or the oxalic acid, gallic acid, oil drops, citro-
mycetin, etc., lying on top of the mould film have been aspirated,
and after defatting and drying have taken place, the dried material
may then be preserved for years. When a liquid extract is required,
we use a hypertonic saline solution, thereafter the fluid is passed
through a Seitz filter and a 0.5 per cent solution of crystalline phenol
is added. The allergen extract prepared by this method will remain
stable for about 4 months whereafter it is bound to be unreliable.
Any assay solely based on determination of the dry weight volume
and the determination of nitrogen or protein nitrogen units will be
useless in measuring allergenic potency.

So far, bio-assay is the only reliable method. Therefore, if a
liquid fungus extract of long-lasting potency is to be made avail-
able, it will be necessary to use other fluids in preparing and pre-
serving the extract, especially glycerin containing fluids. These, how-
ever, have other disadvantages such as inducing a non-specific irri-
tation in skin tests when used in the undiluted state and of causing
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pain to the patient, The mycological data relating (o conditions in
the Netherlands, culturing methods used for continued cultivation,
identification, preparation of extracts and maintenancee of stock cul-
tures, the required temperalures, degree of humidily and of light
evposure, briefly all of the measures essential Lto oblain a series of
aalistactory fTungus extracls have been reported in a monograph by
one of the present authors. '

Omne problem has not as yet been approached, viz. that of strains
nnd mutations.

(1) Thus, the colour of Aspergillus versicolor (Vuill.) Tiraboschi
viries from yellow to orange, pink and cven red and every mono-
sporular culture shows similar variations in colour. Accordingly,
this is and remains a single strain of a single speccies.

(2) Penicillium expansum (Link) Thom is marked by a smoolh
velvely growth, but develops on certain culture media, tree-like
wlruetures (coremia), a bundle of erect hyphae crowned by spores.
This form of growth will disappear on another medium, to return
ngain on the initial medium. This also is species-specific and nol n
mutation, or more correctly, to use the mycological term, a saltalion,

(3) Nor can we speak of saltation when a colony degencerales as
n result of errors in cultivation, losing its colour and capacily for
fructification.

(1) The growth of Alternaria tenuis Nees varies markedly with
the different culture media. Occasionally, the growth suggests a
lnrge number of strains and in some cases may change in such a
way as to convey the transient impression of an entirely different
species. In this case also, morphological and possibly morphological-
hiological saltations, i.e. permanent variations of the specics, are
ngain out of the question.

(h) Species of Fusarium, which are difficult to identify and cul-
livale, are often recorded as Mycelia Sterilia. Rice, acid oatmeal and
lupin stalks are essential for fructification in this species. The micro-
conidia of the various species of the genus Fusarium are all more or
less identical in form and size; the macroconidia of a single colony
ol a certain species may be composed of 3 to 7 cells. These spores
also bear a marked resemblance to one another, so that 2 species
may be mistaken for 2 saltations of a single species.

On the other hand, there are also a number of fungi which arc
known to have different strains:

(a) There are strains which can be differentiated by the morph-
ological characteristics, either macroscopic, e.g. 