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STUDIES IN THE PATHOLOGY OF THE RESPIRATORY SYSTEM
OF THE DOG IN VIRUS INFECTIONS

By
Adolf Michael Wabtrach, M.R.C.V.S.

Summaxy

The viral involvements of the respiratory system Iln animals and man
form a morphologically distincet group of pathologieal conditions. The changes
produced in the lung tissue by the action of viruses present a remarkable
picture and have abivacted much abtiention in the last three decades.

Among the camine vival infectilons, distemper appears to ‘be the only
disease entity which consistently shows its effects on the vrespivatory btract
and displays pulmonary lesions characteristic of all viral pneumonias.

The present sbudy was undertaken with the intent of supplementing
and enlarging upon the available but scanty information on the patholegy of
the regpiratory system in distemper. It embodies the resulis of observations
on the morbid anatomy and histopathology of the entire tract and bacterioclogy
of the lung. The material on which the findings are based comprises thirty
naturally occurring and twenly experiwental cases of the disease. In the
course of the investigabtions, special abttention has been paid to the histo-
patholegical aspect of pneumonia. Some of the chaopges observed involve the
long debated issue of the ultimate nature of the alveolsr lining and required
for their interpretation addltional, electron microscopic studies on the
normal structure of the pulmonery alveolar wall.

Clinical signe of the disease and lesions in the respiratory track
were consideyably more severe iﬁ the naturally occurring than in the experi-

nental cagses of disbemper. Only mild malalse and slight changes were seen
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2
in the dogs suffering from experimental infection. These oObsgrvations are in
accord with those of previous workers.

The gross lesions encountered in the clinical cases were genevally
most proninent between the third and £ifth weeks of illness. The abnormali-
ties observed in the pulwonary tissue ifncluded (o) congestion, often focal in
distribution; (b) cedema; and {c) cccasional subpleural consolidation. No
oedema of the lung was found in the experimental dogs.

Bacterial iavolvements of the lung were wmuch more frequent in "strect”
distemper. OF the twenbty experimental cases, only five yilelded posgsibive cul-
tores, whereas most of the naturally infecled dogs showed some degree of
secondary infection. The straing of bacteria isvlated from these cases ilncluded

Egcherichia coli, Proteus vulpgarig, Pseudomones aeruginosa, staphylocoeci,

streptocoeel and, in one dog, Brucella bronchiseptica.

One of the sallient features of pneumonia vwas the interstitial cellu-
lar reaction, It nmanifested itself as a mononuclear infiltration of the
bronchiolar walls, the adjacent interalveolar septa and, often, of the peri~
vascular comnective tissue. Other changes intimabely associated with the
disease process included hyperplasia of the alveclar epitheliuvm, accumulation
of a chiefly mononuclear exudate in the reglion of gaseous exchonge, and oedenps
of alveolar and, not infrequently, of perivascular gpaces.

The combiped observations on the clindcal and experimental cases of
pneunonia revealed that the first tissue changes took place at the time of the
initial rise in body temperature. The early signs of viral activity were
shown not only by the cellnlar exudative phenomena bub alse by the appearance
of eytoplaswic inclusion bodies in the bronchiolar epithelium. A few of these

hodies vere seen on the fiwst day of illness.
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Quite early in the disease process the oedema fluld sterted to col-
lect in alveoli and arownd smalley vessels. Hpithelisl cells of some of the
bronchioles shoved a degree of glyeogenlc inflliration which in later sbtages
resulted in partial deonundation of the mucous mewmbraune. With the progress of
the disease, many mononuclesr cells accumulated in the affected areas, and
occasional polymorphonuclear leucocytes appeared in the alveolar spaces. Some
of the intra-alveclar macrophages enlarged considerably and displayed mulbiple
nuclei.

A% the end of the first week, the lining of the alveoll showed signs
of proliferative activity. A4s a resﬁlﬁ of this process, many peribronechiolar
and subpleural alveoll became lined by & pavement of usually flat cells. 8uch
"epithelialisation" was evidenlly due to hyperplaesia of the alveolar epithelium.
This observabion is supported by the elecbron wicroscopic study of the normal
ilung vhich revealed that the pulwonery alveolar wall is lined by an uninter-
rupted although very temwus epithelial membrane. The average thickness of
this covering is in the renge of 1,500-2,000 E.

In some lustances, when proliferation of epithelial elements was proe
nounced, bizarre and wulbtinucleated cells could be seen. "Epithelialisation”
of alveoli atbeined signlficant proporitions with the third week of the dlsease,
but begen to disappear after the fifth week., At the height of infection,
large areas of the lobes were somebimes involved by coalescence of the peri-
bronchiolay and subpleural focl.

As the acute phase of ppevmonia subsided, the elements of inflamma-
tory and eplthelisl proliferative processes were removed from the alveolar
spaces. A small number Of mononuclear cells, however, often persicted in peri-
bronchioler and perivascular sites. After three months, minute accumulations

of lymphocytes and macrophages were sbill present at an occasional bronchiole
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or vemule. In 50 per cent of the cases a degree of intrabronchiolar and intra-
ductal organization was observed. The process evolved apparently in the second
week of illness and, on cccasion, was qulte pronounced in the later phases.
Sometimes it was aecompanied by an appreclable degree of fibroplasia in the
adjoining alveolar spaces and, more often, in the interalveolar septa.

Many of the pulmonary wacrophages displayed a characteristic staln-
ing vreactlon with periedic acild-Schiff technique, which is thought to be in-
dicative of some intracellular changes associated Or concurrent with the
phagoeybic activity of these cells.

Cytoplasmic inclusion bodies appeared very early in the disease and
of'ten were guite nunercus ab the height of illness. After the seventh week
they diminished rapidly in nuwber and only a very few could be detected in the
lung following the tenth week of infection. Their presence is regarded as patho-
goomonic for distemper. A recent demonstration of the aibtigenic specificiby of
these inclusions seems 0 indlcate that they represent a phase in the intra-

cellular growth of the virus itself.
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PREFACE

The essential character of the tissue reaction to the invasion of
viral agents is well manifested by the defensive, inflammatory processes in
the rvespiratory system. The changes induced in the lung, particularly in ibs
terminal edlrwoys, form a very disbined picture, considerably different from
that presented by bacterial infections. The nature of these alteratlons has
been o subJect of wmuch study, especially in the past three decades.

Among the viral infections of the resplratory tract, pneumonis of
canine distemper holds a rare positlon. It not only displays the typical and
prominent changes in the lung, bub is also intrinsically assoclated with gen-
evral, often severe, systemice illness; it congtituvles an importent phase of
the highly complex disease rather than an independent condition. Of the
known canine viral infectlons, distemper appears to be the only well recog-
niged pathological entliy which invarisbly shows involvement of the lung.

The view held by some workers that there exists s sepavate although not
entively unvelated condition, texmed “hard ped" dlsease, is nob supporied by
meny vecent Furopean and Anerican observers.

Much has been written about distemper in the lash fifty years.
Many aspects of that disease have been described and new concepts have been
put forvard. And yeb, despite the comnsidervable volume of literature, there
are surprisingly few communicabions dealing with the pathology of distemper
pneumonia. Most of the existing veports offer bubt a fraguentary plcbure of
the changes, or do not dwell comprehensively uvpon the subjechb. It was fell,

therefore, that o detailed account of phenomena occurring in the respiratory



system of dogs suffering from disbemper was needed to aupnent the available
information.

The present study, undertaken with that intent, eabodies the re-
sulis of observations on morbid anatomy, histopathology, and bacteriology of
the respivatory tract in distenper and is based on thirty clinical and twenly
experimental cases of thab dlsease.

In the coursée of observebions, particuler attention has been focused
on higtologlcal changes in the lung. Some of these alterations, evidently
comon o many viral pnewnonias, yield a remarksble and characteristic pleture
and iuvolve long debated issues of the ulbimate nature of the alveclar lining.
Conseaquen‘ul& ,» ant exposition of the fundamental problems of structure of the
pulmonayy alveolar tissue was bhoughl essential for the interpretation of
changes encountered in the distemper-affected lung.

Electron microscopic studies, entered vpon for that purpose, seenm to
heve provided the answer to a conbroversial subject of histology: +the sbruc-
ture of alveolar wall. They showed that the alveolar lining, so enigmabtic in
the normal lung bub frequently conspicuous under pathological conditions, is
formed by an apparenbly contimuous layer of cells, abtenuvated to the extreme
degree between the nucleus-bearing moleties. Identical oObservations have been
made concwrrently by other workers. The imuplications of this finding are of
considerable significance. They would indicate thait the process of alveolar
"apltheliglisation" is essentially that of hypertrophy and proliferation of
the existing epitheliwma.

Another phase of this work revealed that mononuclear cells which
constitube the predominating element of inflammetory reaction to the viral
agent in the lung exhibld®, in many ingtences, & characteristic histochemical

reaction apparently closely assocleted with their engymatic and phagocytic



activity. This distinctive tloneborial reaction is evidently cowmon o many
ackive elements of the wacrophage systenm.

The vesults of the study peritaining to the histopsathological cbser-
vations indicabe thal distemper pneumonia is characterized by (1) a frequent
oceurrence of inbre-alveolar and pevivascular oedems, {2) often consideveble
ond extensive hyperplastic alveolar epithelial changes, snd {3), in common
with many other viral pneumonias, by a prepondersiely mononuelear infiltra-
tion of the interstitiwa.

A histopathological suvrvey of some animal and humsn virel pneumonlas
conducted for the purposes of comparative pathology reveals that tissue re-
sponse to the viral agent in the exowples of pneumonia studied is simliler, if
not offten identical, in ibs nature and character. Only a few animal pulmonary
discase enbities, apparently of viral origin, show a somevhat different
morphologilcal picture.

thile many observations presented in this work are not entirely
novel in the field of histopathology ¢of viral pnewmonias iln general, it is
believed that some of the findings, especially those menbtioned above, form a
fuvther contribution to the understanding of pulmonery chenges not only in
distemper, bulk also in other viral preunonlas.

These studies were inltiated abt the Glasgow University Veterinary
School, Deparvtment of Veterinary Pathology, and by permission of the Senate,
have been conbtlnued abt the College of Veterinary Medicine,; University of
Illinois, United States of Awerica. The author wishes to express his deep
indebltedness 0 the supervisor of this study, Professoy J. W. Buslie of the
Department of Veterinary Pathology, University of Glasgow Veterinary School.,
for his invaluable guldance and much appreciated help extended throughout the

course of these investlgabtions. Sincere thanks are also due to



Professor Wishart of the Faculbty of Medicine. Mr. R. 8. F. Campbell,
MuRuCoVeB,, 0f the Depariment of Veterinary Pathology, University of Glasgow
Veberinsry School, by stlmulebing discussions of many problems and useful
suggestlons, sssisted the gubthor considerably in this work. An acknowledg~
ment is also due to Mr. T. M. Lauder, M.R.C.V.S8., of the same School, who
furnished all cagses for the preliminary observations. The (Graduate Feeulby
of the College of Veteripary Medicine, University of Illinols, by providing
the facilities in the Departments of Velberinary Pathology and Cligical Medi-
cine, made the conbinuance of these studies possible. DBr. C. €. Morrill,
acting as a vrepresentabtive of the Graduate Facully in the capacity of an
interim supervisor, helped the author greatly by his freely glven advice and
constructive criticiswm. Drs. R. B. Witier, A, G. Schiller, and D. Msksic of
the Glinical Medicine Deparviment supplied most of the clinical cases. Thelr
cooperabion is gratefully ackunowledged. Speclel thanks are also due to Drs.
g O. Albe%ts, L+« B« Boley, and P. D. Beamer for their help in various ways.

Electran microscopy ©f the normel lung of the rot was conducted in
the Deparinents of Chemistyry and Chemical Engineering, University of Illinois,
with the invaluable cooperation and masterful technical assistance of Dr.
A. B, Vaiter. His contribubion is much apprecisted.

Finally, the author's thanks are extended with wuch pleasure and
gratitude to his wife, who by her constant encouvragewment, unfailing sympebhy,
and adviee in bechnicsal mabbters, helped greably in getbing this work accom-

plighed,



HISTORICAL INTRODUCTION

Moxbid Anamomy and Histopathology

Since the beginning of the nineteenth century, when first reporis on
distenper appeared in DBritain, a body of information on the pathology of this
canine conbaglion has accumulated, slowly at first but with increasing energy
in later years.

Barly vritings dealt mostly with the clinical sigus, trestment and
conbyol of the disease, and often carried libtle emphagis wpon changes observed
a®t avbopsy. Some of these contributions, however, arve sbtill informative. I%
was Jenner (1809) who first desceribed intelligently not only clinical. but also
morbld anatomical signs. Pathological changes were also recorded by Blaine
{1817) in his "Canine Pathology," and by ¥Youatt{1830; 1845)., dhe latter writer
mentioned such findings as marked inflammation of the mucous membranes of the
nose, fronﬁal sinus, pherynx, and trachea. "In the lung,"” he wrote in 1830,
"we find inflammation of the bronchial passages, or, in a fev instances in-
Plammation of the substance of the lung'...occagionally seith..."tubercles and
vomicae" .

In the latter part of the nineteenth century, vwhen the sclence of
bacteriology flourished, much atlention was focused on the astiology of dig-
temper. Many communications of that period veferred but briefly 4o norbid
onatomical states and werely subscribed to what was already known.

More detailed descwipiilons of pathological changes eppeared iu a
nunber of contributions which followed immedistely the fundawentol discovery
of Carré (1905)., Although meny of these studies concerned primerily the
hacteriological aspecﬁ of the disease, some conbained usually comprehensive

5



6
nobes on the morbid ansbomy of the respivatory system. Most writers commented
ou the freguency of bronchopnoumonis, often sbtiended by suppuration, and
noted the usual absence of pleurisy (Heuer, 1906; Friedberger and Frdhner,
1908; M'Cowan, 1912; Ferry, 1912; Torrey and Rahe, 1913).

It was then also that the palhological histology of distenper pusu-
wonie made its first strides. M'Gowan {1911) illustraled his vork with photo-
micrographs which showed o few bronchopneumonic patches with areas of collapse.
"Eihin the lung alveoli,” wrobe Tovrsy and Rehe (1913), "the exudate con-
gighbed of serous fluld, many polymorphonuclesr leucocytes, a fev lavge mono-
nuelear leucocytes and epithelial cells, bubt ne Tibzin".

Qver a decade later, while conducbting vigidly controlled studies on
dlstemper, Dunkin snd Laidlaw (1026a) found in about one third of inocenlated
fervets "the lung lesions” of "a remarksble appearance which...have no exact
parallel in other animals". The alveoll were filled with large, clesr,
voacuolated cells, some of which contained two muclei. They were thought to
vepresent eplthelial cells "which have grown out Prom the tissue of the lung”.
Preumonic changes which these suthors observed in expevimental dogs were usu-
ally very wild and congisted of bronehitis and small scabbered patches of
bronchopneumonia, "This comparvabive absence of lung involvemend," wrote
Dunkin and Leidlew (1986b), "was guite unexpected" and not in agreement with
Tindings made by workers in the field and by mapy previous obSQIvers.

Bronchopneumonis, pabchy in distribubtion, and o considersble en-
largement of the lymph nodes were byiefly referrved to by Perdrvau aund Pugh
(1930) in their studies on disseminated encephalomyelitis of the dog.

Marinesco et al. {1933) contended that in their cases of distemper,
prewnonia (only two lungs were examsined!) was probably due Lo the action of

bacterie. In a work of histopathology of natural and expervimental distemper
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DelMonbrevn (1937) stated that pheumonie, which he found in twelve out of thir-
been dogs, was interstitial in character and frequently peribronchial in
distribution. Obsgervations condueted on the thirbeenth case which succumbed
after a short illness, appavently to canine conbtaglous hepatitis, led him to
the erroncous evaluation of some of his findings.

In 1948, MacTatyre, Trevan, and VMonbgomerie presented a paper on
canine encephalitides in which they made a distinction between "true" dis-
temper of Laidlew and Dunkin and obher encephalitic condiitions. One of these,
temmed "hard pad" disease, was claimed 0 be a separate although not entirely
unrelated entlty cheracterized by demyelinating encephalitis, histiocytic
interstitial pneumonia, and prolifevatbive changes in the pads, "Clasgsical”
distemper, according to the authors, did not produce inflammatory changes in
the brain nor demyelination, but only desbruction of nerve cells. The lung
lesions in both conditions were thought to be "scmewhat" similar except for
congestion, haemorrvhage, and cedema which usually accompanied "hard pad"
diseasea.

The interest shimulabted by this work was reflected in numerous come-
mnicabions from many countries. OSome observers recognized the existence of
"hard pad" disease as a separabe entity (McIntyre, 1948; Pugh, 1949; Cohrs,
1951; Scheitlin et al., 1951; Fuorumoto, 1952; Nijland, 1952; Teunissen, 1952;
Van Den Akker, 1952), while others did not | support the original contention
of MacIntyre and his co-workers {(Weipers, 1940; Bateman, 19049; Bdwsrds, 19L9;
Goret, 1950; Koprowski et al., 1950; Fenkhauser, 1951; Mansi, I9h8, 1951;
Cabosso gf al., 1954; Lawder et al., 1954; Gillesple eb al., 1956; Halg, 1956).

Some of the wmorbid anatomical and histopathological featurves of dis-
tenper pneumenia in dogs iarera described at length by Cordy (1949) and Bienfeb

(1953); end in mink by Pinkerton et al. (19h5). The changes regarded as
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characteristic of distenper were esasentially theose of mononuclear infiltra-
tion of the inbersbitium, and proliferabtion and hypertrophy ©f the sepial
eells. Multinucleated giaut cells containing inclusicon bodies seen in a
proportion of cases Were compared to those cbserved in sume forms of virus
pneunonia of man.

In o comprehiensive siudy on the histopathology of dlstemper, Pobel
{1951) noted that only five oub of Difby-nine experimental dogs showed pneu-
monia, whereas all his field cases exhiblted progressive chauges in the lung.
A frank bronchopnewnonia was found in a few of the fourieen animals which
suffered from a nervous form of the disease. No pneumonic lesions abtribub-
able to distemper vere cbserved by Scheitlin et al. (1951) in a series of
pifteen cases which showed clinicel signs of so-called "hard pad” disease.
Fankhauser {(1951) indiceted in his work based on clinical and psthological
obgervations on 320 dogs that pneumonia was often atiended by oedema and eone
gestion, The havdening of pads in encephalitic cases was not regarded by him
as speeific to "haré pad” disease.

Bxtensive clinical and pathological studies of canine distemper
vere carried out by Iauder gb al. (1954}, The changes observed in the lung
consistaed of cedema, congestion, and oceasional subpleursl consolidation,
Haemorrhage was less commwon. Distinet suppurative pneumonia was found in six
dogs oub of the fifty studied. Microscopically, the lesions were those of
interstitial bronchopneumonia often sccompanied by marked hyperplastic
alveclay epithellial changes end multinucleated snd bizerre cells. The cone
elusions drawn by the authors pointed to the uwnlty of the distemper disease
Process.

Recently, Campbell et al. (1955) and Qampbell (1956) reported thai



o proportion of distemper cases (6 per cent) showed o coexistent infecbion

with Toxoplascms organismng.

Inclusion Bodles

Distemper inclusion hodies were first observed by Lentz in 1907 dur-
ing his studies on rabies and since then have been & subject of numercus com-
municatlons. In seven oub of ten dogs showing nervous symptoms, Lentz (1909)
Pound them not only in the cyloplasa of ganglion cells but also in the nuclei.

The original discovery of Ientz was corrcoborated in 1908 vy Stendfuss.
The presence of cytoplasmic inclusions in other organs, including the lang,
was reporved by Sinlgeslia (1912; 1913), and Babes and Starcoviel (1912). The
bodies observed by these writers were sbrongly eosinophilic, and many of them
possassed vacuoles.

Sanfelice (1915) extended the search for inclusions to many orgsons
in higs seven distemper cases and first described both eybtoplasmic and intra-
nuclear forms in the pulmonayy alveolar epitheliuvm., Cyboplasmic inclusion
bodies in the alveolar macrophages were briefly rveferred o by Dunkin and
Laidlaw {1926a).

Marinesco et al. (1933) meintsined that the cellular bodies which
they found in neurons and glial cells were predominantly intranuciesr. Mostly
cybuplasmic forme were described by Nicolau (1935) in many organs, including
brain, in the four cases studies. Frauchiger and ¥althard (1935) were unsble
to identify any inclusion bodies in the cenbral nervous system of dogs suffer-
ing from distemper, A similar observvaetion was nade later by Fankhauser
(1951), and Pobel (1951; 1954).

Kriesel {1938) reporbted that intranuclear inclusions were present

in 18 per cent, end cytoplasmic imelusions in 63 per cent, of his 55
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experinental. dogs. The nucleer type wag seen in the rebiculum cells of lymph
nodes and spleen, in macrophages of the liver, aud in alveolar cells of the
lvng. Both forms of distemper inelusions were aleo lescribed by Green and
Evans (1939a), furst et al. (19h3), Sjolte (1O4T), MescIntyre et al. (1948),
Tmes (1gh0a),McGovern et al. (1950), Cobrs (1951), and lauder gt al. (195h),
ond specifically in the pneumonic lung by Finkerton et al. (19h5), Cordy
{1949), and Bienfet (1953).

In their study on inclusion bodies in the nasal mucosa, Broadhurst
et al. (1938) inﬁica‘aed that the presence of nigrosin-steining bodies in dogs
racoverad from disbemper mighlt hove been associated with the state of immunity.
Bome of thelry observations were conbested by Green and Bvans (1939b). Re-
cently, Lindgren (1951) found the cytoplasmic inclusions of distemper in 66
per cent of €0 dogs exeamined. The development of those bodies was studied
in experimentally infected ferrets by Watson and Plummer (1942), who showed
that the cytoplasmic Gype appesved on the fLirst day of sympltoms, i.e., 10
days after incculation.

The nature and significance of cellular inclusions in disbemper as
well as in other virus disesses have long been a subject of dispube and specu-
lation, Two opposing views have baen put forward, viz., that ineclusion bodies
vepresent the products of cellular degenevation caused by the acbion of virus,
or that they cousist of vivrus particles, The latter view receiveé SOHE SUP~
port from the experiments on the inclusions of fowlpox (Woodruff and
Goodpasture, 1929) and molluscum contagiosun (Van Rooyen, 1938). Recently, &
fluorescent anbibody technigue applied to cytoplasmic inclusion bodies of dis-
temper (Moulton and Brown, 1954) end intranvclesr inclusions of canine contag-
lous hepatitis (Coffin et al., 1953) dewonstrated thelr snbigenicity and

fortfied considerably the opinion held by many obhservers.
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Vhile the diagnostic lmportance of cyboplasmic inclusions in dige
temper has been bub rarely quesbioned (Fankhauser, 1951), the significence of
inbranuclesy forus still ewaits further clarification. The fact that it has
been possible to produce in some andmals certain forvms of iuntranuelear inclu-
sions by physical and chemical means (Lee, 1933; Blackman, 1936; Olitsky and
Harford, 1937; Findloy, 1938) or to observe them in apparently nowmal tissues
(Cowdry, 1934; Fiodlay, 1933), calls for some reservations vegavding their
diagnostic speelficity.

Morphologically, the inclusion bodies of canine distenper resemble,
often very closely, those found In some vival pneumonias of anjugls and man.

Cytoplasmic eosinophilic bodies, homogeneousg in sbructure, of 1 to
6p dn their long axes were described by Jerrvebt (1954) in pnewonic luags of
colves, Adams (19h1) reported eosinophilic inclusions, surrouaded by & cyto-
plasnic halo, in primary virus pngumonitis of infants. The lung lesions
encovotered in measles ave nob infrequently charvacterized by the presence of
cytoplasmic scldophilic bodies (Bemsroth, 1939; Corbet, 1945). Inbranuclear
acidophilic ineclusion bodies, often separated from the marginated chromatin
by & c¢leor zone, were observed iu the lungs of infents in association with
go-called "inclusion disease” (Faber and Wolbsch, 1932), in pnewwonias of in-
Pancy (Goodpasture gt al., 1939), in inberstitial pacuonitis of vaknowm origin
in sdults (MeMillsn, 1947), emd in vavicells {Cheastham ¢t al., 1956)., Both
cyboplasmic and intrenuclear forms were desceribed in giant cell punewmonis by
Pinkerton gb al. (19h5). Inbranuclesr inclusions of undetermined ovigin were
found in the preunonic lung in associabion with pertussis by MeCordock {(1932),

and McCordock and Muckenfuss (1933).
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Bacteriology of Distemper Pneumonis

The contagious nature of cenine distemper was well recognized in
the time of Jenner, bub it was not until the latier part of the nineteenth
century that first claims to the discovery of the causative agent were made.

According to Mathis (1887), Semmer (1875) was first to isolate a
microorganism, a coccus, which he regarded as specific to distemper. A few
years later similai' bacteria were recoveraed by Laosson (1882) and Mathis
(1887). Coceal forms, obtained from the lung in pure culture, were also de-
gseribed by Hever (1906). Some workers believed that bacilli played the most
important role (Millais, 1890; Galli- Valerio, 1895).

Tt was with the discovery of Carre (1905) that o new light was shed
on the aetliology of canine distemper. The evidence produced by him indicated
that a filterable agent was the essential cause of the disease. This finding
was soon corroborated by Ligniéras (1906). Other investigators, however,

meintained that distemper was caused by a pathogen, named Bacillus bronchi-

septicus (Brucella bronchiseptica), which they had regularly isolated from

the respiretory tract (M'Gowen, 1911; Ferry, 1911, 1912; Torrey and Rahe,
1913; Rhea, 1915). In addition to this organism, their cultures from affected
lungs yielded streptococei, staphylococcl, diphtheroid bacilli {Ferry),

Bscherichia coli, and Salmonella enteritidis (Torrey and Rahe). Comparable

isolations were made by Schoichi (1923) and later by Schlingman (1932).
Hardenvergh (1925) contested these findings and voiced the opinion

that Br. bronchiseptica was not the primary egent. The final confirmation of

Corrd's discovery came from the work of Laidlew and Dunkin (1026) and, in con-

sequence, Br. brenchisep‘t;i__ca which was never recovered from their experimental

dogs was relegated to. the group of secondary invaders.
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In 1934, Shoctensack claimed to have isolated from dogs affected

with distemper a filter-passing bul culturable sgent, resembling Asterococcus

mycoldes, which he regarded as a causative factor of the disease. Apparently
sn idenbical microorganism named pleuropnewmonia~like orgenism (PPIO) was,
however, soon recoversd Lrom meny species of animsls. Recently, Greig (1954)
found it in the lung of a dog and described it as nonpathogenic.
Bacteriological observabions on distemper pneumonis heve been made
in recent years by a nuﬁber of workers (Cranshew, 1949; Burkhart et al., 1950;
Bindrich, 1950; Potel, 1951; Lauder et al., 195%). Their findings indicaied

that haemolybic streptococei, stephylococei (Staph. albus and aureus),g. coli,

Proteus vulgaris, Pseudomonas seruglnosa, Salmonells typhimuriuw, S. enteri-

tidis, and occasionally Br. bronchiseptice were the most commonly isolated

organisms. The fact that Br. bronchiseptica hes been lately encountered only
in a comparatively small proportion of cases atitracted the atitention of some
cbservers (MacIntyre et al., 1948; Lauder et al., 1954). |

Recently, in their investigations on a syndrome which reseubled
clinically some aspects of canine distemper, Groulade eb al. (1954) cleimed
to have recovered from the lung a causative agent related serocloglcally o

Rickettsia psittaci.

Histopathology of Some Viral Pneumoniss in Animals and Man

Since the reports of Bartels (1861), Delafield (1884), and Hecht
{1910), an unusual form of pneumonia has been known to occur in man &s the
seguelae of measles and whooping cough. One of the most conspicuous changes
encountered was a mononuelesr infiltration of the pulmonary interstitium.
In 1918, a ferm “inberstlitial bronchopneumonia" was introduced by MecCallum

to define the character of similar changes observed during the epidemics of
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pnevmonia in bthe winter of 1917-18 in the United States Avmy Camps. These
lesions, studied in great deteil by MacCallum (1919), were shown to consisl
principally of the mononuclear infiltretion of the bronchiolar walls and
adjacent alveolar septa, proliferation and desquamstion of cells lining the
alvecoli, ocedems and, ofben, early organization of the exudate.

Pulmonary involvements of essentially the same morphological charac-
Ter have since been found in many vival pnecumonias of awnimals and man.

During his studies on swine influvence in 1931, Shope noted in the
lung of affected animals an extensive peribronchial round-~cell infiliration,
frequent collapse of some groups of alveoli, and thickening of alveolsor walls
dve 40 engorgement with mononvcelear cells, Identical changes were also de-
seribed by Schmidt (1936), and more xvécenﬁl,y by Hifrre et al. (1952).

Successful transmissions of swine and bhusan influenza Lo mice and
fervets (Andrewes eb al., 193h) facilitated greatly the experimentel study
of these two closely related diseases. Pulwonayy lesions observed in the
infected mice consisted chiefly of an early destruciion and subsequent regen-
eration of the bronchiolar epitheliuvm, and were often atiended by consider~
able collapse of the lung tissue (Stravb, 1937, 1940; Dubin, 1945; Hoyle and
Ory, 1945; Loosli, 1949). The changes found in the epithelium of the respira-
Lory bract in influenga of man showed essentially the sswe character, and were
usually Followed by a severe pulmonary cedena and intense congestion
(Winternitz eb al., 1920; Straub and Mulder, 1948; Mulder and Verdonk, 1949;
Stuart - Harris, 1953). FParker et al. (1946) indicated that in their cases
the epithelium was usually unaffected, and only the perivascular connective
bissue and alveolay septa shoved significant alterations.

Interstitial charocter of lesions in human influenga, measles, and

perbussis were also described by MeCordock and Muekenfuss {1933), who, while
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regerving their opinion about the causg of condibions studied, suggested a
term Minterstitial virus pneumonia’.

A somevhat different picture of inberstitial involvement was seen
by Jones and Msuver {19h3) in equine influenza. The most prominent changes
encounterad were those of the sceumulation of oedems fluld in connective tis-
gue spaces and consolidation of the lung with haseworrhaglc exudate. Organi-
zabion snd Pibrosis were common in more advanced sbeges.

During the last three decades a new form of pneumonia has been
recognized in man. Ibs elinical picture was found t0 be considergbly differ-
ent from the characterisbic sympboms of bacterial lobar pnewmonia. For this
reason the terms "pneumonitis’ (Gallagher, 1934), and “atypical pneumonia
{Cole, 1936) were inbroduced. Subseguent investigabions soon revealed thatb
thia elinical syndvome could he produced by o nuber of vival and other re-
lated agenbs. The causgabive factors, so far isolated, include organisms of
the psittacosis - lymphogranuloma group {Bedson et al., 1930), ricketisia of
Q fever (Burnet and Freeman, 1937), and the virus of primary atypical pneu-
monia (HBaton et al., 194k). The lung lesions described in these conditions
ware characterlized by the interstitial round-cell infiliration, accuaulabtlon
of a predominsntly mononuslear exudate in alveolar sp&ces, end, in primaxy
abyplcal pneumenie, also by the marked swelling and proliferation of alveclar
lining cells (Wilson, 1930; Rivers and Berry, 1931; Adams, 19b1; Pavker et al.,
1947; Boton, 1950; Whittick, 1950; Stuart - Harris, 1953).

The inberstitial inflanmatory reaction in the lung has also been
encountered in a number of gysbemic viral disecases in men. MeCordock and
Muckenfuss (1933), Corbett (19h5), and Pinkerton et gl. {1945) described such
changes iln measles, and reported the presence of mulbinveleated giant cells

in some of thelvr cases. Intersbitial pneumonia was also found in
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meningo-pneunonitis {Gave and Furth, 1948), in smallpox (Pinkerton, 1953),
varicella (Cheatham et al., 1956), and other viral conditions.

Many of the virel pneumonias known 40 occur in animals are primary
in nature. Only a few are asscociated with the systemic diseases. In their
studies on the pathology of pneumonia in food-producing animals, Langhan ¢t al.
(19h2) found an interstitial type of bronchopneuwnonia, often associabted with
hyperplastic alveolar epithelicl changes, in many of the thirty-one calves,
sheep, and pigs exenined. Move pronounced lesions of the same character and
sccompanicd by the presence of mulbinucleated glant cells and a yichly mono~
muclear exudete vere reported by Thorp et al. (10h2) in twenty-eight calves.
Hoemophilus~like bacteris were regularly isolated frow all the cases examined,
but the alttempbs to reproduce this condition by incculations of the organisms
failed 0 give consistent or conclusive resulbs. Lamont and Kerr (1939) and
Baker (1923) showed that a filter-pessing egent oblained from the pneumonic
lungs of calves vas capable of producing pnewmonia. Histologically, the
changes obgerved in some of the field cases (Balcer s 1943) consisted of vary-
ing degvees of bronchitis, some thickening of alveoler walls, and the accumu-
lation of cellular exudate in alveoler spaces. Gomparable changes were ye-
ported in so-called transmiseible enzoobic pnewnonia in calves (Jennings and
Glover, 1952), More advanced stages of this condition were chavacterized by
the exudate rich in mononuclear cells, and also by some collapse and thicken-
ing of alveolar walls.

Two movphological varieties of a presuwgbly virel pneumonis in
calves were deseribed by Jevrett (1954), Out of the £ifty consecubive
necropsies, six cases exhibited an exbensive "epithelialisation” of alveoli
and some glant cells. Cyboplasmic eosinophilic inclusion bodies were found

in the bronchiolar and slveolayr epithelivm. ¥Five other animalg, from the
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sawe group of fifty, shoved an spparently different form of pneumonia. The
conspicuons feature was & marked peribronchiolar lymphoid hyperplasis. Inclu-
gion bhodies and alveolar eplithelial changes were not seen.

Extensive proliferations of lymphold eleﬁents in peribronchiolay and
perivasculor regions were also fouvnd in “the grey lung disease" of mice
{Andveves and Glover, 1945; Niven, 1950), and in the viral pig pneumonia
(V.P.P.) reported by Pattison {1956), snd Schofield {(1956). Other changes
encountered in these conditions comprised the interstitial and intra-alveclar
inflammatory reaction of the mononuclesr type, some hyperplasis of the alveo-
ler epithelial cells, and a moderate degree of oedema. In some cases giant
cells were also seen giving the gppearance of a "giant-cell pneumonis”
(Andreves and Glover, 1945; Schofield, 1956).

Lymphoid hyperplasia, usually peribronchiolar in distribution, was
nobed in a few instances of Jamgsiekie by Dungal {IoW6). The essential charac-
ter of this condition, however, centered sround the centrifugsel proliferation
of the bronchieolar epithelium and the fomabion of an inbra-alveclar mono-~
nuclesr exudate. In the latter respect, Jjosssiekbte secemed to resemble maedi
(sigurdsson gt al., 1953), an Icelandic infection of sheep. Both conditions
were reported to be transmissible, and are sgpparently of viral origin. The
changes identical to those in jeagsiekte weve observed in the so~called pro-
gressive poeumonia of sheep (Cowdry end Marsh, 1927; Willigan et al., 195h).

In 1942, Dlake et al. described o viral pneumonie in cats; which
presumebly was related aetiologically to some human cases of primary atypical
prneumonia. Experimental transmissions showed that o severe and fatal lung
involvement could be repulsrly produced by intranssal instillstion of the
virus. Histologically, the pneunonia encountered displayed many features

characteristic of the imterstitial inflammatory reaction, with accompanying,
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and often abundaent, mononmuclear alveolar exudate and hyperplasiic epithelial
changes. The latbter presented themselves in a form of the alveolay “epithelia-
lisation"., No inclusions, nor elementary bodies were ever found in the
affected tissuves.

A different forw of feline pneumonitis was veported by Beker (1ohh),
The cauvsabive orgenism, identified as one of the psitiacosis-lymphogranuloms
group, prodvced basophilic elementary hodies. The lung lesions, as nobed by
the author, consisted chielly of the alveolay wononuclesr exudate and occasional
necrotic changes.

Pneumonis of The acube interstitial type (interstitial pneumonitis)
has been described not only in wviral infections, but also in the conditions
coused by other intracellular pavasiites.

In a study on the comparative pathology of scrub typhus
{tsutsugenushi disease), Allen and Spitz (1945) showed that the lung lesions

produced by Rickebbsia tsubsugamushi (R. ovientelis) were often indisbinguishe

able from those provoked by viruses. A prominent fesbure in some of The
cases studied was the "epithelialisation” of alveoli and early fibrosis.
Sinmilar changes, bubt wilder in intensity, were also found by these workers
in infections with R. provazekii (epidemic typhus), and R. rickebtsl (Rocky
Mountain - spotted fever). |

Pagumonde. encountered in @ fever {R. burneti) of man (Whittick, 1950;
Stuert - Hareis, 1953), end in catble, sheep, and goaits {Salisbury, 1953) ex-
hibited all pethological and clinical manifestations chavecheristic of viral
Tavolvenents.

The protozoan agents capable of producing an acube inberstitisl

pnewnonio ¢comprise the organisme of Toxoplasma, ond FPneumecyebis carindi.

Pinkerton and Henderson {1941} weported the instances of pulmonary
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toxoplasmosis in man, and Olafson and Monlux (19h2), and Watrach (1956)
found the interstitial pneumonic chavges in the eat. Concurrent infections
with distemper virus and the organisms of Toxoplasma in dogs weyre studied by
Campbell gt al. {1955), and Campbell. {1956). An interstitial plasma-~cellular

puneunonia dug to a protogoan pavasite, Phcunccystls carinll, was described in

a tvelve-weelks-0ld infant by Bear (1955). Many alveoli, alveolar duchs, and
respiretory bronchicles were found Lo be lined by a conbinuous cubpidal lin-
ing. BSimiler observeibions were reported by Donchue (1956), bub the orgenisms

of Pnewnocystia carinil were not identified in his cases.

The Pulwonary Alveoler Lining Under Normal snd Pathological Conditions

The nature of the normal alveolay lining has been o subject of ener-
gebic and very productive digpute sinee 1843, when Addison put forward his
views denying the presence of epithelium in the terminal aixweys. Although
his concept was upheld by some workers (Reiney, 1855; Zenker, 1861; Munlk
1862; Villemin, 1866), a great wajority of authors in the latler part of the
ninetesnth century malntained that pulmonary slveoll were lined by s conbinu-
ous cellular membrane. The alveolar epithelial lining was studied extensively,
egpecially by means of silver nitrate technigue, and was thought to consist
either of £lat nucleated cells (Chrzonszezewsky, 1863; Colberg, 1866), or of
gmall nucleated polygonal elements and large non-nucleated squames (Fderth,
1862, 186%; Wlenz, 1864; KOlliker, 1881). The latber view, supported by the
authority of Ko1liker » gsined wiversal recognibion and was nobt contested
uatil the third decede of this century. The reports which appesred meanwhile
merely reasserted the coneept of contimuiby of the alveolar epitheliwm (Oppel,

1205; Briscoe, 1908; Lange, 1909; Ogavwa, 1920; Shewart, 1923).
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The enbire problem of the nature of alveolar Lliuning was reopened
with commmnicabtions of Lang (1926) and Policard (1926; 1929) who denied the
existence of a continuous epithelium, although Lang {1926) admitted the pre-
sence of non-nucleated plates. DBobh authors also belleved that the isolaibed
nucleated cells, present ia the alveolar walls, wers of mesenchywmal origin.

A few years later, Cappell {1929) in his extensive study on intra-
vitom and supravitel staining indicated thald alveolar lining was contiauvous
and consisted of three elemenis, viz., small cuboidal cells, "flabiened nuele-
ated cells c)..csaly. applied to the capiilary walls", and the large non-
nucleated plates. The labbter, according to him, formwed o “velatively incone
siderable part of the alveoler lining”. The conbinuity of the epithelium in
alveoli was recognized by a muber of workers (Miller, 1932; Orsds, 1933;
Bensley and Bensley, 1935; Bensley and Groff, 1035; Bremer, 1935; Gazayeyli,
1936; Macklin, 1936; Cooper, 1938; Ross, 1939; Grady end Stevert, 1940; Rosin,
1047; Tonelli, 1048; Stewvart, 1953). SBome of these investigators maintained
that the lining cells voried slgnificantly in morphology (Orsés, 1933;
Gazayerli, 1936), while others thought that only one type of extremely atbenu-
ated elements formed the epithelianl covering (Miller, 1032; Bensley and
Bensley, 1935; Bensley and Groff, 1935; Brewmer, 1935).

The existence of the conbtinvous alveoler epithelial membrane was
denied by Dogliotti (193L), Seemamn {1931), Josselyn (1935), Loosii (1935),
Bloom (1936), Clara (1936), Fried {1936), Palmer (1936), Barusrd and Day
(1937), Hom and Baldwin (1941), Geever eb al. (1943), Hesse and Loosli (19k9),
Loosli ¢t al. (1949), Waadell (1949), Hayek (1950), Horniog (19%0), Shimai
and Temaru (1951), Bertalenffy and Leblond {1953), and Policard {1955).

The essential nabure of the cubpidal cells of the alveolar lining

has been studied very extensively. A great majority of authors believed that
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under conditions of stimulation many of these cells responded readily and ex-
hibited a significant degree of phagocytlc activity as free intra-alveolar
macrophages. Tehistoviteh (1889), Briscos {1908), Sewell (1918}, Cappell
(1920), Seemam {1931), Carleton {193%), Bremer (1935), Macklin (1951; 195k),
and others maintained that these cells weve of entodermal origin.

A dgifferent view advecalting the mesenchymal nature of alveolay
phogocytes vas put forward by Lang (1926) and Policaerd (1926) and received
the support of Gardner and Swmith (1927), Fried (1934), Josselyn {1935), Ungsr
and Wilson (1935), Clements (1940), Marshall (196}, Hesse end Loosli (1949),
Taliaferro (1949), and Waddelld (1940). The macrophages originating from the
cuboidal cells of the alveoler walls and known under the term of "dust cells”
vere vamed by Lang {(1926) as “septal cells". Only comparebively few authors
believed that the alveolar phapgoeytes vere derived enbirvely from the blood
mononuclear cells (Slavjansky, 1869; Metchnikoff, 1001; Lewis, 1925; Foob,
1927), or from the endothelivm of alveolar capillordes {Foob, 1920; Permar,
1920).

The cenbtury old diversity of opinlon on the nature of the alveolar
lindng, desplte the detailed and coxhaustive studies of very many workers, has
sufficiently demonstrated that conventional methods of cbservaiion ubilizing
the light microscope would nob lead to the solubion of this structural perplex
ity. An enbtirely new approach was essential. The decisive answer appears o
have been provided by the applicabtlon of the electron microscope to the studies
of tissues.

The first report on the eleciyron microscopic iuvestlgations of the
lung was published in 1952 by Low, The avthor based his findings on the rat
tissue fixed, after exeision, in 1 per cent csmium tetroxide (Palade, 1952)

and cut et the thickness of 1/10 - 3/50w. In one cese, the Fixative was
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injected slowly inbo the traches and allowed to drain into the alveoli. The
poritions disceoloured by osmium setroxide were cub oul and immewrsed in the
Tixavive for four hours. No appraclable difference in vhe preservation of
tissues with these two methods was nobed. The conclusions drsyn by this
worker pointed to the existence of a continuous pulmonsry epithelivm “with
cell bodies located chielfly on the thicker portions of alveolar walls® and
abtenuated "go form & complete covering of the alveolar walls". The thick-
ness of the epithelial wmembrane was estiuwabted abt 0.1 o 0.7p. In its very
thin parbs the pulmonary epithelivm was thought o be "applied directly to
the capilleyy epdotheliuvm”. The ground substance, often conteining fibrillar
elements and interposed between capillery endothelium and surface epithelium,
was seen by Low only in some seguents of the alveoler woll.: The non-nucleated
plaques of K8lliker weve not observed.

A year later, Low (1953) extended his studies of the alveolar
eplthelium on other laborgtory aniwels {mice, guinea plg, rabbits, dogs) and
men. His findlngs demonstrated the presence of a conbinuous epithelial line
ing in all species exemined, and in addition, pointed to the exigtence of
uninbercupted basement mewbranes “discretely locaelized along the bassl sur-
faces of both epithelivm and endothelium". Thin porbions of epithelial cells
were veported Lo contain "eytoplasmic inclusions" indistinguishable from those
geen in the perinuclear moieties. Low admitied, however, thet interruptions
in the epithelial covering could be found at poilnts where "free cells" were
set sgoinst the wall of alveoli. In a subsequent commvnication, Low (195k)
suggested thal in order to obtaln a beller preservation of cellular elements,
the time of Lixation with osmium tebtroxide be reduced from four hours o

onag-half to one hour.
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An esrly support of Low's observebions came from Macklin (195h),
in a paper on the pulmonary alveolar mucoid film and the pneuwnonocytes.
Clemens (1954) at first appeared b0 have confiimed the findings of Low and
described a conbinuous menmbrane separating the stroma of alveoli from the
air spaces. In a later communication {195%), however, he denled the existence
of an wninterrupted cellular layer and bellieved that alveolar epithelisl cells
covered only cerbtain portions of the subjacent and conbinuous, structureless,
basement mevbrane {“Alveclammembran”). Swigart and Kane (1954) were first to
oppose the view of low ( 1952; 1953) on the nature of the alveolar lining.
They recogunlzed the presence of "some material intervening between the air
space and the capillary”, bub were not able to demonstrabe the unintervupted
cellulay lining. The lung bissues studied by These authors were fixed for &
hours in 1 per cent osmium tetroxide and examined only undey lov magnifica-
tions. Similar cbseyvabions were made by Policard et al. (195ha; 1954b), who
denled the presence of a conbinuous alveolar epitheliumm, and contended (1954c)
that the endothelial cells of capillavies weve either abbenusted 1o less than
100 E » or obherwise formed an inderrupted wmembrane. Iwo years later Pollecard
and Collet (1956) reversed their original opinion and recognized the existence
of alveolar epithelium, They described it as consisting of two morphological
elements, viz., small cells, poor in eyboplasm and extremely thin protoplasuic
expansions. Policard eb al. {1956) also changed their concept of the endo-
thelial wall and admitted that it was continuous although thinned in some
parts to 200 K. Schliplagter (1954 ) studied the lung of rabts and found thab
the alveolar lining wes composed of two layers. He also showed thebt some of
epithelial cells contained strongly osmiophilic bodies with a concentrically
lomwellated internal structure. According to Kiseh (1955} many capillaries

in the alveolar walls were barve and “in direct contact with the air”.
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In & preliminery repord on the fine structure of pulmonary caplle
lories and alveoli of the mouse, Karrver (1956a) stated that alveolar walls
were lined by a continuous epithelial layer of an average thickuegs of about
100 - 200mp , Im some sepments of the wall, both epithelial and endothelial
cells were found 'L'.c; be as thin as 10mu . Inberrupbions in the epitheliuvm,
noted by Iov (1953) and lster by Breemen and Neustein (1956), vere nob seen
by this author. Sephal cells were regarded by him as "bulging nuclested
parbs of the epithelial cells”. He alsa described the "basement membrane",
aad believed that it was essentially structureless although in some portions
it seemed to contain the unit fibers of collagen. In & subseguent communica-
tion, Kavrer (1956b) reasserted his originsl findings.

In extensive studies on the normal strueture of lung capillaries
{in the frog, vat, cab, and hedgehog), Bargmaun and Knoop (1956) found that
alveolar epithellium was conbinuous and rested on o homogenous basement mem-
brane. Osmiophilic cytoplasmic inclusion bodies, first described by
Schlipkbier (195h), were regorded by the authors as a produce of & degenera-
tive process possibly in mitochondria. Awong other cellular struchures
obgerved by these woikers were so-called wmicrovilli located on the surface
of some alveclar epithelisl cells, aud the endoplasmic rebiculum which was
thought to form a system of trabeculas and vacuoles. The average thickuess
of the cytoplasmic epithelial covering was esbtimated at 1000 .g.

Some of the earlier views on the nature and structure of the pul-
monary alveolar lining stemmed from the study of pathological materinl. A
mmber of workers have reported that, under certain ill-defined conditions of
cellular stimulation, alveoli become lined by a layer of consplcuous spindle-~
sheped or cuboidal cells. Ovcasionally, this layer was seen 10 be sepavated

and lifted from the parent wall.



25

According to Miller (1932), Colberg (1866) was one of the first
workers who concluded from the study of pathological lung tissué that "in
spite of constant negative statements, a continuous epitheliwn must exist
in the alveoli of adult humen lungs". His observabions on the occurrence
of slveolar cellular lining in certein pathological states weve substanti-
ally similar to those made later by many aubhors. Dreschield (1876),
Tehistoviteh {1889}, and Briscoe (1908 ), in their luvestigations on the re-
sponse o:{;‘ pulmonary perenchyma to the inbroduction of various substances,
noted that alveoli became covered by a complete celliular membrane. Whille
Dreschfeld (1876) and Briscoe (1908) attributed this phenomenon to the
active proliferation of alveolar epithelial cells, Tehistoviteh (1889} be-
lieved that it resulied from an orderly arrangement and growth of emigrated
lymphocytes along the wall.

In an extensive study on epithelial proliferations in the lung pro-
voked by intrepleural injection of the solutions of electrolyles, Young
(1930) cbserved that many alveoli subjacent to pleuva exhibited a continuous
cellular lining which oceasionally gave rise to the formabion of syncytial
and giant elements. A particulsrly striking proliferation was elicited by
lenthanum chloride. The author conbended that “a precipitation of the collolds
of the cell membrane was an essenbial phase in the sequence of changes which
eulminated in cell division". An apprecieble degree of alveolar epithelisl
hyperplasia has also been found in pulmonary involvemeants assocclabed with such
noninfective agents as lipids (Pinkerton, 1928; Goodwin, 193%; Bell, 1943;
Geever et al., 1943), iodized oil (Gowar and Gilmour, 19h1), phosgene
(Durlacher and Bunting, 1947), and X-ray radiation (Werren and Gates, 19U0;

Vhitfield et al., 195k).
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Most commonly, hovever, the “epithelialisatlon” of alveold has been
observed in pulmonary conditions precipitated by some speeific infectious
agents. The earlier communications which wake mention of the alveolar
eplthelial proliferations are those of Colberg {(1866), Delarield (1884),
and Hecht (1910). ‘The latter aulhor also reported the presence of gland
cells apparently formed from the eplthelium of alveoll and bronchicles.
Sinilar findings in the glant-cell pneumonia of children were vecorded lster
by Karsner and Meyers {1913}, Chown {(1932), and Pinkerbon et al. (1945).
Although the nature of the sebiologleal factor or factors of giant-cell
pnevmonia of infancy has never been sabisfacltorily elucidated, the compara-
tive pathological evidence was thought to suggest the viral origin (Pinkerton
et al., 19h45).

The formation of a characteristic cellular linding in alveoli has
been observed in a varieby of vival pneumonias in man and anlwmals. A number
of aubhors described it in measles {McCordoeck and Muckenfuss, 1933; Geever
et al., 1943; Pinkerton et al., 1945), in influenze {MacCellum, 1919; Geever
et al., 1943; Stuart - Harris, 1953), in atyplcal pneumonia of mwan (McMillen,
104T; Parker et al., 1947), and psittacosis (Rivers and Berry, 19/3L). In
aninals, these changes have been found in feline pneumonia {Bleke et al.,
19h2), in prewsonia of calves (Jarrett, 1954%) and other food-producing animels
(Langham et al., 1942), in jesgsiekte (Cowdry, 1925; Dungel, 1946), and par-
ticularly in distemper (Pinkerton et al., 19U45; Cordy, 1949; Bienfeb, 1953;
Lawder et al., 1954). Mulbinucleated glant cells derived apparently from the
alveolar lining cells have been noted in some of these conditions, especially
in measles (in the prodromal stage), in cslf pneumonia, and distemper.

In addition o viral pneumonias, the "epithelialisation" of alveoli

has heen known to occur consistently in some ether pulmonary infections.
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Allen and Spitz (1945) believed that it was a charactevistic feabure of

toubsugamushi disesse (scrub typhus). Rickebisia burnetbbi, an aetiologlc

agent of Q fever, was Tfound to evoke similer epithelial proliferative changes
(Whittick, 1950). Protogzoan infections with the organisus of Toxoplasma in
men (Pinkerton and Henderson, 1941) and in the cat (Olafson and Monlux, 1942;

Watrach, 1956), end those with Pneumocystis cerinii in man (Baar, 1955;

Donohue, 1956; Reye and Ten Seldam, 1956) have also been conneched with hyper-
plasia of the epithelial lining calls. In their paper on the pulmonary
alveolar covering in various pathological conditions, Geever et al. {1943)
indicated that the perifocal septal-cell proliferation was obsgerved in animal

pneumonias caused by the organisms of the Actinobacillus, Aspergillus, and

Coccldioldes groups.

Other pulmonayy involvements which have been described as accompanied
occasionally by localized aress of Mepithelialisation™ include fibrosis (Geever
et al., 1943), foeal scarring (Spencer and Reeburn, 1954%), chronic passive con-
gestion (Parker and Weiss, 1936; Bell, 1943), rheumatic pneumonia {Kuzma and
Iostok, 1951), tubercvlosis (Geever gt al., 1943), and bronchiectasis (Watts
and McDonald, 1948; Spencer end Raeburn, 195h). In 1953, Hidrre reported a
new disease entity in piglets, fthe so-called verrucous dermatosis, which was
accompanied by giaab-cell pneumonis and "epithelialisation" of alveoli. The
astiologleal factor of this condition has not been established but was thought
to he both of coungenital and metabolic nature.

Comparatively reecently, a form of pulmopary neoplasia--the "alveolar
cell tumor'-~has been recognized by a number of workers and believed to have
its origin in the epithelial cells linipg the alveoli (Grady and Stewart, 19h0;
Wells et al., 1941; Geever @t al., 1943; Siwon, 19h7; Tonelli, 1948). This

hypothesis, however, has not been accepted by all pathologisis.



28

The origin of the glveolar cellular membrane and the mechanism of
its formation in disease processes have been a subjeet of considerable dis-
pube which sbemmed from the controversy on the normal alveoler structure.
Many of the more recent workevs mainbteined that “epitheliamlisatbion" of
alveoll attending cerbtain pulmonary involvements was due to an active pro-
Liferation of the exisbing cells {(Cowdry, 1925; PBremer, 1935; Ross, 1039;
Pinkerton et al., 1945; Dungal, 1946; Rosin, 194T; Watbe and McDomald, 19k8;
Waddell, 19h9). Other authors believed that bronchiolar epithelisl ingrowbhs
were the only source of the epithelial pavementing of alveoli (Fried, 193%;
Barnard and Day, 1937; Loesli, 194%9; Horning, 1950; Xing, 195hk; Spencer and
Racburn, 1954), Bell (1943) and Anderson (1952) adopted both views. Only a
few wmodern investigetors indicated that the mononueclear cells of inflammatory
ovigla contribvute significantly to the Formation of the alveolar epithelisl
mewbrane seen in pathological conditions (Loosli, 1935; Bloom, 1936; Geever

et al., 19h3).



MATERTALS AND METHODS

The present study embodies the results of observations on the pa~
thology of the respivatory system in thirty clinical (naturally infected) and
twenty experimental cases of canine distemper. In additiom; it presenits a
detailed account of electron microscopic findings on the normal structure of
the pulmonary alveolar wall. The purpose and scope of these investigat;ons

have been cutlined in the preface.

Materials

Clinical Cases

¥ost of the clinical cases (iwenty-eight) were selected over a
period of one year (Sepltember, 1952 - October, 1953) from a large number of
dogs which were attended at the Small Animal Clinic of the College of Veter-
inary Medielne, Urbana, Illinois. The other two cases, hereinafter referred
te as 1 and 2, were obtained through the courtesy of J. M. Lauder, M.R.C.V.S.,
from a8 clinlc serving poor persons in Glasgow, Scobtland.

The criteria on which the clinical diasgnosis of distemper was hased
included the catarrhal discharge from eyes and/or nose, respiratory signs
(cough, auscultatory sounds), gastrointestinal disturbances {vomition,
dtarvhoea), nervous signs (chorea, convulsions, or posterior paralysis), and
hyperkeratosis of the pads. A majority of the cases studied (80 per cent)
showed some catarrhal, respiratory, gastrointestinel, and nervous signs.
There was no clinical evidence of the involvement of the central nervous

systen in 20 per cenb of the dogs; all of them, however, showed either
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respiratory, catarrhal or gastrointestinal signs. The hardening of digital
and carpal pads was observed in nine cases (30 per cent), a proportion of
which (5 of 9 effected) did not exhibit any discernible nervous symptoms.

Moat of the dogs examined were under 8 months of age (83 per cent),
and only one was over 2 years 0ld.

Table 1. Age to the Nearest Month at Autopsy

o Months Years
2 3 » 5 6 7 8 9 1 =2 3
Number of dogg 1 8 2 3 6 &5 3 1 O 1 ©

The breed of the affected dogs included 1) varieties, with Cocker
Spaniel, Collie, Alsatian and Dechshund as the most common, in thel order.
Mongrels and crosses formed approximately one-fifth of all pups. Female dogs
predominated in & proportion of two L0 one.

A majority of the cases were either hosplbalized, or received sympto-
matic treatment in the Clinic at frequent intervals. The progress of the
disgase and the development of' symptoms were thus convendently Pfollowed and
could easlly be evaluated. Only s small number of dogs was admitted at the
advanced stoge of illness and had to be pub to death shortly thereafter due to
pronounced nevvous disturbances. In sueh cases the history of disease as re-
lated by the owner was considered reliable.

While many of the dogs studied hed not been immmized actively
egeinst distemper, 8 pups had received a full dose of vaccine, some only &
few days before the onset of symptoms. In the remaining 6 cases there was no
history of vaccination avallable.

Vith the exception of one dog which died of the illuess, all cases

studied were put to death by euthanasia in an asdvanced stage of the disease

at the reguesh of owners.
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Bxperimental Cases

Twenty dogs, eight o ten weeks 01d, were employed for the experi~
mental investipations. A group of three litlers comprising Difteen animals
served as waterial for the study oif the pothogenesis of pnewnonie, and the
remaining five (o litter of four and one additlonal dog) were sacrificed in
the course of observations on the neurogenie form of pulmonary ocedema.

Because of the lack of sppropriate housing and isolabion facilities
for breeding of animels of kuown susceptibility to the wirus of distemper, the
supply of dogs was secured from nelghbouring farms. IExcept one, all pups were
obtained as litters of four to six dogs during the avbum and early winter of
1953. ILitters I, II, end III comprised five, four, and six dogs, vespechbive-
1y, of four to six wveeks of age at the time eof accession. Group IV included
five dogs, five weeks old, four of vhich were from one litter. Upon srrival,
all dogs were immedigtely isolated in wooden housing vnits and, as far as
could he ascertained, were not exposed to digbemper-affected animaels. The
periods of observatlon, during which the body temperatures were taken daily,
lagted from two weeks, in the case of Litter IXX, to over one month for Lit-
ters I, IL, and IV. No sigh of malaise nor sipgnificant rise in body tewmpera-
ture was noted in any of the dogs during theat {time. The animals were kept on
a well~balanced diet of canned meal and mwilk, and each received a dosze of
anthelmintic.

Of twenty dogs, all of which were mongrels, twelve were female and
elght male, & similar proportion to that encountered in clinical cases.

The observations on the group used for study of the pathogenesis of
phevmonia were continved for a period of five months, abt the end of vwhich the
last dog (2) was smerificed, apparently at the stage of complete clinical re-
covery. Une other fourteen anlmals of the same group were sacrificed on the
1s%, 3rd, 5th, Tth, 8th, 9th, 1llth, 15th, 18th, 25th,and 30th days of synmpltons,
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and on the 46%h, 59th, and 79th days after the first signs of the disease.

The experiments on pulmonary oedema were conducted in February, 1954.

The Source of Virus

The first two litbters received the virus of distemper c¢biained
through the courtesy of Dr. (Gillespie from the Veterinary Virus Resesrch In-
stitute, New York State Veterinary C‘ollege' at Cornell University, Ithaca,
New York (Bateh No. SH. 8,P.G.A. No. 1). The remeining eleven dogs were
inoculated with a filtrate of 8 10 per cent suspension of spleens collected

from experimental dogs 3, 7, 22, and clinicipl case 33.

Blectron Microscopic Qbservations

The studies on the structure of the pulmonary slveolar wall were
initiated early in the spring of 1954. AL first, lung tissue collected from
a six-week-o0ld dog was The only one used, but the quality of its fixation
proved 0 be unsatisfactory for a critical morphological study. 8Since the
known methods of preservation of tissues for electron microscopy did not seem
to yield the required degree of perfection, it wes antilcipated that a number
of animals would have %0 be used until a high quality of fixetion was ob-
tained by purely empirical methods. Under these circunstances s it was
deemed more practieal T0 employ the small laboretory memmsl than to sacyri-
fice a nuber of dogs. In consequence, the present observations are based
solely on lung tissue collected from twelve albino rats, the sges of which
ranged from six to twelve weeks. It would seem pertinent 4o recall that no
structural differences in the pulmonary alveolar wall of various mammals
have been reported in the existing papers oun electron wicroscopy of the

lung.
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Methods

Clinical Cases

Post-morten procedures. All dogs with the exception of one (Case

28) were put to death by sn overdose of pentobarbital sodium (Nembutal, Abboi
Iaboratories, Chicago, Illinois) and exsmined by necropsy as soon as practi-~
cable, but in no case later than six hours after euthenasisa.

In all cases necropsy consisted of a thorough examination not only
of the respiratory system but alsc of other organs, including brein and skin.
Particular attenbtion, however, was psid to the respiratory tract. All its
varts vere exposed and subjected to careful inspection. 'The entire nassl
cavity with its septum nasi and turbinete £olds, the pharynx and associated
lymphoid aggregetes, the larynxk, and btrachea were exsmined in each case.
Both lungs were inspected Livsh in situ and then removed from the thorax.
The amount of pleuvral fluid and the state of the parietal pleuvae vwere also
noted. All lobes of the lung were exsmined for evidence of gross altera-
Tions, and then incised along the main bronchisl passages and through the
parenchyma. The changes found were recorded on diagrams, and occasionally
by means of colour phobography. A considerable number of the lungs showed
& degree of oecdema which often was slso evidenced by bthe presence of a
frothy fiuld in the bronchi and, occasionally, in the trachea. Whenever
feasible, an attempt was wmade to estiwmate the specific gravity of the fluld
present. This was done by placing a small drop of the colleched material in
two or three of the seversal Jars containing graded solutious of cupric sul-
phate; the concentration of which ranged from 1.008 to 1.022.

Because the morbid-angtomical and bacteriocleogical procedures neces-

gsitated the exposure of pulmonary pavenchyma, the lung tissue was fixed in a
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state of post-mortem collapse. Only in two cases (26 and 27) +4he unopened
lungs vere re-expanded to their normal capacity. Thils was accomplished,
afber tying the trachea, by the infusion with 10 per cent formal-sublimate
wder pressure of 12-15 cc. of water. A special device was used for thatb
purpose. It consisted of a 1,000 ce. thick~walled filtering flask, into
vhich & glass tube reaching the bottom of the vessel and a spécially pre~
pared manometer containing vater vere inserted through a tightly fitting
rubber stopper. The air, introduced under gentle pressure by way of the
slde aym of the flesk, forced the fixative fhrough the glass tube and, via
the abttached rubber tubing with & needle (Wo. 18) inserted in the btrachea,
into the lungs. The pressure of 12-15 ce. of water was found conmpletely ade-
quate without ceusing yrupture of alveoli. TFollowing redistention with fixe-~
tive, the entire lung was immersed in a sultable amouat of 10 per cent formals

sublimate for a period of three to Ffour deys.

Histopathological methods. The tissues selected for histopatho-
logical studies included muzzle, alar and durbinate folds, respiratory and
digestive parts of the pharynxz, epiglotils, vocal cords, upper and lower
segments of the trachea, bronchi, and lung. In the labter insbance, the
representative blocks of 5 to 8 mm. in thickuess were excised with sharp
scissors from the upper and lower parts of each lobe. In addivion, some of
the regional lymph nodes, vigz., the pairotld and bronchisl, were generally
included. Other tissues such as the cerebrum, cerebellum, pons, digital and
carpal pads, liver, and bonslls were also collected in order to gein e basls
for the correlation and interpretation of findings encowntered in the dige-
temper disease process.

The fixative employed was 10 per cent solubion of formalin satur-

ated with mercuric chloride (10 per cent formal-corrosive sublimate) as
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reconmended by Tendrum (19%1). The bdime of Fixation varied from two to Lfour
days.

Before embedding in paraffin (melting point, 56-58° C.), the tis-
sues were dehydrated in two changes each of ascending grades of alcohols of
70, 80, 95, and 100 per cent, cleaved in a mixture of absolute alcohol and
benzene and in two changes of benezene and, finally, infiltrated with psraf-
fin. 7The blocks of the lung tissue, prior to embedding, were iunfilbtrated in
a vacuum oven {&60° C.) at a negative pressure of 22 to 23 ins. (204173 mm.
Hg) for a half to one hour.

All tissues were stained with heematoxylin and eosin {eosin bluish,
C.X. No. 771, National Aniline Division, 0.5 per cent solution in 95 petr cent
ethyl alcohol) for the demonstration of histologleal changes in general, and
by the haemalum-phloxine-tartvazine methed of Lendrum (1947), or by the hacma-
toxylin and eosin technique of Schleicher {1953) (eocsin~bluish C.I. No. 77,
b per cent solution in distilled wabter) for distemper inelusion bodies. The
péricdie acid-Schiff reagent method of MeMenus (1948) was employed frequently
not only for the demonstration of polyssccharides, nucins, epithelial base-
ment membranes, fibrin, snd other related substances, bul also as a very use-
ful stain for the lung tilssue in general. The differentiation of glycogen
from other peviedlc acid-Schiff-positive materials was achieved by using &
diastase digestion test. For that purpose paraffin sechions were brought to
water and digested with L per cent malt dlastase for &0 minutes at room tem-
perature prior to staining by the pericdic acid-Schlif wmethod. An untreated
control section was always used along with the digested one.

Other tinctorial techniques employed from btime to time included the
gordon and Sweets' method for rebicular fibres (with brazilin as = counter-

stain), the method of Weigert for elastic elements, the picro-Mallory, Ven
Gieson's, or Mallory-Heidenhain's {as medified by Schleicher, 1943) techniques



36
for collagen, and Feulgen method for identification of desoxyribonucleic acid.
The May-Grlinveld~-Giemsa stain (Coleman snd Bell Co.) was used occasionally
for uwast cells. In a fev cases, the method of Welgert~Pal was employed to
demonetrate myelin sheaths.

Bacteriological procedures. Only the lungs were examined bacterio-

logically. 'The procedures employed for the isolation and identlification of
bacteris were based on those in use in the Department of Pathology, College
of Veberinery Medicine, Urbena, Illinois.

Shortly afier the lamgs had been reamoved from the thorax, one or
two small portions of the diaphvagmatic lobes were excised with asepbic pre-
caubions and placed in a sterile Pebri dish. On occasion, parts of othey
lobes, if sigulficantly involved, were also included.

Yor the primary isolation two standard plating media were used, l.e.,
blood agar and MacConkey ager. The porbtions of tissue selected for culburing
were first passed through the flame $O prevent possible conbamivabion and then
cub with sterile scissors. The surface thus exposed was pressed gently
against the nedium. ALl cultures were examined in 24 hours and, 1f necessary,
in 48 hours., Gram-positive microovgenisms isolated from the Hlood agar were
generally identified by their growth characteristlcs and morphologleal proper-

ties. Corynebacterium pyogenes required suvbeulture in dextrose, leactose, mal-

tose and sucrose in which it produced a slightly acld reaction.

With the exception of lactose~fewmenting bacteria, all organisms
recovered from MacConkey agar were subculiured on Kligler iron agar and in
vrea broth for further differentiation. Bobth media, together with tryptone
broth, vere used regularly for ldentificatlon of the genus Proteus. In addi-

tion 4o Kligler iron agar, urea broth and tryptone broth, biochemical teshs

on a sevies of carbohydrates were employed for Br. bronchisepbica (g_.
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bronchisepbicus) and Salmonella orgenisms., In the lablter instance, the final

identification vas accomplished by serological typing. The genus Pseoudomonas
was usvally recogunlzed by the presence of a characteristic blue-green piguent.
A1l eultural examinations were condveted under aercbic conditions.
The author wishes to express his indebtedness 40 Mr. He B, Rhoades, M5+, of
the College of Veterinary Medielpe, University of Illinois, for his help and

adviee ia the course of bacteriologlcal investigations.

Bxperimental Cases

Preparation of inoculun. The virus of distenper used for the inocu-

lation of the first two groups of dogs was received in the form of a freeze-
dried filtrvate (Batch No. SI.8.P.G.A. No. 1) from the Veterinary Virus Re-
gearch Institute, Ithace, New York. Imediately before inoculation, the
enbive sample was diluted with sufficient sterile lsotonic saline t0 make a
10 pey cent suspension.

Because only a smell amount of dried virus was obbtained, the remain-
ing dogs were inoculabted with s filtrate prepared from the spleens of experi-
mental cases 3, T, 22 and clinical case 33. In each instance, the organ was
removed ab necropsy with asepbic precauvtions and placed inmediately in a
freezer ab ~20° ¢. Prior to incculation o small portion was ground in a
moxtar with sterile sand and then dilubed with appropriste smount of sterile
saline to make & 10 per cent suspension, After centrvifugation the supernatant
flvid was filtered through “Selas" poreelain candles XF, 0.10 and 0.02. Dogs
16-22 received a pooled filtrate of spleens from cases 3, 7 and 33; end dogs
2h-27 and 30 from cases T, 22 and 33.

Routes of inoculatlion. All dogs employed for study of the patho-

genesis of pneumonia were inoculated subcutaneously and some were also exposed

inbrevasally. The amount of inoculum was 1 cg.
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The intracerebral snd intraspinal routes were used in experiments
on the nevrogenic form of pulmonary cedema. Two dogs (26 and 27) were given
0.1 ce. of the spleen filbrate intracerebrally, snd the other three {2k, 25,
and 30) 0.2 ce. intraspinally. The site of the intracerebral incculation
was approximately 2.5 cm., from the parietal erest, halfway between the right
supraorbital process and interparietrl bone. The whole operation was per-
formed under surgical conditicns and the incision closed with a few sulures.
Sinilar precautions were also cbserved at the inbraspinal inceulation. The
virus vas introduced by means of a long needle into the spinal subarachnoid
space, halfway between the atlas and occcipital bone.

Clinical records. During the entire course of observations, the

body temperature of each dog was teken daily, usually between 4 and 6 P.M.
Clinical signs of the dlsease, such as the nasal and oceular discharges,
gasbrointestinal and resplratory symptoms, changes in demeanour, and the
nervous signs were recoréed in each case. |

Post-morten procedures, histopathological methods, and bacteriologi-

cal procedures weve identical with those desceribed under the clinleal cases.

Electron Microscopic Technigues

As indiceted previously, the animal employed for the study of the
normal structure of the pulmonsry alveolar wall was the albino rat (Wister
strain) of six teo twelve weeks of age.

Collection of specimens. The first few animals were ansesthetized

with ether. Following the opening of the thorax, smell portions of the lung
vere excised and, after triwming to approximately mm.3, were immersed jumedi-
ately in 2-3 cc. of 1 per cend buffered solubion of osmivw tebroxide and lefs

for four hours. This procedure, however, did not prove satisfactory. Many
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components of the alveclar wall, with the exception of fibrillar elements,
seamed o be either "waghed out" or difficult Lo discern. Superior results
were obteined after intvatracheal introduction of fixabive, and by shorten~
ing the tiwe of fixablon. The use of anaesthetic was discontinued. Three
rats of approximetely 100 gus. in weight were rendered unconsclous by a sharp
blow on the head. The trachea was exposed and tied securely with a thread.
A bypodermic needle (No. 22, 1 inch long) was then inserted between the car-
tlleginous rings, apd a sufficient smount of fixative (2-3 ce. of 1 per cent
buffered oemium tebroxide abt room temperature) was Injected slowly into the
lungs. A few minutes later the thorax was flayed open, and both lungs were
removed. The parts well infuscd with osmium tetroxide {aveas of dark grey
colour) were exeised with shavp scisgors end placed on e cork with concave
surface covered with a liberal amount of the same Lixative. By using Lwo
sharp blades, scissors-wise, the portions of tissue were brimmed 4o blocks
net exceeding nm3d,

Fixation. The selected blocks were transferred 4o 20 ce. stoppered
glass viaels contaa‘.ning; 2-3 ces of ice-c0ld 1 per cent csmium tetroxide bhufl-
fared with acebate veronal to pH 7.6, and 8.2, and kept st O° C. for one-half,
one end one and o half hours. The tissues fixed in osmivm tetroxide ab pH
T«6 for 30 or 60 minutes showed the best preservation.

Processing. ALl tissues were washed for 30 minutes ia three changes
of tap water at 0¥ C. containing 0.1 per cent wagnesium chloride. The dehydra-
tion took 3 hours, first in 70, then 95 per cent ebhyl alcohol at O° ¢, s 30
minutes in each, and then for 75 minutes in absolute ethyl alcohol at 0° C.
For the last 45 minutes the btissues were kept in absolube alechol abt room
temperature. The infiltration was sccomplished by immersion of the specimens

in monomeric methacrylate (B:2 n-bubtyl and methyl methacrylate) for 2 hours.
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Subsequently, the blocks were placed in separate plastlc capsules No. 3 and
flooded with a mixture of prepolymerized methacrylate. After polynerizaition
Lor a period of hB-72 hours wnder ulbra-violet rays at 30° C., the tissues
were ready for sechtioning.

Sectioning. The 830strand ultramicrobore with mounts for steel or
glass blades was used for sschbioning. The gless dlade (L/h inch in widih)
proved to be much superior, as it was free from the objectionable vibrations
generated during the sectioning. In general, good serial secbions 150-300 CA
thick vere easily obtained with the glass edge.

Mounting. The segmenbts of vibbons floating freely on the surface
of a flnid (20 per cent ebhyl aleohol), placed close to the edge of the knife,
vere picked vp onte brass “"Athene" grids (Smethevrst High-Light Litd., Bnglend)
held with fine forceps. All grids were previously coated with a £ilm of collo-
dion stablilzed by a thin layer of pure carbon evaporsied in a vacuum chamber.

Micrescopye. The speclumens thue mounted were placed in a microscope
R.C.A. BU 20, with rear focal plane objective aperture, and exmmined under
1,000 %o 18,000 magnification. Whenever o gsuitable field was found, series
of photographs (5 x 5 cme.) were taken to be laber enlarged 3 to 6 times for

more detailed study.



OBSERVATIONS

Clinicel Cases

All data perteining to the clinical picture of the dlsease were
kindly supplied by the clinies in Glasgow, Scotlend, and in Urbana, I1li-
nois. No attempt is made to present the detalled histories of the cases
gtudied, bub rather to record the incidenrce of the more significant clini-
cal features.

Duration of illness. This was estimeted from the history obteined

by questioning of the owner and from the period of illuess observed in the
clinic.

Most of the dogs (70 per cent) were ill from 2 to 7 weeks prior
to euthanasia. Only in two cases (26 and 30) did the period of illness ex-
tend over 10 weeks. Seven dogs showed signs of the disease for less than
2 weeks.

Table 2. Duration of Illness

. Weeks o
Less thap 2 2-4 7 o= Over 10
Cage 10, 17, 20, 1, 2, 3, 11, 14, 16, 26, 30
21, 27, 29, b, 5, T, 23, 25
33 8, 12, 13,
15, 18, 19,
22, 29, 31,

32

Cases 6, 9 and 24 were not used for the present study.

Temperature. Wikh the excepbtion of one dog (4) which at the time

of examination showed a tempersture of 102.8° F., all other cases often
b1




Lo
exhibited prolonged fever {103° F. or above). In four dogs (13, 14, 22 and
28) pyrexia was very high and inone of them reached 105.8° F. The aversge
temperature was slightly above 103° F.

Respiratory signs. Nasal discharge was recorded in 60 per cent of

the cases. In some of the dogs {39 per cent), uswally after the third week of
illness, it took the form of greyishoyellow, thick, purulent exudate, often
encrusted at the nostrils. A serous, watery discharge was seen in the re-
meining 21 per cenlt of the cases.

A detecteble involvement of the lung was noted in 53 per cent of the
dogs; it was manifested either by cough {Cases 4, 8, 13, 14, 15, 16, 19, 20,
23, 25, 26, 27, 29 and 33), or by increased vesicular sounds or moist rales
(Cases 5 and 7).

Gastrointestinal signs. Vomitlion was cobserved in 30 per cent of

the dogs, mostly in the inibial stoges of the disease {Cases 1, 5, 10, 11, 13,
15, 16, 25 and 26)}. Gasbric disturbances were accompanied by diarrhoea of a
moderate to severe character in 30 per cent of the coses (1, 2, 5, 7, 15, 22,
25, 26 and 28).

Nervous signs. HNervous disturbances occurded in & high proportion

of the dogs (80 per cent). The mosh comnon manifestations were chorea and
epileptiform convulsions (67 per cent). Pésterier Incoordination and paraly-
sis appeared in 2 dogs. In b cases only fits of g hysterical type were
encountersd. OFf 2h dogs affected, 4 showed nexvous complicabion in the early
stages of the dQisease (Coses 10, 18, 20 snd 28). |

Pads and nose. A modervate and only occasionally warked hyperkera-

tosis of the pads ncourred in 9 cases (30 per cent) and was often abtended by
& thickening of the epidermis of the nose (6 doge). This change became

recognizable during the third or fourth week of illness. In 5 out of 9 cases
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with hyperkerstosis of the digital and carpal pads, there was no evidence of
nervous disturbance.

Treatwent. BEvery case studied received some form of treatment.
Often it ivncluded the use of distemper and "hard pad” antiserum, penicillin,
streptomyein, bacitracin, auvretmycin and sulphonamides. Occasionally, vita-

mins B.l and B}.a were also employed.

Experimental Cages

In contrast with the clinical cases, the symptoms encountered in
the experiwental dogs were usually very mild. It should be borne in mind,
however, thet the animals used for these studies were all mongrels of un-
known susceptibility to the virus of distemper.

Incubation period. This varied appreciably between the groups.

Litters I and IX, comprising Cases 1, 2, 3,* 5, 6, 7, 8, 9 and 10, vere very
slow in response to the introduction of 'bheﬁvirus of distemper. The first
noticeable signs a:é‘ illness appeayed generally on the Tth day and weve rather
mild in degree. Only in one case from these two groups was the temperature
ghove 103° F. (Case 3) on the first day of symptoms. The shortest incubation
period (5 days) wes shown by Dog 10.

Group IV, consisting of Cases 16, 17, 18,%* 20, 21 and 22, dis-
played a much more vigorous reaction. The ineuba.ﬁiofl period was considerably
shorter and took 3 days in all cases of this group. The initial rige of
temperature was quite marked, with one case {20) showing 104.4° F. on the

first doy of symptoms.

“®Case B was not used for the present study.

®¥Expervinental Cases 11, 12, 13, ik, 15, 19, 23, 28 and 29, although origi-

- nally anployed in the course of investipetions, were not used for the
prasent study.




hh
In the remgining dogs, inocculated by intraspinal snd intracerebral
routes, the incubation period ramged from four {Cases 2k, 25, 26 and 27) to
six days (Case 30).

Duration of illness. All dogs employed for o study of the patho-

genesis of pneumonia wers sacrificed at different stages of the disease.
Case 17 was destroyed on the first day of symptoms {3rd day after inocula-
tion), 20 on the 3rd, 9 on the Sth, 3 oun the Tth, 7 ou the 8th, 22 on the
Oth, 10 on the 1lth, 8 on the 15th and 6 on the 30th days. Dogs 18, 1, 21
and 2 were sacrificed on the h6éth, 59th, Toth end 15Tth days, respectively,
after the first signs of illness.

Dogs 24, 25, 26 and 30 showed marked nervous disturbances and were
put to death on the 1lth, 13th, 16th and 12th days afier inoculation. Case
27 did not displey sny nervous signs and was degbroyed on the 60th day fol-
loving inbracevebral introduction of the virus.

Temperature. In the first two groups (I snd II) the temperature

was usually mild and only on one cceasion reached 103,69 F. (Case 5) on the
15th day after inoculabtion. The diphasic nabure of fever, although sugpes-
tive in a few cases, was not & clear-cut feature. Soume of the dogs of these
two groups displayed pyrexia indicative of a Yplatean” type. A temperature
of 99.9° F. was recorded sm hour before euthanasis in Dog 7 showing violent
epllepbifom convulsions on the 17th day after inoculation.

The following are the daily recordings of the temperature for

Case 3 as represeniative of Groups I and II.



Toble 3. Deily Body Temperature of Case 3

B T T T e S T Rt = :
Oct. a3 N 27 2B 30 3L

Fine 101:8 101k 101.8 3.01:5 102.1 10L.6 102,1 101L.5 101.5

Doy
Nove il 2 3 I 5 6 7 Ox

i 101.8  103.4F 101.k 102.0 101.5 10L& 102.5 102.0

* Pay of incculabtion.
x Buthanasis.

The initial pyrexia in Group IV was more wmarked. The average tom-
perature on the fivst dey of symptoms was 103.6° F. with one dog (20) showing
104.4° ¥, In 3 out of T dogs, the fever was evidenbly of diphasic character
{Cases 18, 19 and 21).

Table b. Deily Body Tempevature of Representabtive Cases, Group IV

T ————
D R e T T T R T

e —
L M K S S eSS s e

rererE

. _ Day W -
%gv. 9 i TIETTTIgE SR 17 8

Cese 18 101,6 101.0 101.7 101.6 101i.7 101.2 103.2 102.2 10L.5
20 100.h  100.9 101.6 101i.5 101.8 102.1 31o0h.h 10h.4  103.9x
22 100.3 100,6 101.5 3020 100.9 102. 103.9 102.9 102.2

Day |
lov. 19 Y - N - A Y )

Case 18 102.1 103.2 102.6 102.1 10k,3 103.5 101.8 100.9 Euthanasia
22 102.2 101.5 10L.7 100.6 100.8 101.5x

#* Tay of inoculation.
% Buthanasia.

The loweat temperature recorded in this group was 100.3 {Case 21)
on the 13th day efber inoculstlon.

Group V showed a comparable degree of pyrexia, with the highest ve-

cording of 104.6° ¥ {Case 25) on the 12th dgy following intraspinal
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inoculation and the lowest (S7.0° ¥.) in Dog 30 shortly before euthanasia.
The labter case was in o stabe of coma during the last two days.

Resplratory signs. These in oll experimental cases were usuvally

nild and evidenced by & nasal discharge, first of a sevous and in later
stages of & muco-purulent chayvacter. Cough was observed only in one dog
(18) and for a short period of time.

Gasbrointestinal signs. Vomition andt diarrhoea of a mild 4o mod-

erate degree were quite fraguent, particularly in Group IV and in the early
stoges of illness. They were usually accompanied by loss of appetite, list-
lessness, and some logss of welight. In a few cases flecks of blood could be
found in the faeces.

Nervous signs. Nervous complicatlons vere observed in four out of

five cases inoculate by inbtraspinal oy intracerebral route. Case 24 showed
signs of weakness 1n the hind legs on the seventh day and became portially
rarvalyzed two deys afterwards. Chorea and incoordinabion appeared on the
ninth day in Cass 25. Severe epileptiform convulsions were seen for the last
three days in Dog 26 (13th o 15th day after inoculation) and a degree of
vosterior paralysls and, later, coma were noted in Case 30.

Nervous disturbances were wmuch less common in Groups I, I, and IV.
Only one dog (Case 7) showed very marked and prolonged epilepbtiform convul-
sions accompanied by coma and profuse salivation. Some whining was observed
in Dogs 16, 19, and 22 on the £ifth, sixth, snd seventh days after inocula-
tion, but more severe signs did not follow.

Pads and nose. Hyperkerabinization of pads and nose was 0ot ob-

served in any of the experimental cases.
Treatwent. With the exception of one dose of 300,000 units of peni-

cillin administered to Dog 18, which shoved n wild cough, no treatment wos
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used in eny of the 20 dogs studied.

Potholopy
The study of the pathology of the respiratory system embraced the
morbid snatomy and histopathology of the entire tract and bacteriology of the
lung. Porticular attention was paid to the microscopical changes observed
in the pulnonary tissue. In addition, a detalled account of the structure
of the normal alveolar wall is presented ss essential to the understanding

of the process of "eplithelialisation".

Morbid Anatomy

Clinical cases

Uppey respiratory tract. In the dogs which were ill Pfor less

then two weeks (Cases 10, 17, 20, 21, 27, 23 and 33), the changes observed

were generally very mild. Only on three occasions (Cases 17, 20 snd £8) did
the nessl mucosa and, partlcularly, the turbinate folds show a woderate dew
gree of hyperaemias: The digestive part of the pharynx and often the epiglottis
were either not affected or exhibited only a slight congestion. Oceasionally,
the pharyngeal tonsil was found 4o be somewhalt enlarged and granular in sppear~
ance, but not hyperaemic. With the excepbion of oune case (20), which dis-
playred an apprecisble congestion of the lower part of the traches, no signi-
ficant changes were seen in the trachea or main bropchi. In 4 cases (20, €1,
27 and 28) both palatine tonsils showed a moderate degreec of hypersemia and
slight enlargement.

The changes encountered in dogs 11l from two to four weeks (Cases 1,

2, 3, 4, 5, 7, 8, 12, 13, 15, 18, 19, 22, 31 and 32) were generally more ad-
vanced snd ranged from mild o very marked hypersemia. The latter was com-

monly found in the nasal cavity and the respiratory part of the pharynx, end
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in o few cages also in the trachea and wain bronechi. The digestive part of
the phearynx and larynx, except for a moderate congestion in one case (31),
were either only slightly affected, or did not show any discernible altera-
tions (Cases I, 8 and 19). The changes seen in the pheryngeal and palatine
tonglls were comparable 'i;d those observed in dogs of the fivst group, al-
though hyperaewis of a mild degree was more common. Muco-purulent exudate
was found in the nasal cavity in & fev cases (7, 15, 22 and 31) and in the
maein bronchi of one dog (7). On two occasions, the lower trachea and main
bronchi (Ceses 7 and 18) exhibited a considerable amount of blood-tinged,
£rothy exudate. In both groups of dogs, there was ususlly a2 small to moder-
ate guantity of thieck mucus in the respiratory part of the pharynx, close to
the pharyngesl. tonsil.

Generally, wild changes were seen in dogs 11l from five (0 seven

weeks {Cases 11, 1, 16; 23 and 25). Three dogs (11, 16 and 23) showed sige
nificant congestion of the sepbtuu pasi and turbinate folda. The respivatory
part of The pharynx and the main bronchi were also moderately congesbed in
Cage ll. IXa the remaining dogs, involvement of the uwpper respiratory tract
was uniformly mild or evident to a slight degree only in the nasal cavity.
Execept for very slight hypersemia of the nasal sepbum, turbinate
folds snd the vesplvatory part of the pharynx in one case (26), no changes

were found in 2 dogs examined after ten veeks of illness.

The foregoing observations indicate thalt the changes in the upper
resplratory tract became inecreasingly more severe until they reached the peak
between the 3rd and bth weeks of illness. Beginning with the 5th week ; there
was a mavked decrease in the inbensity of lesions, and only winor residusl

alteraticos were present after the Tih week.



ho
Lung. In a greab majority of cases, the degree of pulmonary
involvement wvas conslstent with the duratiocn of iliness. Only a few dogs
shoved chanpges cousidevably wilder than those observed in their respeebive
EEOUPS .

Congestion of the lung parenchyma congbituted the most common abe
aormality. With the excepbion of one case (26; illness of over 2 months),
it wag present 1o a varying degreg in all dogs examined. Very seldom was the
congestion of a uniform character. Most frequently it affected cerbain pavks
of the lung to a wore marked degree than the remaining reglons: Thls resulted
alther in a digtiactly focal distyvibubion of the more prominently hyperaeamic
preas, or in o masgive confluent conggstion of some portions of the lobes.

The former uwsually presented ltself, particularly in the earlier steges of

the disease, as a diffuse “motiling”, often accompanied by small haemorrhages
(Fige. 1 and 2). The lavge areas of marked hyperaemia vere frequently found
in the dependent paxts of the lungs bub, on occasion, appeared only in bhe
upper porbions, with the lower regions showlng a milder degree of congestion.
In a swall proportion of cases, the hyperasmia was of g diffuse type and moder-
ate in degree bub with large arveas of marked congesbion and heemorrhage. Oaly
in 3 cases (25, 29 and 30) was ‘the hyporaemis very mild.

Oadema often accompanied the pneumonia of distemper and could be
recognized macroscopically in aghout 70 per cent of the cases. Generelly, it
was of a moderate degree, but sometimes it was so warked that the f£luid
losved freely from the cul surface of the lobes. The presence of oadema finid
combined with the intra-alveolor cellular exudate gave, in most cases, an in-
creased consisteney to the involved tlssue. The lungs thus affected vere
fburgid and did not collapse apprecisbly upon opening of the thorax. In the

earlier stages of pneuwmonia, aot complicated by secondary invasion, the lung



Fig. 1.

Clinical Case 20. Mediastinal surface of lungs,
showing patchy congestion and minute haemorrhages

50



Fig. 2.

Enlarged detail from Fig. 1. Right diaphragmatic
and intermediate lobes. Hote patchy congestion of
a dull magenta colour and numerous minute haemor-

rhages.

1
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ofven exhibited a characteristic dull magenta colour ('Figs.l and 2) which
guickly turned o reddish brown on exposure to sir. This colour veaction
seemad to be conneched with the presence of osdema, congestion and possibly
cellvlar exudate.

A degree of congolidation, apparently due to concurvent bacterial
infection, was found in 5 out of 30 cases. It was usually locebed in the
lower parts of the apical or cardiec lobes. On one occasion, however, it
was observed in the upper porviom of the spical lobe (Dog 32). In several
cages, a somevhat darkened, conseolidated blssue was seen extending to a depth
of a few millineters under the pleurs from the surface avess of the same
colour. This change, apparently of viral origin, could be seen in a nunber
of locations in the sswme Lung.

A disgtinet, suppurative bronchopneuwnonia was nob ohserved in the
cases gtudied.

A very few of the lungs showed come emphysema. Whenever present,
it vas located either at the borders of the lung, or in the central portions
of the aplcal lobes.

The larger bronchi were usually wnaffected, bub somebimes contained
a small amount of catarrhal exudate. en many occasions, au oedematous fiuid,
of'ten frothy in appesrance, was seen in them.

The pleural sacs were free from the inflamstory process except for
one case (17) which ghowed a fibrinous pleurisy with adhesions in the right
lung. The amount of fluid present was somebimes slightly increased.

In the dogs which were 111l for jess than two weeks, the chanpes

ohserved Were generally moderabte in degree. Some cases showed foeal hyper-
aemia of a "mobbtling” type (Figs. 1 and 2), but in the remaining dogs, con-

Tluent congestion in some perts of the lungs predominated. Oedema was often
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appreciable in degree with the exception of one case (21) in which it was
quite marked. A swell consolidabed arce was Obeerved in the apical lobe of
Dog 33+

The changes found in dogs ill Lfyom two fo four weeks vere more

mavked and somebimes showed intense congestion and oedems. The most common
feature was & moderate Lo marked hyperacwis of the lower parts of the lobes
with an appreciable, though sometvimes mild, congesbtion in the upper reglons.
A few cases exhlbited a dlgseminabted focal involvament in all lobes. (one-
solidation was found in 3 cases (2, 19 and 32).

-

The dogs which showed signs of diseage from five to seven weeks

vere affected to o wilder degrec. Only 2 cases displayed a marked hyper-
aemia 1n some parts of the lungs. This was found only in the upper portions
of the lobes {Cases 11l and 1A) with the remaining vegions showing a moderate
involvement. One case (25) was only slightly affected. The oedema in dogs
of this group was usually moderale.

The remaining two cases (26 and 30) which showed signs of illness

for over 10 weeks exhibited either no changes (26) or only a very mild con-

gestion {30).

Reglonal lymph nodes. While all the regional lymph nodes re-

acted to invasion of the virus by some enlavgement, the most prominent amd
sustained response was exhiblted by the bronchial lymph nodes. This resction,
at Firsh mild in degree, became quite marked between the 3rd and Lth wecks

of illness. From the 6th week it scemed Lo subside. Only very wild altera~
tlons were evident after the 10th week of the disease.

Ixperinental cages

Upper respiratory btract. The first appreciable changes in the

nasal cavity sppeared on the Tirst day of illness in the foum of a very slight
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pabehy hyperaemis of the turbliusbte folds. Small amounts of thin, watery ex-
udske vere also present. No lesions of significance were seen in the pherynx,
laryny, traches or main bronchi. 1In the remalning dogs, sacrificed abt verlous
stages of the disease, the changes found in the upper raspiratory tract were
usually nild or somebtimes absent from certain parts. Only 2 cases, examined
on the Tth and 59th days of illness, showed moderate to marked congestion of
the nasal muccus megwbrane, with sowe foel of suppurablon in one dog (on the
504h day)s. A modevate amount of thin, clear fluid, the specific gravity of
which ranged from 1,010 %o 1.016, was obeerved in 3 dogs destroyed on the 3vrd,
8th end 1llth doys of symploms. Mild enlavgement of the palatine tonsils cc
curred in nmowt cases, and some degree of follicular hyperplaesia was seen in
the pharyngeal tonsil of o few dogs.

In conbrast with the clinical cases; the changes found in the upper
resplratory tract of all 20 expeorimentel doge wers consistently wild, irrespec-
tive of The sbage of 1llnesg.

Tvng. The involvement of the lung in the firsht 5 dsye of ill~
ness was of mild degree (Cases 17, 20 and 9, destroyed on the lst, 3rd and
5th days of illness, respectively). In all 3 cases the organ showed slight,
often patehy, congestion and a muber of minvte haewmervheges. Although a
swall amount of watery fluvid was seen in some larger bronchi, particularly
in Dog 20, no oedema could be found in any part of the lang. ©On occasion,
sharply clrcumscribed aveas of cnphysona vere sespn abt the lower border of both
apleal and cardiac lobes.

A somevwhal similay degree of involvement, with only wminory vaviations,
wos exhibited by the remaining cases, with the excepbion of Dogs 3, 22 and 2.
Dog 3 wes sacrificed on the 7th dey of symptoms, end its lungs displayed conw

siderable hyperacmia, espoelally in the anberior peris of the aplcael and
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cardiac lobes. Oedema, however, was not observed. A mild 50 moderale conges-
tion of a fine "mobthbling® Lype, with o more pronounced hyperasmia at the lower
border of both disphragmatic lobes, was seen in Case 22 {9th day of illnese).
In eddition, a nuber of haeworrhages and nany aveas of emphyscms were present
(Fig. 3)» Dog 2, destroyed on the L57th day after the first signs of illness,
did not show m_dj.scemible changes in the lung. AL the btine of euthanasia,
this dog ues appearently in a good gtate of health.

-Only minor alterablons vere seepn in the lungs of § cases used for a
study of the neuwrogenic form of oedewa (Cases 24, 25, 26, 27 and 30). On two
occasions, very small greas of consolidation, apparently of bacterial origin,
werg nobed in the cardicc (Case 84) end dlephregmabic lobes (Case 30). There
was no mpacrvscopical evidence of oedems in auy of these cases.

Generally, the changes found in the lung of experimental cases Were
dhaveevoristically mild., The main features consisted of (1) slight hyper-
aemia, often with small areas of hoemorrhage, (2) mild emphysema and (3) come
plete absence of osdema. No excess of pleuvral fluid was seen in any of the
dogs. In most cases, the lung appeared to be comparatively "dry", flacecid and
ofben more collapsed than would be expected from the usval post-mortem atelec~
tasis. It seems reasonable to suspect that this state of collapse vasg associ-
ated, at lenst in parlt, with sudden constriction of bronchial passages
elicited by an overdose of nembutal.

Regional lymph nodes. There was usually wild to moderate en-

lovgement of the Iymph nodes examined, l.e., parotid and brouchial., In addi-
tion, pome oadena, and, occasionelly, a few small haemorvhages could be found
in the affected nodes. Quoly one dog shoved considerable enlargement of both

nodes (Case 1, desbroyed on the 59th day of illnesg). This occurrence vas



D. 22"

Pig. 3" SxperimentCLl Case 22. Costal surface of lungs,
shoving mild hyperaemia and areas of compensatory
emiAiysema.
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appavently assoclated with focal suppuration of the turbinate folds. BRoth

lungs, however, showed only slight congestion.

Bacteriological Findings

Clinical cases

As indicated previously, bacterioclogical examination was conducted
only on the lung tissue.

Of the 28 cases from which cultures were wade, 1 per cent showed
no bacterial growth on blood agar and MacConkey media. The lungs from the

vemaining dogs yielded Escherichia coll in 68 per cent, staphylococel in 46

ver cent, and Proteus vulgaris in 21 per cent of the cases. Nonhaemolytic

and o ~haemolytic streptococei were isolated from five (17 per cent) and

Pseudomonag seruginosa from three dogs (10 per cent). Jorynebacterium

pyogenes vas recovered from one puppy and Ssluonells typhi-murium from a eé,»

year-old dog. Only one culbure yielded Brucella bronchiseptica. This mlcro-

orgenicm was isolated from a Four-month-old Beagle, the lungs of which showed
moderate hyperaemia with a few foci of consolidation in the lower parte of
the apical end cardiac lobes.

In most cases, the culbures yielded more than one species of micro-
organism,

Byxperiwental coses

The proportion of negative bacteriological results in the experi-
mental dogs was considerably higher than in the clinical cases. Only 25 per
cent of cultures ylelded some bacteria. The most comuon was B. coli {10 per
cent). Nomhaemolytic streptococei, staphylocoecl, and Ps. aeruginosa were

isoleted in 5 per cent of the cases. BPBr. bronchisepbice was recovered on

two occasions from dogs inoculated intraspinally with the virus of dlstemper.
In both cases the lungs were only mildly involved.
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Histopathology

No attempt is made to describe in debail all histological. changes
found in the resplratory system and in its regional lymph nodes. Only the
abnormalities which were encountered in the lung tisscue are dealt with ab
length. The resulis of electron microscopic observations on the structure
of the normal alveolar wall, on which the interpretation of certain pulmon-
ary changes has been based, are also presented.

The structure of the alveolar wall.

Electron microscopic studies revealed that the pulmonayy alveolar
wall consists essentially of three elements, viz., (1) epithelium, (2) base-
ment: membrane, and {(3) cepillary endothelium. The supporting framework of
Fibres, although often abundant in some paris, wes not discernible in the
thin segments of the vall.

Alveplar epithelium. The surface of the alveolar wall was

found to be lined by a continuous epithelium composed of widely strewn,
nucleus-bearing cell bvodies and their attenwated, remarkebly long proboplaswic
expansions (Figs. bk-14). The latter counstituted the major portion of the
alveolar epithelial lining.

The main body of the epithelial cell varied in its size and mor-
phological properties. When found applied to the free segment of the wall,
it was usually flat, elongsted, and wedged between the loops of capillaries.
In such instances, it could not be easily differentiated from the endothelial
cell, if exsmined only under low magnification. The nucleus of this variant
of the epithelial cell occupled usually a considerable part of the cytoplasmic
body and was delinealed by what appeared to be a double membrane, The peri-
nuclear cytoplasm contained a few mitochondria, which could be identified by

their characteristic structure (Sj8strand and Rhodin, 1953) of indernal



lanellae and a double delimiting external memwbrane {Mg. 6, M). The endo-
plaswic reticulum {Palade and Porter, 195h) coansisting of fine tuvbvles and
vesicles could also be seen (Plg. 6, ER). The .main body of the cell, as

shown by ¥Fig. b, neasured Op in length and 3.5p in depth. The cyloplasmic
processes sttenuated gradually (Fige. 4, 5 and 6) and éxi:ended over the sur-
face of the wall. At sows points they became veyy thin, measuring approxi-
mately 180 & (Fig. 6, AT). Generally, however, the thickness of the flsbbened
part of the epithelium was greater and usually ranged from 500 ] o 2,000 3.
The thicker seguents cccasionally conbained mitochondria and, more often, a
vich network of the endoplasmic rebiculum (Fig. 5, M; Figs, 10, 11 and 12, ER).
The cytoplasm of the epithelial cell was enveloped by a memwbrane, represented
in the electron-micrographs by a dense line, the average thickness of which
wao estimated as approximately 50-75 £ (Fige. 5 and 6, CM).

The obher maryhalagiaal_variam of the eplthelial cell was appar-
ently ldentical with the "sepbel cell" of Lang: Ibs main body, ovold in
shape, measured approximately Ip and was either located in the alveolar niche
(Figs, 7 and 13) or stretched across the wall (Fig. 9). In addition to numer-
ous mitechondria and abundant endoplaswic mﬁieulum,' the pevinuclear cylboplasm
contained a number of Fairly lazg,e (200mp. - 500 wp), warkedly oswiophilic ine-
clusions, many of which showed an irvegularly laminated internal structure
(Figs. 7, 8, 9, 13 and 143 OL). The origin and functicnal significance of
these bodies have not been established. Bargman and Knoop (1956) thought that
they rapresent a degenervabte form of mitochondria. The surface of the main
body of the cell was somebimes covered by sumll, fairly regulaxr projectlons
(microvilli), of an average length of LiOmp (Fig. 7).

The cytoplasmic exbtensions Of these cells were idenbical in struc-

ture and chavacter with those described previously, but their abbenuation was




often very sbrupt (Fige. T-iht).

Despite some worpholeoglical variabions, the alveolar epithelisl
cells, as vevealed by many other electron-micrographs, seemed to possess a
vniby of structure, the lmmediate forms of which appeared to be dependent
upon the reguirenents of funchbion and iceal stress.

Basenent membrane. The alveolsyr epitheliuwm and capillary

endothelivm were separated by o howogeneous membrane, the thickness of which
varied from 270 R in its thinnest parts {Fig. 6, B.M.) to approximately
1,000 8 (Fig. 12, ™). The average width was estimeted as 500 R. Aveas of
Jighter density and somewhatb clmidy in appearance could be discerned in mauny
parbs of the mewbrane, The elechtron-microgrephs examined failed to reveal
evidence of any £ibrillay internal slements. The basement wembrane seemed
1O possess & superior shructural strength. This was well exhibited by iu-
perfect sections (Figs. 4 and 5), in vhich the adjocent cyboplaswic elements
were shown to be partly torn by mechanical stress (so~called “drag"), bub the
basement menbrane remained intact. In parts of the alveolay wall which con-
tained abumdent collagen and elastic Libres (Figs. 7, 8, 13 and 14), the
basement membrane sppeared ﬁa follow the course of bobth the epithelium and
endothelium, leaving the bHissue space open.

Capllilary endothelium. The endothelium of the alveolar capil-

laries was also eonblnuous, and in some sbructuval gspects resewbled the
epithelial lining. It consisted of preominent, elongabed cell bodies and
their cytoplasmic extensions. The latler vwere extremely long, and at soue
poinks showed a thickness of 90-100 X (Fige. 5 snd 12). The eytoplasn of both
the cell body and the atbenuveted portions contained mitochondris and a rich
network of endoplasmic reticulum {Figs. 5, 10 and 11). A +hin (approximately

50 R) cytoplammic membrane was found to invest the endothelial cell. AL the



ALV
BM

Ep
Nuc

M

ELECTRON MICROGRAPHS OF THE RAT LUNG

alveolar space
basenent menbrane
endothelium
epithelium
nucleus
mitochondria

capillary

Abbreviations

ER
EL
COL
Cp

oL

LEUC

L

endoplasmic reticulum
elastic elements
collagen fibrils
cosgulated plasme
osumiophilic bodles
cyboplasmic membrane

lencocyte



Fig. 4. Lov power view of alveolar wall. Rote two capillary loope and
epithelial cell (EP) with cytoplasmic attenuations, x 7.300.
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JMM

Fig. 5¢* Enlarged detail from Fig. 4. Epithelial cell (SP) attenuates to
cover the alveolar vail. Epithelium and endothelium are separated
by basement membrane (BM). At (1) the attenuated epithelial cell
Is 350 A thick. X 28,000.



Fig. b.
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Detail of Fig. 4. Epithelial cell (EF) attenuates to 530 i, at

(1) and to 180 S at (AT).
of endothelial cell (SUD),

Section vas cut through the long axis
x 26,000.



Fig. 7*

14

Septal cell in alwveolar niche. Mote the presence of osaiophilic
bodies (OI), microvilli and cytoplasmic attenuations. Tissue
spaces are rich in fibrils of collagen (CQL) and contain elastic

elements (EL). A somewhat collapsed capillary with its endo-
thelial cell is also seen, x 18,000.
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Fig. O.

«l

High-power view of Fig. 7- Hote abrupt attenuation of the cyto-
plasmic body, mitochondria and osmiophilic inclusicms. Elastic
elacents and fibrils of collagen, a few of which show axial
periodicity, are also seen, x 33.000.



Fig. 9-

Septal cell stretching across the vail.
shows attenuations at three points (1, 2
inclusions and mitochondria are numerous,

The cytoplasmic body
and 3)* Osmiophilic
x 7,300.
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Fig. 10.

Detail of Pig. 9 at (2). Bote cytoplasmic attenuation (AT),
mitochondria, endoplasmic reticulum and basement membrane.
X 42,000.
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Pig. 11.

Detail of Pig. 9 at (1).
endoplasmic reticulum.

The point of attenuation is rich in
A Junction of two endothelial cells

could be seen at (j). x 42,000.
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Fig. 12.
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Detail of Fig. 9 at (3). Bote abrupt attenuation of the cyto-

plasm, endoplasmic reticulum and microvilli.

At (A) the endo-

thelium is approximately 150 X thick, x 42,000.



71

Pig. 13. Septal cell in alveolar niche. Oemiophilic inclusions are procii-
nent. Hote the abundance of collagenous and elastic elements in
mural tissue space, x 18,000.



Fig. 14.

Enlarged view from Fig. 13.
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Bote the prominence of oemiophilic

bodies and abundance of mitochondria. The cell attenuates
abruptly at (1). Collagenous fibrils at cross section are ap-
proximately 140 A thick. X 35,000.
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Junetion of the two cells, the protoplasmic exbtensions were separated only by
a narrow {200 R) clert (Fig. 11), which formed a direct comnection between
the lwmen of the capillary and the basenment membrane.

Collagenous and elastic elements. The supporting framework of

the alveolar wall vas particularly prominent in the vicinity of sepbtal cells
and in the slveolar angles (Figs. 7, 8, 13 and ). It was vepresented by
fibrils of collagen (unit flbres of collagen, Low, 1953) and by elastic ele-
ments. The former were very wilform in gltructure and had an average diameber
of 150 8. tVhen sectioned longitudinally, they often showed 'a characteristic
axial periodicity (Fig. 8). 'Thelr deliwmiting externs) membrane was very thin
and did not exceed €0 K. The elastic clements formed ivrvegularly oublined
masces and wvere appareutly composed of fibrils, 70 ﬁ in ‘thickness, embedded
in an amorphous cementing substance {(Fig. 9).

Clinical casas

Upper respiratory tract. The changes found in the nasal cavity,

pharyny, larynx and trachea were generally very wmild in the £irst two wesks of

illness. An oceaslonal sllghi congesbion of subeplibhelisl blood vessels was
cheerved, bul deeper layers did not show any discernible abnormalities. Only
one case (33) displayed m wild degree of caterrhal inflemmation of the nasal
mucous membrane, and o slight ocdema of the larynx accompanied by an inciplent
acube inflammatory reactlon were noted in another dog (Cace 20). The cyto-
plasmic inclusion bedies manifested thelr presence in a majority of these
cases (I out of 7). They were most numercus in the epithelium of the nasal
mucosa and its glands. One case only (33) displéwed Tthem abundantly in t}m
bracheal eplthelium.

The dogs which suffered from the disease for 2 to I weeks showed

more promlinent and advanced changes. The nasal passage in two~thirds of the
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cases exhibibed & mild to moderate caterrhel involvement {Fig. 15), which
frequently vas obtended by some degree of hypersemla and hyperactivity of
the mucous glands. Where was no sppreciable lesion in the lamina propria,
jhe cyboplesmic inclusion bodies were found in the majority of cases in the
epithelivm and in the mucous glends. The larynx and traches revealed com-
pavable catarrhal reaction end congestion. No changes of significance were
generally noted in the phavynx except for a very slight and superificial in-
Flomatory yeaction and some--and on oceasion pronoumeced--overproduction of
mucin in the digestive part. One case, however, showed a pignlficant degree
of involvement. The mucous membrane was markedly disarvrenged snd parbly
desquanated and revealed appreclable catarrhal changes (fig. 16). A rather
unusual occurvence was noted in Case 2, in which the tracheal mucosa pre-
sented a well-advanced and aebive svbgeute inflﬂimatory process accompanied
by considerable hyperaemia. Most of theoce cases exhibited cytoplasmic ine
clusion bodies in the epitheliuwm of the larynx and btrachea. Only in a few
doge were they found in the pherynys. Case 15 showed o asmall number of intra-
nuclear inclusions in the epithelial cells of the btracheal mucous membranc.

The changes observed in the pharyngeal tonsil and the morphology of
intranvelear inclusion bodies will be described in subsequent pavbe.

With the exception of a mild ocedems of the lamina propria of the
lexynx {Case 16) and a slight caterrvhel inflemmation of the trachea {Gase

11), no siructural sbnovmalities were found in 5 dogs ill for 5 to 7 weeks.

In three of these cases a wmoderate number Of cyboplaswic inclusions was seen
in vhe mucous menbraves of the nasal cavity, pharynx, larynz and trachea.

The dogs vhich were exemined after 10 weeks from the first slgns of

the disease (26 and 30) did not show any appreciable chaunges in the wpper part

of The vespivatory tract.



Fig. 15.

Fig. 16.

Clinical Case 3.

75

Basal mucous membrane, shoving desqua-

mation of epithelial cells and mild catarrh. Haematoxylln

and eosln. x 410.

Clinical Case 4.

Pharyngeal mucosa. Moderate catarrh.

Haematoxylln and eosln. x 100.
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Iung. Hypevaemia consbitubed one of the earliest changes ob-
seyved in the Jung. Usually of a mild dogrea in the inibial and late pheses,
it was often pronounced abt the height of illuess. ©On such occasions the af-
fected capillaries Were markedly torbuous and engorged with bhlood. Not in-
frequently, some exbrevasation of red bleod cells accompaunlied the congestion,
bubt axreas of frank hsenorrbiage vwere seldom seen. Of 30 dogs examined, only
three did not show any apprecisble hyperacmia. One of these (26) was de-
stroyed 10k waeks after the first signs of the discase. The vemaining two,
20 apd. 19, were ill for less than 2 aund b weeks, respectively.

Cedema of alveplld and interstitiun often atiended the state of
hyperasmia bub was scmevwhat less common; it ocevyrred to a vavying exbtent in
TT7 per cent of cases. Seven dogs, including those which were ill for more
than 10 weeks (26 and 30), did not show any discernible osdema. The oubpour-
ing of fludd fnbo the alveoll was an corly phenomenon, apparently concurrent
with the evolement of congestlion. In a maber of cases, 1t was quite marked
in the dnitial phases of the vulmonaxy reactlon and often remsined pro-
nounced wntil the sixth week of illuess. In labey stages, the oedems, al-
“hough present in some luogs, was ouly mild and focal in distribution.

Most commonly, the fluid accumulated in alveolayr spaces, but in 53
per cent of cases it was also present, often to & conslderable extent, in the
perivascular interstitial tissue (Fig. 17). On a few occaslons, peribronchi-
olar arveas wevre similaxly involved, appavently by exbention of cedems fyom the
adjacent perivascular reglons (Tige 18). In many instances, the fluid og-
cupied the entive alveolar space, bub In some sppeaved to be gecalloped ab the
wall, by the entrapped eir. The protein content of oedema Fluid, as judged by
the intensily of stoalning reaction with periodic acid-Schiff techuique, varied

considerably not only from case O case but often also in the sane microscopic



77

Fig. 17" Clinical Case 4. Lung. Intra-alveolar and perivascular
oedema. Heidehbain's iron-haenatoxylin and eosln. x 30.

Fig. 18 . Clinical Case 32. Lung. Intra-alveolar and peribronchiolar
oedema. SBtezaatoxylin and eosln. x 30.
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field (Fig. 19). Occasional strands of fibrin Were seen in many areas in
most of the cases (70 per cent). This occurrence had sowe bearing on the
formation of Fibrinous "plugs", and sppavently also on the process of inbra-
alveolar orgenization (v. infra).

The berminal alr passage vere uveually free of cgdema, bub in some
ingtances aven the mediun~-sized bronchioles were flooded 40 & consideveble
exbent. Only insignificant amounts of fluvid could be found in the
"epithelialised” aveas.

A mild collapse of the pulmonery parenchyma occvyved in 60 per cent
of the cases. Most frequently, it wes focal in distribubion and entirely
absent frvom the areas of oedema. On cccasion, vhen it was nore advanced
(Coses 19 and 29), the involved porbs showed e distinetly trabecular, lace-
like asyrangement of the collapsed groups of alveoli (Figs.20 and 21). A de~
gres of compensatory emphysema somebimes sccompanied the subpleural areas of
collapse.

No significant abpormalities were noted in the primary and secondw
axy bronchi, with the excepbion of a few isolated ceses which shoved mild
caterrh {2, 3, b and 15). The finer air passeges, however, often exhibited
charvacteristic, and sometimes pronounced, changes.

Farly in the course of the disease, small asccumulations of lympho-
cytes, macrophases and plasme cells appesred in and sround bronchioler walls
(Fig. 22) and in perivesewlar tissue spaces, especially of vemules (Fig. 23).
Ihe arterial chammels did not appear to be involved. With the progress of
illness, the sccumulgtions of mononuclear cells not infreguently became more
conspicuous but seldom reached considerable proportions. In the laver shoges
only residual foci of infiltration rvemained in perivascular and peribronehi-

olar sites {Coses 26 and 30). Varying degrees of mononuclear infilivabion



Fig. 19*

Fig. 20.

Clinical Case 4.

Iung. Strands of fibrin are seen in

oedema fluid. Periodic acid-Schiff. x 530.

Clinical Case 29*

Lung® shoving '"trabecular” collapse of

alveoli. Gordon and Sweets' silver method, x 26.
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Fig. 21.

Fig. 22.

Clinical Case 29* Iung. Hlgh-pcwer view of collapsed
alveoli. Gordon and Sweets' silver method, x 570.

&

Clinical Case 32. Early pneumcmia, shoving cellular re-
action in and around bronchioles. Baematoxylin and eosln,
x 110.
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were observed in bronchioler walls in 80 per cent and in perivascular ereas
in 53 per cent of the cases.

Often menonuclear elewents invaded the adjacent alveolar walls
and, together with the cells accumulated in the peribronchiclar comective
tissue, congtituibed the interstitvial inflsmmatory resction, charescteristic
of many viral pneunonias.

some of the cases (17 per cent) displayed degenerative changes in
the bronchiolar epitheliun. These vere elther of a foamy, vacuolar type ac-
companied by desquamgitlon, or of glycogenic ph&ra.cter as revealed by sections
stained with periodic acid-Schiff (Fig. 24t). Ia the latter instance, the in-
volved epithelial cells often seemed to have shed most, if not all, of their
cytoplasn, leaving the lemina proprie partially denuded (Pig. 25}. The healthy
epithelial elements, remaining at the edge of the lesions, sometimes formed
long, thia cytoplasmic processges which tended to cover the exposed arcas
(Frig, 26). In timwe theee tenuous expansions gave rise to the continuous
epithelial membrane. In some bronchioles, however, the bare segments of the
wall were seen to be actively involved in the process of intrabronchiolar
orgenization end fibrosis by supplying some of the collagenous elements (v.
infra; Fige 34).

On cccasion,the laming propria of the bronchicles displayed irregu~
larly oublined, fuchsinophilic foci of hyaline changes (Fig. 27). These were
seen usually abt the height of illuness, and only in & comparvatively few cases.

A wild, rarely moderate, catarrhal bronchiolitis occurred in 33 per
cent of the dogs, particulsxly bebween the 3rd and Sth weeks of the diseasc.
Usually it was accoupanied by an asppreciable accumulsbion of exudate which
somebimes tended to occelude the luuen. More often the bronchicles were not

primarily involved but contained varylng anounts of celluleyr, predominantly



Fig. 23.

Fig. 24.
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Clinical Case 2. Lung. Perivascular mononuclear infiltra-
tion. HBMMnalum-phloxin-tartrazine. x 460.

Clinical Case 17¢ Bronchlolar mucosa, shoving moderate
glycogenic infiltration of epithelial cells. Periodic
acid-Schiff. X 48o.
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Fig. 25. Clinical Case 31* Brcncniolar mucosa. Advanced glycogenic
infiltration of epithelium, with partial denudation of
lamina propria. Periodic acid-Schiff. x 470.

Pig. 26. CliniCGLl1 Case 1. Brcxichiolar wall. The remaining epithelial
cells begin to cover the denuded bronchlolar wall with their
cytoplasmic processes. PLcro-Nallory. x 485.
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wmononuclear exulate originating from the alveoli. A 4_‘.‘3:.. k suppurabtive bron-
chiolitis was noted only in one dog which showed a concurrent bacteriel
bronchopneumenia (Case £29).

In some cases, particularly 8 and 23, in vhich the pneunonia was
characterizaed by marked proliferative changes, the bronchiolar epitvheliua dis-
played bizarre forms of cells. Many of these were considerably larger than
novmal epithelial cells, protruded into the lumen snd often conbained 2 or 3
pale staining, balooned awclel with prominent solitary mueleoli (Fig. 28).

I o spall proportion of cases showing signs of the disease for 2
or 3 weeks, some of the subpleuwral bronchioles, aveolar ducts and, occasion-
ally, alveoll exhibited dense fibrineid messes, with enneshed evybthrocytes
and monoruwelear cells (Figs. 20 and 30). At fivst amorphous and bare, the
fibrinold "plugs" becane later infiltrated by fibroblaste and invested with
a continuous epithelial covering. Ultimslely, permanent, organized struc~
tures were formed. On occasion, the loyer of fibrinoid mabterial was seen to
mould along the walls of alveolar duchs and alveoli (Fig. 31), producing smor
phous, eosinophilic membranes comparable to those described by Hadfield
(1938) and Dpstein and Greenspan (1941) in rheumatic prnewnonis of man.

Deprees of intrabronchiolar and intraductual fibrosis occurred in
50 per cent of the dogs. Most of the cases were in the 3rd 4o 5th week of
illness {30 per cent), bub some (10 per cent) showed the changes as early as
in the second week {Casas 27, 20 and 33). Usually the process was focal in
digtribution and confined 4o subpleural areas. ‘The initial changes appeared
t0 be precipltated by the presence of fibrin~containing exudate and the pau.-
city of polyuorphonuclear leucocybes (Auerbach et al., 1952). The exudate in
the affected terminal and respirabory bronchioles and alveclar duets became

invaded by, a¢ first, thin and leter by more promiunent Libroblastic and



Fig. 27.

Fig. 28.

Clinical Case 3* Bronchlolar vail. Qyaline changes in
lamina propria. Haematoxylln and eosin. x 450.

Clinical Case 8 . Bronchiole. Epithelial cells show
bizarre and binucleated forms. Baexnatoxylin and eosin.

X 515.
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Fig. 29- Clinical Case 2. Iung. Respiratory bronchiole, alveolar
ducts and alveoli contain dense fibrinous '"plugs".
Periodic acid-Schiff. x 125-

%

Fig. 30. Clinical Case 8. Respiratory bronchiole, showing fibrinous
"plug" with ezsneshed mononuclear cells. Haematoxylln and
eosin. X 425.
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collagenous elements, for which the strands of fibrin appeared 40 serve as a
seaffolding (Figs. 32 and 33). A muwber of cells {predominantly wononueclear)
was usually entrapped in the rich netvork of fibyes. Walle many of the fibro-
bloasts evidently migrated inbo the avea from the adjacent connective tissue,
it seemed plausible to assume thabt some of them could have had their origin
from the bransformed polyblaste {Maximow, 1927). In the labter stages, the
orgenizged Yplugs" became invaested, partly or continuously, with a layer of
cells devived from the remaining epitheliwn (Figs. 34 and 35).

The inbrabronchiolar fibrosis was somebimes accompanied by inbra-
alveolar organization {17 per cent) and, more ofben, by en incvease in number
of reticular fibrves within the walls of alveoli (24 per cent). The process
appearad Lo be well advanced in some of the doge ill from 2 to b weeks {8, 19,
22, 31 and 32). 'The evolubion of Pibroeis took & similar course to that ob-
served in the bronchioles and alveolar ducts. Occasionally, the orgenized
exudate became covered by an uneven layer of epithelisl cells, evidently de-
rived from the alveclar lining (Fig. 36). Intra-alveolar fibrosis was usually
wild and perdbronchiolar in distribution, but in a few cases involved larger
subplevral arcas (Flg. 37). In some instances, the walls of alveoli were ap-
preciably thickened dve %o & moderabte increase in the nuwber of vebicular and
collagenous fibres and the accumulabion of predominantly mononuelear cells
(Figs. 30 and 39).

Txecept Tor somebimes marked engorgement with red blood cells and the
presence of degenerabing megakaryocytes (Fig. 40), the alveolar capillavies
showed no sigoificant abnormalitles.

The lymphatlic channels sppeared 0 be distended not only in peri-
vascular aveas but alse in the subpleursl regions where they often carvied a

nunbgr of mononuclear phagoeytic cells (Fig. 41).



Fig. 31

Fig. 32.

Clinical Case 8.

the alveolar ducts.

Clinical Case 8.

Lung,
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shoving hyaline membranes lining

Periodic acid-SchlTf. x 520.

Respiratory bronchiole. Organization of
the exudate. Gordon and Sweets' silwver method, x 450.
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Fig. 33"

Fig. 34.

Clinical Case 8.

Respiratory bronchiale, showing invas-

8ion of exudate by fibroblasts. Plcro-Nallory. x 540.

?)

Clinical Case 19*
of organization.

Bespiratoiy bronchiole. Late stage
Rie "plug" is covered by epithelial

cells. Periodic acid-Schiff. x 480.
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Fig. 35" Clinical Case 26. Respiratory bronchiole. Stage of
fibroels. Few capillaries could be seen in the fibrotic
"plug” covered by irregular epithelial cells. Raema-
toxylin and eosin. z 400.

Fig. 36 . Clinical Case 33¢ Lung. Organization of intra-alveolar
exudate. Alveolar valla are thickened due to increase in
reticular fibres. Gordon and Sweets ' silver method.

X 475.



Fig. 37-

%o

Clinical Case 33* Iung, showing subpleural organlzaticm.
Gordon and Sweets' silver method, x 130.

A

Fig. 38.

Clinical Case 1.
due to increase
silver method,

Lung. Alveolar walls are thickened
in reticular fibres. Gordon and Sweets'
x 425.
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Fig. 39"

Fig. 40.

Clinical Case 19> Iung, showing thickened alveolar
walls j desquamated epithelial membranes and mononuclear
exudate. Periodic acid-Schiff. x 520.

Clinical Case 13. ILung. Capillaries contain degenerat-
ing megakaryocytes. Haematoxylin and eosin. x 430.
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Barly in the course of the disease, characteristic cellulay changes
had evolved in alveolar spaces and often remained manifest until the late
gtages. AL the helght of illuness, they vere somebimes pronounced, affechting
larger seguenbs of the lobes. These changss comprised (1) alveolar epithelial
hyperplasin and (2) exudation of predaminantly wmononuclesr cells.

Alveolor epithelial proliferabtion was an early process, developing
evidently during the First two weeks of illness (Cases 10, 17, 20, 27, 28 and
335. In its initial phases, the hyperplasie was mild and peribronchiolar
(Figs. 12 and h3) or subpleural in distribution. Sometimes such “epltheliali-
sation” of alveoli rewained localized throughout the entive course of the di-
stase, involving only small areas of the subpleursl or peribronchiolar tissue.
In o small nuwnber of cases, the preoeess diffused subpleurally to a conglder-
able depth (Figs. 44 and 45) and, together with peribronchiolar "epltheliali-
gakion”, involved lowrge porblons of the lobas.

In many instavces, however, the changes found were elther mild,
particularly in the dogs ill for less than 2 weeks, or only moderabtely ad-
vanced, with only ocecaslonal focl of marked involvement.

Some degree of alveolar epithelial hyperplasgia was observed in all
but 5 of the 30 cases examined (5, 21, 26, 29 and 30). Two of the labber
(26 and 30) chowed signs of the dlsease for wore than 10 weeks.

The process of alveolar “epithelialisotion" was essenbially that
of hypertrophy and hyperplasia of o remarkably tenuous bub vainterrupted
epitheliwn which normally lines the wall of the pulmonary alveoli (ve pp.
58-T3) .

The inltial changes observed in the epithelial cells included hyper-
trophy and, often, some vacuolation of the cytoplasm (Figs. 46 and 47). Gen~

erally, only the nucleus-bearing portion of the cell body become enlevged.



Fig. 4l.

Fig. 42.

Clinical Case 27- Iung. Distended eubpleural lymphatic
vessel with mononuclear cells. Haematoxylln and eosin.
x 425.

Clinical Case 1. Iung. Early pneumonia, shoving cellular
reaction In and around bronchioles and adjacent alveoli.

Slight alveolar and Interstitial oedema Is also present.
RlLcro-Mallory. % 30.
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Pig. 43.

Fig. 44.

Clinical Case 8. Iung. '"Bplthellalisatlon” of alwveoli

Is present in the peribronchiolar area. Hero-Mallozy.

X 130.

Clinical Case 1. Iung, showing cellular changes in the
subpleural area. Van Gleson. x 30.
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Fig. 45.

Fig. 4e6.

Detail of Fig. 44. '"Bplthellallsatlon ' of alveoli and
cellular exudative changes are prominent. Plcro-Mallory,
X 150.

Clinical Case 27. ILung, hypertrophy of septal cells.
There is also some intra-alveolar exudate. Periodic acid-
Schiff. X 550.
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The protoplasmic expansions rewained relatively uwaeffected. On
oecasion, hovever, a conslderable thickening of these segments of the epi-
thelivi could be cbserved (MMg. 48). The increase in size was usually
modevate, two-or threefold, bub somebimes il was segn to reach unusual
proporsions, with cells weasuring up to 50p in length and 20p in width
(rig. 49).

Almost in every ingstance, the phase of hypertrophy was accompanied,
oy iwmediately followed, Ly a marked karyckinetic activity of the epithelial
cells. Many daughter forms arose by mitotic (Fig. 47) and, possibly, by
amltotic divisious, adding rvemarkably to the cellularity of the epithelial
covering. As a result, a distinel pavement of somewbhat irregularly shaped
but wsuslly flettened cells developed along the walls of the alveoli (Figs.
50 and 53). ot infrequently, the cytoplasm of these cells failed to seg-
nent in the process of nuclear division and, in an atbtempt 40 accommodate the
inereased number of nuclel, hypertrophied to a considerable degree, giving
vise to binucleated (Figs. 48 and 50) and, sometimes, to multinvcleated
bigarre forms {Fig. 51)a |

Comparatively early in the process of “epithelialisation”, some of
the lining cells became detached from thelr mural berths and gradually pushed
into the alveolar space, often dragging behind them filsmentous atbachments
of their cytoplasm (Figs. 50 and 52). In time move cells vere separsted, atb
first in swall groups (Fig. 52) and later in sheebts (Fig. 53), until the en-
tire mewbrene was free in the lumen. In more asdvanced phases, the desquasated
lining underwent fragmentetion and showed cellulay degenevative changes. The
epithelial elements set free in the alveolayr space inbermixed with the cells
of inflammatory exudate, and were finally removed from the region of gaseous

exchange by way of the bronchiel tree. No traces of "epithelialisation®
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Fig. 48.
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Clinical Case 27*

98

Alveolar wall. Mitotic figure In a

septal cell. Note hypertrophy and vacuolatlon in other
septal cells. Periodic acld-Gchiff. x 710.

From the same case.
epithelial cells.

Blnucleated and hypertrophied alveolar
Periodic acld-Gchiff. x 600.
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Fig. 50.

Clinical Case 23*

Lung.

Bizarre alveolar epithelial

cells. Periodic acid-8chiff. x 050.

Clinical Case 27-

"epithelialisatlon".

Lung.

Early phase of alveolar

Periodic acid-8chlff. x 760.

929
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Fig. 51 - minlca'] Case 6. ILung. Bizarre umltlnucleated epithelial
cells in alveoli and alveolar duct. RLcro-Mallory. x 0O70.

Fig. 52. Clinical Case 27* ILung. Early detachment of epithelial
lining. Note length of cytoplasmic process. Periodic
acid-schiff. x 580.
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were obsexved in the phase of vesolubtion of the dlscase pProcess.

The first cellular clements of the inflamatory exudate appeared
in the alveolar gspaces al an ecarly stage of poeumonia. Apprecisble numbers
of ‘them were present, especially in peribronechiolar and subplewral arveas, 8t
the time when alveolar epithelial cells were showing only incipient hyper-
rophic changes (Fig. 54). Many of the cells present comprised macrophages,
lymphoeytes and transitioosal hewatopgencus elements which apparently by for-
ther transformabion gave rise %o large phagoeytes (Moximow, 1927; Rebuck end
Crowley, 1955: Tompkins, 1955). Occasional polymorphonuclesy leucocytes mi-
grated into the alveoli but; in most cases, were scanty throughout the enblre
course of the disease. Seplal cells were also seen to conbtribute appreciably
to the exudate. Their bodies, ab fivst lodged in alveolay angles, became
swollen, probruded freely into the lumen (Figs. 55 and 56) and finally, having
Liverated themselves froan atbachwments, joined other intlommabory cells in
alveoloy spaces. Sameltinmes a few p:}.asma cells and an cccasional cosinophil
conld be obgerved in slvecli immediately adjacent o the bronchioles.

Not infrequently, some of the macrophages gained considersbly in
size and in number of nuclei which became arvanged usually at the periphery of
the cell (Figs. 57 and 60). This was apparently due to nuclear divisions
without accompanying segmentabion of the cytoplasmic bedy. It seemed probe
able, howeveyr, that, on occaslon, some of the mononuclear macrophages fused
together to form multinucleated elements.

Mony cells, some with two nuclel and evidently of septal origin,
showed o mederate Lo marked bubt uniform vacuolabion of the eytoplasm which
gave them a distinet foamy appearance (Fig. 58). Such cells often showed a
thiclk, homogenous cytoplasmic mewbrane. The contents of vacuoles, some of

which were scen to indent the nuclear mewbrane, did not respond to any of the
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Fig. 53" Clinical Case 18 . Lung. Alveolus at left shovs complete
detachment of lining. Note hronchiolar epithelium in
lover centre. Periodic acid-Schiff. x 52§.

Fig. 54. Clinical Case 27- Iung. Intra-alveolar exudate, shoving
macrophages, lymphocytes, transitional farms and polymor-
phonuclear leucocytes. Periodic acid-Schiff. x 690.
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Fig. 55. Clinical Case 27. Septal cell approaching stage of detach-
ment. Periodic acid-8chiff. x 010.

Fig. 56. From the same case. Septal cell is seen protruding into
alveolar space. Periodic acid-Schiff. x O10.
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Flg. 57' dlnical Case 16. ILung. Multinucleated phagocytic cell.

Haematoxylln axid eosin. x 720.

Fig. 53. Clinical Case 11. Iung. A giant "foamy" cell. Note
regularity of vacuoles. Periodic acid-Schiff. x 850.

104
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stalning procedures used in this study. It would appear that the vacvolation
vepresented a phase in cellular activity rather than a vesull of degeneratlon.
Similar changes, bub of considersbly less magnitude, could be seen in some of
the alveolar epithelial cells.

Many of the macrophages displayed a characteristic staining reac-
tion with pericdic acld-Schiff (P.A.S.) technique. The cytocentrum of these
caells often showed an inbense respouse Lo leucofuchsin of P.A..B., indicabing
the presence of a polysaccharide~containing substance (Figs. 89 and &), The
degree of reaction did not seen to be afiected by prior treatment with diastase;
It appeaved very likely thet the cytocentrum conbtained a substance, or sube
stances, of mucoprobein or glycoprotein charvacter vhich could in some way be
associsted wlth enzymatic, phageoeytic processes of these cells. Identical
steining reactions were seen in the sctlve Kupffer cells, in many reticular
cells of the lymphoid btissue, particularly in inflarmatlon, and in macrophages
of inflsmmatory reactions in various orgens (Watrach end Vatrach, 1955).
Polymorphonuclear levcocytes and, occasionally, monocytes exhiblied bub a
diffuse and moderately intense stalning with P.A.8. In sowe instauces, also
the detaching sepbal cells were found Lo contein a mumber of P.A.8.-positive
granules in their cyboplasm. The alveoclar epithelium, in both the resting
gnd proliferative phases, and the bizarre multinuclested forms seen in sowe
cases of epithelial hyperplasia were evidently negative to P.A.8. (Fige 61).

Usuplly afber six to seven weeks of illness, as the acube phase
subgided, monomuclear lntra-alveoclar cells diminished sigoliicently in muber.
Bome, however, still lingered in focl of residual inflammation, together with
mononuclear elements in peribronchiolay and perivasculsr spaces (Fig. 62). y
Bven alter the eleventh week of the disease, small accumulations of mononus

clear cells remained in the alveoli arvound bronchiocles and venules.
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Fig. 59* Clinical Case 6. ILung. Macrophages, shoving a positive
reaction with periodic acid-Schiff. x 170.

Fig. 60. Detail of Fig. 59* Macrophages, many of which are miltl-
nucleated, display a positive P.A.S. reaction In the cyto-
plasm. X 710.
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Pig. 6l1l. Clinical Case 6. Lung. Nultlnucleated cell of alveolar
epithelial origin. Note the absence of reactlw with
P.A.8. X 710.
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In a few instances, especially in Case £9, vhen sccondary bacteri~
al infection did occcur, polymorphonucleay leucocytes entered the alveoll and
the bronchicler lumina in considerable numbers. A frank suppurative soften-
ing of the lung pavenchyma, however, was not cbserved.

Desrees of involvement of the visceval pleura oceurred in 30 per
cent of the dogs, most of which were ill from flve to seven weeks. The
changes oObserved weye usually mild and characterized by some increase in sube-
serosel collagenous elements. On a few occasions, however, the lesions were
more marked, especially in Dog 19 (Fig. 63). ©Such cases often showed g
cuboldal or columnay metaplasia of the mesothelium.

Cytoplasmic inclusion bodies were found in the lungs of all bub two
of the thirty clinical cases examined. One of the negative cases (10) was
111 for five days and exhibited some muscular spasms in the hind legs. Iis
cerebellun, however, and same sweab glands of the pads showed a few cybto-
plasmic bodies of distemper type. In the obher case (30), which displayed
signs of illuess for 11} weeks, no inclusion bodies were seen, in spite of
the prolonged search, in any of the organs examined {respiratory trach,
cerebrum, cerebellum, pons, lymphatic tissues, liver, and pads).

The cytoplesmic irclusions of distemper were strongly acidophilic
(Fig. 64) and varied in size from those just barely discernible to large
bodies measuring 3-Mu in dismeter. Most of them were surrounded by clear
halos of the unsbained cyboplasmic zone. In many ingtances the inclusions
displayed a particulate or vacuolar internal structure. The latter, first
referred to by Sinigaglia (1912) and Bebes and Starcoviei {(1912), was well
demonstrated in sections examined with a phase-conbrast microscope (Fig: 65).

Most frequently, the cytoplasmic inclusion bodles were seen in the

bronchial and bronchiolar epithelium (somebimesin great numbers), in alveolar
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Fig. 62. Clinical Cage 26. Lung. Intra-alveol&r and perivascular
interstitial reaction of late distemper. No evidence re-
mains of "epithelialisation". Some alveolar vails are
thickened. Baematoaylin and eosin. x 125.

Fig. 63 . Clinical Chse I9. Iung. Advanced ohronic pleurisy,
Eaematoxylin and eosin. x 450.
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Fig. 64. Clinical Case 33* Bronchial mucosa. Meuiy epithelial
cells contain acidophilic cytoplasmic inclusion bodies,

some of which show vaeuolation. Haemataxylin and eosin.
X 850.

Qs

Fig. 65. From the same case. Bronchial mucosa. Note the prominence
of vacuoles in cytoplasmic inclusions. Phase contrast.
Haematoxylin and eosin. x 1,290.
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epithelial cells and in the free macrophages. Occasionally, they could also
be obsevrved in vascular endothelial cells, lywphocytes, and polymorphonuvelear
leucocytes.

Jutranucleay inclusion bodies, first described in the lung of dis-
temper dogs by Sanfelice (1915), were found in fifteen of the thirty cases
studied. Bight of these had clinieal illnesses of two Lo four weeks, and the
vemaining were in their secound, or from the {ifth to seventh week, of the di-
sease. No nuclear forms were encounbtered afber the seventh vweek of observable
glgns.

The nuelear inclusion bodles usually conformed to the shape of the
nucleus, and often displayed a somewhat hagy marvgin. In haematoxylin-eosin
gbained sections, they were dull pink in colour (Fig. 66) and showed & weakly
basophilic affinity in heemalum-phloxin-tarivazine-treated preparations. With
the Feulgen stalning technique for desoxyribonucleic aseid, these bLodies in-
variebly gave a negative reaction. The involved nuclel exhibited, in most in-
stances, a distinet wargination of the chromatin and displacement of their
nuclecli. The nuclear inclusions cccurred principally in the alveolar epi-
thelial cells but, on occasion, could salseo be seen in the free macrophages

and in the bronchial epithelivm.

Reglonal lymph nodes. As indicated previously, only the paro-
tid and bronchial lymph nodes were examined. In addition, the palatine ton-
sils were incorporated in the present study.

Quite early in the process of infection, significant changes evolved
in the lymphoid tissue. In five of the seven cases showing signs of illness
Of less than two weeks, lymphoeytes were found to be depleied, sowebimes to e
mavked degree, and many of the remaining cellular elements showed Laxryorrhexis
and pyknosis (Fig. 67). The decrease in number of lymphocytes resulted in a

noderate or pronocunced oblitevation of the follicular architbecture (Fig. 68).
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Fig. 66. Clinical Cane 27* Lung. Nuclear inclusion bodies in
alveolar epithelial cells. Haemataxylin and eosin.

X 1,800.
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Fig. 67 . Clinical Case 20. Bronchial lymph node, showing necrotic
changes in lymphoid elements. HEiematoxylln and eosin.
X 540.

Fig. 68. Clinical Case 5* Brcmchial lymph node. Note the complete
obliteration of follicular architecturee Haemataxylin and
eosin. X 25.
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This was ofben accompanied by some csdema and congestion; parilcularly iun the
acube phase. Haemorrhages Were less common. Nobt infrequently, reticuler cells,
especially of the corbex, showed nuclear inclusions identical in morphology
and staining reactlons with those observed in the lung (Fig. 69). Eosinoe
philic cytoplasmic bodies vere seen guite often in the rebticular cells snd
mserophages and occagionelly in other elements, ineluding lymphocybes and
polymorphonuclear leuvcoeytes, In the bonsll they were also present in the
gpithelium. Multinucleated giant cells cccurred in a numbey of cases usually
in the advanced stege of illness. Often they conteined a great meny nuclel
and were situated chiefly in the cortical zone but could also be observed in
deaper parts of the node (Fig. 70). Morphologically, they resembled glant
cells seen in palstine tonsils in the prodromal stage of measles (Warthin,
1031}

A marked vesponse to the infection was ofben ghown by the local
macrophages, uany of which proliferated and appeared in ivcreased numbers in
the cortleal and medvllary sinuses.

After the sixth or seventh week of illness, when the acute phage
subsided, Lymphoid tissue showed regenerative changes, mild at first but
clearly evident in the sbtage of recovery. Iymphold follicles resppeared sud
mitoble Tigures were commonly seen in many cellular elemeunts. Proliferative
changes also occurred in the medulls and weve somebimes accompanied by
prominent accumulations of plasaa cells, On cccasion, a mild fibroblastic
actlvity, as evidenced by incresse in collagenous elements, could be found
in some aveas. There appeared o be also some increase in rebiculapr fibres.
Afler the tenth wesk Lrom the onsel, inclusion bodies, bhoth nuclear and cyto-

plasmic, were no longer observed.
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Fig. 09- Clinical Case 15. Ailatine tonsil, showing numerous
nuclear inclusion bodies in reticular cells. Haemato”lin
and eosin. x 625*

. \
9%

Fig. 70. Clinical Case 5- Bronchial lymph node. Multinucleated
giant cells are present in the cortex. Haemataxylin and
eosin. X 430.
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Pads. Varylng degrees of hyperplasie esnd oblitevation of the
normel epidemmal structure of the pads occeurred in nine of the thirty cases
studied. Only one of these {Case 8) showed marked, epithelial proliferative
changes in the lung, often abtlended by bigarre cellular forms. In the remain-
ing eight, the puwlmonary alveoler lesions were mild in degree and exteut and
vere confined essentially to subpleural and peridbronchioclar areas.

Experimental cases

Histological changes in the vespivebory system of the experimental
cases were studied in fifteen of the twenty dogs employed. The remaining
five cases, which received the virus of distemper into the central nervous sy-
sten, were examined only for the incldence and degree of oedema in the lung.

Eleven of the fifteen dogs were destroyed in the first thirty days
of illness, viz., on the let, 3vrd, 5th, Tth, Oth, 9th, 1lth, 15th, 18th, 25th,
and 30th days, and the remeining four on the héth, 59th, Toth, and 157th deys
after the first signs of the disease.

Upper respiratory traclt. Except for nild hyperaemia of sub-

epithelial blood vessels and slight caterrh of the mucous mewbrane in a few
isolated cases {1lst, Tth, 8th, and 25th days), no significent changes were
geen in the nasal cavities of all fifteen dogs. The first cyboplasmic inclu-
sion bodies, few in number, occurred in the epithelium of the turbinate folds
on the third day of illness (sixth day after inoculstion). With more advanced
stages, they became quite numerous bub disappeared from the nasal eplthelium
after the 30th day of the diszease.

Only minoy sbnoyrmalities were cobserved in the mucous mewbrans of
the respiratory and digestive parts of the pharynx. One case (9th day)

showed an acute catarrh,and a slight hyperacmia accompanied by lnereased
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activity of the mucous glands was noted in five other dogs in the first 30
days of illness. A small number of cytoplasmic inclusions could be observed,
especially in the epithelium of the digestive part, during the Lirst 11 days
of infection. The changes found in the pharyngeal tounsll were more pronounced
and conformed in character and extent to those cbserved in the parotid and
bronchial lymph nodes (v. infra).

With the excepbtion of a mild hyperactivity of the mucous glands in
one case (3vd day) and occasional cyboplasmic inelusion bodies, no ebnormali-
tiles were seen in the larynx snd traches.

Lung. As in the clinical cases, the pneunonia of the experi-
mental dogs was ushered in with a state of hyperaemia. The degree of capil-
lary injection, however, was mild and remained so during the first 5 wecks of
illneas. After the b6th dsy of infection, the signs of congestion could no
longer be seen. Frank haemorrhages Wwere not observed at any stage.

In sharp contrast with the clinical cases, oedema of the lung in
experimentel dogs was very uncommon. It occurred in two instances {&th and
18th days) and was confined chiefly to perivascular sibes, with only negligible
amounts of fluld present in some alveolar spaces.

Collapse of the lung parenchyma, however, was quite frequent and
of'ten pronounced, especially in the first 30 days of illness. In the later
stages, 1t tended to subside bubt in come areas could still be seen even after
two months (Pigs. 7L and 72). Sometimes, especially in the early vhases, the
stote of collapse was attended by a degree of coupensatory emphysema, which on
a few occasions was guite prominent in the lower parts of the lobes (Fig. T73).

No significant lesions were found in the larger bronchi, save a mild

| cataryh in one case (ist dayl.
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Fig. 71> Experimental Case I6 . Left diaphragmatic lobe. There Is
a diffuse, mild "trabecular" collapse of alveoli (46th
day of Illness). Haematoacylln and eosln. x 33.

Fig. 72. From the same case. Right diaphragmatic lobe after Intra-

tracheal Infusion with fixative. There Is only a mild

reaction at one bronchiole. Baemotoxylln and eosln.
X 35.
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Moat of the chanees euncountered in the finer aiy passoges vweyre es-
sentially similar in cheractsy, bub not always in degree, o those observed
in the clinical cases. Accumulebions of mononuclesy elements in and syouad
bronchiolar walls occurrved in 66 per cent of the cases and wade thelr gppear-
ance on the fivst dsy of clinmically detectable illness (3 days afber inocula~
tion), In the early phases, they were small but became guite prowminent in
the second ond third weeks of infection. In such ilustances, adjacent alveolar
walls were often seen to conbaln an inereased musber of mononuelear cells.
With the process of resolubion of pneumonie, after five or six weeks from the
first signs Of the disease, peribronchiolar accumulaitions became more dense,
showed decrease in size and involved only small aveas around the wall (Fige T4).
A Tew Toel could stlll be seen even after five months from the onset of ill-
ness, when all other signs of Inflommabion had long slnce dissppesred from
the pulmonary tissue (Case 2).

Glycogenic infiltration of the bronchiclar epithelium, frequently
resulting in partial denudation of the mucous mewbrane, was much more common
‘then ia the clinical cases. It occurred im all but twe of the 15 dogs exe
anined (87 per cent). Quite pronounced in the acube phase of illness, it
tended to be very mild in the later stages and was followed by complete restl-
bubion of the epitheliuvm.

Only one case {5th dey) showed sowe hyaline degenerabive chomges in
the lanina propria of mediume-sigzed bronchioles.

On occasion, when marked proliferation of the epitheldal elements
ook place, the bronchiclar mucous membrane was seen o be lined by bizarre
mononuelear and multinucleated epithelial cells. This was well evident on

the 11th and 18th days of illness.
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Fig. 73' Experimental Case 9* Iung, showing emphysema in the sub-
pleural area. Haematoxylin and eosin. x 33*%

%
r \

Fig. 74. Experimental Case 10. Bronchiole. Mononuclear agt,regates
in the peribronchiolar area. Late distemper (46th day of
illness). Haematoxylin and eosin. x 420.
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Catarrhal bronchiolitls of an gppreciable degree was found only in
twWwo cases, in the earlier phases of the disease. More often the mucosa of
some bronchioles showed mild infiltration with lywphocytes, plasma cells and
occasional polymorphonuclear leuwcocytes.

Intrabronchiolar and, rarely, inbra~slveclar formations of dense
fibrinoid nesses were somebimes observed during the third and fourth weeks of
illness. An organizing process, however, 4id not follow. Oceasionally, there
appesred o be a moderate increase in collagenous and rebiculay fibres in the
wells of some subpleural alveoli {9th, 1)lth and 18th daye), but intra-glveolar
apd intrabronchiolar organization and fibrosis were not encountered in any of
the expepimental dogs.

Mononuclear infiliration of the perivasculay connéeﬁi\re tissue, esg-
pecially in relation to venules, oceurred in 66 per cenbt of the cases. Ib
was clearly evident on the third day alfter inveculation and persisted in small
accumulations around some venules for as long as {ive wonths from the first
gipns of the disease. PSometimes in the acute phases of infection, the adja-
cent alveclar walls were similarly Involved and exhibited considersble
thickening (Fig. 76).

The process of alveolar “epithellislisation® was identical in its
evolublion and character with that desceribed in the clinical cases. It differed
considerably, however, in the exbent of involvement. AL the helght of illness
only small peribronchiclar and subpleural areas were sffected.

The first signs of alveolar Yepithelialisation" appesred on the
Tth day of illness in the form of an incomplete cellular pavement lining
parts of the wall. Mitotic figures were ofben numerous asmong the proliferat-
ing sepbel cells in such areas. Within a shord period of time, nob more than

four deys, the entire walls ©f some alveoli became covered by an uninterrupted
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layer of fiatiencd and ivrvegularly shaped cells. The process was well ad-
vanced on the 18th day from the onset of infection (Figs 75) and was soon
Pollowed by the beginning of desquamation (Fig. T6). AL the end of the
fourth week, ounly small groups of peribronchiolar elveoll remained lined.
Finally all traces of the slveolaxr epithelial hyperplasia dlsgppesred after
the sixth week of the discase. Somebimes when the process of "epitheliali~
sation" was intense, bizarre forms of the epitheliasl cells could be seen in
gome alveoll and yespiratory bronchioles. This occurrence, however, was cone
siderably less frequent than in the clinical cases.

The chavacter, ivtensity and morphological propersies of the ine-
Tlammatory cellular exudate were very often identical with those encountered
in the clinical form of distemper. The first elements, predominanbtly mono-
nuclear in btype, were observed on the third day after inoculabion. Initl-
ally, they were fow in nuubey and mostily subpleural in situsbtion bub, with
the progress of {linegs, more cells enbvered alveclar gpaces, not only in the
peripheral regions bul alse syound maay bronchioles. Sometlmes the accumula-
tions of cells became very marked, espeecially along the lower borders of the
lung cud presented all feotuves of consclidetion (Fig. T7). ©On many occasions,
polymorphonuceiear leucocytes migrated into the alveoli, bub thelr nuubers were
usually very small. In two cases (Oth and 18%h days), however, they were seen
in appreciable muwbers in a few isolated foci.

In the late phases of illness, meny of the cellular elements digap-
pearaed from the alveoli, and only small aggregates of mononuclesr cells per-
sisted for some time in a feW peribronchiclsr and perivascular areas.

The morphologleal and tinctorial features of the intra-~alveolar
phagoeytes and the vacuolar cytoplasuic changes seen in some of the cells did

not differ from those deseribed in the elinical cases.
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Fig. 75" Experimental QCuse 5~ Eighteenth day of lUneaa. Lung.
"Kpithelialiaation" of alveoli attended by some thickening
of their vails. BbematGocylln and eosln. x $80.

Fig. 76 . From the same case. Lung. Note early detachment of the
lining (in centre), thickening of alveolar vails and peri<
vascular mononuclear infiltration (upper right).
Ha”“natoxylin and eosin. x 575-
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Pig. 77> Experimental Case 5. ILung, showing massive accumulation
of mononuclear cells (10th day of illness). Haenatoxylin
and eosin. x 48$.
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No significant alberabions weye ohserved in the visceral and paxyd-
atal plevrae of suy of the experimental 4ogse

Cyboplagmic inclusion hodies were first noted in the bronchicler
epithelivm on the third day after inoculation (lst day of illness, Case 17).
They varied in size from Q.5 0 1p and vwere situated chlefly in the basal
parts of the epitheliel cells, often surrounded by a cybtoplammic "halo". On
the seventh and eighth days of the disease, they becawe quibe nwnerous, @s-
pecially in the macrvophages and elveolsr ¢pithelial cells. In time the cyto~
plagnic inclusions diminisghed in numbers, snd only a feow remsined on the 30th
days Afber 6 weeks of illness, they were no longer seen in the pulmonaxy
tissues.

The im;mmiclear inclusion bhodies of disteupey did not oceur in the
lung of experimental cases, bub a fev were found in the lymphoid tissuc.

Regional lymph nofes. No appreclable differences in charvacter

and degree of changes in the lyuphold tissue were encountered between the
clinical and experimental cases. A moderate obliteratiocn of the follicular
architecture, due to depletion of lymphocybes, developed on the fifth dgy of
infection and reached considerable propovtions after the seventh daye It
remained mwarked for two weeks. The Dirst sigas of regeneration appeared on
the 15th day and weére quibe pronounced after the fourth week of illness.
Tyaphatic nodules slowly resppeared in the cortical wmone, and the lymph nodes
gradually recovered their normal structurel paliterns After the 59th day,
from the onset of the disease, no significant abnormelities were obgerved in
the lymphatic tlssue, save some enhanced lymphocybic activitye.
Mulbinucleated cells were present in the cortex as early as on the

first dgy of illness bulb disappeared soon afber the ninth day.
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The first cyboplasmic inclusion bodies were noted on the fifth day
of infection, mostly in the reticular cells and mscrophages. They were
quite numeyous during the second week but diminished spprecigbly in number
after the 18th day of illness.

Only two cases (7th snd 18th days) showed a few intranuclesr inclu-
sion bedies. They were seen in reticular cells and displayed the same mor-
phological and staining characteristics as those described in the clinical
cases.

The changes found in the tonsillar tissue were identical with those
seen in the lymph nodes.

Pads. No sbnormalities were noted in the digital and carpal
pads of any of the twenty experimental dogs examined.

Experiments on pulmohery cedema. ¥Five dogs used for this sbudy

were inoculated with the virus of distemper, either intracerebrally (26 and
27) or intraspinally (24, 25, and 30). Although severe nervous disturbances
appeared in four of these cases, no appreciable degree of intra~alveoclar or
perlvascular cedeme was found in eny of the lungs examined.

The evidence obtainad, though based admittedly on a small nuber of
cases, seems to indicate that even a nmarked involvement of the cenbral nervous
system in distemper does not constitute the necessary factor in the develop-
nent of pulmonary oedewa.

Pathogenesis of distemper pneunmonia

The result of observations on the clinical and experimental cases of
pneumenia in distemper revealed that by the time the initial rise in tempera-
ture took place, the lung tissue had reacted to the invasion of virus by & de-
gree of hyperaewmia, mild intra-alveolar exudation of chiefly menonuclear cells

and by accumulation of wmacrophoges and lymphocytes in and around bronchiolar
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walls end in perivasculer sites. The early signs of viral activity were also
shown in the bronchiolay epithelium in the form of & smwall number of cytoplas-
wic inclusion bodies. They made thelr appearance on the fifth day of illness.

Scon, evidently during the first week, the oedema fluid started to
collect in alveoll and around spaller vessgels. Initially very mild and focal
in distribution, it often affected large areas of the lung in wore advanced
stages of the disease. Quite early a proportion of the brounchiocles exhibited
glycogenic degenerative changes which, not infrequently, were seen to result
in partial denudation of the mucous mewmbrane. These changes, however, were
seldom pronounced. Qccasionally a wmild degree of cabarrhal bronchiolitis
could be observed.

With the progress of Infection, more cells enmtered the affected
areas, particularly around bronchicles and in the subpleural reglons. Some
of ‘the macrophages enlarged appreciably and showed more nuclel. A few poly-
morphonuclear leucocytes also appeared in the exudate. Av the end of the
first week, the epithelium lining the alveoll adjacent to the bronchiocles and
pleura exhibited signs of hypertrophy and proliferation and began covering
the walls with a layer of cuboidel ov flat cells. On occasion when hyperplasia
was pronounced, multinucleated and bizarre eplthelisl cells were formed. The
“epithelialisation” of alveoll was usuelly well advaunced in the third week of
the disease process, and by coalescence of the initial foci, sametimes involved
considerable parts of the lobes. Comsolidation of such "epithelialised" areas
was not uncommon, particularly in the subpleuval regions. The less involved,
adjacent parts often showed a wild degree of focal collapse.

Beginning with the second week of infection, some of the consolidated
arens displayed an appreciable degree of orpanization of the intrabronchiolsr

and intraductal exudete. The process became more pronounced in the later
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phapes and finally resulted in fibrosis and permanent occelusion of the &f-
fected spaces. Somebiwes it was accompanied by a degree of fibroplasia in
the alveoli snd wore often in their walls.

After six Lo seven weeks of illness, as the acule phase of pneu-
monia subsided, the elements which entered into the process of “epitheliali-
gatlon” desquamated and were removed from the alveolsr spaces. Also the
cells of the exudate diminished significantly in number. Small accumula~
tions of mononuclear cells, however, remained for some time in peribronchiolar
and perivascular areas and in the adjacent alveeli. The cytoplasmic inclusion
bodles, usually numerous at the height of infection, also became less frequent,
but & few could stllil be seen as late as ten weeks after the onset.

After three months, only minute aggregabtes of lymphocytes and nacro-
phages were found alt en occasional bronchiole or venule.

Sometimes in the course of the disease, a wild secondary infection
of the parenchym and, occesionally, of bronchioles did occur, bub more ad-
vanced bacterial involvements were not eneounterad in any of the cases

studlied.




DISCUBHEION

Depree of Pulwonary Involvement in the Experdmental Cases

To their extensive studies on canine distemper, Dunkin and laidlaw
{1926b) encountered considerable differences iu the intengity of clinical
and pathological signs between the natural and experimentsl forms of this
disease. Pnevmonic lesions which these authors deseribed in experimental
dogs were very mild and consisted of small patches Of bronchopneumonia and
a degree of bronchitis. Simllar observations have since been nmade by a
mwber of workers. Recenbtly Potel {1951) found pneumonia only in five of 59
expevimental dogs which shoved cabarvhal fomm of distemper. The pulmonsry
changes developed and sttained their climax during the first 10 days of in-
fecetion. The author coneluded that pneumonia, so often pronounced in clini-
cal cases of disbenper, is relatively infrequent and mild under experimental
conditions.

The results of the present study sre in eccord with those ohservas
tions. Not only vwere the pathologiesl changes in the respiralory tract of
all 15 experimental dogs considerably less advanced, but siso the clinical
signs were wuch milder and of short duration.

With few excapbions, the differences encountered were those of de-
gree and not of charscter. The diseane process In the experimental animals
evelved essentially along the same path asg in the clinical ceses, though sele
dom reached significent proporitions. Qedeme of the lung and intrebronehiolar

end intraductal fibrosis wera not seen in this form of pneuvmonia.
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The reasons for such differences in the pathological picture and

symptonatology of clinical and experiwental distemper are but 1llttle under-
stood. Among factors suggested as possibly having some influence on the
mede of host reaction to the invasion of virus are those of breed resistance
(Haxdenbergh, 1923) and concurvent bacterlal infection. In the present in-
vasblgations, the latier factor seemed to have bub limited beaying upon the
courae and severity of pneumonls in spite of frequently positive bacteriologi~

cal Mindings.

Reletlonship of Pulmonary Tesions to Duration of Tllness

Me investigations conducted on the clinlcal maberizl and supple~
mented by findings in the experimental dogs revenled that the development of
pulmonary lesions occurred in charvscterdsbic sequence. This is especielly
true of the more typicel changes taking place in the first six weeks of the
disease. In thet period of infection, il appears possible to meke an esti-
mate of the duration of illness from a histopatholegical exsmination of vepre-
senbative portions of the lung tisgsve. After the seventh or eiphth week from

the onset, only a very opproximate evaluablion can be mads.

One of %iae salient features of pneumonia in distemper is the iunber-
stitial cellular reection (DeMorbreun, 1937; Cordy, 19h2; MacIntyre et al.,
10k8; Bi.eﬁfet , 1953). It manifests ibself as @ mononuclear infilt: tion of
the bronchiclar walls, the adjaecent alveolar septa and, often, also of the
perivascular comnacbive tissue. Other changes inbrinsically associated with
the disease process inelude (1) hyperplasis of the alveolar epithelium,

{(2) oedema and (3) accumilation of & predominantly mononuclear exudabe in

alveolar spaces.
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Pneumonis of similar morphologleal character has been described in
wany viral infections of animels and man, and also in some rickebbeial {Allen
and Spitz, 1945) and protozomn involvements {Pinkerton and Henderson, 19hl;
Baar, 1945).

¥hile the interstitial and monomuclear veaction in all of these
paeunonic conditions appesys to be a prominent and constent feature, the at-
tending alveolar “epithelialisation" rarely reaches so pronocunced a degree as
in distemper or in certain fowms of atypical pneumonia of man {(Parker et al.,
10b7)., In some viral infections, particularly in those of the influenze type,
the alveolar eplthelial proliferation is frequently absent {Shope, 1931; Jones
and Maurer, 19h3; Parker gt al., 1946; Stuart-Harris, 1953).

4 considerable proportion of the clinical cases used in the present
study showed evidence of early organization and fibrosis (hitherto unrveported
in distemper) in the finer air possages end in neighbouring alveolar spaces.

An identieal process, bubt often greater in intensity and extent,
has been described on a punber of occasions in virsl pnewonias of man
(MacCallum, 1919; Parker gt al., 1947; Auerbach et al., 1952). aanization
of the exudgle in those coses was evident in the early stages of infection,
veually in the fivst two weeks (MacCallum). Somebimes, however, it was seen
as early as on the Tth, 8th or 9th day afier the onset of illness {Auerbach
et al.). As o result of fibroblastic invasion of the exudate, dense fibrous
nasses were formed in bronchioles and alveolar ducts. Quite often these
Uplugs" became invested with e single layer of cells sppsrently derived from
the bronchiolar epitheliwm. Alveolar walls adjacent to the affected
bronchicles and duets showed a signlficant widening due to accumulabion of

collagenous elements. Iater in the process, many of the adjoining slveolay

spaces became completely occluded by fibrous formations {Auverbach et al., 1952).
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A similar fibroblastic orgenizetion of the exudate was reported by
mrich and MeIntosh (1932) in "wracwic" pneumonia (bronchiolitis obliterens)
and in the rheumatic luwng by Hedfield (1938) and Harris (1954).

The factors which precipitate such early organization and fibrosis
in distemper snd other viral pnewmoniss are not cleasrly understood. There
is, however, a growing body of opinion that the common use of anbibioties
which suppress the acbivity of secondaxyy organlsme and thus lower the demand
for polymorphonuclenr leucocytes, with resulbent retention of £ibyin in the
exudabe, contributes significantly to the evolubion of this process {(Auerbach

et al., 1952).

Pulmonary Oedema

Ocdemg. of the lung is a very characteristic feature of pneumonia in
distemper. Flooding o‘f the alveolar spaces occurs al an early stage of the
disease and often involves large areas of the organ, contribubing signifi-
cantly to the severity of respiratory sigus.

Many aspects of the pathogenesis of this highly complex process axe
not fully waderstood. This is particularly tzue of some of the indirect cau-
sative factors. In recent years there has accumulated a considerable amount
of experimental evidence Indicabting that indirect determinants Of pulmonary
oedema in many instances are of nervous origin {Cemeron and De, 1949;
campbeli and Visscher, 1949; Cameron and Sheilkh, 1951; Naimm, 1951; Sarnoff,
1952; Temnekoon, 1954; Visscher et al., 1956). Al .rations in the central,
peripheral and avtonomic nervous systems have besn found to be associsbed with
accumulation of fluid in the area of gaseous exchange in the lung. The exach
mechanism of this process is sbill a matter of conjecture. Cameron snd De

{19h9) were of the opinion that medullaxry excibtation, particularly in the

region of the dorsal mucleus of the vagus nerve, was the prime cause.
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he fraquent cccuryence of cedema in distemper, with no evidence of
cardiac failuve 1o account for it, led MacIntyre et al. (19h8) to the assump-
tion that neuvogenic factors may be involved. These seem 4o he assoclated
with the autonomic nervous system, chiefly ibs cranial pext with its pre-~
ganglionie and postganglionic newrons, as the changes in the byain substance
alone aye apparently not sufficient to cause the oedema of the lung.

This view geems to be horne oul by the present study. In all four
dogs incculated with the virus of distemper, either inbtvacerebrally or intra-
splnally. there was no evidence of ocdems in splte of severe involvement of
the cenbral nervous syshem.

The experiment showed also that introduction of the virus into the
brain tisgue 01 the gpinal svbavachnold space is capable of producing the nepys
vous form of the disease. This observabion is ab vardence with that of
MocIubyre gt al., (1948) and Tunes (19L40b).

More comprehensive studies on the causation and mechanism of pul-
monary cedema in distemper weve beyond the scope of the present work. Any
fubure atienpts at elucidation of the process should follow a more fundsmental
approgch and be based, in part sb least, on the use of sympathetic and para-

sympathetie stimulonts and inbibltors.

Alveolar Iining end the Process of Aiveolasr "Epithelialisstion”

The results of the electron microscopic studies on the structure of
the pulmonary alveclar wall revesled that the lining of alveoli is formed by
& continuous and, in parts, extremely thin cellwlar membrene. Similer cbser-
vations weve made in recent years by Low (1952, 1953), Bargmann and Knoop
(1956), Breewen and Neustein (1956), Karrer {1956a, 1956b) and Policard and
collet (2956).
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The iuplicabtions of this finding ave of considerable pathological
significence. The process of alveolar "epithelialisation” so cheracteristic
of distemper and wany other viral preumcenias becomes satifectorily explained
on the basis of hypertrophy and proliferstion of the existing alveolar
epithelium. The identity of the factor or factors which precipibate such
changes is still a watter of conjecture, bub it seems highly probable that
the viral agent alone mey in many instences sbimulate cells to pronounced
hyperplastic activity. Of other influences, deficiency of vitamin A bas been
claiwed 4o be associated with epitheliel hyperplasia and formabion of mulbi-
nuclested cells in some prewnonias {Chown, 1939; Hidrre, 1953).

Alveolar epithelial proliferétiqn offten shows considerable varia-
tion iun degree and extent among cases with illness of the same duration.

Such occurrences suggest as possible factors either changes in the
“epitheliotropisn® of the virus or individual aifferences in the susceptibility
of the host.

The occurvence and pathogenesis of alveolar "epithelialisation"
have been the subjeet of numercus communications in the last four decades.
The process has been encountered nob only in viral conditions, but also in
some protozoan infections (Fig. 78), in such entities'as progresgive pneu-
monia of sheep (Fig. 79) and "atypical' pneumonia of calves {Fig. 80), and in
many other pulmonary diseases asgociasted with bacterdal invasions or with non-
infectious agents. |

In most instances, particularly in acubte conditions, alveolar
“epithelislisation" is evidently the result of hypertrophy and hyperplasia of
the local epithelial eelis. Gowdry 1925) attribubed many of the changes

seen in such a chronic lung disease ag Jaagsiekte 4o this process.
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Fig. 76. Lung. Alveolar "epitheliallBation”e Prom a case of
feline toxoplasmosis. Baenatoxylin and eosin. % 460.

a

Ll
-

Fig. 79* ILung. "Epithelialisation” of alveoli from a case of pro-
gressive pneumonia of sheep. Baemtoxylin and eosin. x 410
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Flg. 80. Iung. "Atypical” pneumonia of calves. Note "epitheliali-
sation" of alveoli (late stage) and a giant multinucleated
cell. Baenotcugylin and eosin. Xx 430.
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There is little doubt that on ocession proliferation of the brone
chiolar epithelium, with svbsequent invasion of the adjolning alveoll, does
geeurs it has been described by a muber of authors (Geever gt al., 19h3;
Habbe and McDonald, 1948; King, 1954; Spencer and Regburn, 195hk). It appears,
however, that such changes ave uswally limited 4o swall peribropchiocler sreas,
and that they take place chiefly in the more chronic copditions.

On those occasions when acube infection of viral origln is accom-
panied by degencration end desguamabion of bronchiolar epithelium, “epitheli-

EY

alisation,” usvally concurvent with those changes, is obviously the resuli

of hyperplasia of the alveolar lining.

Some Tinetorial Aspects of Pulmonary Macropheges

The staining reaction exhibited by many pulmonary macropheges with
pericdic scid-Schiff techunlque, after preliminary treatwent with diastase,
seems O indicate that. the substance contained 1n the cybocentrum is of muco~
protein or glycoprotein natuve (Teilwm, 1956)s Identical tinctorial proper-
ties ave digplayed by phogoeytic cells of the veticuleo-endovhelisl system and
by macropheges of various inflampatory cnnd\iti@ns {Weiss and Faweebt, 1953;
Theilwa, 1956). Pobenitial phagocyblce cells show only a mild and usually dife
fuse reaction. Under stlmulation, however, many of them acquire appreciable
amounts of the stainable material. This is evidently concuvrent with accumulas~
tion of such engymes as oxidases, dehydrogenases, nouspecific alkaline phos-
phatases (Wachstein, 1955} and esterases (Chessick, 1953), @ll of which appear
to ploy luportant roles In the phagocybic process.

It seems plausible Lo assune that the concurrent mobilization of
these enzymes and of mucoprotein or glycoprotein may be Linked in some way,

and that the demonsbration of the P.A.S.-shoinable waterial {afber treatment
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with diastase) in cells of the inflasmatory exudsbe indicates a high level of

phagocytic activity.

Inclusion Bodles

The pathognomonic significance of cytoplasmic inclusion bodies in
disbeuper has rarvely been guestioned in recent years (Fanthauser, 1951), es-
peeially since the demonsbration of their antigenic specificity (Moulton snd
Brown, 1954). Their disgnostic value, however, would be more fully appreci-
ated if exritical methods of staining vwere comonly employed for their detec-
tion. This is pavticularly true of the initial and late stages of illness
when the inclusion bedies are fov in number and difficult to recognize.
Iendrum's phloxin~tartrazine technique with cellosolve as a differeantiator
has proved to be invalueble in that respect.

The nuclear inclusion bodies, encowntered mostly in the acute sbages
of illness, not only in the lung but also in other tissues, appear to be in-
trinsically associated with the distemper disease process. Thelr exact re-
lation to the activity and phases of development of the virus, hovever, has
not ag yet been established. The application of fluorescent anbibody techni-

gue would uwndoubiedly shed lighl on their nabure and sigpificance.




SUMMARY

1. This study was entered upon with the purpose of presenting &
comprehenslve account of the pathological phenomena occurring in the respira-~
tory systen of dogs suffering from distemper. It was designed to supplement
ond enlarge upon the gvalilable bub scapty information.

2. Morhiauanatomieal, histopathological, and bacteriological Ob-
servations form the main body of this work. ©Special atitention has been
focused on histological changes in the lung. The basis for the interpreta~
tion of some of the pulmonary lesions was atbtained by an sdditional, electron
microscopic study on the structure of the normel alveolar lining.

3. A review of previous works relevant to this study is presented.
It embraces the following themes: (a) morbid anatomy and histopathology of
distemper, (b) inclusion bodies, {c) bacteriology of distemper pneumonia,

(4) histopathology of some viral pneumenias in animels and man, and (e) pul-
monery alvecler lining under normal and pathological conditions.

b, Thirty clinical and 20 experimental cases constitute the material
on whiech this study is based. Twenty-eight dogs with nabturally scquired dis-
temper were selected over a period of one year from a number of dogs which
vere attended at the Small Animel Clinic of the College of Veterinary Medi-
cine in Urbana, Illincis, U.S.A. The remaining two cases were from a larger
group surveyed by the author in Glasgow, Scotland. O0f the 20 experimental
cases, 15 were employed for observations on the development of lung lesions,
and five served as nmaterial for investigations on the pathogenesis of pul~
wenary oedens.,

137
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5. Considerable differences in the degree of the elinical and
nathological signs were observed between the experimental and field cases of
the disemsse. Only velatively mild ebnormalitics were shown by the experi-
mental dogs.

6. The gross changes observed in the clinical cases varied in
severity and extent with the duration of illness. CGenerally, they were mosh
prominent between the third and fifth weaks of the disesse. DBeginning with
the sixth or seventh week, there vas a marked decrease in the intensity of
lesions. The changes found in the lung comprised (&) congestion, uswally
foeal in distributlon, {b) ocdema, and (c) occasional subpleural consolidation.
Ozdena of the pulmonary parenchyms was not observed in the experimental dogs.

T. Bacterlolegical findings in the lungs of the clinlcal cases were
egssentially similar to those recovded by other workers. The wmost common were

Bscherichia coll, Probsus vulgeris, Pseudomonas aeruginosa, staphylococcd,

and strepbocoeci. One culbure yielded Prucella bronchiseptica. Of the

twenty experimental dogs, only five showed the presence of bacteria in the
pulnonsry tissue.

8. Electron wicroscopic sbudies of the structure of the pulmonary
alveolar wall were conducted on albino rats of Wistar strain. The results ob-
tained indicate that the alveolar wall consishbs essentlally of three elements:
viz., (1) epithelium, {2) baseuent membrsne, and {3) capillary endothelium.
The epithelium lining the surface of the wall ia formed by a tenuous but un~
interrupted cellulsr membrane couposed of the nucleus-bearing cell bodies and
thelr attenvated proloplasmic extensions.

9. ‘The dmplications of electron mieroscopic findings arve of con-
siderable morphological iuvtervest. The process of alveolar “epithelialisation”,
characteristic not only of distemper, but also of other viral pneumonias, be-

comes satisfactorily explained on the basis of hypertrophy and proliferation
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of the exisbing epitheliuwm. I% seens very likely that the influence of the
vivus alone may precipllate such hyperplastic chenges.

10. The inflanwmabtion of the lung was a constont fiuding in the
clinjeal cases. One of bthe custanding features of pnewmonls wes the inber-
stitial cellulay reaction, espacially in the bronchiclar walls and the adjo-
cent interalveolar septa. Obher salient chavacterisbics conprlsed
(1) nyperplasia of the alvecler epithelium, (2) sccumulotion of a chiefly
mononuclear exudate in alveclar spaces, sud (3) cedema of the region of
gasaous exchange aond; often, also of the perlvasculer interstitlium. Polmonary
changes evolved esgrly in the disease and abitalned thelr height between the
third and £ifth weeks, Afbter the elpghbth week of illness, only small aggre-
gations of mononucleay cells vemained in some of the peribronchioclar arcas.

1l. Inbtracerebral and intraspinal inocculation of distenper virus
produeed severe nervous disturbances in fowr out of five dogs but did not
provoke pulmenary .oedema. The pathogenesis of this process 1s still lavgely
o matter of conjecture and awalits further, wore fundamental. . studies,

12. A considerable proportlon of the cliniesl cases displayed vary-
ing degress of carly organization of the exudate in the finer alr pascages
and, on occasion, in the alveolar eapaceé‘ There appears to be some evidence
suggesbing that the use of antlibiobics, which suppress the acbivity of second-
arvy ovganisus, may be a contribubing factor. |

13. Many of {the pulmeonayy macrophdges exhibited a characteristic
tinetorial resction with P.4.8. vhich was thought to be indicative of some
iulbracellular processes evidently concurrvent with the phagoeytic activity.

Y. Cytoplasmic inclusion bodies were observed as early as on the
first day of detectable illness (three days after inoculation). During the

Pivel three deys:, they were seen only in the bronchiolar epitheliwa but later
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in the dlsease many appearved in o wide vavieby of cells. A small muwmber of
these inclusions pevsisted in the lung for 10-11 weeks from the onset of ine
Pection. The cytoplasmic inclusion bodies sve regerded as pathognomonic for
Aistamper. |

15. The combined evidence gathered from the present study and from
the preliminaxy observations on phneuwuonia in distemnper conducted by the
guthor 1n Glasgow, Scotlend, points to the idé:ﬁ;i’by of the pneuvnonic process

encounbered in the United Slates and in Turope.
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