TYPES OF DERMAL REACTIONS

Kevy.

1, 3, 4, 5, and 9, Negative reactions; 2, + + + 4 + reaction
to Timothy grass pollen; 6, 4 - 4- reaction to horse dandruff;
8, 4+ reaction to oats; 10, 4 reaction to wheat; 7, An
unusual type of reaction without the wheal appearing.

[See page 113.
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PREFACE
TO TIHHE SECOND EDITION

DurinGg the sixteen years since the publication of the
first edition of this book, much further experience with
asthma has been gained, and a great deal of important
research work has been accomplished. A more cxact
understanding in the last few years of the factors involved
in the causation of asthma and their mode of action has
made it seem necessary to publish a second edition.
Revision has not been the essential cause, since practically
all the original material remains of the same truth and
importance as it did in the first edition. The basis of
the treatment of asthma to be found in the later pages
depends upon the application to the subject of new
conceptions of investigation. Such, it is hoped, will not
only be of interest to the practitioner and specialist
dealing with © allergic diseases’, but may lead to a more
general improvement in the treatment statistics of those
suffering from this distressing complaint.

The main features of the changes effected in the contents
of this edition are set out in the Introduction, but reference
may be made here to the association of the two authors.
As will be seen from the perusal of the pages of the book,
the problems of the bacteriology and serology of asthma
are so Important as to rcquire the fullest discussion
possible. With the availability of much new work having
a special relationship to asthma, the new association of
Dr. Harry Coke with the special chapters dealing with
these subjects has, I feel, made the review of the problem
more comprehensive and complete.

The undoubted value of treatment on bacteriological
lines is fully emphasized. The methods employed are
modelled on the technique of Dr. Warren Crowe as used
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by him so successfully in the treatment of rheumatism
at the Charterhouse Clinic and elsewhere. To his know-
ledge and experience and for its transference to the subject
of asthma I am truly grateful.

In conclusion I wish to express my sincere thanks to
the publishers—John Wright & Sons—for their unstinted
trouble in preparing this second edition, and for their
help in all the details of its publication. For the coloured
blocks of the charts on pages 169-170 I have to thank
the Oxford Medical Press.

Fraxk Coxke
London, W.1



INTRODUCTION

AN introduction to the study of asthma must set out
in the first place a clear definition of the scope and mean-
ing of the subject. ‘Asthma’ is a technical word
describing solely a symptom, and, in the same manner
as such other symptoms as ‘backache’ and ‘ headache’,
it may be due to a great diversity of causes, and can be
simplified by classification into groups on the basis of
causative factors.

The second edition of this book has in mind the neces-
sity to emphasize and to bring forward three important
aspects of the subject which have come to be of practical
use in the therapeusis of asthma and allied complaints ;
while at the same time it retains the original format of
the first edition, and thus develops within its covers
a general review of the present state of knowledge about
asthma. This entails an account not only of our own
personal methods of examination and treatment, but also
of the physiology and pathology of the disease, as well as
a statistical survey of three thousand cases.

The first edition drew special attention to the dermal
sensitivity tests, which had at that time (in 1923) not
been extensively employed in Great Britain.

The main theme was the presentation of 850 cases of
asthma examined and treated in the light of the new
work that had then recently been carried out in America,
namely, the sensitization of asthmatics to foreign proteins.
It was shown that 52 per cent of these cases gave positive
dermal reactions, a proportion practically the same as the
48 per cent of Chandler Walker in a series of 400 cases.

Such little criticism as this evoked came from those
who frankly disbelieved the figures, and from others who
argued that, having found a patient sensitive to feathers,
the findings were useless if his asthma did not disappear
on removal of the feather bedding, overlooking the
possibility of sensitization to other undiscovered proteins.

A few years later the Great Ormond Street Children’s
Hospital became interested in this work and the technique
was demonstrated to junior members of that hospital.
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Finally, as rceently as 1984 the Asthma Rescarch Counecil
in their report state: ° These results have confirmed the
valuc of the skin-tests, which at onc time were subjeet
to much eriticism.”

The amplification and extended use of these tests
has duly repaid the carlier investigations, and they are
now not only very widely used and accepted, but one
may go so far as to state that the treatment based on
the knowledge of such tests has led to the alleviation
of a great dcal of suffering. Great though such advances
were, there still remained a large number of asthmatic
paticnts to whom trecatment on such lines afforded no
material assistance. In this volume are recorded the
investigations on other lines that have led to the con-
sideration of the symptom asthma’ on a much wider
scale.

In the second place the lay-out of the subjeet matter
has been rcconstructed as a result of the serological
investigations described. The application of the differen-
tial sedimentation test to the asthmatic patient has
led to the very clear definition of threce main groups.
Since these groups correspond very closely with a similar
clinical classification, we have considered that such
findings form a cognatc basis for the rcarrangement
of the problems of asthma.

The differential sedimentation test is of great assist-
ance in the practical aspects of the discase, as well as
affording a basis for the better conception of the problem
of asthma as a whole.

Of the three new and important features of this edition,
this fact may be considered first. It has been our purpose
to put forward a simple classification of all cases of asthma
as falling into onc of three fundamental types. We arc
of the opinion that such a classification is possible and
leads to a much clearer understanding of the subject,
and is of a real and practical importance in the diagnosis
and treatment of the complaint. It will be noted, there-
fore, that throughout the chapters these three main
types are referred to, emphasized, and reiterated scveral
times—Dbut not, we consider unneccessarily, if it impresses
upon the reader the fundamental importance of reviewing
all clinical cases in such a light.
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Type I, the allergic or protein-hypersensitive type,
was fully dealt with in the first edition, and the material
then discussed stands as firmly at the present time as it
did sixteen years ago. To explain the specific phcnomena,
such as resulted from the classical experiment of Prausnitz
and Kustner in 1921, together with many other reactions
of the blood in cases of asthma, a term ‘adzyme’ was
suggested and used extensively in the first edition. With
the greater prominence and more universal usage of the
American term ‘reagin’ for an identical purpose, it has
been considered that it would clarify the discussion of
these subjects if this term were substituted for the original
term ‘ adzyme’, and this has been done in the present edition.

In the account of the investigation and treatment of
cases classed as Type II, the infective group, there is
a substantial new element in this edition. Not only the
bacteriological investigations, but the recognition of such
cases by serological methods, and the treatment with
small doses of potent polyvalent autogenous vaceines,
have led to a personal experlence in treatment that can
only be expressed by saying that the subject is regarded
as being of a practical value and importance equivalent
to the dermal sensitivity tests.

The third purpose to which we have especially applied
ourselves in this new edition is the more extensive dis-
cussion of the previously intractable form of asthma
known as the aspirin-sensitive group, a subdivision of
the fundamental ‘mixed ’ Type III. Whereas previously
these particular patients had been the despair of physicians,
they have recently proved amenable to treatment with
vaccines. Although apparently so typical of a simple
allergic group, it was not until an additional infective
element could be demonstrated by the differential sedi-
mentation test that such infection became investigated.
Here a post-nasal infection, frequently with staphylococei,
has led to treatment on these lines with autogenous vaccine,
and with a success that has been duly gratifying. Such
a clinical observation, correlated with the extremely impor-
tant work of Feldberg and Keogh, had led us to postulate
the °‘toxin-histamine spasm ’ link between distal focal
infection and the typical spasm of the}bronchial muscula-
ture that is recognized clinically as asthma. Along such
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lines we feel sure that i1 the future much new work will
be accomplished, and interesting evidenee brought forward
to cxplain the complicated pathology and actiology of
this complaint.

The anatomy and physiology described in the former
edition remains to complete a review of the subjeet from
all angles. It has been revised, in parts curtailed,
and in certain respects enlarged where new and pertinent
material has been published.  As will be understood from
consideration of the carlier chapters, we find no sound
rcason to alter the ()11;1111‘11 conception of allergic or
Type I asthma as being in any way fundamcntdllv
different from an anaphylactic phenomenon in man.
Apart, then, from the value of a proper conception of
anaphylaxis in antmals i the study of © allergic pheno-
mena’, we are of the opinion that the two conditions
“anaphylaxis in the laboratory animal’ and ©asthma’
in man are identical pathological phenomena, differing
only in the degrec of the respective organism’s response

the antigenic stimulus,

In the following pages, then, asthma as a symptom
is diseussed from every angle. Not only are the modern
coneeptions of dlldi()lny and physiology dealt with, but
in the realm of actual medical practice new work is
submitted that in our hands has proved of much material
benefit to our patients, and as such has proviled the
stimulus to the publication of this sccond volune.

In conclusion, we have noted a modern tendency to
cramp the flow of thought when reading medical litera-
ture by a superlative abundance of references. While
retaining in this volume all important references, as
well as those where an important or a new fact has been
under discussion, it has been our endeavour to refrain from
a surfeit that might be detrimental to the sequence of
thought. Many additional references will be found in
the first volume, while the organization of modern medical
libraries has reached such a high standard that any point
which a reader may wish to follow in greater detail
an almost instantaneously be furnished.
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CHAPTER 1
ANAPHYLAXIS, ALLERGY, AND SENSITIZATION

THE pathology of almost all forms of asthma, including

the bacterial group, rests essentially on the mechanism
of the hypersensitive state. Full understanding of the
intimate biophysical mechanism of sensitization is far from
complete, but sufficient is known to have made the treatment
of asthma a rational procedure, and in very many cases a
successful one.

ANAPHYLAXIS

Although the clinical picture of sensitization in man was
very accurately described in 1868 by Hyde Salter, it was not
until 1902, that the classical experiment which led to the
discovery of the phenomena of anaphylaxis was published
by Charles Richet.l- 2 It prefaces every article on anaphy-
laxis that has been written, and from the rich trail these
articles have left behind them, the original discovery loses
nothing by repetition.

Richet injected a dog with a certain dose of a poison,
derived from the tentacles of actiniz, with no harmful effect.
Twenty-two days later he reinjected this same dog with
exactly the same dose, expecting subsequently to be able
to inject larger doses, and eventually produce a condition
of immunity or prophylaxis to this poison. To his surprise,
hardly had he finished this second injection than the animal
became extremely ill, and died in twenty-five minutes. As
such a result was the exact antithesis to prophylaxis, he gave
it the name of anaphylaxis.

This basic phenomenon can then be briefly described as
follows : An injection of a foreign protein is made into an
animal. After a period of incubation, which must exceed

a certain time, a further injection is given of identically the
1
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same protein. A clinical syndrome occurs as a result, which
may vary in degree of severity up to that of death, but which
is at the same time always the same, and independent of the
actual specific protein. This syndrome and its essential
causative pathology is anaphylaxis. On this fundamental
fact is built our modern knowledge of asthma as it occurs in
man.

Since the original experiment of Richet numerous experimen-
talists in many countries have investigated the phenomenon.
The names of Arthus,® Besredka,?* Theobald Smith,® Auer and
Lewis,® Friedberger,” Nolf,® Bordet® with Dalel® 1! in our own
country, may be especially mentioned, each having studied
some particular aspect of the problem. The initial investiga-
tions into anaphylaxis were made while using injections of
various snake venoms and other animal poisons. It was
considered, as indeed its name suggests, as being based on the
same mechanism as that of immunity, though in an exactly
opposite direction. Maurice Arthus, in the year following
Richet’s discovery, showed that the same phenomenon
occurred when normal horse serum was used for the injections.
Otto!? and Theobald Smith!® published articles shortly
afterwards. We now know that anaphylaxis is not the
converse of immunity, and Richet’s original experiment had
nothing to do with the various poisons he was using, but with
the proteins contained in his solutions. It has come to be
shown that protein in any form, whether horse serum, white
of egg, milk albumin, or cereal, has the power of render-
ing an animal sensitive to another injection of the same
protein, which when administered will immediately produce
the anaphylactic syndrome, even to the point of death in
a few seconds. Arthus has made the difference between
anaphylaxis and immunity quite clear by inoculating rabbits
with snake venom.

Semplel® writes: “The toxic elements of snake venoms are
always associated with proteins, but as yet it has not been
possible to separate them from the proteins with which they
are associated.” By injecting snake venom into animals,
Arthus was able to produce such a high degree of immunity
that they were able to withstand an injection of several times
the lethal dose. However, by these same immunizing doses
the animals became sensitized to their protein content, and
after an incubation period the animals died with typical
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symptoms of anaphylaxis when subsequently injected with
snake venom.

The first injection of the protein employed to sensitize the
animal may be given intravenously, intrathecally, intra-
peritoneally, intramuscularly, or hypodermically. Animals
have been sensitized orally (Richet!’) and through the
respiratory passages, but the experiments are successful only
if the proteins gain entrance through the blood to the cells
of the animal.

An incubation period of ten or fourteen days must elapse
before the animal becomes sensitive. Except in the case
of very massive doses this incubation period is fairly constant,
and depends but little on the size of the dose. After this
time has passed, a second injection will cause anaphylaxis.
This exciting dose is far more potent when given intravenously
than when administered hypodermically. It is a shock action,
and therefore the quicker the dose is given and the more
rapidly it circulates over the body, the more intense will the
anaphylaxis be.

No matter what form of protein is used, the same type of
anaphylaxis will follow on the second injection.

The typical picture of the symptoms of anaphylaxis as it
occurs in various animals, including man, is as follows :—

After the second or exciting dose, the animal is in distress
almost before the injection is finished. It becomes restless
and scratches its muzzle as though it irritated ; the respira-
tion is quickened, then laboured; vomiting takes place; there
is diarrhcea with the passage of blood, especially in dogs ;
micturition occurs; tetanic spasms and somersaults give
place to flaccid paralysis and collapse; and the cessation of
breathing brings death. Numerous blood changes take
place. There is a great fall in the blood-pressure, due largely
to a spasm of the hepatic veins, with obstruction to the
portal circulation and intense dilatation of the whole
splanchnic area.

The following are examples of analogous occurrences in
human beings :—

A boy and his three sisters were given prophylactic doses of
2000 units of antidiphtheritic serum by MacCallum.!'®* In two
minutes the boy became extremely ill with diarrhea and was
apparently choking. He died a few minutes later. There was
no ill effect of the injections upon the sisters.
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In another case a man who had had injections of antitetanic
serum while suffering from a fractured tibia developed erysipelas.
Thirty c.c. of antistreptococcal serum were given intravenously.
Within a minute he complained that he was choking and later
ceased breathing in full inspiration. Artificial respiration was
commenced while chloroform on an inhaler was held over the face.
He was given 30 min. of adrenaline and ;35 gr. of atropine subcu-
taneously. In a few minutes he commenced to breathe and soon
came round, one hour later being comparatively well. (Munro.!?)
But for this rapid and skilful treatment he must certainly have
died.

Lamson!® gives full details of 42 cases of sudden death,
the majority of which occurred within ten minutes of an
injection of antidiphtheritic serum. He calculated that this
disaster may be expected to occur in one case in 70,000 of
such injections.

Cooke’® describes the death of a patient after a test
injection of Le Page glue: * The boy then suddenly broke
out in a general rash, his face began to bloat with an cedema,
until his eyes were closed. Cough and dyspncea were marked
for a minute ; he was deeply cyanotic and respiration ceased.”
Other cases are recorded of death from an overdose of Bermuda
grass pollen and after a dermal test injection of buckwheat.
(Coca, Walzer and Thommen.?)

Attacks of asthma, urticaria, and lesser symptoms are not
uncommon if the test solutions are too strong or injected in
too large amounts. The following case exemplifies the minute
amount of proteins necessary to cause symptoms :

Case 1.—A man who knew he was very sensitive to Brazil nuts
accepted an invitation to a Christmas dinner, and was told there
were no Brazil nuts in the home. In spite of this, at the end of
dinner he said: “I have had some Brazil nut, and I shall soon be
very uncomfortably ill ’; and he was, with urticaria, diarrhcea,
and sickness. Two days later it was discovered that in a mince-pie
he had eaten there had been some fraction of Brazil nut.

Such patients are also examples of another typical feature
of anaphylaxis, namely, the specificity of the reaction. That
is to say, anaphylaxis cannot be produced unless exactly the
same foreign protein is given for the second injection as was
used to sensitize the animal.

The whole of one’s work on asthma and the dermal
reactions exemplifies this specificity. Taking the normal
rough-and-tumble of life as a test of patients’ sensitization
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to scores of proteins with which they come in contact, it is
only those particular proteins to which they are sensitive
that give rise to symptoms.

Case 2.—A young man suffering from asthma for some months
had had nocturnal attacks. I found him sensitive to hen feathers,
though only giving a + reaction. He gave up his feather pillows,
substituting those made of kapok. He had no asthma for eight
months. He returned to me saying he had asthma for the last
four nights, following a ride on a motor bicycle. I read through
his case-sheet and asked if he had changed his rooms lately. He
had moved to another part of London a week ago. Had he taken
his kapok pillows with him? He had not. He saw me again
a week later. His asthma had left him since his last visit to me ;
he had bought new kapok pillows on his way home. He had
probably met with 200 or more different proteins during the eight
months he was free from asthma, but had no attacks until he again
encountered the hen feathers to which he was sensitive.

The clinical syndrome of anaphylaxis is always the same in
the same animal, no matter what form of foreign protein is used
to produce it ; but the symptoms show variations in each different
species of animal.

Roughly, we have the asphyxiating type in the guinea-pig,
the cardiac type in the rabbit, the gastro-intestinal type in
the dog. In the guinea-pig the type is extremely constant,
a standard type. In other animals there is far more variation
in sensitiveness and the subsequent anaphylaxis. As for
monkeys, it has been found to be a difficult matter to
sensitize them at all.

These variations in the range of symptoms caused by
anaphylaxis appear to depend not so much on the animals as
on the distribution in them of the smooth involuntary muscle.
For instance, in the guinea-pig it is the bronchial muscle
which is particularly well developed, hence the asphyxiation
that occurs during the anaphylactic syndrome in that animal.

These facts must be borne in mind when considering
anaphylaxis in man. It is not necessary to find another
name for the symptoms of human anaphylaxis simply because
they do not conform rigidly to the standard guinea-pig type.

All proteins are ‘foreign’ to an animal or man except those
of the same species. Even homologous proteins become
foreign in their action to the living cells when they die, i.e.,
proteins in which an intrinsic chemical change takes place on
their separation from their normal environment.
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After injection into the body, foreign proteins have to be
dealt with and removed. The hypothesis of such mechanism,
always ready to deal with foreign proteins, must be discussed.
In the last edition the term ‘adzyme’ was suggested for the
hypothetical substance which deals with foreign proteins
gaining entrance to the body. A new word such as ‘adzyme’
expresses a suggestion that its method of action is rather
a physical change of adsorption than a proteolytic change.
As however in the intervening years the American term
‘reagin’ has come to be used extensively in the literature,
it is used in this edition in replacement of the term ‘adzyme’
which I propounded in the earlier edition of 1923.

At this point we may review anaphylaxis as follows :—

1. A ‘sensitizing’ injection of a foreign protein is made
into an animal.

2. During an ‘incubation period’ this foreign protein is
gradually removed from the circulating blood.

3. In its place is formed the ‘specific reagin’, a neutralizing
substance or mechanism, against the sensitizing protein.

4. The ‘exciting dose’, a second injection of exactly the
same specific protein, causes anaphylactic shock, though the
dose may be extremely small (Rosenau and Anderson??).

If anaphylaxis is a colloidal reaction as in the formation
of precipitins, it must be noted that such colloidal changes
take place at the moment when the opposing forces, electric
or chemical, are in exactly the correct proportion to effect
the change.

As the incubation period progresses, the quantity of foreign
protein in circulation gradually diminishes, while the quantity
of specific reagin gradually increases. There will be a time,
therefore, towards the end of the incubation period when the
two substances are present in equivalent reactive quantities.
This then is the moment when serum rashes make their
appearance. I came to this conclusion in August 1920, but
found it was not a new suggestion. Dale?! had amplified it
in this manner. There are three different proteins in horse
serum, and if it is possible to have a serum rash to one, why
not to all three, which might possibly mature at different
times ? He made inquiries from Dr. Goodall, the authority
on infectious diseases, and learnt from him that three separate
rashes had been noted after injections of horse serum as
contained in antidiphtheritic serum.
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Sensitization must mean the production of a new specific
substance or biophysical state in the body. It cannot be
a deficiency, otherwise we should have to imagine a separate
method of dealing with every conceivable protein on this
earth, and that in the sensitive people one or two of these
were missing. I have patients who are sensitive to a certain
fruit in India, to some strange scent or pollen in Nigeria, or
to such a peculiar food as caviare. Their idiosyncrasy to
these proteins does not mean that they have been sent into
the world fully equipped except for a missing protection
against caviare, which others possess, but that they have
formed specific reagins to these articles which others have not.

Note the sensitization to crabs, lobsters, and especially
pollen, proteins we may have a glut of at one time and then
go months without. I would call especial attention to this
incubation period.

The work of Dale?® points to the reaction as taking place
in the cells of the body, even when they are quite free from
all blood. An isolated slip of the virgin uterus of a sensitized
animal will contract at once when the specific protein is
added to the Ringer’s solution in which the muscle is
suspended—a very pretty exhibition of the reaction can thus
be produced. A variety of proteins so nearly allied to each
other as hen’s egg and duck’s egg can be presented in solutions
to the muscle, but it will not contract until the same protein
employed in the sensitization is again used in the solution.
The problem is an extraordinarily elusive one, for the slip
of uterus, although free from blood, still contains its nerve-
ending in the muscle. Rich?* has produced allergic changes
in sensitized cells growing in vitro, that is, freed from both
blood and nerve influences.

This leads up to another peculiarity of anaphylaxis: no
matter what physiological or biochemical cause may be
suggested in explanation of the fact, anaphylaxis does not
develop if the animal is ancsthetized while the second or exciting
dose is given. Again, in dogs, anaphylaxis is said not to
occur if the liver is isolated from the circulation by ‘clamps’;
when these are removed from the blood-vessels, anaphylaxis
occurs. Complement is said to disappear in anaphylaxis.

Passive Anaphylaxis.—If the blood of a sensitized guinea-
pig be injected into a fresh guinea-pig, then after an interval
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of some hours the latter becomes sensitized to the original
protein, another injection of which will at once cause
anaphylaxis. Further, if blood from a guinea-pig sensitized,
say, to horse serum, be withdrawn and mixed in a flask with
fresh horse serum, anaphylotoxin, whatever that may actually
be, i1s formed in vitro, and if this now be injected into a
new guinea-pig the latter is once seized with anaphylaxis.
Passive anaphylaxis is the basis of the Prausnitz-Kiistner
reaction.?®

The blood of a patient sensitive to some protein—fish, for
example—is injected into a non-sensitive patient; if the latter
then eats some fish, the site of the injection will become
swollen, red, and irritable. Or if fish be injected into this
site a similar reaction follows. Another point of the greatest
interest arises from this Prausnitz-Kiistner reaction. If the
site of the injection of blood from the person sensitive to
fish gives a reaction when the normal recipient eats fish, it
follows that the specific element of fish must pass into the
patient’s blood-stream. Conversely, if the blood of the fish-
sensitive person be injected into a normal person who has
already eaten fish, a local reaction follows. Using this method,
Walzer and Walzer?® were able to define the space of time
after eating a protein when the protein is to be found free in
the body.

They find that a protein enters the circulation in from five
to thirty-five minutes after its ingestion. At two hours the
resulting wheals were at their maximum. The protein there-
after gradually disappears during the next thirty hours.
Great use is made of this method of ‘passive transfer’ in
America. The blood is injected and the skin tests made on
a neutral person, even children and infants being used for this
purpose. The advantage of doing skin tests thus by proxy,
instead of testing the original patient’s arm, is not very
apparent. I have never heard of this ‘passive transfer’
method being used in England except for the purpose of
demonstrating the Prausnitz-Kiistner reaction to students.

Considering the question of passive anaphylaxis in man, we
have the extraordinarily felicitous accident of Ramirez?? :—

A man was transfused with 600 c.c. of blood from a donor, with
no immediate discomfort. A fortnight later, on going out for
a drive, he was seized with violent asthma, never having had such
a thing previously. It was found that the donor from whom he
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was transfused was a horse asthmatic, sensitive to horse dandruff
in a dilution of 1-50,000. His sensitive blood had been transferred
to the other man and had sensitized him, so that he gave a skin
reaction to 1-20,000 of the protein. No less interesting is the fact
that another man who received even more blood from this donor
did not develop asthma. How did he avoid sensitization ? Or was
he sensitized without showing it by asthma ? The blood-groupings
are not stated but presumably all three were the same.

Tedstrom?® considers that the use of blood transfusions is
now so frequent that further cases of the passive transmission
of sensitization are bound to occur. A man developed
urticaria after transfusion from a donor who actually had
urticaria on him at the time. In other cases, he says, the
donor having eaten largely of a food to which the recipient
was sensitive, symptoms have been caused by the food so
transferred.

Passive anaphylaxis from man to animals has been demon-
strated, though it is not easy to do so. The serum of people
sensitive to antipyrin, quinine, and iodoform has been injected
into animals. These become sensitive to the drug, and are
extremely ill when it is administered to them, whereas the
controls give no symptoms.

Achard® states that when serum from asthmatics has
been injected into guinea-pigs asthmatical attacks can be
produced in them by injecting a solution of the Charcot-
Leyden crystals.

The whole secret of anaphylaxis may be some mass colloidal
action. The addition of sodium hyposulphite to the second
exciting dose of serum is said to render it innocuous, no
anaphylaxis resulting. (Lumiére.%)

Lastly, when a blood very full of specific reagin is mixed
with specific protein in vitro, changes take place with precipitin
formation rendering the mixturc poisonous to another animal,
anaphylaxis occurring. Whether this is true anaphylaxis or
akin to those anaphylactoid symptoms that follow the injec-
tion of starch and serum, or agar and serum, is debatable.

The Anti-anaphylaxis of Besredka.’’—This is a method
whereby anaphylaxis can be avoided, either experimentally
or for the purpose of administering a second dose of serum
therapeutically. In order to causc anaphylaxis it is necessary
to give a certain quantity of foreign protein which must be
injected quickly; it is a shock action. In anti-anaphylaxis
the specific protein is injected in doses which are individually
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too small to cause anaphylaxis, thus gradually removing the
specific reagin by using it up or neutralizing it.

These doses are given each hour, being gradually increased
in size until the full shock dose can be given with impunity.
This anti-anaphylaxis is of vast importance therapeutically,
as a method of avoiding anaphylaxis and sudden death from
the injection of sera. If there is any suspicion that a patient
is sensitive to horse serum, a dermal test must be carried out
before treatment is commenced. If it is a matter of great
urgency that the patient should have an intravenous injection
of an antiserum, small doses are given hypodermically and
increased in size until the intravenous injection can be
attempted, when rapid increases in the size of the doses can
be made. An alternative method is to use an antiserum
made from some other animal than a horse to which the
patient is not sensitive, if such is available. The modern
methods of making antidiphtheric sera by extracting the anti-
bodies with the globulins from the whole horse serum allow
it to be given with less danger from this point of view.

In these various procedures the same protein can be used
to sensitize the animal, to kill it, or to desensitize it. After
a fresh incubation period much of the sensitization returns;
the following case exemplifies this :—

Case 3.—A young man was known to be always sensitive to
horses, lacrimation, sneezing, and asthma following on in close
proximity to them. He joined the Army, and was in the Field
Artillery. He groomed his horse three times a day, with dire
results. However, either from sheer pluck or because he had little
opportunity to do otherwise, he stuck it. At the end of three
weeks his asthma left him, and he could do anything he liked
with horses without having any asthma. He was very badly
wounded, and in hospital five months. Returning home to a farm
he found he was again just as sensitive to horses as before. He
gives the 4+ + 4 + reaction.

It would be interesting to know whether he gave a dermal
reaction during the time that he had temporarily desensitized
himself in the Army.

Later I heard from the patient’s doctor that desensitization by
means of minute therapeutic injections had been successfully
accomplished.

The various symptoms of sensitization In men are closely
analogous to those of experimental anaphylaxis. The itching
round the muzzle so evident in animals is copied in man by
hay fever, by the sneezing from the air-borne proteins, pollen,
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animal hairs and feathers, dust, and orris-root. Many
patients mention an itching under the chin as a prodromal
symptom to an attack of asthma. Pruritus comes into the
same category.

Urticaria is the most common symptom of an overdose of
pollen or mixed dust proteins, and may occur in one who has
never had urticaria before. Kgg-sensitive people may have
urticaria from handling egg-shells. The lick of a dog may
cause a patient to have urticaria, or even sitting in the same
room with a dog may bring the patient out in ‘hives’, as the
Americans call it. One of the worst cases I ever saw was in
a lady after eating mussels. Other anaphylactic symptoms
of animals, particularly those of the dog, are reflected again
in the diarrhcea and vomiting of patients sensitive to lobsters
or other shellfish. Egg-sensitive people may be sick from
such little protein as occurs in the glaze on the top of a bun.
Angina pectoris is at times an anaphylactic symptom, and
eczemas are commonly so.

Lastly we have the asthmatic spasm in every way compar-
able to that in the guinea-pig, and the sudden deaths in man
from anaphylaxis that have followed injections of the various
antisera prepared from immunizing the horse. I have always
held that there is no real difference between the various
so-called allergic diseases in man and the experimental
anaphylaxis in animals, except in the protective mechanism
that appears to allow some people to become hypersensitive
and others to remain normal.

Scott,?? in the System of Bacteriology, states: ** All the facts
set forth above, and especially the existence and behaviour
of the reagin, support the assumption that idiosyncrasy
(hypersensitiveness), no matter what form its clinical mani-
festation may take, is simply human anaphylaxis.”

Vaughan® also champions the view that anaphylaxis in
animals and allergy in man are the same, and states that the
three chief points of dissension are :—

1. That the presence of precipitin can be demonstrated in
sensitized animals but not in men.

One can, however, well envisage that such findings are
due entirely to the biochemical quantities and qualities
of the serum proteins—different in animals and man (who
has the highest albumin/globulin ratio of all mammals). It
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is therefore rather more of a technical difficulty than an
actual faet that such precipitin reactions cannot be readily
demonstrated in human sera.

A patient undergoing treatment for hay fever was over-
dosed, with the production of a generalized urticaria; the
strength of pollen in the patient’s blood ecausing this,
assuming the whole of the pollen injected hypodermically
had entered the blood-stream, was one in 9,800,000, a state
of dilution which would be difficult to arrive at in vitro.

2. That animals can be sensitized with ease and human
beings cannot.

Using rabbit serum, Jones and Mote* were able to sensitize
70 human beings. Others found the same possible with
guinea-pig serum. The first sign of sensitization was the
second-day typical allergic reaction {cf. page 14). As sensitiza-
tion increased, the typical wheal of the skin-test occurred
immediately on applying the intradermal test. It was not
found possible to sensitize people with milk and eggs and
such other proteins as are commonly encountered from day
to day.

An interesting point occurs here. In the treatment of
patients with mixtures of proteins, as house dust and the
animal hairs, while they tend to lose the huge wheal formation
to the proteins to which they were originally sensitive, after
treatment they appear to give larger dermal reactions to those
protein solutions to which they were not sensitive than they
did before treatment was commenced.

8. That whereas the hereditary factor in man is so un-
mistakable, in animals this is absent.

Though in man there can be no doubt of this hereditary
influence, yet it would appear not to be an essential requisite
before sensitization becomes possible. Colmes et al.?® found
on testing 32 bakers that 15 of them gave positive reactions,
only one of whom had asthma. One may wonder if this is
so in other trades.

Apart from such gross effects of sensitization as asthma
and hay fever, numbers of people have lesser idiosyncrasies in
themselves or their relations, particularly with regard to foods,
so that it has been claimed that quite 50 per cent of the
population show such tendencies.
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Asthma, hay fever, and the allied complaints may, then, be
definitely associated as symptoms of anaphylaxis as it occurs
in man, and are more nearly a copy of the classical anaphy-
laxis of the guinea-pig than are the syndromes produced in
cats and dogs during anaphylaxis in these animals. Two of
the main arguments against asthma in man being anaphylaxis
—-the facts that sensitization seems difficult to produce experi-
mentally in man and that animals do not show the same
spontaneous sensitizations as occur in the human race—have
been referred to. In addition to the work of Jones and Mote,
Simon and Rackemann3é claim to be able to produce sensitiz-
ation in both allergic and normal persons by the injection of
guinea-pig serum and also by the instillation into the nose
of the serum. Guinea-pig serum is one that is novel to man,
and one of which the blood cannot have had any previous
experience.

Again, the skin reaction was demonstrable, at first the
second-day von Pirquet reaction, but later as sensitization
became more fully established, the wheal and erythema
reaction appeared.

If the contention is correct that sensitization in man is
contingent on his receiving a glut of some protein followed
by a long incubation period, the chances of guinea-pigs
becoming ‘spontaneously’ sensitized are almost nil. To begin
with, the number of proteins met with during the simple
existence of a guinea-pig is very small indeed, and such as
come within its range will be taken continuously with no
sudden glut and no incubation period. Placed in unusual
circumstances, sensitization does occur. Thirty years ago,
Rosenau and Anderson®’ showed that guinea-pigs could be
sensitized by mouth.

Ratner and Gruehl®® were able to produce anaphylactic
shock in animals so fed and sensitized, by subsequent doses
administered by mouth.

ALLERGY
In the former edition this term was used but once : ““ allergy,
as hypersensitiveness in man is called in America.” The

usage of this word has grown and outgrown its original
meaning until now there is a Journal of Allergy and books
on allergy in which are included not only all forms of sensitiza-
tion of a purely anaphylactic nature, but also all forms of
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asthma, urticaria, migraine, and even epilepsy, whose aetiology
not rarely has nothing whatever to do with sensitization. In
reality the term ‘allergy’ should have a much more circum-
scribed meaning.

You Pirquet3® coined the word to provide a name for an
altered reaction to a second intradermal injection in con-
nexion with Koch’s phenomenon. Koch noticed that an
animal responded to a second injection of tubercle bacilli
very differently to the first injection. In fact, except that
live bacilli may get a footing and grow in the animal, the
first injection is quite innocuous in its immediate effects.

Later, when the animal has become sensitized to the
tuberculo-protein, a second injection will cause inflammation
of the cells at the site of the injection, becoming so acute as
to cause necrosis. The von Pirquet reaction is termed a
‘second-day rcaction’, a sensitization of cells without there
being any free reagin in the blood ; because there has been
no incubation period. In fact there may be and usually is
free antigen or foreign protein in the blood. In discussing
the nature of allergy, it will be first convenient to consider
in what way anaphylaxis and allergy differ from each other
and from immunity.

Allergy is akin to the Arthus phenomenon. Arthus found
that if repeated injections of foreign protein were made into
an animal, so frequently that no time was allowed for an
incubation period to elapse, a local inflammation occurred
at the site of the later injections. If the injections were
continued, they caused abscesses and gangrene of the skin.
Most of his work was carried out without producing very
severe anaphylaxis. He regards a fall in the blood-pressure,
a lengthening of the coagulation time of the blood, a quickened
respiration, and the cxpulsion of faeces, as being the evidence
of anaphylaxis. If after several sensitizing doses the animal
is left for a fortnight and then given a non-fatal anaphylaxis,
it will recover as usual, but later will become an®mic and
cachectic.

Fried?® found that if an animal is given an injection of
horse serum every six days, increasing inflammatory disturb-
ances at the site of the injection will occur—the Arthus
phenomenon. If directly afterwards horse serum is given
via the trachea, an acute exudative inflammation occurs in
the lungs, a condition which is very like human pneumonia.
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In man we can hardly ever expect to find sensitization
caused by a single injection of protein, or by a single day’s
outing in the hayfield, so that we must take special notice
of such work as that of Arthus, where sensitization is spread
over many doses. Probably this typc of gradual sensitization
and continuous sub-anaphylaxis is the reason for the cachexia
or thinness of so many of our patients. The cachexia of
cancer may have a similar origin, as may that of rheumatism.

In these complaints there would always be an excess of
the specific protein present; as in tuberculosis there would
be an excess of tuberculo-protein; so that no symptoms of
hypersensitiveness could take place other than the second-
day allergic skin reaction.

The Arthus phenomenon is comparable with the urticaria
that sometimes occurs round the site of the injection of
frequent and large doses of wvaccine. Again, it is not
uncommon to find that when a patient is given a course of
vaccine injections, a situation is chosen for the injection on
the outside of the arm, just below the insertion of the deltoid.
Without thought, subsequent injections are given one after
the other on the same site, when hard lumps may appear
that will take weeks to be absorbed, and though possibly a
condition of traumatic fibrosis it may be a true allergic
phenomenon. This can be avoided by choosing a different
site for each injection.

The difference between anaphylaxis and allergy depends,
then, on whether or not there has occurred an incubation
period, and whether circulating reagins or free antigen is
still present in the blood. If there are reagins in the blood,
the skin reaction will be an immediate wheal and the result
of injecting further protein will be anaphylaxis. If there
1s no reagin in the blood or if there is still antigen present,
the result of further injections of the specific protein will be
a second-day von Pirquet reaction, but no anaphylaxis.

Where the protein is ever present as in tuberculosis, the
effect is like a continuous injection and much local damage
occurs. The effect of tubercle bacilli on sensitized cells in
their immediate neighbourhood is to cause the formation of
tubercles with inflammation and necrosis of cells.

The very harmful, even lethal, effect of tuberculosis is due
to the allergic state induced in the cells. Exactly the same
thing occurs in syphilis and many other complaints.
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Ramel® claims that tubercle formation with the presence
of giant cells and caseous centres is also to be found in leprosy,
syphilis, leishmaniasis, and actinomycosis. He considers that
these are formed by allergic irritation, as are lupus and the
tertiary syphilides.

The immunizing effect after a cold is so slight that cold after
cold can be caught, each followed by a sufficient incubation
period in which to allow sensitization to develop, and it may
well be that the gross nasal symptoms so like hay fever are
anaphylactic in nature.

Allergy and Immunity.—Much proof exists that allergy
and immunity are entirely different processes. Rich?* and his
co-workers in America define these differences: ‘“The state
of hypersusceptibility to the bacterial protein is ordinarily
spoken of as allergy ; the ability of the body to inhibit growth
and invasion of the bacteria and to neutralize the toxins which
they produce, constitutes acquired immunity.”

The first experiment to be considered makes use of cells
growing in vitro, from an animal sensitized to tuberculin.
If tuberculo-protein is added to these washed cells, grow-
ing either in the plasma of the sensitized animal or in
plasma from a normal animal, the growing cells are killed at
once.

The addition of tuberculo-protein to washed normal cells
growing in allergic or non-allergic plasma has no ill-effect.
The deduction from this is plainly that sensitization occurs
in the cells without regard to the plasma in which they are
growing,

Sensitization and immunity are different; the sensitized
cells have no immunity against the tuberculo-protein, On the
contrary, they are killed by the exhibition of such quantity
of tuberculo-protein as has no effect upon normal cells. Rich
produces further arguments :—

1. The luetic reaction in syphilis is only obtainable in the

secondary and tertiary stages. Animals infected with
a second dose of spirochates did not respond with a
local reaction nor did they become reinfected. Therefore,
although there was no allergy, immunity was perfect.

2. Animals were rendered highly allergic and immune to

pneumococci. On passive transfer, the immunity was
present but not the allergy, presumably the blood being
free from reagins.
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8. When allergy is abolished by desensitization, full
immunity remains.

4, Animals made allergic with large doses of purified
tuberculo-protein have no protection against an injec-
tion of virulent bacilli.

Therefore the allergic reaction gives no clue to the degree
of immunity present. Again, a microbe which may be harm-
less as a producer of toxin may cause gross symptoms by the
state of allergy it produces.

This may explain the fact that a patient may give a positive
pathogen-selective test to a microbe, showing that his blood
has no immunity against that organism, and yet it may be
the cause of the rheumatic or asthmatical symptoms in virtue
of this allergy to it.#2- 43

As a further point, observers who have held to the belief
that the beneficial effects of tuberculin therapy are referable
to the ‘“mild reactions” that ¢ promote fibrosis” have never-
theless agreed to Neumann’s law of *‘ the well attested clinical
operation that the average tuberculous patient shows,
simultaneously with his improvement under tuberculin, a
tolerance for the tuberculin by whatever route it is
administered »’.

It has also been noticed that allergy diminishes during
pregnancy, intercurrent infections, and especially conditions
of massive tuberculous infection. We may note here the
great improvement in many cases of asthma under exactly
the same conditions—pregnancy, and intercurrent infections—
probably a non-specific desensitizing process in each case.

Willis# also demonstrated that animals with practically no
allergy may still show a high resistance to tubercle bacilli.

The term ‘allergy’ is used in this chapter to refer to this
condition of cell sensitization, as distinct from anaphylactic
sensitization with contraction of the smooth muscles and
response to further intrusion of the foreign protein. In
tuberculosis the bacilli are inside the body, in asthma they
are outside even in ‘ethmoiditis’; but the probability is that
the inflammation, the formation of polypi, and the necrosis
of the bone are all allergic responses.

Those using peculiar proteins to sensitize human beings
artificially, notice that cell sensitization with its second-day
skin reaction appears before full sensitization and wheal

formation. It may be that a similar alteration takes place
2
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in the changing of the eczematous infant into the asthmatic
child.

To recapitulate the above :—

1. Specific reagin in the cells only = allergy, the von Pirquet
second-day reaction, and a negative °‘passive transfer’ or
Prausnitz-Kiistner reaction.

2. Specific reagin in cells and blood with excess of foreign
proteins in the blood = allergy, the Arthus phenomenon to
urther injection, and a positive Prausnitz-Kiistner test.

3. Specific reagin in cells with excess in blood but no free
antigen = hypersensitiveness with a positive Prausnitz-
Kiistner reaction and wheal formation to the dermal test.

4. This sensitized state (3) + the rapid addition of specific
protein = anaphylaxis.

5. The sensitized state 4 small doses of the specific protein
given slowly produces anti-anaphylaxis or desensitization,
with disappearance of the wheal to dermal reaction.

Throughout this chapter the term ¢allergy’ has been used in
its strict sense, and not as synonymous with ‘anaphylaxis’.

Hereafter, bowing to popular usage, asthma, urticaria, and
hay fever will be called ‘allergic’ when due to sensitization
to foreign proteins, with the protest that the word ‘allergic’
shall then be in inverted commas. I do, however, strongly
object to calling those forms of asthma which are not due
to sensitization to foreign proteins ‘allergic’ complaints, and
shall not do so.

HISTAMINE

The reaction of the body to histamine is so exactly similar
to anaphylaxis that it is best considered in this chapter.
Histamine, or B-iminazolylethylamine, is formed from the
amino-acid histidine by the splitting off of CO,—decarboxylation.

Histidine is produced by the digestive disruption of most
of the common food proteins, and it can be liberated during
bacterial and other enzymic forms of digestion. It can be
derived from the blood in globin and in the serum proteins
and in muscular tissues. Histamine is an active principle of
the hypophysis of the pituitary gland and can be extracted
from ergot. (Barger and Dale.%)

Therapeutically histamine is used as pituitrin and ergamine
(or ergotamine) biphosphate to cause contraction of the
uterus during labour.
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It plays an important role as a stimulant to the gastric and
intestinal musculature and as a dilator of capillaries during
digestion. We daily make use of a considerable quantity of
histamine. (Abel and Kubota.8)

The outpouring of histamine consequent upon food may
explain the increase of symptoms so commonly felt after
meals by most asthmatics. Bacteria are the chief agents in
converting histidine to histamine, as was first discovered by
Ackermann.*?

Berthelot and Bertrand?® found bacilli akin to the B. lactis
aerogenes that could accomplish this change in the bowel.
Friedlander’s bacillus has the same power. The action is
helped by acidity in the medium and in the tissues. The
work of Dale shows the presence of histamine to be very
widespread throughout the tissues, naturally in very small
amounts. The symptoms produced by histamine are so
exactly like those of anaphylaxis that it may well be wondered
whether anaphylaxis may not be due to the formation or
liberation of histamine on the receipt of the second or exciting
dose of the sensitizing protein (see Dale’s Croonian Lecture?®).

The following features of similarity may be noted:

1. The application of histamine to a skin scratch produces
the typical 4 5 wheal reaction, a fact I have made use
of many times on my own arm for demonstration purposes.
This reaction is now known as the triple response of Lewis,5°
an immediate local redness, followed by an erythematous area,
with a wheal in the centre. Similar wheals can be formed by
injury, such as freezing or even a simple scratch, and in such
cases Lewis has shown that they are due to the local formations
of histamine or H-substance.

2. Taken by mouth, histamine causes a rapid fall of blood-
pressure with tachycardia in a few minutes, a general redness
of the skin is observed, with marked headache, vertigo.
and tremor; and there is nausea and hypersection from the
lacrimal, salivary, and gastric glands. With larger doses
dyspncea and loss of consciousness may be produced.

3. On injection into animals, all the symptoms of anaphy-
laxis are seen.

4. A further remarkable similarity is that the symptoms
vary in the different animals in exactly the same way as do
those of anaphylactic shock. In the rabbit there is a tremen-
dous dilatation in the splanchnic area, leaving insufficient
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blood for the heart to carry on the circulation and life. In
the guinea-pig, death occurs from contraction of the bronchial
muscle. Kupper® finds that rats are very resistant to both
histamine and anaphylaxis.

5. Adrenaline has the same beneficial effects upon the
symptoms of both; in fact, as noted by Schenk, there appears
to be a direct antagonism between adrenaline and histamine;
enormous doses of the latter can be given if balanced by
adrenaline.

6. Adrenaline contracts the blood-vessels, raises the blood-
pressure, while it dilates the bronchi, an action exactly
opposite to histamine.

7. More histamine is to be found in the lungs of a sensitized
animal than in the normal.

One may well wonder whether it is not the freeing of this
excess of histamine that is the cause of anaphylaxis? The
part played by histamine in the anaphylactic syndrome is
thus described by Dale’? :—

“We may picture the anaphylactic shock, therefore, as
the result of cellular injury, due to the intracellular reaction
of the antigen with an aggregating antibody. Whether this
is general or localized in a particular organ, histamine will be
released, and its effects will be prominent in the resulting
reaction, imposing a general resemblance to the syndrome
produce by histamine itself on the symptoms seen in each
species.

“The cell injury, however, is not limited to the degree
required to produce a release of histamine, and involves
other and more direct results. Such a conception is in
accordance with all the facts as yet available, and it has
the advantage of rendering intelligible, not only the
striking resemblance between symptoms of the anaphylactic
reaction and those produced by injected histamine, but also
the various and equally significant points of difference between
the two syndromes.”

Bartosch, Feldberg and Nagel®® have shown that when fresh
egg-white is added to the perfusing fluid in an animal already
sensitized to egg-white, histamine is to be found after the
bronchial contraction takes place. Schild and others corro-
borate this.

The intravenous injection of barium sulphate, kaolin, and
many other substances of a coarse colloidal nature produces
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symptoms again indistinguishable from anaphylaxis, hence
known as anaphylactoid reactions. But in spite of the fact
that the bronchial muscle is contracted to the maximum
by these injections, no histamine was produced or discoverable
in the perfusate by Schild.5

8. Histamine produces an eosinophilia locally and in the
differential blood-count.

Dragstedt and Mead® find a substance in the blood of
animals dying from anaphylaxis that will cause contraction
of smooth muscle. They identify this substance with hista-
mine, ‘‘ because both are inactivated by incubation with
kidney powder, containing the enzyme histaminase of Best
and Henry .59

9. The reintroduction of blood from an urticarial patient
(from food) into the same patient is followed by a hemoclasic
crisis and more urticaria. This fact was the origin of the
treatment by autohamotherapy. (Joltrain.57)

10. There is much evidence that desensitization by very
small doses of histamine is an effective remedy for these
anaphylactic complaints.

11. The action of histamine on smooth muscle appears to be
through stimulation of the parasympathetic; caffeine, atropine,
and adrenaline countering this action.

12. Knott and Oriel®® found an increase of nitrogen and
amines in the blood and urine during an attack of asthma.
Jacquelin and Ungar® have estimated (by the amount of
histamine necessary to produce the same degree of contraction
of a strip of isolated intestine) that the histamine content of
the blood of an asthmatic is doubled during an attack ; that
large quantities appear in the urine which may have been free
from histamine before the attack; and that in the sputum
the amount varies with the degree of eosinophilia.

Histamine is very rapidly destroyed after injection.

Dragstedt and Mead®® injected 0'5 mg. per kilo weight into
dogs. They were able to recover histamine from the blood
two minutes later, but it had disappeared at the end of five
minutes. Apparently much is destroyed in the liver.

From these items of evidence it would appear that hista-
mine plays a large part in the production of anaphylactic
shock, but histamine can by itself produce the complete
anaphylactic syndrome without previous sensitization being
necessary.
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Certain minor differences exist. “‘In the guinea-pig especi-
ally when death from shock is delayed, the blood also shows
a loss of clotting power, which histamine does not produce.”
(Dale.46) ““There may be capillary heemorrhages in the shock,
which histamine again does not produce ”, probably from
localized sensitization of the endothelial cells.

Histamine, then, can provoke practically every symptom of
anaphylazis, and in every symptom of anaphylazis histamine
can be shown to be present.

It is difficult to see what other conclusion we can come to
than that the major portion of anaphylaxis is histamine
formation and histamine action.

In the treatment of asthma there will be the necessity of
preventing the formation of histamine by the interaction of
reagins and the proteins to which they are specific, and also the
formation of histamine by other means, metabolic and
microbic. The latter endeavour may explain the benefit so
many patients receive from limiting their protein intake, the
original source of histamine, in perfecting their digestion by
hydrochloric acid and pepsin, in colonic lavage, purges, exer-
cise, and other methods of spring-cleaning the intestinal tract,
and in all such measures as increase the efficient working of the
liver and of the adrenals to neutralize the histamine effect.

As has already been mentioned, a syndrome exactly similar
to anaphylactic shock can be produced by the intravenous
injection of a coarse colloid such as barium sulphate.
Lumiére,® using a fine colloidal suspension for intravenous
injection into guinea-pigs on successive days, found that as
the colloidal particles gradually became aggregated, so the
injection was followed by symptoms of increasing violence, until
at the end of a fortnight the guinea-pig injected on that day
died with all the symptoms of anaphylactic shock. On this
he based a theory that anaphylaxis was due to irritation of
the nerves of the blood-vessels by these colloidal particles
reflexly stimulating contraction of the adjacent smooth muscle
of the bronchi, uterus, and intestinal wall.

However, Schild® has shown by perfusion experiment that
no histamine is found during this process, and therefore that
the shock obtained by barium injections is not true anaphy-
laxis, but more suitably named anaphylactoid. Lumiére’s
theory cannot provide an explanation of all forms of anaphy-
laxis, but there is no reason why anaphylactoid reactions
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should not be obtained in man and be of clinical importance,
so that Lumiére’s work and the deductions drawn from it
must not be passed over too lightly or dismissed without
full consideration.

THE HAEMOCLASIC CRISIS

A hzmoclasic crisis consists of a number of changes that
are found to take place in the blood in anaphylaxis, in protein
shock, after histamine injections, and also in asthma, urticaria,
migraine, epilepsy, and a variety of other conditions.

French literature was at one time full of the subject.
Widal, Abrami, Brissaud, Joltrain, Pagniez, Vallery-Radot,®!
and their collaborators carried out a large amount of interest-
ing work on what they called a ¢ crise hémoclasique initiale .

The changes consist of a fall in the blood-pressure, a
leucopenia, and an alteration of the differential white count.
The normal preponderance of the polymorphonuclears over the
lymphocytes alters until they become equal in number, later
actually showing an inversion of the normal, the lymphocytes
predominating. There is a slight eosinophilia. There are
changes in the viscosity of the blood, and the refractive index
is lowered. The clot may lose its power of contraction and
the colour may be a brighter red. The coagulation time is
shortened.

Joltrain®? mentions in addition that there are modifications
in the sedimentation rate, the amount of Ca ions, the alkali
reserve, and the pH, and glycemia.

These changes take no part in the anaphylaxis, asthma, or
other occurrence, but seem to take place between the receipt of
fresh protein and the production of the clinical symptoms; for
instance, with certain cases of paroxysmal haemoglobinuria all
that is necessary toinitiate the paroxysm is to place the patient’s
hands in cold water for a few minutes. The hemoclasic crisis
follows at once and hemoglobin appears in the urine later.

All the cases mentioned in the French literature are very
fully and beautifully worked out. The following two cases
roughly describe the sequence of events.

The first patient, a marchand de mouton, had dealt in sheep
for nearly forty years, during the last three of which he had become
so sensitive to the smell of sheep that he had to give up his trade.
In hospital, of course, he had no asthma. For the experiment

he entered a pen of sheep. His leucocyte count and blood-
pressure were taken every few minutes. After two hours both
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fell—the leucocytes from 12,000 to 6000. They then returned
rapidly to the normal. During this time he felt no difference
to himself. At the end of three and a half hours, when the crisis
was completely over, he developed a very bad attack of asthma.

The second patient had migraine, especially after taking chocolate,
but only at times. He had chocolate every morning in large
quantities, followed each time by a normal digestive leucoeytosis,
until there came a morning when the blood-pressure and leucocyte
count both dropped. Shortly after this, gastric disturbances and
a bad attack of migraine commenced.

Clinically the method can be made use of to test the
reactions of a patient to specific foods. The food is given,
and the blood taken at frequent intervals afterwards to see
whether there follows normal leucocytosis or a leucopenia
with the other blood-changes.

Rinkel® describes his use of this method on testing the
patient against foods.

The haemoclasic crisis, however, has been found to occur
so frequently and from so many different causes that little
clinical use has been made of the method in England.

Another point complicating the application of this method,
and in fact all methods of testing patients against foods, is
this, that except in the case of asthma there are days on
which the patient is sensitive to a food and many other days
on which he is not sensitive, neither the hamoclasic crisis nor
clinical symptoms being produced. Therefore too much reli-
ance must not be placed on negative reactions to foods, except
I think in the case of asthma, where they seem quite reliable.
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CHAPTER 11

THE DEFINITION OF ASTHMA: THE ANATOMICAL
AND PHYSIOLOGICAL ASPECTS

FROM the earliest days of medicine, no affection can have
been more obvious in its symptoms than asthma.

The dictionary meaning of this Greek word is panting
or gasping, and though this may have included many forms
of dyspncea, the description of the asthmatic and his
symptoms as given by one Aretaeus! is very clear and
accurate., Gradually the term has become narrowed down
to refer to a condition of dyspncea that most typically develops
suddenly in paroxysms, in which both expiration and inspira-
tion, but more particularly the former, become extraordinarily
difficult. What little air can be forced in and out of the
lungs escapes with wheezings and sonorous sounds. In spite
of the fact that the patient is sitting up in bed, with all the
accessory muscles of respiration brought into play, the
obstruction remains, and the chest, which is distended with
air, can neither be emptied nor refilled to any satisfac-
tion.

As the asthmatic syndrome became more and more clearly
defined, so the affection came to be looked upon as a separate
disease of the lungs, and theories sprang up as to its causation.
In 1868 Hyde Salter? described his symptoms as a cat
asthmatic with minute detail, including the formation of
wheals from the scratch of a cat. In 1877 Brackley discovered
that grass pollen was the cause of hay fever and demonstrated
the sensitivity of his nasal mucosa to the pollen.

In each case this brilliant work was lost sight of because,
although it showed the specific cause of the condition in
these two cases, it failed to provide an aetiology for asthma
in general as a ‘disease’ of the lungs.

In the main, argument ranged between those who believed
the cause of asthma to be a spasm of the muscle surrounding
the bronchioles, and others who attributed the chief patho-
logical factor to a congested or inflamed state of the mucous
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membrane. To-day it is recognized that asthma is a symptom
and not a disease. It is caused by a number of main factors,
aggravated by other lesser influences. For instance, exercise
will often bring on an attack of asthma, but the asthma has
to be there beforehand, lying dormant and waiting to be
awakened by the forced breathing of exercise.

THE DEFINITION OF ASTHMA

* Asthma is a form of dyspncea in which the calibre of
the bronchi and bronchioles is diminished, either by a contrac-
tion of the bronchial muscle acting alone, or together with
turgescence of the mucous membrane and the formation
of secretions into the lumen.”

It may be said that this definition is too large a generaliza-
tion, but asthma is a symptom and not a disease.
Anatomically this obstruction occurs in several different
places ; physiologically it is due to a great variety of totally
different factors: the only feature common to all is the
obstruction to respiration.

This definition excludes all other forms of compression
that may occur from causes outside the bronchi. Obstruc-
tions in the nose and throat, at the larynx from inflammation,
at the trachea or bronchi from the pressure of an aneurysm,
a growth, or enlarged bronchial glands—any of these conditions
may provoke dyspncea, but not asthma.

The air hungers, the shortness of breath in various heart
conditions, must be distinguished from true asthma.
Dyspncea from uremia, diabetes, or epilepsy is more easily
differentiated. On the other hand, it must not be forgotten
that true asthma may exist in combination with a weakened
heart, a high blood-pressure, or with various urinary disorders.

In the previous chapter anaphylaxis and other experi-
mental conditions are described because of their close
resemblance to and practical identity with asthma in man.
Having defined asthma as above, we are now ready to approach
the aetiology of asthma by considering :—

1. The anatomy and physiology of the normal bronchi,
bronchioles, and lungs;

2. The changes that take place in these tissues during a
paroxysm of asthma; and, in due sequence,
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8. The wvarious influences which primarily cause these
obstructive changes.

The last two, dealing with the aetiology of asthma, will
form the subject-matter of Chapters III to V.

THE ANATOMY AND PHYSIOLOGY OF THE NORMAL
BRONCHI, BRONCHIOLES, AND LUNG TISSUE

Anatomy.—The trachea divides at its bifurcation opposite
the 4th or 5th thoracic vertebra into a right and a left bronchus.
Further divisions take place at fairly sharp angles to one
another into the main bronchi, whose lumen is kept patent
by means of the cartilaginous rings in their walls.

INFUNDIBULUM

ATRIUM

VESTIBULE

ALVEOLI
&

END OF 13 \
BRONCHIAL MUECLE N BRONCHIOLE

Fig. 1.—Diagram to show the terminal divisions of a bronchiole.

Further subdivisions lead to all parts of the lungs, the
calibre becoming smaller until in the bronchioles it is less
than a millimetre. Finally the lobular or terminal bronchiole
leads by way of a vestibule, atria, and infundibula to the
small saccules called air-cells or alveoli. These various
names only denote spacing arrangements by which each
bronchiole can supply the largest possible number of air-
cells or alveoli. Not to lose any opportunity of dealing
with the maximum quantity of air, little air-cells bud out
directly from the bronchioles wherever there is room for
them. Fig. 1 represents the divisions of a terminal
bronchiole.
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The histological structure of the bronchi is of extreme
importance in considering the pathology of asthma.

The cartilaginous plates which encase the front and sides
of the trachea, making it roughly a three-quarter hoop,
continue in all the larger bronchi. They are found to be
complete circles in bronchi of medium size, forming them into
cylindrical tubes. As the calibre of the bronchi lessens,
cartilage disappears, and its place is taken by connective
tissue. The smaller bronchi and bronchioles are therefore
more easily compressed or flattened than are those tubes
which have cartilage in their walls.

Elastic tissue in longitudinal bundles is found throughout
the whole of the bronchi and bronchioles, disappearing from
the smallest tubules to become a general reticular tissue
supporting the alveoli. It assists in the normal expiratory
collapse of the lung.

Two layers of muscular tissue are described, a longitudinal
and a circular. The latter is by far the more important.
This muscle surrounds the bronchial tubes as a continuous
layer of annular fibres lying internal to the cartilaginous
plates. It is found beyond where the cartilage ceases to
exist, and appears as irregular annular fasciculi, even in
the smallest tubes. (Schafer.?) Besides this annular arrange-
ment, other muscular bands extend up and down in a manner
called geodic in technical language, a word recently brought
into prominence as a method of binding used to strengthen
aeroplane struts. Piersol* says: ‘ The muscle is arranged
as a sphincter-like band around the openings by which the
terminal bronchiole communicates with the atria.” The
position of the muscle is shown in Fig. 1. It will be seen
that the atria, infundibula, and final air-sac have no muscle
present either to support or compress them.

Blood-vessels of twofold origin accompany each bronchus.
The pulmonary artery, carrying the venous blood to be
aerated, passes along the bronchioles to the alveoli. Here
the vessels break up into an immense network. The terminal
vessels are so small that they will only allow corpuscles to
pass through them in single file. They are so close together
that even less space than their own width separates them.
The venules do not return by exactly the same route, but
collect together first, before joining the bronchi in their
return to the hilum of either lung on their way to the left
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auricle. The bronchial arteries are branches of the aorta. They
supply nutrition to the various coats of the bronchi and
the bronchial glands. This blood returns by the azygos
veins to the right auricle. There is said to be some
anastomosis between the bronchial and the pulmonary veins.
This may afford some slight relief to either circulation which
may be unduly full.

The nerve-supply is by medullated fibres of the vagus and
by non-medullated fibres of the sympathetic. These will
be considered subsequently in relation to the physiology
of the bronchial muscles.

The air-sacs have no lymphatics, only the intercellular
lymph-spaces in their walls. Rich plexuses of lymphatics
surround the bronchial tubes.

Mucous membrane lines the whole of the respiratory tract,
becoming naturally thinner as the smaller bronchioles are
reached. Ciliated epithelium extends throughout the surface
of the trachea, bronchi, and bronchioles, in which are the
mucous and mucoserous glands. Many of the deeper mucous
glands reach the lumen of the tubules by passing through
the muscular coat of the bronchi. In the smaller tubules
the mucous membrane becomes folded into longitudinal ridges.

Briefly reviewed, a great change in the structure of the
tubules takes place where the terminal bronchiole opens
into the vestibules of the final air-spaces. The muscular
coat ends in a sphincter-like termination; the ciliated
epithelium and the lymphatics cease at this level ; mucous
cells give place to ordinary columnar cells, and then to the
plain flattened cells which line the air alveoli.

Physiology.—The physiology of many portions of the
bronchi is that of similar structures in other parts of the
body. The ciliated epithelium constantly tends to move
material on the surface of the mucous membrane towards
the large bronchi, the trachea, and the larynx, from which
such secretions may be expelled by clearing the throat or
by coughing, and it is significant to note that the ciliated
cuboidal epithelium at the termination of the bronchioles
always extends further than the seromucous glands. The
chief characteristics of the lung are its expansion and con-
traction with the acts of inspiration and expiration.

The actual movements of the chest walls will be considered
under the symptoms of asthma ; suffice it to say here that,
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with the pleura intact. the lungs will expand or diminish
in size correspondingly with the chest wall.

We may first inquire: where does this expansion take place ?
The trachea and large bronchi, with their smooth mucous
membranes not thrown into folds, are incapable of any
effective expansion. In the small bronchi and bronchioles,
where the mucous membrane lining the lumen is found in
longitudinal folds, some small expansion is possible.

Ingenious experiments by Ellis® throw much light on this
question. A thin brass tube is passed down into a bronchus,
having at one place outside it a rubber bag, D G H, con-
nected at C to another small tube, E, running inside the
larger one (Fig. 2). Contractions of the bronchus during

e 5’_# .—_i
: C

Fig. 2.—Horizontal section of Ellis’s tube. (Re-drawn from the ¢ Journal of
Laryngology and Otology.’)

normal respiration or under drugs can be read through the
smaller tube.

The main lumen of the larger tube allows air to pass through
into the alveoli. Although there is regular contraction and
expansion of the bag at each respiration, in Ellis’s opinion
this is entirely due to movement of the chest wall and not
to the instrumentality of the bronchial muscle, for it occurs
after the vagi have been severed. Ellis admits, however,
that the bronchial muscle is in a state of tone, to be demon-
strated by its relaxation with adrenaline, and in a tube whose
calibre alters with each respiration it must be difficult to
distinguish tone from muscular contraction when the calibre
lessens. ~

Again, measuring fluctuations in the size of the lumen of
a bronchus by Ellis’s tube is only possible in a large bronchus,
owing to the size of the instrument. It was used in dogs,
in whom there is no bronchial spasm from anaphylaxis.
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The main part of the expansion undoubtedly takes place
in the vestibule, atria, and infundibula, and in the passages
or hall through which air passes from the end of the bronchiole
into the alveoli. Having no muscular tissue in their walls
they must play an even greater passive part than the bronchi,
filling with air as the chest wall expands and emptying with
the elastic recoil of normal respiration.

This would appear to be the case, since in asthma and
in anaphylactic shock the lungs are filled with air to their
greatest capacity, while at the same time the bronchi are
tightly contracted by spasm of the bronchial muscle.

The Action of the Bronchial Muscle during Normal Respira-
tion.—The very marked and well developed bronchial muscle
that can be determined histologically in man would seem
to point to the deduction that it has a function or functions
of some considerable importance. Although from the nature
of its situation and anatomy it is extremely difficult to
determine what exact part it plays in normal life, it would
seem that it must take an active part in each respiration.

We can learn much, however, from histological and
biological preparations of isolated bronchial muscles as they
are affected by pathological or experimental procedures.
When an isolated lung preparation from a sensitized animal
is examined, it is noted that a contraction takes place almost
immediately after the protein to which the animal was
sensitized has been brought into contact with the bronchial
muscle. The contraction is so violent and the grip on the
bronchioles so tight that air cannot pass it, thus causing
death in the anaphylactic animal. This proves that it is a
strong and effective muscle in otherwise normal animals,
and ready for immediate action.

When a person is stifled by smoke, or by a noxious gas
such as sulphuretted hydrogen, contraction of this muscle
no doubt takes place together with closure of the mouth,
the nose, and vocal chords, a tightening of the abdominal
muscles, and fixation of the diaphragm. It is on record that
those soldiers who responded to mustard gas by an asthmatical
seizure escaped death more commonly than those whose
bronchial muscles gave no hindrance to the poison gas reaching
the alveoli.

But the necessity for this use of the bronchial muscle is
extremely rare in everyday life, and must have been still
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more uncommon in man’s earlier existence, when he had
not to encounter chemical warfare, London fogs, and
similar acquisitions of modern civilization. Still less can
such experiences afford an explanation of the power of
the bronchial muscle and its readiness for action in the
guinea-pig.

I am inclined to think the muscle must take part in every
normal respiration, contracting during each expiration. Such
an action would help to distend the alveoli at each breath
and keep them patent—witness the overdistension of the
lungs that takes place in asthma consequent upon the contrac-
tion of the bronchial muscle. It follows as a corollary that
if this muscle contracts at each normal expiration, it will
have an exaggerated action in all forms of forced expiration
consequent upon exertion, laughing, or coughing. This is
exactly what one observes in the asthmatic. Coughing may
lead to wheezing or even, in the aspirin-sensitive asthmatie,
to a full paroxysm, while a laughing fit may precipitate an
attack.

I think we have an indication of this contraction in the
wheeze that many cigarette-smokers can produce on deep
expiration.

Asthma, then, becomes the exaggeration of a normal action
of the bronchial muscle, continued as a spasm through the
whole of expiration, and often remaining during inspiration
as well. Some pseudo-voluntary power over this muscle
may exist, just as there is similar control over a great many
other muscles in the body whose natural movements are
reflex and automatic. 1 have noticed how extremely difficult
it is to cure persons of asthma who grunt at each expiration.
Von Strubing® had two healthy students who imitated the
breathing of asthmatics. In one of them asthma developed
which it afterwards took him some time to eliminate.

The Effect of Stimulation of the Vagus Nerve.—The bronchial
muscle, like all other involuntary muscles of the body, is under
the dual influence of the sympathetic and parasympathetic
systems, described together as the vegetative or autonomic
portion of the nervous system.

The sympathetic nerves pass through the sympathetic cord
and the great plexuses of the thorax and abdomen. Many
ganglia exist along their course. The parasympathetic nerves
proceed from the midbrain, the medulla, and spinal cord.

3
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The vagus is the principal example of a parasympathetic
nerve.

Stimulation of the vagus nerve produces spasm of the
bronchial musecle. In many situations these two sets of
nerves are so intimately mixed, either by following the same
course or by entering the same plexuses, that any anatom-
ical identification becomes impossible. The chief method of
differentiating between them is in their several reactions
to various drugs. We learn that for the most part the
sympathetic and the parasympathetic nerves convey impulses
which are diametrically opposite to each other in their
reactions. In many cases both are in action at the same
time, maintaining between them a balance or state of tone
in the muscle. We can thus understand that stimulating
the sympathetic by adrenaline will produce the same result
as depressing the action of the vagus by atropine. Either
may relieve a spasm of the bronchial muscle.

The action of the vagus nerve on the bronchial muscle
was thoroughly investigated by Dixon and Brodie? in 1903.
Their conclusions were arrived at by measuring the size of
a lobe of the lung during movements of air pumped into
or out of the lung. When obstruction to the air flow existed,
as by constriction of the bronchial muscle, the amplitude
of expansion and contraction of the lobe was necessarily
lessened. As the animals were mostly pithed, this investiga-
tion could not take account of any contraction of the bronchial
muscle that might occur during normal respirations, but many
important results were obtained.

They were unable to make the bronchial muscle contract
in response to any of the nerves which they stimulated except
those of the respiratory tract. However, on touching certain
portions of the nasal mucous membrane, more especially the
posterior and upper part of the septum, contraction of the
bronchial muscle took place. Together with this, they found
“a closure of the glottis, and arrest or slowing down of the
respiration, some cardiac inhibition, and a dilatation of the
peripheral arterioles . All these changes are of a protective
nature, preventing the vapour or particles of dust which
are irritating the mucous membrane from reaching the deeper
portions of the lung.

Possibly stimulation of that part of the vagus supplying
the stomach might provoke the same spasm of the bronchioles.
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The relationship between irregularities of diet, biliousness,
constipation, and asthma would suggest direct reflex contrac-
tions of the bronchial muscles as being likely, especially in
patients in whom the spasm of asthma is easily provoked.
In contradiction to these findings, Ellis is of the opinion that
although contraction of the bronchial muscle can be brought
about by stimulation of the nasal mucosa, the strength of
the current or other stimulation required is so great as to be
outside the range of normal experience, but clinical data
very strongly support the contentions suggested by the
experiments of Dixon and Brodie.

Apart from stimulation of the vagus from normal or
abnormal reasons, the nerve and parts of it may be unduly
sensitive to stimuli, giving rise to the condition known as
vagotonia.

Vagotonia is a term applied by Eppinger and Hess® to a
condition of increased tone and irritability of the vagus.
The word connotes an increased tonic current in the vagus,
thus upsetting the balance in its favour over that of
the sympathetic system. A dose of a stimulant of the
vagus, such as pilocarpine, that would be without effect
on a normal individual, may then cause, in a vagotonic,
“ gastric symptoms to appear resembling those of hyper-
acidity, or those of pylorospasm or ecardiospasm; or it
may happen that heart symptoms resembling mild angina
are found. In other cases there are respiratory disturb-
ances, salivation, or even asthmatical attacks. In con-
nection with the injection, diarrhcea, urgency in micturition,
ptyalism, or sweating may also appear.” (Eppinger and
Hess.8)

A relationship between these various disorders may thus
be shown to exist, and indeed I have noted it as a very
definite fact that in many cases of asthma a series of
symptoms indistinguishable from those of pylorospasm
occurs as a prodromal sign to the onset of an asthmatic
paroxysm.

An essential part of vagotonia, as explained by Eppinger
and Hess, is that it is not an affection of the vagus in which
all parts of that nerve are equally excitable. If this were
so the clinical picture would be of more standardized syndrome.
Certain portions of the vagal area may be more affected
than others, thus making the symptoms much more variable.
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With regard to asthma, then, in the light of these authors’
views on vagotonia, we should consider that that portion
of the vagus supplying the respiratory tract is abnormally
sensitive to small stimuli which would be without effect
upon ordinary people.
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CHAPTER 111

AETIOLOGICAL FACTORS
I. HEREDITY AND OTHER ANTECEDENTS

THE INFLUENCE OF HEREDITY

IN asthma and hay fever a family history of similar com-
plaints is commonly obtainable.

In examining the present series of 3000 cases, the relation-
ship taken was that of the parents, grandparents, brothers
and sisters, and aunts and uncles, unless otherwise stated.
These patients were practically all of what might be termed
the ‘private’ class, of various ranges of society, from all parts
of the Empire, with a few Indians, Chinese, and Negroes.

One half of them, 498 per cent, gave a family history of
asthma or hay fever. The inquiries made into each case
on the score of heredity were not exhaustive, being only
such information as was forthcoming at the original interview,
so that 50 per cent may be taken as a conservative estimate.

The points to be considered are: (1) The proof of this
hereditary influence; (2) Does this hereditary factor follow
any distinct law or is it comparable to any of the other familial
complaints known to medicine, as hemophilia ? (8) How is
the influence transmitted ?

1. Proof of Hereditary Influence.—The Asthma Research
Council has calculated that there are 250,000 cases of asthma
in England, an average of 1 case in 170 persons, or 0'6 per
cent. Disregarding the fact that the chance of an asthmatic’s
marrying must be rather less than that of the normal
individual, on these figures one person in 835, or 1'1 per cent,
might be expected to have an asthmatical parent; but we
find that these 3000 cases had 705 parents (23'5 per cent)
afflicted with asthma or hay fever, a proportion of 1 in 4-2,
or twenty times the normal expected frequency. The chances
of any person having both parents asthmatical are 1 in 28,900.
In the 3000 cases this dual parentage of both mother and
father occurred 28 times, or nearly once in every 100 cases.
A history of asthma or hay fever in the parents, mother or
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father or both, is therefore vastly more common than it
should be on the ordinary law of average.

The effect of the hereditary influence is shown also by
the fact that asthma appears much earlier in those having
a family history of like complaints than in those without,
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Fig. 3.—Graph showing effect of heredity upon age of onset in
asthma or hay fever. —————Bilateral asthmatic parentage ;
------ Unilateral asthmatic parentage; . . ... .Neither parent
asthmatic.

reaching its maximum in patients who have a bilateral history.
The accompanying graph (Fig. 8) from my cases is made
on the same basis as one constructed by Spain and Cooke;!
the two graphs are almost exactly similar, and they show
the great effect of heredity on the age of onset of the complaint
in both American and British cases.

Balyeat? finds that the stronger the hereditary influence,
the more likely is the patient to show multiple sensitizations.
This is amply confirmed in my cases from the fact that the
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younger the age of starting asthma the greater the likelihood
of the patient’s being sensitized to some protein.

Another manifestation of the hereditary influence is the
fact that the relations of asthmatic patients tend to have
asthma rather than hay fever, whilst hay fever patients
more commonly show hay fever in their relations than asthma.

The relations of asthmatic patients had : asthma, 74 per
cent ; hay fever, 15 per cent; both, 10 per cent. The rela-
tions of hay fever patients had : asthma, 35 per cent; hay
fever, 53 per cent; both, 12 per cent.

In the above figures, such asthma as only occurs during
the height of the hay fever season is not considered; the
asthma referred to means asthma due to causes other than
pollen and occurring outside the hay fever season. Similarly,
hay fever refers only to that caused entirely by grass pollen,
and not the popular ‘hay fever’ that arises from dust and
so forth at any time of the year.

2. Does the Hereditary Influence follow any Particular
Law of Heredity >—Our records fail to give any help in this.
direction at all. Neither male nor female seems to have
an increased family incidence, or to inherit the complaint
from one branch of the family rather than another.

The following figures in 8000 cases, 1560 males and 1440
females, demonstrate this most clearly. The relations of
the patient are named at the side, while the two columns
of figures represent the percentages in which asthma or hay
fever affected these relations.

INCIDENCE OF ASTHMA IN RELATIONS OF ASTHMATICS.
MALE PATIENTS FEMALE PATIENTS

Percentage Percentage
Brothers .. .. 35 80
Sisters .. .. .. 60 72
FATHER .. ..o 121 118
Father’s brothers .. 38 44
Father’s sisters .. 38 58
Father’s father .. 38 31
Father’s mother .. 37 29
MOTHER .. 11-0 11-3
Mother’s brothers 39 44
Mother’s sisters .. 39 3-8
Mother’s father .. 39 48
Mother’s mother 39 4°4
FATHER AND MOTHER 10 08

The figures in the two columns are so exactly alike over
this large number of cases that any suggestion that asthma
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is transmitted more commonly through the female line is
entirely contradicted.

The only variance, and that a very slight one, is in the
greater number of sisters affected than brothers of the male
patients, and the greater number of brothers than sisters
of the female patients, but this is only natural, because each
male is more likely to have sisters than brothers and vice
versa; at least, with small families that is the general tendency.

Some writers, as Cooke and Van der Veer,? consider asthma
to be inherited as a dominant trait ; others, as June Adkinson,*
as a recessive trait.

Without doubt we are all subject to the laws of Mendel,
but it must be remembered that from four black grandparent
mice it is possible to breed parent black mice whose offspring
will be three black and one white or all four black, according
to whether the original black grandparents were hybrid
bred or pure black—the dominant strain.

To settle this question in the human race it is necessary
to know how each of the four grandparents was bred—pure
dominant or hybrid, and to observe their children and grand-
children throughout the span of their lives. This would
seem to be as impossible of accomplishment in asthma as
it is In cancer, no one person living long enough to see the
experiment through.

3. How is the Influence Transmitted >—Transmission of
sensitization through the mother’s blood to that of the feetus
is extremely rarely observed. In animals, if the mother
is sensitized shortly before the birth of the offspring, the
young are found to be passively sensitized for a short time,
the sensitization soon disappearing. The following case
seemed to show a similar circumstance :—

Case 4.—A lady aged 82, had asthma in a very severe form, of
twenty-five years’ duration. She was aspirin-sensitive and also
extremely sensitive to milk. She had two children: the first, a

boy, died from asthma in five weeks; the other, a girl, also extremely
sensitive to milk, outgrew it and became healthy and well.

According to the statistical evidence given in this chapter,
inheritance is equally common through the male as through
the female. From the father’s side transmission can only
occur through the chromosomes, and this is almost certainly
the same route in such inheritance as comes from the mother
and her relations.
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In hay fever we very commonly find the parent and the
child both sensitive to the grass pollens. Occasionally we
find this direct transmission from parent to child occurs in
relation to proteins to which people are very rarely sensitive.

Sensitization to mutton is extremely rare, but a relative
of mine was sick at once after partaking of mutton; as was
her father before her. In the multitudinous duties and
feats of memory undertaken by the chromosomes it is difficult
to imagine how room could be found for the transmission
of such a peculiar abnormality.

Laroche, Richet, St. Girons,® mention a family in which
sensitization to egg occurred in four successive generations,
the descent from the third to the fourth generation being
through the male.

In a case of ours the patient was an aspirin-sensitive asth-
matic. Her mother fainted whenever she took this drug,
and her son became unconscious for many hours after taking
five grains. Nevertheless, the main method of transmission,
and the one that must occur from all paternal relatives, is
by means of the chromosomes.

Lastly, we are left to wonder what the essential fault is
that is transmitted : an inability to digest foreign proteins
completely and effectively in the blood-stream and cells,
an increased faculty for producing histamine or setting it
free in the cells, an endocrine dysfunction, or some lapse
in vagotonic control.

SENSITIZATION BY A SURFEIT OF PROTEIN

In making inquiry into the antecedent cause of asthma,
one would not expect to be told that the patient’s troubles
started after a surfeit of a protein. Nevertheless this fact
frequently emerges after some close questioning. The inges-
tion of a protein in large amounts for a short time seems liable
to sensitize a patient. By a short time is meant that there
follows a considerable period during which the patient does
not again meet with the protein. After the large primary
sensitizing feed comes the incubation period, and at the
next meal or meeting with this protein the patient shows
allergic symptoms, sickness, and diarrheea with collapse,
a paroxysm of asthma, or a profuse urticaria.

This explains the fact that such articles of food as straw-
berries, mushrooms, nuts, crabs, lobsters, and honey are so
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frequently proteins to which the patient is sensitive. They
are unusual proteins, taken in large quantities, and followed
by a prolonged incubation period. On this score an excellent
example is provided by hay fever.

Foods such as beef and mutton are unlikely to sensitize
us, being taken in small quantities and very regularly.
Sensitization to egg can often be explained by the child having
been given albumen water for a few days while it is other-
wise wholly on milk. The fact that there is commonly some
gastro-intestinal upset for which the albumen water is given,
helps to allow the foreign protein to enter the body and so
makes sensitization easier.

SENSITIZATION IN SUCKLINGS

The Prausnitz-Kiistner reaction has shown that even in
normal people proteins taken by the mouth pass rapidly
all over the body. In nursing mothers they may pass into
the milk, so that the baby’s eczema may be due to proteins
which it has never taken except as they have passed through
with the milk. The eczema ceases when the mother gives
up eating the articles to which the child is sensitive.

This affords an explanation of many idiopathic sensitizations
to articles apparently never before taken. Touching on the
same subject is the possibility of pollen sensitization from
milk taken either to supplant the human mother’s milk or
at later periods of life. If human milk contains proteins
that the mother has taken, may not the same thing happen
to cow’s milk when every blade of pasture is covered with
pollen, as is the whole countryside in June ?

A further circumstance may be taken into consideration.
The Thames and the New River, ambling along through
miles of meadows, must collect a tremendous amount of
pollen during their transit to London. Is this not enough
to sensitize patients and give them hay fever when sensitized ?

I am inclined to think that we shall eventually come to
the conclusion that any one may become sensitized to some
protein, given the right combination of circumstances to

produce the condition.

OCCUPATIONAL ASTHMA

This is a little different from other forms, but in many
cases a man’s work is definitely the predisposing cause of
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his asthma, because he becomes sensitized to something
which he handles daily—usually the protein with which he
has dealt for a great number of years.

Bakers and millers become sensitized to wheat; ostlers,
farmers, and hunting people become sensitized to horses ; cow-
men and milkers to cows; woodworkers to the fine dust of
the various woods with which they work ; while the celebrated
case of the marchand de mouton that figures so constantly
in the French literature is well known.

Case 5.—A baker, aged 50. Has been baking all his life. Had
no asthma until coming to London from South Africa. Possibly
an incubation period on the boat. Asthma began when he com-
menced baking in London, but ceased when he used a mechanical
mixing machine, thus avoiding the flour, to which he gave a
+ + + + + reaction.

Case 6.—A horse breeder, aged 30. With horses all his life.
At 24 sneezed while grooming horses. Eye irritated and com-
menced asthma. Horse hair, + + + + scratch method. Desen-
sitized and has continued his work with horses ever since.

Case 7.—A flour importer, aged 835. Watery catarrh and sneez-
ing for many years when at work, supervising the unloading of
6000 to 8000 bags of wheat per day. Now much asthma at night.
Cereals, + + + reaction.

Exactly on a par with these cases is the following :—

Case 8.—A lady of 40 years had taken porridge as far as she
could remember every day of her life until 19 years old. At that
time she caught a chill and had a gastric attack. Since then she
was unable to take anything that contained oatmeal without
it producing a severe urticarial rash. She had also suffered from
asthma from that time. She gave a + + + 4+ + reaction to
oats. During the gastric attack she ate no porridge, allowing an
interval—the incubation period—to occur, after which sensitization
followed.

PREDISPOSING ILLNESSES

Heredity seems to predispose the individual to become
sensitized to a protein. Occupation and other circumstances
tend to determine which protein this shall be. Certain
inflammatory conditions—gastro-intestinal, and those of the
respiratory tract—allow easy access of the foreign protein,
cither a food or an air-borne dust, into the system in such
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a flood that it sensitizes the patient. Apart from these
factors, microbic infections may lead to sensitization of the
patient to the invading organism, so that a condition of
chronic sepsis or the resulting mechanical irritation may cause
asthma as a sequel.

I. Infectious Diseases.—A great many cases of asthma
are said by the patients themselves or their parents to date
their first symptoms from a time shortly following an infectious
complaint or some other inflammation of the respiratory
tract. Chief amongst these direct antecedents is whooping-
cough. When it is remembered that asthma is a spasm of
the bronchial muscle, and that perhaps as suggested else-
where a contraction of this muscle is part and parcel of every
expiration—remembering also the close association with
the vagus nerve of both laryngeal spasm and that of the
bronchial muscle—we can well imagine the state of agitation
into which the bronchial muscle must be thrown during the
long-continuous paroxysms of whooping-cough.

Measles is given as an antecedent in other cases, but it
is a very bad second. Other infectious complaints are but
rarely mentioned. They probably occur with no greater
frequency than would appear in the history of any child,
whether asthmatic or not. If the asthmatic child catches
whooping-cough, one might expect a truly horrible combina-
tion of events; but as a matter of fact, as occurs in all
acute infections, especially those accompanied by fever,
the one counteracts the other, and the asthma will be in
abeyance during the whooping-cough, and for a short time
afterwards.

With the more acute infections, such as typhoid or pneu-
monia, the immunity may last some months, even to the
extent of some permanent amelioration of the general type
of asthma. Recently, Dr. Gibson of Brentwood wrote me
that this had happened to a case of his after diphtheria,
not forgetting to give some credit as a factor for good to the
non-specific action of the horse-serum content in the anti-
diphtheritic serum that was injected.

In the atopic or ‘strange’ diseases, as the American call
asthma and its allied complaints, no matter how clearly we
seem to obtain a view from one angle, experience teaches us
to expect to see a different or an exactly opposite picture
from another view-point.
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2. The Injection of Sera and Vaccines.—

Case 9.—A lady, aged 29, had typhoid at 7, and diphtheria at 14,
when she had three doses of antidiphtheritic serum. Since then has
always had heartburn and attacks of sickness; is sick on waking
in the mornings ; wheezes frequently, and at odd times has sharp
attacks of asthma; used to have nettle-rash; catches cold very
easily ; has frequent sneezing turns when she may sneeze thirty
times, this occurring especially in the early morning and in bright
sunlight. She gave small reactions to beef, beef serum, horse
serum, and feathers.

The whole of these troubles dated from the injection of the
doses of horse serum.

A similar occurrence took place in another patient, urticaria
developing :—

Case 10.—A lady, aged 28. Urticaria started one week after
two injections of antidiphtheritic serum, and lasted for a year,
day and night. If she placed her hands in cold water the rash
appeared in twenty minutes. She did not have diphtheria. Years
ago in South Africa she had a pin-head rash all over her after the
second injection of antityphoid vaccine.

An exactly parallel case is one reported by Pasteur, Vallery-
Radot, Haguenau, and Watelet® :—

Case 11.—A lady, aged 32. In 1911 had two injections of anti-
diphtheritic serum ; after the second dose she became very ill
and was comatose most of the night; fifteen days later fits of
sneezing commenced and recurred regularly each morning ; three
months later these were accompanied by much hydrorrheea ; this
continued in America, on the Continent, and in the tropics. In
1915 the attacks came on regularly after each meal; in 1918 she
commenced to have attacks of asthma at night and urticaria after
her bath; she was found to have a hzmoclasic crisis after each
meal, the white-cell count falling from 7000 to 5000 in half an
hour. She was given peptone by the mouth three times a day
before each meal, and these accumulated troubles gradually left
her.

Other patients state that their troubles commenced after
injections of vaccines, stock anticatarrhal vaccines in particular
and coliform organisms, the dose of which is oftentimes
enormous. Some condition of equilibrium in the body is
upset by these injections, though the exact mechanism is
very obscure.

In his Maladies Chroniques Dansyz blamed the presence
of * Danticorps en excés ’—too much antibody or specific
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reagin—as the cause of a great variety of chronic illnesses.
He noted that, if after rabbits had been injected with several
doses of horse serum they were left without further injections,
they all died within the year from alopecia or other skin
diseases, arthritis, and bronchial affections—the same syn-
drome of ill-health, anzmia, and cachexia that follows iIn
the Arthus phenomenon. Clinically we may note the wasting
and eczema that is so often apparent in the grossly allergic
individual.

The following case seems to substantiate this argument :—

Case 12.—A lady, aged 30. Ten years ago she had swelling of
the eyelids and mouth after catching a severe cold. Two years ago
she had another very severe cold. Urticaria commenced and
persisted day and night ever since. She was quite incapacitated
from work. She sneezed a great deal and had attacks of migraine.
During these two years she did not have a single cold, although
she had nursed others with colds. She thought the nettle-rash was
worse while doing so. This may, of course, have been due to the
fact that she was very overtaxed at these times.

The excess of protection against colds, Panticorps en excés,
caused the urticaria. I injected her with mixed coliform vaccine
and removed this excess of reagins; her migraine and urticaria
disappeared, but she at once caught a fresh cold, the first she had
had for two years.

Whatever the exact mechanism of these occurrences, there
seems little doubt that the injection of sera and vaccines
into the body may lead to the starting of many of the
‘allergic’ complaints. A long-continued sepsis, as from a
partially blocked sinus or antrum, causes asthma in the same
way. Many cases of hay fever—that -classical ‘allergic’
phenomenon—develop into chronic asthmatics unless suec-
cessfully treated.

3. Infections of the Respiratory Tract.—A common
statement in the history is that the asthma started
after a bad cold or an influenzal chill, less often after pneu-
monia. A thorough physical examination will usually allow
the site of the resulting infection to be discovered—a sinus,
perhaps, or a patch of chronic bronchitis at one of the
bases.

4. Other Sepsis.—If a microbic infection in one part of
the body can cause asthma, it can do the same wherever
it is situated, as from dental sepsis, septic tonsils, appendicitis,
pyelitis, or from a septic gall-bladder or tube. In the latter
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conditions, although they are rightly termed predisposing
causes of asthma, their culpability often escapes notice until
the appendix or gall-bladder is removed by operation, when
the asthma disappears forthwith as though miraculously.
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CHAPTER 1V
AETIOLOGICAL FACTORS
II. THE AETIOLOGY OF ASTHMA TABULATED

BEARING in mind the anatomy and physiology of the
bronchi, narrowing of the calibre of the bronchioles and

consequent obstruction to the passage of air through them
may be caused by :—

A. A contraction of the bronchial muscle.

B. A swelling of the mucous membrane.

C. A secretion from the surface of the mucous membrane.

D. Any variable combination of these causes.

A. CONTRACTIONS OF THE BRONCHIAL MUSCLE

Contractions of the bronchial muscle may be brought about
in the following ways :—

I. Stimulation of the Vagus Nerve.—

a. By the forced expiration consequent upon exercise,
coughing, or violent laughter. Once this factor has been
brought into play and a state of asthma exists, the forced
expiration necessary in trying to overcome the asthma and
the obstruction to the free passage of air through the
bronchioles starts a vicious circle which is kept up by
the increasing demands for more air to compensate for the
severe muscular exercise that the paroxysm entails.

b. By reflex irritation from the nose.

c. By reflex irritation in the trachea and bronchial
mucous membrane from a breath of cold air, of foggy
air, of air heavily laden with tobacco smoke or that from
wood fires, of sulphurous smells, and other poisonous
atmospheres reacting on a mucous membrane which is
inflamed by infection.

d. By the irritation of a foreign body in the lungs.

e. By vagotonia, in which the reflex is so sensitive that
stimuli too weak to affect normal people may provoke a
spasm of asthma.
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f. By emotional stimuli.

g. By a lessening of the action of the sympathetic nerve,
whereby the vagus is allowed uncontrolled and unbalanced
action, causing its normal effect to be multiplied and
excessive.

2. Stimulation of the Bronchial Muscle Indirectly.—
Through the nerves of the endothelial blood-vessels, as in
the experimental anaphylactoid reactions.

3. Stimulation of the Bronchial Muscle Directly.—By
substances acting through the blood :—

i. In anaphylaxis, the mixture of the reagins in the blood
and cells, with free antigen to which they are sensitized,
causing the contraction of smooth muscle wherever that is
situated and predominantly in the bronchial muscle.

ii. By histamine, appearing during anaphylaxis. Manu-
factured by bacterial action in the bowel. or from toxins
of another infected part.

. By Vaughan’s split protetn. Vaughan! found that
every protein contains a poison group which can be split off
from the specific protein, whether microbie, animal, or
vegetable. The poison group is quite different from the
bacterial toxins; it is just as poisonous whether it is split
off from the protein of the typhoid baeillus or that of an egg.
After the poison group has been split off, an animal can be
sensitized with the non-poisonous residue; but to cause
anaphylaxis with a second dose the poison group must
be left in the protein. The presence of the poison group
is therefore essential to the phenomena of anaphylaxis.
Messrs. Allen and Hanbury kindly removed the poison
group from a specimen of horse dandruff for me by means
of an alcoholic solution of sodium hydrate. The residue
still contains a strong solution of protein. On using this
for a dermal test on horse asthmatics who are sensitive
to 1-1,000,000 solutions of horse dandruff, I found that no
reaction whatever was obtained.

Now if the poison group is administered alone to the
animal, we are told that exactly the samc symptoms occur
as with histamine or with anaphylaxis. Again, the
symptoms vary in the different animals exactly as those
of anaphylaxis. Heart and blood-pressure symptoms pre-
dominate in the rabbit, asphyxial symptoms in the guinea-
pig, and gastro-intestinal disturbances in the dog.

4
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We have, then, three methods by which bronchial spasm
can be produced in animals: anaphylaxis, histamine, and the
poison group. I therefore advance the proposition that we
may go a step further than saying that asthma may be due
to sensitization to a foreign protein, and can say that it may
be due to poisoning by protein derivatives, whether they are
formed parenterally by anaphylaxis, or liberated in the gut
or elsewhere by the action of bacteria or some other abnormal
proteolytic digestion.

Although I wrote the above three paragraphs fifteen years
ago, there seems little to add or alter, except as to the para-
mount importance histamine is gaining in modern conceptions
of asthma. One point of special interest is the disappearance
of asthma in many women during pregnancy. All the three
causes mentioned above, anaphylaxis, histamine, and Vaughan’s
split protein, have the power of causing contraction of the
uterine muscle. Gross physiological contractions of this
organ are obviously in abeyance during pregnancy, and the
asthma disappears at the same time. In other cases, perhaps
due to other causes, the asthma continues during these nine
months.

4. As a Result of Bacterial Infection.—Explanations as
to how microbic infection can cause asthma are largely of a
theoretical nature, but we may note here shortly a matter
which has recently come to light, and which is elaborated
more fully in Chapter XI—that is, the very important observa-
tion of Feldberg and Keogh.? They have shown that it is
not the staphylococcus in the posterior nares irritating the
vagal area of Brodie and Dixon, nor the production of hista-
mine by itself as a protein catabolite, that produces the
asthma syndrome, but the toxin of this organism that travels
to the lung and bronchial muscle and there liberates the store
of histamine, which we have previously noted to be especially
present in this organ. This I would regard as a very funda-
mental observation in the causation of the so-called microbie
type of asthma.

The presence of microbic infection may be associated with
asthma in the following ways :—

a. Secondary Infection.—Superimposed upon an asthma
of ‘allergic’ origin. Sooner or later all asthmatics become
infected. Clinically the symptoms change at this time
from pure spasmodic dry asthma towards the type that
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may seem little different from a chronic bronchitis with

plentiful daily sputum whether there is an asthmatical

attack or not.

b. Primary Infection.—Asthma may result from a primary
infection of the lungs in non-allergic persons. The history
and the finding of physical signs in the chest will denote
these cases.

¢c. Infections of the Nasopharyne.—Asthma is very com-
monly secondary to infections of the nose, post-nasal space,
and pharynx. The aspirin-sensitive type would appear to
be wholly of this nature.

d. Infection Elsewhere.—In reviewing a series of follow-up
cases, one is not infrequently told that the patient’s asthma
continued unabated until an appendix or a septic gall-
bladder was removed, when the whole thing cleared up,
leaving the patient entirely free from any further asthma.
Such sepsis is difficult to diagnose as the cause of the
patient’s asthma. The operation has been performed for
purely surgical reasons with no thought of benefiting the
asthma, yet the result has shown beyond doubt the nature
of the cause of the asthma. I have known asthma to
disappear after the removal of septic teeth, and on one
occasion of a chronically infected uterus, or perhaps of the
infected tubes that were removed with it.

e. Toxic Poisoning.—Besides other effects of microbic
action there may well be irritation and later degeneration
of certain nerves, more especially of the sympathetic ganglia.
Such may be the cause of vagotonia, a lessening of the
counterbalancing action of the sympathetic.

5. Endocrine Dysfunction.—Any lessening of the supply of
adrenaline, especially as an antidote to histamine, will cause
asthma, or allow such normal stimulation of the vagus as may
occur to cause spasm of the bronchial muscle, and any extra
stimulation of the vagus to act with increased and com-
pelling violence.

B. SWELLING OF THE MUCOUS MEMBRANE

1. Inflammatory.—In the course of bronchitis.

2. Urticarial.—From air-borne proteins meeting the specific
reagins circulating in the blood, forming histamine locally
with wheal formation of the bronchial mucous membrane.
The protein inhaled is thereupon locked up in the bronchi;
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the attack of asthma thus brought about will be of great
violence and prolonged until it can be coughed up again.

C. SECRETION INTO THE LUMEN OF
THE BRONCHIAL TUBES

1. Inflammatory.—As in bronchitis.

2. The Typical Asthmatical Sputum.—When lipiodol is
instilled into the trachea during an attack of asthma, it may
be seen by a radiograph to have entered the whole extent of
some bronchi and bronchioles ; in others it ends abruptly as
though meeting a plug in the bronchus stopping its further
extension by thick tenacious secrction.

D. CAUSES IN COMBINATION
Any combination of the causes already enumerated may
occur to effect narrowing of the calibre of the bronchioles and
consequent obstruction to the passage of air.

A great number of subsidiary causes will add their quota
to make the asthmatical paroxysm more severe, more pro-
longed, and recurrent.
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CHAPTER V
AETIOLOGICAL FACTORS

HI. SUBSIDIARY INFLUENCES

N attack of asthma is usually caused by an accumulation
of stimuli, and I am led to believe that it is a matter
of adding up ‘points’ until a threshold is passed, when an
attack of asthma will develop. Suppose our threshold value
for the onset of an attack of asthma to be 100 points. We
can then formulate an instance of a patient who is rather
constipated (80 points), goes out to have a heavy meal (20
points), and has a chronic post-nasal catarrh (40 points).
This amount adds up to 90 points, and is therefore in itself
not quite sufficient to cause a paroxysm. After the heavy
meal, however, there is much smoking, so that the air becomes
laden with smoke and the CO, content is somewhat raised,
thus adding another 15 points, and reaching the level of
105 points. The threshold having then been passed, an attack
of asthma supervenes.

Many patients say that in some places a heavy meal is
‘fatal ’, in others thcy can eat what they like and when
they like with impunity. It is therefore necessary to recognize
all such subsidiary influences, so that their avoidance may help
to keep the patients as far below the asthma threshold as 1s
possible.

In addition to the identification and avoidance of proteins
that cause asthma, there are influences that tend to lessen
asthma, and if actively pursued will take off points. All
such must receive due consideration.

1. Physical Fitness.—The influence for good of hard train-
ing and the maintenance of a high degree of physical fitness
is so strong that many men during the war seemed to lose
their asthma entirely for the duration of their service. This
was so even in cases of hay fever where there was no question
of being removed from the offending pollen. Such a degree
of fighting fitness is impossible for most people in civilian
life, but by the sacrifice of five or ten minutes to exercises
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each morning much can be accomplished. With exercise
comes a quickening of the heart-beat, a flushing with blood
of every part of the body. Carried a step further, ‘all the
pores of the skin’ function by sweating. With deep-breathing
exercises the blood circulated can be so superoxygenated as
to give each cell a certain efficient oxygenation at least once
a day. The liver and intestines are ‘shaken up’, and meta-
bolism is improved in every way. The methods of putting
these precepts into practice are given in Chapter XV,

2. Diet.—The majority of us eat far more calories a day
than are necessary for us, and with no great harm to our
constitutions, nor perhaps in any way comparable to the
gluttony of our forefathers. But it must be remembered
that in those days, ‘the good old days’, kings and noble-
men, and all who could, hunted or shot, walking up
to their birds. Trouble came when they continued to
overeat but ceased to take exercise, just as it does when
famine, war, and disease cease to decimate rapidly-breeding
populations, and the whole of the progeny survives to
overcrowd the land.

Overloading the stomach with more than it can digest pro-
duces imperfect digestion. The excess of food, digested and
absorbed, chokes the whole machinery of metabolism, while
such as remains undigested provides a suitable pabulum in
the gut for irregular microbic fermentation.

In asthma, food should be taken in the smallest quantity
possible, and late meals should be avoided. As Hyde Salter
said : ‘“ The patient should go to bed with his lacteals
empty.”

Perfection of the whole digestion entails perfect digestion
of each of the main food groups—the fats, the carbohydrates,
and the proteins. Such dishes as contain these three foods
cooked together, and so intimately mixed in the cooking as
pancakes, pastry, and Welsh rabbit, must be avoided, as
must supermilks, excessive creams, and all such attempts to
‘keep the patient’s strength up’.

3. Purgation.—Faulty intake, faulty digestion, and faulty
metabolism may be rendered still further harmful by faulty
elimination of waste products. With a minimum intake, per-
fection of digestion, and as high a metabolic rate as possible,
purgatives and colonic lavage should not be necessary; but
in subduing a prolonged and acute attack, full and abundant
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purgation, as by castor oil, is often necessary and at times
imperative.

4. Menstruation.—Numbers of asthmatical women are
worst just before the period. When I was working on the
colloidal particles of the blood some time ago, I found these
tending to become aggregated at this time. In one case in
particular the colloidal particles in the plasma, examined a
few moments after being taken, were so aggregated as to
appear abnormal, and even pathological. This blood was
taken from a control, a perfectly normal nurse, and its
condition was probably closely associated with the fact that
menstruation commenced a few hours later.

The asthma seems to be particularly of this menstrual type
in those patients in whom the period is painful and scanty.

5. Pregnancy.—Conversely, the state of pregnancy often
gives the asthmatic patient nine months’ freedom from sym-
ptoms, an inhibition made more striking by the fact that
asthma may return within a few hours of delivery. It is
said that during pregnancy there is great increase in the
activity of the suprarenal glands, both cortex and medulla,
the former hypertrophying more than the latter. (Appleton.?)

But to find an explanation, if there is one, for the
increased asthma just before the periods and its absence
during pregnancy, the action of the female gonads and their
internal secretions must be examined. The whole subjeet is
enormously complicated by the very diverse terminology used
to denote the hormones, many writers using the trade names
under which the hormones are sold. Some slight clarification
of the subject is therefore necessary before any discussion
can take place.

In Martindale’s Eatra Pharmacopeia, twentieth edition,
there are thirty-two trade names for the various ovarian
hormones extracted. Estrin will be used here for the main
ovarian hormone, and progesterone for that from the corpus
luteum, names by which they are known in the British
Pharmacopeera.

The ovarian tissue forms a hormone which has the effect
of producing cestrus or heat in spayed animals. The amount
necessary to cause this in a mouse is the international unit
of one mouse-unit—0-1y, or one-thousandth of a milligramme
of crystalline cestrin. Five slightly different chemical sub-
stances have been isolated in this hormone.
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Ascheim and Zondek? discovered that this cestrus-producing
substance could be extracted from the urine of pregnant
animals. It was crystallized by Doisy.® Preparations on the
market are benzoylated ccstradiol, and are sold under some
fifteen different names.

The formation of cestrin in the ovary is regulated by a
hormone, prolan A, of the anterior pituitary gland. Excess
of formation of cestrin leads to inhibition of the production
of prolan A.

Both cestrin and prolan A can be recovered from the urine,
and the amounts assayed to give a correct indication of the
amount of these hormones active in the body. 1t is therefore
possible to tell whether the patient has the correct normal
amount of these hormones, is short of them, or if they are
present in excess.

The only clinical use to which this has been put, according
to the literature, is in the examination by Riley et al.t of
some thirty paticnts suffering from migraine, a complaint of
‘allergic’ nature and akin to asthma. Normally throughout
the menstrual life of a woman, 10 to 20 rat-units of cestrin
appear per litre of urine, no prolan being present. A rat-
unit is four or five times the size of a mouse-unit.

When prolan does appear it means that there is some under-
action of the ovaries. Daily examination of the urine was
carried out over a fortnight or more, which included a period
and one or more attacks of migraine. As in the asthmatics
who arc worse beforc the pertods, the attacks of migraine
tended to increase at the menstrual period, and in many
cases disappeared during a pregnancy.

Riley found that cestrin was almost always absent or
only present in very small amounts in these cases of migraine.
Prolan A was often to be found on isolated days, and in 20
out of 29 cases on days directly before the migraine attack.
In two menopausal cases of continuous migraine, large
amounts of prolan A were present almost every day. Prolan
also appearcd at all the menstrual periods. Lastly, if
injections of prolan werc administered to these people, attacks
of migraine were produced. It would appear that the
attacks of migraine were connected with either a shortage of
cestrin or excess of prolan.

Soltz® treated a series of cases of migraine with (1) hista-
mine, (2) cestrin, (3) phenobarbitol. Seventeen out of 31
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cases were markedly improved by histamine, and 18 out of
82 were markedly improved with cestrin, but the latter group
could not be identified with those cases whose previous
histories had shown a freedom from symptoms during a
previous pregnancy. The counts of the hormones present in
the blood and urine do not appear to have been carried out
daily.

Glass® found that cestrin was very useful in migraine where
there was hypo-ovarian function present. Similar work has
not been reported on asthma, and there would appear to be
a large field ripe for investigation on this subject.

Goldberg? reports the case of a woman who had urticaria
after exercise. A great many treatments were tried without
benefit. As this came on at the climacteric, ccstrin (theelin)
was given, with immediate and almost complete relief.

The corpus luteum forms after the ovum has been shed
from the Graafian follicle. Its hormonal influence prepares
the uterine wall for the reception of the ovum and for the
production of the placenta. If gestation takes place the
corpus luteum remains in full function. If it docs not,
menstruation occurs as a result of the renewed prepondcrance
of the follicular activity of the ovary over the failing activity
of the degenerating corpus luteum.

The corpus luteum is therefore at the height of its action
during pregnancy when asthma usually lessens, and is absent
just before the pcriod, when asthma is often at its worst.
Very little is known about the chemical nature of this hor-
mone, nor is any test of its presence available as yet.
It would seem that the hormone of the corpus luteum might
be tried on cases of asthma that are of the menstrual type
or that have had experience of freedom from asthma during
a previous pregnancy. The unit of dosage is as follows:
“ A rabbit-unit (Corner and Allen®) is that amount of the
hormone which divided into five daily doses produces on
the sixth day a state of the uterus equal to that of the eighth
day of a normal pregnancy.” (Martindale.?)

As both aestrin and the corpus luteum hormone are capable
of crystallization, it is to be hoped that dosage in decimals
of milligrams may soon displace these complicated animal
units.

For the past ten ycars or more I have been using collosol
manganese intravenously in the treatment of this type of
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case. Enough is injected to produce a considerable flush of
the whole skin, that is, from 1-0 to 1'5 c.c. In those patients
suffering from scanty and painful periods the subsequent
period 1s usually normal and painless. In others in whom
the breasts become swollen and tender just before the period,
easement may be produced in one hour after the injection
of collosol manganese. It is difficult to suggest how this
effect is produced, but it may be remembered that collosol
manganese was originally produced to procure an effect on
the blood *“ by splitting up the colloidal particles into smaller
ones ’. (McDonagh.l®) Its rapid action could thus be
explained as dispersing the colloidal particles which are
tending to become aggregated at this premenstrual phase.

6. Coughing and Laughing.—These produce effects common
to all forms of forced expiration, the overaction of the
bronchial muscle being sufficient to initiate an attack. With
the aspirin-sensitive type, a fit of coughing is the usual
premonitory symptom. A good sneeze, however, is often
welcomed as likely to break an attack.

7. Cigarettes,—Over-indulgence in cigarettes produces
smoker’s cough or a nasal catarrh in most people, and I feel
sure that it is the paper and the burning of it, together with
inhalation of noxious gases from the matches, which provides
the constant irritation to the mucous membrane of the nose
and throat. Cigarettes should therefore be avoided entirely,
and particularly when working indoors at sedentary occupa-
tions—reading, sewing, writing, and card-playing, also when
gardening. With the head bent over the work and the
cigarette held constantly in the mouth, most of the smoke
is inhaled. On the other hand, cigars in moderation seem
less harmful, while pipe-smoking is quite permissible with
any ordinary mild tobacco.

8. Locality.—To those hypersensitive to air-borne proteins,
a change of locality of such short distance as to the next
room may prove effective in removing the asthma. Dr.
Schlemmer of Mont Dore told me of a case under his care
in which the ‘locality’ was finally tracked down to a cup-
board containing a patch of mould. Such may happen in
individual cases, but there are larger influences that affect
all asthmatics more or less. Most notable perhaps is the
beneficial effect of high altitudes, not only for asthmatics
but for hay fever patients.
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Firstly, it would seem that, in the more rarefied atmos-
phere of high altitudes, pollen and other air-borne dusts tend
to fall more quickly to the ground; and secondly, that in
the cold winters of the Alps mould spores will be less likely
to survive and flourish than in lower, warmer, and more
humid atmospheres, as that of Holland. Of additional benefit,
as Hudson of Davos writes,!! is the fact that the diminished
pressure of oxygen leads to deeper breathing, and an increase
in red cells and their hemoglobin content. The invigorating
air, and the increase of exercise now found possible, soon
lead to healthier conditions all round and an increased
metabolism—Dbenefits which may remain long after the stay
in the Alps is over.

Many patients have a great aversion to places situated
near ponds, lakes, and amid trees. The seaside is commonly
‘bad’ for most asthmatics, Devon and Cornwall being much
more so than Norfolk and the east coast.

9. Atmospheric Conditions.—The east wind is notoriously
unkind to the asthmatic. It is a cold wind, often of con-
siderable force, and in England is usually the prevailing
wind from the beginning of March till well into May. But
it seems to be more than its coldness that affects the asthmatic,
who appears to be aware of a change to this quarter almost
before the curtains are drawn in the morning. Even in the
summer its effects are noticeable and accompanicd by an
east wind haze, such as did its best to spoil the Coronation
Review at Spithead by causing such poor visibility. This
haze vanished the following day with a change of wind.

Some asthmatics object to any high wind, especially those
in whom there is an irritability of the bronchial mucous
membranes by oversmoking or infection. Similarly, patients
are affected by fogs, and more so by the London or other
smoky fogs, in which every particle of moisture contains a
carbon granule with sulphides and oxides of sulphur.

Strangely opposed to these are a few asthmatics who like
a fog, and in fact used to find benefit from the green
sulphurous atmosphere of the old Underground Railway
before electrification—conditions more foul than the modern
strap-hanger could conceive possible.

To others an atmosphere of tobacco smoke is fraught with
danger, making their lot an unhappy one under modern con-
ditions. The care taken to cleanse the water in an up-to-date
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swimming bath contrasted with the dreadful conditions
prevalent in most cinemas is a striking anomaly of our
times. Smoking is verboten in cinemas in Germany, and the
difference it makes in the atmosphere thercin is truly
remarkable.

In short, atniospheric conditions affect the asthmatic in
virtue of their cold temperature or the impurities such as dust
and tobacco smoke that they contain.

10. Bedclothes.—Apart from the avoidance of those articles
to which the patient is sensitive, it would scem an absurdity
to bare the legs to the north-east wind by day, as is the
custom with most women and children, and then to pile
blankets and eiderdowns, overheated by hot bottles, on them
at night. Unless the patient is awakened by a nightmare due
to the heat, attempts are made to cool the body by evapora-
tion from the nose and lungs, with an ultimate congestion
of both.

It does not require a vast stretch of imagination to see a
sufficient cause of enlarged tonsils and adenoids in this over-
cooking of children at night. A sharp walk for ten minutes
last thing will ensure going to bed warmed; thc removal of
the hot bottle before going to sleep, and a minimum of bed-
clothes, will prevent nightly attacks of asthma due to over-
heating. The eiderdown should be placed crossways over
the paticnt’s body, leaving the legs with less clothes on than
elsewhere.

11. Exercise.—Walking up steep hills, and even going up
a few f{lights of stairs, may produce an attack of asthma.
This is due to thc increase of forced respiration that takes
place, and it merely calls forth an asthma that is already there.
It is usually easy to distinguish this shortness of breath from
that caused by myocardial weakness, and indeed if patients
persevere they often lose the asthma again by continuing the
walk or other exercise, just as runners develop a second wind.

12. Psychological Causes.—My experience is that in a very
large majority of cases of asthma there is no psychological
cause for it, nor can the patients as a class be considered
in any way neurotic, or the subjects of nervous manifestations.

Children who have becn sheltered with an excess of care
on the onc hand and cautioned with endless lists of prohibi-
tions on the other, naturally feel that they are different from
other children, and under some curse, the meaning of which
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they cannot understand. In so far as this is so, they become
unnatural in their outlook on life and in their behaviour.
Of older cases, there was a patient of mine who on demobiliza-
tion spent the whole of his capital in starting a small tailoring
business in the city ; when incapacitated by asthma he was
sald to be * so nervous ’’, but who would not be under such
dreadful conditions, with ruin staring at him with more
clear-cut features every day ? Such neurotic manifestations
are the results of asthma and not among the causes. Many
of our finest citizens are asthmatics, men of great ability,
capable of immense work and encrgy.

An American investigation by Balyeat!? found that
asthmatic children showed a higher degree of intelligence
than their fellows. The fact that their time would be more
likely to be spent in sedentary occupations—reading,
Mececano, and so forth—rather than in wilder outdoor amuse-
ments, might account for much of this increased intelligence.
This evidence has been challenged by Sullivan and Macqueen.!?

On the other hand, sudden bereavements, shocks, financial
embarrassments, and marital troubles do at times form the
starting-point of a patient’s asthma—of this there can be
no doubt. Probably such patients are always near the asthma
level, and any small additional stimulus will suffice to produce
attacks.

Not being a psychologist myself I no doubt miss many
psychological causes that others would read into my cases.
Gillespiel* gives much sound advice on this point, but the
cures he mentions are all taken from foreign articles. Now,
however ingeniously a psychological cause may be made to
fit the case that is being treated, more important still is to
find a cure that will relieve the patient of his symptoms.

I have no patience with those who state that sensitization
to feathers is due to patients as children having seen things
they should not have seen occurring on a feather bed! And
how do those who make this astonishing statement propose
to make use of this assumption in treating a girl in her teens
whose asthma is due to sensitization to feathers ?

The mere fact that the child gives a skin reaction to feathers
—one of the most specific reactions known to science—should
rule out any suggestion of a psychological basis, quite apart
from the fact of the patient’s being totally unaware of what
proteins are being applied to the skin.
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Finally, the Prausnitz-Kiistner reaction, in which the arm
of a total stranger is used to demonstrate the reaction, must
settle any argument. If the patient can influence the
reaction on his own arm in some subtle way, he surely
cannot do so by means of the blood which is transfused to
another person. I make no doubt that I have used the
denomination ‘psychologist’ far too loosely, and that these
views, which seem to me so peculiar, are not generally held
by any great number of physicians. In short, I am more
in favour of materialistic explanations than of psychological
theorems.

If one turns pale with fright and trembles with anger from
en outpouring of adrenaline, then I think one may quite well
look for a material cause of the asthma which follows upon
sudden shocks, fears, and bereavements.

13. Habit.—Lastly we come to habit, one of the strongest
psychological urges to which man is subject.

Having gone through the same routine in dressing, we read
the same paper at breakfast, place the same foot first into
our boots, catch the same train and sit in the same corner
of it, go to the same restaurant for lunch, are offended if
the same girl does not serve us, smoke the same cigarettes
—the mere smoking of which is ninety per cent habit; and so
on through the day, any departure from the routine requiring
a considerable mental effort to accomplish.

We have considerable control over the nature of our
respirations, and if a breath is made faultily, stressing the
expiratory phase, this effort automatically tends to contract
the bronchial muscle, and having done this, and being such
creatures of habit, our tendency is to make the next expira-
tion exactly the same.

Patients are often somewhat apologetic for not having
asthma when one sees them, and may unconsciously by
forced expiratory effort produce the necessary wheeze. I
am always pleased when this occurs, because it gives one
the opportunity of showing them how to breathe properly,
using the diaphragm for inspiration and allowing the air to
flow out of the chest with the minimum expiratory effort.

Patients whose every expiration is accompanied by a
grunt are particularly difficult to deal with. The grunt is
made in the larynx and is of no help to them, being merely
a habit, and a very irritating one at th