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PULMONARY ASBESTOSIS: ITS CLINICAL, RADIOLOGICAL, AND
PATHOLOGICAL FEATURES, AND ASSOCIATED RISK
’ OF TUBERCULOUS INFECTION*

Printe Evuyvay, M.D., M.R.C.P.

Physician in Charge of The Tuberculosis and Chest Clinie,
County Borough of East Ham, London, elc.

HE close study which has been
devoted to silicosis, resulting

frora exposure to silica dust, has
established fairly clearly the clinical
and pathological results which follow,
together with the greatly increased
Predisposition to succumb to tubercu-
losis. Similar close study is to-day
being given to the effects which follow
Upon the inhalation of another dust,
that arising when asbestos fibres are
Mmanipulated. A full description of
the mineral asbestos, and of the in-
dustries in which it is employed, has
been given by Merewether and Price
-(1). No further reference to this side
ol the question therefore is needed.
*418 paper is restricted to preseating
‘h§ clinical, radiological, and patho-
°fieal findings in asbestosis, based
Upon an experience of cases seen dur-

m'&Received for publication March 17,

ing the last few years, some of which
I have already reported (2, 3). While
these findings are in close agreement
with those of other observers they help
to establish the exdistence of asbestosis
a8 a disease with definite characteristics
distinguishing it {rom silicosis.

CriNical FeaTORES

The slow development of a charae-
teristic type of fibrosis distinguishes
pulmonary asbestosis; it produces in-
sidious lung changes; but the patient
may be comparatively free from symp-
toms for several years, usually from §
to 13; in some cgses, before symptoms
arise, vears elapse after the worker has
left the industry and his exposure to
asbestos dust. Nevertheless, in my
experience, one or two exceptions have
occurred wherein symptoms have {ol-
lowed after exposure of 1 to 3 years
or less. The onset of symptoms and
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their severity depends to a large extent
on the nature of the work, and on the
amount of dust inhaled. Symptoms
may even be absent despite the pres-
ence of clinical and radiological signs
(4).

Dyspnoea.—Dyspnoesa is one of the
earliest symptoms, and a2t first occurs
only on exertion. It is, however, pro-
gressive, and, ultimately, dysprnoea
and even orthopnoes at rest may be-
come established, which may be out of
all proportion to the physical signs
present.

Cough.—Cough sooner or later ac-
companies the dyspnoes; it is a harsh,
non-productive cough, often associated
with feeting chest pains.

Expectoration.—Expectoration is of-
ten absent; in my cases it has varied a
good deal. When present it is usually
scanty in amount, and of a thick,
tenacious, glairy, mucoid nature. Bur-
ton Wood has described it as resem-
bling “semi-coagulated albumen.” In
a few cases, where there has been little
bronchial secretion, slmost clear fuid
has been coughed up. During the
winter months, when these patients
are peculiarly liable to acute respira-
tory affections, the sputum may be
more abundant and often more puru-
lent, although pus cells have always
been present. Haemoptysis has been
strikingly absent, and even blood-
stained expectoration has been the
exception,

Anorerig.—Anorexia may occur
eariy; it is usual in more advanced
cases, but is by no means consistently
present.

Cyanosis.—Cyznosis may be pres-
ent, especially in more advanced cases;
according to Mereweider it is no:
necessarily dependext upoa the degres

-
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of fibrosis. A dusky complexion ig
common to these patients, and Oliver
speaks of a pronounced deadening of
the skin, varying from mild bronzing
to slight blueness.

Emaciation.—Emaciation has beeq
rather a striking and distinctive feature
in my cases, with a loss of weight out of
all proportion to the physical signg
Slumber sweats have occurred in sev.
eral cases.

Finger  clubbing.—Clubbing wag
found in the more advanced cases,
in which bronchiectasis was usually
present.

Asbestos corns—Corns form a char-

acteristic skin lesion complained of by
most patients. An asbestos fibre pen.
etrates the skin, whereupon a hyper.
keratosis forms round it; but no asbes-
tosis bodies are found in these corns,
They form on the hands and arms, and
even on the skin of the legs, owing to
dust fibres penetrating the stockings,
. Seasonal incidence.—All symptoms
become aggravated in the winter, when
bronchial colds are experienced; hence
during the winter months most of the
cases are recognised. Patients may
only discontinue their work because
they are forced to do so on account of
respiratory embarrassment on the least
effort. '

TWhilst most of the symptoms present
are similar 1o those of silicosiz, eracia-
tion and loss of weight out of all propor-
tion to the physical signs, anorexia, the
complexion and eyanosiz are distin-
guishing {eatures of asbestosis. ,

Clinical ezemination.—Examization
of the chest shows limited expansion,
even below ! inch. The movemsant is
especiaiiv imited at the bases, where,
indeed, the fibrosis commences. The
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reussion note is impaired, especially
at the bases, diminishing as the apex is

pproacked. L

Auscultaticn betrays diminution of
preath sounds at the base, although
parsh breath sounds with prolonged
espiration may be heard over the
upper zones, indicative of compensa-
tory emphysema. The adventitious
sounds are almost characteristic of the
disease, comprising fine, dry, crackling
riles; they are usually heard over the
bases and in the axillary region.  Pleu-
ral friction sounds, due to associated
basal pleurisy, are not uncommon.

The physical signs in the average
case are, in fact, those of basal fibrosis,
spreading, in more advanced cases,
ypwards, although they are usually
confined to the lower and middle zones.
The apex is usually free; and the upper
lobes are not infrequently emphy-
sematous.

Case 1.—Female, aged 22. She worked in
ap asbestos factory for 4 years as an mat-
tress maker. She had to sew asbestos cloth,
snd then stuff it with asbestos fibre. The
stuffing bad to be shaken in order to spread
it out, thus producing dust; then the mat-
tress required thumping to distribute the
thickness of the packing, with the further
production of dust.

She bad always been beaithy, and had no
previous history of chest trouble, nor was
sbere one of tubercuiosis in ber family.

Present iilness.—When first seen, on
Januery 2, 1981, she siated thas her illpess
commenced § rmonths previously with @ dry,
kacking cough which was associated with a
loss of weight from 147 1bs. to 130 1ke, Two
months ago she became conscious of short-
ness of bresth on exertion, whick became
progressively worse. She corcplained of
some paizn at the base of the leit lung. which
w3s worse on inspiration. There were no
swess and no haemoptysis.

Clivdcal ezeminaiion.—The pz2

tic and pzle, with cyanosed lips. There
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was evidence of corns on her hands. The
chest expansion was limited, specially at
the bases, and both apices were retracted.
There was dullness at both bases, where
breath sounds were diminished, and fine,
dry, crackling crepitations were beard,
chiefly over the leit base.

X-ray examination revealed restricted
diaphragmatic movements, especially on
the left side. Linear siriation at the bases
was increased, with a faint homogeneous
opacity, especially on the right side, where
a fine punctate mottling could be ohserved.

A little glairy, tenacious, mucoid expec-
toration was obtained, in which were found
a few asbestosis bodies and dust fibres, but
no tubercie bacilli.

Diagnosis.—The case is one of an early
degree of pulmonary asbestosis (Stage 1).

Rapiorogical FEATURES

Radioscopic examination of the
chest, followed by a technically satis-
factory radiograph, affords in my
view, the most reliable single piece of
evidence in establishing 2 diagnosis of
the stage and extent of the disease in
cases of pulmonary asbestosis. Mod-
ern radiological technic should be em-
ployed, with apparatus for radiography
at a distance of 2 metres, and facilities
for exposures of 1/10 second or less;
in this way the quality of radicgrams
can be standardized, which is very
necessary in following the development
of 2 pneumoconiosis by means of serial
radiograms taken over a period of time.

Radiography discloses the presence
of 2 fine difiuse fibrosis, which has been
ciaimed to be characteristic of asbesto-
sis; but other allied dusts capable of
producing pulmonary fbrosis may pos-~
sibly lead 1o a conditien indistinguish-
able from that of asbestesis, Cer-
tainly Pancoast and Pendergrass (3)
doubt whether anycne viewing a num-
ber of radiograms, indicative ¢i paeu-
moconicses, susizined in severzl in-

R L e R L e T N e PR BN LF oY olr.a'v:-«&‘kmorh-v.-»«‘».b'.-bmﬂi.(~/-~q¢4.lq.n.‘-m»,u:-~.-{m..-,m.;\- _-ﬁ,.; P N T YRR T N R,

“Yve Napemarpinsttir




168 THE JOURNAL OF INDUSTRIAL HYGIENE

dustries could select those of asbesto-
sis subjects; however radiograms of
pulmonary asbestosis are certainly
very characteristic.

Dr. Stanley Melville has codperated
closely in the study of my cases from
the radiological aspect. Roughly four
stages in order of progression of the
disease have been observed. In the
first stage, the movement of the dia-
phragm on one, and sometimes on
both, sides, is restricted; the root
shadows are unusually heavy; and the
basal linear striation on one or both
sides is increased. The right chest has
not been observed to be specially in-
volved more than the left; indeed the
left base on a film is normally some-
what obscured by the heart shadow,
and is not so visible. The trachea is
centrally placed; the heart is usually
normal in shape, size, and position;
but the costo-phrenic and even the
cardio-phrenie angle may be ii! defined,
Close examination of the film may de-
tect some loss of transincency, and 2
fine homogeneous opacity or haze at
one or both bases,

In the second stage the homoge-
neous opacity becomes more obvious,
and a fine punctate stippling may be
detected at one or both bases, while
the basal linear striation is more
obvious, with very definite rastriction
of diapbragmatic movements and zome
times blurring of the diaphragmaiic
angles. The inter-lobar pleura is us-
vally thickened, and in my experience
{requently drawn down to the base by
the fibrosis.

In the third stage definite evidence
of pleural involvement may be present,
with or without mediastinal displace-
ment, depending upon the inequality
of fbrosis in the two lungs.

{zv, no, 4

In the fourth and final stage, the
fine punctate mottling can be ohserveq
to have spread beyond the limits of the
lower zone to the middle and evep
upper zone, but the apices usually
remain free. This fine diffuse pune.
tate mottling stands out in definite
contrast to the coarse noduler mottling
seen in silicosis.

This diffuse mottling, so distinctive
of asbestosis, has been described as
presenting a “ground glass” appear-
ance by Burton Wood (6), and by
Merewether as the veiled appearance
of the involved zome. Stanley Mel.
ville says the impression is that of 5
dirty, blurred smearing of the involved
zones, 2s though a piece of india-rubbey
had been rubbed across the film.

The radiological features thus con-
firm the clinieal findings that the dis-
ease is characterised by a fine diffuse
fibrosis, commencing at, and involving
principally, the bases of the lung.

When tuberculous infiliration com-
plicates asbestosis, it can usually be
detected and distinguished from the
underlying fibrosis, just as in cases of
silicosis,

Case $.—A female, aged 35.—This woman
worked in an asbestos factory from 19i6to
1921, had been quite healthy previous to
working there, and had never had chest
trouble. Ia 1019, cough aad dyspnoea
developed and became worse, but she cop~
tinned at work un$il 1921 when she was
compeiled 20 give it up. Io 1921 she was
notifed a3 a case of puimonary tebezeunloals;
her weight was then 119 1hs.; it is now 604
She has twice been in a sanztorinm; al-
though the sputum bas been examxmined on
aumernus occuzions, tudercle bacilli have
20t beea found.

Citnieal examingiien.~1I r:
May, 1939, whea there wis prese
éyspnoea, and occesional sweats.
thiz azd emaciziad. and her
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nosed. The chest expansion was poor, and
the apices were retracted. Expiratory
signs were proloaged in the upper zones,
put diminished in the lower zones; dry,
erackling, scattered crepitations were heard
throughout hoth lunes, but especially over
the Jeit. The heart was drawn over to the
leit side. The sputum, carefully examined
by Dr. Schuster in June, 1930, was found to
coutain ashestosis bodies, which have heen
fourd repeatedly since both singly and, on
cne oceasion, in ciumps.

X- examination in November, 193¢
gave evidence of basal pleurisy, with heurt
and mediastinum displaced to the left.
Both lungs showed punctate mottling gen-
erally distributed. The appearances were
characteristic of those found in uacompli-
eated pulmonary asbestosis. In January,
1952 there was evidence of bilateral pleu-
risy, with the heart, mediastinum, ard tra-
chea displaced to the leit. The appear-
apnces were typical of asbestosis, but the
mottling in the upper zones suggested super-
added infection, with appareotly a small
cavity in the upper zone of the left lung,
although the annular shadow suggestive of
this can just be detected in the first skia-
gram,

Diagnosis.—This patient exhibits an
advanced degree of ashestosis. Here serial
skiagrams have given important informa-
tion regarding the progress of the case, with
a suspicion of super-added tuberculous
infection, though no bacilli have yet heen

found.

Case 3.—J female, aged 26. This girl
worked as a teaser and carder for 6 vears,
from 1924 to 1930. when she was obliged to
leave the factory because of giddiness.
cough, and tightness of the chest, which
had persisied for 4 vears. These symptoms
became progressively worse, and were asso-
ciated with loss of weight.

The patient came under observaiioa ar
the end of 1931, when she was thin and
emaciated. and stated that she had lost $
pounds in weight during the last § months.
Her face was somewhat cyanosed.

Inical Ezemination.—The chest expan-
ion wus poor, with definite dulizsss on bot
cialiv the ieft, which decreased

r
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appreciable impairment of percussion was
detected. Breath sounds were diminished
at both bases, where fine, dry, crackiing
riles were heard. extending well up into the
axillae. The expiratory sounds were pro-
ionged in the upper zone; and a few pl
{ricticn sounds were heard at the left base.
X-ray examination iz April, 1332, re-
vealed restricted movement of hotk s
the diaphragm. with evidence of
thickening at boih hases. The r
showed hasal fbrosis, ~ith o
punetate mottiing of the lower zones, The
left fung showed fibrosis amd mottling of the
lower and middle zones. The mottling was

EX

Fig. 1.—Case 2. Asbestosis bodies in
clumps in the sputum.

somewhat ¢oarser than usual. and tended vo
conglomerate in the left middie zane, where
there was a suggestion of tuberculous indl-
tration,

Expectoration was extremely scanty, but
the trace present was tenacious and mues-
puruient. Tuhercie bacilli were persi
ently zdsent, but ashestosiz bodies
bres were present. At 4 subsecuent D

examinatien in January. 1933, the mottd
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progressive spread of fibrosis in both lungs
in less than 9 months,

PATHOLOGICAL FEATURES*

Macroscopic appearances.~—The vis-
ceral pleura is usually considerably
thickened, while the pleural sacs ma+
be partially or even completely o:-
literated by dense fibrous adhesions.
The bases of the lungs are usuaily
firmly adherent 1o the diaphragm.

Bronchiectasis is fairly common:

bronchiectatic  cavities  sometimes
occur. Specimens often show a

honeycomb appearance of the lung,
Usually the lungs are firm on palpa-
ticn, tough, and airless; the areas of
dense fibrosis show greyish-black mot-
tling owing to carbon immobilization.
The upper lobes, by contrast, may be
spongy, crepitant, and emphysema-
tous; this compensatory emphysema
may often be detected clinically and
radiologicaily.

Microscopic appearances.—The in-
terstitial tissue of the lungs is every-
where increased, so much so that in
some cases the alveolar structure ean
no Jonger be detected: it is completely
obliterated; but in other areas there is
evidence of compensatory emphysema.
Indeed, although fibrosis may appear
to the naked eyve to have escaped the
apices, much fibrosis may be seen in
them cn Jung section. In and around
the Censely fibrous areas, asbestosis
bodies are found in profusicn: they
tend to occur in radially arranged
clumps.

Carbon pigment is present in vary-
ing quantities, Advanced areas of
fibrosis csn be Tound, assoelated with
dilated bronchivies and bronchieciatie

*{ amindebied to Prefessor M. J. Stzwar:
ior nis valuatie beip in this sertion.
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change. In addition to the dense fi-
brosis, inflammatoery catarrhal changes
may be observed, with desquamation
of alveolar and bronchiolar epithe-
Hum, and thickening of the alveolar
and bronchioler walls.  Here asbesto.
sis bodies tend to be fewer in number,
Foreign body ziact cells, distines
irom tuberculosis giant ceils, may he
present in the cozrpeective  tissue,
Gioyne, (10) who has recorded these
cells, and termed them ‘“asheéstosis
giant cells,” suggests that they present
an attempt to destroy the asbestog
fibres by phagocytosis. These giant
cells are larger than tuberculosis giant
cells; their cytoplasm has a stippled
and pigmented appearance, in contrast
with the structureless caseating ap-
pearance of tuberculosis giant cells.

Case 4.~A female, aged 31, This woman
worked in an ashestos factory, making mat-
tresses, from 1919 to 1922. She had previ-
ously been healthy, and there was no
tuberculosis in the family. After 2 vears’
work in the factory she began to feel laa-
guid, to lose her appetite, and to develop
o ecough. As the wark did not seemn 10
agree with her. she left the factory and weat
into domestic service; but she has never
felt well. Every winter zhe has huad a
troublesome cough. with shorrness of bresth
on exertion, aad has been easily fatigued.
Eariy in 1931 she consulted a doctor, who
notified her as suering {rom puimonary
tuberculosis,

Clinlcal conditivn.~When seen she wis
obviously ill. thin and wasted, very -
noeic. while her face was somewhut
nosed. Sputum contzined tubercie
ang ashestosis bodies. which were fou
clumps on are occasiozn.

There were pi

gns in the fusys of
vith esvitation in the
left upper lope. ind. some menths luis

definite phvsicel appesred
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weak breath somnds, and dry, crackling
ciles, rather different from the riles in the
upper Zones. The signs were, ht?\\'e\'er,
O‘.er“-hclmingly those of tuherentosis.

An X-ray esumination in April. 1931,
showed definiieiy restricted diaphragmatic
movenments on nath sides, There was some
iarsal seolipsis. the heart tending to be in
w ol the concavity. The trachea
~ ata thel The right lung, was
clear. the left lung showed definite
evidance of tuherculous inditration of the
wpper and middle zones. with cavitation in
the left upper zone. There was evidence

PULMONARY ASBESTOSIS 173

patehes of plastic lymph. In one place in
the middle of a =ac was @ strand of adbe-
sions, which on separation showed lung
immediately beneath the visceral pleural
attachment, but there was no pneumathorax
opening. The diaphragmatic pleura was
thickened and compietety adherent to the
diaphragm.

The right pleura shewed tough adhesions
at the exzreme apex. Over the middle of
the upper lohe was 2 dense lirear sear of old
pleurisy with tags of plastic lymph attached
to it. Here and there the viscersl pleura
showed white plaques of thickened pleurs,

Fi6.5.—Case 4. Fareign body giant cell.
Note ashestos bouy within the cell.

of bilareral basal fibresis, witk pleural
involvemezt of the

The priient hadi
tespital and ata s
In June, 1032, she ¢
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Frg.7.—~Case 4. Section showing diffuse
ashbestos fibrosis with askbestosis bodies in
clumps, radially arranged. {Low power.)

especially over the upper lobe. There was
one thickened nodule in the digphregmatic

pleura with adhesions teo the diaphragm,
The ieft lunyg showed dense arexs of as-
bestosiz, almoest cenfluent in the lover ole,
The upper lobe was vompietely involved in
sunerculosis with several ragged cavitd
and wag practiezily destroved by the puvie
ties. The iower i~he showed a few s
tubercies: {n the upper part ¢pe o«
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minute discreet nodules of tubercle. Yo
lesions in any other system,

Diagrosis.—\Whilst the signs of tubercu-
losis tended to mask those of asbestosis,
there was little doubt that this ense way, in
all probability, originally a cuse of pure
pulmonary asbestosis complicated by an
advanced degree of tuberculosis. Post
mortem examination of the lungs showed
sdvanced asbestosis in both lungs; clumped
hodies of ashestozis had been observed in
the alveoll and on one occasion in the
sputum.

AspEsTosis Boniks

Highly characteristic golden-yellow
bodies are found in the sputum and
fibrosed lungs of asbestos workers.
They have been present in all autopsies
upon cases of pulmonary asbestosis.
They vary in size and shape; but,
characteristically, they have bulbous
enlargements at the extremities, with
a regularly or irregularly segmented
body, resembling dumb-bells: when
fractured they are club-shaped. The
appearance of fully formed bodies has
been aptly compared by Gloyne to
beads on a necklace; the beads vary in
size, and represent the irregularly
segmented body. These bodies have
been found by various observers to
vary in length from 20 to over 200
microns. An asbestos fibre forms
the central core of each body, and can
frequently be detected {10). The
golden-vellow material covering each
fibre contains an iron substance, which
gives a prussian blue reaction: prob-
ably it is a silicare, which protects
the fbre from further cnange. When
staiped with ammonium suifide, the
central core of an asbestos fibre siains
lightly against a well stained body.

Asbestosis bodies are probabiy as-
bestos fibres which have become coated
with colioidal golden-yellow maserial

—probably iren silicate—derived from
hody tissues, oxvhaemoglobin being
the chief source. In addition to being
found in the sputum and lung juice,
(11) they have been found in the fe.
ces {12), and even in the spleen, (13)
which raises the guestion as to how
they gained access to thisorgan,  Pre.
sumably they iravelled cither by em-
bolic spread in the blood stream, or by
phagocytic cells. The bodies have
also been found in the upper abdom-
inal lymph glands (M. J. Stewart,
personal communication).

The presence of asbestosis bodies in
the feces is as pointed out by Gloyne
of practical value where no sputum is
available, since, as in cases of phthisis,
the sputum may have been swallowed,
rather than coughed up.

The bodies are best seen with an oj]
immersion lens, and show up cleariy
without staining as golden-vellow
structures. They can, however be
stained by haemotoxylin, by potas.
stum ferrocyanide, and hydrochloric
acid, giving prussian blue reaction, and
by ammonium suifide.

Asbestosis bodies in clumps.—The
bodies may be {ound in the lung tissue
either singly or in clumps, and may
oceur similariv in the sputum, al-
though they more usually are found in
the sputum singly or in groups of iwo
or three. The bodies tend to be
seanty if there is little bronchial sevre-
tion; and, given a pu'monary fbrosis,
the profusion of bodies in the sputum
appears to show a tendency w0 vary
directly with the extent of the dizsease.
When the bodies are more abundantin
the sputum, they meay oceur in ragiaily
arranged clumps: such an occurrenze
indicates iisintegration of Iupg :issue
by either simple suppurazive broneho-
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peumonia, or secondary -tuberculous
infection (14). This occurrence of
nodies in clumps in the sputum is com-
parable to the presence of elastic tissue
-y phthisis (ML J. Stewart).

hat have been called “‘pscudo-as-
pestos bodies” (15) have recently been
recorded as found in the tungs of a coal-
miner working in the mines of Alabama,
who had never worked in asbestos, and
of a Lancashire coal-miner. Appar-
cntly other dusts may simulate asbes-
tos fibres, and lead to similar reae-
tions with the lung tissues.

A recent observation by Iettle (16)
is interesting and noteworthy in this
connection:

«“Crystalline silica heavily coated with
iron (silica, 59.9 per cent.; ferric oxide,
40.1 per cent.) and injected into the tissues
appeared to be as inert as pure ferric oxide
itsetf. 1t would appear that the silica is
prevented from going into solution by its
very adequate coating of insoluble ferric
oxide.

This observation has an important bear-
ing on pulmonary asbestosis.

The familiar asbestosis bodies appear to
consist of asbestos spicules which have
become coated with iron. They are insol-
uble and remain for many vears apparently
quiescent in the pulmonary tissue and alve-
oli. They are not formed, however, imme-
diately the asbestos enters the body, but
only after an interval of some weeks, and
oresumably damage to the lung occurs as
the result of solution from the surface of the
oicule hefore it is rendsred imert by the
coating of iron.”

We:tla records the fact that asbesto-

s tissues of mice are as inert and
harmless a3 the iron coated erysrals of
siiea. This protective action of the
eolioid substance is a point <f consig-
erable interest

3
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presence of asbestosis bodies in sputum
indicates merely exposure to asbestos
dust: it eannot alone justify a diagno-
sis of pulmonary ashestosis. A diag-
nosis of a diseased condition of the
lungs depends upon the cumulative
findings of: (a) exposure to ashestos
dust; (b) clinical evidence of pulmon-
ary fibrosis; (c) radiological evidence of
fine, diffuse, pulmonary fbrosis: and
(d) asbestosis bodies in sputum, feces,
or lung tissue.

It is astonishing how asbestosis bod-
ies persist in the sputum for yvears, even
despite short periods of exposure. In
opne case a patient was exposed to as-
bestos dust for 1 year; yvet the hodies
were present in the sputum 14 vears
later. In another case, exposed to the
dust for only 10 weeks, the bodies were
present in the sputum 5 years later.
Apparently, once the bodies are formed,
unless they are carried away or ex-
creted in the sputum, they remain in
the lungs more or less permanently
without being dissolved.

Case 5.—Femole, aged 35, She was en-
gaged in an asbestos factory from 1911 to
1917. Sbhe was first seen in September, 1930
for a slight cough, which had persisted for
some vears. The cough had troubled her
seriously during the previous 9 months,
when she had recommenced work at the fac-
tory, after being away for some eighteen
vears. There had been dvspnoea with the
cough, which had become progressively
worse, and was marked on exertion. Dur-
ing the next 4 months there was not much
loss of weight;thecough persisted. withzome
muco-puritleat expectoration. haif en cunce
in 24 hours; it was never Sogd-stained.
There were severe night sweats, and the
appetite was poor. Leossitude was present,
Ashestos corns were prasent, eéspecialiv ¢n
tae band and elbow,

Ciinieal examination.—Ph
tze chest were mainiy at the e
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cal of those of a bilateral pulmonary fibrosis,
with pleural thickening at the right base,
X-ray examination disclosed sume scolio-
sis, with dorsal convexity to the left; the
neart tended toliein the hollow of the curve,
Movement of the right side of the dia-
phragm was restricted. On the right side
there was evidence of pleural uuckemng at
the hase. with jowering and thickening of
the inter-inbar septum. The dasal linear
striation was exagyger: ted. and there was
some ill de€red mottling of all zonss. On

bordies in clumps. The condition snggesteg
a rapid, complicating tuberculous process,

X-ray examination now showed restricteg
movementof theright sidz of the diaphragm,
and increased fibrosis at the right hase. Ou
the left side there was infiltration of the
upper and middie zones, with excavation in
the upper zone, with pleural involvemant,
and basal fibrosiz.

Diagnosis.—The case was originally one
of pure puimonary asbestosis, complicateg
later by tubarculosis. Here the tubereuip.

Frc. 8.—Case 5. Ashestosis bodies occurring in clumps in the sputum

the left side some fibresiz was detected at
the hase.

The tenacious mucco-puruientsputum was
found to conizip numessus and mixed
organisms, mainly hacillus {vledlander and
pneumococcis. No tubercle bac
found. Asbestos finres und  asheriasis
hodies were present.

Al svmptoms had hecome mucth
vated by July. 1932, azzod the wel:
dropped from 113 b, 1o 24 ih,

@43 rapid, and there was everin

utum increased in amoury, o
il were 'OL._‘ in Qeransr,

3{s was implanied vpon an ashestosis. The
clumping of the ushestosis bodies indicates
disintegration of luny tissue.

Case $.—A4 =2ic. aged 3. This man
worked ag a card-recm superintendent in

ashestos {aelory for ¢ vears. 1020 1
His work brought him into enntact
hizh eoacentration of dust. He rem:
‘ree irom chest troubie \...nl 1024w

heeame tonscious of miid dripnoes L exar-
i, with an il E

DIOME yrew
ae was 30 ¢
e that hg wis

amen .

o 40 m

VTP S

- m——




T N R LI LI TP TS

Cme e w cv eyt e

- . . M
AN SRR g R N Sead o R T

Dt N R e

AN W L Nl T e T e 2 415

SN bt s TR e s Wity e e [y A At oy 01 S A

P . RN
H SIIDDS D WD DUOZ FANO] PP i) J0 SISOTqY ) JO woIsud Xy CSISOp8a((se and prnituo oy papnarpeluon guy s g, ATIXD 1IN NNOZ
- Sppnu pun AR ) O P FETA [OAUT UOILEH U SNONDINNG UGHP YT MU MON I 1 $ 2 A ps 3 SEY -y g
’ . : g s jo euideyan i EUL N GRITIV LAY
S{YUT SHOPIDGNT J0 AMEIPTAD ;g &L DI, CSISOIAY [newy ) Lep wrasop gt woag Suramyg ‘aoreod pangon )1 mo|
Q| .J U DY un g deqopruy ..-:n:._ O, IR (s Rty s 2::.3.:: arst Ata WA ON
o1 oty G0
n
—
)
o
—
o
431
jaa)
224
-4
=
s
-1
z
o
-
"
—
]
ja ™y
oy
el
AN
~
= .
.Wud e tand T
NIRRT I S SR « P .
B CYE A X > ¢ M I Y NITY TV g gy
S T O tae
- AT O
< oy fi < D :
< RIS - wi o A
- ok E = ik
™~ I ‘ i
A £ . . . . .
. N A PP N Tt




o e 45 wamn i emimen e

A ————— A ¢ 3o e & b

178 THE JOURNAL OF INDUSTRIAL HYGIEXNE fov

because of right-sided pleural effusion, He
now suffered frem progressive anorexia and
palpitations; he was breathless even at rest;
the face was eyanosed, with an earthy com-
plexion; he was obviously wasted, and his
weight had fallen from 203 lb. to 131 lh.
Marked clubbing of the fingers was present.
Clinical examinetion.—The apices were
contracted. The right side was praciieally
immobile and the chest was flat. Move-

y 1O 4

Xeray examination showed the right dia.
phragm almost corpletely ohscured, while
the movements of the left were very ra.
stricted. The trachea was slightly drawn
over to the right There wasa dense opacity
over the greater part of the right hemi.
thorax, consistent with anencysted effusi, g,
Fine punctuate stippling was seen over the
area not covered by the dense opaciiv at the
right base. Theleftlungshowed characrar.

Fig. 11.—Case 6. Showing ashestosis bedies in clumps. The ceniral ashestos fibre is
well zhown in the tong curled hody. (I 2m indebted to Prof. Martthew J. Stewart for the

microphotographs of ashestosis

ment of the left base was very rastricted.
Trere was dullness over the whaie of the
right chest and the left hase. Breath
sounds were diminished over the whoie of
the right chest. and somsz §pe rales were
heord at the dese.  The breath zounds over
the jeft chast were ¢oarse. and the expira-
tiob was cnn“-:ez pro.nn #d. Fine.charace-
terisiie were hesrd over tha

Anszuwepsy oy Dr. 3. R.Glo

hodies in ciumps in Cases 3 and 6.)

istic §2e punctate motiling, invelving the
fower 204 middle zunes.

Numerous ashestosis bodies. hoth sing
and in ciumps. were found
but repaied examinations :
¢iili were negative, \e\*ertnele=~ exami
naties of pleural Suid showed it to beaclsar
wabereulous ewd;\e
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dence of aright-sided tuberculousempyema  that the dog was tethalled in its own inter-
ith advanced bilateral pulmonary asbes- est. The thoracic organs. irachea, heart,
tosis. Tubercule bacilli were found in =and lungs (through the courtesy of Dr.
the PUS, the fluid of which was clear and Kerr who obtained them for me) were
ctraw coloured when o paracentesis was  kindly examined by Dr. N. Schuster, whose
;lone by me. findings have been reported elsewhere (8),
Diegnosis.—The rase was clearly one of  but muy be briefly summarized here.
3.1\'313(‘9‘3 pulmonary asbestesis, compli- The macroscopic appearances zhowed

cated bY tuberculous pleurd Apparently  that. whilst there was no sign of acute pieu-
(pere was some disintegraticnof luag tissue.  risy. there was a general opacity of the vis-
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the same conditions as found in the human
subject. Chronic interstitial fibrosis of a
fine diffuse nature with dilatation of the
hronchioles was present. Fibres of asbes-
tos were seen in.large numbers, hoth in
the alveoli and interstitial tissue of all
parts of the lung. The fibres corre-
sponded exactly, under the microscope
with the appearance of pure asbestos after
it had been crushed. But no asbestosis
bodies were found; this important negative
fact was confirmed by Professor M. J.
Stewart and Dr. Gloyne. The former, in-
deed. informs me that he has recently made

F1c. 13.—Case 7. Section of dog’s lung
showing ashestos fibres. (Microphotograph
by Dr. Schuster.)

an examination of another dog, which
staved from 7 p.m. 10 7 a.m. in an ashestos
factory for over 9 vears, and at death was
134 vears old. Here 2also he was unshle to
find any ashestosis hodies, and only a few
asbestos filres were present. Apparently
this second dog did not have the same oppor-
tunity as the Srst of inhaiing asbestos dust,
since it was oxnly at tke factory with the
night watchman.

This absence of asbestosis hodies was
also observed »y Stewars ‘o 3 rats from an
asbestos factory, aithough fibres were pres-
ent in the lungs. Gloyze. however, after
careful search, has “ound one small body,
together with numerous Shres, in the lungs

[ze, no. 4

of a grey rat caught on an ashestos {actory
premises,

Although the lung changes in the case of
this dog were closely allied to those of 5.
bestosis in the human lung, two noteworth,y,
features were absent—asbestosis hodies
and evidence of acute inflammation.
possible relationship between the formatigy
of asbestosis bodies and an acute inflammg.
tory exudate might suggest itself, had noy
asbestosis badies been found experimentsily
in guinea pigs in the absence of any apsre.
cizble inflammation (9); apparently they
are produced during normal metabolisr,

Fi6, 14.—-Case 7. Foreign body ziant
cell. XNote coarse stippled pigmented ap-
péarance. The presence of asbestos fibres,
represented by fine lines can just be seen.
(Microphotograph by Dr. . Susman,
Pathological Department, Manchester Uni.
versity.)

Tue TuBERCULOSIS Risx Ix
ASBESTOSIS

Tuberculosis is generally recognised
as the most serious risk to which silico-
tie patients are exposed; but the ques-
tion of tuberculosis complicating as-
bestosis has remained rather an open
one. TUnrtil recently, the opinion was
held that for tuberculosis 10 complicate
asbestosis was comparatively rare,
znd this was regarded as a distinetive
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- feature in contra-distinetion to sili-
~ gosis.

Recently, however, Professor Kettle,
(16) working experimentally with ani-
mals, finds that silica and asbestos dusts
pelong to 2 group of active substances
which produce lesions when introduced
into the subcutaneous tissues; they
poth produce serious pulmonary fibro-
ds, and both assist the growth of tuber-
cle bacilli. Clinical evidence would
ccemn to support this experimental
work, 2s there is little doubt that an
increasing number of cases of tubercu-
losis are being seen in subjects exposed
to asbestos dust. Such cases may not
pe met with in an examination of
workers at work with no symptoms;
they tend rather to be seen among
those who have left work and are at-
tending clinics. Hence Merewether,
(17) in 1930, found only 4 active cases
of tuberculosis in an examination of
374 asbestos workers actually at work,
and formed the impression that there
was no outstanding susceptibility to
tuberculosis among these workers.
On the other hand, Wood and Gloyne,
(18) in 1931, were able to trace 12 cases
of tuberculosis, 10 of which were active,
in a series of 37 cases of asbestosis;
and among 35 deaths from asbestosis
referred to in the Report of the Chief
Inspector of Factories for 1931, (19)
tuberculosis was a complicating or
terminal factor in 11 cases. Among
seventeen of my own definite cases of
asbestosis, the majority of whom were
pot at work, six had tuberculosis, of
which four were active.

A typical lesion of mild aetivity,
with 2n early stage of pulmonary as-

stosis, was present in ozme of my
cases who had been exposed to ashes-
tos dust for 10 years; but the work,

PULMONARY ASBESTOSIS 181

which consisted in coating lead pipes,
did not entail exposure to high dust
concentrations. Tubercle bacilli and
asbestosis bodies have been found in
sputum. This case has been watched
for 3 years, during which the tubercu-
losis has remained stationary. In this
connection Wood and Gloyne (18)
have pointed out that obolescent tu-
berculosis may remain quieseent in
spite of exposure to asbestos dust,

Another case, one of pure pulmonary
asbestosis, (case 3) under my care has,
during the last few months, developed
pulmonary tuberculosis, which I can
say quite definitely, from clinieal,
radiological, and sputum controls, has
been implanted upon the asbestosis
with decided aggravation of all symp-
toms. Among my series, serial skia-
groms raise the suspicion of super-
added tuberculous infiltration in 2
cases. I am further informed by Pro-
fessor Stewart that at autopsy, when
no microscopic evidence of lung tuber-
culosis has been observed, tuberculosis
may be found histologically.

My own limited experience tends to
show that tuberculosis, as a complica-
tion of ashbestosis, is by no means un-
common; the risk may or may not be
equal to that in silicosis; but that there
is o risk, the evidence quoted, and my
own observations, appear to establish
beyond doubt. Other things apart, re-
cognition of the existence of this riskis
an important factor when considering
what preventive measures should be
taken to control this occupational
disease. The existence of this risk
establishes that no person with tuber-
culosis in any form should be allowed
to enter the industry, nor should azy-
one in whom tuberculosis at z later
stage is detected be permitted to con-
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tinue in the industry. The risk here is
to the other workers, as well as to
themselves.

Proeyosis

An interesting feature of this dis-
ease is the length of time which may
elapse between exposure to the dust
and a fatal termination, and :the fact
that this period is only one-half of that
in silicosis. Apparently the dust gains
access to the lungs and produces pul-
monary fibrosis as the result either of
actual mechanical trauma, or of a toxic
effect comparable to that exerted by
silica in cases of silicosis; asbestosis
bodies appear to lie inert in the tissues.
The dust particles, once they have
gained access, continue to injure the
lungs, and the disease is a progressive
one, which, if sufficient dust is present,
ends fatally, the end being determined
by some intercurrent complication,
such as acute broncho-pneumonia or
phthisis.

Symptoms of pulmonary ashestosis
as a general rule first appear some 3 to
15 years after the first exposure to
dust, the time depending largely upon
the pature and concentration of the
dust; in one of my cases symptoms
developed within 1 year after exposure
commenced; but in other cases, ex-
posed to 2 minimum of dust, no symp-
toms have developed within 10 years
of the first exposure,

In an established case of asbestosis
with symptoms, the dyspnoes is usu-
ally out of proportion to the clinical
findings as regards fibrosie, while in a
case of silicosis, one has the impression
that dyspnoea, even though the clini-
cal findings of fbrosis are advanced,
becomes manifest only on exertion.

Agein 2 case of simple sificosis often

lcoks well, declares that he is well, anq -

is even offended when any reflection jg
cast upon the soundness of his lungs,
In contrast to this, a case of asbestosjs
is cyanotic, emaciated, abxious, angd
often obviously going downhill.  Such,
then, is the clinical picture of the state
of sufferers from asbestosis. Ouly by
an extension of meaning could the
word “sufferer” be applied to anyone
with simple silicosis.

Svanary

Clinical, radiological, and pathologi.
cal findings of the occupational disease,
asbestosis, have been presented. This
disease must be grouped with silicosis
ag a very serious pheumoconiosis,
The average length of employment ia
fatal cases is only one-half that of
silicosis.

A diagnosis, which is most likely to
be made during the winter months,
when acute respiratory complications
oceur, must depend upon a combina.
tion of factors: (a) opportunities for
inhaling asbestos dust, (b) the occur-
rence of asbestosis bodies in the spu-
tum, (¢) clinical and radiological find-
ings of fine, diffuse, pulmonary fibrosis
commencing ot the bases; the character-
istic radiological findings are probably
the most important reliable single piece
of evidence in early diagnosis.

The clinical features of the disease
indicate that the onset of symptoms
usually occurs after some 35 to 10 years
of exposure to the dust; the degree of
dyspnoea and erpaciatior, tbe com-
plexion, the absence of baemoptyss,
and the very scanty expectoration, are
all characteristic features.

Inhalation of asbestos dust must be
expected soomer or later 1o produce
pulmonary fibrosis, depending upon
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(a) length of exposure, and (b) nature
and concentration of the dust.

The histological features of asbesto-
sis are essentially (a) a diffuse chronic
ipterstitial fibrosis of the lungs, with
areas of acute catarrhal changes, and
(b) the presence of characteristic as-
pestosis bodies, appearing either singly
or in clumps.

The presence of isolated asbestosis
bodies in the sputum is indicative
merely of previous exposure to asbes-
tos dust, and does not necessarily
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have any clinical significance; if the
bodies occur radially arranged in
clumps, they suggest disintegration
of pulmonary tissues.

Pulmonary asbestosis, once estab-
lished, is a progressive disease with a
bad proguosis; its treatment can only
be symptomatic.

The tuberculosis risk in asbestosis
must be reckoned with, even though
time has yet to indicate whether it is
less, equal to, or perhaps even greater
than that in silicosis.
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