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PREFACE 
This report is issued by the Medical Research Council on the 

recommendation of their Committee on Industrial Pulmonary 
Disease. It deals with an investigation which was promoted by the 
Council, at the request of the Home Office, into the particular 
question of respiratory dust disease in operatives in the cotton 
industry. For this purpose the Council were fortunate in securing 
the services of a distinguished investigator in industrial medicine, 
Professor Carl Prausnitz, who had had to relinquish his former 
appointment in the University of Breslau. The work was done in 
Professor H. B. Maitland's department in the University of Man-

. chester, with the co-operation of the employers' organisations and 
trade unions concerned, and of many other persons to whom the 
author makes acknowledgement in the following pages. The 
expenses of the investigation were borne by the Medical Research 
Council, but the remuneration of Professor Prausnitz was mainly 
provided in the form of a personal grant from the Rockefeller Founda­
tion of New York. 

The handling of cotton in its early stages, especially in the process 
known as carding, is inevitably a dusty occupation. When the 
compressed bales of raw cotton arrive in this country from the 
plantations, much dust still remains mixed with it and has to be 
removed in a series of processes, preparatory to spinning the material 
into yarn. Important among these are the processes carried out in 
the blowing or scutching room, in which partially loose masses of 
cotton are thoroughly separated ; and in the carding room, where 
the cotton is subjected to an intensive teasing action, by which its 
hairs are combed into a parallel arrangement and removed in the 
form of a filmy rope. 

The Departmental Committee on Dust in Card Rooms in the 
Cotton Industry, appointed by the Home Office, concluded in their 
report (H.M. Stationery Office, 1932) that the dust in card rooms 
is still a cause of some discomfort and ill-health due to respiratory 
disease among operatives. They found that the main effects can be 
considered in three stages, which gradually merge as the malady 
progresses. The first evidence of the comlition, when it occurs, 
consists of symptoms of irritation, particularly cough and a feeling 
of constriction in the chest, but these pass off on removal from the 
dusty atmosphere. After ten or more years' work the effects may 
become more persistent, with periods of incapacity, at first short 
and infrequent but tending to become more prolonged and to occur 
at shorter intervals. Cessation from work in the dusty atmosphere 
at this stage is generally followed by recovery, or at least by sufficient 
improvement to permit of work in another atmosphere. Finally, 
a stage may be reached in which there is total incapacity for work, 
with signs of chronic bronchitis and emphysema, and a strain on 
the heart which is apt to lead to cardiac failure. The very nature 
of the condition made it difficult to investigate : the absence of 
special clinical features which would serve to distinguish the disease 
of card-room workers from other non-specific forms of chronic 
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p~onary disorder, indicated the importance of studying the under­
lymg causes rather than the character of the condition. 
· While t~e inq'!iry of the Departmental Committee was in progress, 
the Council assisted the work by arranging for various relevant 
investigations. In the first place, Dr. A. Bradford Hill made a 
statistical inquiry on their behalf into sickness among operatives in 
card rooms in Lancashire cotton mills, and the results of this were 
published by the Council as a report of their Industrial Health 
Research Board. Secondly, Dr. J. C. Bramwell ·and Dr. R. Ellis, 
at Manchester, clinically examined for the Council many cotton 
operatives suffering from cardio-respiratory symptoms believed to 
be due to the inhalation of cotton dust : the results suggested that 
some form of sensitisation played an important part. Subsequent 
work by Professor H. B. Maitland, assisted by Dr. A. Brown, showed 
the discovery of the hitherto unsuspected presence of histamine in 
the cotton dust. The obvious desirability of following up this clue 
led to the investigation of which an account is now given. 

In the present report Professor Prausnitz shows how he studied 
the problem of " strippers' asthma " from many angles, so that he 
was led ultimately to the view that there is a specific agent in cotton 
dust capable of producing the observed symptoms and ultimately 
the pathological changes in the lungs which cause complete dis­
ablement in a number of workers exposed to cotton dust for a long 
time. As a result of an able and laborious research, he has shown 
the strong probability that this substance, or group of substances, 
is contained in the protein fraction of the dust and is responsible 
for the changes which may occur in the lung after prolonged 
inhalation. He does not think that histamine, although present in 
cotton dust, is the toxic agent at fault. Professor Prausnitz has 
also established the existence of super-sensitiveness (allergic sen­
sitiveness) in all patients suffering from this respiratory dust disease, 
and concludes that in this respect it is related to ordinary asthma. 

It seems clear from the results obtained that there is only one 
method of overcoming this disability of the cotton industry, and 
that is by preventing access of the finest dust to the respiratory 
tract. It would appear that the ventilating and exhaust appliances 
which are now generally in use, although they remove the coarser 
particles of cotton dust from the atmosphere, do not in fact prevent 
access to the worker of the finer particles which are particularly 
liable to produce intense irritation of t~e respir~tory sy?tem in ~hose 
susceptible to the dust. Now that this essential fact IS established 
by Professor Prausnitz, the practical prob.lem seems to rest o~ tl!e 
need of discovering a method of removmg these finer particles. 
The ingenuity of the engineer which is shewn . in t~e mo~ern 
machinery of the cotton industry ought to have rel?-ti:Vel~ little 
difficulty in solving this mechanical problem and so ehmmatmg an 
important cause of ill-health among industrial workers. 

MEDICAL REsEARCH COUNCIL, 
38 Old Queen Street, 

Westminster, S.W.l. 25th June, 1936. 
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INTRODUCTION 
A.-THE CONDITIONS INVESTIGATED 

Considerable attention has been given for many years to the 
occurrence of non-tuberculous respiratory disease in that group of 
cotton operatives which is engaged in the removal of dust from 
cotton. The chief stages in the work carried out in the cotton mill 
are the following : Raw cotton arrives in this country in hydrauli­
cally compressed bales. After removal of the covering, the contents 
are passed through "openers", "scutchers ", and "blowing 
machines " in which the material is exposed to successive processes 
of intensive decompression, spreading out, beating and the action 
of strong currents of air. At an early stage of the work the cotton is 
" mixed " : in order to obtain a fibre of uniform nature, cotton of 
various qualities is fed into the openers where the different portions 
are thoroughly mixed together in the machinery which disintegrates 
the originally densely matted masses of material. Apart from the 
feeding, which is usually done by hand, all these machines are 
enclosed in dust-proof covers, so as to prevent any escape of air 
which would interfere with the cleansing action of the air blown into 
them. Although, therefore, not much dust is evolved in the neigh­
bourhood of these machines, the periodical cleaning out of the dust 
from the machines, the air ducts, and the " fanny-hole " at the 
bottom of the outlet tower for the dust-laden air, is a very dusty 
job, as it is done by hand .. 

· The web emerging from the blowing-room passes to the carding 
machines. These consist of large horizontal cylinders the surface 
of which is covered with a great number of sharp bent wires. The 
cylinders rotate rapidly around a horizontal axis. In the modem 
carding machines " revolving flats " rotate around them in the same 
sense, but at a lower velocity. Their surface is also covered with a 
great number of similar sharp wires the ends of which are close to 
the ends of the wires on the cylinders. The cotton passes between 
the two. It is drawn forward by the spikes on the cylinder, whilst 
the spikes on the flats tend to retard its movement. Thus the fibres 
are combed out so as to lie straight and parallel. At the same time 
the combing process has the effect of removing practically all the 
short fibres and fragments of fibres, as well as the dust from the 
cotton, leaving the " cardroom sliver " to pass as a thoroughly 
cleaned mass to the spinning machines. 

A great amount of dust accumulates on and between the wires 
on the cylinders and flats. It has to be removed at frequent intervals 
during the day. From time to time it is also necessary to sharpen 
the ends of the wires, which rapidly become blunt and lose their 
power of drawing apart the fine fibres. This " stripping " and 
" grinding " is the work of a highly skilled group of men, the 
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" strippers and grinders ", who are ~ngaged in it almost ~th?ut 
interruption during the whole working-day. Formerly stnppmg 
was done by hand with a brush, and whilst it was going on the whole 
neighbourhood ·of the machine was enveloped in clouds of dust. 
During the last 15 or 20 years great improvement has been brought 
about by the introduction of brushes fitted with an exhaust or 
by the " vacuum " method wi~hout ?~shin%. ~n mode;n, well­
ventilated cardrooms, even while stnppmg IS bemg earned out, 
there is little more as a rule than a faint haze. 

The chief complaints of respiratory trouble come from strippers and 
grinders, but some blowing-room operatives, cotton mixers, and 
other categories of cardroom workers are also affected. It is difficult 
to give an exact estimate of the number of sufferers, nor would that 
estimate give a fair conception, since a large proportion of the persons 
affected acquired the disease under the old conditions of hand­
stripping. Yet it would be a mistake to assume that some cases do 
not arise even now, under the greatly improved conditions of the 
modem mill. It does not appear that any special grade or quality 
of cotton is responsible for the trouble, as large numbers of cases 
have occurred in mills working with high-grade Egyptian, as well as 
in those employing the lower grades, such as Indian cotton. Several 
patients have, however, insisted that their condition has become 
considerably worse since more dusty cotton was used, and others 
believe that modem conditions tend to pass a greater quantity of 
cotton through the carding machine every day, thus increasing the 
amount of dust dealt with. 

The histories of their illness, given with a surprising uniformity by 
most of the patients, are as follows : After working for years without. 
any apprecmble trouble except a little cough, they notice either a 
sudden aggravation of their cough, which becomes dry and exceed­
ingly irritating, or peculiar attacks of breathlessness. These attacks 
usually occur on Mondays, whilst the rest of the week finds them in 
fairly good condition. For a long time the trouble may be almost 
or entirely ~ited to this "Monday fever", but gradually. the 

. srroptoms_begm to ~pread over the ensuing days of the week; in 
t~e the difference disappears, and they suffer continuously. When, 
ultrmately, t~ey are forced to give up work, some improvement may 
o~cur:. But 1f _they resume work, they are forced sooner or later to 
giVe 1t up agam. In some, this occurrence is most characteristic : 
~rest of some weeks or months gives them an opportunity of recover­
mg so far that ~hey feel perfectly fit ; yet on the day that they 
return to the mill, they are struck down with the disease and are 
hardly able to retllr? ho~e un_aided. Some patients definitely state 
that breathl!;ssness IS therr chief, or even their only complaint. In 
others the disease began with an intensely irritating cough, which 
was followed, usuallf a _good deal later, by the development of 
sputum. ExpectoratiOn IS not a prominent feature of the disease. 
Only in the minority is it eve~ profuse ; usually the patients succeed 
only after prolonged exhaustmg attacks of coughing in bringing up 
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small quantities of very sticky, glairy sputum. Clinical examination 
of patients with established symptoms reveals the signs of chronic 
bronchitis and emphysema. 

B. PREVIOUS INVESTIGATIONS 
The first mention of the disease appears to have been made in the 

report by Dr. Greenhow, which forms part of the Report of the 
Medical Officer of the Privy Council for 1861. It is repeatedly referred 
to in the subsequent reports. In 1863, Leach described the symp­
toms of the malady. Mixers, he stated, suffered from sneezing and 
cough with much slaty expectoration, which was shown by the 
microscope to contain very fine short cotton fibres ; their arms and 
hands were often affected with urticaria-like rashes. Similar 
symptoms were described in scutchers. Strippers and grinders were 
stated mostly to suffer from spasmodic cough, bloody expectoration 
and asthm<f! 

TABLE I 
Respiratrny Disease Mortality according to Occupation 

Standard Mortality of Males aged 2~5 years from pulmonary 
diseases in certain dusty occupations, with no siliceous dust 
risk, compared with the Standard taken as 1,000, for the years 
1921-23. 

Occupati<m. 
I Respiratory I 

Tuberculosis. Bronchitis. I Pneumonia. 

All occupied and retired males 1.000 1.000 1.000 
Cement workers and lime burners 706 542 1.271 
Sawyers. wood turners .. 978 792 694 
Grain millers 714 847 978 
Coal hewers and getters 686 1.425 978 
Cotton spinners .. 1.072 1.431 1.180 
Metal moulders 1.070 1.724 1.709 
Coal-boat laders .. 1.018 1.982 1.959 
Brick and plain tile makers 1.023 1.994 763 
Cotton strippers .. 796 6,679 1,693 

A detailed study of the condition is given in Dr. Collis' report 
(Annual Report of the Chief Inspector of Factories, 1908) and in 
his later publications. He described the early form of irritation, 
often called " mill fever ", which was experienced also by chance 
visitors to the mill : transient fever setting in within twelve hours 
after the first exposure to the dust. Many cardroom workers 
suffered from mill fever at the beginning of their work, but they soon 
became inured. It was only five to twenty years later that their 
chest became affected. At first they found difficulty in breathing 
on Monday mornings or after any interval in which they had ~een 
away from their work. After the first day was over, they mtght 
remain unaffected for the remainder of the week. As time passed, 
the trouble became worse and extended later and later throughout 
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the week, developing into the typical form of asthma as long as the 
operatives were in a dusty atmosphere. They lost flesh, became thin 
in face and body. The action of the diaphragm grew less effective, 
the intercostal muscles and extraordinary muscles of respiration 
were called into play more and more in ordinary breathing. The 
sternum became prominent, the chest assumed the barrel-shape, and 
emphysema developed. There was little or no sputum, which was 
expectorated with difficulty. Exposure to dust called forth spasmodic 
asthma. There was little tuberculosis, but the death rates from 
pneumonia and bronchitis were high. Similar changes were observed 
in flax-hecklers. The figures given in a later publication (Collis, 1931) 
illustrate the peculiar distribution of lung disease (Table 1). 

Dearden, in 1927, published an extensive study of the disease 
which agrees on the whole with the results of Collis. The chief 
discrepancy is in his statement that strippers and grinders and 
blowing-room operatives suffered from tuberculosis as well as from 
pneumonia, bronchitis, and circulatory disease much more than the 
average worker. This is not, however, borne out by subsequent 
investigations. The Registrar-General supplied the following 
figures to the Departmental Committee on Dust in Cardrooms in the 
Cotton Industry (Table II) : 

TABLE II 
Mortality in 1921-23 compared with that in 1910-12 taken as 100. 

Respiratory tuberculosis .. 
Bronchitis 
Pneumonia .. 
Other respiratory diseases 

All occupied and I Cotton strippers 
f'etiYed males. and grinders. 

77 
84 
85 
73 

58 
120 
82 
66 

Middleton (1926a) carried out a very thorough examination of 
cardroom dust by means of the Owens' jet dust counter and Owens' 
settlement dust counter. He foun(ii great variations in the number 
of particles and the nature and si2e of the predominant ones. There 
was nothing characteristic for any particular set of conditions. The 
greater bulk of the dust was composed of vegetable debris-frag­
ments of cotton-hairs, husks, fungus mycelia, conidia spores, etc. 
One variety of sharp-pointed hair was found in every record but 
was usually scanty ; the author considered it unlikely to be the 
cause of the malady. Mineral matter was found in every record, 
but most of the particles were rounded and above the si2e of 2 
microns; it was consequently improbable that they were concerned 
in the disease. (This is borne out by the absence of fibrosis, as shown 
by the evidence given to the Departmental Committee, vide infra.) 

The question as to the aetiological role of moulds in industrial 
pulmonary affections was raised by the same author (192Gb) who 
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considered the evidence in favour of "weaver's cough " being due 
to moulds. This affection bears a far greater resemblance to acute 
attacks of asthma than the disease of cardroom workers. It is, too, 
strictly limited to definite localities, in which it only occurs at rare 
intervals. From the description of the former condition there is 

.little reason to believe the two to have anything in common. 
Very full information about the whole problem was obtained by 

the Departmental Committee on Dust in Cardrooms in the Cotton 
Industry, appointed by the Home Office in 1927. Its report was 
published in 1932. The Committee was" to inquire and report (I) 
whether, and if so to what extent, dust in cardrooms in the cotton 
industry is a cause of ill-health or disease among cardroom opera­
tives ; (2) if so, what is the nature of such ill-health or disease ; 
(3) how the sickness rates among cardroom operatives compare in 
these respects with those of the general population in the same 
locality; (4) what are the constituents (if any) in the dust which are 
particularly responsible ; and (5) what remedies can be proposed." 
The Committee heard a large amount of important evidence and 
caused a number of valuable investigations to be undertaken, the 
chief of which are hereunder briefly summarized. 

A. B. Hill (1930) carried out a statistical inquiry into sickness 
among operatives in Lancashire cotton spinning mills. The chief 
results were the following : The occupational death rates for 1921-23 
had proved that strippers and grinders, other workers in the card­
room, and blowing-room hands have higher death rates from 
respiratory diseases than other operatives in the cotton industry, 
and all occupied and retired males in England and Wales. The 
sickness records studied by Hill corroborated these results for the 
men. From all causes of sickness the strippers and grinders up to 
age 30 suffered approximately the same as the comparative group 
working in ring-room and warehouse. After that age they had 
some excess of sickness. When, however, this sickness experience 
was divided into non-respiratory and respiratory causes, it was 
found that strippers and grinders and other cardroom workers had 
somewhat less sickness than male workers in the ring-room and 
warehouse from all causes of sickness excluding a group of respiratory 
disease. On the other hand, from these particular diseases they had, 
after age 30, a pronounced excess of illness, their rates being two to 
three times as high as the rates found for the workers in the ring­
room and warehouse. Between the cardroom workers and the 
blowing-room and cotton-room operatives very little difference was 
found. Some of the most convincing figures have been extracted 
from Hill's tables and arranged in form of a graph (Fig. 1.) The 
curve of sickness rates naturally rises with the age of the groups 
studied, but it is very evident that this rise is steepest for the 
strippers and grinders and the ex-cardroom men (chiefly persons 
who have been forced by ill-health to retire) ; then come the blowing­
room operatives ; the ring-room and warehouse workers follow a 
curve of an entirely different character. 
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Further evidence obtained from the Committee subsequent to this 
report showed that " (1) exhaust ventilation for stripping was intro­
_duced in some mills in 1909, and by 1913 such progress had been 
made that this date would appear to indicate a more or less definite 
stage in stripping dust removal, when the stripping dust to which 
the cardroom operatives were subject began to be materially reduced, 

G~g~P 16-19 20-29 30-39 40-49 50-59 60-69 
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FIG. I.-Graph, compiled from Dr. Bradford Hill's 
report, Table XI. Number of days of sickness per 

person-year. Male cotton-operatives. 

-·-· since that date, the improvements made have reduced still 
furthe~ the amount of dust to which they are exposed ; (2) cardroom 
operatives who have always worked under the improved conditions 
of ventilation may, in fact, suffer from a respiratory condition 
clinically indistinguishable from that so frequently found in older 
operatives ; (3) cardroom operatives are still, as in the past, subject 
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FIG. 2.-X·ray photograph of the chest of a diseased 
stripper and grinder. 



IN THE COTTON INDUSTRY 13 

to the dust which is liberated in the ordinary process of carding ; 
(4) the respiratory disease occurring in cardroom operatives does not 
usually cause illness sufficiently -severe to necessitate absence from 
work, until they have been exposed to the dust for ten or more 
years ; and (5) the investigation of the nature of the dust in the 
region of the drawing and speed frames, where the majority of the 
female cardroom operatives work, suggests that the finer particles, 
which are of greater numerical importance, are conveyed in the air 
from the region of the carding engines." 

Clinical examinations were carried out for the Committee by 
Dr. Morris at the Salford Royal Hospital, by Dr. Fletcher at the 
Tuberculosis Dispensary of the Lancashire County Council, and by 
Dr. Crighton Bramwell and Dr. Reginald Ellis at the Manchester 
Royal Infirmary. Dr. Morris examined 49 strippers and grinders 
and 1 blowing-room operative, all but two of whom were affected 
with the disease. His radiological examination did not demonstrate 
any organic change in the lung which he could describe as specific, 
such for instance as is found in silicosis. 

Dr. Fletcher examined 100 cases radiographically; he considered 
that certain changes were shown in the lungs which were consistent 
with chronic bronchitis and some degree of emphysema, but they 
did not reveal any condition which could be described as specific for 
cardroom operatives. He was, however, under the impression that 
his examination of the cardroom operative's lung by X-rays showed 
some excess of the root and bronchial shadows to a degree that did 
not obtain in ordinary bronchitis.* Only 8 of his patients suffered 
from asthmatic attacks, and he considered that their dyspnoea was 
generally due to emphysema rather than to asthma. He also drew 
attention to the diminishing capacity of the chest to expand as age 
advanced, the average amount of expansion for patients of 35 years 
of age and under being 2! inches, which diminished progressively in 
successive groups, until it was I! inches at 61~ years of age. This 
was borne out by spirometric investigation which gave an approxi­
mately normal vital capacity of 3·5 litres for the age group to 35, 
but one of only 1·5 litres for the 61~5 group. 

Dr. Davey, of the Department of Preventive Medicine of the 
University of Manchester, examined the sputum of these patients, 
but his investigations failed to show any specific microbe which could 
be regarded as causal. 

Dr. Bramwell and Dr. Ellis examined 18 men of whom 13 were 
regarded by them as typical examples of the affection. The only 
constant lesion found was emphysema, complicated in some cases 
by bronchitis. Two types of dyspnoea were noted in their patients : 
one seemed to be related to spasmodic asthma, attributable to 
bronchial irritation, and occurred when the subject came into 
contact with the dust in the cardroom ; the other, less common type 

• The radiological changes are clearly visible in Fignre 2, from one of my 
patients. The original photograph was kindly supplied by Dr. R. W. Higson 
of Bolton. 
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appeared to be due to cardio-respiratory insufficiency, and was 
brought on by exertion ; the men who complained of it were found 
to have a poor tolerance for exercise. Rickety deformities of the 
chest were so common that they were regarded by Dr. Bramwell 
as a probable predisposing cause. Dr. Bramwell and Dr. Ellis were 
led to assume the disease to be of an allergic nature. Sixty-nine 
persons were, therefore, tested with an extract prepared from 
cardroom dust. Marked, in some cases severe, reactions were caused 
in the majority by intradermal injection of this extract, but the 
difficulty was encountered that several normal controls also showed 
reactions which in a few cases were fairly severe. 

These tests were subsequently carried on under Professor Maitland 
at the Department of Preventive Medicine of the University of 
Manchester by Dr. Brown ; again fairly severe reactions were 
observed in controls as well as in patients. This led to an examina­
tion of the dust for histamine, which was performed by Maitland, 
Heap and Macdonald (1932) with a positive result. 

Post-mortem examination of 10 cases was performed by Professor 
Shaw Dunn and Dr. H. L. Sheehan. In all but one case definite 
changes of the respiratory system were found which were of the type 
of bronchitis and chronic emphysema, In addition, they noted the 
frequency of cardiac changes, especially dilatation of the right heart. 
The latter finding corroborated the evidence of Dr. Stevenson, 
according to whom the most characteristic feature of the mortality 
of cardroom and blowing-room operatives was not the respiratory 
excess, but the circulatory. It should, however, to my mind, be 
considered that mortality figures and post-mortem findings deal 
only with the last stage of the disease, and that chronic respiratory 
disease, especially such as this form, must ultimately induce severe 
cardiac changes which need not be to the fore in the earlier stages. 

Among the most important recommendations of the Committee 
should be mentioned the improvement of methods for dealing with 
the dust, compulsory wearing of respirators during specially dusty 
work, and medical examination and re-examination. 

C. OCCURRENCE OF RESPIRATORY DISEASE IN COTTON 
OPERATIVES IN VARIOUS OTHER COUNTRIES 

Little is known as to the occurrence of similar affections outside 
of England. In Germany an investigation into the health of cotton 
operatives was undertaken in 1924 by Ludwig Schmidt of the 
Hygienic Institute and Karl Schilling of the Medical Department of 
the University of Freiburg. They do not mention any illness like 
that described. Bronchitis and emphysema occurring in older 
operatives is mentioned, but the writers state that they did not find 
evidence of pneumonoconiosis. 

Koelsch and Lederer described, in 1933, an affection in hemp 
workers which closely resembles the disease discussed here. When 
commencing to work in the factory many operatives suffer from 
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" heckling fever " ; they complain of tightness in the chest, oppres­
sion, lassitude, shivering, headache, symptoms of irritation in the 
upper and deeper air-passages, occasionally of nose-bleeding, 
vomiting, and diarrhoea; in some cases there is fever up to 104° F. 
Some of the operatives had suffered in this manner continuously 
for decades, in others the symptoms gradually faded away after the 
first few years, whilst some had no such trouble whatever. The 
persons affected always suffered worst on Mondays or after an 
interval in their work. The clinical findings were emphysema with 
or without bronchitis, less frequently tuberculosis, which was almost 
always a more or less benign apical affection. In the face of this 
report it is particularly noteworthy that in an investigation of the 
health of German cotton workers, carried out by Koelsch in 1932, 
there is no mention of anything resembling the disease of Lancashire 
cotton operatives ; among 34 operatives examined Koelsch only 
records 4 cases of chronic bronchitis, one of which was of a more 
asthmatic type, 10 cases of tuberculosis, and 13 of cardiac eularge­
ment, mostly among younger individuals. 

Only one reference has been found in German literature which 
bears upon the subject, but it is so important as to deserve being 
quoted in full. Zipperlen carried out, in 1935, an investigation of 
patients suffering from asthma in Wiirttemberg and reports as follows: 
" A few words should be said concerning industry. There the textile 
industry plays a large role. In spite of all protective appliances 
cotton dust cannot be excluded, and we have actually observed a 
large number of severe asthma patients in whom strong allergic 
reactions could be obtained with suitably prepared dust from the 
factories." 

Among a series of references kindly supplied by the Librarian of 
the Royal Society of Medicine there were three Russian publications, 
viz. :-Mikhlin, diseases of the respiratory tract and ear caused by 
dust particles in the textile industry (1931) ; Bokser and Ryabova, 
pneumonoconiosis in cotton mill workers (1932); Klionskiy and 
Yapolskiy, pneumonoconiosis in textile workers (1934). Unfortu­
nately, it has only been possible to consult the last-mentioned paper, 
whilst the Russian journals in which the others have appeared are 
not available and reviews have not been found. Klionskiy and 
yapolskiy have possibly seen s~ar con~tions to t~ose obse~ed 
m Lancashire, but the account IS not sufficiently deta~ed to decide 
the question. They examined 116 workers in the dustiest proces.ses 
of one of the greatest textile mills. A considerable proportwn 
suffered from respiratory trouble, 82 per cent. had cough, three­
quarters of them with expectoration, chiefly during their work. 

From the United States Britten, Bloomfield and Goddard reported 
(1933) on the examination of 1,628 cotton operatives, of whom 438 
were engaged in carding processes, although only ~3 were actually 
carders. The sickness rates undoubtedly were higher among the 
carding operatives than among those engaged in spinning or weaving, 
as is shown in the following table. . 
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TABLE III 

Sickness rate by room-groups and shift (2-day and longer cases) 

Room groups. 

Weaving 
Carding 
Spinning 

Weaving 
Carding 
Spinning 

Weaving 
Carding 
Spinning 

Rate per 100. I Number of cases. 

Day shift. I Night shift. Day shift. I Night shift. 

ALL CAUSES 
62·6 134·6 109 222 
99·0 150·4 110 175 
44·5 81·7 54 92 

RESPIRATORY 
32·7 78·2 57 129 
50·4 75·6 56 88 
28·8 40·0 35 45 

NON-RESPIRATORY 
29·7 56·4 52 93 
48·6 74·7 54 87 
15·7 41·7 19 47 

It is interesting to note that the incidence of respiratory diseases 
is greatest among the weavers, that the cardroom operatives follow 
close behind them, whilst the spinners show a consistently lower rate 
in all groups. Whether a disease similar to that observed in this 
country does occur, cannot be inferred, especially as no distinction 
is made between tuberculous and non-tuberculous respiratory 
affections. It does not, however, appear very probable since the 
vital capacity and chest expansion were approximately the same in 
all three groups (Table IV). 

TABLE IV 

Percentage of persons with respiratory impairment (day workers) 

Room groups. I Total number I Number of peysons I 
examined. with impait'ment. Percentage. 

I 

I I 
Weaving .. I 159 106 67 
Carding .. 46 31 67 
Spinning 40 21 53 

Pronounced symptoms as are exhibited by our cotton operatives 
could not well have escaped the apparently careful and thorough 
inspection carried out by the American authors. 

It has not been possible to obtain any other data bearing on the 
subject. Even the International Labour Office was unable to give 
any information on the subject. 



IN THE COTTON INDUSTRY 17 

D. COTTON SEED ALLERGY 

Since it. has repeatedl:y: been suggested that the respiratory 
symptoms m cotton operatives may be of an allergic nature, it will 
not be out of place to give a brief review of the question of such 
allergy in persons not directly connected with the dusty work in 
cotton mills. 

G. T. Brown of Washington, D.C., published, in 1929, the result 
of tests performed on 530 persons suspected of suffering from some 
form of allergy. He found 13 definitely sensitive to cotton seed 
protein ; 2 of them suffered from hay fever, the other 11 from 
asthma with or without eczema or angioneurotic oedema. All of 
them were also sensitive to other proteins. Other cases of cotton 
seed idiosyncrasy have been reported from the United States by 
Duke, Coca, and Fineman. 

In England, H. H. Moll (1933), Physician-in-charge of the Leeds 
Asthma Clinic, obtained a positive skin reaction to cotton seed in 
12 out of 119 cases of asthma who showed a positive reaction to other 
proteins also. 

An interesting case with an unusually high specificity was pub­
lished by Herms (1932). A cotton broker in Hamburg suffered from 
itching of the eyes and an intense irritating cough whenever he had 
examined a sample of Peruvian cotton. No other cotton brought on 
an attack. He stated that two of his colleagues suffered in similar 
manner. Skin tests and the Prausnitz-Kiistner reaction were 
positive with the patient for extracts of Peruvian cotton, but negative 
for extracts of African, Indian, Chinese, North American, Brazilian, 
and Argentine cotton. 
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PART I.-THE NATURE OF COTTON DUST 
A. THE SAMPLES EXAMINED 

On examining samples of dust taken from various parts of the 
process their outward appearance was found to vary considerably. 
Originally, 21 samples were obtained from five mills, one of which 
was in Shaw (Indian and American cotton), two in Oldham (American 
cotton), and two in Atherton (one of which worked with Egyptian 
cotton only, the other with Egyptian and West Indian cotton). 
Some of the samples consisted of a thickly interwoven mass of 
fibres from which comparatively little dust could be extracted by 
shaking or sieving, whilst others readily yielded a large amount of 
actual dust. This was especially the case with the samples taken 
from the scutcher, from underneath the carding machine, and from 
the " fanny hole " (the base of the tower up which the dust-laden 
exhaust air is passed out of the mill, see page 7). 

Whilst certain special questions were examined in connexion with 
these samples, it was decided to concentrate on one kind of dust which 
might be regarded as fairly uniform and representative of the various 
ingredients of the different kinds of dust. In their investigations 
Maitland, Heap and Macdonald (1932) had employed "Shirley cage" 
dust, and the present work was continued with further specimens of 
this material. The Shirley cage is a modern device introduced at 
the far end of the scutcher. As has previously been mentioned, a 
considerable portion of the larger fragments and broken fibres is 
removed from the raw cotton in the earlier stages of scutching, 
whilst the bulk ofthe finer dust is taken away by the carding machines. 
The advantage of the Shirley cage is that it removes a great part of 
the finer dust before the cotton reaches the carding machines, thus 
relieving these of a part of their work and consequently reducing the 
amount of dust which the strippers have to clean away from them. 
The Shirley cage dust, therefore, represents a cross-section of the 
scutching and blowing room dust and the cardroom dust. The 
material, one part of which was derived from North and South 
American, the other from North American and Egyptian cotton, 
was kindly supplied by Messrs. Thomas Nuttall and Sons, Ltd., 
Farnworth. 

B. PHYSICAL EXAMINATION OF COTTON DUST 
The Shirley cage dust at a first glance appears to consist of loose, 

fleecy material, resembling masses of dirty greyish-brown cotton 
wool. When it is gently shaken or beaten, clouds of a fine grey dust 
arise from it and remain floating in the air for a considerable time. 

Portions of the whole dust were placed in a set of sieves and 
shaken for 10 minutes on a mechanical shaker with a to-and-fro 



FIG. 3.-Dark-ground microphotograph of cotton dust. 

FIG. 4.-Stirring apparatus used for extraction of cotton dust, .and apparatus for dusting guinea·pigs. 
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movement of 5! inches, the number of shakes being 125 per minute. 
Four fractions were obtained, viz. :-

(1) Coarse fr~ction, retained by a sieve of 30 meshes per inch. 
It consiSted of cotton wool pledgets, 5-10 mm. in diameter 
which still retained a little fine dust and some fragments of 
seed husks. 

(2) Intermediate fraction (a), passing through the former but 
retained by a sieve of 60 meshes per inch. It consist~ of 
similar, but smaller pledgets, a greater proportion of husk 
fragments, and only traces of fine dust. 

(3) Intermediate fraction {b), passing through the last-named, 
but retained by a sieve of 90 meshes per inch. It consisted 
of smaller pledgets, about 2--3 mm. in diameter, and a 
considerable amount of finer fragments of husk. 

{4) Fine fraction, passing through the 90-mesh sieve. It con­
sisted of fine grey dust which had a marked tendency to 
flake, but when shaken gave off clouds of fine floating dust. 

The proportion of these fractions was No. 1 21·7, No. 2 4·9, 
No.3 20·8, No.4 52·6 per cent. Over one-half of the whole" dust" 
therefore consisted of this fine material. 

Microscopical examination of each fraction showed all of them to 
consist of similar material, namely, fragments of cotton fibres, 
greenish and brownish scales derived probably from pieces of leaves 
and husks, but practically no sand. This explains the fact that the 
dust is very light (100 g. of the finely sieved dust loosely filled into 
a measure occupy a space of about 200 c.c.). It also accounts for the 
tendency of the dust to flake. This is best seen when portions of 
finely sieved dust are placed in the shaker for half-an-hour, when 
they accumulate in pledgets of a smaller size but exactly the same 
appearance as those found on the other sieves. 

In his examination of cotton dust Middleton had pointed out the 
extreme scarcity of siliceous particles below the size of 2 microns. 
This has been confirmed in the present investigation. The dust 
disengaged by shaking the whole sample of Shirley cage material 
was examined qualitatively in Owens' dust counting apparatus ; it 
proved to contain almost no mineral matter but almost exclusively 
the vegetable debris already described. 

As this examination gave only a rough idea of the sizes of the 
particles, a supplementary examination of the dust floating in the 
air after beating the sample was carried out with the aid of the 
ultramicroscope. The cover-glass of Owens' apparatus was thinly 
and evenly coated with cedar-wood oil, exposed to the dust and 
then placed face downwards on a slide so as to embed the dust 
particles in the oil. Under the dark-ground micr~ope a surpris~ng 
result was obtained. Besides the particles preVIously seen, whtch 
ranged from about 100 microns to the range of visibility, a far greater 
number of ultra-fine particles now became visible, and when the 
preparation was photographed with a• powerful arc-light, the nu:nber 
of particles increased progressively with the time of exposure {Ftg. 3). 
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This proves that there· is practically no lower limit to the size of 
the dust particles, and that the greater amount of the " fine dust 
fraction " actually consists of ultramicroscopic particles, i.e., of a 
size under 0 · 2 microns. It is clear that they will readily be inhaled 
into the finest and deepest portions of the respiratory system. 
They are even so fine as to be able, probably, to pass through the 
alveolar wall into the inter-alveolar tissue. Their relatively large 
surface will allow any of their constituents soluble in the alveolar 
mucus and the intercellular lymph to enter into solution, as the case 
may be, in or beyond the alveolar surface. 

C. CHEMICAL EXAMINATION OF COTTON DUST 
Isolation of the various fractions of cotton dust by chemical means 

is rendered difficult by the tendency of the dust to clump and cake 
together. In earlier attempts with the Soxhlet method this caused 
great inconvenience, and it proved necessary to keep the material 
thoroughly agitated throughout the processes of extraction. The 
following stirring machine was constructed (Fig. 4). Six glass preserve 
jars of cylindrical shape and a quart capacity were fitted with 
screw-on metal covers bearing one hole in the centre and one near 
the periphery. A perforated rubber stopper placed in the central 
hole held a mercury-seal stirrer. The six jars and stirrers were held 
in a metal frame fitted with pulleys to which the stirring rods were 
connected by rubber tubing. The stirrers were driven by a ! h.p. 
electromotor at a rate of 200 r.p.m. The lateral hole in the cover 
served for syphoning off the supernatant extracting .liquid.* 

As a rule each jar was filled with 60 g. of finely sieved dust and 
200 c.c. of extracting liquid. After about 6 hours' stirring the motor 
was stopped, the dust allowed to settle, and the supernatant fluid 
drawn off and filtered through filter paper. The filter residue was 
subsequently returned to' the jars. In every case it proved necessary 
to carry out a number of successive extractions with each extracting 
liquid in order to attain approximately quantitative results. Routine 
extraction was performed with (1) petroleum ether (B.P. 40--60° C.), 
(2) methylated spirits, (3) 5 per cent. NaCl solution, in later experi­
ments Coca's solution (Solution A: NaCl 50·0, KH2PO, 3·63, 
Na2HPO, 14·31, HP ad 1000·0; Solution B: 5 per cent. watery 
solution of phenol. For use mix Solution A 200 c.c., Solution B 
160 c.c., Hp 640 c.c.). 

1. The petroleum ether fraction was distilled off at about so• C. 
The residue was a brown waxy mass, solid at room temperature. In 
the incubator (37° C.) part of it only melted, in the paraffin oven 
(56° C.) the whole mass melted. At this temperature it gave off a 
pleasant smell like bee's wa.'C, very different from the unpleasant 
sickly odour pervading the cotton mills and given off in the other 

* The apparatus was constructed by Messrs. Baskerville and Lindsay, 
Charlton-cum-Hardy, Manchester. The mercury-seal stirrers were made by 
the Scientific Glass-Blowing Co., Wright Street, Manchester 12. 
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stages of treating the dust. It should be noted that this fraction is 
entirely different from the petroleum ether extract of cotton seed ; 
cotton-seed oil is lighter yellow, remains liquid at room temperature, 
and has not the smell of bee's wax when heated. The difference is 
probably due to the cotton dust wax being derived mainly from 
debris of the seed husks, whereas cotton-seed oil is contained in the 
endosperm (kernels). 

2. After several extractions 'kith petroleum ether the residue was 
dried in the incubator and repeatedly extracted with alcohol. The 
alcoholic extract is dark olive green, on slight acidification with HCl 
it turns amber. It gives the characteristic spectrum of chlorophyll, 
thus confirming the presence in the dust of fragments of leaves. 
The alcoholic solution was distilled off at 40-50° C. under about 
10 mm. pressure. To prevent " kicking" a steady stream of air was 
sucked through the liquid by means of a fine capillary. The residue 
was a sticky greenish-brown mass, almost completely soluble in 
50 per cent. alcohol, poorly soluble in absolute alcohol as well as water. 

For the determination of histamine (see page 26) the dust was 
extracted with alcohol slightly acidified with hydrochloric acid, so 
as just to give a faint pink colour to litmus paper ; this is necessary 
as histamine is unstable in neutral or alkaline solution. Distillation 
was carried on until about 100 c.c. were left, the residue was evapo­
rated almost to dryness on the water-bath and taken up with 10 c.c. 
of water under thorough stirring, filtered, and stored in the refrige­
rator. The clear, amber-coloured, acid liquid was tested by Professor 
Macdonald on the cat (page 26). Strongly positive reactions were 
regularly obtained. It proved almost impossible to extract the 
histamine quantitatively; even after 15 consecutive treatments the 
extract was still positive. . 

3. The residue after alcohol extraction (in this case neutral 
alcohol was used) was again dried in the incubator and extracted 
with saline solutions. This was precipitated with ten volumes of 
absolute alcohol or saturated with ammonium sulphate. The separa­
tion of the alcohol precipitate by filtration pro":ed impractica~le, 
as the filter rapidly became clogged. It wa.~ fa1rly easy t~ bnng 
down the precipitate by centrifugalization at 4,500 r.p.m. W1th the 
ammonium sulphate precipitates centrifugalization was more diffi­
cult, as the density of the saturated and even. t~e half-saturated 
solution closely approximates to that of the prec1p1tate ;_ often part 
of the precipitate only went to the bottom, some of 1t remamed 
floating at various levels, and part of it formed a s?Im on the surface. 

It was found more satisfactory to filter the flwd through a glass-· 
wool pledget fitted into a ·funnel which retained almost all of the 
particulate matter, and subsequently to re~ove thls from the g:lass­
\yool by thorough shaking in a ~toppered Wide-mo.uth bottl~ w1th a 
little ammonium sulphate solutwn or water. ThiS suspensiOn was 
then dialysed in the presence of a thymol crystal. . . . 
. The dialysers were prepared as follows : . Pure ce!Jmdin (Schenng) 
1s washed in distilled water, dried, and dissolved m equal parts of 
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absolute alcohol and absolute ethylic ether. A one-half saturated 
celloidin solution is prepared. Into a cylindrical, round-bottomed 
glass tube, measuring 150 X 40 m~., about ~0 c.c. of the sol11:tio!l 
are poured carefully so as to avoid formatiOn of bubb~es ; . 1t IS 
essential that the temperature of the tube and the solution IS the 
same. By tilting and turning the tube the liquid is brought in 
contact with the whole inner surface of the tube, and the bulk of the 
liquid is drained off by inverting the tube. After 1 or 2 minutes the 
celloidin begins to set, and immediately afterwards water is carefully 
run into the tube up to the brim. After a few minutes the celloidin 
begins to show fine longitudinal wrinkles. It is now ready to be 
detached from the glass. The edge is cut away with a sharp knife, 
a blunt edged glass spatula is carefully inserted at a point where the 
film is working loose from the tube, and gently moved round and 
round in a downward direction. When the film has been detached, 
the water is poured slowly out of the tube into a dish, and the film 
comes away with it. The opening of the dialyser is tied with tape 
around a rubber stopper which bears a piece of glass tubing passed 
through a central hole, the whole being kept under water or 1 per 
cent. phenol solution. The dialysers retain their permeability well 
for at least a week. Provided the celloidin layer is sufficiently stout, 
there is no difficulty in sterilizing them in the steamer. 

The substance obtained by dialysis, which is subsequently referred 
to as " protein from cotton dust ", is not, however, a pure protein; it 
is more or less coloured and does not give as strong protein reactions 
as a pure protein would do. It appears to contain a considerable pro­
portion of proteoses, probably hemicelluloses. The alcohol precipitate 
is yellowish-grey, the ammonium sulphate precipitate is dark brown. 

The proportion in which the various fractions were found varied 
somewhat with different samples. The results of a fairly representa­
tive experiment which was carried out by a large number of extrac­
tions practically to the end, was as follows: Wax 0·8 per cent., 
alcohol-soluble substances 14·4 per cent., protein fraction (alcohol 
precipitate) 4·5 per cent.; the remainder was made up of water­
soluble substances and totally insoluble dust. Precipitation with 
animonium sulphate regularly yielded a considerably smaller amount 
of protein than treabnent with alcohol, the mean amount obtained 
witl! the former precipitant being only 0·3 per cent. The obvious 
assumption that in spite of its deeper colour this substance was more 
highly purified, was confirmed by biological tests on Man and animals 
(see pages 35, 43). Precipitation with =onium sulphate was origi­
nally carried out in two stages, first by half-saturation to obtain 
the globulins, then by complete saturation for the albumins. The 
proportion of albumin to globulin was inconstant, denoting that this 
method was too rough for the purpose ; usually the ratio was as 1 : 2. 

Since Wells and Osborne (1911) had reported on the presence of 
alcohol-soluble proteins in various cereal seeds (but never in other 
seeds), the alcoholic solution of cotton dust was repeatedly examined 
for such soluble proteins. The result in every case was negative. 
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The detailed chemical separation and purification of the various 

fractions described is a very difficult problem, requiring highly expert 
knowledge of organic chemistry which the writer does not possess. 
Mr. Ernest Haworth has been awarded the Dr. Angus Smith Scholar­
ship of this university for the purpose of carrying on this study. 

D. THE PREPARATION OF SPECIMENS FOR 
BIOLOGICAL TESTS 

For biological tests a stock of several grammes of the dried pro­
tein has been prepared. In order to obtain sterile material from the 
very badly contaminated cotton dust the attempt was at first made 
to filter the protein solutions through Berkefeld or Seitz filters. 
Unfortunately, the dried protein, when emulsified with normal 
saline solution in an agate mortar, dissolves incompletely, and the 
resulting suspension forms a thick, viscid layer on the surface of the 
filter, thus causing a great quantitative and probably qualitative 
loss. The method ultimately adopted was the following : The dust 
was freed from its waxy constituents with petroleum ether ; alcoholic 
extraction was dispensed with so as not unduly to denaturate the 
protein. Thorough extraction was then performed with Coca's 
solution, the liquid was centrifuged, and filtered, successively, 
through paper, a Seitz " clearing " disk, and a Seitz bacterial filter 
disk. It was thus possible to remove the ultra-fine dust particles 
present in the suspension so far as not to interfere with the fine 
filtration through the last membrane. The whole process of graded 
filtration was accomplished within a day, the last filtration lasted 
only a few hours ; hence there was little danger of the loss of active 
material by adsorption. The subsequent precipitation with ammo­
nium sulphate and dialysis were carried out under sterile precautions, 
the salt being sterilized in the hot-air oven. 

In view of the presence of considerable a~ounts of hi?tamine in t~e 
raw cotton dust it was necessary to ensure 1ts absence m the protem. 
It -:vas found by biological tests that 1 pc;r ce~t. solutions of the 
vanous protein fractions were free from histamme. Actually, the 
solutions employed in allergy tests (page 47) were far weaker­
} : 10,000 to 1 : 100,000, and the reactions produ~ed by them ~ave 
an entirely different appearance from that of histamme reactions 
(page 47). 
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PART H.-BIOLOGICAL INVESTIGATIONS 
A. ANIMAL EXPERIMENTS 

1. THE HISTAMINE PROBLEM 

By 
A. D. Macdonald and C. Prausnitz. 

The presence of histamine-like substances in cotton dust was first 
demonstrated by the investigations of Maitland, Heap and Mac­
donald (1932). The amount of active substance was seen to vary 
with different bulk samples and with different fractions of one 
sample which had been graded according to the size of the dust 
particles. 

A further investigation was carried out by Macdonald and Maitland 
(1934) with two samples of Shirley cage dust from a TexasandArgentine 
mixing. The mean amount of histamine estimated in each of them 
was 0·02 to 0·04 mg. per 100 g. of dust, and in each sample the finer 
dust fractions were proportionately richer in it than the coarser 
ones. They also examined a sample of coir (Algerian coconut fibre) 
dust and esparto-grass dust ; the coir dust gave only a weak reaction, 
the esparto-grass an even weaker one. 

The method employed in their investigations was Soxhlet extrac­
tion, first with ether, then with absolute alcohol, and lastly water. 
Previously only the alcoholic extract had given the histamine 
reactions, but in the second series they obtained a slight reaction with 
the ether extract. In the present investigation the Soxhlet method 
was not used as it was desired to examine larger samples and to 
obtain, as it were, a cross-section of the whole bulk of the dust. 
Wherever possible, the sample was passed through the shaker sieve, 
chief attention being given to the fine dust which was extracted in 
the stirring machine. Where it was not possible to liberate sufficient 
dust by shaking the sample, owing to its thickly matted, felted 
character, 50 g. of the whole material were placed in one-litre gas 
jars, soaked with the extracting liquid and repeatedly stirred. After 
two preliminary extractions with petroleum ether (B.P. 40-60° C.) 
the material was dried and twice extracted with acidulated alcohol ; 
the total time of alcohol extraction was 2-3 days. The filtered 
alcoholic extract was distilled down to a small volume at 40-50° C. 
under a reduced pressure ; the residue in the distillation flask was 
then evaporated almost to dryness on the water bath, stirred with 
10 c.c. of distilled water, and filtered. The liquid was kept in the 
refrigerator until the time of testing-normally 2 or 3 days, but even 
after several weeks' storage no loss of activity was demonstrable. 
Immediately before injection into the animal the material was 
neutralized. 

The routine biological tests consisted in the intravenous injection 
to cats completely anaesthetized with chloralose. If a typical depressor 
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FIG. 5.-Blood preosurc curve in chloralosed male cat, weight 3kg. 17.5.34. 
The reactions, read from left to right, were the result of intravenous 

injections of the following substances: Alcoholic extract of cotton dust; 
0·002 mg. histamine; 0·002 mg. histamine; alcoholic extract of delinted 
Russian cotton seed ; alcoholic extract of barley dust. 
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effectw~sfou~d, the tests were ;epeated afterinjection of 1 mg. atropine. 
As the mtenstty of the reaction tends to vary with individual cats 
control injections were performed in each instance with graded 
amounts of pure histamine (ergamine acid phosphate of Messrs. 
Burroughs, Wellcome and Co.). A specimen curve obtained in this 
manner is shown in Fig. 5. The animals were killed inlmediately 
after each experiment. 

In one series the results of the intravenous injection were controlled 
on a strip of eat's intestine suspended in Ringer's solution to which 
the various test substances were added. The results obtained with the 
two methods were in close agreement. 

The results of the tests performed with cotton dust samples are 
given in the following table. 

TABLE V 
Histamine Content of Cotton Dust 

N. American, • Opener 
Cardroom, taker-in .. 
Under carding machine .. 
Cardstripping waste 

Egyptian, Opener 
Scutcher .. 

, Cardroom, taker-in 
W. Indian, • . Opener + Scutcher 
N. American + Argentine, Shirley Cage 

0·006 mg. per 100 g. 
0·012 
0·006 
0·012 
0·008 
0·012 
0·012 
0·0015 
0·006 

Although certain quantitative differences were therefore observed, 
there appears to be no doubt that a substance of histamine-like 
character is regularly present in cotton dust. 

The next question was concerned with its origin. As microscopical 
examination shows the dust to be derived mainly from the seed 
husks and fibres, these were obtained from a number of different 
specimens of cotton seed and examined separately. The speci­
mens were kindly supplied by Mr. J. W. Pearson, Managing Director, 
The British Oil and Cake Mills, Ltd., London. In one case the husks 
and kernels were examined individually. The seeds were split 
longitudinally and the kernels extracted with the point of a needle. 
In some cases the "linters ", i.e., the raw fibres as they had been 
removed from the seed in the ginning process, were also examined. 
The kernels were ground in a seed mill and stirred. in t~e ~a~hine, 
the husks and linters were soaked with the extractmg liquid m gas 
jars. The results are summarized in Table VI. 

The results of these tests appear to prove conclusively that t~e 
histamine-like substance present in cotton dust is already present m 
the original cotton seed, both the husks and kernels. The small 
amount found in the linters may possibly be accoun~ed for by 
assuming them to have been contaminated in the ginnmg process 
with fragments of husks. Actually, of course, the linters examined 
are nothing but samples taken from the raw cotton bales ~d the.re­
fore still containing the cotton dust. By contrast, no h!Stamme 
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reaction was obtained with extracts of the cardroom "sliver ", i.e., 
the cotton which had undergone its final purification by removal of 
all the dust in the carding process, preparatory to its subjection to 
spinning. 

TABLE VI 
Histamine Content of Cotton Seed 

Egyptian, black, delinted 
kernels 

, , husks 
East African, delinted seed .. 

, linters .. 
West African, delinted seed .. 

, linters .. 
Uganda, delinted seed 

.. linters 
Indian, delinted seed .. 

, linters •• 
Russian, delinted seed 

, linters 
Cardroom sliver 

0·003 mg. per 100 g. 
0·0025 
0·0015 
0·01 
0·02 
0·005 
0·005 
0·006 
trace 
0·012 
0·005 
0·003 
0·003 
nil. 

At an earlier stage of this investigation, before the presence of 
histamine in the original cotton seed was known, the working 
hypothesis was also considered that histamine might be formed in 
the cotton dust by the action of moulds during transit. Cotton 
always contains considerable numbers of mould spores, and cotton 
bales are always found to have an appreciable content of moisture. 
This is partly due to the hygroscopic nature of cotton fibre and 
dust. In addition, however, the cotton is often artificially moistened 
after ginning and before it is pressed. During transit from the 
ginnery to the port of shipment a little moisture may be lost, and 
this is often made up for by further humidification. On board ship 
no loss of water is likely to occur. 

The amount of water allowed in Egyptian cotton by the importers 
is 8 ·5 per cent. ; higher humidity occurs not infrequently, any 
excess being calculated on the price of the cotton. The average 
moisture content of bales arriving in this country may be taken to be 
between 8 and 9 per cent. It has been shown by Balls that at the 
periphery of the bale the humidity changes from day to day with 
that of the surrounding atmosphere ; it may vary between 2 and 
20 per cent. But the central portions of the bale undergo only slow, 
long-period changes. 

Considering the facts that the bales are always more or less moist, 
that there are plenty of mould spores present, and that there is a 
large amount of organic dust open to attack by them, the questions 
had to be studied (1) whether the moulds found in cotton dust 
could grow under such conditions, and (2) whether they were able 
to produce substances of a histamine-like character. 
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From the stock sample of cotton dust several species of moulds 

present in ~airly large numbers were isolated. They were, in the 
order of their freque~cy, a Muc'?'"., ~black Aspergillus, a bluish-grey 
Aspergtllus, two species of Pemetlltum and a further species, No. 7, 
which was not identified. All the cultures grew luxuriantly on 
malt-agar. As there was reason to believe that fairly anaerobic 
conditions exist in the interior portions of the bales, the possibility 
of their development under such conditions was tested. Malt-agar 
plates, inoculated with the various strains, were placed in the 
anaerobic jar, which was evacuated and filled with mixtures of 
hydrogen and air at various percentages ; the bottom of the jar was 
filled with a little water to give sufficient moisture for the develop­
ment of the moulds. In a mixture of I part of air and 9 parts of 
hydrogen Mucor and mould Nr. 7 grew poorly, the others not at all. 
In a mixture of I part of air and 7 parts of hydrogen Mucor, mould 
No. 7 and one Penicillium strain showed a moderate, the other 
strains rather poor growth. 

In a further set of experiments half-ounce ointment tins were 
filled to the brim with fine cotton dust, sterilized in the hot-air 
oven for 2 hours at I40° C., and dried in the desiccator. Sterile 
normal saline solution was added to the dust in each tin in varying 
amounts, so as to make up a moisture content of 5, IO, 15, and 20 per 
cent. respectively. The moist surfaces of the dust were inoculated 
respectively with pure culture material of the different strains of 
moulds; the tins were hermetically sealed with their covers and strips 
of adhesive plaster. After 9 days' incubation at 37° C. the 20 per 
cent. tins showed a luxuriant growth of Mucor and both species of 
Aspergillus, whilst the other moulds had ouly grown poorly. The 
15 per cent. tins showed a scanty growth of the black Aspergillus, 
none with the other strains. Tbe tins containing smaller amounts of 
water gave no growth. Subsequent incubation at room temperature 
gave the same results. 
. Although, therefore, the possibility of the development o.f moulds 
m the interior of the bales was hardly probable, the question as to 
their power of producing histamine was investi.gated. One-litre 
flasks containing 400 c.c. of Czapek-Dox's medium (Glucose 50, 
NaN03 2, KH2PO, I, KCl 0·5, MgS04 .7H.0 0·5, FeS0,.7H.0 
0·01, H 20 1,000) and 5g. finely sieved. cotton d?st were auto­
claved and inoculated, respectively, With the d1fferent mould 
cultures. All but mould No. 7 grew very well, the latter moderately. 
After 10 days' incubation the fluid contents of each flask were drawn 
off, slightly acidified to prevent decomposition of any histamine 
present, most of the water was distilled off in a vacuum, ~nd further 
treatment carried out as described previously for the res~due of the 
alcoholic extracts. A control flask of uninoculated Czap~k-Do?''s 
medium was treated in like manner. In every case the h1sta~me 
reaction was negative. It appeared, therefore, tha.t even the shght 
amounts of histamine present in the added dust had e1ther been bro~en 
down by the moulds or, more probably, destroyed by the autoclavmg. 
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The result of this series of experiments appears finally to disprove 
the possibility that moulds commonly present in cotton dust have 
any connexion with its histamine content. 

In continuation of the earlier investigations by Macdonald and 
Maitland fresh samples of coir dust and esparto-grass dust were 
obtained and treated in the same way as cotton dust. Coir dust 
contained about 0·0015 mg. per 100 g. dust, whilst esparto-grass 
dust contained as much as 0·005 mg. 

Since respiratory affections somewhat resembling those seen in 
cotton operatives had been observed rather frequently in maltsters, 
Dr. J. C. Bridge, H.M. Senior Medical Inspector of Factories, 
suggested examination of malt dust for histarnlll.e. Dr. A. N. Currie, 
H.M. Medical Inspector of Factories, Glasgow, kindly supplied various 
samples of such dust. The samples were examined in the manner 
previously described ; the results are given in the following table. 

TABLE VII 
Histamine Content of Barley and Malt Dust 

Whole Barley, Czechoslovakian. 0·004 mg. per 100 g. 
do. Californian nil. 
do. Scottish trace. 

Barley dust from screens 0·002-0·008 mg. per 
100 g. 

Malt dust from screens (2 factories). . nil. 

These results prove that a histamine-like substance is present in 
barley dust at similar orders of magnitude as in cotton dust. Its 
absence in malt dust is explained by the conditions of heat and 
moisture under which malt is produced from barley; these·conditions 
acting in a slightly alkaline medium would suffice to destroy histamine 
effectually. 

As a control to the examination of various vegetable dusts, 
Dr. S. A. Henry, H.M. Medical Inspector of Factories, suggested 
extending the inve~tigation to wool dust. Through the courtesy of 
the Manager of Messrs. Paton and Baldwins, Ltd., Wyvern Mills, 
Melton Mowbray, two samples of wool dust were obtained and 
examined in the routine manner. Microscopically, the fibres present 
in each sample were pure animal hair, no trace of cotton fibre was 
found. The following results were obtained. 

TABLE VIII 
Histamine Content of Wool Dust 

Wool dust, fettling waste = or < 0·001 mg. per 100 g. 

Wool dust, opening machine= or< 0·002 

Conclusions.-It has thus been possible to demonstrate a substance 
or substances showing the characteristic biological reaction of 
histamine in various vegetable and certain animal dusts. Whether 
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the ac~ive substance actually. i~ histamine has not as yet been 
deternuned. Very large quantities of dust have to be extracted in 
order to obtain sufficient material for chemical analysis, and this has 
not, so far, been possible. With regard to cotton dust experiments 
in this direction are being carried out with the assistance of Mr. 
Ernest Haworth (see page 25). 

The question as to the causal relations between histamine and the 
respiratory disease of cotton operatives will be discussed in a later 
section (see page 54). 

2. INHALATION EXPERIMENTS WITH WHOLE COTTON DUST 

The object of this series of experiments was to reproduce in the 
animal the effects caused in man by prolonged inhalation of cotton 
dust. It will be recalled that in the operatives respiratory· changes 
are not usually noticeable before they have passed through ten to 
twenty or more years' work in the cardroom. In view of the short 
life-time of experimental animals and the .necessity of obtaining 
concrete results within a limited time, the conditions of the experi­
ment had to be considerably intensified. A further difficulty con­
sists in the fact that, as compared with man, all experimental 
animals possess noses far more highly developed and far better 
suited to filter off the dust from the air before it reaches the deeper 
air-passages. 

It was decided to use guinea-pigs for the investigation; owing to 
their small size it is possible to subject a fair number of them to the 
same conditions, and, in addition, this animal is best used in any 
anaphylaxis experiments. In an attempt to induce mouth-breathing 
the guinea-pigs' noses were covered with strips of adhesive plaster 
or cotton wool soaked with mastisol during their stay in the dust­
laden air. They soon learned, however, to scratch ~e material 
away, -and therefore it was necessary to renew the covenng at short 
intervals. It is doubtful for how much of the whole time of exposure 
to the dust the nose was completely occluded, but there is no doubt 
that some oral respiration was actually induced by t~ m~. . 

. The dust-cage consisted of a box, 18 in. long, 12 m. Wid.e, 8 m. 
high. The two long sides were made of glass. Each short SI~e was 
fitted with a i in. brass tube, one for admitting the dus~y rur, the 
other for carrying it away; the latter was plugged With cotton 
wool to remove the dust from the air passing into the !aboratory. 
The bottom of the cage was fitted with a removable tm plate on 
which the excrementa were collected. The upper edges of the four 
side walls ended in a tin gutter, ! in. wide and i in. deep, whic_h 
Was filled with liquid paraffin. The cover of the cage was loose ; . 1t 
consisted of a plate of sheet metal, on the lower surface of which 
Was fixed a ! in. ridge, which dipped into the; p~affin when the 
cover was placed on the box. This afforded an arr-tight seal. As the 
~als tended to huddle together in one corner of the cage, the 
IDSide was divided into three compartments by transverse plates of 
perforated zinc. Six animals at a time were exposed to the dust. 
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By means of a small electrically drive_n " AKO " blower ai~ ~as . 
driven in a steady current through a two-htre Wulff bottle contammg 
the finely sieved cotton dust, and thence into the cage. The amount 
of air blown through the cage was about 25 cubic feet per hour, the 
amount of dust carried with it, apart from unavoidable losses in the 
connecting tubes, was about 5 g. per hour. The Wulff bottle was 
kept constantly agitated to prevent clumping of the dust. The 
bottle was held by four steel springs, fitted to a brass collar on 
its neck, in a recess in the horizontal plate of an L-shaped bracket. 
The upper end of the bracket could rotate to-and-fro in a nutatory 
manner by means of a pin-and-hole hinge. The lower. end of the 
vertical plate was fitted with a steel plate kept in touch. with a 
revolving cam by means of a strong spiral spring which pulled the 
horizontal plate of the bracket towards the bench. The cam revolved 
at the rate of 50 r.p.m.; when its point touched the steel plate, the 
Wulff bottle was tilted, and when it passed the plate, the spring 
drew the bottle down again with a smart jerk* (Fig. 4, page 21). 

In this manner 40 guinea-pigs were treated for 3--4 hours every 
weekday. The majority of the animals appeared to remain in good 
health, although at the end of each day's dusting they were thickly 
coated with dust. Their weight increased steadily and rapidly. 
Some of them, when placed in the cage, sneezed and coughed a little, 
but all soon got used to the treatment and appeared not to mind it. 
When taken out of the cage they usually breathed rapidly, but their 
first response on returning to their proper cages was to feed raven­
ously. In a few the fur grew patchy and some bald spots developed, 
but in the majority no changes of the skin occurred. Some of them 
developed a little local eczema in consequence of the plastering-up 
of their noses, but this cleared up rapidly after the plaster had been 
left off for a few days. 

A few animals died- intercurrently, one of Gaertner infection, 
which was prevalent in the laboratory at the time, and three of 
pneumonia (1 after 14, 1 after 16, 1 after 30 weeks). Three more 
animals died intercurrently without any noticeable post-mortem 
changes (1 after 2!, 1 after 3, and 1 after 8 weeks). The remain­
ing animals were killed after varying intervals ranging from 3 to 
36 weeks. 

All the animals killed after at least two months' dusting showed 
pronounced macroscopical changes of the lungs. The pleural surface 
had remained smooth and glistening, but it was more or less deeply 
pitted and had a peculiar mottled greyish-black colour. This was 
particularly marked in animals which had been killed by cutting the 
throat : in controls the lungs were uniformly pale white, whilst in 
the dusted animals the greyish-bl<1-ck spots were in strong contrast 
to the white colour of the remainder of the lung. These changes 
are shown in Figs. 6 and 7. Usually, the discolouration was greatest 
along the lower and anterior borders of the middle and inferior lobes. 

• The blower was supplied by the Scientific Glass-Blowing Co. ; the shaker 
was constructed by Messrs. Baskerville and Lindsay. 



Ftc. 6.-Lung of dusted guinea-pig, 
showing black spots on the surface. 

FIG. 7 .-Lung of another dusted 
guinea-pig, showing cicatricia l 

retraction of lung surface. 



IN THE COTTON INDUSTRY 33 

For histological examination the lungs were very gently inflated 
with fixing solution according to the technique employed by Shaw 
Dunn and Sheehan in their post-mortem examinations of deceased 
cardroom workers (see Fig. 8). Heart and lungs were removed 
together, and a cannula was tied into the trachea. The cannula was 
attached by a short piece of rubber tubing to the lower end of a 
funnel which projected through one opening of a two-hole rubber 
bung fitted into a wide-mouthed bottle. Through the other hole of 
the bung a glass. tube passed down to the bottom of the bottle, its 
other end being connected by a yard of rubber tubing with the 
opening of an aspirator bottle containing 10 per cent. formol saline 
solution. The funnel was filled with the same solution to a height 
of 4 em. Before the stopper was fitted tightly into the bottle, the 

FIG. B.-Apparatus used for filling the lungs with the fixing solution. 

aspirator was raised and some of the solution allowed to run int? t~e 
?ottle. Then the stopper was pressed home, and the head of !1qmd 
m the aspirator was allowed to compress the lungs for about a mmute. 
After that the aspirator was lowered 2 ft. below th~ bottl~, thus 
producing a gentle suction upon the lungs a;td dra~g a little. of 
the solution out of the funnel into the bronchi. SuctiOn was earned 
out for a few seconds only, so as not to produce artifi.cial emp?ysemnd 
Then the organs were removed, placed in formol-saline solution, a 
subsequently embedded in paraffin. 

The changes produced by inhalation of the dust were vel)' P~C?­
nounced. In a normal animal sections of the lung _fixed m t IS 
manner show a typical reticulated appearance ; the ~ter-alve?lar 
walls are delicate and thin. Such a section looks rath~r like a stnng­
bag. In the dusted animals the early changes, appeanng after about ,. 

f31Z?~'i) 
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a month consisted in scattered peribronchial nodules. Soon after, 
the nod~les spread and coalesced, forming a peculiar thick network 
of the lung tissue. Instead of the string-bag appearance there now 
was that of a section through a thick rubber sponge. The alveoli, 
on the whole, remained patent in most of the animals, but there w~ 
a great thickening of the alveolar walls. This appeared to be due m 
part to oedema, in part to infiltration with leucocytes and dust-cells. 
In the animals which had been dusted for 6 months or more prac­
tically the entire lungs had undergone this change. In addition, 
localized patches of chronic pneumonia were found in some of the 
animals, although during their life-time pronounced signs of illness 
had not been observed. Under a higher magnification the thickened 
alveolar walls were found to contain a large number of polymor­
phonuclear leucocytes, very many dust particles, and a small or 
moderate number of dust-cells. Only slight and doubtful traces of 
fibrosis were seen in Mallory-stained sections; probably, time had 
been too short for it to develop. The changes are illustrated by the 
Figures No. 9-14. 

In order to determine whether the changes were specific for the 
dust employed, and whether histamine played any part in them, 
three control experiments were undertaken with an inert dust. 
Unfortunately, no vegetable dust which was free from histamine 
could be found. It was therefore decided to employ french chalk, 
which is also very fine and easily dispersed by currents of air. The 
dusting apparatus was arranged so that the blower, which had 
several nozzles, was attached to three dl.isting bottles and thre€ 
cages of the pattern previously described ; one of the bottles con· 
tained french chalk, the other french chalk + 1 : 100,000 histamine 
the third finely sieved cotton dust. Six guinea-pigs, 200-300 g. ir 
weight, were used in each of the three series; one of the frend 
chalk and one of ·the french chalk + histamine animals died inter· 
currently. The rest were killed after 3 to 4 months. Ir 
all the six dust animals the changes previously described wen 
found ; in four of them they were very extensive. In th1 
french chalk animals, one out of five showed a little thickenint 
of the inter-alveolar walls around the edge of the lower lobes ; th1 
other fcur animals of the series were normal. In the animals, treatec 
with french chalk + histamine, two out of five showed slight change: 
of a similar nature, the other three were normal. It is thus eviden· 
that even the inhalation of an inert dust may in time lead to som1 
changes of the type described ; there is not sufficient evidence fron 
the small number of animals to show whether histamine may intensifJ 
these changes slightly. But there is no doubt that by far the mos1 
marked changes are produced by the cotton dust. Although i1 
would therefore not be justified to look upon the changes observed ir 
the guinea-pigs treated with cotton dust as purely specific, th1 
experiments here outlined demonstrate that cotton dust has a grea. 
puwer of penetrating into the deepest parts of the lungs and of producinl 
itl them very extensive £rritative cha1tj!es. 
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FIG. 9.-5ection of normal guinea-pig's lung.-(a) X 30 ; (b) X '250. 



(a) (b) 
FIG. 10.-Section of dusted guinea-pig's lung. Eaily stage : several peribronchial nodules.-(a} X 30 ; 

(b) X 250. 



w ~ 
F1a. 11.--Section of dusted guinea-pig"s lung. Later stage: pronounced thickening of inter-alveolar 

,..,.us around peribronchial nodule.-(a) x 30 ; (b) X 250. 



(a) (h) (c) 
FIG. 12.-Section of dusted guinea-pig's lung. Fina l stage: thickening of inter-alveola r walls throughout the lung ; some pa tches 
of chronic lobular pneumonia. Animal clinically in good health and increasing steadily in weight.-(a) x 30; (b) x 250; (c) X 2,000, 

showing dust cells and some dust particles . 
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Fie. I .of. Same section u in fie. 12. 
Infiltration of alveolar walls with numerous cells, 

countless dust particles, and some dun cells. 
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FIG. 15.-Section of the skin of a normal rabbit 
at the site of intradermal injection of phenol-saline 
solution, removed on the day after injection, X 50 . 

(a) (b) 1 
FIG. !G.-Section of the skin of the same rabbit at the site of intradertlla 
injection of cot~on dust protein solution 1 : 100, removed on the day after 
lDJecbon, showmg extensive leucocytic infiltration.- (a) X 50 ; (b) X 250. 



IN THE COTTON INDUSTRY 35 

3. EXPERIMENTS WITH COTTON DUST PROTEIN 

(a) Intradermal Injection 

The changes observed in the lungs of guinea-pigs after prolonged 
inhalation of cotton dust gave rise to the question whether they 
could have been due to the protein constituents. Intradermal injec­

-tion of small quantities of the protein were found to produce charac­
teristic changes in the rabbit, the guinea-pig, and in Man (for the 
latter, see page 45). Two albino guinea-pigs were epilated on the 
abdomen ; on the following day they received the following intra-
dermal injections, viz. :- . : . 

(1) 0 ·1 c. c. cotton dust protein, ammonium sulphate precipi­
tate, 1 : 100; 

(2) 0 ·1 c. c. cotton dust protein, ammonium sulphate precipitate, 
1: 1,000; 

(3) 0 ·1 c. c. cotton dust protein, alcoholic precipitate, 1 : 100; 
(4) 0 ·1 c. c. cotton dust protein, alcoholic precipitate, 1 : 1,000; 
(5) 0 ·1 c.c. normal saline. 

On the following day No.5 showed nothing apart from the site of the 
prick, Nos. 3 and 4 an indistinct localized blurring of the skin con­
tours. The site of No. 1 was marked by a distinct, firm, pink papule, 
5 X 6 mm. in diameter; No. 2 was similar, but only 3 mm. in 
diameter. 

A black and white rabbit was injected in like manner into the 
white portions of its skin with solutions 1, 2 and 5 ; the results were 
the same as in the guinea-pigs. . 

The histological changes were very characteristic : The s1te of 
injection of protein 1 : 100 showed a dense infiltration of polymor­
phonuclear leucocytes, that of protein 1 : 1,000 a less intense, ~ut 
still very pronounced reaction of the same type ; the normal saline 
control presented no changes apart from a few scatter~d leucocyte~. 
The changes were, if anything, a little more intense m the rabbit 
than in the guinea-pigs (see Figs. 15, 16). As will subsequently be 
describe'd,the changes observed in Man are of the same nature. 

(b) Intravascular Injection 
As a control to the anaphylaxis experiments described su_bse­

quently (see page 36), several normal guinea-pigs were g1ven 
parenteral injections of cotton dust protein. Subcutane?us and 
mtraperitoneal injections caused no noticeable chang~, ~ut _m a few 
of the animals injected intracardially definite signs of 1rntation were 
observed. 

Guinea-pig No. 23.--{)·005 g. protein intracardially. I m~.: runs about 
excitedly. 2 min. : shivering, hunched up, chewing. resp•rabon accelerated. 
4 nun. : recovered. Found dead next morning. P~st-mortem: Extenslv~ 
subcutaneous congestion 5 c c bloody fluid in pentoneal cavity, adrena 
glands dark red, lungs poorly- retracted, very pale. Cultures from lungs, 
spice~ and liver sterile. _ . 

Gu!nea-pig No. 24.-Same treatment. 2 min. : shiv~rmg, huddled up, 
restless, fur ruffled, eyes half-closed. 3 min. : respiratwn about !10 per 
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minute, irregular, sometimes gasping. 5 min. : recovering ; a few chewing 
movements. 12 min. : slight dyspnoea, wh1ch soon afterwards passes off. 

Guinea-pig No. 39.-0·04 g. cotton dust protein, albumin fraction. No 
immediate sigus. Found dead on second day : Bronchopneumoma. This 
was probably not caused by the injection, as a few cases occurred in other 
animals at that time. 

Guinea-pig No. 4!.-0·04 g. cotton dust protein, albumin fraction. I min.: 
Three definite convulsions, otherwise normal. 

Five other guinea-pigs injected with 0·01, 0·04, and 0·05 g. of cotton dust 
albumin respectively remained entirely normal. . 

Injection of the separated globulin. was rath.er difficult, as th.e substance 
is very hard to emulsify. A few ammals which showed certam traces of 
convulsions and dyspnoea can not be cited as proof of the toxic nature of the 
substance, since these changes may have been due to embolism. 

It is thus seen that even a single intravascular injection produced 
a slight shock in two and a fatal shock in one animal, whilst five 
animals showed no signs whatever. The guinea-pig which died of 
bronchopneumonia should probably be left out of consideration. 

This result is in contrast to the experiments related in the next 
section, where re-injection without exception led to definite shock. 

(c) Anaphylaxis Experiments 
The first series of tests was performed on animals which had been 

sensitized by one intraperitoneal or intracardial injection with cotton 
dust protein. The results are given as follows :-

Guinea-pig No. 4.-0·005 g. cotton dust protein intraperitoneally. 77 days 
later 0 ·01 g. of the same protein intracardially. Result : 1 min : Chewmg 
movements, scratches nose, slight dyspnoea lasting until the tenth minute. 
After that normal. 

Crl<inea-pig No. 24.-0·00Sg. cotton dust protein intracardially. 27 days 
later 0 · 025 g. sa':"e protein intracardially. Result: I min. : Shivering, slight 
dyspnoea. 2 mm. : Jerky respiration. 3 min. : One convulsion, chewmg 
movements, p~onounced dyspnoea (flank breathing). 6 min. : Apparently 
normal .. 31 mm. : Huddled up, respiration 120 per minute, jerky. 4 hours: 
Resp1rabon laboured. Died in the night. Post-mortem: Moderate congestion 
of ~u bcutaneous tiss1:1e a~d . so~e intestinal loops. Lungs very oedematous, 
a little haemorrhagtc liqmd m both pleural cavities. _ 

Gutnea-pzg No. 48.-0 ·02 g. cotton dust albumin intraperitoneally. o_7 
days later 0 ·05 g. of the same substance intracardially. Result : Immedl­
at~ly afterwards continuous twitching of the whole body lasting for a 
mmute. Durmg the ·next 2 minutes occasional twitching, coat ruffled. 
some dyspnoea. Rhythmic spasms in muscles of thorax and limbs last for 
about an hour longer. Recovered. 

Guinea-pig No. 49.-0·02 g. cotton dust intraperitoneally. 57 days later 
0·01 g. of th~ same substance intracardially. Result: 2 min.: Chewmg 
movements, slight dyspnoea. 8 min. : Recovered. 

In the ~allowing animals, which also responded to re-injection of 
the protem by_ mo~e or less marked shock, a third injection was 
subsequen~ly giVen m order to test for anti-anaphylaxis. 

Guzn~a-P_:g No. 26.:-:First injection : 0 ·005 g. protein subcutaneously: 
Result · nil. (>econd tnJectton : Intracardially after an interval of 71 days· 
0·01 g. albumm. Result: I min.: Lies on its side. 2 min.: Repeated 
short spasms, considerable dyspnoea. 3 min. : Very weak. 4 min. : Head 
twttches. 5 mm .. : Very weak and dyspnoeic, coat ruffied, hind quarters 
depressed. 19 mm. : Dyspnoea, repeated scratching of the sides of cage. 
23 mm. : Recovering. Next day: Normal. Third injection (interval of 
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2 days) : 0 ·05 g. albumin intracardially. Result: 1 min. : Twitching and 
moderate dyspnoea, lasting for 2 minutes. 4 min. : Respiration wheezy. 
10 min. : Recovered. 

Guinea-pig No. 27.-First injection: 0·01 g. protein subcutaneously, 
Result: nil. Second injection (after an interval of 71 days) : 0 ·06 g. albumin 
intracardially. Result: Immediately afterwards convulsions of the whole 
body, lasting for 15 seconds, repeated sneezing. 3 min. : Lies on its side, 
limbs stretched out, breathing laboured, occasional clonic convulsions, 
some pawing movements of hind legs. 5 min. : Turns over on other side, 
still occasional twitching. 7 min. : Tries to right itself, still dyspnoeic, 
scratches nose. 8 min. : Better, but still dyspnoeic. 15 min. : Recovered. 
Third injection (after an interval of 12 days) : 0 ·05 g. albumin intracardially. 
Result: 2 min.: Convulsions. 4 min.: Jerky respiration, marked dyspnoea. 
5 min. : Lies flat on its side, convulsi_ons, very weak. 6 min. : Tries to 
right itself. 8 min. : Still weak, rolls on to its side, tries to sit up again, 
considerable dyspnoea. II min. : Almost normal. 12 min.: Recovered. 

Guinea-pig No. 28.-First injection: 0·005 g. protein intraperitoneally. 
No immediate consequences. Next day: Hunched up, shivering. Second 
day: Normal. Second injection : (after interval of 71 days) : 0 ·02 g. 
albumin intracardially. Result : I min. : Severe convulsions, lasting for 
5 minutes, a few minutes afterwards recovered. Third injection (after I day's 
interval) : 0 ·05 g. albumin intracardially. Result: I min. : Moderate spasms 
at intervals of a second or two. 2 min.: Spasms still frequent, intense 
dyspnoea. 8 min. : Still occasional slight twitching, weak and dyspnoeic. 
I hour : Recovered. 

Guinea-pig No. 29.-First injection: 0·01 g. protein intraperitoneally. 
Result : Next day : Hunched up, shivering, coat shaggy. Second daJ' : 
~ormal. Second injection (after interval of 71 days): .0·05 g. albumm 
Intracardially. Result: 2 min. : Marked dyspnoea, shivenng. 4 mm. : 
Scratches nose once. Recovered. Third injection (after interval of 4 hours) : 
0·05 g. albumin intracardially. Immediately afterwards, a few severe 
c?nvulsions. 7 min. : A few slight twitchings, dyspnoea. 8 ~in. : Con­
tJn~ous twitching of the ears, occasional jerky movements, breathing wheezy. 
9 nun. : Unchanged. Within the next few minutes rap1d return to normal. 

The·~esults of the foregoing three sets of experiments a~e not.quite 
conclusiVe. Nevertheless it should be noted that a smgle mtra­
vascular !njection in pre~ously untreate~ guinea-:pigs (seri.es (b) ) 
caused mild shock in two and fatal shock m one aruma!, whilst five 
others showed no symptoms. But in series (c) all the animals which 
were re-injected intravascularly suffered from more .or .les~ pro­
nounced shock. The last four animals provide some md1cahon of 
the occurrence of anti-anaphylaxis ; the third injection produced 
as severe reactions as the second if the two were separa tc;d ~y .sev~ral 
days, but the shorter the interval between second and th1rd tnjectwn, 
the less severe were the consequences of the latter. 

The cause of death or ·shock after a single injection has not been 
determined. But it appears noteworthy that in. vitro cotton dust 
prot.ein solutions cause no haemolysis and ev:n m ;;t!ong concen­
tratiOn only a trace of agglutination of gumea-p1~ s red bloo1 
~orpuscles. In conjunction with the previously descnbed resu_lts 0 

Intradermal injection such occurrences, even though only occaswnal, 
deserve serious consideration." . ot 

Although, therefore, the results of these experun~nts .are t~at 
abs?lutely typical of anaphylaxis, it should be borne ~ mmd bl 
tyPical anaphylaxis in guinea-pigs is not always seen With vegeta e 
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proteins. This has been specially shown by the experiments of 
Wells and Osborne (1911) on the differentiation of vegetable proteins 
by the anaphylactic method. For this reason, the resu~~ of 
anaphylaxis experiments in guinea-pigs which had _been se?s1tlzed 
only by prolonged inhalation of cotton dust are particularly Import­
ant. These tests were performed on 10 animals, of which 3 had been 
dusted for 4 weeks, 2 for 26 weeks and 5 for 36 weeks. The injections 
were given intracardially 4 days after the last inhalation. The con­
sequences in 2 were mild and doubtful, but 8 showed pronounced 
anaphylactic shock, and 2 of them died. As ~pecimens of each type 
of reaction the following cases are described. 

Guinea-Pig No. 60.-Sensitized by 36 weeks' dusting. Injection, intra­
cardially, 0·01 g. cotton dust protein. Result: I min.: Chewing movements, 
dyspnoea, " Roman nose , . 2 min. : Defaecation, slight twitching. ~ m~n. : 
Slight fit of trembling, continuous defaecation. 4 min. : Severe shivenng. 
15 min. : Lies on its side. 20 min. : Recovered. 

Guinea-Pig No. 54.-Same treatment as No. 60. Result: 30 sees.: Rubs 
nose. 1 min. : Convulsions. 2 min. : Lies on its side, respiration spasmod1c. 
3 min. : Tries to right itself, falls back again. 4 min. : Raises itself on fore­
legs, hindlegs extended flat. 6 min. : Recovered. 2 hours later : Con­
tinuous shivering and twitching; lies down, gets up again, recovers for a time. 
Twitching continues at intervals throughout the afternoon. Next day : 
Perfectly well. 

Guinea-Pig No. 7.-Sensitized by 4 weeks' dusting. Injection, intra­
cardially, 0·01 g. protein. Result: 2 min.: Hyperextension of forelegs; 
body stretched out tonically, shivering. 3 min. : Energetic rubbing of 
nose with forepaws, respiration deep and rapid, repeated chewing movements, 
fur ruflled, great weakness (on trying to right itself, its legs seem to slip away 
under the body). These signs observed repeatedly during the following 
minutes. 8 min.: A few forced long-drawn expirations. 12 min.: Apparently 
recovered. I hour : Lying on its side, apparently rather lazy than ill ; 
temperature 96 · 6° per rectum. Died in the night. Post-mortem : Intense 
congestion of subcutaneous tissue and small intestine ; spleen enlarged and 
cyanotic, liver nil, kidneys engorged, adrenal glands nil. Lungs engorged, 
surface crinkled, as if they had been oedematous until shortly before death 
and then shrunk ; cut surface of lungs not very moist. 

4. SUMMARY OF ANIMAL EXPERIMENTS 

Prolonged inhalation of cotton dust causes marked thickening of 
the inter-alveolar walls due, apparently, to oedema as well as 
leucocytic and dust-cell infiltration. . 

Intradermal injection of cotton dust protein causes intense 
leucocytic infiltration. 

lntracardial injection of the protein occasionally causes pro­
noun~ed vascular inflammatory changes. 
Evtd~nce of anaphylaxis was obtained by intracardial injection 

of solutiOns of cotton dust protein to animals sensitized, either by 
one parenteral injection of the protein, or by prolonged inhalation 
of cotton dust. 
. Before concluding this section the discovery of peculiar changes 
m the adrenal glands by Dr. Susman must be noted. This was a 
chance observation made when he kindly performed an autopsy on 
one of the guinea-pigs in my absence. As the changes observed by 
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him may prove to be of importance for the dust problem in general 
his report is inserted here. ' 

B. THE HISTOLOGICAL CHANGES IN THE ADRENAL GLANDS OF 
ANIMALS EXPOSED TO COTTON DUST INHALATION 

By William Susman, B.A., M.D. 

(From the Department of Pathology, Victoria University of 
Manchester) 

At .an .early stage in the general investigation a post-mortem 
exammatwn of one of the guinea-pigs exposed to the inhalation of 
cotton dust revealed alterations in the adrenal glands, although 
elsewhere no naked-eye changes were obvious. The adrenal glands 
sh~w:d a striking diminution in the bright yellow fatty zone charac­
te~shc o.f the adrenal cortex in practically all types of animals. 
Tl_l1s finding suggested that in this particular experiment the endo­
cnn~ organs in general and the adrenal glands in particular should 
receive some further study. 

Forty-nine adult guinea-pigs weighing between 255 and 735 g. 
were divided into five groups. Group I contained IO animals that 
had been exposed to the inhalation of cotton dust for some consider­
a~le time ; Group 2, 5 animals exposed to cotton dust for a short 
bme; Group 3, 6 animals exposed to the inhalation of french chalk ; 
Group 4, 8 animals exposed to the inhalation of a combination of 
french chalk with histamine ; and Group 5, 20 untreate~ animal~. 
All but the 20 in Group 5 were animals used in the inhalatiOn expen­
ments described above. The animals in Group 5 were healthy 
untreated guinea-pigs. 

In Group I the post-mortem examinations were complete. All 
t~e organs were examined histologically, but the only orl?ans to 
disclose any abnormality were the adrenal glands where With few 
~xceptions the cortical zone of vacuolation was greatly. reduced a~d 
m some cases practically absent. The remain~er of this report will 
be concerned, therefore, with the appearances m the adrenal glands 
only. 

At the initial 'stage in this investigation the: primary purpose was 
to find out whether any lesion was present m the a<;~renal. glands. 
He~ce, in all cases these glands were secti?ned longit?dinally m order 
to mclude as much tissue as possible m the s~ctwns; Th«: first 
naked-eye examination of the internal organs of gumea-p1gs sub~ected 
to long exposure to cotton dust had suggested haemorr?age .1n the 
adrenal glands; therefore the glands were fixed in Helly ~ tlmd a.n~ 
the sections prepared by the paraffin method, and .s~mned Wit. 
haemalum and eosin. In Group I all the tissue w~ utilized fo~ t.~15 
method of preparation and no material was available for staim.j 
for fat and fatty substances. For this reason, only maten 
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prepared by the paraffin method and stained with haemalum and 
eosin was used throughout. Hence, in this report it is only possible 
to refer to the extent of the vacuolated area and not to the presence 
or absence of fat or the fatty substances, although the one probably 
is significant of the other. 

A camera Iucida drawing was made from these sections giving the 
outline of each adrenal gland and the zone occupied by the vacuoles. 
By means of a planimeter the proportion of this area to that of the 
whole section surface of the adrenal gland was calculated and 
recorded as a percentage. The data so obtained are shown in 
Table IX. 

TABLE IX 

Ratio of vacuolated zone to whole adrenal gland surface 

Percentage ratio of 
vacuol. zone to whole 

Inhalation 
gland 

Weight lndi·l Averages for 
Substance I Period G.P. at vidual 

G.oup employed (weeks) No. Se" death animal Se" I G.oup 

I Cotton dust, long ex~ 38 54 m. 
g. 

665 22 
posure. 38 60 m. 660 20 males 

28 75 m. 385 24 22·00 
----------------

38 52 f. 340 13 
38 53 f. 605 57 
38 56 f. 400 33 
38 58 f. 735 38 
38 61 f. 685 38 
38 63 f. 590 57 females 
36 64 f. 640 26 37·43 32·80 

--------------2 Cotton dust, short 19 78 m. 580 37 
exposure. 19 so m. 535 47 males 

19 82 m. 390 25 36·33 
----------------

19 77 f. 560 67 females 
19 81 f. 510 54 60·50 46·00 

------------3 French chalk .. 19 86 m . 645 32 
II 97 m. 360 65 
II 98 m. 550 57 males 
II 100 m. 535 46 50·00 ----------------19 89 f. 540 56 females 
II 99 f. 410 66 61·00 53·67 -- ------------4 French chalk + hista· 19 90 m. 635 69 

mme. 19 93 m. 500 32 
9 95 m. 370 24 

II 97 m. 360 65 
II 98 m. 550 57 males 
II 101 m. 450 59 51·00 ----------------19 91 f. 500 51 females 
19 94 f. 370 43 47·00 50·00 
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TABLE IX-contd. 

Percentage ratio of 
vacuol. zon~ to whol~ 

Inhalation 
gland 

Substance 
I 

Weight Indi-, Averages for 
Period G.P. at vidual 

Group employed (weeks) No. Se" death animal Se" I Gronp 

5 Normal controls -- - 201 m. 345 53 
- 202 m. 335 44 
- 205 m. 385 50 
- 206 m. 285 51 
- 208 m. 325 51 
- 210 m. 325 62 
- 213 m. 450 47 
- 215 m. 305 64 
- 216 m. 375 62 
- 218 m. 455 44 males 
- 220 m. 520 38 51·45 

--------------- 203 f. 315 59 
- 204 f. 255 70 
- 207 f. 255 54 
- 209 f. 335 60 
- 211 f. 355 57 
- 212 f. 345 53 
- 214 f. 425 71 
- 217 f. 335 71 females 
- 219 f. 430 67 62·44 56·40 

The figures obtained from Table IX were kindly subjected to 
statistical analysis by Mr. W. J. Martin, of the staff of the Statistical 
Committee of the Medical Research Council. His results are given in 
Table X. 

TABLE X 
Statistical Analysis of the Results of Table 9 

-
MALES 

~tton dust, long exposure 
F tton dust, short exposure 

rench chalk 
French chalk +" hlstanrl;,e 
Normal controls .. 

FEMALES 

~tton dust, long exposure 
Fr!:~ ~~:~k short exposure 

rench chalk +' hlstanrlne F 
N orm.a1 controls •• -

N 

.. 3 .. 3 .. 4 .. 6 

-· 11 

.. 7 .. 2 

-- 2 .. 2 
.. 9 

Ratio of vacuolation zone to whole gland 

I I Difference' 

I 
controls 
minus 

Mean treated I p 

22·00 29·45 5·89 P<·01 

36·33 15·12 2·62 ·05 > P>·02 

50·00 1·45 0·25 ·9 > P>·8 
51·00 0·45 0·07 P>·9 

51·45 

37-43 25·01 4·21 P<·01 
·8 > P>·7 60·50 1·94 0·33 

61·00 1·44 0·25 ·9 > P>·8 

47·00 15·44 2·74 ·05 > P>·02 

62·44 
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In view ofthe fact that statistical significance is normally admitted 
only in cases with P less than ·01, the above results show a 
significant reduction in the ratio of the vacuolated area to the whole 
adrenal gland to have been obtained in the guinea-pigs subjected to 
long exposure to cotton dust-so far as any conclusions can be 
drawn from this relatively small series of experiments. 

The changes observed are illustrated by the accompanying micro­
photographs, taken from two typical animals, Nos. 54 and 216 of the 
table (Figs. 17 and 18). 

Discussion 
Before the above table is examined in detail, it is necessary to 

consider the fallacies, if any, that may exist. In-the first place, the 
number in each group is small. Further, it is well known that mariy 
types of disturbance, especially those of an acute characteJ:, may 
cause some degree of depletion of the vacuolated zone of the adrenal 
gland. However, this factor can be excluded in that practically all 
the animals in all groups were killed and showed no signs of disease 
other than the lung changes induced by the experiment. The only 
exceptions were guinea-pig No. 82, which died of pneumonia, and 
No. 95, which died during inhalation and in which no post-mortem 
changes were visible to the naked eye. 

On the technical side it must be borne in mind that the drawing 
of the vacuolated zone is at best only a rough approximation, and 
to a lesser degree the same applies to the final percentage values 
obtained from the planimeter readings. In other words, the calcula­
tions can only be considered as approximate. However, those errors 
that do exist are common to all groups. . 

Examination of the above table shows that the average in per­
centage for the whole groups is lowest in Group 1, and somewhat 
below the normal in Group 2. The sex averages, and also the total 
averages in Group I, are about 50 per cent. below the normal aver­
ages. In Group 2, however, only the male figure shows any reduc­
tion. The results obtained in Groups 3 and 4 are fairly near to the 
average figures obtained in the normal controls, Group 5. 

Throughout the groups the results obtained for the males differ 
appreciably from those found for the females. This bears out the 
observations of many investigators that a sex difference. does exist in 
the adrenal glands. 

That the animals exposed to the inhalation of cotton dust were the 
only ones to show any appreciable reduction in the zone of vacuola­
tion would appear to suggest that the cotton dust does contain some 
substance that may be responsible for this change in the adrenal 
~lands. ~s no lesion was found in any of the adrenal glands exarn­
med, one 1s forced to consider the change as a functional one. 

C. EXPERIMENTS ON MAN 
1. LIPOIDS 

The ~ax from cotton, dust was administered by the scratch t~t 
to 15 diseased cardroom workers (subsequently called " patients ), 



To jae1 pag• II 

Ftc. 17 .-Section of the adrenal gland of guinea-pig 
No. 54 (cotton dust inhalation. long exposure). X 125. 

Ftc. 18.-Section of the adrenal gla'!_d of normal 
guinea-pig No. 216· X 12~. 
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.with completely negative results. The papules forming at the site 
of the scratch were usually not more than 2 or 3 mrn. in size, often 
smaller than those produced by normal saline, and always dis­
appeared after a short time. 

It was pointed out by Professor Heilbron that signs of intoxication 
observed in animals fed with cotton seed have been referred to gossypol, 
one of the lipoids of the seed (e.g., Alsberg and Schwartze, 1919; Macy 
and Outhouse, 1924). Professor Heilbron suggested the desirability 
of carrying out comparative tests on man with this substance, 
of which he kindly placed a sufficient supply at our disposal. It 
consisted of fine yellow crystals, soluble in weak alkali. A stock 
solution was prepared containing 1 per cent. gossypol in a solution 
of NflO NaOH 10·0, phenol 0·5, normal saline 100·0. Falling 
dilutions were made with the same diluent. A normal person was 
injected intradermally with 0 ·1 c.c. of gossypol! : 100, 1 : 1,000, and 
1 : 10,000. At each site there was immediate burning, a papule 
with pseudopodia! area developed within a few minutes and faded 
away within half an hour. As the reaction was the same with all 
three dilutions, it appeared to be due to the alkali. The two weaker 
solutions caused nothing further. At the site of injection of the 
1 per cent. solution there slowly developed within the next 3 days 
a scarlet papule, 5 mm. in diameter, which lay in the centre of a 
bright red area, 30 X 14 mm., with irregular borders ; papule and 
area were not sharply demarcated from one another. The site of 
the reaction itched very much. Within the next 5 days the papule 
grew to 10 mm. at the expense of the area, which gradually faded 
away. A hard knob which still itched from time to time remained 
for about 5 weeks. The test was repeated a week later with exactly 
the same result. 

The testing of patients was carried out with a tenfold dilution of 
the stock solution in phenol saline, i.e., a solution 1 : 1,000. 0 ·1 c.c. 
was injected intradermally to 6 patients. The result was completely 
negative in each case. 

Considering this fact and the comparatively small amount of the 
substance which can be contained in cotton dust, there appears to be 
hardly any reason to assume that gossypol is connected with the 
cotton workers' respiratory disease. 

2. HISTAMINE 

In the absence of alcohol-soluble proteins (see page 24) the only 
substance present in the alcoholic extract likely to pro~uce any 
morbid changes in the patients was histamine. The followmg set ~f 
experiments was therefore not carried out with the whole alcohohc 
~xtract (which w~ unsuited for the purpose owi~g to its high c~ntent 
~ sticky colouring matter), but with a purified preparatiOn of 
histamine (ergamine acid phosphate, Burroughs~ Wellcome and Co.). 
The solutions were in every case prepared a few mmutes before the test. 

The scratch test was carried out with solutions 1: .1,000, 1: IO,OOOand 
1 : 100,000 on 10 patients. The size of the reactwns was somewhat 
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variable. In the later tests on 11 patients the intradermal method was. 
employed, the dose being 0 ·1 c.c. of a solution 1 : 100,000. Within 
a minute or two the reaction invariably flared up ; it consisted of 
a tense white weal, about 10 mm. in diameter, with a circular or 
slightly dentate border, and a scarlet area with an irregular, pseu­
dopodia! border. The area was sharply demarcated from the weal 
and the surrounding normal skin. Its size varied from 40 to 75 mm. 
Within about half an hour it had usually disappeared. The reaction 
in normal controls was of the same appearance and order of magnitude. 
There is nothing to indicate either increased or decreased sensitivity 
to histamine in the patients. 

3. PROTEIN 

All the experiments described here were performed with a single 
batch of protein obtained from a mixture of American and Egyptian 
cotton dust in the manner previously described by precipitation with 
ammonium sulphate. In addition, certain parallel tests were carried 
out with the alcohol precipitate of a corresponding sample of cotton 
dust solution, but as they gave a consistently weaker reaction, they 
will not be discussed here. The sterile ammonium sulphate precipi­
tate was made up into a 1 per cent. stock solution which was kept in 
the refrigerator. The solvent was 0·5 per cent. phenol in normal 
saline solution. At fortnightly intervals the lower dilutions required 
were made up from the stock solution. 

All the diseased cotton operatives, all the healthy cotton opera­
tives, and many of the other controls were males. 

The first tests carried out on 9 patients by the scratch method 
gave very weak, often no definite reactions ; only one patient 
responded to the scratch application of 1 per cent. protein with a 
marked weal and an area 24 X 15 mm. in size. In \-iew of these 
results it appeared justifiable to proceed to the intradermal method, 
~he results of which will be described subsequently. The most 
unportant point brought out by them is that the protein produces a 
primary toxic effect in normal and diseased individuals ; to this may be 
superimposed a secondary allergic reaction which latter was regularly 
present in diseased cotton operatives. The dual nature of the 
reaction has also been observed in normal and sensitized animals 
(see pages 35, 36). 

Prolonged inhalation of cotton dust leads to pulmonary symptoms, 
some of w~ch may indeed be attributable to super-sensitiveness; 
but the maJor changes are based on chronic irritation and inflamma­
tion. The fact that allergy is not at the root of the trouble is already 
yery probab~e from !he extreme rarity of skin or eye changes 
m the operatives and 1s emphasized by the peculiar phenomenon of 
th7 delayed reaction to intradermal injection of the protein. As in the 
~nunal experiment, this reaction was shown to be principally 
infi~atory, and only sometimes complicated with vascular con­
?eshon. Now, the dominant change in the allergic reaction oc~urs 
m the smooth musculature of the capillaries, bronchioles, intestine, 
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etc. It is not accompanied by cellular infiltration, therefore it is a 
transitory phenomenon; it disappears soon after the causal agent 
has ceased to act upon, or in, the tissues. Most toxic' substances, on 
the other hand, produce a more or less persistent local lesion, the 
dominant nature of which is inflammation ; histological evidence 
of this is shown by cellular infiltration. It would be a mistake to 
suppose a reaction to be of an allergic nature solely because the 
response to a given dose of the substance in question differs in 
various individuals (this was the case in the present instance). 
Individual differences may be very pronounced also in the reaction 
of various individuals to poisons such as lead, diphtheria toxin, etc. 

(a) Experiments illustrating the Toxic Effects of the Protein 
The foregoing remarks are illustrated below by observations of 

delayed reactions to intradermal protein injection in normal persons 
and diseased cotton operatives, and by the histological examination 
of the skin lesions thus produced in a normal man. 
Th~ first ob_servation was on patient No. I, who had a surprisingly se':'ere 

reaction after mtradermal injection of 0 · I c.c. of a I per cent. protem solubon. 
After 15 minutes there was a weal of 7 mm. and an area of 35 X 24 mm. 
with an irregular border; within two hours there was hardly any. change, 
but soon afterwards the forearm injected began to swell, the pabent was 
hardly able to undress, and spent a restless night. 24 hours later there was 
a tense, tender, oedematous, bluish-red swelling which extended along the 
whole palmar surface of the forearm • there were a few inJ!amed lymphatic 
vessels above the elbow and a swoll;n axillary gland. Temperature 99·3'. 
Alcohol compresses were administered and next morning !'he patie~t felt 
much bette~, the temperature had dropped to 98·3', the. mflammatwn of 
the lymphatic vessels and gland had disappeared ; the swelling had decreased 
on t~e palmar surface and begun to creep round to the dorsal surface. The 
reaction had disappeared by the fifth day. • 

Two other severe reactions were observed. They occurred m 
normal controls who had shown hardly any early reaction. Here, 
~oo, the swelling began to develop after two or t?ree hours and 
rncreased in the course of the next two days, until the arm had 
almost assumed the appearance of elephantiasis: Th~ first of ~hese 
cases, a student who received 0 ·1 c.c. of a solutiOn 1 · 1,000, WI~~ 
referred to subsequently because this treatment produced typic 
allergic sensitization (see page 47). The other case was that of a 
docto; who received 0 ·1 c. c. of a solution 1 : 10,000 ; he had ~~: 
Part m the earlier experiments of Dr. Bramwell an~ _Dr. ve ' 
described on page 13, and was one of their controls gtvmg a ry 
severe reaction to the injection of cotton dust extract: of the 

. Moderate delayed reactions have been observ~d m two aller ic 
dis~ed cotton operatives who had given ~ typ.Ical early In b!th 
reaction after injection of 0 ·1 c. c. of a solutiOn 1 · 10,000. . da 
of them the delayed reaction did not develop until the followmg Y 
and was so pronounced as to incapacitate them from wo~~- di eased 

Mild delayed reactions have been repeatedly not~d, bot f m :nd in 
operatives who had given a positive early allergic reac 10nilie dose 
controls who had failed to do so ; in each of these cases 
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had been 0 ·1 c.c. of a solution 1 : 100,000. The reaction consisted 
in a very hard nodule about the size of a. pea. . . . 

Further data were obtained by the htstologtcal exarmnatlon of the 
excised reactions. In experiments on myself, the first intradermal 
injection performed with 0·1 c.c. of a 1 per cent. solution caused a 
weal10 x 7 mm. and an area 40 X 18 mm. to develop in 10 minutes. 
The reaction was very hot and tender. After 3 hours the area had 
increased to 59 X 23 mm. and was intensely swollen and bedematous. 
After 18 hours it had become very hard and cyanotic. In order to 
differentiate the different stages of the reaction and to compare it 
with the histamine reaction at its maximum, the following solutions 
were injected intradermally in my abdomen, viz. :-

(1) 0·1 c.c. 0·5 per cent. phenol-saline solution (the diluent 
employed in all the tests) 16 hours before the excision ; 

(2) 0 ·1 c.c. histamine 1 : 10,000, 20 minutes before the excision; 
(3) 0 ·1 c. c. cotton dust protein 1 : 100, 1 hour before the excision; 
(4) 0 ·1 c. c. cotton dust protein 1 : 100, 16 hours betore the excision. 

The excisions were performed by Dr. L. Savatard and the portions 
excised were immediately placed in formol-saline solution. In order 
not to complicate the results anaesthesia was dispensed with. The 
report on the .histological examination, which was kindly under­
taken by Dr. Savatard, is introduced here. It shows the complete 
agreement with the results of intradermal injection of cotton dust 
protein to normal animals. The histological findings clearly demon­
strate the progressive nature of the lesions ; they are far more intense 
and extensive after 16 hours than after 1 hour. This confirms the 
evidence of inspection and palpation previously recorded. The 
changes are illustrated by the microphotographs and drawing, 
Figs. 19--23. 

REPORT ON THE HISTOLOGICAL EXAMINATION OF THE PIECES 
OF SKIN EXCISED AFTER INJECTION OF COTTON DUST PROTEIN, 
HISTAMINE AND PHENOL-SALINE SOLUTION, RESPECTIVELY 

By 
Louis Savatard, 

Honorary Clinical Lecturer in Dermatology, Victoria University of Manchester. 
My histological findings in the four lesions of the skin are as follows :-
(I) Phenol Sahn~, ~6 hours after injection; (2) Histamine 1 : 10,000 

(20 mmutes after <nJectton).-No variation from the normal could be detected 
either in the epidermis or the dermis. The fact that no undue vascularity 
could be detected in tbe h1tter specimen may be due to the escape of blood 
from the small portion as 1t was excised. 

(3) Cotton dust protei~ I : 100, 1 hour after injection.-The epidermis is 
apparently normal, but m the papillary region of the dermis there is sli9ht 
dilatation of the capillanes and a polymorphonuclear leucocytic infiltratwn 
wh1ch •s practically confined to the regions of the sweat glands sweat ducts, 
and hair follicles. ' 

!4) CottO?' dust Protein I : 100, 16 hours after injection.-Though the 
ep•derrms 1s aga.m Pr:u'tically no':"'al, the capillaries in the papillary area 
are more mark~Iy_ dllated_ than m the former specimen. There is a very 
marked leucocyt1c infiltrat10n throughout the dermis. It is not confined to 
the regwns of the sweat glands, sweat ducts and follicles, but permeates 
between the collagen fibres. Very careful examination revealed no plasma 



FtG. 19.-Scction of the skin of a 
hl'althy man at the site o f intradermal 
injection. of phtmol~salinc solution, 

rcmo\'t.'<l 16 hours later. x 50. 

FIG. 20.-Section or the skin of the 
same man at the s ite of intradermal 
injection of histamine solution 1 ; 
10,000, removed 20 minutes later. 

X 50. 

FIG. 2 1.-Section of the skin of the 
same man at the si t e of intrad erma l 
injection of cotton dust protein 
solution I ; 100, r~moved 1 hour later. 

X 50. 



(a) (b) 

FIG. 22.-Section of the skin of the same man at the site of intradermal injection of cotton 
dust protein solution I : 100, removed 16 hours later. -(a) X 50; (b) X 250 . . 



Fia:. 21. Same section as in fie. 22. 
X 60. 
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cells and only a~ occasional mast .cell. There is some oedema of the collagen 
bundles. The p1cture presented 1s that of a marked inflammatory reaction. 

(b) Examination for Specific Allergy 

In one instance, n;entioned on page 45, the development of specific 
a~ergy to the protem was observed. At the first (sensitizing) injec­
tion the person, a healthy medical student, was injected at various 
parts of the forearm with solutions of the protein I : 1,000, I : 10,000, 
and _I : 100,000. The reaction to I : 1,000 has previously been 
desc~bed; the other two solutions caused quite insignificant and 
transitory reactions, about 10 mm. in size. Two months later 
re-injection was performed with I: 10,000 and I: 100,000. Within 
30minutes the latter had caused a weall3 x Smm. and an irregularly 
bordered area 21 X. 14 mm. large. At the same time the reaction 
to 1 : 10,000 had developed into a soft white weal of 11 mm. and 
a characteristic pseudopodia) area of 61 X 46 mm., which was 
~ottled and dusky pink in colo~r; after 32 hours the weal bad 
disappeared, but the area had grown to 95 X 71 mm. Next day the 
reactwn had diminished, soon after it disappeared. 

The examination for allergy has been made on a number of cotton 
patients and various controls. In several of them comparative tests 
were made with the protein and histamine. The appearance of the 
two reactions is entirely different. The histamine reaction 
(1 : 100,000) develops within a few minutes, its weal is hard, white, 
and sharply demarcated from the bright scarlet area ; it disappears 
within about 30 minutes. The cotton dust protein reaction 
(I : 10,000 to I : 100,000) does not usually appear before 10 or 
15 minutes, it reaches its acme after 30 minutes and disappears 
slowly in the course of an hour or more. The weal is much harder, 
it is not so characteri~tically white and therefore often difficult to 
distinguish from the area. The area always has irregular, often 
distinctly pseudopodia) borders, but its colour is comparatively pale 
and has a peculiar cyanotic to livid tinge. . 

The origin of the irritating and the allergic constituents of the 
cotton dust protein, which very likely are identical, ?as not been 
determined. It was considered probable that it was dem;ed from the 
cotton husks which have been stated to preponderate m the d~st. 
Consequently a number of patients and controls were tested WJth 
various such substances, a protein prepared from ~n extract of the 
whole cotton seeds (black Egyptian seed), a protem prepared fr~m 
the separated husks of the same specimen of seed, and a commerc1al 
product made by the Arlington Chemical Company of _Yonkers, 
N.Y. The result was not what had been expected. Sometimes one, 
sometimes the other gave a reaction, but in a number of J?ersons 
reacting to the cotton dust protein in a typical ma!lner, .no reactr~n ~as 
obtained with the seed proteins. When a rea~t10n d1~ occu: 1t v;as 
almost invariably smaller with a seed pro.tem s~Iutwn 1 · 10,000 
than with the dust protein 1 : 100,000. I~ 1s pos_s1bl~ that the see~ 
proteins do take some part in the antigemc constitution of the dus 



48 RESPIRATORY DUST DISEASE 

protein, but this can be but a minor part. The active principle can 
hardly be derived from the cotton fibres, as these contain practically 
no protein at all. The solution of this problem must be left to expert 
chemical investigation. 

The results of the allergy tests are summarized in Tables XI a, 
b, c and d. They were carried out on four groups of people, viz. :­

(a) Cotton operatives affected with the respiratory disease ; 
(b) Cotton operatives who had worked under similar conditions 

but had remained in good health ; 
(c) Persons suffering from other forms of asthma. (These tests 

were kindly performed in the Asthma Clinic of the Leeds 
General Infirmary by Dr. H. H. Moll) ; 

(d) Normal persons. 
TABLE XIa 

Allergic Reactions in Cotton Patients 

Work in mill. 
Mean size of allergic reaction.§ 

Duration of 

Patient 
pronounced D14sl protein. I Seed I Duration: resp. sympt. protein. 

No. Age. Nature. years. years. 1 : 10,000 II : 100,000. I : 10,000. 

t 
2 46 s.g. 25 3 - 21 -
3 33 s.g. 22 20 - 26 -
4 58 s.g. 33 IS - 51 -
5 46 s.g. 25 15 - 53 -
6* 53 s.g. 26 7 48 trace -
7 44 s.g. 20 few 21 10 -
8 52 bl. 32 17 - 50 -
9 45 s.g. IS II - 26 -

10 48 s.g. 30 13 16 14 -II 44 s.g. 27 II - 22 -12 50 s.g. 20 II - 39 -13* 54 s.g. 34 II 32 12 -14 58 s.g. 40 20 - 32 36 
15 46 s.g. 9 3 - 41 40 
16 47 s.g. 31 9 - 63 II 
17 56 s.g. 20 2 - 24 16 
18 53 s.g. 30 15 - 57 28 
19 43 s.g. 15 8 - 19 10 
20 52 s.g. 30 8 28 16 nil 
21 62 s.g. 39 10 - 43 14 
22 64 s.g. 35 8 18 !Sf 6 
23 59 s.g. 30 14 - 15 9 
24 51 s.g. 22 13 33 9 nil 
25 44 bl. 22 6 - 23 14 
26 27 s.g. 5 5 - 24 nil 
27 40 bl. 24 24 56 29 14 
28 54 s.g. 30 4 - 15 18 
29 50 s.g. 28 16 - 30 11 30 52 bl. 30 20 - II 7 
31 43 mix. 10 10 32 44 

• Sever «: after effect-swelling of arm, lastmg for 2 or 3 days. 
t Reaction to dust protein 1 : 100 000 only weal reaction to dust protein 

I : 10,000 typical weal and area. ' ' 
t s.g. = stripper and grinder. 

bl. = blowing-room operative. 
mix. = _cotta~ ~ixer (variable quantity of dust according to whether hand..or 

machme mtxmg). 
m&~!tr~~urements of the allergic reactions are the mean diameters of the area in 
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TABLE Xlb 

Allergic Reactions in Healthy Cotton Operatives 

Mean size of allergic 
Work in mill. reaction 

PatietJt I Duration: Dust protein, I Seed protein, 
No. Age. Nature. years. 1 : 100,000. 1 : 10,000. Remarks. 

I 32 c.r. .. 16 19 - Doubtful re 
action. 

2 31 bl. .. 11 28 12 
3 47 bl. .. 27 28 25 
4 63 s.g . .. 50 nil nil 
5 61 s.g . .. 10 nil nil 
6 37 bl. .. 6 nil nil 
7 63 cop-pack. 53 nil nil 

8 50 cop-pack. 38 nil 10 
9 52 cop-pack. 42 nil 9 

10 64 cop-pack. 40 nil nil 
II 63 cop-pack. 50 nil nil 
12 55 cop-pack. 44 nil nil 

13 27 mtxer .. 6 83 44 

14 34 mixer .. 6 nil nil 

b{" ~ cardroom hand (fly gatherer). 
· - blowmg-room operative. 

cop-pack. = cop-packer in warehouse (very little contact with cotton dust). 
Illlxer = cotton mixer (variable quantity of dust according to whether hand .or 

mach}ne mixing). 
s.g. = stripper and grinder. 

TABLE Xlc 

Allergic Reactions in Cases of Idiopathic Asthma 

I I I 
Allergic reaction to I 

Patient Dust protein, Seed protein, 
No. Age. Occupation. 1 : 100,000.!1 : 10,000. 

I 32 Doctor .. 50 -
2 37 None .. nil nil 

3 30 None .. 46 -
4 11 None .. nil -
5 40 Hairdresser . . nil -
6 9 None .. nil -
7 50 Wool-weaver nil -
8 26 Baker .. 37 -
9 33 Cotton weaver nil nil 

10 33 'Vool-weaver 29 21 

11 
I 

42 Wool-weaver nil -
Nos. 2, 3, 5~ 7, 9,10, tJ were women. 

A I so sensitive to the 
following proteins. 

Not tested. 
Dog, feathers, bou 

dust, wool. 
Grass pollen. 
Grass pollen, feathers 

dog. milk. 
Orris--root, feathers, 

house-dust. 
Grass pollen. beans, 
· dog, feathers. egg. 
Wool, house-dust. 
Wheat. 
Not tested. 
·wool, dog, house· 

dust. 
'Vool, house..dust. 
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Control 
No. Age. 

I 40 
2 58 
3 18 
4 39 
5 22 
6 32 

7 26 
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TABLE XId 
Allergic Reactions in Normal Controls 

Allergic reaction to 

Occupation. 1 

Dusl protein. I 
Seed protein 

: 10,000.11 : 100,000. 1 : 10,000. Remarks. 

Professor .• - nil -
Doctor .. - nil 25 See note below. 
Student .. - 22 -
Doctor - nil -
Lab. technic. - nil - See note below. 
Doctor .. 16 nil - Reaction doubt-

ful. 
Student .. 24 21 --Note.-Controls 2 and o were engaged 1n this dust research. Nos. 6 and 7 are the 

cases of severe delayed reaction. In No. 6 this occurred at the site of injection of 
protein I : 10,000. In No. 7 there was no delayed reaction at the site of injection 
of I: IO,OOOand I: 100,000, but only around the placewhereatthesametime I: 1,000 
had been injected (see page 45). This subject, a lady, subsequently developed 
super-sensitiveness to dust protein in weak solutions (page 47). She also proved to 
be super-sensitive to the proteins of duck feathers (+++),horse dander (++), 
sheep wool (++).oats (+),wheat(+). but not to those of dust, egg and milk. 
The proteins employed in this test were those of the Arlington Chemical Co. in a 
dilution of I : 10,000. 

In order to confirm the specific nature of the allergic reactions 
described, the Prausnitz-Kiistner test was performed with the serum 
of four patients (Table XIa, Nos. 14, 15, 16, 18) and the control 
who had been artificially sensitized to the protein (Table XId, 
No. 7). The object of the test is to demonstrate in the serum the 
presence of specific anti-bodies, i.e., specific substances capable of 
transferring the allergic state from the super-sensitive person to a 
non-sensitive normal one. It is performed in the following manner : 
0 ·1 c.c. of the serum to be tested is injected intradermally to a 
normal individual. On the following day 0 ·1 c.c. of a solution of 
the substance to which the patient is believed to be super-sensitive 
is injected intradermally into the site previously treated with the 
serum, and into a site not treated. The test is positive if an allergic 
reaction occurs in the former place only. The reactions obtained are 
described in the following table. 

TABLE XII 

I 0·1 c.c. I Reaction after 20-30 minutes. 
0·1 c.c. protein, 
serum. 1: 100,000. Weal. Area. 

Patient 14 Next day 10x5 mm., pale Nil. 
15 Do. 12x 18 mm., pale 40 X 15 mm.,livid, pseudo· 

16 Do. 
podia!. 

12x8mm., pale 25 X 11 mm., livid, pseudo-

18 Do. 7 x 6 mm., poorly demar-
cated. 

podia!. 
33 x 15 mm.,livid, pseudo-

podial, intense burning 

Control 7 Do. 13 x 9 mm., pale 
sensation. 

20 x 13 mm.,livid, pseudo-

No serum Do. 7x5mm .. pale .. 
podia!. 

Nil. 
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With .f?ur out of the _five sera tested the experiment therefore had 
a positive result. Th1s fully confirms the true specific nature of the 
allergy observed. 

The allergy tests described in Tables XIa, b, c and d show 
that a di~tinct super-sensitiven~s to cotto_n dust protein is regularly 
p~esent 1~ _the ~otto~ operatives s_uffen_ng from the respiratory 
d1sease ; rt rs vanable m degree, but mvanably present. In healthy 
cotton operatives, similarly exposed, the reaction was inconstant. 
The same holds good for persons affected with other forms of asthma. 
In normal controls, of whom unfortunately a small number only 
could be tested, the reaction also appears to be inconstant, but the 
chief significance obviously attaches to the comparison of the first 
three groups. The fact that different individuals, all of whom are 
sensitive to the same allergen (e.g., pollen) show quantitative differ­
ences in their response to the allergy tests is well known, and so is 
the fact that occasionally positive results are obtained in persons 
not affected. 

It is, perhaps, not unreasonable to believe that under suitable 
conditions such persons having an allergic diathesis are in danger of 
acquiring the definite allergic disease if they are exposed to a greater 
amount of the allergen. This view appears particularly justified with 
the reactors of Group (b). Here we find a number of persons, all of 
whom have been exposed for a variable length of time to the same 
~ubstance ; some of them, notably individuals who had only worked 
m the dust for a relatively short period, have become super-sensitive, 
whilst others who may have worked for a lifetime in the dusty 
~tl?osphere have failed to acquire this disposition. In this connexion 
It IS interesting to note that a very experienced mill-manager told 
me that he believed himself to be able to pick out at a glance those 
strippers and grinders who would remain healthy and those who 
Would in the future become ill. It appears probable that the allerg_y 
test will give a scientific basis for such a distinction. From this 
point of view it would be wise to counsel all positive reactors, although 
they may still be apparently well, to give up their occupation o~ at 
!east to employ all possible means of protecting themselves agamst 
inhalation of the dust. 

D. DISCUSSION OF THE RESULTS OF THE BIOLOGICAL 
TESTS 

Experience in man has shown that prolonged expo_sure to c_otton 
dust is liable to bring on a peculiar respiratory affection. Thts has 
been confirmed by the animal experimen~. It h~ ~een sh?~ t~at 
the protein fraction of cotton dust exerCises a distmctl_f tmtatmg 
action upon the tissues of Man and animals. The p!austble patho­
genetic explanation of the lung changes produced m the per~ns 
affected is that when the finest particles of the dust penetrate mto 
t~e alveoli, they are deposited on. the al':'eolar s1_1rface, and ~hat 
~lther they as a whole, or their protem constituents, m course of t1me, 
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pass through the alveolar walls into the interstitial tissues of the 
lung and exert a similar chronic irritation upon them. 

Doubtless, a contributory feature is the action of the coarser 
portions of the dust upon the mucous membrane of the upper 
respiratory tract. But it has been found on questioning a large 
number of sufferers that in at least one-half of the cases the pre­
dominant symptom, and often the earliest symptom noted by them, 
was dyspnoea. At the end of the day's work, especially on Mondays, 
they were so breathless, they had such a degree of "tightness on 
the chest," that they could hardly drag themselves home. Many of 
them said that it took them as much as half an hour to walk a few 
hundred yards uphill, as they had to stop again and again and lean 
up against a wall to regain their breath. 

It must be admitted that bronchitis and emphysema are commonly 
found in patients who have been suffering from the disease for a 
long time. It is, indeed, probable that the coarse dust settling in 
trachea and bronchi will produce symptoms of respiratory irritation 
similar to those which are assumed to be caused by the finer dust 
in the alveolar portion of the lung. But the crucial point appears 
to be that the coarser part of the dust can be, and owing to better 
ventilation actually has been, excluded to a great extent. It has 
been claimed that a great improvement in the sanitary conditions 
of the mills has thus been brought about. Yet there can be no doubt 
that fresh cases of the disease are still occurring. 

The Report of the Departmental Committee on Dust in Card 
Rooms in the Cotton Industry (page 8) says : " From official 
records, and from the evidence of Professor Collis and of those 
members of the Factory Department who are in a position to form 
an opinion on the matter, it is considered that by the time war broke 
out in 1914--probably even a year before then-these exhaust 
appliances had been installed throughout the trade, and that the 
installation of any material number after that date was necessitated 
either by the introduction of new machinery or the replacement of 
defective appliances." In the light of this statement it appears 
important that I have examined several young men who have 
commenced work in the mill as strippers and grinders since the War 
and yet have acquired the disease. It is true, the Federation of 
Master Cotton Spinners' Associations, Ltd., in the Report of 
Employers' Representatives on the Departmental Committee (page 6) 
take exception to the statement quoted above. Nevertheless, there 
can hardly be any doubt that even nowadays, in the best appointed 
mills, irritating dust does find its way into the atmosphere in sufficient 
amount to produce intense irritation of the respiratory system in 
persons who have become susceptible to the dust. It is, therefore, 
only reasonable to infer that this amount of dust will be sufficient 
to produce the actual disease in a certain proportion of the persons 
exposed to its influence. 

It would have been most desirable to supplement the experiments 
and tests described by autopsies of patients. It will be recalled 
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that the post-mortem findings of Shaw Dunn and Sheehan were 
incon~usive. The reason ~or this is probably that in the majority 
of therr ~en _cases the patients. had ~ suffering for many years 
from therr disease :'-nd ha~ ultrrnate!Y: died of it. These autopsies 
.vere therefore earned out 1n the termmal stage of the illness when 
;econdary changes-chronic bronchitis, emphysema dilatation of 
he right ventricle-were bound to have become established. What 

.s required in order to test the hypothesis propounded here is to 
perform autopsies on such patients during the earlier stages of the 
disease; ~at would be possible in persons who have died acutely 
of an acc1dent or some intercurrent disease. But in view of the 
comparatively small proportion of strippers and grinders in the 
general population, the opportunities for such examinations are 
small. Actually, in spite of the interest shown in the question by 
a number of physicians and pathologists, it has been impossible for 
me to obtain post-mortem examination of a single case. This 
question must therefore be left in suspense. 

The respiratory disease of cotton operatives is frequently called 
"stl'ipper's asthma". There can be no doubt that in some of the 
patients the symptoms resemble those of astlrrna. Thus, there is 
definite irritation whilst they are in close contact with the dust, 
and some improvement when they are away from it. The symptoms 
are almost invariably worst when they return to work on Mondays, 
or after any interruption of work. Several patients have told me 
that they had to give up their work ; after some weeks or months 
their troubles had subsided so far that they desired to resume their 
tasks. But every time they tried to do so, they were forced on 
the first day after their return to the mill to stop work, as their 
sufferings and weakness were intolerable. Such observations 
obviously point to allergic super-sensitiveness. 

Yet there are two possible objections to regarding the disease 
as simple asthma. The first is that with a single exception all the 
patients questioned by me insisted that their breathlessness was 
strictly inspiratory. They stated that the tightn:ss iJl: t~eir ch~t 
Was like an iron ring preventing them from drawmg atr mto thetr 
lungs ; they endeavoured, by pressing the palms of their hands 
against the upper part of the thighs, to aid their inspiratory e~orts. 
They said that there was no difficulty at all in pressing the ali out 
of. their lungs. There is some evidence for this in t~e r~ults of 
sptrometer tests (see page 57), which show that the pabent.s efforts 
at forced expiration are more successful on the whole ~an hts effo~ 
at inspiration. Still, it is a known fact that genume asth_matlcs 
sometimes are not clear about the difference between exptratory 
md inspiratory dyspnoea, and therefore this objection cannot be 
regarded as final. · 

The second objection is concerned with what at fi~st st~~ 1!-PP~s 
:o be the strongest evidence in favour of allergtc sensttJ.zatton, 
tamely, the " Monday fever ". The same exacerbation of symptoms 
las been described in similarly affected hemp-workers by Koelsch 
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and Lederer (1933). But it is particularly noteworthy that a shale­
worker suffering not from asthma but fibrosis, who was attending 
the Asthma Clinic at Leeds, definitely stated that he had the same 
exacerbation of his symptoms when he returned to his work on 
Mondays. It therefore seems to be more probable that the un­
doubted prevalence of attacks on Mondays is due to a physical and 
perhaps a psychical shock occurring when the patients resume their 
dusty work after one and a-half day's life in a clean atmosphere. 
During the following days of the week they would gradually become 
accustomed to the dusty air and resume their typical habit of shallow 
breathing. At the week-ends they would be out of doors a good deal 
and breathe deeply. This they would continue to do on their return 
to work on Mondays with the result that a relatively great amount 
of irritating material would rapidly be drawn into the lungs. This 
would appear at least a possible explanation. 

Nevertheless, the existence of true allergic sensitiveness in every 
patient does prove the illness to be in some manner related to the 
asthmatic condition. There is indeed reason to believe that this super­
sensitiveness plays a part in causing the symptoms of the disease. 
We are thus led to the following conception of the pathogenesis of 
the illness: (I) Irritating soluble proteins of the cotton dust pene­
trate into the alveolar tissue and gradually produce thickening of the 
alveolar walls. (2) Simultaneously, or perhaps even before that, 
super-sensitiveness is acquired. (3) Superficiai irritation of the 
bronchial mucous membrane by the dust leads to chronic bronchitis, 
cough, in some cases accompanied by intensive expectoration, and 
ultimately to emphysema. In this manner the gradually increasing 
dyspnoea would be explained as well as the frequent attacks of 
intensive coughing, and the chronic bronchitis and emphysema of the 
later stages of the malady. 

It is difficult to assess the role played by histamine in the causation 
of the disease. Experimental evidence is hardly in favour of the 
view that the chronic respiratory changes are due to it, since the 
reactions set up by histamine are fleeting. Besides, histamine is 
normally present in appreciable quantities in the various organs of 
the body, notably the lung. Furthermore, the skin reaction to 
histamine in patients resembles, in quality and size, that seen in 
normal persons ; no sign has been observed of either raised or 
lowered sensitiveness to it in patients. It is possible, however, that 
~he ac1:1te attacks of . "~ill fever" experienced by many persons 
Immediately after thetr VISit to, or their first work in, a cardroom 
may .be due to histamine. Such symptoms have frequently been 
descn~ed. After my first visit to a few mills for the purpose of 
collectmg cardroom dust I experienced a rather severe attack of 
sneezin!f and irritating cough, followed in the night by an attack 
resembling asthma. As I have not developed super-sensitiveness to 
cotton dust. protei? in the course of my work, there would appear to 
be some ev1dence m favour of that assumption. 
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PART III.-CLINICAL AND PHYSIOLOGICAL 
EXAMINATION OF PATIENTS AND CONTROLS 

A. BLOOD EXAMINATION 
In view of. the possible connexion of the respiratory disease of 

cotton operatlves with spasmodic asthma the eosinophile count was 
determined in 25 patients. The counts ranged from 0 to 4·0 per 
cent., the average was 1·2; :figures over 2·6 per cent. were found in 
two of the cases only. Even in the patient No. 1 (see page 45), who 
had a severe reaction after intradermal injection of 0 ·I c. c. of a 
1 per cent. protein solution, the eosinophile count was found to 
be 0 ·8 per cent. immediately before the test, 0 ·8 on the following 
?a;Y a~ the height of the reaction, and 0·35 on the fifth day after the 
IIl]ectwn, when all symptoms had disappeared. In one of the 
controls who had a severe reaction after injection of 0 ·I c.c. protein 
1 : 1,000, the eosinophiles were found to be 0 per cent. 

!Jle basophile count ranged from 0 to 2·9 per cent., the average 
bemg 0·8. 

It was not possible to perform the total leucocyte count. 

B. SPUTUM EXAMINATION 
It has been mentioned previously that sputum is not as a rule a 

predominant symptom in the patients; sometimes it is :prac?cally 
absent even in relatively long-standing cases. The exammationsof 
Dr. Davey, alluded to on page 13, were carried out by the direct 
microscopical method only. In the present investigation this was 
supplemented by cultural methods. . 

Forty-four specimens from 42 patients were exannned; most of 
them were taken when the patients were being tested, a f~w were se~t 
by post. Practically all of them were fresh at the tliile of thell' 
exami':ation. The majority of the specimens were .co!ourless ·and 
Very VIscid; in one case the sputum stuck to the Petn ~h so firmly 
that it did not shift when the dish was stood up on 1ts edge or 
~v~rted. Some specimens, however, were rather watery, so.me 
distmctly muco-purulent. There did not appear to be an.y relation 
between the nature of the sputum and the duration of the illness. 

Routine examination consisted in the examination of Grant and 
Z~ehl-Neelsen preparations, and cultivation on blood-agar (aero­
bically and anaerobically), and malt-agar plates. Where the sput~ 
contained greyish-yellow spots or flakes, these were employed m 
particular. Microscopic examination in most cases revealed only 
scanty squamous epithelial cells and a small or moderate nUJ!!~er 
of polymorphonuclear leucocytes, usually some . ~rant-posttive 
diplococci, sometimes Gram-negative cocci, Gram-postbve and nega-
tive rods but never tubercle bacilli. u 

Cultur:illy, the predominant organism almost alwarsh j ie 
pneumococcus usually Group IV; there was 1 case Wit ype • 

(318215) 
' B 
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1 with Type III, and 2 with Type II. Green streptococci were 
encountered in 10, non-haemolytic streptococci in 7, haemolytic 
streptococci in 4, haemolytic staphylococci in 3, Micrococcus tetra­
genus in 4, Micrococcus catarrhalis in 3, Pfeiffer's bacillus in 1, Fried­
Hinder's bacillus in 3 cases. Moulds were present in 17 specimens, 
but there were ouly a few colonies on the malt-agar plates, so that 
the possibility of air-borne contamination cannot be ruled out. 
Aspergillus niger was found 9 times, once together with Aspergillus 
jumigatus, once with Penicillium; M·ucor alone 4 times, once together 
with Penicillium, Penicillium alone 4 times. In no case was there 
any evidence of a mould infection of the lung. Mycelia or spores 
were seen only once in a specimen; this had been two days on the 
way to the laboratory. 

Conclusions.-There does not appear to be any evidence of an 
abnormal bacterial or mycological flora in the sputum of the patients, 
and hence there appears to be no reason to attribute the disease to 
any specific micro-organism. 

C. EXAMINATION OF THE RESPIRATORY FUNCTION 
The working efficiency of the lungs is a function of many variables, 

such as the free expansion and contraction of chest and diaphragm, 
the elasticity of the lungs, the free passage of air to and from the 
alveoli, the velocity of its penetration through the alveolar walls, 
the circulation rate of the blood, and psychical factors. Where 
dyspnoea occurs in consequence of an exertion which would normally 
be regarded as not excessive for the individual in question, impair­
ment of respiratory efficiency is proved to exist ; still more so where 
it occurs even during complete rest. But a mild degree of dyspnoea 
is not readily noticed by an unobservant patient and is often even 
difficult to diagnose by the physician ; the border-line between 
normal and slightly impaired efficiency is exceedingly difficult to 
trace. Hence, a number of investigators have in the past sought 
aft~r methods for estimating it more accurately by means of reliable 
physiological data. A summary of this work is given in the intro­
duction of Moncrieff's report to the Medical Research Council 
(1934). The method ultimately adopted by Moncrief£ consisted in 
the determination of the vital capacity, ventilating efficiency, dead 
space, and expiratory pressure. A special recording apparatus was 
used. The results obtained by him in 86 patients show this procedure 
to give valuable objective records. 

In the present investigation the vital capacity, expiratory pressure, 
and dead space were also determined, but for reasons of economy 
a simpler technique was adopted. In addition, a method recently 
elaborated in the Department of Physiology of the University of 
Leeds by Professor McSwiney and Dr. Killick has been tried. It 
consists in measuring the respiratory response to increasing 
carbonic acid concentrations of the inspired air. It has been known 
for some time that this response tends to be delayed and irregular 
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in patients suffering from emphysema.. These investigators have 
found .a normal. response in healthy controls, but pronounced 
delay. m other mstances, e.g. in cases of pulmonary asbestosis, 
fib~osis, etc. Lastly, an endeavour has been made in the present 
senes of investigations to estimate the rate of passage of oxygen 
through the alveolar walls. For this purpose a foreign gas was 
employed.. The patients inhaled a mixture of air and acetylene as 
employed m G:rollman's method for determining the cardiac output. 
The methods mvolved in this work were learned and practised in 
the Departments of Physiology of the Universities of Leeds and 
Manchester, thanks to the kind permission of Professor McSwiney, 
Dr. Killick, Professor Raper and Dr. Lamb. 
~e subjects of the experiment were mostly available only in the 

evenmgs, after their work in the mill was over. This involved the 
drawback that they were tired and sometimes found difficulty in 
con~entrating on the tests ; but it had the advantage that their 
respiratory efficiency was examined whilst they were still more or 
less under the influence of their strenuous day's work. 
. Considerable difficulty was experienced by a number of subjects 
m learning to perform the tests correctly. This was noted not so 
much in obtaining samples of alveolar air as in other tests in which 
a breathing mouthpiece had to be held and a nose-clip was applied. 
Almost all the patients had false teeth, often badly fitting sets, 
a few had none whatever, and consequently they could not at ~rst 
hold the mouthpiece firmly and close their lips over it satisfactorily. 
The nose-clip also caused difficulty to many as they were accustomed 
to nose breathing. In most cases, how~ver, .the d~culti~ were 
ov~rcome, thanks to their patience and mtelligent mterest m the 
obJect of the investigations. 

1. VITAL CAPACITY 

A Hutchinson's bell spirometer was employed, and three series of 
experiments were performed, in each of whic~ several o~~ary 
breaths were followed by one maximum inspira~IOn ~d exl?rrabon. 
The mean of the ordinary breathings ga':"e the tidal 3l! ; ~IS fignre 
Was corrected from the results obtained m the determmation of ~he 
oxygen consumption and the prelimin3.I1:' stag~ of the rebreathing 
test (vide infra). In many cases the tidal arr was found to be 
unu~ually low, corresponding to the yery shallow and frequent 
respiration of these patients. The difference between the two 
maximum readings gave the vital capacity, the ~eat~st value of the 
three series being utilized. The results are grven m Table X~V, 
pages 64, 65. Unaffected cotton operatives (controls) had ~ vrtal 
cap~city ranging from 2·4 to 4·0 litres--ave~age 3·36; wrth the 
patients the corresponding figrrres were, respectively, 1·5, 3·6, 2·26. 

2. MAXIMUM EXPIRATORY PRESSURE 

This was determined by allowing the s~bjects to p~es_s air into a 
U-shaped tube filled with mercury wrthout preliminary deep 

E2 
(31325) 
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inspiration. Two values were recorded : the highest level of the 
mercury column attained at all, and the pressure which coul~ be 
maintained for about 15 seconds. Lower values were found With a 
number of patients (see Table XIV, pages 64, 65); but the differences 
did not seem sufficiently pronounced to allow any conclusions to be 
drawn from them. 

3. DEAD SPACE 
. alveolar C02 - expired C0 2 

This was assessed on the quotient alveolar C0
2 

calculated as a percentage. The alveolar C02 was determined by 
the Deep Expiration Method of Haldane and Priestley, the expired 
C02 with the Douglas bag in the routine method for estimating the 
respiratory exchange. The interesting fact was noted that the 
respiration rate in many patients remained abnormally high even 
after prolonged rest, whilst in almost all the controls it was con­
siderably lower. The dead space of the patients ranged from 35·0 
to 68·4-average 52·63; that of the controls from 27 ·9 to 58·4-
average 45·52. The details are given in Table XIV, pages 64, 65. 

4. REACTION OF THE RESPIRATION TO INCREASING C02 
CONCENTRATIONS OF THE INSPIRED AIR 

In order to obtain a steadily increasing concentration of C0 2 
whilst keeping the oxygen at the requisite level, the test is performed 
by rebreathing in a closed circuit under continuous addition of 
oxygen. A Douglas bag (Fig. 24) with two taps, is filled by a cycle 
pump with 25litres of air, wi).ich are measured by passage through a 
dry meter. One of the taps is connected by a length of corrugated 
rubber tubing (a) with the inlet valve of the mouthpiece ; this tube 
is provided with side tubes from one of which samples of inspired 
air are from time to time withdrawn for analysis. From the outlet 
valve of the mouthpiece another length of tubing (b) leads to the 
meter, and a third length (c) returns the air to the second tap of the 
Douglas bag. A steady stream of oxygen is introduced by a side 
tube into tube (a). A ten-litre bottle is fitted with a two-hole rubber 
stopper. Through one of the holes a piece of bent glass tubing (d) 
passes to the bottom of the bottle, through the other hole a short 
piece of glass tubing (e) is inserted. After the bottle has been 
filled with water through tube (d), it is filled with oxygen by connecting 
the outer end of tube (e) with the reducing valve of an oxygen 
cylinder ; as the oxygen fills the bottle, the water is displaced. 
During the experiment, tube (d) is connected with the water tap, 
tube (e) to a side tube of tube (a). By regulating the inflow of water 
the oxygen supply may be kept at the adequate amount of about 
300 c.c. per minute. The bottle is graduated by a slip of paper 
marked at intervals representing 300 c.c., which is pasted on the 
outside and varnished. 
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During the preliminary stage the patient breathes through open 
three-way taps from and into the air of the room until respiration 
rate and respiratory minute volwne have become fairly constant. 
Then the taps are closed and the actual test commences. From 
minute to minute the respiratory minute volumes and respiration 
rates are read on the meter, whilst from time to time samples are 
taken into exhausted gas-sampling tubes. The C02 content of the 
inspired air is estimated for each minute: the times of taking the 
samples are plotted on the abscissa of millimetre paper, the corres­
ponding C02 percentages on the ordinate, the resulting points are 

Douglas Bag 

FJG. 24.-Apparatus for co, rebreathing tests. 

:onnected, and the values required fou!ld by. interpola~~~in ~= 
:urve of the respiratory minute volume IS o~tam~ b~ircspo!ding 
:92 percentages for eacli minute on the ab~ssanrlnu~e readings) on 
nmute volwnes (averages of three consecu 1ve 
he ordinate of millimetre paper: 1 and steadily, but in the 
Normally, the curve at first nses gent Y . rather sudden steep 
~ighbourhood of 4 to 5 per cen~. COz t!terbr~dung is usually felt. 
ISe, when some difficulty or distress m 
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In patients suffering from fibrotic changes of the lungs the curve 
has been found by Dr. Killick to rise later and far more slowly. 

20 

4'L---t---~--~--~--~4~--._--~s~~~--a~--._--~7~~~~a 
PERCENTAGE C02 

FIG. 25.-Respiratory response to increasing CO, concentration of inspired 
air: specimen curves from a healthy cotton operative No. 13 (-------) 
and a severely affected cotton operative, No. 9 (---------). 
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FIG. 26.-Respiratory response to increasing C02 concen­
tration of inspired air : average curves for all normal 
individuals (-------) and all diseased cotton operatives 

(-----------). 

The present series of tests on the whole confirms these results. 
Fig. 25 shows a " typical " curve from a normal individual 
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(uninterrupted line) and a" typical " abnormal curve from a patient 
(broken line). ".Average•: curves have been constructed by plotting 
the average resprratory mmute volumes corresponding to each CO 
perce_ntage for each of the two groups separately (Fig. 26). Here, too~ 
the d1~erences are characteristic, although less pronounced, of course, 
than m the selected curves shown in Fig. 25. Table XIV gives the 
COs percentage at which the curve begins to rise rather more steeply 
for each c~e examined. The average for the normal group is 5·52, 
!or the patients 6·34 per cent. It is true that if the individual cases 
m each series are taken considerable differences are observed. In 
some normal persons the rise is not so very steep and begins well 
aboye 6 per cent. C02 ; in a few of the patients it is fairly steep and 
?egms below that value. But the general trend is distinctly different 
m the two groups. 
Th~ abnormal reactivity of the patients is borne out by the some­

what Irregular form of many of their curves. An initial rise is often 
followed by one or more depressions. It would seem as if their 
respiratory centre, after being at first stimulated, subsequently grew 
less responsive to the constantly increasing C01 concentration, and 
only reawakened to its duties when a relatively high level of C08 
had been reached. 

This conception is corroborated by the peculiar fact that pro­
nounced irregularity of breathing is far more common in patients 
than in the controls. Especially during the earlier stages of the test, 
at 2 to 4 per cent. C02, more or less marked Cheyne-Stokes breathing 
was regularly observed in the former, although the oxygen content 
of the inspired air was kept at 19 to 20 per cent. 

5. AcETYLENE TEST 

The source of acetylene was the commercial product (steel cylinders 
containing a solution of C1H1 in acetone under pressure). The gas 
was purified by passing it through four towers containing, respec­
tively, CuS04• 5 H20 16, 1 per cent. H2S04 100; K1Cr10 7 10 per 
cent. in water acidulated with H2S04 ; pumice stone saturated with 
CuC12 solution in HCl ; sticks of NaOH. The purified gas, which 
had a less unpleasant odour than the raw gas, was collected in a rubber 
bag. 500 c.c. of acetylene and 2,000 c.c. of air were mixed by means 
of a graduated aspirator bottle filled wit~ a saturate~ watery solu­
tion of NaCI, and transferred to a 2·5 litre rebreathmg bag fitted 
with two side tubes for taking gas samples, and a two-way tap 
holding the mouth piece. After mouth piece and nose-clip had !>een 
attached to the resting patient, he was instructed to breathe quietly 
and evenly through the tap set to the outer air, until he had become 
accustomed. Then at a given moment the tap was turned towards 
the bag, and the subject took a. ~u~ber of very deep breaths out of 
the bag and back into it. Eqmlibnum between the contents of the 
bag and the alveolar air are assumed by Grol!man (1932) to be 
attained in 15 seconds, if six breaths of 2·5 or e1ght breaths of 2·0 
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litres have been taken. The first sample was taken after 15 seconds, 
the second 8 to 10 seconds later, i.e., before blood containing acety­
lene had begun to return to the pulmonary circulation. 

The samples were analysed in a Haldane apparatus fitted with a 
third tube containing the following solution : Hg(CN). 20, NaOH 8, 
H.O 100. Carbonic acid, acetylene, and oxygen were determined in 
this sequence in two or three tests for each sample. From the average 
results of each sample the nitrogen content was obtained by sub­
traction. The acetylene content of sample 1 was corrected for 
change of volume by multiplying it with the quotient 

nitrogen percentage of sample 2 
·nitrogen percentage of sample 1' 

C2H 2 (corrected), sample 1-C2H 2, sample 2 d t 
Thequotient C

2
H

2 
(corrected), sample I was e er-

mined and calculated so as to correspond to a uniform period of 
10 seconds. This value in percentage expresses the rate of acetylene 
absorption through the alveolar walls into the blood. 

The figure thus obtained depends on two factors: (1) The per­
meability of the alveolar membrane, and (2) the circulation rate of 
the blood through the pulmonary vessels. Grollman has elaborated 
a formula by which the latter variable is determined from the 
acetylene loss by the aid of the resting oxygen consumption. But 
as it was desired in the present investigation to eliminate the cardiac 
output, it hardly seemed suitable to use the acetylene method for 
determining both of the two variables. As a simple, although rough, 
solution the quotient suggested by Liljestrand was determined : 
pulse-pressure X pulse-rate d h 

1 1 mean blood-pressure • an t e percentage acety ene oss 
divided by this figure. 

The acetylene test is comparatively easy to perform if the patient 
is able to concentrate his attention sufficiently, nor does it cause him 
any marked inconvenience. The unpleasant after-taste of the gas 
is removed by rinsing the mouth out thoroughly so soon as the test 
is over (during the test itself the taste is not noticed!). Even in 
patients with considerably impaired respiratory function no irrita­
tion was set up except such as was due to the forced breathing. 
Only in a few cases was it impossible to carry the determination out 
because a previously present irritative cough persisted during the 
test. One man complained for about a quarter of an hour afterwards 
of an unpleasant sensation which he could not define, but which was 
unaccompanied by any objective finding. The test was not per­
formed where cardiac impairment was indicated by abnormally 
high pulse-rate or abnormally low blood pressure. 

The results of the acetylene tests are given in Table XIV, 
pages 64, 65. Considerable individual variations have been observed, 
both in the acetylene loss and the value obtained after correction 
~or ~diac output. Table XIII gives the range of figures foulnd 
m patients and controls. {" 
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TABLE XIII 

63" 

Summary of Values Found for Acetylene Loss 

Pr»iems. Controls. 

I C,H,Ioss I C,H,loss 

C,H,Ioss. 
corree14tlfor corr~eted for 

cardiac output. C,H,Ioss. caf'diac output. 

Maximum .. 58·8 1·46 28·4 0·91 

Minimum .. 1·2 0·03 6·0 0·15 

Average 00 16·53 0·47 13·33 0·32 

. These results should be read in conjunction with the detailed figures 
m Table XIV. The striking fact emerges that the range between the 
figures in each group is very wide. Apart from that, the average 
results would appear to afford evidence that the ordinary result of 
the acetylene test was higher in patients than in healthy individuals. 
But the more important fact emerges that the minimum values are 
far lower in patients than in controls. This implies that in some of 
~e patients the respiratory efficiency has been impaired so far as to 
11!-terfere with the free passage through their alveolar wall of an easily 
diffusible foreign gas, and therefore probably still more so with that 
of a less diffusible gas like oxygen. 
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TABLE 

Tests for Respiratory 

Subject I I I Years I No. Age. Occupation. in dust. 
Years 
ill. I 

Vital 
Capac. 

litr. I 
Maximum Expir. 

pressure. 

Reached. \ Maintained. 

I I 
(a) PATIENTS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

43 
46 
33 
58 
46 
53 
44 
52 
45 
48 
44 
50 
54 
58 
46 
47 
56 
53 
43 
52 
62 
64 
59 
51 
44 
27 
40 
54 
50 
52 
43 

s.g.* 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
bl. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
s.g. 
bl. 
s.g. 
bl. 
s.g. 
s.g. 
bl. 
mixer 

(b) CONTROLS 

1 32 I cardr. hand 
2 31 bl. •• 
3 47 bl. •• 
4 63 s.g. • • 
5 61 s.g. •• 
6 37 blow. r. op. 
7 63 cop-packer 
8 50 cop-packer 
9 52 cop-packer 

10 64 cop-packer 
11 63 cop-packer 
12 55 cop-packer 
13 27 mixer .. 
14 34 mixer •• 
15 26 student •• 
16 58 doctor •• 
17 18 student •. 
18 39 doctor •• 
19 40 professor 
20 60 lecturer .. 
21 22 lab. bny •. 

• See foot-note t. page 48. 

25 
28 
22 
33 
25 
26 
20 
32 
18 
30 
27 
20 
34 
40 

9 
31 
20 
30 
15 
30 
39 
35 
30 
22 
22 

5 
24 
30 
28 
30 
10 

16 
11 
27 
50 

8 
6 

53 
38 
42 
40 
53 
44 

6 
6 
0 
0 
0 
0 
0 
0 
0 

9 
3 

20 
IS 
15 
7 

few 
17 
11 
13 
11 
11 
11 
20 

3 
9 
2 

15 
8 
8 

10 
8 

14 
13 
6 
5 

23 
4 

16 
20 
10 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2·85 
3·15 
2·05 
2·05 
2·5 
2·2 
2·0 
2·1 
2·2 
2·5 
2·55 
1·5 
1·7 
2·1 
2·15 
2·55 
2·35 
1·7 
1·9 
2·4 
1·6 
1·5 
2·35 
3·45 
2·6 
3·6 
2·3 
2·05 
1·35 
1·7 
3·1 

3·35 
3·45 
3·8 
2·5 
3·05 
3·25 
3·75 
3·3 
3·65 
3·5 
2·4 
3·4 
4·0 
3·7 
3·2 

3·75 

60 
90 

100 
60 
so 
80 
74 

100 
64 
56 
70 

62 
90 
90 
40 
13 
60 
50 
70 
64 
50 
70 

65 
40 
70 
40 
so 
72 

60 
120 
130 
60 
so 
64 
90 
60 
so 
50 
70 
60 
90 
70 

50 
70 
70 
44 
60 
60 
60 

100 
44 
30 
44 

70 
70 
74 
40 
13 
50 
40 
60 
58 
50 
70 

60 
30 
50 
40 
70 
60 

60 
100 
120 
50 
80 
64 
70 
60 
70 
44 
55 
50 
80 
70 
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XIV 
Efficiency 

Dead space 
percent. 

oftid. air. 

53·5 
53·2 
35·0 
68·4 
44·4 
61·0 
56·2 
54·0 
58·7 
50·3 
48·3 
-

56·1 
40·6 
51·4 
56·5 
49·4 
44·4 
39·9 
56·4 
-

47·6 
61·2 
61·6 
-

49·5 
55·3 
56·1 
61·8 
53·3 
49·4 

50·0 
46·0 
54·4 
46·4 
44·6 
21·9 
48·6 
48·9 
42·0 
54·1 
58·4 
50·1 
35·7 
30·2 
40·5 
46·6 
26·5 ----

I 
Rebreathing test: I Acetylene loss. I 
per cent. CO, at 

which """"' b•nds Net I Corrected for 
up steeply. per cent. cartl. outpnt. 

4·65 3·9 -
5·75 8·8 -
5·85 3·6 0·10 

over 6·75 30·3 0·77 
6·1 6·0 0·21 
8·5 14·5 0·62 

over 9·0 23·7 0·71 

- 58·8 1·29 
over 6·5 1·2 0•03 
over 7·0 2·2 0·07 

5·9 - -- --
- 15·0 0·56 

over 7·75 - --- -
6·15 15·2 0·47 -- -
6·5 10·5 0·26 

- 3·9 0·14 
20·7 0·64 

- 5·5 0•07 

- 11·9 0•29 
over 5·6 - -

- 23·1 0·51 
6·6 16·8 0·30 
4·6 9·2 0·27 

- 29·3 1·46 

- 29·5 0·85 

- 34·5 0·44 

over 4·4 18·7 0·32 

6·0 - -

- 7·6 0·28 

- 9·8 0•18 

5·7 9·1 0·15 

- 12·3 0•27 

5·4 9·1 0·26 

4·15 28·3 0·91 -4·85 -
- 17·6 0•36 

over 5·55 6·0 0·15 

5·8 20·0 0·40 

6·7 14·3 0·28 

5·9 9·9 0·26 -5·15 -
5·95 16·0 0·34 

4·6 14·1 -
6·0 11·1 0·36 -5·85 - -5·55 -
- 15·4 0·55 

- 17·9 0·53 -5·3 -

65 

Remarks. 

Kyphosis of thorax. 
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The figures embodied in Table XI': have been kindly su?jected ~o 
statistical analysis by Mr. W. ]. Martm. The results of this analysis 
are given in Table XV. 

TABLE XV 
Statistical Analysis of the Results of Table XIV 

I 
Controls 
(cotton Difference 

Patients. workers). Controls 
minus I N.IMea>l. N._l J.Vfean. Patients. I. P. 

Vital capacity 00 3I 2·26 I4 3·36 + I·IO 6·4 <·OI 
Dead space 00 28 52·63 I4 45·52 - 7·11 2·73 <·OI 
co, 00 00 I8 6·34 10 5·52 - 0·82 1·93 ·1>P>·05 
Acetylene loss, per 24 16·53 12 13·33 - 3·20 0·78 ·5> P>·4 

cent. 
Do., corrected .. 22 0·47 12 0·32 - 0·.15 1·27 ·3>P>·2 

This table shows, therefore, that on the average the vital capacity 
is greater, the dead space, C0 2 response, and acetylene loss smaller 
in the controls than in the patients. But as only such groups of 
figures are statistically significant which give a P less than ·01, the 
main conclusion to be drawn is that the vital capacity and the 
dead space do actually show a statistically significant difference between 
the patients and controls. 

D. DISCUSSION OF THE RESULTS OF THE 
PHYSIOLOGICAL TESTS 

Among the tests for respiratory efficiency employed in this section 
. of the work Vital Capacity and Dead Space (viz.: its ratio to the 

Tidal Air) have given statistically significant differences between 
the patients and the controls, the former being regularly higher, the 
latter lower for the controls. This result was to be expected from 
the physical impairment which was more or less pronounced in the 
majority of the patients both by direct clinical observation and from 
their history. The measurement of vital capacity is probably best 
suited for examinations of this nature, as it is quickly performed, 
causes no discomfort, and affords few possibilities of error. The dead 
space, although giving fairly consistent results in the present investi­
gation, has considerable drawbacks in the examination of persons 
not specially trained, since the determinations of the alveolar air 
and oxygen consumption are fraught with somewhat greater possi­
bilities of error if the subject's breathing technique is slightly faulty. 

The determination of the response to increased percentages of C02 
in the inhaled air has not, it is true, given results which can be 
regarded as statistically siguificant. Nevertheless, inspection of the 
curves (Figures 25, 26) does show a pronounced difference in the 
reaction of patients and normal subjects ; there can be no doubt 
that on the whole the curve rises more steeply at a lower C02 level 
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with the latter group. The results of this test are, however, less 
suited for statistical evaluation than those of the former two tests, 
and this may explain the discrepancy between the appearance of 
the two kinds of curves and the statistical analysis. The intrinsic 
drawback of the method lies in the fact that it is difficult to employ 
in individuals suffering from respiratory disturbance. The necessity 
for the subject's holding the mouth-piece firmly for about 30 minutes, 
the possibility of leaks occurring between mouth and mouth-piece, 
and the considerable discomfort at the final and crucial stage of the 
experiment raise serious objections to the routine use of this method. 

The acetylene method, finally, has been a great disappointment. 
There had been some reason to expect that it might be possible to 
demonstrate by it some impairment in the passage of oxygen through 
the alveolar wall in our patients. The speed with which the deter­
mination can be carried out and the very slight discomfort it causes 
to the subject appeared to be special points in its favour: It h~, 
however, been found that no conclusive results can be obtamed With 
it ; indeed, the averages work out slightly better for the patients 
than for the controls but the difference is so slight as to be statisti­
cally insignificant. But it may appear worthy of mention that in a 
few of our patients remarkably low figures for the acetylene absorp­
tion were obtained, which might suggest that in exceptional cases 
some impairment of the passage of oxygen through the alveolar wall 
might play a part in the causation of the disease. 

For the individual case all these tests do not lead much further. 
They only corroborate the clinical evidence of poor respiratory 
function, which, in its turn, is mostly the consequence of e~ph~sema. 
But their value for the purpose of this investigation cons1sts I~ .the 
fact that the general trend of each test tends to support what clim~l 
examination had merely rendered probable, namely, tha~ the morb1d 
process developing in the lungs has actually wrought senous damage 
to the organ. 
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PART TV.-PRACTICAL CONCLUSIONS 
. A. DIAGNOSIS 

For the diagnosis of the disease we still depend primarily upon the 
history of the case. This is so typical that in the cotton district 
every physician is familiar with the malady and easily recognizes it. 
In difficult or doubtful cases it would probably be advisable for the 
physician to be given the opportunity of seeing the patient at his 
work, especially on Mondays. Under these conditions the typical 
symptoms and signs will undoubtedly be found, or their absence 
determined, as the case may be. 

The intradermal test with a weak solution of cotton dust protein 
(1 : 100,000 to 1 : 10,000) gives a characteristic reactiqn which proves 
the existence of allergy to the substance. Every person super­
sensitive to cotton dust, even if he is apparently healthy, should take 
rigorous precautions against inhaling the dust; it would be advisable 
for him if possible to change his occupation. 

In advanced cases the physiological tests, especially the deter­
mination of the vital capacity, afford valuable confirmation of the 
existence and extent of the damage rendered probable by clinical 
examination. 

B. TREATMENT 
Specific treatment of allergic conditions by desensitization has 

been so successful in many forms of idiosyncrasy, e.g., hay fever, 
spasmodic asthma, urticaria, etc., that the question as to its use in 
the treatment of the respiratory disease of cotton operatives naturally 
arises. Unfortunately, however, this affection is not the consequence 
of an allergic condition due to an otherwise harmless allergen. The 
~ausal agent has been shown to be primarily toxic, it produces severe 
mflammatory changes in normal persons, i.e., in subjects who are 
not super-sensitive to it. Assuming that it should be possible to free 
the patient from his super-sensitiveness, it is difficult to see wh~t 
advantage would accrue. The inflammatory changes produced m 
the tissues of the lungs by the dust inhaled would continue and 
necessarily become ever more severe, no matter whether the specific 
super-sensitiveness had been abolished or not. The same remarks 
obviously apply to non-specific methods of desensitization, e.g., by 
X-rays, peptone, tuberculin, sulphur, etc. 

The physical impairment of pulmonary function could in all 
p_robability be considerably benefited by adequate breathing ex_er­
ctses. Part of the patient's trouble is undoubtedly due to his havtng 
lost the power ?f prol?erly using his lungs ; but part of it may be 
the result of his havtng permanently acquired the habit of very 
shallow and frequent breathing. In the dusty atmosphere this habtt 
is qnickl~ f~~ed and it is possibly of some benefit there, since it rna~ 
tend to dimintsh the amount of dust actually inhaled into the bronchi 
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an~ al;'eoli. ~ut it would be most desirable to insist upon the 
patient s resummg the natural manner of deeper breathing at home 
and especially in the fresh air. 

Apart from this, the physician is practically limited to sympto­
m~hc. trea~ment, especially with ephedrine, which gives pronounced 
rehef m SU1table cases. As with every idiosyncratic or other affection 
due to extrinsic substances the greatest benefit can be obtained by 
~emoving the injurious substance from the patient, in the present 
mstance, by persuading the patient to give up his work sufficiently 
early, i.e., before severe changes of puhnonary function have 
developed. It is surprising to see how much subjective relief can be 
obtained in this manner. The patients gradually regain much of 
their lost weight, they look better, the blood vessels of the skin are 
better filled, its turgor increases, and, above all, the irritation of their 
respiratory system rapidly diminishes. If this change of environ­
ment is brought about before secondary changes of the lung such as 
chronic bronchitis and emphysema have had time to develop, the 
chances of achieving something very like an actual cure may be 
regarded as favourable. 

For the treatment of the severe nocturnal attacks of air-hunger it 
might be well to make judicious use of the administration of oxygen, 
combined perhaps with 5 per cent. carbonic acid. 

C. PREVENTION 
. The foregoing remarks have made it evi~ent that the utmost 
Importance attaches to the prevention of the disease. Much has been 
done by the mill-owners in the last few decades to reduce the dust 
!n cardrooms by better systems of vent_ila~ion, .and above. all by the 
mtroduction of exhaust or vacuum stnppmg, m some mil!s by the 
Shirley cage. It can hardly be doubted that owing to these. Improve­
ments the incidence of the disease has been reduced. But It has not 
as yet been stamped out. 

The most dangerous fraction of cotton dust ar~ the sma!ler 
particles--under 2 microns in diameter ; they fonn a high proportwn 
of the dust. It is hardly imaginable thl!-t even f~r mo~e powe.rful 
fans and exhaust systems will succeed m removmg thiS fr!lch~n. 
!Jle greatest attention must therefore be given to preventmg 1ts 
Inhalation. . · Th 

The respirators at present in use do not fulfil therr .object. e 
gauze or fabric layer which is to retain the dus~ rapidly be.com~ 
clogged with it, the moisture of the breath playmg. a part m t e 
process · consequently air-hunger forces the operat~ve to ~emove 
the ma,;k at frequent intervals or induces hi~ to tpve. up Its use 
completely. It has been shown in the present mvest~g;'lh~nt~~a~ a~ 
efficient screening effect can be obtain~d ~y ~layer, ffi:c As ;~e'a~r 
closely packed wood shavings soaked m liquid ~ara. · the oily 
is sucked through this layer, th~ dust parhc.Ies lffiP~ret~: Jilter is 
>urface and adhere firmly to It. The resiStance 
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negligible at the start and does not change during prolonged use, as 
it acts not by filtering the air but by deflecting the dust particles 
from their path within a system of wide air-channels. 

No moisture is absorbed by the oily surface. The only difficulty 
consists in fitting this material to a suitable mask. The patterns 
used at present are light and easily adapted, but they fail to give an 
air-tight fit where they touch the face and nose, as their edges are of 
fabric. Sir Robert Davis, Managing Director of Messrs. Siebe, 
Gorman and Co., Ltd., kindly provided a new type of light rubber 
mask which can be fitted with the oiled shavings. In laboratory 
tests it caused no discomfort even when worn for a considerable 
time. The operatives who have tried it object to any rubber masks 
because they are troubled by the perspiration retained in them. It 
is to be hoped that the researches carried out elsewhere will soon 
lead to a satisfactory solution of these difficulties. 
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SUMMARY 
1. Car~room dust is rich in particles under 2 microns in size and 

comparatively still richer in ultramicroscopic particles. Such 
particles can easily penetrate into the deeper air-passages. 

2. The lipoid fraction of the dust appears to be harmless to the 
lungs. 

3. The alcoholic fraction contains appreciable amounts of a 
sl:'b~tance resembling histamine and possibly identical with it. 
Similar substances have been found in cotton seed, as well as in the 
dust of barley, esparto-grass, coir, and wool. Whether this principle 
plays ~ pro.nounced role in causing the respiratory disease of cotton 
operatives IS doubtful. 

4. The protein fraction has been shown by experiments on man 
and animals to be primarily toxic ; it has a characteristic irritating 
eff~ct upon the deeper tissues and produces definite inflammatory 
lesiOn~. In all probability the substance or group of substances 
contamed in the protein fraction is responsible for the changes 
occurring in the lung after prolonged inhalation of the dust. 

5. Allergic super-sensitiveness to the protein has been demonstrated 
to a greater or lesser degree in all the diseased cotton operatives 
examined; it is rare in healthy cotton operatives, in patients suffering 
from spasmodic asthma, and in healthy persons unconnected with 
the cotton trade. 

6. Physiological tests have sh~wn definite impairment of respiratory 
function in a large proportion of cotton operatives suffering from 
the respiratory disease. 

7. Treatment of the disease by desensitization does not appear 
to provide satisfactory chances of improvement. Physical exercises 
directed towards improving the patient's respiration should give s~me 
benefit. The greatest importance attaches to removal of the patient 
from the injurious conditions of his work, before severe secondary 
changes have developed in the lungs. To this end the recommend­
ation of the Departmental Committee on Du~t i~ Cardro~ms 
dealing with medical examination should be earned mto practice. 

8. The leading principle in the consi~eration a! this dis~e, as 
of all industrial maladies, must be preventum . . The Ideal reqmrement 
would be to keep the air of the mixing, blo~mg •. an~ ca~drooms free 
from dust. Much has been accomplished m this directiOn, and yet 
the disease has not been eradicated. This appears t~ be d.ue t~ the 
fact that even a powedul and well-dir~cted ventilation ":ill. fail t~ 
act upon the lightest and smallest partic!es ?f dust, and It IS these 
which have the greatest power of penetratmg mto the d~eper portions 
of the lung. So long as this technical prob!em remam~ u~lved, 
it will be necessary to provide adequate respirators and msist upon 
their constant use during the dusty part of the work. 

p 
(31325) 
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No. 117. The Toxaemias of Pregnancy: A Clinical and Biochemical Study. 
ByJ. N. Cruickshank, J. Hewitt, and K. L. Couper. [1927.] 48. (48. 2d.). 

No. 118. The Cause of Foetal Death in 144 Cases. By A. C. Palmer. [I928.] 
38. <a •. 2d. ). 

No. 157. Nutritional An""mia in Infancy : The Influence of Iron Deficiency 
on Infant Health. By H. M. M. Mackay, L. Goodfellow, and A. Bradford 
Hill. [1931.] 2s. (2s. 2d.). 

No. I62. Intelligence and Disease. By Shepherd Dawson assisted by 
J. C. M. Conn. [I93I.] Is. (Is. 2d.). 

No. 190. A Study of Growth and Development: Observations in Successive 
Years on the Same Children. By R. M. Fleming. With a Statistical 
Analysis by W. J. Martin. [1933.] Is. 6d. (Is. 8d.) 

Sea also NUTRITION ; RrcXETs. 

Dental Disease : 
No. 70. The Structure of Teeth in relation to Dental Disease. By J. 

Howard Mummery. [1922.] 2•. (2s. ld.). 
No. 97. The Incidence of Dental Disease in Children. By ths Committee 

for the Investigation of Dental Disease. [1925.] Is. 6d. (18. Sd.). 
No. I40. Diet and the Teeth: An Experimental Study. Part I. Dental 

Structure in Dogs. By May Mellanby. [1929.] I7s. 6d. (ISs.). 
No. 153. Diet and the Teeth: An Experimental Study. Part II. A.-Diet 

and Dental Disease. B.-Diet and Dental Structure in Mammals other 
than the Dog. By May Mellanby. [I930.] 2s. 6d. (2s. 9d.). 

No. I59. The Influence of Diet on Caries in Children's Teeth (Interim 
Report). By the Dental Committee. [1931.] 6d. (7d.). 

No. 171. Facial Growth in Children, with Special Reference to Dentition. 
Part I, by Corisande Smyth. Part II, by Matthew Young. [1932.] 
18. 6d. (Is. 8d. ). 

No. I91. Diet and the Teeth: an Experimental Study. Part m. The 
Effect of Diet on Dental Structure and Disease in Man. By May 1\fellanby. 
[1934.] 58. (58. 4d.). 

No. 2U. The Infiuence of Diet on Caries in Children's Teeth (Final 
Report). By the Committee for the Investigation of Dental Disease. 
(1936.]. 28. 

Diphtheria : 
No. U5. The Prevention of Diphtheria. By J. Graham Forbes. [1927.] 

28. (28. 2d. ). 
(Book). Diphtheria: its Bacteriology, Pathology, and Immunology. By 

the Bacteriological Committee. (1923.] 12•. 6d. (138.). 
Sea also EPIDEHlOLOGY (Nos. 75, 137 and 195). 

Dust: 81!6 RESPIRATION, etc., (No. 212), VENTILATION, ETC. 

·Dysentery : . 
Reports upon Investigations in ~he United Kingdom of Dysentery Ccsea 

received from the Eastern Mediterranean :- . . . 
N 6 III -Report upon recovered Cases of Intestmal DIBCII!IO m ths 
~yal N~val Hospital, Haslar, 1915--16. By Paul. Fildes and :/itheraf 
IV Report upon combined Clinical and Bactenolog~cal Btu es o 
Dy~tery Cases from the Mediterranean. By B. R. Douglaa and L. 
Colebrook. [1917.) 4s. 6d. (4s. Sd.). 



iv Special Reports-continued. 

No. 7. V.-Report upon 2,360 Enteritis "Convalescents" received at 
Liverpool from various Expeditionary Forces. By E. Glynn and others. 
[1918.] 6s. (6s. 2d.:.·>· ________ _ 

No. 15. A Study of 1,300 Convalescent Cases of Dysentery from Home 
Hospitals : with special reference to the Incidence and Treatment of 
Amcebic Dysentery Carriers. By Clifford Do bell, H. S. Gettings, Margaret 
W. Jepps, and J. B. Stephens. [1918.] Is. 3d. (Is. 4d.). 

No. 29. A Contribution to the Study of Chronicity in Dysentery Carriers. 
By W. Fletcher and Doris L. Mackinnon. [1919.] 9d. (IOd.). 

No. 30. An Investigation of the Fle:mer·Y Group of Dysentery Bacilli. 
By H. S. Gettings. [1919.] lB. (Is. Id.). 

No. 40. Studies of Bacillary Dysentery occurring in the British Forces in 
Macedonia. By L. S. Dudgeon and others. [1919.] 3s. (3s. 2d.). 

No. 42. A Study of the Serological Races of the Fle:mer Group of Dysentery 
Bacilli. By F. W. Andrewes and A. C. Inman. [1919.] 2s. (2s. 2d.). 

See also FooD PoiSONING. 

Encephalitis : 
No. 108. The Sheffield Outbreak of Epidemic Encephalitis in 1924. [1926.] 

lB. 9d. (Is. lid.). 

Enteric Infections : 
No. 9. A Report upon the Use of Atropine as a Diagnostic Agent in Typhoid 

Infections. By H. F. Marris. [1917.] Is. (Is. Id.). 
No. 48. A Report on the probable Proportion of Enteric Infections among 

Undiagnosed Febrile Cases invalided from the Western Front since 
October, 1916. By W. W. C. Topley, S. G. Platts, and C. C. Imrie. 
[1920.] 38. (3s. 2d.). 

No. 179. Chronic Enteric Carriers and their Treatment. By C. H. Browning 
with others. [1933.] Is. 6d. (Is. 8d.). 

See also BACTERIOLOGY ; FooD PoiSONING. 

Epidemiology : 
No. 75. The Schick Test, Diphtheria and Scarlet Fever. By S. F. Dudley. 

[1923.] Is. (Is. 2d.). 
No. Ill. The Spread of Droplet Infection in Semi-isolated Communities. 

By S. F. Dudley. [1926.] Is. 6d. (Is. 8d.). 
No. 120. An Inquiry into the Relationship between Housing Conditions 

and the Incidence and Fatality of Measles. By J. L. Halliday. [1928.] 
Is. (Is. !d.). 

No. 137. Scarlet Fever, Diphtheria, and Enteric Fever, 1895-1914: A 
Clinical-Statistical Study. By E. W. Goodall, M. Greenwood, and W. T. 
Russell. [1929.] 2s. (2s. 2d.). 

No. 180. Epidemiological Study of Scarlet Fever in England and Wales 
since 1900. By Hilda M. Woods. [1933.] Is. 3d. (Is. 5d.). 

No. 192. Housing Conditions and Respiratory Disease. Morbidity in a 
Poor-class Quarter and in a Rehousing Area in Glasgow. By C. III. 
Smith. [1934.] 9d. (IOd.). 

No. 195. Active Immunization against Diphtheria: its effect on the 
Distribution of Antitoxic Immunity and Case and Carrier Infection. 
By S. F. Dudley, P.M. May, and J. A. O'Flynn. [1934.] 3s. (3s. 3d.). 1 

No. 209. Experimental Epidemiology. By M. Greenwood, W. W. C. 
Topley, and J. Wilson. [1936.] 3s. 6d. (3s. IOd.) 

See also SMALL-POX ; TuBERCULOSIS ; ETC. 

Flying, Medical ProbleiDS of: 
Reports of the Air Medical Investigation Committee :-
No. 28. The Sense of Balance and Stability in the Air. By Henry Head. 

[1919.] 9d. (IOd.). (Included in No. 53.) 



Special Reports-continued. v 

No. 37. The Effec~ _of Diminished Tension of Oxygen, with especial 
refe':nce to the ActiVlty of the Adrenal Glands. By C. H. Kellaway. The 
Ear m relation to certain Disabilities in Flying. By S. Scott. [1919.] 
1s. (ls. 1d. ). 

No. 53. The Medical Problems of Flying{including reports on oxygen want 
selection of candidates for flying, sense of balance, and flying strain): 
(1920.] 6s. (68. 4d.). 

No. 84. The Application of the Air Force Physical Efficiency Tests to Men 
and Women. By L. D. Cripps. [1924.] Is. 6d. {Is. 8d.~ 

Food Poisoning : 
No. 24. A R<>port on the Investigation of an Epidemic caused by Bacilluo 

aerflrycke. By H. Marrian Perry and H. L. Tidy. [1.919.] 9d. {!Od.). 
No. 91. An Investigation of the SalmoneUa Group, with Special Reference 

to Food Poisoning. By W. G. Savage and P. Bruce White. [1925.] 
3s. 6d. { 3s. 8d.). 

No. 92. Food Poisoning: a Study of 100 Recent Outbreaks. By W. G. 
Savage and P. Bruce White. [1925.] 2s. 6d. (2s. Sd.). 

No. 103. Further Studies of the Sa!moneUa Group. By P. Bruce White. 
[1926.] 5s. (58. 3d.). 

Goitre: 
No. 154. Iodine Supply and the Incidence of Endemio Goitre. By J. B. 

Orr. [1931.] 4d. (5d.). S.salsoNUTRITION {No. 201). 

Haemoglobin : 888 BLOOD. 

Hearing: 
R<>ports of the Committee upon the Physiology of Hooring. 
No. 166. I.-The Loca.lization of Sounds in the Median Plane. By J. H. 

Shaxby and F. H. Gage. !I.-Some Factors in Auditory Localization. 
By H. E. 0. James and Marion E. Massey. [1932.] la. {Is. 2d.). 

No. 207. m.-The Localization of Sound. By H. E. 0. James. [1935.] 
9d. {10d.). 

Heart: · 
No. 8. R<>port upon Soldiers returned as Cases of " Disordered Action of the 

Heart" (D.A.H.), or Valvular Disease of the Heart. By Sir Thomas 
Lewis. [1917.] 1s. (ls. 1d. ). 

No. 147. The Electrocardiogram. By W. H. Craib. [1930.] 16. 3d. 
(ls. 5d.). 

No. 208. The Course of the Oesophagus in Health, and in Disease of the 
Heart and Great Vessels. By William Evans. [1936.] 2s. 6d. (2s. 9d.). 

Heredity: 888 IMMUNITY {No. 106). 

Immunity: 
No. 194. The Chemistry of Antigene and Antibodies. By J. R. Mnrrack. 

[1934.] 2s. 6d. (2s. Sd.). . . . . 
No. 196. The Inheritance of Reeistance to InfectiOn m AnmiBl SpeCies. 

A JWview of the Published Experimental Data. By A. Bradford Hill. 
[1934.] Is. 3d. (ls. 5d.). 

Su also EPIDEMIOLOGY. 

Industrial Health : . 
The Annual JWports of the Industrial Health <!ormerly FatJ~e) Research 

~ar~ll "fnd :J'"ci:~re~ri!:. on::~~~u~~~~·~ti, ~~~~ ~~~ 
un t' 

0 
re?t"' pauses epella of work, movement. study, vocatJOnal 

causa.lO ' ' f part"cular industries. A list can be supplied 
selectiOn_, ~d problema 0 1 f the Bonrd. 38, Old Queen Street, 
on applicatiOn to the Secretary o 
Westminster, S.W.I. 
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Influenza: 
No. 36. Studies of lnfl uenza in Hospitals of the British Armies in France, 

1918. (1919.] 3s. 6d. (38. 8d.). 
No. 63. Studies in the Aetiology of Epidemic Influenza. By J. Mcintosh. 

[1922.] 28. 6d. (28. 7d.). 

Jaundice: 
No. II3. Spirochaetal Jaundice. By G. Buchanan. [1927.] 48. (48. 2d. ). 

Malaria : 8es QUININE. 

Maternal Mortality : see CHILD LIFE and STREPTOcoccAL INFECTIONS. 

Measles : ses EPID~IOLOGY (No. 120). 

Milk : ses TUBERCULOSIS, (No. 189). 

Miners' Dietaries : ses NUTRITION. 

Miners' Diseases, etc. : 
No. 89. Report on Miners' "Beat Knee," "Beat Hand," and "Beat 

Elbow." By E. L. Collis and T. L. Llewellyn. [1924.] Is. 6d. (Is. 7d.). 
Ses also JAUNDICE (No. ll3). 

Miners' Nystagmus : ses VISION. 

Nephritis: 
No. 43. Albuminuria and War Nephritis among British Troops in France. 

By H. MacLean. [1919.] 2s. 6d. (2s. Sd.). 
No. 142. A Classification of Bright's Disease. By Dorothy S. RusselL 

(1929.] 8s. 6d. (Ss. IOd.). 
No. 178. A Study of Nephritis and Allied Lesions. By J. Gray. [1933.] 

28. 6d. (28. 9d. ). 

Nerve Injuries : 
Reports of the Committee upon Injuries of the Nervous System :-
No. 54. The Diagnosis and Treatment of Peripheral Nerve Injuries. [1920.] 

28. (28. 2d. ). . 
No. 88. Injuries of the Spinal Cord and Cauda Equina. (1924.] Is. 6d. 

(Is. 8d.). 

Nutrition: 
No. 87. Report on the Nutrition of Miners and their Families. By the 

Committee upon Quantitative Problems in Human Nutrition. [1924.] 
Is. 3d. (Is. 4d. ). 

No. 105. Diets for Boys during the School Age. By H. C. Corry Mann. 
[1926.] 2s. 6d. (28. 8d.). 

No. 146. The Antiscurvy Vitamin in Apples. By Mary F. Bracewell, 
E. Hoyle, and S. S. Zilva. (1930.] 9d. (!Od.). 

No. 155. Studies of Nutrition : The Physique and Health of Two African 
Tribes. By J. B. Orr and J. L Gilks. (1931.] 2s. (2s. 2d.). 

No. 158. The Quantitative Estimation of Vitamin D by Radiography. 
By R. B. Bourdillon, H. M. Bruce, C. Fiscbmann, and T. A. Webster. 
[1931.] Is. (Is. 2d.). 

No. 165. Studies in Nutrition. An Inquiry into the Diet of Families in 
Cardiff and Readiog. By E. P. Cathcart and A. M. T. Murray, assisted 
by M. Shanks. (1932.] 6d. (7d.). 

No. 167. Vitamins: A Survey of Present Knowledge. By a Committee 
appointed jointly by the Lister Institute and Medical Research Council. 
(1932.] Ss. 6d. (7s.). 
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No. 175. Vitamin Content of Australian, New Zealand, and Engli•h Butters. 
ByM. E. F. Crawf~rd,E. 0. V. Perry,andS. S. Zilva. [1932.) b. (18. !d.). 

No. 187. The ChemiStry of Flesh Foods and their Losses on Cooking By 
R. A. McCance and H. L. Shipp. [1933.] 2s. &l. (2s. 9d. ). · 

No. 201. The Determination of Iodine in Biological Substances. By 
C. 0. Harvey. [1935.) Is. (Is. 2d.). 

No. 213. The Nutritive Value of Fruits, Vegetables and Nuts. By 
R. A. McCance, E. M. Widdowson and L. R. B. Shackelton. (1936.) 

See also CHILD LIFE; RICKETS; DENTAL DISEASE; STANDARDS (No. 202) ; 
BACTERIOLOGY (No. 210). 

Pituitary EKtract : see STANDARDs. 

Pneumonia: 
No. 79. Bacteriological and Clinical Observations on Pneumonia and 

Empyemata, with special reference to the Pneumococcus and to Serum 
Treatment. By E. E. Glynn and Lettice Digby. [1923.] 58. (5•. 3d.). 

Pneumothorax, Artiftcial : ••• TuBERCULOSIS. 

Print, Legibility of : see VISION. 

Protozoan Infections : 
No. 59. A Report on the Occurrence of Intestinal Protozoa in the inhabi· 

tants of Britain. By Clifford Dobell. [1921.) 2s. (2s. 2d.). 
Psychology : 

No. 170. Studies in the Psychology of Delinquency. By G. W. Pailthorpe. 
[1932.) 2•. (2s. 2d.). 

Quinine: 
No. 96. Clinical Comparisons of Quinine and Quinidine. By the Committee 

upon Cinchona Derivatives and Malaria. [1925.) Is. (Is. ld.). 

Radium: 
No. 62. Medical Uses of Radium: Studies of the Effects of Gamma Rays from 

a large Quantity of Radium. By various authors. [1922.] 58. (58. 3d.). 
No. 90. Medical Uses of Radium: Summary of Reports from Research 

Centres for 1923. [1924.] Is. (Is. ld.). . 
No. 102. Ditto for 1924. [1926.] Js. &l. (Is. 7d.). 
No. 112. Ditto for 1925. [1926.] Is. 3d. (Is. 4d.). 
No. 116. Ditto for 1926. [1927.] Is. (Is. 2d.). 
No. 126. Ditto for 1927. [1928.] Is. (Is. 2d.). 
No. 144. Ditto for 1928. [1929.] Is. (Is. ld.). 
No. 150. Ditto for 1929. [1930.] Dd. (lOd.). 
No. 160. Ditto for 1930. [1931.] Is. (Is. ld.). 
No. 174. Ditto for I931. [1932.] Is. 3d. (Is. 5d.). 
No. 186. Ditto for 1932. [1933.] Is. (Is. !d.). 
No. 197. Ditto for 1933. (1934.] Dd. (!Od.). 
No. 204. Ditto for I934. [1935.] Is. (Is. 2d.). 

Respiration and ResPiratory Diseases : 
No. 198. Test for Respiratory Efficiency. By A. 1\Ioncrioff. [1934.) 

Is. (Is. 2d.). . . · 0 · · h 
No. 212. Investigations on Respl1'8tory Dust DISease on peratovrs m t o 

Cotton Industry. By C. Prausnitz. (1936.] 
Rheumatism: see CHILD LIFE (No. 114). 

Rickets: 1 (48 2d.) No. 61. Experimental Rickets. By E. MeUanby. [_1921. 48. · . · 
N 68 Rickets • the Relative Impcrtence of Envtronmont and Doet aa 
Fac~re in Caus~tion. By H. Corry Mann •. (1922.] 28. 6d. (28. ~d.). 

No. 71. The Aetiology and Pathology of Rockets from an expenmentsl 
int of view. By V. Knrenchevsky. [1922.] 48. (48. 3d.). NJ"'11 Studies of Rickets in Vienna, !919-22. [1923.] 78. ~· (18. lid._). 

N · 93. Experimental Rickets: The Effect of Cereals and.theor _Intcractoon 
~th other factore of Diet and Environment in producmg Rockets. By 
E. Mellanby. [1925.] a... &I. (3.4. Sd.~ 
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Salvarsan: see VENEREAL DISEASES; SrREPrococcAL INFECTIONS; STANDARDS, 
BIOLOGICAL (No. I28). 

Scarlet Fever: soo EPIDE>noLOGY (Nos. I37, ISO). 

Scurvy : soo NUTRITION (No. I46). 

Shock. Surgical : 
R<>ports of the Committee on Surgical Shock and Allied Conditions :­
No. 25. Wound-Shock and Haemorrhage. [I9I9.] 48. (48. 5d.). 
No. 26. Traumatic Toxaemia as a Factor in Shock. [I9I9.] Is. (la. Id.). 
No. 27. Blood Volwne Changes in Wound-Shock and Primary Haemorr· 

hage. By N. M. Keith. [19I9.] 9d. (IOd.). 

Small-pox: 
No. 98. Studies of the Viruses of Vaccinia and Variola. By M. H. Gordon. 

[I925.] 3s. 6d. (38. 9d.). 
No. 106. Small-pox and Climste in India. Forecasting of Epidemics. 

By Sir Leonard Rogers. [I926.] 2s. (2s. 2d.). 
No. I43. Diagnostic Value of the "Vaccinia Variola" Flocculation Test. 

By W. L. Burgess, James Craigie, and W. J. Tulloch. [I929.] Is. 3d. 
(Is. 4d.). 

No. 156. Further Investigations on the Variola-Vaccinia Flocculation 
R<>action. By James Craigie and W. J. Tulloch. [I93I.] 3s. (3s. 3d.).· 

Spectroscopy : 
No. I77. Apparatus for the Rapid Study of Ultra-Violet Absorption 

Spectra. By J. St. L. Philpot and E. H. J. Schuster. [I933.] Is. 3d. 
(Is. 5d.). 

Spinal Deformities : ••• SURGERY (No. I6I). 

Standards, Biological : 
No. 69. I.-Pituitary Extracts. By J. H. Burn and H. H. Dale. [I922.] 

Is. 6d. (Is. 7d.). 
No. I28. U.-Toxicity Tests for Novarsenobenzene (Neosalvarssn). By 

F. M. Durham, J. H. Gsddwn, and J. E. Marchal. [I929.] Is. 9d. 
(Is. IOd.). 

No. I83. Ill.-Methods of Biologica.I Assay depending on a Quanta! 
Response. By J. H. Gsddum. [I933.] Is. (Is. !d.). 

No. 202. IV.-Tbe Standardisation and Estunation of Vitamin A. Edited 
by E. M. Hwne and H. Chick. [1935.] Is. (Is. 2d.) 

Soo also VE>."EREAL DISEASES (No. 44) and NuTRITION (No. I 58). 

Statistics (MIScELLANEous). 
No. 16. A R<>port on the Causes of W astege of Labour in Munition Factories. 

By Major Greenwood. [I9I8.] Is. 6d. (Is. 7d.). 
No. 60. The Use of Death-rates as a Measure of Hygieuic Conditions. By 

John Brownlee. [I922.] 3s. (3s. 2d.). 
No. 95. Interna.I Migration and its Effects upon the Death-rates : with 

Special R<>ference to the County of Essex. By A. B. Hill. [I925.] 
38. 6d. (38. Sd.). 

Streptococcal Infections : 
No. ll9. A Study of some Organic Arseuical Compounds with a view to 

their use in certain Streptococcal Infections. By L. Colebrook. [I928.] 
Is. 3d. (Is. 4d. ). 

No. 205. Tbe Source of Infection in Puerperal Fever due to Haemolytic 
Streptococci. By Dora C. Colebrook. [I935.] Is. 6d. (Is. 9d.). 



Special Reports---<:<mtin111d. 

Surgery: 
No. 138. Th~ Preparation of Catgut for Surgical Use. By W. Bulloch 

L. H. La.mp1tt, and J. H. BushilL [1929.] 48. (48. 3d.). ' 

No. 16~. The Interyertebr'.'l Discs. O_bservations on their Normal and 
Morb1d Anatomy m relat10n to certsm Spinal Deformities By 0 A 
Beadle. [1931.] 2s. (2s. 2d.). • • • 

Se6 also BURNS ; SHOOK, StJBGIOAL. 

T.N.T. Poisoning: 
No. ~1 •. The Causa~ion. and Prevention of Tri-nitro-toluene (T.N.T.) 

Pmsonmg. By BenJsmm Moore. [1917.] Is. (lB. 2d.~ 
No. 58. T.N.T. Poisoning and the Fate of T.N.T. in the Animal Body. 

By W. J. O'Donovan and others. [1921.] 38. (38. 2d.). 

Tuberculosis : 
No. 1. First Report of the Special Investigation Comznittee upon the 

Incidence of Phthisis in relation to Occupstions.-The Boot and Shoe 
Trade. [1915.] 3d. (3}d.). 

No. 22. An Inquiry into the Prevalence and Aetiology of Tuberculosis 
among Industrial Workers, with special reference to Female Munition 
Workers. By Major Greenwood and A. E. Tebb. [1919.] Is. 6d. (Is. 7d.). 

No. 33. Pulmonary Tuberculosis : Mortality after Sanatorium Treatment. 
By Noel D. Bardswell and J. H. R. Thompson. [1919.] 2s. (2s. 2d.). 

No. 46. An Investigation into the Epidemiology of Phthisis in Great 
Britain and Ireland: Part ill. By John Brownlee. [I920.] 2s. 6d. 
(2s. 8d.). 

No. 67. Report on Artificial Pneumothorax. By L. S. T. Burrell and A. S. 
MacNalty. [1922.] 2s. 6d. (2s. 8d.). 

No. 76. Tuberculosis in Insured Persons accepted for Treatment by the 
City of Bradford Health Comznittee. By H. Vallow. [I923.] 6d. (7d.). 

No. 83. Tuberculosis of the Larynx. By Sir St. Clair Thomson. [1924.] 
2•. 6d. (28. Sd. ). 

No. 85. An Inqniry into the After-Histories of Patients treated at the 
Brompton Hospital Sanatorium at Frimley during the years 1905-14. 
By Sir P. H.-S. Hartley, R. C. Wingfield, and J. H. B. Thompson. [I924.] 
lB. 6d. (lB. 7d. ). 

No. 94. Tuberculin Tests in Cattle, with special reference to the Intrader· 
mal Test. By the Tuberculin Comznittee. [I925.] 38. (38. 3d.). 

No. I22. The Intradermal Tuberculin Test in Cattle: Collected Results of 
Experience. By J. B. Buxton and A. S. MacNalty. [I928.] Is. 6d. 
(Is. 8d.). 

No. 152. Studies of Protection against Tuberculosis: Results with B. C. 
G. Vaccine in Monkeys. By A. Stauley Griffith. [I931.] 9d. (lid.). 

No. I72. Tuberculosis Disease in Children : Its Pathology and Bacteri· 
ology. By J. W. S. Blacklock. [I932.] 38. (38. 3d.~ 

No. 182. Tuberculous Bacillaemis, A Review. By G. S. Wilson. [I933.] 
28. 6d. (28. Sd. ). 

No. 184. The Eradication of Bovine Tuberculosis. By L. Jordan. [I933.] 
28. (28. 2d.). 

No. I89. Tuberculous Infection in Milk. A Report by the Department of 
Health for Scotland. [I933.] 9d. (IOd.~ 
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Venereal Diseases : 
No. I9. The Laboratory Diagnosis of Gonococcal Infections. Methods for 

the Detection of Spiromma pallidum. By the Bacteriological Committee. 
New Edition. [I923.] 18. 6d. (Is. Sd.). 

No. 23. An Analysis of the Results of Wassermann Reactions in I,435 
Cases of Syphilis or Suspected Syphilis. By Paul Fildes and R. J. G. 
Parnell. [I9I9.] 2s. (28. Id.). 

No. 4I. (I.) An Investigation into the Ultimate Results of the Treatment 
of Syphilis with Arsenical Compounds. By Paul Fildes and R. J. G. 
ParnelL (II.) A Clinical Study of the Toxic Reactions which follow the 
Intravenous Administration of "9I4 ". By R. J. G. Parnell and Paul 
Fildes. [19I9.] 2s. (2s. Id.). 

No. 44. Reports of the Special Committee upon the Manufacture, Biolo· 
gical Testing, and Clinical Administration of Salvarsan and of its Sub­
·stitutes. L [I919.] 18. (Is. Id.). 

No. 45. Unsuspected Involvement of the Central Nervous System in 
Syphilis. By Paul Filde&, R. J. G. Parnell, and H. B. Maitland. [I920.] 
Is. (Is. ld.). 

No. 47. The Accuracy of Was&ermann Tests, applied before anrl after 
death, estimated by Necropsies. I. The Was&ermann Test applied before 
death. By H. M. Turnbull. [I920.] 2s. 6d. (2s. Sd.). 

No. 55. (I.) Results of the Examination of Tissues from Eight Cases of 
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