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PART 1.

FUNGO1L CONDITIONS COF THE LUNGS.
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The primsry object of thié vaper 18 to record a lung
condition occurring amongst the farming community of
South Cumberland, the Lake District and Westmorland,
which Munro Campbell, Fzulds and myself believe %o

be due to the inhglation of dust born fungi, and
accordingly a broncho-mycosis, for which 1 have

coined the name broncho-mycosis feniseciorum ( of
haymekers or harvesters).

This work has necessitated the investigation of nmuch

of the recorded work on other types of broncho-mycosges
and some are brlefly described, together with my own
observations. 1In g paper such as this it is impessible
to describe fully the morphological characteristics,
classification, life history, etec., of fungi. Much
has been written on the subject znd reference should

bé made to the more recent works, namely those of
{1)Bod1n, (Q)Brumpt, (BJCastellani, (4) Castellani and
Chalmers, {5)Gedoelst, (S)Gueguen, {TJJacobson,
8)iuir ana Ritchie, (9)Ramsbottom, ‘1®)saccardo,

i -! ’ 1 ; ‘
kﬂl)Sartory, (lEJThom, ‘lj)Thom and Church, znd many
others. grikson's(14) ana Dodge's(15) works are

brobgbly the most recent.



Brlefly, the science of mycology dates back to the
Yyear 1677 when Hooke discovered thast the yellow spots
found on the leaves of roses consisted of filamentous
fungl; but it was not until 1839 when Langenbeck
discovered the oidium alblcans - the fungus of thrush
- and found it to be parasitic to man that the
mediczl profession recognised the incidence of
fungous diseases.

Largely owing to the discoveries of Pasteur and Koch
in the realms of bacterlology the science of

mycology fell somewhat into abeyance. This was only
a temporary matter, ae by the end of 1906 (IO)Saccardo
and hls co-workers in Italy published a Sylloge
Fungorum containing 57,660 fungi. Ramsbottom, the
Keeper of Botany at the Britilsh Museum, admits over
10G,0C0 known and neamed species of fungi. Without
the occurrence of fungi it would be 1lmpossible for
this world we live In to carry out its daily balance
of growth and decay. Fungl exlst as parasites, or
saprophytes, or both, on almost every growing and
decaying thing. If a Petril dish is exposed to the
alr for a few minutes it will proceed to grow fungl
of various kinds under appropriate conditlions
according to the medium and conditions of culture

empl oyed. .



Fungi, and bacterla also, belong to the group of
plants known as thallovhyta. This group includes a
great variety of plants - the sea-weeds msy be
mentioned Iin passing - the common characteristic
being that the plant body, devoid of definite root
or shoot, consists of many cells forming a more or
less Dbranched tissue known as 2z tﬁallus. Whilst

the algae (REoth 1797), other members of the
thallophyta, contain chloropnyll - the green
colouring mstter which en2bles ordinary plants to
bulld up their food from simple lnorganic substances
- the fungacese (Linnseus 1737) do not. Thelr
exlstence 1s therefore, ag previously mentioned,
perasitic, saprophytic, or both.

The Botznical classificetion of fungl is based on the
mode of formation of the sexual spore, and the msin
divisions of filamentous fungl, or eumycetes - as
distinguished from the myxomecetes, which have a
multinucleate, nsked plasmodium 38 g vegetative
body, are - (1) Phycomycetes, (2) Ascomycetes,

(3) Basidiomycetes, (4) Fungi imperfectl or Hypho-
mycetes. A true fungus consists of tubular branched
filameﬁts - "hyphae" - the protoplasm is contained
within thin limiting continuous walls (divided into
compartments by "septa'). The whole vegetative body
of the fungus coﬁsisting of numerous hyphae is termed

the “mycelium". 1In addition a true fungus is



characterised by a 8pecizl spore-bearing avparatus.
The mycelium may be loose and weh-1ike in Structure as
in common moulds, or m2y take the form of a compact
masg produced by the branching and Interweaving of the

hyphae - as 1n toad-stools.

The hyphae of the FPaycomycetes - a lowly organised

group of fungl - are t&pically cont inuous tubes devoid
of septa, apart from where the renroductive organs
occur = In contrsst to the mors highly orgsnised fungi
where the hyphae show definite cross septa. The lower-
most fungl betrasy alga-like h2bits in their life
history, 1l.e. gn aquatlic mode of existence. 1n a
nunber of phycomycetes the ends of the hynhse tend to
be shut off by a trznsverse wall, the terminal chamber
becomes swollen and divided into a number of cells,

the outer wall ruptures 2nd the cells eScspe 28
cilizted swarm-spores.

Thls terminal organ in which the asexual spores
develop 1s g zoosporangium. The swarm-spores (swimming
about in_ponds, in rain drops, etc.) eventuszlly
develop a thin cell-wsll emitting hyphae - 2nd so &

new plant develops.

Mucor Mucedo (in the class Zygomycetes) occurs on

damp bread, horse dung snd other organic matter. 1In
appearance it 1s a white, or smoky, mould composed

of fine filamentous, usuzlly non-septzate, hyphae



8preading over the substratum. Here and there ersct
hyphae may be seen ending in svherical sporangias. 1In
mucor mucedo the spores acquire a cell wzll be fore
the rupture of the sporsngium and are thus capsble of
being air born.

In the more highly orgenised fungl the hyphae show
numerous sebta, 2nd the sexu2l orgzans and asexual
procese are more or less difficult to recognise.

They never ac an immedizate result of sexual fusion
produce 2 wWell-dsflned zygospore, Or oo8pore, capable
of developing into an independent vegetating Ffungus.
There are two main series. One in which the number of

gpores, ususlly elght in number, or other multiples of

two, are formed within a2 structure termed an ascus,

the svpores ascospores and the group Ascomycetes. In

most the sscl are grouped together forming an asco-
carp = to this group belong aspsrgillus and
penicillium. In a few the ascl are separate, 28 Iin

yeasts.

The other series are the Basidiomycetes to which the

common mushrooms, toadetools, smuts and rusts belong.
Here the spores are formed, usuz2lly in fours, on the
outside of 2 structure known as a bssidium, or club-
like hypha, mycelium septate.

The majority of fungl pathogenic to man are found in

the large class of fungl imperfecti, or Hyvhomycetes

(40% of all fungi). Reproduction 1is by free-born
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gpores, z2nd the spore-forms do not include the sexual

or perfect stoge.

Plate 1 1llustraztive of soms of the fungl mentioned
ip this pa2per:

(1) Mucor mucedo - the commnon fungus which oeccurs
on dsmp bread, horse cung, gnd other organic
métter.

(2) Penicillium - the mould commonly found on
cheese, etc.

(3) Asvergillus - found on dead vegetable matter.

(4) Filamentous oidium lactis associsted with
milk and cheese.

(5) Cryptococcus and blzcstomycoides of blasto-

mycoslis - 2 yeastllke fungus.

Fortunately the wvast msjority of micro-fungl as far

g9 1s known, afe non-pathogenic to man; but some

are pathogenlec, 2nd in years to come no doubt thelr

numbers will be zdded to. (onastellani states that
over 20 per cent of tropical diseases are caused by

fungi.

In this country we mors genérally associate fungous

Infections with skin diseases and affectlions of the

mucous membrznes. This paper dezls exclusively with

infectlon of lung tissue by fungl - mainly from a



rgdiologleczl stenﬁpoint.

The published works on the subjsct run into three

filgures. The most extensive work in modern times

1s probably th=t of Castellanil, =2nd his claseifica-

tion of broncho-mycoses, 2nd thse nrinciples which

he has l2id down in the Ilnvestigation of broncho-

my cosee avre followed. He clzssifies them as follows:

(1)

(2)

(3)

(4)

(5)

(6)

Due to fungl of the "Nocardisa" - Toni and

Trevisan 1899; Cohnistreptothrix Pinoy, 1911,

and Anseromyces Ce2stellani, Douglas and

Thompson, 1921.

Due to fungl of the genus Monilis Persoon,l1797.

Qidium 1link,1890; Cryvtococcus Gilchrist and

Stoker, 1896; Coccidioides Rixford and

Gilchrist, 1898.
Due to fungi of the genus Hemisporz Vuillemin,
1906.

Due to fung!l of the genus Aspergillus,1729;

Sterigmatocystis Cramer, 1869; Penicillium

1ink,1908; Mucor Micheli, 1729; Rhlzomucor

Lucet et Constantin,1900; Lichthelmia

Vuillemin, 1904.

Due to the fungl of the genus Acremoniella

Saccardo (broncho=acremonielliasis).

Due to fungl of the genus Sporotrichum

link, 1809.
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(7) Due to fungl of the genus Acladium link.

(8) Due to fungl which hss not yet been

clesssified.

In more simple lznguage they are clasgified thus:

(1) Due to ye=stlike fungi, viz: fungi of the
typee monilia, eryptococcus, saccharomyces,
blzstomycoides 2nd endomyces.

(2) Due to filamentous fungi: (a) of the slender
type, viz: fungl of the types nocardis,
angeromyces and vibriothrix; (b) of the
largertype, viz., fungl of the types ocidium
and hemispora; (c) with characteristic
fruitifications - asperglilius, penicillium,

mucor, rhizomucor, acremoniella, sporotrichum,

acladium, etc.

Castellani hes 12id down the following orinciples

in investig=ting the cases of suspected broncho-

mycosis, and if the subject 1s to be understood

they must be recorded. 1t 1is essential to remember

th=t the mere presence of fungl in the soutum is not

sufficient to estzblish = dlagnosis of broncho-

mycosis. When the sputum hae been collected with

due ce2re to avold outclide contaminations and

examined at once, there =sre three possibilities, that
This is wl a sbidly wcmbe futikin . lasiellos <

B Howibio 6o puskislur. I vug hivine M foriciples

frobby afply L iye of Bromiha: supeoss.

Jee - Cortellons . ?»..7; 2. #wnjm Dieanea. 428, pop 124
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(1) The fungus, though vresent in the expectoration
i1s not virulent =nd not psthogenic, and lives
saprophytlically 1In the bronchi. Such fungi when
injected intrsvenously or directly into the lung of
2 ra2bblt will produce no generzl or loczlised lesions.

(2) The fungus, though present, may represent only a
secondary invader - a secondary infection. In this
czse Intravenous inoculation of the fungus will kill
the r2bbit - the csuse of death being a generalised
Tungus septiczemlia; but intrapulmonary inoculation
wW1ll not c=2use z2ny localised nodular lesions in the
lungs.

(3) The fungus 1s the real primsry c2use of the
broncho-alveolar condition. In such cases the intrag-
pulmonary Inoculation into g rabbit will vroduce a
cher=cteristic nodular zppezrznce of the lung, the
animzl dying spontzneously in from 15 to 21 days,
both lungs being infected (the one in which the
inoculation w2s made snd the other). The nodules
are usuzlly about " in diameter; they may coalesce
and become czseous. There 1s no intervening pneumonis,
but some congestion, snd the fungl snd spores may be
recovered from these nodules.

Bearing in mind then (1) that meny funzi are abundant

In air especislly in tropical countries and that

Samples of soutum exposSed to the 2ir may resdily get
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contaminated; (2) that fungi are fairly common in
the szlive, 2nd that zccordingly a pstient should be
made to gargle and rinse out his mouth with sterile
salt solution before being asked to cough and
expectorzte and produce his specimen of sputum;

(3) that even If the fungus 18 present, it may be
non-pathogenlic, and merely a g2vrophytic micro-
organisme.

Therefore if 211 these things hzve been tsken into
congideration and tubercle bacillil are absent, and
the sputum yields fungl which produces in rabblt or
guinea-pig the intrz-pulmonary lesions described,
then 1t is safe to mzke s diagnosis of broncho-
mycosis of the primary typs.

Symptoms and clinlezl nicture are more or less

uniform in most cases of broncho-mycosis. The cases
simulate pulmonsry tuberculosis, but no tubercle
bacilli are found in the sputum. The patient complains
of cough, muco-purulent sputum (often sc%nty),

cyanosis and frequently extreme shortnesg of breath

on 8light exertion with very evident distress; 1n

some of the more sSevere csacses, haemoptysils,

emaciation snd fever. 1n some cases too, the sputum
has 2 definite odour resembling brewer's yezst.

On vhysiczl exsmination, patches of dulness and

crepitations, r2les, rhonchi, and arezs of increased

voczl resonance msy be found.
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In the case of Monllisz iInfection of the lungs Marett
believes that the fungl give rise to pus formation
within the alveoll of the lung.

This is = mechanlcal action due to the loezl growth
of fungl on the mucous membrzne (similar to Thrush
in the mouth). There are two types (1) affecting
the bronchizl tree and resulting in bronchlectasis,
(2) occurring a8 the result of occlusion of the
bronchioles 2nd collapse of the lung z2lveoli.

This view 1ls shered by Munro Campbell, who considers
that the fine mottling seen in the X-ray plcture is
due to the collepsed alveolil of the lung, which 2s
the condition improves, is replzced by the coarser
mottling of fibrous tlssue, 28 seen later In some of
the films to be shown.

Some Workers believe thst the presence of fungil in
the sputum 28 = result of repeated exzaminztions is
sufficient evidence of broncho-mycosis.

Marett believes thast spnuta which have travelled
through the post will yield fungil on Incubatlion at
blood hezt 1f those fungl 2re pathogenic, but not

if non-p=2thogenic.

Castelleni remarks the X-rsy picture may resemble
thet of tuberculosis. This opinion 1s only partially

shared by mysslf.
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Spesking generally the rzdiogravhic =poearznces
are those of a fine mottling throughout both lung
flelds, the apnices being clear, together with 2z
cons iderable amount of emphysema, superseded by a
generalised fibrosis ss the condition improves,
or associsted with flbrous rings walling off
sm2ll cavities or surrounding calcified nodules.
This pilcture 1ls common to 2 number of types of
broncho-mycosis; there are, however, finer

points which help to differentiate between mine
and others. The X~-ray appezrsnceg in the early
stages more resemble =2 Bronchitis than =
fulmon&ry Tuberculosis, but, as stated, they m2y
resemble tuberculosis znd in that lies the
difficulty and the chance of error 1in diagnosis,
disasgtrous to the patlent; =8 primsry broncho-
mycotics are extremely lisble to acquire

secondary iInfection such a8 tuberculosis.

No case of broncho-mycosis hes been described
in the British Journal of Radiology during the

lest ten yesrs.
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Broncho-sspergillosis. Genus A. Micheli (1729) znd

Sterligmatocystis (Cramer) 1859. Genus Aspergillus.
The snpecies usuellylassocieted with psthological
conditions of the lungs are A. fumigatus =2nd 4. niger.
These are common fungl found in dead vegetszble matter.
They grow re=dily on gelstin, and consist of a mass
of filaments which, under the microscope, are seen to
form 2 septate brenching mycelium. There are two
steges depending on the conditions of growth - the
less common showing ascocarps, the more common type
showing conidia. ‘hese fungil (or moulds) are
greenish and later brown.

Various types have been described: A. herbariorum
(Wigglers); A. revens and A flavus (De Barry);

A. fumigstus (Fresenles - 1775) and others. Thils
condition has been czlled "Bird fancler's disease"
and 1is particularly prevalent smonget pigeon and
canary fanclers, owing possibly to the habit some of
them have of allowing their birds to feed from their
lips.

Broncho-asperglillosis was first recognised by Bennett
in 1842. {l)V1rchow in 1856 described the post-.
mortem appearsnces. (Q)Dieulafoy, Chantemasse, and
Widal in 1890 published their observations on plgeon
feeders and hair sorters 1in Psris. (3)Renon in 1897

publ ished similar observatlons. (AJMacaigne and Nicaud
in 1926 estsblished the fact of primery broncho-

aepergillosis by means of experiments on animals.
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Mixed infections. A. herbsriorum with tuberculosis

i »
have been described by \5)Cestellani, (6)Lspenta,
and otherg, (7)Wheeton in 1890 recorded A. niger

adsocizted with pulmonsry tuberculosis. (S)Sayers
reports the finding of A. fumigstus snd niger from
ﬁhe sputum of 31 out of 125 cases where the X-rsy
appearsnces show typlcal hesled miliary disezsse of
lung. <9)Kampmeier and Black describe a case
second=ry to bronchilal carcinoma. {lO)Schneider has
outlined the symptoms present in fungus infectilons
of the lungs. ‘11)Hansen found 15% of his asthmatic
patlents reacting to moulds.

The bublished records of pulmonary a2s8perglllosis
alone reach three figures - & large number of these
have been referred to in ‘12)Bsthune snd Moffat's
paper on Aspergillosis in which they express the ir
doubts a8 to the pszthogenicity of 4. niger (the
common A. in dust =nd foods); their opinion being
supported by experiments on animals. They record a
case of pulmonary tuberculosis, admitted to the

Royal Victoria Hospitzl, Montreal in 1928 for thorsco-

plzsty, in a farmer and chicken ralser in which a
fungus was grown from the sputum Which was ldentifiled

by Charles Thom gs aspefgillus niger. The pathogenicity
of the fungus was investigated in rats (18)

rabbits (14), gulnea-vigs (28) using intratracheal

injections In some csseg, in others intranasal,znd in



/6.

others Intraorzl injections of the 8pores. These
animalg were killed In from one week up to 540 days.
Whllst during the course of their investizations a
multiplicity of conditions occurred there wzs little
or no evldence of fibrosis up to the 540 day periocd.
By inhsl=ztion experiments = chronic pulmonary
grznulomatous lesion, regressive in nature, was
found. No evidence of mycelizl invasion of tissue,
gnd the spores inhsled were rapldly engulfed by
phagocytes in a week. No positive cultures obtzined
from trachea or bronchi.

The general consensus of oplnion is thzt 4. fumigatus
18 the A. responslible for severe primsry =2nd secondary
chenges in the lungs, and A. niger does not produce
the extensive fibrosig snd nodulsr calcificstion seen
in X=ray films. This, however, 1s not the oplnion

of (SJSsyers and Meriwether who suspect the
pathogenicity of both.

Symoptomatology are 28 of g muco-purulent bronchitis,

gnd the generzlised symntoms gs zlready described
under the generzl hezding.

In severe csses, hsemontysls, other orgazns frequently
lnvszded. 8escondasry tyve frequently develops 1into
tuberculogis and gangrene of lungs. In 1856 Virchow

thoss of

73]

descrlbed the post-mortem appezr=nces g
smgll grey nodules composed of necrotic msterisl and

leucocytes, which bre2k down to form cavities,
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agsoclated with broncho-pneumonia, snd freduently
with Talrly wide-spread, odourless necrosls of the

lung. Mzsses of frultifying mycelia are present in

ct

ie

(i)

the cavi and extend into the surroundingz tissues.

Broncho-penicilliosis. Fungi belonging to the Genus

Penicillium (Link) P. Glsucum is the inclusive nzme
glven to this, the wost common group of fungl.
There sre about 80 green penicillium speciss. It
1s found lasrgely in cheese. 1ts spores are extra=-
ordinarily resistant, the mycelium is like that of

agperellius. The commonest form of reproduction

is by conidlia, a2and the filzment grows out and its
ende fray out like 2 paint brush in finger-like
branches. Penilcillium Crustaceun (Linnaeus)
described by Csetellani (15) in 2 Serblan soldier
during the Greszt Wsr. Symptomstology, etc., 28 in
Aspergillosis.

Broncho-mucormycosis. Funzi belonging to genus

fucor Micheli (1729). Rerely psthocenic. Lucet,
Constantin 2nd Lambry have described z czse of
Bronchitis zssocizted with Rizo-mucor parasiticus.
(lA)OaStellani describes the czse of a Serblan
goldier in 1917 who wzs supposedly infected with
horse dung.

Slmilsr X-ray appesrances have been described ln
these three types of Broncho-mycosis, n2mely, an

absence of calcifled glands with clezr apices and
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dense shadows radizting in coarse lines from the hilum

0 one lobe. (0sler.)

Broncho-mycosls 2ssocizted with Hay-dust - or

Broncho-mycosls feniseclorum.

Case 1. ©On Novembér 20th 1934 J.J. - 2 farmer,

zged Al yezrs, wszs referred to me for X-rsy exXsm-
ination at the Whitehaven and TWiest Cumberlsnd
Hospitzl, by Dr. Mitchell of Egremont as a case of
pulmonary tuberculosis. His fllam presented to me an
X-rey sppearance with which 1 was not Tamilisr.
Screen examination showéd very limited expanslon of
the lungs; the heart shadow wszs considerably pulled
over to the right =2nd there w2s marked tachycardia.
The lungs 28 8 whole did not light up well - the right
avex did not light up as well z& the left. There was
extensive cosrse mottling and fibrosie taroushout
both lungs, but more especisally below the right
clavicle where there wss 2 honeycombed appearance, -
1 compare them to bunches of graves. There Was 2&.
merked incresse in the hilsr shadows. The appearance
suggests fibrous rings round the alveoll rather than
inflamed peribronchizl vessels. The man was much
emzciated, wes extremely dyspnoeic and looked very
111. Bearing in mind =z cegse of Glanders(15) which I

saw in 1925, in which I demonstrated an unusuzl
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radlographic appearsnce - showing the woolly 2 ppear-
ance which I described, znd from which csse Wwe vwere
able to est=zblish the dlzgnosis by means of in-
oculating a guines-plg with the patisznt's sputum,

I got In touch with Dr. itchell 2nd ssked him to
collect the sputum which was in due course
investligated by Fsulds = the County Psthologist

of the County of Cumberland. This eputun yielded
fungl, not all identified, but asverglllus was
present - 2nd, 2128, the svecimen wzs removed by

an enthusiastic laborstory sttendant!

Dr. #iitchell sent me the following letter which 1

think gpesks for itsslf:

Jd«J. a farmer, aged 39, c2lled me to see him in
November 1932 and =zt the first glance he gave me
the impression thst he wzs suffering from galloping
consumption, and would be dead in 2 few weeks. He
sald thzt he felt perfectly well znd hadn't a pain
or ache, but got short of bresth on the lezst
exXertlon énd had lost 31l his strength.

On examinstion 1 found his hesrt slightly enlarged,
but otherwise perfectly normal.

His chest puzzled me very much. He had only sbout
2" exvansion and it wes hyper-resonsnt as in emphysems.
Hé hzd crepitations all over his chest similsr to

those in acute miliary tuberculosls on brezthing
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g281ily, but in deep brezthing 1 hesrd sounds that

I had never heard in =2 chest befors.

At the end of & deep bre=2th the sounds were like the
separation of two surfzces glued together. The
sounds appesred molst to me =and were like pulling
your foot out of wet clay - a sort of sucking sound.
He never had a raised tempersture and had prsctically
no cough except on going to bed 2nd getting up in

a morning, or on exertion. Expectoration wes slight
and mostly confined to the morning.

I asked him 1f he knew snything to sccount for his
11lness and he s=21d thst it had been coming on
graduslly sfter he h2d been working amongst hay for
a month. The hay had been housed dsmp after lying
a long time after being cut. The sezson hed been
very damp snd werm. BREvery time he fed his czttle he
Telt worse till he felt cold shivers down his back
and got short of bresth on the least exertion.

I put him to bed for a month and apart from hils
heart becoming normsl in size there was little
chenge, and zs he Ssid he felt perfectly well, 1 let
him up and out. He s21d that the dust rose from the
hay like white smoke every time he worked in 1t.

Two other men helped him on the farm 2nd 1 found
them suffering in the ssme way only to a far milder

extent. One was A5 and the other 49, and they 2are
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both now verfectly normsl.

1 was attendihg 2 nelghbouring farmer who had the
séme sort of hay and he developed the szme condition.
He, however, was handiczpped by 2 very b2dly de formed
chest due to rickets 28 2 child, and subject to
bronchitis, 2nd the handiczp was too much for him

and he died.

d. . was 2ga2in referred for X-ray exsminztion in
Februsry 1935 when 2 marked chsnge wss seen in the
X-r=y éppegrance of his right lung which now showed
g consldersble increase in the fibrosis. This
1llustr=tes an advanced stzte of the condition. He
hzs not sttended since, but 1 hesr that he is tszking
Potasslium iodide snd thz2t he is wvery much in status

quo physiéally. A further specimen of Sputum was

tsken with the necesgszry precsutions.

In July 1935 Professor Ramsbottom lnvestigated
Petril dish cultures from the sputuﬁ of this case, and
oroduceds

(1) Aspergillus,

(2) Mucor - the specles common to soil.

(3) A common non-pathogenic venicillium.
He was of opinion that these were contaminants; but
against this is the fact that this patient had been

living in retirement for 6 months znd was In no w2y

sseocisted with the ususl contaminants. Furthermore
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the gputum wzs collected according to the technidue

of Csstellani.

The cultures, however, eventuslly developed:

Aspergillus (Turotium) herbsriorum.
Aspergillus versicolor.

Mucor mucedo.

Mucor racemosSus.

Penlclllium sgpecies which would form=lly

he classiflied =28 P. glaucum.

It will Dbe seen that sspergillus niger 2nd fumigatus
Were not identifled in this specimen.

L zm much indebted to Frofessor Rzmsbottom for

the vzluszble help he has given me on the mycology

of thils paper throughout.

Now arising out of iitchell's letter is s point

of extreme lmportznce, namely thzt three men on
the one farm, and one on 2 neighbouring farm were
troubled with this condition 2t, or shout, the
s2me tlme. 1t would zpopesr from this that there
must have been some particular propsrty in the hay
in thst loecslity which wzs a3 czusative factor.
Still more importznt the rsdiologiczl appezrances
do not resemble either tuberculosis or silicosis,

(common to that locality).
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This investluatlion wss carried on by us in ignorsnce
of the work of Munro Cqmobellilé). To him must be
given the credit for first publishing notes on this
condition. k2ther esrlier in 19352 there weg 2
gimilar outbresk in Westmorlsnd, =nd csges were
referred by Drs'. Sprott and Cowan of Appleby,
Dr. King of Temple Sowerby, znd Dr. Czldwell of
MiInthorps to Ur. liunro Csmpbell, the iedical
Superintendent of the Weetmorland Ssnstorium, ag
czses of suspected pulmonary tuberculosis. These
c28es8 were investicated by him 2nd hils assistant,
Dr. Frasger, in conjunection with Dr. F=aulds, z2nd by
his kind permisgsion 1 2m 2ble to describe the
following threes cases =nd notes thereon.
To duote a portion of his monogrzph:
"The summer of 1931 proved a very bad séeson for
hay-msking 1n wWestmorland owing to rzin, znd much
of the hay wzs eventuzlly tsken in in en
unsatisfactory dsmp condition. The lnevitable
result wes the development of 2 grest desl of
mould, especlzally in the lower strata, so thzat
working with it lster produced dense cloude of
*white® or 'hay' dust, stzted by thoss afflicted
fo be the worst they had ever experienced. 1In

th

m

ordinary course of farm-work transient cough
2nd wheeziness sre recognised effects of contsact

with 'white' dust, but 1n five of the cases which
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1 had the opportunity of exzmining the symptoms were

n

sé_severe that they seem worth recording. These cases
Wwere seen durlng the veriod April to June 1932, which
in itself is significant z8 belng the period when the
sﬁoply of lazst yesr's hay was nesring the snd. A48
thne onset and course of the dlisezse were =2lmost

"

ldentlecsl, they may be grouped.....

Now =211 these c28es8 zre of the fzrmer clagss.

Case 2. 7/5/32, 1.E. sged 40 years. Farmer.

=

Msrch 195? - increasing dyspnoes t1ll very scute,
followlng ths moving of dusty hay.

Slight cough, frothy svit. Tempsrsture§ slightly
febrile. Dyspnoez+f+ 4+ . Sputum, 211 exsainztions:

no T.B. No fungi. Blood sedimentztion rate rather
more than normals 24%

Clinicel signs: No dulness. A fine bronchisl catarrh.

Myoideme vresent.

Blood: Hb. 85%
R<E.G, 5,780,000
W.B.C. 8,600
N. 58%

DR ~ Polys B i
E. g

Lymph L. 1
3s 9
Lerge monos : 7

He showed 2 very graduszl imnrovement in dysbvnoez,
but 1s now fit agsin (April 1935).

4/4/32. X-ray shows a fine mottling extending
throughout both lung fields, except for the apices

which are cle=r. The mottling is most dense towards
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the root shadows. Bases light up well susgestive of
gome emphysemz2tous condition.

Films teken May 1932, August 1932, Msrch 19%3, show
an 1lncreasing fibrosis with gradual disspoeszrance of
the dlscrete fine mottling.

18/3/35. The lungs have assumed a much more normsl
eppesrznce, 2 fev calcified sre2s are seen. The roa%
shadows and vesdels in relation to bronchi are more

preonounced, znd there 1s considersble fibrosis

(43}

spreading out in = fsn shape; but the A-ray
appesrances do not suggest an active pathologlczal
cond it ione.

Csse 3. R.M, 44 years, fsrmer. Similzar symptoms to
B. Very severe, sfter work in a dusty barn. Mucor ==
in soutum.

22/4/32. X-ray appesrances similar, a mixture of fine
and coarse mottling is seen throughout both lung
fields, the zpices 2gain being clesr. BSome definite
rings of fibrosis srs seen 2nd both bases show the
coarsest mottling and fibrosis. The root shadows

are definitely hesvy. A fine pleurzl bend 1is seen

in the right interstitisl space. Some cslcified
glands seen in hilar region. These Were only seen

In the later stages of K.

Aug. 19%32. The mottling is filner, and the lungs 2re
clearing perticularly a2t the bases, but arborstion and

czlcification more marked. Quite well by 1935.
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Czse A. E.W.H. 45 yesrs (in 1932) farmer.

Aprll 1932. Onset - dyspnoes, sfter work work with
dusty hay. Thls patient was zlwsys mors i1l then M.
and . 2nd for some time doubts of the presence of
2 supsrimposed T.B. Infection were considered.

Blood Sed. rate was 50%. Did not mzke 2z good

recovery. Dyspnoea was very persistent snd the
p=tient eventuslly dled in 1934.

X-rsy appesrances; 1/6/32, show an extensive fine
mottl ing throughout both lungs, the 2pices belng
involved in this case, the mottling 2nd fibrosis
tending to be most marked towasrds the bases. The
hezrt shadow 1s nsrrow z2nd the hilsr shadows
pronounced. A4n emphysemstous ares 18 seen in each
centr=sl lung field and g band of thlckened pleura
below the base of the risht upper lobe. A narrow
hesrt ie 2 bs=d sign in dust infections.

1/11/32. Theres is now s definite incresse in fibrosis
end the mottling is cosrser, and both dizphrzgns

ars irregular. The smaular sreas of fibrosis are seen,

aprearing like bunches of grapes, or smsll cavitles,

(s bed sign) tending to resemble the first case - Jde

P.M. report on left lung from H. 8th 0ct.1955 (Faulds) .

The lung is voluminous and pleura is considerably

thickened snd shows numerous bullae. One specizlly

large bulla overlies a broken-down frisble srez of

lOWer part of upp?r lObe' On Section Qf all ﬁl"eaﬁ
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the lung substznce shows acute congestion and oedems,

Squeezing producing a2 blood-stained, frothy, exudates

the main bronchus and branches show the presence of

acute bronchitis.

Histologiczl characters. Section of lung stzined

e

nith Hsemstoxylin eand Eosin. The 2lveoll 2re dilated
through emphysema and the wslls flattened. M=ny show
rupture into neighbouring slveoll. 'The alveolar
caplllarles and vessels show 2cute congestion. Many
alveoll zre filled with inflzmmatory exudste. There
1s evidznce of much fibrogls =~ beznds of fibrous

tiseue trasversing the lung substzncs.

Bocteriologlcal cherscters: Xxudate exzmined by
gtzined films from various sreas show the preseﬁce

of long-chained streptococcl, micrococcus cztarrhalis,
a post-mortem anserobic bacilli, etc. What 1is
perticulerly interesting, however, 1s the ovresence

of yesstlike cells, or spores. DNo actusl mycelium

hy phae, sporangls, or coccldia wers observed.

Pathologleczl report: Microscopic examination shows
emphysems, collapse of the lung snd very marked
patchy fibrosis, psrticularly around the vessels.

There are pstches of lymphacytic infiltration but no

evidence of tubercle 1s present. Under polarised
light small refrsctile granules sre visible, but not

8ilica.
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Chemical snslysis: Silica content 15% Fe *58% of

dried lung.

Specimen consiste of the left lung Welghlng 500 grams
in which is Included the welight of the grest vessels.
The lung has z thickened pleuraz which has been torn
of f In removing the specimen. 1t is a2 greyish
colour znd =z few enlsrged hllar glands are anthracotic.
On s=zction the lung shows marked emphysema with
seversl cavities the size of 2 green-pez. Theré is
no groes evidence of tubercle to the fzel. The lung
is markedly fibrotic,

Fzulds sums up: The hay dust obtained from various
farms, including that on which the deceased worked,
contained the following types of fungi: (1) HMucor
micedo; (2) aspergillue nigery; (3) penicillium
glaucum. It seems feasible that these led to chronle

irritation 4n the lungs of those in contmct, leszding

to emphysems snd fibrosis, and, in the case of

deceaged, preparing the way for the terminszl =znc
fzt2l streptococcal infectian;

Stewart and Fsulda(lTJ point out that the Siliez
content in vsrlous cccupationzl diseszses vsrles frou

0s75% to 2°96f = aversging 1:72%« The Silies

The Silice content of the lung of H. was +15%. Now

i 5 ﬂg

the grasses contaln a certsin silica content 2ceord

to the spsciss, snd yet this lung did not contaln
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more thsn normsl silica content. From this we
might reasonsbly assgume that, if the actusl "dust"
of the grass wse the czuse of the condition of the

lungs, the slllica content should hsve becsn higher =

B
wn

ag In other dust diseszsges8. 1t therefore sesel

ot

ressonable to me that there must be some other sgent
to sccount for- the changes in the lungs.

A considerable number of miléer cases oceurred in
Westmorland s2bout the szme time =28 the cz28es

described.

Now the yesrs 1934 = 1935 have not been good yesars
for producing fungl, or shzll we say mouldy haye.
The summers hzve been dry 2nd the hay well got.
Nevertheless 1 have besn on the constant lookout
for X-r=sy films showing similar radiographic
appesrances to those seen in the czses 3lready
described.

Case 5. Onm 27/8/35 J.B. - 2ged 34 yesrs, farm
labourer, was referred to me by Dr. Ablett for A-ray
exsminstion 2t Whitehsven becsusge of definite lung
symptoms, duery pulmonzry tuberculosls. After
Secing the film I wse so struck by the similarity
to Dr. Czmpbell's hay dust cases thet 1 went into
his symptoms =nd history most czrefully, znd 1
found his symotoms dsted back to heytime, three
months esrlier, and were similsr to the hay dust

cessss. 1 mads 2 tentatlve suggestion that this
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might be @& esece of broncho-mycosis snd thst his sputum
should be examined for fungl. Fzulds found a2spergillus.
This man wzs lmmedlately put on potsssium 1odide 2nd
further examinstion of his sgputum on 8th Noveither
fz2iled to show the presence of fungi. He felled to

revort. for further A-r2y exsminztion.

Case 6. M. =ged 58 yearsg. Referred to Whitehaven
for X-ray exzminstion by Dr. Dewauregt-Thomzsg,

(Gos forth, Cumberland) on 5th November 19%25. Farm-
labourer of the peripetatic type, has hsd no fixed
abode = sleeping frequently in barns end doing odd
jobs on local fesrms. Symoptoms: loss of welght, In-
d if ferent hezlth, no hsemoptysis, sputum present,
extreme dyspnoes. No tubercle bscilli found in
gpbutum on freduent sxsminations. This cese
resembles J.J. - the first czse of this condition
ghown. Note the collapsed right uopesr lobe.
Sputum showed growth of fungi of zsoergillus group.
A further exsminstion of ssutum in Mzrch 1936 fziled
to revezl =zny fungl. The p=tient was tre=ted by

mezns of potzsesium iodide and 1s now quite well.

Case T« T. , chauffeur, referred by Lr. Morris of
Ravengless. BSeen June 1935. Extreme dyspnoez. Thls
mzn hed indefinite chest symptoms z2nd wss suspscthed

of pulmonsry tuberculoslis. The X-rzy bdlcture
suggested more s bronchiesctatic conditlon or 2 chronic

bronchitis.
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It was only when 1 was reviewing =11 my chest films
from 1?32 up to d=te in order to try =nd trasce more
films of the type which 1 have described thst 1
resllised th2t he too might be = csse of broneho-
mycosls. Note the similarity to the later stages of
E. (Case 2). He hass, however, falled to produce sny
fungi in his sputum.

It wlll be noted thzt in =11 Cempbell's cases the
hay from the feorms on which the infected men worked
Yielded fungi, espergillus, penicillium end mucor.
Cne p=tlent only yielded mucor. The examinztion of
these sputz wss incomplete.

In my czses 211 the sputs ylelded fungl, the sputum
being collected under the supsrvision of the man's
doctor under the ststutory rules. The pathologicsl
dif ficulties have been considerable owing to the
fact thst Fsaulds lives in Carlisle, 2nd accordingly
the sputa from Grange may have been of little vzlue
when they reached him; furthermore 2t thzt tlme

he wz2s not equipped with sultable media.

During the last twelve months 1 have investigated
rediologzicelly the chests of st leazst five or six
hundred men who follow dusty occupstions, including

2t lesst 250 Haematite minders, & number of cosl
miners, blsst-furnace men, workers in Blue mills,
gunpowder fsctory, limestone quarries, ssbestos Worksers,

etc., 2nd in esch tyve there 1s 2 distingulshing
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fezture, frequently cliniczl or occupstional. The
same =pplies to pulmonsry tuberculosis, or an z2cute
or sub-zcute bronchitis, or broncho=pneumonia. The
occupstional dusts have beesn the subject of

investigstions by (laJﬁollia, Kettle‘lg), and

others.

I have made the following observations; nemely, that
in the lung sffections due to the inhalstion of
inorganic dusts the onset of clinieal symptoms 1ls
more grsduzl, 28 Iindeed 18 the soread of flbrosis
seen in the X~rsy nicture, 2nd the A-ray pleture
never improves, 1t gets progressively worse.

In the csse of orgenic dusts, and probably fungus
infection, the onset 1s more sudden, sssocisted with
g much more msrked dygpnoez. Ths X-ra2y plcture
frequently shows emphysematous bullze =nd p=tches,
and under treztment recovery may tzke place with a
considerable szmount of fibrosis.

This m2y even =2pply to Actlinomycosis.

The Dust conditions seidom give rise to hyper-
pyrexia. The changes are bilatersl and eventuslly
extend to the whole of both lung filelds. This

does not alwsys apply to monilizsis.
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Illustratlve of the Inorganic dusts and showing
somewhat similar X—ray‘aopearqnces:

(1) The chest of the Gunpowder worker (set 60
yezrs), unemployed for six months, but with 40
Ye2rs employment te his credit. Hls symptoms
are vractlcally nll - yet the X=ray picturs
shows a very flne mottling throughout the
whole of the lung flelds, suppnosed by some to
be a very mild form of silicosis,

(2) The chest of the Hzematlte lron-ore worker
(zet 37 years), employed 8 years on meschine
drills. This man hes g definite dyspnoea on
slight exertion, =and cough with very scsenty
sputumn. R=dlologlcally the lungs show a
coesrse mottling sznd fibrosis - 2 silicosis of

the second degree.

In the csse of the orgsnic dusts (fﬁngus infection)
the X-rey appesrance 1s very similsr in Blestomycosls
and in some czses of Monlillizsis. These wlll be
desgcribed and 1llustrsted in the szcond half of the

. D2 Der.

At this juncture the Asthma zand Bronchitis 2ssocisted

with men threshing "moulded" grein is worthy of

mentlon. The Smut and fust funzi (Bzsidiomycetes),

Ustilsginscese =nd Uredinsceae 2re found in cereszls.
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As yet we have no relisble evidence th=t these fungl
are pathogenie, but 1t is a well-known fact smongst
fermworkers that there is a high incidence of ssthms
and bronchltis amongsﬁ threshers 2nd corn millers;
thet this only occurs when the grain is "moulded"
(to use the loecal term).. 1 have exsmined radio-
loglczlly the chest of several such men and in two
csses the K~ray'appearqnces were 8imilsr to the Hay
dust c=ses. Thede cases only occurred in December.
The sputa were collécte@ end the men put on to Pot.
Iodid. with rapld snd marked benefit. "The mycologilcsl
Investlgations 2re as yet incomplete. 1In one czse
penicillium has been isolated, but its type and
prthogenicify is not yet estesblished. (Case 8.)
Petri dishes inoculsted with sputum from thege cases
show the tyﬁiccl s ppearsnces asgéciated with this
cond ition. (See plate.) {Q-!G-

Still more recently 1 hzve seen thres other casges
with similsr clinical symptoms 2nd radlographic
sopearsnces which 1 do not, =28 yet, feel justified
in including in my published series. One of these
coses 1s the wife of a general "hawker" - the others
are corn-threshers. (This is the season - 8Spring -
when msny loczl farmers sre threshing tﬁeif'gfqin°)
The sputa of these cases are under investigation znd
funzi heve developed in the mediz in the petri dishes.

Thege would 2ppesr to be psthogenic.
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pathogenicity of the fungi found.

The co-operastion of Clinician, Pathologist,

Mycologist and Radiologist is absolutely lmperative.

All these films show evidsnce of an atypicel
Bronchitis, but it would seem thst this HBroncho-
mycosls feniseclorum 18 2 definite entity. In

support of 1t being z Broncho-mycosis:

(1) Fungil were isolsted from the sputa in
geveral cases, (21l mine snd one of Ceampbell's).

(2) Fungi - aspergillus, penicillium, snd mucor -
were isolated from the hay in 21l Csmpbell's
csses. (The hay hss not yet been investigated
in my csses.)

(3) In 8ll the czses mouldy hsy was the supposed
causgz2tlive fsctor, =nd the condition only occurs
when the hsy 18 mouldy.

(4) The cases so far recorded have been confined
to the farming class, 1in .other words the type
of person whose daily life bringé hin
paerticularly in contzct with fungl.

(5) The silics content of the lung of the only
case which died snd on which 2 post mortem was
held wezs within normel limits. The grasses and

presumsbly, their dust, contzin silica, and
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one would expect s higher siliecs content if the
hay dust itself were the cause.
(6) The vost mortem appesrances in the lung are
very similar to those described by Virchow (1)
eXcevt that no nodules are reported, and still
more slmilar to those described in rsts (5)
snd (8) by Bethune and Moffat (12) 1 their
exveriments on znimals.

(7) The curative effect of potsssium iodide in
most of these cases - potassium 1odide being the
recognlsed fungicide.

(8) The aspergillus group is known to be pathogenic.

Now szccording to Castellsni these c2ses would not be
conslidered proved, in that the lesions have not been

oroduced in the lungs of guines-pig or rabbit. This
1l hope to do persdnslly in the near fuiure -~ or
rather lnvestigste the X-r=2y zppezrsnces In animals
which I have inoculsted intrapulmonzry with the
sputa of the c=2ses 1 have seen, 2nd Cousins and
Faulds hsve promised to work out the mycology =znd

pethology.

Meanwhile it is of interest that every slingle
country doctor in this ares with whom 1 have
discussed the subject, or who has read the portion

'k}%p) skes
of the pzper which has so far been published,” ma

2 remsrk something like this - "1 can recsll e
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nunber of cases corresponding to those you describe,
snd 1 c2n recollect epidemics of such ceses; and,

wnen 1 come to think of it they nesrly alw=zys

oceurred =fter 2 bad haytime."

On loeking back on the twelve yesrs which 1 spent
In country przctice 1 too recollect many such
casess. 1 czlled them broncho-pneumonla, znd follow-
ing my father's principle 1 gave them potsssium
iodide 2nd creosote and they all got well, some
cases, however, runnlng 2 very protracted coursge.
1 fesl convinced thst in this ares there occurs
condition of the lungs
or is fungus infection.
1 am equally convinced thst it will t=2ke many
months, if not yesrs, before the proof of this 18

definitely established.

(58]

3]

(4

Wesnwhile the work is in progress. The progre
= 2 Y =1 f.‘x'l“.:‘-d
1s bound bo be slow, largely owing o the scattere

nsture of the cseesd.
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ADLENDUM.

Cn April 8th 1 received the following letter from
Dr. R, 8t. John Broocks in relation to gubcul tures
thich we obtalined from the Fetri dishes of Csse 3,
(corn thresher) and walch we hsd sent to the Lister
Institute for identification:

"The culture dishes to which you refer sppesr o

us to be strzins of Penicillium sp., belonging,

1 imsgine, to the Glsucus groun. The identification

of Fenicilli=z hss now become the work of the

eecleliet, =nd If you want sn accurste dissznoeis
1 would sugrest you get into touch with Dr. Chss.
Thom, U.8. Lept., of Agriculture, Buresu of Elant

Industry, Weshington,D.C.,U.8:4:"

Cousins 2nd 1 were of opinion that we had mixed cultures
of Aspergillus snd Penicillium. :
This letter serves to illustrste the msgnitude snd
difficulties of the work thet is before us. It slso

to some extent excuses me Ffor publishing = work which

1 reslisgse 1g incomplete, =nd for my remsrks - which

wWere not mesnt 1o be unkind - about Pat‘nological

departmente.
Referring to my firet case (1), gevercillus, penicillium
snd mucor ware identified in the cultures of the

sputum. In case 3 Campbell isolzted mucor. It
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aopears to me thsat it 1s Just vossible that we may
be desling with a number of cases of broncho-mycosis
of different origin. 1t may, however, be thsat
penicillium end not aspersillus is the psthogenic

fungus (if any) in this type of czse.

A Summary will be found commencing on page 89 of

Fart 1Tl.
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