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_ EDITOR’S FOREWORD

’I;IC decision to translate and publish this book by B. A.
Lapin and L. A. Yakovleva, resulted from a visit to their labora-
tories in Sukhumi by Dr. Carl B. Koford, of the NINDB Labora-
tory of Perinatal Physiology, in June of 1960. The translation was
made by the U. S. Joint Publications Research Service, from the
copy of Comparative Pathology in Monkeys presented to Dr.
Koford by Professor Lapin. After translation, a copy of the manu-
script was sent to Sukhumi for the authors’ criticisms and correc-
tions. We are grateful to them for their hospitality on the occasion
of Dr. Koford’s visit and for their cooperation in facilitating this
translation of the book.

The importance of the studies reported in this monograph
has been stressed in the preface by Dr. 1. V. Davydovskiy. There
has been a great increase in scientific interest in America in non-
human primates during the last few years. The use of monkeys,
especially the species Macaca mulatta, has become more prevalent.
The establishment of new centers for primate research in biomedi-
cal sciences, and the growing use of them in existing institutions,
has led to demands for more information about diseases to which
they are prone. No group of investigators has had so much expe-
rience in this matter as the scientists at Sukhumi, under the leader-
ship of Professor Lapin.

The translation follows the original text as closely as possible.
Ilustrations are placed in approximately the same relationship to
the text as in the original. Professor Lapin was able to provide
photographic prints of all except four of the original figures. The
list of references at the end of the monograph is carried into the
translation in the same sequence as they appear in the original.
Russian names and titles have been translated, and this accounts
for the fact that the references are not in alphabetical sequence.
The table of contents has been transferred to the front of the mono-
graph, and an index has been added. W. F. WINDLE
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. AUTHORS® NOTE

. FI‘his ‘monograph will acquaint the reader with the patho-
logical anatomy of the main diseases of monkeys observed in the
Sukhumi animal house over the past thirty years.

The descriptive material is comparative and therefore of in-
terest not only to biologists specializing in the pathology of mon-
keys but also to the medical profession as a whole, particularly the
pathoanatomists.

The reader will find a detailed description of the course and
morphology of a number of diseases of monkeys that are also found
in man—tuberculosis, dysentery, pneumonia, atherosclerosis, etc.
Although the authors emphasize the morphological similarity of
the main diseases of monkeys to those in man, they show that the
prevalence of the individual nosological forms in monkeys and in

man is quite different.
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. FOREWORD

- . A. Lapin and L. A. Yakovleva's monograph deals with a
subject about which medical scientists know comparatively little
and veteriharians know only little more. Yet those working on
problems in the pathology of man always meet up with the oppo-
site question of how this or that pathological process looks in ani-
mals, primarily the higher mammals, monkeys in particular.

This question is tremendously important because a correct
answer may provide us with a concrete idea of just what it is that
marks man as a conscious being standing above the animal world
and at the same time containing within himself certain phylo-
genetic elements. It is obvious that pathological processes always
reflect physiological processes, and since the latter are very similar
in the higher mammals of different species, one must expect that
the pathology of higher animals will have much in common with
the pathology of man. Lapin and Yakovleva’s monograph gives a
positive answer to this question. However, the authors clearly
show how sharply and fundamentally the diseases of monkeys differ
from the analogous diseases of man. This fact alone opens up a
vast field of research to determine the true causes of these major
differences and, above all, to try to understand to what extent the
social factors created by man and affecting the animals shape or
deform the nosology of animals, monkeys in particular. For, dis-
eases will always be a “regular’” phenomenon, a reflection of the
continuous interaction of the organism with the environment.
The authors are correct in stressing that the diseases of monkeys
they describe are not diseases of monkeys in general, but diseases
under the specific conditions of the Sukhumi animal house. These
conditions, of course, do not duplicate their normal habitat. How-
ever, the authors make an interesting attempt to link changes in
climate, diet, etc., to the diseases of the animals. Their discussion
of radical changes in the way of life of the monkeys (restrictions on
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xii Comparative Pathology in Monkeys

movement, rhythm in feeding, digestion, etz.) and the possible
relation of these factors to morbidity are also interesting.

It is difficult to ascertain just what diseases are peculiar to
monkeys in their normal habitat. Yet the authors are undoubtedly
correct in their view that the very fact that diseases normally not
observed in monkeys can be reproduced in the animals testifies to
the tremendous importance of the environmental factors and way
of life of man in the development of disease.

The material for this work comes from the dissection of 1,000
monkeys. This guarantees the soundness of the authors’ general
findings, which are by no means diminished by the fact that the
animals died under the special conditions obtaining in the Suk-
humi animal house. One of the cardinal findings on the predomi-
nance of infectious diseases among newly arrived monkeys (dysen-
tery, pneumonia) bespeaks the obvious importance of unnatural
conditions and way of life in the development of infections (chiefly
autoinfections, it would seem) and in complicating their course,

Despite the similarities between monkeys and man, the
authors succeeded in demonstrating that the strains of dysentery
bacilli obtained from man are almost nonpathogenic in monkeys,
even when used in massive doses. Yet it is precisely from dysentery
(spontaneous) that a great many animals die, especially among
those newly arrived. As for tuberculosis and the sharp reduction
in morbidity, the authors justly emphasize the importance of
proper care of the animals. State and public measures aimed at
regulating work, rest, diet, social security, ctc,, have led to the
inclusion of tuberculosis among those infectious diseases whose
eradication is a practical possibility. In the case of both tubercu-
losis and dysentery, the authors note the apparent paradox that
experimental infection and natural disease are theoretically differ-
ent things. Nevertheless, this is a fact. As is to be expected, mon-
keys under natural conditions do not suffer from cardiovascular
diseases so typical of man with his unique and highly tense mental
and emotional activity. Neuroses arising in the animal house and
those experimentally induced can cause such conditions as hyper-
tension. This indirectly confirms the view held on the role of
mental and emotional acts in the development of these diseases in



Foreword Xiii

man and-on the mediation of these acts by the vasomotor centers.
The authors offer no explanation for the actual absence of tumors
‘i monkeys even tinder the conditions of the animal house, i.e.,
after applying to the monkeys several additional irfitants.

It is apparent that the authors’ paradoxical findings on the
comparatively high resistance of 'monkeys to dysentery and tuber-
culosis follow naturally from their data on the rather low morbidity
of animals in the main group, especially those living in open-air
cages, despite the prevalence of bacilli carriers among them. Note-
worthy too is the absence of changes typical of tuberculosis in the
monkeys that for many years have had positive allergic reactions
to tuberculin,

This work also describes in detail the pathological anatomy
of the diseases of monkeys encountered in the Sukhumi animal
house. It will be read with interest by those concerned with prob-
lems of infectious and comparative pathology.

1. V. DAVYDOVSK1Y
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 l INTRODUCTION

-In recent years monkeys have come to be increasingly used in
medical and biological experiments. The need for experimental
models of various human diseases in order to study their etiology
and pathogenesis has made the monkey a convenient if not at times
irreplaceable experimental animal due to his anatomical and
physical resemblance to man. The result is a substantial increase
in the number of studies of monkey anatomy, physiology, and
biology. This research is both theoretical and practical in value
because without fairly accurate ideas about the anatomy and
physiology of this animal it is impossible to interpret experimental
findings intelligently.

However, before we can significantly expand medical research
on monkeys we must also become more familiar with the diseases
that arise without experimental intervention. Otherwise diseases
originating spontaneously might be taken for those experimentally
reproduced. A knowledge of monkey pathology and the conditions
under which it develops and a comparison of it with the pathology
of man and other animals can help us to gain a deeper understand-
ing of the causes and nature of several human diseases.

The present study is an attempt to describe the diseases of
monkeys comparatively in terms of the corresponding or similar
nosological forms in man. At the same time we fully realize that
we are not describing monkey diseases in general, but only those
arising under the specific conditions prevailing in the animal
house. We tried our utmost to duplicate the conditions of their
natural habitat, but could only approximate them. Changes in the
climate and diet, limited movement because of the lack of need to
search for and obtain food, etc.,, promote the development of a
number of pathological processes in monkeys.

Contact with human beings undoubtedly has a profound im-
pact on the range of diseases to which the monkeys may be prone.

3



4 Comparative Pathology in Monkeys

Tne complex interrelations between man and animals in the ani-
mal house has forced the monkeys o adopt to some extent the
rhythm of the physiological functions characteristic of man. Feed-
ing routines, methods of cleaning the rooms and open-air cages,
catching the animals for experiments, etc., have their effect along
with exposure to a variety of injuries, irritants, and the causative
agents of infectious diseases that attack man. Of apparent signifi-
cance too are the changes in inhaled air due to increased content
of the combustion products of various fuels, inclusion in the diet
of foods eaten by man as well as monkey foods thermally treated,
elc.

It is a fair assumption, therefore, that the diseases of the ani-
mals in their natural habitat, the nosological character of their
illnesses, will differ substantially from the situation prevailing
when they are in close contact with man. Some help in solving the
problem will come from comparing the morbidity of monkeys
recently brought to the animal house with that of the animals that
have been there for some length of time. Inadequate care, pro-
longed harmful irritation and unfavorable situations resulting in
traumatization of the animals’ central nervous system have some-
times led to the development of such “human” diseases as hyper-
tension, coronary insufficiency, etc.

Monkey pathology both resembles and differs from human
pathology. In comparing the two, it must be remembered that we
observed diseases in animals that were in contact with man for a
comparatively short period of time over one generation, less [re-
quently over two generations. An animal just taken from its habi-
tat still retains acquired and inherited characteristics not peculiar
to man. At the same time it does not have a great many of the new
characteristics acquired by man in the course of his social evolution.

Thus, despite their great biological resemblance to man, mon-
keys should naturally be expected to react differently to various
ll'l_lllfl(‘S.

In analyzing their diseases we have tried to take into account
such significant factors as the way they are kept in the cages, use
in and nature of the experiments, length of time in the animal
house, circumstances of transportation, ete. That is, through anal-
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ysis of the wonditions 4o which a given animal was exposed. we
endeavored to find in its way of life those harmful factors which
may have caused an éxistent disease or promoted its development.
This, unfortumately, did not always prove to be a simple matter.

We believe that the diseases arising in monkeys kept in cap-
tivity ate indicative not so much of the prevalence and frequency
of these diseases among the animals as of the theoretical possibility
of re!producing tliem. We do not intend to present the pathology
of monkeys in, general because the nosology of diseases in monkeys
is largely influenced by the way they are kept in the animal house
and may well change il the conditions are modified. Elucidation
of the factors conducive to the development and acquisition of
various pathological characteristics without experimental inter-
vention may be useful to experimenters in obtaining models of
the various diseases of man.

This investigation was carried out in the Sukhumi monkey
house of the Institute of Experimental Pathology and Therapy,
Academy of Medical Sciences, U'.S.S.R. There are now about 1,000
animals, chiefly of two species—macaques and hamadryads. The
number and proportion of species vary with shipments of new
batches of animals, births, and deaths either in experiments or
from diseases. Every year about 100 or 120 rhesus monkeys, hama-
dryads, and green marmosets are born in the animal house and 500
animals are acquired for use in a variety of acute experiments.

A warm humid climate with a mean annual temperature of
about 4+14.5° C.. a great many hot sunny days, luxuriant evergreen
vegetation, and an abundance of vegetables and fruits in Sukhumi
tend to make the conditions partially resemble those of the mon-
keys' natural habitat. The animals do not all live in the same wav.
The breeding group is kept in open-air cages the year round. A
few animals are also kept there in between experiments. The mon-
kevs used in experiments remain in reagular cages.

The records of the animal house and monkey clinic from 1927
to 1939 along with the data from 1274 autopsies made between
1952 and 1059 served as material for the investigation (Table T).

This material is distributed as follows: 117 autopsies—the
main group of animals dead of diseases or killed in experiments:
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.
TABLE"1
AGE oF THE MAIN GROUP OF MONKEYS AND OF THE l.\u-on'ﬂ-:n MONKEYS THAT Digp '
rFroM 1952 1o 1959 . A
Main Group I;txporlcd
Green -
Macaques Baboons Marmaosels Macutues
Ageof
dead » & ) &
monkeys, E & 3 R £ &+ F S & F
Uptol 23 29 52 17 3 51 9 8 17 9 6 15
1-2 7 2 -2 5 2 27 2 K] 218 350 568
2.4 0 19 29 3 1w 13 1 4 3 28 51 63
34 3 T 7 7 = 3 3 ! 8 17
4-5 2 6 8 3 3 I 1 2 9 9 18
56 2 3 7 4 3 7 | | 10121
6G-7 4 10 4 2 2 1 16 6 22
7-8 3 710 2 7 L 2 1 3 12 2 4
80 G 4 10 1 5 G 2 2 6 4 10
9-10 5 2 7 2 3 ) 2 2 3 1 4
10-11 4 i 8 | 2 2 2 4 4
112 I 1 2 3 3 2 o
12-13 ] 2 3 1 2 3 1 1 1 2 4
13-4 ) 2 7 | 1
1-15 3 3 1 1 2 2 2
1516 5 5 i i 2 1 3 o
16-17 2 1 3 1 | 1 1 1 1
17-18 I | 2 - . ires
18-19 1 1 1 1
140-20 1 1 1 1
20-21 2 1 4
2)-22
22.23 2 2
23.24 | 1

Total M 120 21 Al 105 156 21 26~ 47 327 485 762
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.
762 autopsies—animals imported from India and China dyirg
wighin the first two years of their arrival in the animal house; 95
autopsies—stillborn animals. As regards the 762 imported animals,
the usual causes of death were dysentery, salmonellosis, pneumonia,
parasitosis, and, less commonly, tuberculosis. Dysentery was the
major cause of death. Among the noninfectious diseases, gastric
adeuomatous.polyps were occasionally found among the imported
animals. The nosological pattern in monkeys of the main group
is somewhat more varied owing to a number of diseases academi-
cally noted during autopsy but not the usual causes of death. In
addition to the above-mentioned infections, poliomyelitis, measles,
jaundice, Morgan’s toxinfection, and some other infectious dis-
eases. Such noninfectious diseases as hypertension and coronary
insufficiency, atherosclerosis, and possibly cholelithiasis may well
be related, in our opinion, to the way the animals are kept in the
monkey house.

We should like to begin by emphasizing that in principle these
diseases can be found in other animals too. Some of them are de-
scribed in veterinary textbooks in connection with domestic ani-
mals and in laboratory manuals in connection with experimental
animals. For example, the infectious diseases cited by us, except
dysentery, are found in rodents while cholelithiasis is prevalent in

cattle. A process in the aorta closely resembling atherosclerosis has

been noted in swine and cattle. However, it seems to us that these

pathological conditions in monkeys are closer to the analogical
phenomena in man. In calling certain noninfectious diseases
“purely human” we meant merely to point out that they are asso-
ciated with activities characteristic of man alone. In hypertension
and coronary insufficiency, emotional tension with frequent over-
strain of higher nervous activity and conflicts is a major factor.
G. M. Cherkovich's research on monkeys has shown that arti-
ficial disruption of the normal daily rhythm of physiological func-
tions very quickly results in severe neurotic states and a pathologi-
cal condition of the cardiovascular system. For the monkey—an
animal with complex higher nervous activity—the mere fact of
confinement in an animal house is traumatic enough to lead to
neurosis and eventual disorders of the cardiovascular apparatus.
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We believe that it is theoretically possible to reproduce cardio-
vascular diseases in other animals too (but perhaps less similar to
the corresponding diseases in man) provided that these animals are
subjected to those irritants which are most sigmificant for the given
species. .

Our material consists exsenually of two parts: infectious dis-
eases and noninfectious disecases. An in- bet\\ecn position is pccu-
pied by the commonest helminthic and parasitic diseases in mon-
keys. We have presented the material by nosological featuve, de-
viating on occasions to describe the data in terms of tissues or
organs. The information on clinical symptoms is based partly on
our own observations, but mostly on case records of our monkey
clinic and on published reports.



- " INFECTIOUS 'DISEASES

.’A.m(_mg' the infectious diseases dystentery, tuberculosis, and
salmonellosis are most fully treated in the literature. Most of the
reports deal with descriptions of clinical and bacteriological obser-
vations of enzootic outbreaks of the diseases among monkeys in
animal houses and zoos. In recent years a good deal of attention has
been accorded in the literature to the observations of control labor-
atories of institutes and laboratories manufacturing poliomyelitis
vaccine. These observations are valuable because of the extensive
material and because in most cases the animals died or were sacri-
ficed fairly soon after they were taken from their natural habitat.
We may assume, therefore, that any diseases found in the animals
are characteristic of their habitat. There are some exceptions in
the form- of acute infections that are apparently not associated
with the animals' habitat, although they develop soon alter they
are brought into the animal house, as we shall try to show later.

An analysis of more than 13,000 autopsies of monkeys sacri-
ficed for the preparation of vaccine or that died of various diseases
in two poliomyelitis institutes in Moscow shows that the number
of nosological forms in imported monkeys is extremely limited
(A. P. Savinov and A. V. Tyulanov, 1957; L. A. Porubel: 1. A.
Prokhorova, A. N. Sergeyev, and Yu. M. Slavin, 1958). We know
of almost no diseases of monkeys peculiar to their natural habitat,
Lovel (1929) says that wild monkeys have no bacterial infections.
It is a safe assumption that there are not many of these and gener-
ally it is a question of diseases peculiar to monkeys and not found

in man. Savinov and Tyufanov, relying on the pathoanatomical

data ot autopsies on monkeys sacrificed for the production of polio-
myelitis vaccine, report on malaria as a disease of monkeys. The
basis for this finding was the presence in many animals of an
enlarged spleen and pigment comparable to those in malaria cases.
However, the authors failed to find the malarial plasmodium, and

9
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s« we have to treat their conclusions with Some caution. T homp-
son (1929) told about the discovery of plasmodia in the blood, of
chimpanzees and. gorillas, stating that it was hard to say whether
the animals were suffering from malaria or how p'athogcnic the
plasmodia were. Rigdon and Stratman (1942) demonsirated the
possibility of experimentally reproducing the disease in monkeys
by injecting them with plasmodia. Thompson mentioned finding
trypanosomes in the blood of monkeys living in areas of Africa
where sleeping sickness is prevalent. He referred to the possibility
of reproducing the disease in the animals, adding that they can
develop the disease spontaneously.

Rhesus monkeys are frequently carriers of virus B (K. S. Blin-
nikov, 1958), which is only slightly pathogenic or nonpathogenic
for them. However, experimental intracerebral infection of the
animals with the virus caused severe meningo-encephalomyelitis
with spastic paralysis. Pathoanatomical examination revealed deep
involvement of the blood vessels and, apparently, secondary
involvement of nervous tissue (N. E. Rozina, 1958). Work and
Trapido (1957) and Work and others (1957) described an outbreak
in a forest in the state of Mysore. Since similar mass deaths of
monkeys have been accompanied from time 1o time by epidemic
outbreaks of “forest yellow fever” among people, the authors made
a study of the monkeys and established the viral nature of this
disease. The susceptibility of the animals to a particular infection
varies from species to species. Monkeys in the New World are
highly sensitive to the yellow fever virus, whereas chimpanzees are
not (Hindle, 1929).

Thus, data in the literature justify our speaking of the sick
rate of wild monkeys from yellow fever, from the disease caused
by the virus of human “forest yellow fever,” and possibly from
malaria and sleeping sickness. We may also speak of monkey car-
riers of virus B, which is highly pathogenic for man and certain
animals (rabbits, cotton rats), but nonpathogenic or only slightly
so for monkeys. The bacterial infections, as mentioned above.
include dysentery, salmonellosis, and tuberculosis. There have
been occasional cases of poliomyelitis in anthropoid apes (Howe
and Bodian, 1944, and others), an outhreak of icterohemorrhagic
leptospirosis among chimpanzees (Wielbert and Delorme, 1920).
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pasteurellosis (E. D. Dzhikidze. and S. M. Pekerman, 1958; Smitl ,
1954) and an outbreak of measles among monkeys (N. Ye. Rya-
zantseva, 1956). As far as such diseases as poliomyelitis and measles
are concerned, we are quite sure that they are caused by close con-
tact with man. :

Our material deals with dysentery and penumonia, which are
very common,-tuberculosis, which is less common, and the isolated
cases of poliomyelitis, Morgan's toxinfection, and paratyphoid that
we personally observed. Meningitis, brain abscess, myocarditis,
and pericarditis occasionally occur as a complication of other
discases.

DYSENTERY

Dysentery is now recognized as one of the most common dis-
eases of monkeys in captivity. Monkeys seem to be the only animals
that develop the disease spontaneously. Hill's account of a case
of dysentery in a camel in the London zoo (1952) lacks a detailed
analysis and therefore cannot be taken into consideration. We
must emphasize once again that we are concerned with dysentery
only in captive monkeys, for at the present time there isn’t a single
report mentioning the disease in the wild animals.

Many scientists have published articles on dysentery in mon-
keys (Baumann, 1910; Stadie, 1930; Fairbrother and Hurst, 1952;
Preston and Clark, 1938; Jonson, 1939; Hamerton, 1941; Rewell,
1948: Hill, 1951, 1952, 1957; Ye. V. Abramova, 1949; G. 1. Rozen-
baum, 1953: E. K. Dzhikidze, 1954; and many others). Several of
these authors (Stadie, Dzhikidze, and others) note the prevalence
of the carrier state without any clinical symptoms of the disease.
An outbreak of the discase usually causes the death of many
animals.

In studying the dysentery bacillus carrier state and the disease
itself in the Sukhumi monkey house, E. K. Dzhikidze (1954) found
no distinet seasonal variations in the spread of the disease. She
discovered that the commonest causative agent was Flexner's bacil-
lus transmitted from animal to animal by contact.  The rods were
found in the feces of animals as young as two or three months, and
they were generally suffering from dysenteric colitis.  According
to Dzhikidze, monkeys up to three years old are the most susceptible
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t» dysentery. Ye. V. Abramova (1949), E. K. Dzhikidze (1954),
A. S. Aksenova and O. P. Viktorova (1949) described several eut-
breaks of the discase in the Sukhumi animal house, noting that an
increase in the number of cases usually coincided with the arrival
of a new batch of animals. They believe that newly arrived ani-
mals suffering from dysentery facilitated the spread of the disease
in the original herd. = e

It is clear from the materials on dysentery in monkeys that the
colitis rate of the animals that have been in the mdnkey house a
long time differs considerably from that of newly arrived animals.
This has become particularly apparent of late when deliveries of
large batches have been stepped up.

One gets the impression from studying the data of the above-
mentioned authors that it is the newly arrived rather than the
older animals that make up most of the cases of dysentery occurring
during outbreaks. To determine the frequency of dysentery in
the main group, we analyzed the years when no new animals were
brought to the monkey house so as to avoid mingling the morbidity
rate of the new animals with that of the main group. These years
include the period from 1940 to 1948 when, according to A. S.
Aksenova (cited in E. K. Dzhikidze, 1954), there were only isolated
cases of dysentery.

The difference in rates is apparently not directly related to
the greater incidence of the disease among the new animals. For
example, 119, of a fresh batch arriving in 1937 were found 1o be
carrying bacilli: 6 out of 53 or 11.39 died of colitis (the number
of sick animals could not be ascertained). In 1940, on the other
hand, according to Aksenova, the main group included 21, car-
riers. Moreover, out of 133 monkeys only 4, or 39, had clinically
pronounced dysentery. Dzhikidze's systematic examination of the
main group from 1950 to 1952 made to determine the prevalence
of the dysentery carrier state revealed that a areat many animals
had the disease. In 1952, the total number of carriers in the group
amounted to 38.39,. The author further notes that despite the
prevalence of the carrier state, the dysentery rate was relat ively low,
averaging 10 to 119 of the carriers. She offered no explanation
for this, but did say that in some cases the disease remained unde-
tected possibly because it was asymptomatic,  The same thing was



Infectious Discases 13
observed the following years. In 1954, for example, 459, of tl e
main group were carriers, but the dysentery rate was only 7.1%.
Quite interesting in this connection are the 1957 data when 400
Indian rhesus monkeys were delivered to the animal house between
May and Pecember. It turned out. that 76.5%, of the animals (306
out of 400) were clinically sick, as revealed by the presence of diar-
rhea.of different kinds and severity that showed up at the initial
examination. Dysentery bacilli, chiefly of the Flexner type, were
found in the-feces of 256 animals (649,) during the second and
third examinations. Within the first two months of their arrival
124 (319,) died. During the same period of time the main group
of 600 monkeys in the animal house included 195 carriers or 32.5%,.
Of these 26 animals or 4.39, were sick and 13 eventually died of
the disease.

Our figures relate for the most part to macaques, chiefly those
imported from India. However, despite the comparatively low
dysentery rate in the main group, the mortality rate among the
sick animals was substantial. This was also observed in 1958 when
9 out of 13 sick monkeys in the main group died of dysentery.

According to Dzhikidze, dysentery is rare among marmosets
and baboons. In 1952, despite the considerable number of bacillus
carriers in the band of baboons, none of them seemed to have dysen-
tery. The author thinks this is due to the low species susceptibility
of baboons to the disease.

An analysis of the bacteriological examinations and data on
the morbidity and mortality of baboons leads to the same conclu-
sion.

It is unfortunate that we have no information on the carrier
state and dysentery rate of the baboons from 1927 to 1950. The
slight incidence of the disease among these animals is indirectly
attested by the low ratio of dysentery mortality to total morbidity.
During this time only 7 baboons died of the disease. Annual bac-
teriological examination of the animals from 1950 to 1956 (the
number of animals examined in the different years ranged from 72
to 227) showed that the percentage of carriers varied from 377 to
16.59,. Throughout this period a total of 10 monkeys had dysen-
tery, $ of which died. In 1957, 24.69% of the animals were carriers.
This figure, however, does not include cases of the disease.  An-
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o her bit of indirect evidence of low susceptibility is the fact that
there wasn't a single outbreak of dysentery in the batch shipped
from Africa in 1948 (largely baboons).

Among the macaques Indian monkeys seem to be more sus-
ceptible than Chinese monkeys, For example, despite the substan-
tial number of carriers among the animals imported from China
in 1955-1956 (13 carriers out of 28 examined), there was virtnally
no clinically pronounced case of the disease.

According to Abramova (1952), Dzhikidze (19523, Preston and
Clark (1938), and others, clinically acute dysentery in monkeys
occurs in the form of a mucopurulent colitis. In addition, the
feces are more or less admixed with blood. 1. S. Gvazava (1958)
mentions the polymorphism of dysentery symptoms in monkeys. In
severe cases of an acutely developing disease where the animal may
die on the second or third day, the author observed sharp deteriora-
tion in the animal’s general condition—sluggishness, immobility,
rejection of food. Body temperature drops along with blood pres-
sure and the skin becomes pallid. Pronounced signs of dehydra-
tion accompanied by sunken eyes and decreased skin turgor are
common. The latter may develop very quickly, in less than a day,
as we have ourselves observed. A typical symptom, according to
the author, is diarrhea with an admixture of mucus and blood ‘zmd
frequent tenesmus. Vomiting is common. Dysentery may also
develop in a mild form when the diarrhea stops within three or
four days and the animal recovers spontaneously without medica-
tion. The diarrhea is characterized by varying amounts of mucus
in the feces. There are also apparently transitional forms when
the symptoms are more or less distinctly pronounced.  Gvazava has
noted even milder forms of the disease with a blurred clinical pic-
ture. The diagnosis here requires confirmation by bacteriological
examination and sigmoidoscopy.

Dzhikidze, Gvazava, and other investigators of dysentery in mon-
keys state that colitis often recurs in the same animal, They regard
this as a form of chronic dysentery. It may show up (’iilli('all)'
during periods of exacerbation of the process as a typical pur
hemorrhagic colitis m: develop atypically when the animal has
so-called loose stools with frequent mild bouts of diarrhea. None
of the investigators, unfortunately, mentions whether there is any

ulent
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difference in clinical sy’mpt(.)m.s bgtween monkeys that have beej
in the animal house fQr some time and those recently brought there.

What has been said above applies chiefly tp macaques and
green marmosets. Observing baboons, Gvazava found that at times
dysentery develops in typical fashiop, while at other times the dis-
ease shows up as ordinary diarrhea resembling dyspepsia.

There arg just a few references in the literature to the nature
of the pathomorpholoolcal signs of dysentery in monkeys and they
deal mostly with macroscopical lesions of the intestine (Preston and
Clark, 1938; N. P. Tsvetayeva, 1941; Revell and Bridge, 1948; Ye.
V. Abramova, 1949; B. A. Lapin and L. A. Yakovleva, 1957). After
noting the great similarity between the morphological manifesta-
tions of the disease in monkeys and those in man, the authors gen-
erally characterize dysentery in monkeys as an ulcerative diph-
theritic process. Tsvetayeva notes that in prolonged illnesses the
process developed sluggishly in the mucosa of the large intestine
together with hemorrhage and edema in numerous retention cysts.
Yakovleva (1958) describes the morphology of dysentery in mon-
keys, emphasizing its polymorphism as well as its resemblance to
the pathoanatomical manifestations in man.

Over a period of six years we observed a total of 582 cases of
dysentery of which 58 were in the main group of animals and 524
were imported animals.

The pathomorphological manifestations of dysentery in mon-
keys differ both macroscopically and microscopically in nature and
degree of injury to the walls of the intestine. An autopsy generally
shows a distended intestine, especially near the cecum. This dis-
tention is almost always uneven. Distended areas of the intestine
alternate with contracted areas. Less commonly the intestine is
contracted almost throughout while the intestinal lumen is sharply
constricted.

Desquamative muccous catarrh is the mildest form of intes-
tinal wall injury. The lumen of the large intestine is ordinarily
filled with masses of liquified feces admixed with varying amounts
of mucus. The mucosa of the large intestine is unevenly swollen,
pink, with occasional hemorrhages. The lolds of the mucous mem-
brane are thickened (Fig. 1). A microscopical examination reveals
a thickening of the mucosa due to edema and distinct signs of
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Fig. 2. Photomicrograph. Mucodesquamative colitis. The green marmaoset Isa,
Stained with hematoxylin-cosin, Obj, 20, oc. 7.
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desquamation and neerosis of the epithelium (Fig. 2). The epi-
lhellum abounds in gol)lel cels. The crypts are generally enlarged
and overflowing with mucus. Together with thc mucus the de-
squamative cCells farm a layer of varying thickness n the inner
surface ok the intestine where occasional lymphoid ar d leukocytic
cells are visible in the midst of the nec rosing epithelial cells. Re-
tentjon cysts of varying sizes filled with mucus are frequently found
in the mucous thembrane. The connective-tissue stroma of the
mucous membrane is infiltrated by cellular elements somewhat
Jarger than usual. Accumulations of macrophages and, less com-
monly, of leukocytes can be found. Small craterlike defects can
be observed in areas of thickened edematous mucosa where the
mucosa has been destroyed to the base. The resultant defects are
filled with an exudate containing varying amounts of leukocytes.

The blood vessels of the mucous and submucous layers are
dilated. Here and there one encounters hemorrhages. The sub-
mucous layer is slightly edematous generally in the area of the folds
of the mucosa. There is no perceptible infiltration of the sub-
mucous layer; only small, mostly perivascular infiltrates can be
seen. The connective-tissue cells of the submucous membrane, in
particular the endothelial cells of thin-walled blood vessels, usually
have large, rounded, light-colored nuclei.

In some cases of catarrhal desquamative colitis the edema and
thickening of the intestinal wall are much more pronounced and
the surface of the mucosa is jellylike in character, mottled, with a
great many hemorrhages. The folds are generally coarse and thick-
ened. Every now and then small superficial defects appear on the
inner surface.  Microscopical examination in these cases reveals
the necrosis of intestinal epithelium both facing the intestinal
lumen and in the crypts. Remnants of the crypts can be found only
in the basal portions of the mucosa. In places the epithelium of
the crypts is almost completely necrotic so that the only thing
remaining of the intestinal mucosa is loose, edematous connective-
tissue stroma.  There is no evidence of abnormal production of
mucus in these portions of the mucosa. On the contrary, the
crypts seem to be collapsed and, as a rule, lacking in goblet cells
(Fig. 3). The lumens of the vessels are often filled with fibrinous
thrombi. Infiltration of the submucosa is very slight.
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Fig. 3. Photomicrograph. Severe desquamative catarrh. Marked edema and
hyperemia of the intestinal mucosa and submucosa. The rhesus monkey
Shchurka, Stained with hematoxylin-cosin. Obj. 10, oc, 10,

The microscopical picture described above ordinarily is not
uniform. Less damaged areas showing a marked increase in the
production of mucus can be seen throughout the large intestine
along with destroyed areas.

However, the process in the large intestine is more frequently
not limited to edema, hyperproduction of mucus, and necrosis of
crypt epithelium.  Here and there it acquires the character of a
mucopurulent inflammation, sometimes slightly admixed with
fibrin and necrotic areas in the mucosa.  Macroscopically, one can
see here on the inner surface of the intestine islets of yellowish-gray
deposits tightly adhering to the injured portion of the mucosa. In-
filtration of the mucous and submucous layers chiefly by leukocytes
is more sharply pronounced.



Fig, 4. Diphtheritic colitis. The rhesus monkey No. 2230,

In cases where the process resembles diphtheritic colitis, the
mucosa of the large intestine is found to have scattered islets of
rough, dirty gray films tightly adhering to it. Much more rarely
fibrinous deposits can be seen almost everywhere on the mucosa
of the large intestine (Fig. 1).

Microscopical examination of the affected areas of the intes-
tine shows deep necrotic patches not only embracing in places the
entire thickness of the mucosa, but also reaching at times the sub-
mucous layer, which may result in the formation ol pockets of pus.
The necrosed tissues and adjacent areas of surviving intestinal wall
contain an extremely large quantity of cellular elements chiefly
made up of segmentocellular leukocytes.

Infiltration and edema cause the mucosa to thicken to four
or five times its normal size. Intestinal crypts partially undergoing
ecrosis are generally preserved only in the basal portions of the
mucosa.  In some of them the lumens are enlarged and filled with
a leukocytic exudate.  In places the necrosed tissue saturated with
the exudate is torn away while the bare surface of the intestinal
wall is lined with young epithelium starting from the surviving
portions of the crypts (Fig. 5). The young epithelial cells of the
newly formed crypts covering the base of the defect are frequently
flattened and have a large light-colored nucleus.  No mucus can
be seen in the protoplasm of these cells.  Regeneration ol intestinal
epithelium is more readily observed in places where there are no
fibrinous purulent deposits on the surface of the mucosa.  Detach-
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Fig. 5. Photomicrograph. Epithelial regeneration in diphtheritic colitis. The
rhesus monkey Zukkur. Stained with hematoxylin-eosin, Obj. 10, oc. 10,
‘ ¢ .

ment of the exudate may lead to the development of numerous
ulcerative defects (Fig. 6).

This process is accompanied by the development ol edema in
the submucous layer and by intensive leukocyte and histiocyte
infiltration of the latter, especially near the tunica muscularis
mucosac.

A great many leukocytes are found in the lumens of the blood
vessels, filling them almost completely.

Many hemorrhages can be seen throughout the intestinal wall,
especially where it borders the affected portions and in the general
area of these portions. The vessels in diphtheritic colitis are dilat-
ed, but there is no indication of the pronounced dilatation of the
thin-walled vessels that can sometimes be observed in a severe case
of acute desquamative catarrh.

Much rarer by comparison with the above forms of colitis are
cases with a predominance of the necrotic process in the mucousa
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Fig. 6. Ulcerative colitis. A rhesus monkey.

of the large intestine, in which the cellular character of the infiltra-
tion in involved areas is not marked.

Macroscopically the process does not differ from the usual
diphtheric colitis. However, microscopical study of such cases
shows that the widespread necrosis, frequently affecting the entire
mucousa, and extending in places to the submucous layer, contains
almost no cells.  The lumen surface of the intestinal wall shows
definite features of microbism. The necrotic portions are fre-
quently filled with an albuminous exudate. In some areas there
is little exudate, in others the abundant accumulation of exudate
on the mucosal surface leads to its marked thickening. Occasion-
ally it is possible to distinguish contours of former crypts and ves-
sels in the anuclear necrotic tissue.  Such blood vessels are filled
with homogeneous thrombi. On the periphery of the necrotic
zone, at the boundary of intact tissues, are seen large quantities of
cell fragments and greater or lesser accumulations of cells, predom-
inantly leukocytes: there is marked proliferation of histiocytic
elements. Accumulations of leukocytes and homogeneous thrombi
are seen in the dilated blood vessels. The vascular endothelium is
markedly swollen.  Cellular infiltration continues along the course
of the blood vessels. Perivascular small hemorrhages are frequent.
In places necrotic sections of tissue are separated from the intestinal
wall forming various size ulcers.
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« The submucous layer' is thiekeped four, five to Six times
because of edema. Various degrees of hyperemia and edema qf
the serous layer is érequently observed. Rarely one can see areas
where necrotization is extensive enough to incfude not only the
mucous but virtually the entire submucous layer, dowfi to the
muscle tissue. In such cases one can easily see that the repeating
necrotic process has spread along the former cellular torus as well
as along the periphery of the previously involved area. Accumula-
tions of cellular elements are not found along the &dges of the
secondary deep necrosis. Only dilatation and engorgement ol many
blood vessels is noted.

Together with the above-described cases of dysentery, in which
macro- and microscopical studies of the large intestine revealed well
developed inflammatory lesions, a considerable percentage of mon-
keys perishing from far-gone diarrhea showed a different picture
at autopsy. The intestinal wall, in the large as well as in the small
intestine and the stomach, was thinned out. The lumen of the
large intestine was dilated and filled with foul smelling, dirty-grey
liquid. The mucosa was pink, with poorly delined folds. and
showed varying numbers of small hemorrhages.

Microscopical study showed a thin mucous membrane, its
height frequently varying in different parts of the large intestine.
There was a distinct decrease in the number of crypts (Figs. 7, 8)
which frequently were seen only in the basal portions of the
mucousa. The epethelium lining of the intestinal lumen was [re-
quently missing. Interspread with this were mucous membrane
portions with engorged blood vessels. In these cases the tissue of
the mucosa is often diffusely saturated with blood for a consider-
able distance. Some parts of the surface of the mucosa contain
small deposits of fibrin with a few leukocytes included.  The sulb.
mucosa may be quite edematous, especially in the areas of hemor-
rhagic saturation of the mucosa. The blood vessels are dilated,
with a great many leukocytes frequently present in the lumens.
Thus, in acute cases the morphological manifestations of (lys('mery
may be different. Sometimes desquamation of the epithelium
and edema of the mucosa accompanied by intensified production of
mucus predominate. At other times when necrosis of epithelinum
reaches substantial proportions, intensilied production of mucus
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Photomicrograph. Liquefaction of crypts in the mucosa of the large

Fig. 7.
intestine in dvsentery. The rhesus monkey Ruta. Stained with hematoxylin-
cosin,  Obyj, 20, oc. 10,
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Fig. 8. Photomicrograph. Atrophy ol the mucosa of the large intestine, edema
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of the submucosi, The rhesus monkey No, 29200 Stained with hematosylin-
cosin. Obj. 10, o 7,
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is ot in evidence. Manifestations of dysentery in the form of
diphtheritic colitis may also vary in accordance with the nature of
the cell reaction ir the areas affected. In some cases this is char-
acterized morphologically by copious leukocyte infiltration of
necrotic portions, in others there is extensive necrosis with vague
cell reaction. Finally, the colitis may be morphologically char-
acterized by distinct signs of atrophy in the mucosa of the large
intestine, which clearly predominate over the inflammatory proc-
ess. In distinguishing the individual forms of dysentety, it should
be pointed out that the process is never uniform throughout the
large intestine so that one can speak of the morphological forms of
the disease only in the sense of this or that process being predomi-
nant in the intestine. For example, along with severely affected
necrotic portions of the mucosa there are portions exhibiting lesser
injury in the form of a mucodesquamative catarrh, etc.
Morphologically, the mildest form of acute dysentery appears
to be desquamative colitis, which is accompanied by a sharp
increase in the production of mucus. However, the catarrhal form
of the disease often follows a very severe course. It is important,

"y . '
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Fig. 9 Photomicrograph. Ingrowth of deformed crypts in the submucosa. The
rhesus monkey Shalik, Stained with hematoxvlin-cosin. Obj. 10, oc. 7.
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Fig. 10. Photomicrograph. Repair of an old ulcer. The rhesus monkey Shus-
traya. Stained with hematoxylin-cosin. Obj. 10, oc. 10,

in our opinion, to divide catarrhal dysentery into mild and severe
forms because the impression exists that the clinical course of the
latter is apparently just as severe as in diphtheritic colitis.  This is
also stressed by M. A. Skvortsov, who has frequently observed in
infants’ dysentery in the form of a severe catarrhal colitis.

In those cases where not only the epithelium of the intestine
but also the connective-tissue stroma ol the mucosa undergoes
necrosis, the process also appears to develop in various ways depend-
ing on the reactivity of the organism. Sometimes there is a strong
cell reaction in the form of a ridge on the border of necrotic tissue
or marked infiltration of necrotic portions, which may result in
their becoming liquefied or detached. Moreover, physiological
regeneration of the epithelium is not suppressed so that very often
at different periods of death of the animals one can trace the regen-
eration of epithelium both in the form of new crypts developing
on the site of the necrosis and in the form of pronounced epitheli-
zation of the defects produced in the mucosa (Figs. 9 and 10).
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I other cases the cell reaction, is poorly expressed. The necro-
tic process progresses and spreads to the intestinal wall, tending to
embrace here and there the cell ridge previously formed. This
severe necrotic, essentially a reactive type of colitis does not seem
to be too common and we observed it only among animeals newly
arrived in the monkey house.

Finally, in cases of death from diarrhea characterized chiglly
by atrophy and destruction of the mucous membrane, one can
scarcely speak of colitis. Atrophic changes in the large intestine
were caused, in our opinion, primarily by nutritional disorders,
intestinal dysbacteriosis, and avitaminosis (chiefly B-complex).
Dysenteric changes were added to intestinal atrophy caused by the
aforementioned factors, although some of the diarrheas were
undoubtedly not of dysenteric origin, but were due to atrophic
changes in the intestine.

A comparison of the data derived from morphological exam-
ination of the intestines of monkeys in the main group and of the
imported animals ¢hat died one or two months after arrival in the
monkey house showed that, despite the general resemblance in
morphology, dysenteric colitis in both groups developed as a catar-
rhal ulcerative inflammation of the intestine.

We noted five cases of diphtheritic colitis and five cases of
atrophic colitis among monkeys in the main group (58 animals).
At the same time there were 40 cases of diphtheritic colitis and 127
cases of atrophic colitis among 524 imported animals.  In terms of
percentages (if one can speak of percentages at all with such a com-
paratively small amount of material), the frequency of diphtheritic
colitis was almost identical in both groups — 8.69, of the main
group, 7.6%, of the imported animals.  Atrophic colitis was much
more common among the imported animals (24137, as against 8.69;
among the main group in the monkey house).

In comparing the course of colitis in both groups of animals,
we were unable to evaluate the effect that may have been exerted
by the various antibiotics used. In general, the drugs were admin-
istered in about the same combinations and amounts,

Some of the animals we examined (15 macaques of the main
group) had frequent recurrences of diarrhea while they were alive,
sometimes with a pronounced colitic syndrome.  Tn most cases,
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however; the picture was blurred. Dysentery bacilli, chiefly the
Flexner type, were noted wich varying frequency in the feces. The
" animals were treated with antibiotics when the diarrhea became
exacerbated. ' .

Varying degrees of injury to the large intestine were noted
macroscopically during the autopsy. The contents of the intestine
were generally liquid or pulpy, more or less admixed with mucus.
In two instances the contents were formed and resembled “sheep
dung” in the sigmoid colon and rectum.

The intestinal wall in most cases was thickened, faintly pink,
frequently with coarse folds. In some portions, and sometimes
throughout the entire large intestine, the mucous membrane was
smooth, almost devoid of folds. The intestinal wall was attenuated
in some animals. It was often possible to see a deposit of pigment,
which imparted a slate-gray color to these portions of the mucosa.
Sometimes it was pale and fine-grained.

Different sections of the large intestine frequently contained
ulcerative defects of varying sizes and extent, mostly irregular and
geographical in form. The margins of the ulcers were generally
well defined due to the ridgelike thickening of the mucosa in these
sections. The base of the ulcers was mostly smooth, sometimes
fine-grained, and lacking in normal folds. In some cases it was
clear, but more often was covered with a grayish deposit. Tt was
often possible to see in the margins and throughout the ulcer
different sized, irregularly rounded islets of the mucous membrane
protruding into the intestinal Tumen in the form of polypous
arowths.

In two cases there was marked constriction of the intestinal
lumen at the sites of extensive ulcerative defects.  As a result, the
Jarge intestine in one animal was obstructed at the place where the
sigmoid colon passed into the rectum.  This took place slowly over
about a month when the baby monkey's stomach gradually
enlarged, becoming two and one half times the normal size when
it died. The autopsy revealed extreme distention of the large
intestine and lower portion of the small intestine with malodorous,
liquid, yellowish-gray feces filling these areas.

Histologically, the structure of the intestinal wall was wholly
abnormal in the region of the ulcer. The wall was generally thick-
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Fig. 11. Photomicrograph. Chronic cecal ulcer. The rhesus monkey Tara.
Stained with hematoxylin-eosin. Obj. 10, oc. 7.

ened at the site of the ulcer. The base of the ulcer contained
granulation tissue with varying degrees of maturity, representing
part of the submucosa of the intestinal wall (Figs. 11 and 12). These
portions had many blood vessels in some of which the lumens were
constricted and the walls hyalinized. We could often see scattered
bits of muscle fibers in the midst of the sclerosing granulation tissue
near the intestinal lumen. Of the mucous membrane in the region
of the ulcer there generally survived only individual islets of irregu-
lar, disfigured, short, sparsely distributed crypts, often found not
only in the mucosa, but also partly in the submucosa (Fig. 9).

Here and there we could see layers of thickened epithelial
cells growing on granulation tissuc¢ on the side of the surviving
crypts.  The margins of the ulcer devoid of epithelium on the
surface extended considerably over the base: they were made of
long, sometimes slightly twisted crypts rich in goblet cells.  In some
places we saw round cysts filled with mucus or leukocytes.  Some-
times we found uneven crypts, the epithelium of which formed
papillate protuberances. This type of islets of hypertrophic mucous
membrane appeared all over the ulcer. They formed polypous
orowths in the intestinal Tumen.

In some instances the base of the ulcer was almost clear, but
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Fig. 12. Photomicrograph. Chronic ulcer of the large intestine with sclerosed
base. The rhesus monkey Vil'ya, Stained with hematoxylin-cosin, Obj. 8, oc. 7.

generally the resultant defect was filled with a dense exudate
abounding in leukocytes. Trregularly formed portions of the
mucous membrane near the base of the ulcer were frequently lique-
fied into pus and destroyed. Here and there we observed partial
detachment of the exudate with a young epithelial layer growing
underneath. Wherever there was an accumulation of a purulent
exudate in the lumen of the ulcer, we noted intensive infiltration
of granulation tissue, chiefly by leukocytic, but also by histiocytic
and lymphocytic cellular elements.

In cases where the base of the ulcer was virtually clear, infil-
tration of the surviving portions of the mucous and submucous
membranes tended to be indistinet (Fig. 12). Lymphocytes and
histiocytes often predominated among the infiltrating cells. Macro-
phages and plasma cells could also be seen.

The submucous membrane near the base of the ulcer were
sclerosed as well as edematous.  In places the serous membrane was
moderately edematous.  The intestinal wall outside the ulcers like-
wise frequently appeared to be changed. The mucosa was ol
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uneven height.  Atrophic portions were encountered with sparsely
distributed crypts. The crypts of the mucous membrane often
contained cysts of varying sizes filled either with mucus or with a
leukocytic exudate. The submucous membrang here was normal
or moderately edematous.

Without going into a detailed discussion of whether or not
chronic colitis is “chronic dysentery,” we should like to point out
that frequent recurrences of diarrhea in monkeys (during which
the causative agents of dysentery are often disseminated) lead to
extensive reorganization of the intestinal wall. Despite constant
regeneration, chronic ulcers are not completely epithelized. The
newly formed mucous membrane is very mostly atypical in struc-
ture. Disrupted regeneration is characterized not only by the
abnormal formation of new crypts in the mucosa, but also by the
growth of eplthehum into the submucosa with the (lu'clnpmun
there of cysts and deformed crypts. The process of ulcer regenera-
tion is accompanied by sclerosis of the underlying tissues with
marked changes in the blood vessels through hyalinization of their
walls. In addition, signs of acute intestinal catarrh in all its mani-
festations can be seen.

The lymph nodules of the large intestine are always edematous
in acute cases of dysentery and contain necrosed lymphoid ele-
ments, the stroma in the central portions ol the hodules heing
exposed. These portions are sometimes covered with albuminous
masses. In some cases of fibropurulent dysentery one can see an
accumulation of macrophages in the nodules along with almost
complete displacement ol lymphoid tissue, which survives only
along the periphery of the nodules (Fig. 13).

Involvement of the nodules in some animals, chicfly young
monkeys, is more extensive than the process described above. The
animals frequently exhibited at necropsy distinct enlargement of
the nodular process of the intestine and, at times, small ulcerative
defects in the central portions.  Only once were we able to see what
appeared to be the start of this process. There was a very large
accumulation of segmentonuclear leukocytes just under the epithe-
lium near the natural recess normally found in the mucous mem-
brane and corresponding to the nodule located there. The recess
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Fig. 13. Photomicrograph. Awrophy of a follicle of the large intestine in dysen-
tery. The rhesus monkey Shut. Stained with hematoxylin-cosin. Obj. 10, oc. 10,

was enlarged and filled with mucus. A small ulcer was developing
on the site (Fig. 14). The base of the ulcerative defect was being
gradually epithelized. The process of regeneration of the mucosa
is often accompanied by the growth of crypts in the tissue of the
nodule.  The crypts are mostly deformed, becoming closed cysts
lilled with a leukocytic exudate or with mucus. As the process
develops, the tissue of the nodule hecomes partially destroyed and
sclerosed so that the lymphoid tissue is frequently indiscernible
only along the periphery of the nodules.

Involvement of the nodules never occurs as an isolated process.
Inflammation ol the mucosa is often accompanied by the develop-
ment of ulcerative defects of various sizes in all cases of nodular
dysentery.

Whenever an animal recovers brom dysentery, the imflamma-
tory process in the intestine very frequently, if not invaviably,
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Fig. 1. Photomicrograph, Follicular ulcer. The rhesus monkey No. 1502,
Stained with hematoxylin-cosin. Obj. 8, ac. 7.

leaves definite morphological traces. For example, in examining
the intestines of animals that had dysentery but died of different
causes, we always saw indications of reorganization in the mucous
membrane, ie., individual small round cysts filled with mucus.
There were often atrophic portions in the mucosa in the form of
contracted and evacuated crypts, sometimes portions with deformed
crypts near which the submucosa was thickened, showing traces
of sclerosis. Isolated crypts in the submucosa were also visible,
usually near the nodules. Fairbrother and Hurst (1932) dissected
more than 600 monkeys and found in a microscopic examination
that the large intestine of most of the animals exhibited cystoid
enlargement and infiltration of the mucous glands with leukocytes.
There are indications in the literature (Bach, 1931, and Oll;crs)
that even in monkey bacillus carriers the intestine may bhe un-
changed. This is conceivable on the assumption that the carrier
state is transitory and that no pathological process has developed.

After studying a great many cases of dysentery in monkeys, we
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have come to the conclusion that localization of the pathological
process in the large intestine is highly variable. Sometimes the
testine is rather extensively affected and shows changes from the
cecum to therectum. At other times the upper section of the large
intestine (or only the cecum or the area of Bauhin’s valve) is affect-
ed. In approximately one-third of the cases the process is localized
in the lower section of the intestine, i.e., in the sigmoid colon and
rectum. Toe

Thus fag we have discussed involvement of the large intestine,
the main site of the pathological process. However, not infre-
quently the small intestine (chiefly the lower division) and stomach
are involved in the process. This is expressed in acute cases
chiefly by the development of a desquamative mucous inflamma-
tion. Desquamation of the epithelium is so intense in the small
intestine that the villi generally have no epithelial lining. Masses
of mucus and cast-off epithelial cells coat the inner surface of the
intestine. The mucosa, particularly the villi, is frequently edema-
tous. Edema of the submucosa varies in degree. The blood vessels
are always dilated. Superficial necrosed areas are much less com-
mon in the small intestine. Diphtheritic inflammation of the wall
of the lower sections of the small intestine was very rare in our
material. Involvement of the stomach was usually marked by
intensified desquamation of the epithelium and production of
mucus. Occasional shallow erosions were confined to the mucous
membrane. In some cases of chronic colitis the gastric mucosa was
found to contain small ulcers with moderately sclerosed base
extending to the submucous membrane.

In cases with a chronic inflammatory process in the large
intestine, especially when the mucosa was atrophied, it was pos-
sible to trace the atrophic process both in the small intestine and
near the gastric mucosa. The latter was very low, with clearly
defined but scanty crypts.

In some cases of acute desquamative purulent catarrh of the
large intestine it was noteworthy that the process had spread to
the gastrointestinal tract, embracing the entire small intestine and
stomach.  On the other hand, in severe diphtheritic colitis the
process was confined to the large ime.sline.. frequently with no
perceptible inflammation of the small intestine or stomach.
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Besides the gastrointestinal tract, the mesenteric lymph nodes
may also be involved in the process. * In acute cases these nodes are
enlarged, pale, and succulent when cut. The enlargement of the
lymph nodes; as is evident from an histological examination, is not
due to hyperplasia of lymphoid tissue. On the contrary, the corti-
cal layer of the node is generally narrow while the nodules are
small. The light-colored centers in the nodules are small and some-
times invisible. Their cells are rather sparsely distributed. One
can often see here an albuminous exudate and macrophages loaded
with fat. Cell disintegration is frequent with the formation of
chromatin lumps. The sinuses of the nodes are always dilated and
their lumens filled with a serous fluid. This fluid contains vary-
ing amounts of macrophages in the protoplasm of which ingested
erythrocytes can often be seen in addition to cellular fragments.
There are also leukocytes. In some cases of purulent necrotic coli-
tis large numbers of leukocytes are found in the marginal sinuses
of the lymph nodes. The pulp of the nodes frequently contains not
only mature leukocytes but also younger myeloid elements. In
occasional cases of acute colitis oxydase-positive cells in the mesen-
teric nodes become very numerous, filling almost the entire tissue
of the nodes and not extending only to the area of the nodules. The
blood vessels of the nodes are generaliy dilated.  Small hemor-
rhages are common; the endothelium of the sinuses and vessels is
succulent and swollen.

Histologically, therefore, changes in the mesenteric lymph
nodes in acute colitis include chiefly hyperemia, hemorrhage and
edema, transudation of an albuminous fluid, and the presence ol
varying amounts of myeloid elements.

In chronic colitis the lymph nodes, especially in the mesentery
of the large intestine, are comparatively small, round, compaci
formations, pale yellow-pink in cross section.  Desides the phe-
nomena noted in acute colitis, one can see the growth of connective
tissue in the nodes and the resultant marked thickening of the
septa between the sinuses.

The spleen, as a rule, i1s not too enlarged. It is somewhat
enlarged in acute colitis, especially when the process is accom
panied by enlargement of the lymphatic apparatus of the intestine.
In such cases the splenic pulp may have numerous nodules, some-
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Fig. 15. Photomicrograph. Albuminous saturation of the central arterial wall
ol a splenic nodule in acute desquamative colitis. The rhesus monkey Shurka,
Stained with hematoxylin-cosin. Obj. 20, oc. 10.

times with round, light-colored centers. Most of the time the
spleen is normal in size or somewhat shrunken with mucronate
edges. The splenic pulp in acute cases is hyperemic while the
sinuses and blood vessels, including the central arteries of the
nodules, are engorged. The walls of the latter are often [rayed.
friable, saturated with a pale albuminous fluid (Fig. 15). Albu-
minous masses can often be seen in the central part of the nodules
as well. The walls of the central artery are very often changed in
cases where edema of the intestine and hyperemia of the intestinal
wall are very pronounced. The nodules of the spleen are generally
small.  Their central portions, consisting of occasional pale cells.
contain varying amounts of lumps of nuclear detritus.  Small
hemorrhages can frequently be observed in the splenic pulp.
The spleen shrinks together with atrophy of the mucosa ol
the large intestine.  The nodules of the spleen are usually very
small.  Sometimes one can observe a large accumulation of evythro-
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nodule in atrophic colitis. The rhesus monkey No, 1126. Stained with hema-
toxylin-eosin.  Obj. 10, oc. 10.

cytes around the central artery at the place where the nodule is
atrophying (Fig. 16).

In chronic colitis too the spleen tends to be small. Histologi-
cally, besides hyperemia it is sometimes possible to observe hyalino-
sis of the walls of the central arteries as well as deposits of a brown
pigment in the septa between the sinuses. Macrophages and
plasma cells are often visible among the cells of the pulp.

In acute colitis the adrenal glands become enlarged due to
thickening of the cortex. Macroscopically, the latter seems to be
swollen, yellowish-pink, and comparatively deficient in lipoids. The
virtually complete lack of lipoids in the cortex is also easily traced
histologically. Fairly small amounts of fatty inclusions are found
only in the cells of the glomerular zone and in the central portions
of the fascicular zone. The organ is invariably hyperemic and
sometimes there are small hemorrhages in the cortical substance.
Hyperemia is present in varying degrees in the other internal
organs. It is particularly prominent in the liver where histologi-
cally one can see marked dilatation of all the blood vessels up to
the intertrabecular capillaries. The lumens of the capillaries often
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Fig. 17. Photomicrograph. Necrosis of the liver in acute dysentery, The rhesus
monkey Shurka. Stained with hematoxylin-cosin. Obj. 10, oc. 1.

contain varying amounts of leuocytes. In these cases there is occa-
sional necrosis of individual groups of liver cells, quite often near
the central vein (Fig. 17).

Adiposis of liver tissue is not present in all cases and it is often
indistinct.  Small perivascular, chiefly round-cell, infiltrates are
frequently found. Similar infiltrates are sometimes found in the
myocardium. In only one instance was infiltration of the myocar-
dium more pronounced, i.e.,, when the process assumed the char-
acter of interstitial myocarditis with moderate proliferation of his-
tiocytic elements of the stroma and marked round-cell infiltration.
According to O. L. Vishnevetskaya (1938), the development of
myocarditis in human dysentery is also a rare phenomenon.

Hyperemia of the tissues and varying extent of epithelial
degeneration of the convoluted tubules are frequently observed
in the kidneys. Swelling of the epithelium is sometimes associated
with faint fine-droplet fatty infiltration of the latter. The lumens
ol the capsules sometimes contain [inely-granulated masses that
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stain weakly with eosin. Similar accumulations are encountered
from time to~iimie in the lumens of the straight tubules. Hemor-
rhages in Kidney tissue are rare. Masses of érythrocytes are olca-
sionally visible ih the lumens of Bowman's capsules.

Thus, the morphological manifestations of dysentery in mon-
keys are quite similar to those of dysentery in man. In the large
intestine, the organ most affected, the morphological characteristics
of the process depend on the extent of tissue infury ‘and nature of
the exudate elaborated. Although the process throughout the
large intestine is generally variegated, one form or other of the
inflammatory process tends to dominate.

Observations of dysentery in man (L. S. Bibinova, 1954) indi-
cate that regeneration of intestinal epithelium takes place through-
out the illness simultaneously with the processes involved in
destruction of the intestinal wall. We were frequently able to con-
firm this during our investigation of dysentery in monkeys.

Extensive deformation of the intestinal wall creates the condi-
tions for transformation of an acute process into chronic colitis.

Not having gone into this problem directly, we shall not dis-
cuss here the question of deep involvement of the nerveus system
in the disease and particularly, of the nervous apparatus of the in-
testine. The latter is well known in human dysentery and undoubt-
edly plays an important part in transforming an acute inflammatory
process in the intestine into a chronic one by first disrupting normal
regeneration of the intestinal wall.

Of no litde significance in the development of dysenteric
colitis and its transformation into a chronic condition is (Icc'p
mvolvement of the blood vessels with stasis, albuminous satura-
tion of the vascular wall, and thrombosis. These changes occur in
the spleen and lymph nodes as well as in the intestinal wall. These
may possibly be the cause in part of the small necrotic patches
found in the liver in severe cases ol dysentery.

The process is characterized, as a rule, by the absence of an
active reaction by the lymphatic system and spleen, which is well
known, particularly in dysentery in children (M. A. Skvortsov.
1946). On the other hand, these symptoms, especially the spleen.
contain evidence of atrophy. Tt is a fair assumption that this peculi-
arity of the process in suppressing rather than in mobilizing these
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organs is responsible for the lack of sufficient immunity tp this
disease.

Morphological manifestations of dysentery in monkeys closely
resemble those in man. The main differences between the disease
in man angd in monkeys is that the course is more severe in the latter
with a high percentage of deaths (about 509/) and that the process
in man takes place in the lower divisions of the large intestine
(the slgmmd colon and rectum), whereas in monkeys the changes
are generally localized in the area of the cecum and ascendmg colon.

As against the view set forth in the literature that monkeys
are extremely susceptible to dysentery, we should like to poim out
that the main group of monkeys in the animal house, particularly
those living in open-air cages, are highly resistant to the bacilli.
Cases of clinically pronounced dysentery are rare and there never
has been an outbreak of the disease that affected many animals at
one time. Yet dysentery frequently strikes large batches of im-
ported animals. We believe that this is due to the sudden change
in diet after capture and the resultant intestinal dysbacteriosis and
avitaminosis, the most significant factors being B avitaminosis and,
above all, folic acid insufficiency (1. V. Davydovskiy, 1956; S. Ryss,
1958; Ruch, 1959). The experiments of Saslaw and co-workers
(1942-1948) have shown that folic acid insufficiency greatly in-
creases the susceptibility of monkeys to infections, primarily
dysentery.

The prolonged administration of antibiotics, particularly
those of broad-spectrum action, aggravates dysbacteriosis and
avitaminosis by suppressing the intestinal microflora which pro-
vides for the organism’s vitamin requirements, primarily the
B-complex vitamins,

This explains the favorable results obtained by putting mon-
keys suffering from dysentery into open- -air cages. This pr(x-c(lur«-
is sometimes more effective than intensive treatment with anti-
biotics (B, A. Lapin, 1958). We attribute the prevalence of dysen-
tery among monkeys recently taken from their natural habitat—
hoth—to heavy microbial insemination and to nutritional disorders
that invariably arise after the animals are captured. Therefore.
dysentery in monkeys is pmn.ml\ a pml)lcm of improper diet,
intestinal dyshacteriosis, and avitaminosis.
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MORGAN’S 'I‘UO.\'lNFECTION:' ‘

The part played by Morgan’s bacillus «in the pathology: ef
man and the type of microbes with which it should be classified
are still matters of discussion. Investigations of diarrhea in chil-
dren (Morgan, 1907; E. L. Garnitskaya, F. V. Shul'ts,’and S. A.
Gavrilov, 1934; P. N. Stepanov, 1946: others) and of toxinfections
in adults (Gildmeister and Barthlein, 1913: Yu. A, “Tyumyakova,
1939: M. R. Nechayevskaya, K. V. Goncharova, and M. Ye.
Kishenevskaya, 1946; others) have revealed the presence of the
microbe in feces or the presence of antibodies to it in the blood
serum of persons who have recovered from the disease. Studying
the bacteriological nature of summer diarrhea, V. A. Friauf (1949)
found Morgan’s bacillus in the feces of 35.79) of all the cases
examined. He concluded that Morgan’s bacillus was the causative
agent in some cases of summer diarrhea, but regarded it as an
independent type of microbe. According to the latest official auide
on the microbiological classification of causative agents, Morgan's
bacillus is to be regarded as relatively pathogenic and classified
with Proteus. ’

There are isolated references in the literature to the possibility
of finding these microbes during epizooties of rodents, which
caused a great many of the animals to die (Gildmeister and Baer-
thlein, 1913; others). In 1929 Lovell found them in the feces of
captive birds, reptiles, and mammals (including monkeys) during
outbreaks of diarrhea. In 1930 he again isolated Morgan's bacillus
from animals (including rhesus monkeys) in the London zoo suf-
fering from enteritis. Enteritis caused by this bacillus sometimes
resulted in death of the monkeys (Hamerton, 1929, 1934).

The feces of monkeys in the Sukhumi animal house have not
been investigated specifically for the presence of Morgan's bacillus,
However, it has been detected from time to time during the annual
mass bacteriological examination.

Between August 8 and September 1, 1953 three monkeys rang-
ing in age from two months to one year and three months developed
a disease of the gastrointestinal tract and died shortly thereafter.
They were among the monkeys in the Sukhumi animal house fed
artificially since birth and kept together in one room. On August 8,
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1955 the rhesus monkey Lisichka displayed a poor appetite and
great thirst, vomited repeatedly, and was flatulent. The stool
remained formed. The animal died one and a half days after the
onset of the illness.

The disease was observed for five days in the hamadryad
Kuram. It was characterized clinically by general sluggishness of
the animal, flatulence, occasional regurgitation, and diarrhea.

The symplmi‘ls were the same in the third animal, the hama-
dryad Adler. “The disease lasted two days.

Thus, the clinical course of the disease was marked by sharp
deterioration in overall condition (sluggishness, rejection of food,
etc.). flatulence, vomiting, and diarrhea. Diarrhea had apparently
been unable to develop in the animal that died within 36 hours
of the onset of the disease. A bacteriological examination of the
contents of the large intestine in all three monkeys resulted in the
isolation of Morgan's bacillus. In two animals the bacillus was
isolated posthumously from the blood and parenchymatous organs.
It proved to be pathogenic for white mice.

Autopsy of all three animals revealed involvement of the
gastrointestinal tract, chiefly the stomach and small intestine. The
mucosa of the stomach and small intestine was edematous and pink-
ish with many punctulate and larger hemorrhages. An unusually
large number of hemorrhages were found in the mucosa of the
stomach and duodenum of the animal that died within 36 hours.
The stomach and, to a lesser degree, the small and large intestines
contained a good deal of mucus. The contents of the large intestine
were liquid or semiliquid.

Microscopical examination revealed hemorrhages in the mu-
cosa and submucosa, moderate edema and hyperemia of these mem-
branes, and necrosis and desquamation of the epithelial lining in
various parts of the gastrointestinal tract (Fig. 18).

We found extensive portions of gastric and intestinal mucosa
in which the epithelium lining the crypts was involved in the
dystrophic process. We also noted superficial necrosis of the
mucosa of the stomach and small intestine (Fig. 19). The gastric
and intestinal walls were not perceptibly infiltrated. The above-
mentioned manifestations were scarcely visible in the large in-
testine.
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Fig. 18. Photomicrograph. Acute desquamative gastritis. The rhesus monkey
Lisichka. Stained with hematoxylin-eosin. Obj. 8, oc. 10.
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Fig. 19. Photomicrograph. Dystrophic changes and edema in the duodenal
mucosi.  The rhesus monkey Lisichka, Stained with hematoxylin-cosin. Obj.

20,00, 7.
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We were struck in all cases by hyperplasia of Peyer's patches
and solitary intestinal nodules. Microscopical examination of the
patches revealed hyperplasia of lymphoid tissue and hyperemia
(Fig. 20). The lymph nodes of the mesentery proper were invari-
ably mucl? enlarged. The nodes of the mesentery of the large
intestine, peripheral lymph nodes, and tonsils were less enlarged.
Enlaxgement of the lymphoid formations was due to thickening
ol the cortex. The nodules were enlarged with big, light-colored
centers consisting chiefly of large, light-colored cells. The boun-
daries between the individual nodules were indistinct. The pulp
of the node rather frequently contained eosinophils as well as im-
mature myeloid elements. The sinuses of the node were somewhat
distended. Comparatively few macrophages and occasionally
leukocytes were present in the lumens. The nodal tissue was
hyperemic. Endothelial cells of the sinuses and blood vessels were
large and succulent, Besides hyperplasia of the lymph nodes, we
noted considerable enlargement of the spleen in all cases. In cross
section the pulp was dark cherry in color and finely granulated.
A small I).lnn(l scraping was taken from the surface of the section.

Fig. 20. Photomicrograph. Lymphoid hyvperplasia of Peyer's patches. The
hamadrvad baboon Adler. Stained with hematoxvlin-eosin, Obj. 8, oc. 7.
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¢
The splenic nodules w ere large, under the" mluosu)pc They fre-
quently had large, light-colored centers, The sinuses were ,en-
gorged. .

While e ammmg the internal organs we hoted some enlarge-
ment of the liver, plethora of its tissue, and varying amounts of fat
in the liver cells in the central portions of the hepatic lobules.
Small lymphocytic and histiocytic infiltrates and some edema of
the stroma were found in the myocardium. Hyperplasia of Peyer's
patches in the lymph nodes of the mesentery and mo#erate enlarge-
ment of the spleen were observed in all three cases of Morgan's
toxinfection. In one animal marked hyperplasia of Peyer’s patches
along with a cluster of hyperplastic lymph nodes in the ileocecal
junction led us at first to make an anatomical diagnosis of typhoid
fever at the stage of medullary swelling. However, an histological
examination brought out the theoretical differences between
these pathoanatomical changes and those found in typhoid fever.
The main difference is that in the above-described cases enlarge-
ment of Peyer’s patches and lymph nodes of the ileac mesentery
was due to genuine hyperplasia of lymphadenoid tissue.

We should like to conclude this section with a comment on
the epidemiological aspect of the problem. The illnesses developed
at one time among animals kept together and fed artificially. This
fact does not contradict the relatively pathogenic nature of Mor-
ogan’s bacillus and the observations of microbiologists who have
pt‘l‘i()(“(‘ﬁ”)’ isolated the microbe from clinically healthy monkeys
in the animal houses. It can apparently be explained the same
way as the outbreaks of intestinal diarrhea among children in
orphan asylums caused by relatively pathogenic bacteria. The
simultancous onset of the disease in our animals may well have
been due to the fact that they were all kept the same way, were
fed artificially over a long period of time, etc., i.e., they were ex-
posed to conditions conducive to “transforming” normal intestinal
flora into pathogenic bacilli,

In the absence of sulficient data on the incidence of the carrier
state in monkeys or on the connection between Morgan's bacillus
with those cases of diarrhea where dysentery microbes are not iso-
lated, we simply assume that Morgan’s bacillus might have been
the causative agent of the disease in some cases. Two of the three
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cases described above were severe and quickly (114 to 2 days) killed
the animals. The third was mild and proceeded favorably. The
animal died on the fifth day of an intercurrent disease (necrosis
of the intima of ‘the aorta with detachment and pericardial
tamponade).

Thus, Morgan's toxinfection occurring clinically as enteritis
was characterized morphologically by catarrhal desquamative in-
volvement of the small intestine and, to a lesser extent, of the
stomach. The lymphatic apparatus, chiefly of the small intestine,
was also involved in the process.

The process may also show a polymorphic clinical and mor-
phological picture, developing in some cases as colitis, as Hamenr-
ton (1934) observed. His work was based on another species of
monkey (capuchins).

PARATYPHOID DISEASES

Almost all kinds of animals—mammals, birds, reptiles—suffer
from diseases caused by paratyphoid bacteria. Salmonellas patho-
genic foranimals belong principally to bacteria of the B, Breslau,
and Gaertner types. The diseases show a polymorphic clinical and
pathoanatomical picture (N. P. Tsvetayeva, 1941). Tsvetayeva
points out that over 509, of the typhoid cases among maminals are
made up of rodents, especially white rats and mice. In artiodactyls
paratyphoid has occurred in the form of catarrhal or catarrhal
hemorrhagic enteritis. Enteritis in some species of artiodactyls
(roe deer) is essentially acute septicemia. In birds the disease has
occurred in the form of catarrhal, hemorrhagic, or fibrinosus
enteritis. In reptiles paratyphoid assumes the character of a sepsis.

The outbreak of paratyphoid in the Moscow Zoo featured
severe fibrinous hemorrhagic or ulcerative colitis. Describing
the paratyphoid carrier state and outbreak of the disease in the
Sukhumi monkey house, A. S. Aksenova and L. M. Khutsishvili
(1949) also stated that the disease was in the form of catarrhal or
hemorrhagic ulcerative colitis.

Studies of paratyphoid diseases of monkeys have been made
by Dobberstein (1936), Hamerton (1934, 1935, 1937), Rewel (194R8),
and others, Only a few, however, refer to the pathoanatomical



16 ¢ Comparative Pathology in Monkeys

manifestations. Hamerton (1937) describéd a disease in green
marmosets resembling typhoid fever in man and involving ulger-
ation of Peyer’s patches in one of the animals. There was no
bacteriological confirmation of paratyphoid in"any ol the animals,
but paratyphoid bacilli were isolated from healthy animals that
had come in contact with sick ones. ’

During the paratyphoid outbreak in the Sukbumi monkey
house described by Aksenova and Khutsishvili, 14 animals (hama-
dryads, apunders, and rhesus monkeys came down with the disease,
10 dying. There was another outbreak in 1946 when two animals
died. Bacteriological analysis revealed that most of the sicknesses
were caused by S. breslau, occasionally by §, paratyphosa and S.
schotmiilleri.

Following the report of Aksenova and Khutsishvili (1949), the
laboratory of infectious pathology identified a small number of
paratyphoid carriers in the main group of the Sukhumi monkey
house, but did not detect any cases of the disease. From 1957 on.
when there were large-scale shipments of animals from India and
China paratyphoid bacteria were again isolated. However, no
cases of the disease developed, despite the fairly large number of
bacillus carriers. In 1957 six monkeys were found to be carrying
S. parvatyphosa, 16 in 1958. At the end of 1958 out of a large aroup
of animals shipped from India (300 rhesus monkeys) 11 were carry-
ing 8. breslan, Gaertner, and pavatyphosa. 1t is difficult to speak
categorically about the origin of this bacillus carrier state, but the
most probable cause was contact with man at the place where the
captured monkeys were assembled or en route to Sukhumi.

We do not have much material of our own, Our description
of the pathological anatomy of paratyphoid is based on an investi-
gation of [our cases of the disease confirmed lm('lcriolugiculIy. All
four exhibited primary involvement of the small intestine in the
form of catarrhal enteritis. The mucosa of the intestine was very
swollen, hyperemic, and covered with varying amounts of mucus.
Hypertrophy of Peyer's patches was manifested differently in each
case. There was marked hyperplasia of the mesenteric lym'ph nodes
located in the ileocecal junction. The spleen in all cases was
enlarged, sometimes substantially so. The large intestine and
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stomach weve moderately inflamed. but' they were less involved
than the small intestine. ' '

Microscopical examination of Peyer's patches and solitary
nodules showed a proliferation of large, lightcolored reticular
cells shaped here and there like nodules. Sometimes the reticular
cells were isolated in the midst of lymphoid tissue. Marked paren-
chymatous dystrophy was visible in the internal organs. The stom-
ach exhibited moderate hypersecretion of mucus while the small
intestine (besides hyperplasia of Peyer's patches) had signs of de-
squamative catarrh.

Thus, the morphological picture of this disease closely resem-
bled that found in experimental Breslau's paratyphoid in monkeys
ane in human pamt,}'pimid (B, A, l..apill, L. A. Yakovleva, and 5. M.
Pekerman, 1956G). The rarity of paratyphoid in monkeys, despite
the crowded conditions under which they are kept and the com-
paratively high percentage of bacillus carriers, shows that the ani-
mals are highly resistant to paratyphoid bacteria.  However, il
resistance 15 lowered and the disease does :{m'elup: it follows a
course like that of paratyphoid in man and its morphelogical mani-
festations testify to a similar point of application of the stimulus
and to a uniform type ol reaction.

GASTRITIS AND BEZOARS

Gastritis in man is a clinically distinct and normally chronic
disease. We have not discovered in monkeys any disease that
approximates this nosological form in man, Acute gastritis as an
independent disease was noted in three monkeys (two hamadryads
and one capuchin). It was evidently of alimentary origin and de-
veloped like an acute poisoning accompanied by vomiting. It gen-
erally lasted about 24 hours.

In the hamadryvad baboons the process was essentially a ca-
tarrhal inflammation of the stomach with copious elaboration of
mucus and desquamation of cells from the surface of the mucous
membrane. At the same time there was edema and hyperemia of
the gastric wall. In hoth cases the liver and stomach were severely
affected, as manifested in a ditfuse, very pronounced adiposis of

liver cells.
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Fig. 21. Bezoar (of plant fibers) in the stomach of the rhesus monkey Vil'ya,

The process in the stomach of the capuchin was markedly
hemorrhagic in character. The mucosa and submucosa abounded
in hemorrhages coalescing in places. At one spot a large, dark red
clot adhered to the gastric wall. The mucosa was hemorrhagic and
here and there looked necrosed.

Gastritis was generally found as a complication of the dysen-
teric process. It was usually catarrhal, occasionally ulcerative in
character. In one case inflammation of the stomach was specifically
tuberculous (p. 000).

In four monkeys that generally had dysentery for some time
and suffered recurrences (the macaques Kair, Vil'ya, Ilek, Shurka),
autopsy of the stomach revealed sol‘d formations filling almost the
entire lumen. Following the contours of the stomach cavity, the
bezoars were irregularly oval, sometimes fusiform (Fig. 21). In two
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Fig. 22. Photomicrograph. Chronic gastritis with ingrowth ol crypts in the
submucosa. The rhesus monkey Vil'yva. Stained with hematoxylin-eosin. Obj.
20, oc. 7.

instances these formations consisted of remnants of food and fibers
held together by mucus. The composition of the bezoar was uncer-
tain in another animal. It was a dirty gray, solid, finely porous
formation. In another animal the bezoar was a solid, sticky (with
mucus) ball of plant stems. The inflammatory process in the stom-
ach was chronic in character, accompanied by coarse reorganization
of the mucous membrane with the growth of crypts into the sub-
mucosa (Fig. 22).

The reason for the presence of these foreign bodies in the
stomach is the disruption of its secretory and motor functions fol-
lowing prolonged inflammation of the gastrointestinal tract. The
accumulation of hairs in the stomach is possibly due to the fact
that monkeys frequently swallow them, pull them out and put them
in the mouth while “searching” one another. The formation of
hezoars of hair (Wollbille) has also been noted in other animals,
including farm animals (Nieberle and Kohrs, 1954).
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. PNEUMONIA .

Diseases of the respiratory tract are as frequent a cause of
death of wild anjmals in captivity as are diseases of the digestive
tract. A study of the rcPorts of the London Zbo over a period of
years reveals that the main causg of death is lesion of the respiratory
and digestive organs, the former being the more frequent. Pneu-
monia is one of the commonest diseases of the respiratory apparatus
and a major cause of death of monkeys. Lovell (1929), Stadie (1930),
Fairbrother and Hurst (1932), Hamerton (1932, 193, 1935, 1937,
1944), Kennard (1941), Hill (1953), and others report on cases of
death from pulmonary infections. Sometimes the cause is broncho-
pneumonia, which may arise like influenza in man (Hamerton,
1933, 1935, 1944). At other times it is lobar pneumonia with indi-
cations of “hepatization” of the affected lung (Hamerton, 1937,
1944; Kennard, 1941; Hill, 1953; A, P. Savinov and A. V. Tyufanov,
1957; 1. A. Prokhorova, L. A. Porubel’, and others, 1958).

Many cases of bronchopneumonia, especially if treated with
sulfanilamides and antibiotics, end in recovery. The prognosis is
not too favorable in lobar fibrinous pneumonia, which may de-
velop under particularly adverse conditions for monkeys and result
in a high percentage of deaths despite treatment (Kennard, 1941;
A. P. Savinov and A. V. Tyufanov, 1957; L. A. Porubel’ and co-
workers, 1958; and others).

We shall consider in this section the results of investigating
117 cases of pneumonia which were autopsied in the institute
between 1952 and 1958. The findings are divided into two groups,
chiefly according to morphological features: bronchopneumonia
and lobar fibrinous pneumonia. We have used the latter term by
analogy with croupous pneumonia in man,

Bronchopneumonia

Most of the cases of bronchopneumonia involved the ma-
caques. Out of a total of 101 cases. 63 were macaques, 24 baboons.,
and 14 green marmosets.

Dysentery was the commonest major disease associated with
bronchopneumonia (in 45 out of 101 cases). Bronchopneumonia
may also be complicated by dyspepsia, nutritional dystrophy, cere-
bral hemorrhage, or Morgan's toxinfection.
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Pneunionia was the main dlsgase in the overwhelming majority
of gases involving all species of monLeys over one month old (Table
2). Out of 15 monkeys of this age (mamques baboons, green mar-
mosets) 13 had pnéumonia as the main disease and only two had
it as a complivation of some othey disease. In one animal there
was hemorrhage under the brain membrane (birth injury); in an-
othey pneumpnia developed in infancy with marked nutritional
dystrophy.

TABLE 2

DistRiUToN oF CASES oF BRONCHOPNEUMONIA 8Y AGE

Number of Monkeys by Age Groups

From
! month Oxver
Uptol tor 1-3 3-15 15
month ! year vears years vears Total
Total number of monkeyvs
in the age group 15 R} 28 24 3 101
.
Main discase. . I3 12 5 3 1 32
Complication . b4 19 25 21 2 G4

The disease was still the main disease in animals up to one
vear old. Thus, out of 31 cases of pneumonia it was the main dis-
case 12 times, a complication of other diseases 19 times. Dysentery
was the main disease in seven cases, dyspepsia in three cases, sepsis
in three cases, severe exhaustion in three cases, different causes in
three cases. But in animals one year and older bronchopneumonia
was almost invariably a complication of other diseases. Thus, in 55
animals over a year old pneumonia was a complication of another
disease 48 times, the main disease only seven times. In 38 out of
these 48 cases the main disease was dysentery. Bronchopneumonia
developed in five animals after surgery involving the abdominal
cavity. It developed in three monkeys alter protracted labor with
incomplete placental separation. Finally, two cases of pneumonia
developed as a complication of other diseases.
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1a all the age groups Both luggs were geherally affected. Pneu-
monia was double in 46 animals and single in 17 animals out of a
total of 63. The, proportion was somewhat different among the
baboons, being double in 23 animals and singlé in one animal out
of a total of 24. The principal site of the pneumonic foci was the
lower lobes of the lungs (Tables 3 and 4).

TABLE 3

St oF THE PNFUMONIC PROCESS IN THE LUNGS OF MONKEYS IN REPATION 1O AGE

Number of Monkeys by Age Groups

From
I month Over
Uptol 1o I-3 i-15 15
wmontl | year years Years years Total
Total number of monkeys
in the age group . 6 15 23 16 3 63
With involvement of one
{117, SO . ] 5 7 4 1 17
With involvement of both
lungs . : i 10 16 12 2 46
TABLE 4

SIrE oF THE PNFUMONIC PROCESS IN THF LUNGS OF BAROONS IN RELATION 10 AGE

Number of Baboons by Age Crou

From
I mrenth Over
tUptol to 13 3.15 15
manth ! year Years Years Yeurs Total
Fotal number of haboons 6 I 3 1 24
With involvement of one
Iung 0 0 1 0 1

With involvement of hoth
lungs 6 ] 2 | 23
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The affected areas. upon dissection éenerally appeared Some-
what variegated due o the differing character of the pneumonic
exudate and the almost invariable presence ok atelectatic and
emphysematous areas along with areas containing the exudate.

Brgnchopneumonia in almoste half the cases involving the
various species of animals was interstitial in character. There was
no correlationtbetgveen the nature of the pneumonia, species, and
age of the monkeys. Nor was it possible to link the morphological
characteristicsof the pneumonia with the type of bacillus found.

In interstitial pneumonia cases the alveoli were for the most
part almost free from the exudate. However, some exudate was
observed in the alveoli in nearly all the cases. Sometimes when the
exudate was in the lumens of the alveoli, varying degrees of leuko-
cytic infiltration of the alveolar septa were noted both within the
areas containing the exudate in the alveoli and outside of those
areas. In a few cases (about 79) exudation into the alveoli and
leukocytic infiltration of the alveolar septa were pronounced.

Microscopical examination reveals the variable nature of the
alveolar exudate in bronchopneumonia. The exudate is [requently
purulent, ie., it consists of segmentonuclear neutrophilic leuko-
cytes. It was leukocytic in 7077, of the cases we investigated. It was
generally admixed with erythrocytes, desquamative cells of alveolar
epithelium, and occasionally a little fibrin.

The nature of the exudate varies in different parts of the
lung—leukocytic, hemorrhagic or serous. A purely serous exudate
in bronchopneumonia is quite rare. Alveolar macrophages are
fairly abundant in the serous fluid found in the alveoli. In four
out of the five cases of bronchopneumonia that we investigated
the serous fluid contained some cellular elements (chiefly macro-
phages): it was almost wholly serous just once. This particular case
presented exceptional difficulties in differentiating pneumonia
from pulmonary edema. Predominance of a hemorrhagic exudate
was noted in only two cases.

In all cases the connection between the pneumonic foci and
the bronchial tree was distinctly visible. Small bronchi located
in the pneumonic foci were generally inflamed. In one case this
was manifested by moderate infiltration of the bronchial mucosa
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Fig. 23, Photomicrograph. Destructive panbronchitis. The hamadryad baboon
AMalka, two vears old, Stained with hematoxylin-cosin, Oby, 10, oc. 10,

and accumulation in its lumen ol an exudate composed of leuko-
cytes and mucus: moderate epithelial desquamation was sporadic.
The process occasionally extended to the middle membrane ol
the bronchus. Panbronchitis was noted in a number of cases. Ul-
cerative bronchitis was found in the most severe cases. Sometimes
substantial leukocytic infiltration of the bronchial wall and indi-
cations of mucosal destruction combined with copious exudation
into the lumens of the bronchi made it possible to trace the
bronchus in the exudate only by the muscular bands of the middle
membrane (Fig. 23). The bronchioles in pronounced cases were
markedly dilated and their lumens filled with the exudate (Fig. 24).

The lumens of large bronchi usually contain a small amount
ol exudate. The indications of infiltration of the walls are faint
or lacking altogether. There is hypertrophy of the mucosa accom-
panied sometimes by the formation of polypous papilliform pro-
tuberances. The submucous membrane is moderately edematous.
Once in a while a broad edematous zone in the form of a cuff can
be seen around the bronchi.
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Fig. 24. Photomicrograph. Suppurative bronchiolitis. Pus in the Tumen of a
highly dilated bronchiole. The hamadryad baboon Malka. Stained with hema-
o ’ ~ b,

-

toxylin-eosin.  Obj. 20, oc, 7.

Bronchopneumonia in baby monkeys is usually associated with
very pronounced bronchitis. The bronchi may be so severely af-
fected that inflammatory changes in the alveoli seem to be pushed
to the background. For example, the small bronchi and bronchioles
of two animals about one month old and another animal two and
one half months old were found in a microscopical examination
to be heavily involved. The walls of the bronchioles were so exten-
sively infiltrated by leukocytes that they could be distinguished
only by the remnants of concentrically arranged muscle fibers in
the middle membrane and from the contours of their cavities filled
with a lenkocytic exudate. The exudate in individual bronchioles
contained a great deal of mucus. The large bronchi were also
involved in the process in these cases, but their mucosa showed for
the most part indications of hypertrophic catarrh. There was
marked hypertrophy of the epithelium, which had become strati-
fied and succulent, together with an accumulation of an mucous
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Fig. 25. Photomicrograph. Interstitial pneumonia. ‘T'he rhesus monkey
Shurka. Stained with hematoxvlin-cosin, Obj. 10, oc. 7.

exudate in their lumens. The epithelial lining remained intact.
As for inflammatory changes in the alveoli, they were by far less
pronounced than those in the bronchi.

In cases of interstitial pneumonia the alveolar septa look very
thickened with the lumens of the alveoli constricted (Fig. 25). This
thickening is caused by proliferation of the connective-tissue ele-
ments of the stroma. However, it is mainly due to edema and some
infiltration of the septa by cellular elements (mostly segmentonu-
clear leukocytes). There is also a mass of leukocytes in the small
blood vessels, sometimes with leukostasis.

The bronchial tree is affected in most cases of interstitial pneu-
monia. Sometimes it consists of varying degrees of infiltration of
the bronchial walls by segmentonuclear leukocytes and histiocytes
and an exudate in the lumens of the bronchi containing mucus and
leukocytes admixed with desquamative epithelial cells of the bron-
chi. At other times there is only moderate edema of the submucosa
of the bronchial walls, slight epithelial desquamation, and the
formation of leukocytic culfs around the bronchi.
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Bronchopneu:non\'a generally ends in recovery with resogption
of the exudate. However, comblications are not uncommon. One
s'(:(;uela may be carnification. We observed it in three out of 101
cases along with hypertrophy of the bronchial miicosa’and the for-
mation heye and there of papilliform protuberances of epithelium
in the "lumens of the bronchi. However, similar hypertrophic
changes in the mucosa are fairly common even without carnifica-
tion at various staes in the development of pneumonia. Thicken-
ing of the alvgolar septa is evidently a possibility in bronchopneu-
monia. This is also true of prolonged interstitial pneumonia.

We saw (in two cases) areas where the septa were coarsened
and sclerosed while pneumonia was still present.

Sometimes the pulmonary exudate may undergo necrosis
rather than resorption or carnification. The necrosed exudate may
eventually become abscessed (we observed this in one case). The
second case of a purulent pneumonia was somewhat different in
that the formation of abscesses was apparently due to aspiration.
The monkey in question—an animal that died seven days after it
was born—had bronchopneumonia with numerous small abscesses
in the lower lobes of both lungs.

Some cases of bronchopneumonia that we observed were
complicated by pleuritis marked by fibrinous deposits on the
pleura. The exudate was admixed with leukocytes. In three cases
the complication was purulent pneumococcal meningitis and men-
ingoencephalitis. One of the monkeys had focal leukocytic myo-
carditis in addition to meningitis.

Cultures of pulmonary tissue, impressions of the lung made
during autopsy, and the staining of bacteria in histological sections
reveal the rather considerable polymorphism of the microbes.
However, the coccal and pneumococcal bacteria were most fre-
quently involved.

We accidentally discovered during autopsy an atypical case
of bronchopneumonia deserving of special mention. Microscopy
of a lung at low magnification disclosed a mottled preparation.
The alveoli were filled with an exudate consisting almost entirely
of eosinophilic leukocytes. Fairly wide cuffs of basophilic cells—
plasma cells, leukocytes, and a few lymphocytes and neutrophils—
were observed against a reddish background of alveoli filled with
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eosinophils. The walls of the bronchi were densely infiltrated by
neutrophilic and cosmophllu‘ leukocytes; lhe epithelial lmmg of
the bronchi was missing.

Despite the ‘clear manifestation of the process, Tlinical symp-
toms of the disease were not in e\'ldeme Changes in the Jungs were
accidentally discovered during an hlstologual examination of the
lungs of the monkey which was sacrificed in an ac ute e\penment
Thus the changes we observed are comparable o the eosinophilic
infiltrate of man, which also has virtually no clinical ganifestations.

Lobar-fibrinous Pneumonia

In 16 out of 117 observations of pneumonia the disease was of
the lobar variety, affecting one or two lobes of either lung, both
together, or one lung as a whole. There was double involvement
in the majority of cases (12 out of 16). In only four cases was there
isolated involvement of the right lung and none at all of the left
lung. Out of 12 cases of double pneumonia three were total, with
all the lobes of both lungs completely involved. Three out of four
cases of one-sided involvement were localized in the right lung, all
the lobes being completely affected.

Involvement of the different lobes was consolidated in a variety
of ways. However, in most cases the disease was localized in the
middle and lower lobes of one lung in combination with some other
site in the other lung. The upper lobe was involved in only two
Cases.

Lobar pneumonia in most monkeys is essentially pleuropneu-
monia with very thick films of fibrin enveloping the surface of the
lung. The affected lung is greatly enlarged, very firm, airless: the
anterior margins of the corresponding lobes are acuminate (Fig. 26).
The lung tissue is quite brittle. Sectioned lung tissue looks hepa-
tized. The surface is slightly granular and red or reddish-gray in
color (Fig. 27). It mostly looks mottled. indistinct fields ¢l gray
alternating with areas of different shades of red. The lobar nature
of the process is not completely sustained in all cases. Sometimes
small portions of pulmonary parenchyma retaining air cells are
observed in contrast to involvement of most of a lobe (or of an
entire lung) along the anterior margin of the lungs (more rarely
clsewhere).



Fig. 26. Lobar pneumonia. The right lung is markedly enlarged. A rhesus
monkey.

.

V.. N. Fadeyeva (1958) also mentions the comparatively high
frequency of cases in which a narrow border of lung tissue free from
an exudate remains in the anterior portions of the lungs. The exu-
date evidently moves from the posterior to the anterior portions.
Microscopical examination of the lungs showed that the nature of
the exudate differed in the various pneumonic areas. There were
areas where the exudate was a serous fluid with a small admixture
of leukocytes. Erythrocytes predominated in distinctly red areas
containing a mixed exudate of leukocytes, fibrin, and erythrocytes.
Leukocytes predominated in the exudate found in the gray areas.
The amount of fibrin varied in each case, even in different areas
in the same animal. Here and there individual groups of alveoli,
sometimes substantial portions of alveolar parenchyma, were com-
pletely filled with fibrin. Sometimes this fibrin was delicately
fibrous in structure. Elsewhere it was in the form of solid, homo-
geneous casts duplicating the outline of the alveoli. In these cases
the fibrinous exudate frequently contained numerous round or
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Fig. 27. Lobar pneumonia, chiefly lobar spread of the process. A rhesus
monkey.

oval vacuoles with leukocytes or alveolar macrophages in their
centers. The formation of numerous cavities around the leuko-
cytes and macrophages imparted to the pneumonic focus a structure
resembling cartilage (Fig. 28).

As mentioned above, the nature of the exudate may differ
from area to area in the same animal. In some areas one may find
that it consists almost entirely of leukocytes: in other areas it is
mixed with [ibrin or is composed almost entirely of fibrin: in still
other areas it contains varying amounts of erythrocytes. Neverthe-
less, we can distinguish in each case within a single lobe the charac-
teristic quality of the exudate—leukocytic, lenkocytic-fibrinous,
fibrinous, or hemorrhagic.,

At first the fibrin in the alveoli is marked by a delicate reticu-
lar structure and the appearance of effusions of an albuminous fluid
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Fig. 28. Photomicrograph. Liquelaction of a fibrinous exudate around leuko-
= -
cytes and macrophages. A rhesus monkey. Stained with hematoxylin-cosin.
Obj. 20 oc. 10,

Fig. 29. Photomicrograph. Almost total liquelaction of fibrin by macrophages.
Stained with gentian violet. Obj. 20, oc. 7.
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and fibrin forming wide cuffs around the bronchi’and blpod vessels.
The fibrin later loses its reticuldr structure, becoming solid and
compact. Like Fadeyeva, we were able to observe changés in the-
nature of the fibrimous-exudate between the posteriorsand anterior
portions, Whereas in the posterior portions the fibrin was solid
and compact (frequently with ‘indications of rcsorption:), toward
the front it became looser with a delicate reticular structure. In our
opinion, this confirms the view of V. D. Tsinzerliig and \* G.
Fadeyeva that the pneumonic focus spreads frone the posterior
toward the anterior portions.

The fibrin is later resorbed with the help of leukocytes and
macrophages. Oral cavities form in the solid, compact fibrin
around the leukocytes and macrophages as a result of fermentative
liquefaction. These cavities grow in number, coalescing here and
there to form queer shapes. The fibrin between the cavities also
becomes less compact and thins out as though melting away (Fig.
29). Tsinzerling (1958) notes that in human lobar pneumonia
fibrin is resorbed with the help of macrophages, never with the help
of leukocytes. He also points out that fibrin is never resorbed by
liquefaction. However, this occurred in our observations.

The alveoli filled with the exudate looked enlarged. Here and
there the walls are ruptured and fairly big cavities hecome filled
with the exudate. The bronchi in the pneumonic foci also fill up
with the exudate. The nature of the exudate in the lumens of the
bronchi is substantially the same as that in the alveoli. In some
cases the bronchial exudate consists of leukocytes, in others it is
mixed. Sometimes it consists almost entirely of fibrin with a few
leukocytes surrounded by numerous round or oval cavities—zones
of resorption. The quantity of exudate in the lumens of large
bronchi ranges from very little to enough to fill them completely.
Sometimes the exudate is represented by a small amount of mucus
admixed with leukocytes.

The walls of the bronchi are infiltrated by leukocytes. In indi-
vidual bronchi there are few signs of infiltration, but tHe submucosa
is markedly edematous. Sometimes the walls of the bronchi are so
infiltrated in places that their structure can only be surmised. In
some places the epithelial lining is torn away, in others it is missing
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Fig. 30. Photomicrograph. Carnification. A rhesus monkey. Stained with
hematoxylin-eosin. Obj. 60, oc. 7.

entirely. There are ulcerative defects in the walls of individual
bronchi. The bronchioles are generally quite dilated and filled
with the exudate. The exudate disappears from the lumens ol
the bronchi at about the same time that the alveolar exudate dis-
appears. However, the walls of the bronchi remain ifiltrated for
some time after the exudate from the alveoli has been resorbed.
Resorption of the alveolar exudate may be held up for a consider-
able length of time.

In two cases we were able to observe signs of carnification when
we found connective-tissue fibers in a nonresorbed exudate. Be-
sides the initial indications of carnification there were foci where
the alveoli were completely filled with connective tissue interpenc-
trating the exudate (Fig. 30). In the same cases we found very thick
orowths of connective tissue in the pleura due to the organization
of the plcuml exudate. This view is confirmed by the fact that
islets of a fibrinous exudate with initial indications of ingrowing
connective-tissue fibers can be distinguished here and there in the
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midst of the connective tissue in the pleura’ The epithelial lining
of the bronchi is regenerated before the exudate is resorbed. The
epithelium is low at first, but then assumes it} usual form. When
alveolar resorptidn is held up and carnification set$ in, the epi-
thelium of the bronchi becomes succulent and hypcrtmphlc. form-
ing polypous protuberances.

Hamerton (1946) mentions gangrene and the [formation of
abscesses as possible complications of pneumoma. ‘Lobar pneu-
monia in monkeys is much more similar to croupdys pneumonia
in man as regards the pathogenesis and nature of the etiological
factors than is croupous pneumonia in swine and cattle, which
bears only some formal resemblance to pneumonia in man. The
outbreak of pneumonia resulting in the death of a great many ani-
mals described by Blake and Cecil (1920) and Wisner (1928), the
outbreak m the animal house of Yale University in 1938 when in
a group of 100 animals 10 out of 27 animals ill with lobar pneu-
monia died (Kennard, 1941), the many deaths caused by lobar
fibrinous pneumonia in the Institute for the Preparation of Polio-
myelitis Vaccine, the outbreak of lobar fibrinous pneumonia in
our animal house—all these do not necessarily mean that thre disease
is contagious or that it is like the so-called croupous pneumonia of
domestic farm animals. As in man, lobar fibrinous pneumonia in
monkeys (we shall henceforth call it croupous pneumonia) is a
typical autointoxication. In most cases we found pneumococci in
the lungs. Kennard reports type I pneumococci were isolated in all
cases of croupous pneumonia. Its simultaneous outbreak in a
closed group was caused by some common factors that decreased
natural immunity and resistance of the organism to the normal
flora of the respiratory tract. In our observations 14 out of 16 ani-
mals were shipped together in the winter and exposed to extreme
cold while the plane was on the ground for a long time. Apparently
other unfavorable factors in transportation and abnormal feeding
routines, not to mention the transition from freedom to captivity,
were also of considerable significance.

Analyzing the literature as well as our own observations, we
believe it posible to distinguish in the croupous pneumonia of
man several pmnts of resemblance 1o the croupous pneumonia of
monkeys. There is, to begin with, the lobar character of the lesion
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and the fibrinous chavracter of the exudate. Both in man and in
monkeys the upper lobes of tfie lungs are rarely affected and the
process spreads from back to front. As a rule, the disease in mon-
keys is associated with fibrinous pleuritis; an occasional case, as
in man, may be complicated by carnification, the formation of
abscesses, or gangrene of the lungs'.

Lacking adequate material from bacteriological examination
of cases of croupdus pneumonia, we are unable to discuss the types
of pneumocogci involved. However, we can say with confidence
that it is definitely the pneumococcus that is the causative agent.

We may now note a number of differences between croupous
pneumonia in monkeys and in man. Extensive perivascular and
peribronchial effusions of serous fluid and fibrin are not character-
istic of man. The processes of fibrin resorption develop in different
ways. In man, according to V. D. Tsinzerling, the resorption of
fibrin never involves leukocytes nor is there any “liquefaction” of
the fibrin. In monkeys, on the contrary, leukocytes play a major
part in the resorption of fibrin and at a certain stage there is also
“melting” or “liquefaction” of the substance. Despite these dil-
ferences,"however, croupous pneumonia in monkeys adheres to its
distinctive pattern with the typical stages of the process.

TUBERCULOSIS

All the available data on tuberculosis in monkeys indicate
that the animals are highly susceptible to this disease. According
to Calmette (1923, 1929), Krischman (1936), V. G. Shtefko and A. A.
Khar'kov (1940), Kennard (1941), M. B. Ariyel’ (1949), Benson and
co-authors (1955), and many others, tuberculosis in monkeys is
marked by a progressive course, rapidly ending in death. Tt was
Hamerton's view (1935) that the disease is never overcome spon-
tancously and that there are no remissions.

We were unable to find any references in the literature to
chronic tuberculosis in monkeys nor any mention of the forms of
the disease affecting the organs except S. G. Kaktin's description
of spina ventosa in macaques. Records of the animal house indicate
that tuberculosis is a major cause of death. For example, from 1927
(when the monkey house was built) to 1958 out of 1,709 deaths from
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various diseases and expeviments 112 or 6.3, were due to tuber-
culosis. T e

Tuberculosis throughout these years has clearly been linfed
to the delivery ofhew dnimals. However, not all the deliveries have
resulted in a rise in the tuberculosis rate. In 1927, nong of the 31
imported animals died during the years immediately following
delivery. The same thing was noted in 1928 when 19 hamad}'yads
were delivered. ”

The first deaths occurred among hamadryads 6f the 1930 ship-
ment. Eight of 16 imported animals died during the year. None
of the 11 macaques in the same shipment died of tuberculosis. For
several years thereafter, despite annual deliveries there were no
deaths at all or only one a year. The next major outbreak occurred
in 1938 and was linked to the ill-fated deliveries of November 1937
and mid-1938. Out of 18 animals in the 1937 shipment 10 died dur-
ing 1938 and seven in 1939. Out of 118 animals in the June 1938
shipment eight died the same year and four in 1939. Thus, these
two shipments included 18 monkeys that died in 1938 and 11 in
1939. However, in addition to the 18 imported animals nine more
died from among those born in the monkey house or brought there
more than four years before. The lack of details on the condition
of the imported animals from the time of importation until their
death is a possible basis for assuming that some of the animals
imported more than four years before were already infected when
they arrived, having suffered from a chronic form of the diseasc
for several years.

In 1939, 15 monkeys died of tuberculosis, 11 from the Novem-
ber 1937 and June 1938 shipments.  Four more died in 1939, two
born in the animal house and two brought there more than five
years before.

During the following three years (1940, 1041, and 1942) the
mortality rate dropped sharply.  One or two monkeys from ship-
ments made many years previously died each year. In 1943, the
rate rose somewhat when five of the animals (macaques) died.
However, in 1941 only one (born in the animal house) died. No
new batches were delivered between 1939 and 1948, In 1943, live
more animals died. These animals were part of the September 7.
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1933, Juned, 1938, and May 30, 1939 shipments. We are not sure
as to what brought on the disease: It is possible that they suffered
irdm some chronic,” clinically undetected tuberculous process,
which was ageravated during the war by the deterioration of feed-
ing and maintenance procedures in the monkey house.

In-1944, there was only one death from tuberculosis and none
in 1945, In 1946, and 1947 there were two major outbreaks, eight
animals dying in«1946 and seven in 1947, chiefly macaques, and
only one baboon each year. All were young, having been born in
the monkey house. Thus, the 1946-1947 outbreak cannot be
directly attributed to the importation of animals. Lacking precise
information on where the animals were during those two years, we
can only assume that they were kept close together while alive.
thus creating the conditions for mass infection. In favor of this
view is the fact that all the diseased monkeys were young macaques,
hence the likelihood of their having been kept together.

The years 1948 and 1949 were good, in that there was no death
from tuberculosis. In 1949, one monkey—a gelada named Krit
from the 1948 shipment—died. In 1950, 8 imported monkeys died.
This happened within one-half to one year from the date of their
arrival in Sukhumi. The next few years there were only one or two
deaths a year. The mortality rate rose once more following a new
shipment in 1957-1958.

Thus, most of the 112 deaths from tuberculosis were among
the imported animals (86). They amounted to 5.79, of all the
imported animals (1185) as against 1.89%, of those born in the mon-
key house (1442). Disregarding the data on the shipments of mon-
keys that were satisfactory as far as tuberculosis was concerned (e.g.,
the absence of tuberculous animals), we tried to summarize the
data on unsatisfactory shipments (in the sense of tuberculous infec-
tions). In view of the close contact of the animals with one another
en route and thereafter and the fact that they were cared for by
the same attendants, it was to be expected that the number of sick
animals present in the group would easily infect the others. How-
ever, the data reveal that there were comparatively few deaths from
tuberculosis—13.79, (Table 5). Newly imported monkeys suffer-
ing from tuberculosis generally die during the first or second year
after arriving in the animal house.
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We believe that owing to congested n':mspnrlzuion' facilities
many more animals are exposed to infection by tubercle bacilli
than is evident right after the delivery is made. Some indirect
support for this view comes from the fact that after some of the
animals die there still remains a small “train”™ of diseases that can
be observed for several years. Individual deaths from tuberculosis
occur many years after delivery. We assume here development or
exacerbation of the disease in a previously infected animal.  We
shall discuss the possible development of chronic forms of tubercu-
losis in imported monkeys when we describe the pathoanatomical
manifestations of the disease in the animals.

A careful analysis of the literature reveals that the tubercu-
losis rate in animal houses and zoos is largely due to sick imported
monkeys. Hamerton (1941) described a major outbreak in the
London Zoo when in a short time out of 79 imported rhesus mon-
keys and seven baboons 13 of the macaques and all seven baboons
died of generalized tuberculosis. The surviving animals were sub-
sequently killed and tuberculosis was found in all of them. Hill
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(1953, 1954, 1955) deszribed several outbreaks of the disease in the
London Zoo when a great mariy imported animals died. The
1953 ouchreak was particularly instructive; 145 animals died on
“monkey hilL."  They were part of a batch of 249 animnals recently
arrived from Calcutta. Hill did not analyze the data. We have
compared the pattern with that in the Sukhumi monkey house. It
is evident from Table 5 that monkeys imported during “unsatis-
factory” years died of tuberculosis mostly during the first and
second years alser delivery: a somewhat smaller number died during
the third year. A similar picture can be seen in the situation at the
London Zoo. For example, out of 249 macaques imported in 1953,
145 died the first year, 58 in 1954, and just a few in 1955,

Fairbrother and Hurst (1932) published data obtained from
autopsy of 605 rhesus monkeys, 50 of which died of tuberculosis.
The authors point out that these 50 cases date back to the early
stage of their work. Later on due to strict rejection of unhealthy
animals on arrival tuberculosis cases rarely appeared in their mate-
rial. Thus, here too, tuberculosis was noted almost exclusively in
newly imported animals. Records of the Yale University Medical
School monkey house (Kennard, 1941) indicate that 73 cases of
tuberculosis were found in 246 autopsies. In 16 animals it was
the cause of death: in the other observations, however, it was found
only during the autopsy. It is likely that here too the imported
animals were the ones most affected.

Along with the widespread belief that monkeys are highly
susceptible to tuberculosis, there is the less commonly held contrary
view that monkeys are less sensitive to the disease than is generally
assumed and that tuberculosis is not a “typical disease of monkeys”
(Weidholz, 1928: others). The former view is undoubtedly much
exaggerated.  Besides the aforementioned data on the compara-
tively low mortality of monkeys crowded together with sick animals
during shipment and after arrival (favorable conditions for mass
infection), there is the fact that a substantial number of clinically
healthy animals exhibit a positive reaction to tuberculin injections.
This indicates that the animals were clearly in contact with the
tubercle bacillus. It is interesting to note that the animals can
remain tuberculin-positive for a long time without developing
clinical symptoms of tuberculosis. In some animals the disease
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doesn’t develop atall and in those dying of other tauses qr sacrificed
in an expernnent the autopsy reveals no traces of tuberculous infec-
tion whatever, . * 4 o

V. G. Sktefko (1940), P. F. Zdrodovskiy (1950), Burnet (1912),
and Urban (1938) believe that the reaction of tuberculous monkeys
to tuberculin is often negative: However, a number of" investiga-
tors (O. P. Viktorova, S. G.. Kaktin, I. 1. Kas'yanenko, and N. A.
Naletov, 1949; A. A. Bochkarev, 1939: Schraeder, '1938; Habel,
1947: Kennard, 1939; and others) introduced tubexculin in a vari-
ety of ways and noted the specificity of the reaction. "The negative
character of the reaction in some cases is evidently due to the
anergic condition of the animal during a severe tuberculous proc-
ess. We had occasion to observe this phenomenon in two animals
delivered to the monkey house in 1956. They failed to have a posi-
tive ophthalmoreaction and soon died of acute disseminated tuber-
culosis.  Hill too has reported (1935) on cases of negative reaction
in advanced tuberculosis.

The physician in charge of the monkey clinic of the Sukhumi
animal house, S. G;. Kaktin, examined the animals systematically
from 1947 on using the tuberculin ophthalmoreaction. During the
first year she found that 45 monkeys had a positive reaction. Most
of them (41) had been born in the animal house, the others (1)
having been brought there in 1937. Twelve of these 45 animals
died of tuberculosis anywhere from two to five years after they
were found to react positively to the tuberculin—11 born in the
animal house and only one brought there. A few animals died
two or three yehrs after the tuberculin test, but a pallman:nmmi('nl
examination generally failed to show any traces of tuberculosis.
Some of the animals were kept under observation until 1952 when
a large batch was sent out from Sukhumi. No signs of the discase
were noted in these animals before they were sent out.  Finally, two
of these animals (Sena, El'ba) exhibited clear clinical signs of com-
pensated tuberculosis, which produced a disseminated process after
severe experimental intervention, which we shall discuss below.

Kaktin's investigations of allergic reactions in 1048 revealed
five tuberculin-positive monkeys among those recently born in the
animal house and 13 monkeys among those imported in 1948.
Three of the five native-born animals lived eight or nine years
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from the time the tuberculin-positive reactions were noted.  Only
two of the group, killed withiira year, were found to have the early
symptoms of tuberculosis (S. G. Kaktin, 1958). As for the 13
imported animals, clinical symptoms of tuberculosis 'were seen in
only one monkey, which died a year after arrival and after discovery
of the positive reaction. The other 12 animals, despite evident
contact with tuberculosis and positive reactions to tuberculin,
showed no clinical symptoms of the disease for five to eight years:
one of them (the hamadryad Cheleken) after a few years developed
tuberculous spondylitis. It is quite apparent, therefore, that in
imported as well as in native-born animals there may be consider-
able resistance to tuberculosis (despite obvious infection).

Among the monkeys with no signs of tuberculosis other than
a positive tuberculin reaction, 43 died (almost all adults) and were
examined by us during the past six years. Positive tuberculin
reactions were noted at various times between 1947 and 1957. The
length of time between a positive tuberculin reaction and death
varied from animal to animal. Among 28 monkeys born in the
animal house, a positive tuberculin reaction was noted one year
before death in one monkey; two years before, five monkeys:
three years before, three monkeys: four years before, four monkeys:
five years before, two monkeys: six years before, five monkeys:
seven years before, four monkeys: eight years before, three mon-
keys: and 10 years before, one monkey. Among 15 imported mon-
keys that lived varying periods of time in the animal house, a
positive ophthalmoreaction was noted one year before death in
two monkeys: two years before, one monkey: three years belore,
three monkeys: five years belore. four monkeys: six years before,
two monkeys: seven years belore, one monkey: and eight years
before, two monkeys.  All these animals remained tuberculin-posi-
tive until they died. Among the animals examined 26 were
macaques, chiefly rhesus monkeys, 13 hamadryads, three green
marmosets, and one gelada,  The animals died of various causes
unrelated to tuberculosis,

It is evident from the foregoing that the tuberculin-positive
monkeys were given a morphological examination quite some
time alter they had come in contact with tuberculosis.
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An investigation of the main collection of monLc’ys failed to
disclose any signs of tuberculosis :mywhere in the body dqspne the
fact, as mentioned above, that most of these animals had béen
tuberculin-positive for many years. Upon dissecting one of these
animals (the rhesus monkey Tanga) we found in the lungs, chiefly
in the area of the apexes, drawn-in scars with small, solid, calcified
foci in the region. Histologically, we observed in these places mark-
edly sclerotic foci with embedded calcareous masses. The lymph
nodes of the bifurcation of the trachea in some animals contained
an abnormal amount of connective tissue.

X Kaktn (1958) says that she discovered isolated tuberculous
foci in the bronchopulmonary nodes of a few monkeys that had
reacted positively to tuberculin over a long period of time. This
was an accidental finding and had nothing to do with the death
of the animals. She injected guinea pigs with an emulsion from
the bronchopulmonary nodes of tuberculin-positive monkeys that
died of various causes and succeeded in producing tuberculosis in
these animals. It is evident from what has been said above that
monkeys may carry tubercle bacilli and yet not have tuberculosis.
This balance between animal and microbe is apparently quite
stable.

On several occasions we discovered that such severe experi-
mental action as mass irradiation with ionizing radiation (Forum,
Tanga, Zlatka, Ruchey), reproduction (successful) of malignant
tumors (Bekas, Shunik, Undina), chronic colitis, etc., did not bring
about clinical symptoms of tuberculosis in tuberculin positive
monkeys. Moreover, there were no signs of the disease in a mor-
phological investigation. At the same time there are indications
(Kaktin, 1958) that some monkeys which react positively to tuber-
culin for many years but remain clinically healthy as long as they
are kept in the open or in cages may unexpectedly show manifes-
tations of severe active tuberculosis ending in their deaths, whether
or not they have been previously subjected to strong experimental
trauma.

Clinical manifestations of tuberculosis, not to mention deaths
in the monkey house from the disease, have become very rare in
recent years. This is due not only to acclimatization, but also to
isolation of sick and tuberculin-positive animals and systematic
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immunization since 1938 of native-bora and imported monkeys
with BCG vaccine (M. A. Linnikova, 1948). '

" In discussing the positive effect of immunization, Linnikova
says that between 1927 and 1938 (before imimuniZationi was started)

- tuberculosis mortality rate in the Sukhumi animal house was 17%,
but that it dropped to 109, between 1939 and 1946. However,
the high mortality in 1937-1938, as mentioned above, was caused
by the delivéry ‘of large numbers of sick monkeys during that
period of timé when there chanced to be only a few animals in
the monkey house. Half as many of the latter died of tubercu-
losis as did the former.

Without denying the usefulness of BCG vaccination, we still
cannot agree with Linnikova who attributes the low mortality from
1939 to 1946 to the vaccine. It should not be forgotten that it
was precisely from 1939 to 1948 that no new animals were imported.
This reduced tuberculosis mortality substantially.

We also recall that there was an outbreak of tuberculosis in
1946-1947 during which 15 native-born, BCG-vaccinated animals
died. Thus, tuberculosis mortality in the monkey house was great-
est prior to 1939 and was largely caused by sick imported animals.
It dropped between 1939 and 1946, but remained fairly high
despite the fact that no new animals were brought in during those
years.

On the pathomorphological manifestations of tuberculosis,
we have comparatively little material. During the last six years
five animals of the main group in the monkey house died of the
disease; three of them had been sick for a long time, two with
tuberculous spondylitis, one with chronic pulmonary tuberculosis.
One animal, a two and one-half year old baboon, developed tuber-
culosis of the mesenteric lymph nodes. In a green marmoset
(Kazbek) that died at the age of 22 months, the process was quite
unusual and included the development of a single tubercle in the
kidney. In addition to these five animals, we investigated 12 Indian
macaques two to three years old that died two to four months after
arrival. Macroscopical and microscopic examinations revealed the
presence of primary acute tuberculosis in all the animals. In 10
animals the main site was the lungs. The lesion was unilateral in
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Fig. 31. A primary tuberculous complex. A rhesus monkey.

only two cases in the form of a primary complex (Fig. 31) without
noticeable dissemination of the process either in lung tissue or
elsewhere. Most animals in this group exhibited a bilateral process
that was widespread and, as a rule, accompanied by dissemination
of the germs in the internal organs. The spleen was affected in all
cases. The tubercles were generally numerous and very large. In
those animals whose liver and kidneys were affected, the tubercu.-
lous foci tended to be very small, frequently in the form of a miliary
eruption,

Besides the bifurcation lymph nodes, which had become case-
ous in all the cases, lesions were found in the axillary, inguinal,
para-aortal, mesenteric, and paratracheal nodes of three animals,
In one case marked enlargement of the caseous lymph nodes of the
bifurcation of the trachea, paratracheal and para-aortal nodes, and
nodes of the mediastinum and neck due to compression of the blood
vessels caused marked edema of the cellular tissue of the neck and
face as well as edema of the brain with extensive hemorrhage in
the membranes of both cerebral hemispheres,

The other organs were less commonly involved. Two animals
exhibited a tuberculous eruption on the peritoneum and parietal
pleura.  One animal with sharply pronounced dissemination had
isolated tuberculous foci in the pancreas.  In another animal the
disseminated pulmonary process was complicated by tuberculous
COXILS,
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The p‘;uhologi(:ll‘ anatomy of acute tuberculosis. in’ monkeys

Jis now fzirly well known due to the research of V. G. Shtefko and
A. A. Khar'kov (1940), M. B. Ariyel’ (1949), N, A. Naletov and
I. 1. Kas'yanenko (1955), and others.
\ In 8*out of our 10 investigations we experienced no dilli-
culty in finding a primary lesion under the pleura, usually in the
lower lobes of the right or left lung: in only one instance was the
primary lesion,in the central lobe of the right lung. Fibrinous
pleuritis was*discovered in the region of the lesion and often
throughout the lung on the side of the lesion. Regional bron-
choadenitis, as noted by the above-mentioned authors, was often
much larger than the primary lesion and assumed a tumorous
character.

We know that a primary lesion in moenkeys as in man is the
[ocus of caseous pneumonia (M. B. Ariyel’, 1949). We had no
difficulty in tracing necrosis of the exudate and alveolar septa,
which frequently retained the outlines of their original structure,

Ky 80
i, 32,

l'lmimnitrug:.nph. Ingrowth ol cpillu-liuill celludar svnovium in the
lumen of an alveolus. A rhesus monkey, Stained with hematoxylin-cosin,. Obj.
10, oc. 10,
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Fig. 33. Photomicrograph. Tubercle bacilli on the periphery of a tuberculous
focus, A\ rhesus monkey, Stained with hematoxylin-cosin, Obj. 90, oc. 10,

Epithelioid histiocytic elements infiltrated the alveolar septa along
the periphery of the necrotic focus.  Macrophages and occasionally
large cells with two or three nuclei were found in the alveoli. In
places epithelioid cells appeared to be growing into the lumens of
the alveoli, creating small fields of syncytium (Fig. 32). Epithe-
lioid tubercles with totally necrosed centers were encountered
along with caseous pneumonic areas. Individual foci frequently
merged, giving irregular contours to portions of granulation tissue,
Langhans’ giant cells tended to bhe small, but they were very rare.
Tubercle bacilli were not found regularly. We sometimes saw
large numbers of them not in the necrotic zone but, as mentioned
by Ariyel’, among the masses of epithelioid cells in the zone of
specific granulation tissue (Fig. 33). Together with the above-
described areas, we could often see broad fields of lung tissue where
the alveoli were filled with a mottled exudate. In places the exu-
date was purely leukocytic, elsewhere fibrin predominated. Large
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Fig. 34. Primary acute cavities in the lung ol a rhesus monkey.

numbers of erythrocytes were very frequently mixed in with the
exudate. The cellular tissue around the blood vessels was edema-
tous. Clusters of lymphocytes were noted around the vessels. The
walls of the bronchi both within the foci and near them were
frequently destroyed. The epithelial lining was often missing. the
wall infiltrated, and the lumens of these bronchi filled with an
exudate consisting chicefly of leukocytes.

In places where the foci were near the pleura. the latter was
considerably thickened, edematous, and infiltrated with an exudate
containing many leukocytes. In one case an irregularly rounded
multichambered cavity had formed under the pleura, probably at
the site of a primary lesion (Fig. 34). The walls of the cavity
exhibited broad areas of disintegrating, caseous tissue and numer-
ous tubercles merging, A substantial number of tubercles were
also undergoing caseation and liquefaction.

As mentioned above, the process in the lungs very frequently
went beyond the primary lesion. Ordinarily the process was wide-
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Fig. 35. Lobar caseous pneumonia. A rhesus monkey. ®

spread with extensive flields undergoing caseous disintegration
throughout.  Epithelioid cells were found in the peripheral por-
tions of disintegrating foci. Here and there we could see around
the foci capsulelike objects in the form ol a few precollagenous
fibers.

The foci were very frequently scalloped.  As Ariyel” observed,
this is due to a new wave in the development of the process. Leuko-
cytes accumulate in the peripheral portions of the focus, infiltrating
the granulation tissue and, in part, the caseous masses,  The granu-
lation tissue disintegrates in the infiltration zone and forms a new
caseous locus that fuses with the mitial focus.

We observed in two monkeys the development of caseous
lobar pneumonia (Fig. 35) similar to primary pulmonary tubercu-
losis (Irequently found in children).  Both animals had a break in
the main bronchus ol the caseous masses from the hifurcatidm
lymph node due to destruction of the bronchial wall.  We were



Infectious Discases 79

unable to locate the primary lesion in the lungs. which v.as prob-
ably hidden, by the extensive caseous disintegration of lung tissue.
Microscopical examitfation revealed the presence in the alveoli of
a mottled, frequently macrophagic exudate undergoiiig caseation
in many places and for a considerable distance together with the
ayveolar septa. :

Histolysis in the bifurcation lymph nodes involved in the proc-
ess was generally sb advanced that at times the tissue of the nodes
could not be seeh at all. Macroscopically, the tissue was a yellow-
ish-gray, friable mass. Sometimes the tissue liquefied forming
puriform masses. Histologically, one could see accumulations of
epithelioid cells here and there along the periphery of the disinte-
grated area. Giant cells in the affected lymph nodes were not
present in all cases and they were just as infrequent as in the lungs.

Tuberculous foci in the liver were generally small.  Sometimes
they consisted of tubercles of epithelioid cells on the periphery of
which could occasionally be seen aggregations of lymphocytes that
ordinarily did not form a solid mass. In other cases there were
numerous round, clearly demarcated small nodules whose tissue
was everywhere undergoing necrosis with the formation of a great
many lumps of nuclear detritus. Epithelioid cells in these foci
were either completely lacking or there were only solitary. fre-
quently disintegrating cells in the outermost portions of the
nodules.

Tuberculous foci in the spleen were almost invariably numer-
ous and of large size. They were irregularly round, frequently
coalesced nodules well demarcated from the surrounding tissue.
Histological examination disclosed extensive necrosis of the tissue
on the margin of which could usually be seen a narrow band of
epithelioid cells. In places outside this zone there was a very thin
capsule of elongated connective-tissue cells arranged in one or two
rows. Isolated fuchsinophil bacilli were occasionally visible in the
rone of epithelioid cells.  Tuberculous foci encountered in the
other internal organs of some animals were similar to those de-
scribed above. We emphasize that in the monkeys that died of
acute tuberculosis we generally found very few aiant cells or none

at all.
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Tulberculosis developed in a greén marmoset insa somewhat
peculiar fashion. There is evidence that this species is less sus-
ceptible to the disease than other monkeys (S*G. Kaktin, 1958).* 1t
was learned from andmnesis that the mother, of this animal was
tuberculin-positive and that the latter was taken away when four
months old. The disease appeared when it was one year and teh
months old.  The monkey had pronounced pneumonic symptoms
and died four days after the diagnosis was confirmed. The :m'topsy
revealed in the lower and upper lobes of both Iuthgs rather large
foci (averaging 0.6 to 0.7 cm in diameter) the tissue of which was
entirely caseous. The lower lobe of the right lung had a cavity
filled with puriform masses. Outside the foci the pulmonary
tissue was moderately hyperemic without perceptible lesions. The
right Kidney was also affected. The entire kidney was greatly
enlarged (3 x 5 cm), especially the upper pole, which had a tuberous
surface. In cross section the upper pole exhibited numerous fine
cavities filled with caseous masses. There was a compact, round,
whitish-yellow node about 1 ¢m in diameter in the center of the
lower pole of the kidney between the cortex and the medulla. This
formation was surrounded by fine yellowish-gray foci. The other
internal organs appeared to be normal.

Microscopical examination of the pulmonary foci revealed
extensive necrosis. The alveoli and blood vessels in the non-
nuclear masses were well delineated. On the periphery of necrotic
tissue was a zone of detritus with a great many nuclear fragments.
Around the necrosed area the lumens of the alveoli and bronchi
were filled with a leukocytic exudate containing here and there a
good deal of fibrin. Farther away the lumens of the alveoli were
filled with a serous exudate. Extensive necrosed portions were
also observed microscopically in kidney tissue. Along the periphery
of the dead tissue lacking in nuclei could be seen a zone of non-
specific inflammation with marked infiltration of the Kidney tissue
by leukocytes and lymphoid elements,

We also observed a case of acute tuberculosis in which the
lungs were not involved. The autopsy revealed extensive casea-
tion in very enlarged mesenteric lymph nodes. The animal was a
baboon born two years and ten months before in the monkey
house. It died a year alter it was removed from its mother and
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brought for-cxperir.nentalioﬁ to an isolatien room located :longside
the isolation area for tuberculir-positive monkeys. Besides a great
torfglomerate of higltly enlarged (1 x 2, 2 x 3 cm) caseous mesen-
teric lymph nodes,.the autopsy showed infiltration of Bauhin’s
valve, hyperemia, and slight edema of the wall of the adjacent
I)‘H'tiun of the small and large intestine. A great many rather
enlnr.ged lymph nodules were scattered throughout the large intes-
tine.” Histologicat examination of part of the large intestine next
to Bauhin's vajvt revealed a small section of the mucous membrane
to be necrosed. Corresponding to the latter in the submucous
membrane was an irregularly oval formation whose central area
lacked nuclei and was distintegrating into tiny lumps. There was
a small number of epithelioid cells with light-colored nuclei along
the boundary of the necrosed portions. This formation was in a
place where the lymph nodules were almost totally destroyed. The
mucosa and submucosa of the intestine near the caseous focus were
somewhat edematous. The epithelium of the mucosa contained
many goblet cells and was heavily desquamating in the lumen of
the intestine. Histological examination of the mesenteric nodes
revealed extensive necrosed areas; frequently no lymphoid tissue
survived at all.  On the periphery, mostly next to the capsules of
the nodes, was specific granulation tissue with isolated Langhans’
giant cells appearing in the midst of the epithelioid cells. We
could not detect any growth of fibrous tissue in the nodes. There
was an occasional small deposit of calcium in the caseous masses.

One rhesus monkey imported from India showed marked
deformation of the head of the left thigh six months after arrival
in the animal house. A month later it died of widespread tubercu-
losis in both lungs along with extensive dissemination of the process
in the internal organs. Besides these changes, the autopsy revealed
edema and enlargement of the area of the left coxofemoral joint.
The caput femoris was very depressed, its joint surface irregularly
tubercular and covered with pale pinkish-gray granulation and
caseous masses. The joint surface of the acetabulum presented
the same appearance. The adjoining soft tissues had large isolated
caseous foci. The edges of the caput femoris were scalloped as
though eaten away. The surface facing the joint was covered with
specific granulation tissue consisting mainly of epithelioid cells,
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Tuiserculosis developed in a green marmoset ina somewhat
peculiar fashion. There is evidence that this species is less sus-
ceptible to the disease than other monkeys (S. G. Kaktin, 1958). It
was learned froma anamnesis that the mother of this animal was
tuberculin-positive and that the latter was taken away when fouy ———
months old. The disease appeared when it was one year and ten
months old. The monkey had pronounced pneumonic symptoms
and died four days after the diagnosis was confirmed. The autopsy
revealed in the lower and upper lobes of both lithgs rather large
foci (averaging 0.6 to 0.7 cm in diameter) the tissue of which was
entirely caseous. The lower lobe of the right lung had a cavity
filled with puriform masses. Outside the foci the pulmonary
tissue was moderately hyperemic without perceptible lesions. The
right kidney was also affected. The entire Kidney was greatly
enlarged (3 x 5 cm), especially the upper pole, which had a tuberous
surface. In cross section the upper pole exhibited numerous fine
cavities filled with caseous masses. There was a compact, round,
whitish-yellow node about 1 ¢m in diameter in the center of the
lower pole of the kidney between the cortex and the medulla. This
formation was surrounded by fine yellowish-gray foci. The other
internal organs appeared to be normal. '

Microscopical examination of the pulmonary foci revealed
extensive necrosis. The alveoli and blood vessels in the non-
nuclear masses were well delineated. On the periphery of necrotic
tissue was a zone of detritus with a great many nuclear fragments,
Around the necrosed area the lumens of the alveoli and bronchi
were filled with a leukocytic exudate containing here and there a
good deal of fibrin. Farther away the lumens of the alveoli were
filled with a serous exudate. Extensive necrosed portions were
also observed microscopically in kidney tissue. Along the periphery
of the dead tissue lacking in nuclei could be seen a zone of non-
specific inflammation with marked infiltration of the kidney tissue
by leukocytes and lymphoid elements.

We also observed a case of acute tuberculosis in which the
lungs were not involved. The autopsy revealed extensive casea-
tion in very enlarged mesenteric lymph nodes. The animal was a
baboon born two years and ten months before in the monkey
house. It died a year alter it was removed from its mother and
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brought forexperimeniation to an isolation room located slongside
the isolation area for tuberculir:- posmve monkcys Besides a great
toniglomerate of higlily enlarged (1 x 2, 2 x 3 cm) caseous mesen-
teric lymph nodes,«the autopsy showed infiltradion of Bauhin’s
valve, hyperemia, and slight edema of the \\all of the adjacent
portion of the small and large intestine. A great many rather
enlarged lymph nodules were scattered Lhroughom the large intes-
tine. Histological examination of part of the large intestine next
to Bauhin's va)ve revealed a small section of the mucous membrane
to be necrosed. Corresponding to the latter in the submucous
membrane was an irregularly oval formation whose central area
lacked nuclei and was distintegrating into tiny lumps. There was
a small number of epithelioid cells with light-colored nuclei along
the boundary of the necrosed portions. This formation was in a
place where the lymph nodules were almost totally destroyed. The
mucosa and submucosa of the intestine near the caseous focus were
somewhat edematous. The epithelium of the mucosa contained
many goblet cells and was heavily desquamating in the lumen of
the intestine. Histological examination of the mesenteric nodes
revealed extensive necrosed areas; frequently no lymphoid tissue
survived at all. On the periphery, mostly next to the capsules of
the nodes, was specific granulation tissue with isolated Langhans’
giant cells appearing in the midst of the epithelioid cells. We
could not detect any growth of fibrous tissue in the nodes. There
was an occasional small deposit of calcium in the caseous masses.
One rhesus monkey imported from India showed marked
deformation of the head of the left thigh six months after arrival
in the animal house. A month later it died of widespread tubercu-
losis in both lungs along with extensive dissemination of the process
in the internal organs. Besides these changes, the autopsy revealed
edema and enlargement of the area of the left coxofemoral joint.
The caput femoris was very depressed, its joint surface irregularly
tubercular and covered with pale pinkish-gray granulation and
caseous masses. The joint surface of the acetabulum presented
the same appearance. The adjoining soft tissues had large isolated
caseous foci. The edges of the caput femoris were scalloped as
though eaten away. The surface facing the joint was covered with
specific granulation tissue consisting mainly of epithelioid cells,
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Fig. 36. Photomicrograph. Destruction of the head of the femur by granulation
tissue. The rhesus monkey Bazilik. Stained with hematoxylin-cosin, Obj, 20,
oc. 7.

-
which contained many Langhans’ giant cells (Fig. 36). Very fine
collagenous fibers were found almost everywhere between portions
of granulation tissue. Here and there the granulation tissue had
penetrated into the Haversian canals of the bone. Islets of specific
eranulation tissue and extensive caseous masses were noted in 2
thick fibrous capsule around the joint. Here too giant cells were
found among the epithelioid cells.

We must mention another case of acute tuberculosis in om
material which is in the nature of an accidental finding. Histologi-
cal examination of the internal organs of an Indian monkey that
died of dysentery revealed in the gastric mucosa tubercles whose
epithelioid cells contained many Langhans' giant cells. The cen-
tral portions of the tubercles were disintegrating.

As 15 evident from the above and the well known research ol
Schmidt (1870), V. G. Shtefko and A. A. Khar'kov (1940), and
M. B. Ariyel” (1949), acute tuberculosis in captive monkeys is
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clearly progressive with cxtenswc dissentination both in fhe lungs
and 1, the other internal orthns. General caseous pneumonia
“fr equcntly develops, ‘particularly from the pnmnry lesion, and after
obturation of the bronchi by caseous masses coniing from disinte-
grating bifurcation nodes. In all cases the specific granulation
tissue is ready to disintegrate so that the foci sometimes consist
entirely of caseous masses. The giant-cell reaction is faint and
sometimes is lacRing altogether. Also very faint or completely
lacking are the“signs of limitations on the spread of tuberculous
foci in the form of connective-tissue capsules. Sometimes lique-
faction of the caseous masses at the site of the primary lesion may
produce a cavern. M. B. Ariyel’ was able to trace the communica-
tion of some of the primary cavities with the lumens of the bronchi.
In a few cases he observed partial epithelization of the walls in
cleaned caverns.

A somewhat exceptional case was that of an animal with tuber-
culous coxitis in which, despite the generally progressive character
of the process, the foci were found to contain a substantial number
of giant cells and collagenous tissue was in evidence. These phe-
nomena may well have resulted from the fact that the animal had
received streptomycin for a month.

The primary site of tuberculosis in monkeys need not be the
lungs, as indicated by the development in one native-born baboon
of tuberculous foci in the wall of the large intestine and extensive
involvement of the mesenteric lymph nodes. Due to the appear-
ance of individual tubercles in the stomach—a very rare occurrence
—the tuberculous process was apparently still recent and localized.

Besides the acute cases described above, we observed three
other cases in which the disease was clinically traced for several
years. Inone case pulmonary tuberculosis developed in a macaque
horn in the animal house in 1940, It was administered BCG vac-
cine orally when it was between one and two years old. In 1942,
x-rays revealed enlargement of the bronchopulmonary lymph nodes.
Marked clinical manifestations of the disease in the form of consid-
erable emaciation, sluggishness, and diminished appetite were
observed only in March 1947, X-rays taken that month showed
fusiform shadows in the hili of both lungs and indications of adhe-
sive pleuritis to the left. During the course of a general check of
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tuberculin reactions (ophthalmoreaction) tnade at this time the
results were positive in this animadl.

The monkey remained somewhat sluggish the next few yers:
From time (b timie it lbst weight, after which it received additional
food, more vitamins, and occasnoml intravenous injections of glu,
cose. It was given PASA for a short time in April 1952, Througl,-
out its life the animal had a positive ophthalmoreaction. In 1953
it was used in an acute experiment involving opening of the thorax
and production of a unilateral pneumothorax. ®The operation
sharply worsened the animal’s condition and it died two days later.

Besides traces of the operation, the autopsy revealed indivi-
dual adhesions between the lungs and parietal pleura. Numerous
small grayish foci were visible under the pleura in both lungs.
They varied in size from a millet seed to a match-head. Isolated
grayish-white foci with indications of caseation were also found
deep in the lung parenchyma. We were unable to locate the pri-
mary lesion or traces of it. The lymph nodes in the bifurcation of
the trachea formed a huge, almost totally casecous mass. The
mucous membranes of the large bronchi were hyperemic, some-
what edematous. In one place the wall of the main right bronchus
was ulcerated at the point where it adhered to a caseated lymph
node. Caseous masses had penetrated the bronchial wall and
showed up as individual granules in the lumens of the right
bronchus.

Histological examination of the lungs revealed numerous
tubercles of epithelioid cells in addition to broad foci almost com-
pletely undergoing caseation. The tubercles were either not dis-
integrating at all or their central portions contained small groups
of disintegrating cells with leukocytes interspersed. Giant cells
were frequently visible in the central portions and on the periphery
of the tubercles, which were usually surrounded by round-cell ele-
ments and connective-tissue capsules (Fig. 37). Massive coarse
sclerotic fields were encountered in isolated portions of lung tissue.
The flattened alveoli here looked like narrow slits or ducts lined
with cuboidal epithelium. This tended to make the lung tissue
resemble adenomatous structures.  The pleura was often somewhat
thickened due to the growth of collagenous tissue there and moder-
ate infiltration by cells, chiefly histiocytes and lymphocytes.



Fig. 37. Photomicrograph. Encapsulated tuberculous focus with signs ol exac-
erbation in the capsule. The rhesus monkey Sena. Stained with hematoxylin-
cosin. Obj. 8, oc. 7.

A similar picture was observed in the bifurcation nodes of the
trachea—massive caseation along with distinct signs of tissue sclero-
sis along the periphery of the nodes. lLarge caseous nodes sur-
rounded by compact fibrous capsules were found in the liver and
pancreas. The caseous masses of the latter often contained calcium
deposits. Small tubercles of epithelioid giant cells appeared in the
liver alongside old encapsulated foci. They were sometimes located
in the fibrous capsules of old foci, destroying the latter all along
the diameter.

The spine was involved in two other cases ol a prolonged tuber-
culous process that we investigated. One of the animals (the
hamadryad Cheleken) brought to the monkey house in 1948 when
it was about three years old reacted positively to tuberculin (oph-
thalmoreaction) soon after arrival. The animal was not immu-
nized with BCG vaccine. After treatment with an antibiotic (the
prcpnr:ni(m Yermol'yeva 15) the animal was placed in an open-air
cage. The ophthalmoreaction remained negative until August
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Fig. 38. Photomicrograph. Calcification in a tuberculous focus. The hama-
dryad baboon Cheleken. Stained with hematoxylin-cosin. Obj. 8, oc. 7.

1055, In 1955 at the same time that the animal reacted positively
to tuberculin, we observed that it was experiencing some difficulty
in moving its right hind leg. An x-ray showed darkened foci in
the lungs for the first time. The animal was somewhat sluggish,
pale, and anorectic.  The ESR rose to 40 to 50 mm an hour. Dur-
ing a short period of time (about one month) in mid-1955 the
monkey was given streptomycin, isonicotinic acid hydrazide, and
PASA. An x-ray made in September 1955 revealed partial destruc-
tion of the lumbar vertebral bodies. Weakness in the rear extremi-
ties gradually increased and the spine became very tender to the
touch. During the last eight days of the illness severe paresis of
both the hind and front paws set in so that the animal remained
recumbent, rejecting food and not reacting to any stimuli.  Occa-
sionally it had spells of vomiting and convulsions.

The autopsy revealed lymphadenitis of the bifurcation nodes
of the trachea with many caseous and calcareous foci. The primary



Fig. 39. Photomicrograph. Fibrosis of a tubercle. The hamadryad baboon
Cheleken. Stained with hematoxylin-eosin. Obj. 8, oc. 7.

lesion was probably located in the lower lobe of the right lung,
joined in its lower sections to the parietal pleura by thick adhesions.
Portions of gray granulation tissue and numerous small tubercles
were distributed between the adhesions.

It was determined from an histological examination that the
thick layers of fibrous tissue that considerably thickened the pleura
extended only to the superficial layers of lung tissue. Masses of
specific granulation tissue were visible among the coarse collagen-
ous strands that were comparatively deficient in cells. In the
center of these masses of granulation tissue we frequently saw
deposits of calcium (Fig. 38). Many giant cells were found among
the epithelioid cells in the peripheral sections. In some places
the granulation tissue could not be seen. The collagenous tissue
contained deposits of calcium. Isolated tubercles in which granu-
lation tissue was wholly (Fig. 39) or almost wholly replaced by con-
nective tissue were present in the pleura and in lung tissue. In
addition, the lung tissue also had small, isolated epithelioid giant



Fig. 40. Tuberculous spondylitis with pronounced signs ol sclerosis in the
vertebrae. The hamadryad baboon Cheleken,

foci whose peripheral sections contained only a few delicate col-
lagenous fibers. A thickening of the pleura was traced from the
lymph nodes of the root of the right lung to the area of the most
pronounced adhesions along the outer surface of the lower lobe of
the right lung. Here and there it looked like a very denge strand,
sometimes with deposits of calcium. Elsewhere in different parts
of both lungs we found occasional small tubercles that in places
were completely calcified. The basic mass of lung tissue, however,
was normal. A few foci the size of a pinhead were present in the
cortical substance of the kidneys.

An examination of the vertebrae showed that the bodies start-
ing from about the fifth thoracic and ending with the last lumbar
vertebrae had lost their usual uniformly cancellous structure. The
bodies of most of the vertebrae were mottled (Fig. 40). Areas of
very compact, homogeneous, yellowish-gray bone tissue almost
completely displaced the ordinary cancellous bone tissue. Totally
destroyed tissue together with an accumulation of thick gray-green
pus in the carious areas could be seen in individual vertebrae of
the infrathoracic and lumbar sections. Due to deformity of the
vertebrae the spinal cord in the lumbar region was quite com-
pressed. Histological examination of the areas of destroyed bone
tissue revealed the presence of granulation tissue with many fine
blood vessels and delicate collagenous fibers. Here and there the



Fig. 41, Photomicrograph. Tuberculous granulation in vertebral tissue. The
hamadryad baboon Cheleken, Stained with hcm:lmxylin-cosin. Obj. 10, oc. 10,

.
tissue was undergoing suppurative liquefaction. Masses of epithe-
lioid cells frequently admixed with very large Langhans’ cells were
noted along with areas ol nonspecific granulation tissue and accu-
mulations of macrophages, lymphocytes, and plasma cells. From
the focus of destruction the granulation tissue was partly growing
into the adjoining medullary canals (i 'ig. 41). The trabeculae were
quite thickened almost everywhere, especially on the border be-
tween the destroyed arcas.  The intervening medullary canals had
become very small, sometimes disappearing altogether with the
formation of compact, malformed bone (Fig. 42). Near the place
where the vertebra was destroyed the marrow was gone from the
canals, only its reticular stroma surviving. Portions of destroyed
tissue along with the proliferation of specific and nonspecific granu-
lation tissue were numerous in some of the vertebrae.

In addition to the above-mentioned site of the tuberculous
process, we found a tuberculous proliferation of specific granula-
tion tissue together with the formation in one place of a large (the
size of a cherry stone) solitary tubercle at the base of the brain,
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Fig. 42. Photomicrograph. New malformed bone along the periphery of a
tuberculous focus in a vertebra. The hamadryad baboon Cheleken. Stained
with hematoxylin-eosin. Obj. 8, oc. 7.

around the medulla oblongata, and partly on the left hemisphere
of the cerebellum. The center of the tubercle was completely
caseous. Numerous tuberculous foci (1 to 2 mm in diameter) were
visible in the same sections on ithe membranes, especially where
the spinal cord meets the medulla oblongata.

This site of the tuberculous process is evidently very rare.
Even by way of generalization of the process, such cases are either
not encountered (Fairbrother and Hurst, 1932) or described as
isolated (Hill, 1955, 1957).

Another rhesus monkey, which had been in the animal house
for five years, died after exhibiting symptoms of tuberculous spon-
dylitis. The animal had not been immunized with BCG vaccine.
It reacted positively to tuberculin six months after coming to the
animal house. This pronounced tuberculin reaction coincided
with the onset of a lung discase diagnosed as pneumonia. The
monkey had been placed in an isolation area following a positive
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ophthalmoreactmn where ‘it was briefly in contact (about two
months) with very ill animals that subsequently died of tubercu-
“losis. From the mdment it reacted positively to tuberculin and
almost to the end of its life (except the last yeat) thé animal was
periodically treated with streptomycin, PASA, and isonicotinic acid
|ydra7idc. The first symptoms of vertebral involvement showed

one year and seven months before death in the form of progres-
sive ndyn.nma of*the hind paws. The vertebral involvement was
confirmed by, X-rays, which showed destruction of the bodies of
the eleventh and twelfth vertebrae. The animal died of uremia
after chronic impairment of urination (development of phimosis).

The autopsy revealed marked distention of the bladder,
ureters, and renal pelvis as well as a disseminated tuberculous
process, which was most pronounced in the region of the bifurca-
tion nodes of the trachea and in the spine. The bodies of the elev-
enth and twelfth thoracic vertebrae were partially destroyed. Some
displacement toward one another produced a small hump and
partial compression of the spinal cord. Unlike the tuberculous
spondylitis of the baboon described above, the process here was
confinedeto two vertebrae and was not accompanied by widespread
sclerosis of the cancellous bone of the vertebrae.

Marked osteosclerosis with considerable thickening of the tra-
beculae was noted only in the partially destroyed vertebrae. Granu-
lation tissue (chiefly epithelioid cell tissue) at the site of the
destroyed bone tissue and adjacent lacunae contained a number of
giant cells, Here and there the granulation tissue was undergoing
necrosis and liquefaction. The surfaces of the two affected verte-
brae facing each other were lacking in cartilage. The interverte-
bral space was filled with specific granulation tissue, which
extended to the periosteum and lateral surfaces of the vertebrae.
In addition to granulation tissue, we were able to see here disinte-
grating masses forming a cold wandering abcess on the inner surface
of the lower portions of the thorax.

Many calcareous inclusions could be seen in the much enlarged
hifurcation nodes of the trachea and paratracheal nodes in the midst
of caseous masses.  Tuberculous foci in the lungs, liver, and spleen
were small and comparatively few in number. Besides caseous,



Fig. 43. Photomicrograph. Calcified foci in the lung
Robik. Stained with hematoxylin-cosin,

of the rhesus monkey
Obj. 10, oc, 10,

sometimes calcified foci (Fig. 43) the lungs were found to contain
epithelioid tubercles surrounded on the periphery by a ridge of
lymphoid cells. Many small foci were present in the cortex of both
kidneys. Individual solitary tubercles were discovered in the
pancreas.  The granulation tissue commonly distributed around
already calcified foci contained many multinuclear giant cells. A
capsule of compact collagenous tissue was visible in most of the
tubercles, except the fresh epithelioid tubercles,
lymph nodes were caseous and full of ¢
ing sclerotic patches.

The bifurcation
alcium deposits and spread-

Thus, in these three cases the process, both clinicallv and
morphologically, was chronic in nature. This was m;mifcst‘ed by
signs of sclerosis along the edges of the focj with indications of
encapsulation accompanied by calcereous necrotic masses. The
specific granulation tissue, unlike that in the acute cases of tuber-

culosis described above, contained many giant cells, [y should, of
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course, be %kept in mind that all the @nimals involved: recewed
antibiotigs, but in the first two xn011Leys the period of treatment was
"o ‘brief that it coufd scarcely have had any significant effect on
the nature of*the morphological manifestations df the' tuberculous
process in these animals. We must also emphasize that the chronic
wrocess in monkeys tends to affect the organs. In the cases of
M.rculous spondylitis it is clear that from the beginning the
process in the lnfgs was not widespread, but rather seemed to be
limited to thg Tormation of a primary complex. Moreover, the
lymph nodes of the hili of the lung became much more involved
than the lung tissue. In all the cases of chronic tuberculosis the
process developed in wavelike fashion, ending in massive terminal
dissemination.

In conclusion, we should like to point out that monkeys long
resident in an animal house, contrary to the established view, may
display considerable resistance when brought in contact with tuber-
culosis. However, this initial contact generally coincides with
removal from their natural habitat and placing them in completely
new surroundings. The development of progressive tuberculosis
in monkeys is due, therefore, not to some susceptibility to the
disease on the part of these animals, but to the fact that they may
have been exposed to infection at an extremely unfavorable time,
i.e., sudden captivity, different climatic conditions and food with
resultant avitaminosis, dyspeptic disturbances, etc. As we tried to
show before, even under these circumstances not all the animals
infected become sick and die. It is primarily the weakened ani-
mals (those shipped under highly adverse conditions) that become
sick.  Other animals coming in contact with the infection become
tuberculin-positive. It is quite possible that the monkeys that sub-
sequently become tuberculin-positive start by developing a primary
complex.

Besides a positive tuberculin reaction, another indication of an
earlier tuberculous infection may be the presence of small sclerotic
foci (in tuberculin-positive monkeys that die without symptoms of
tuberculosis) of a calcified or ossified primary tuberculous com-
plex in the bifurcation lymph nodes of the trachea. Two of the
observations of S. G. Kaktin, who found tuberculous changes of pro-
ductive character in the bifurcation lymph nodes of the trachea
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of a tuberculin-positive sacrificed mohkey,‘ likewise suggest that
a tuberculin-positive monkey, even though completely healthy clin-
ically, may have a primary complex. The (&te of this ocompfex'
tends to vary with the Kealth of the animal, the ¢onditions in which
it is kept when the lesion develops, etc. One of the results may
be a generalization of the process (sometimes like the primary pul/
monary tuberculosis frequently observed in children).

In monkeys with greater resistance the printary complex ‘inay
develop into a chronic process lasting years. Holvgver, it seems
that the most frequent outcome of the infection is either healing
of the primary complex with sclerosis and petrification or total
disappearance of the primary complex. Moreover, the monkeys’
contact with tubercle bacilli, regardless of whether the disease
develops or not, is accompanied by immunological reorganization
as reflected in a positive reaction to tuberculin.
anatomical healing of the primary complex apparently does not
mean biological sterilization, as shown by the fact that the tuber-
culin-positive reaction is virtually permanent. Neither petrifica-
tion nor ossification of the healed primary focus signifies that the
bacilli have disappeared from the animal. ‘

Consequently, a positive reaction to tuberculin is indicative
of a specific immunological reorganization following contact with
a tuberculous infection. What then is the prognosis after such a
reaction? Does it indicate that therapeutic and preventive meas-
ures (including sanitation) are in order? [y is our opinion that the
physician in charge should in each instance determine how the
attendants are to be handled. Unlike Lubarsch (1917) and Ham-
erton (1936), who believed that it was impossible to detect the
early symptoms of tuberculosis in monkeys, S. G. Kaktin (1958)
worked out clinical techniques for detecting these symptoms. It
would seem, therefore, that clinical observations are the decisive

factor and that as soon as they indicate the presence of a tubercu-
lous process, the latter should be treated the s
form of the disease.

Even complete

me way as an active
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. © ' POLIOMYELITIS 5

« o Itisa well kngwn fact that infecting a rhesus monkey with
the poliomyglitis \'n'us can easily result in deyelopment of the
disease with a typical clinical picture and pathoanatomical mani-
festations? .

Monkeys can be infected in other ways than by intramedullary
tion. For eyample, the disease has been reproduced in four
anmmls by admdmstermg the virus orally (Horstman, 1952: Melnik
and Ledinko,*1951; others). There are also a few reports describing
spontaneous poliomyelitis in anthropoid apes (Miiller, 1935;
Schoen, 1936; Lindan, 1938; Tanaka, 1939; Howe and Bodian,
1944). In the cases described by Miiller the disease developed in
the paralytic form and it may have been the source of the disease in
two children who had visited the zoo. Scott (1927) described three
cases of “cage paralysis” which he considered comparable to polio-
myelitis in man. He did not cite any data from actual investigations
of these cases, but his reasons seem convincing to us. Hamerton
(1936) states that “cage paralysis” is a collective term applied to
arious dliseases including poliomyelitis. We agree with him.
We were unable to find any references in the literature to the
disease arising spontaneously among the lower forms of apes.
During the fall of 1957 (between September 28 and October 8)

_ six monkeys in the Sukhumi animal house came down with paraly-
sis of the extremities. The disease broke out almost simultaneously
in two cages fairly distant from each other (about 0.5 km). The
first to be diagnosed were two adult female rhesus monkeys (Tolbi
and Emba) in which flaccid paralysis of the hind limbs was de-
tected during the course of the daily examination. These two ani-
mals along with four others in the same cage were isolated. The
next day (September 30, 1957) a third adult female Gusikha was
found to have flaccid paralysis of the left hind leg and tremor in the
right hind leg when she moved. The animal’s general condition
was very poor. Three days later (October 2, 1957) the neuropathol-
ogist noted flaccid paraplegia, paresis of the trunk and thoracic
muscles, and some drooping of the right corner of the mouth in
facial movements. The condition steadily worsened and the animal
was eventually unable to move, lying still on its side and scarcely
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breathing. Forced feeding induced vomiting. " The animal died
eight days atter onset of the disease.

In the other two adult females (Neva and “Khaya), who became’
sick on October ? and 7, the disease started with the-characteristic
sluggishness and chills, tremor and flaccidity of the hind limbs.
The animals moved their limbs with some difficulty. The secong
day of the illness Neva gave birth prematurely to an almost fl}/";-
term dead fetus. Paralysis of all four extremities developed z%out
this time and was soon followed by paralysis of*the respiratory
muscles. The animal died six days after onset of the disease. The
disease lasted five days in Khaya who, besides paralytic symptoms
similar to Neva’s, had liquid stools the first few days. Khaya's baby,
mostly breast-fed, developed on October 8 the symptoms of general
depression in the form of sluggishness. Sneezing, mucous discharges
from the nose, periodic tremor, mild digestive disturbances, and
pulpy stools were also noted at the same time. The animal died
on the second day of the illness.

Thus, six animals developed an infectious disease in a short
period of time marked chiefly by clinical symptoms indicative of
deep involvement of the spinal cord. Four of them died in less than
ten days, i.e, on the second, fifth, sixth, and eighth days, respec-
tively, after the disease was diagnosed. In the monkey dying on
the second day the symptoms of paralysis were not noted during
a general clinical examination.

The infectiousness of the disease was confirmed by a virologi-
cal investigation (M. K. Voroshilova, N. N. Golubeva, Ye. A.
Tolgskaya, 1. K. Lavrova, and N. Ye. Gol'drin, 1958) in which the
type 11 poliomyelitis virus was isolated from the brains of the dead
monkeys. The authors demonstrated the pathogenicity of the iso-
lated virus for monkeys by intramedullary infection of the animals.
They were unable to determine the cause of the outbreak.

Macroscopically, the dead animals exhibited no significant
abnormalities. There was marked plethora of the brain tissue.
chiefly the gray matter of the spinal cord. Khada's brain was swol-
len. The autopsy revealed, in addition, moderate hyperemia of
the internal organs and some hyperplasia in the mesenteric lymph
nodes. In two of the animals (Khaya and Khada) the contents of
the large intestine were semiliquid. Double focal pneumonia had
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developed in Neva. Microscopical examination of the aniimal that
died two days after onset of the difease revealed pronoinced hyper-
‘emla both of the brain membranes and of gray and white matter
tissue with censidegable dilatation of all the bleod vessels down
to the smallest of capillaries. Here and there tiny, chiefly peri-
vascular, hemorrhages could be Seen. A diffuse, pronounced
s\elling of the nerve cells, especially the small ones, was observed
in MY cortex of tire various brain lobes (frontal, occipital, parietal,
temporal) in pPeparations stained with thionine. The swelling
was manifested in a rounding of the cell body which was sometimes
so exaggerated that the cell lost its normal pyramidal form. Un-
evenly swollen, long cell processes were very prominent. The
bodies of the nerve cells were pale and frequently possessed a very
delicate, finely alveolate structure. The nuclei were frequently
light-colored and vesicular with distinct nucleoli: there were, how-
ever, some cells with hyperchromatic nuclei. In the midst of the
pale staining cells of the cortex were a few very pale staining cell
shadows. Against this general background of swollen, pale staining
cells could be seen single large pyramidal cells staining more
intenselys Their processes were traceable for a considerable dis-
tance. There was no perceptible edema of the white matter.
Despite diffuse involvement of the nerve cells, we were unable
to see any hyperplasia of glial elements. The neuroglia cells were
somewhat hypertrophic, possessing large light-colored nuclei and
small cell bodies with short fuzzy processes. Somewhat more ex-
tensive hypertrophy of glial elements was observed very close to
the lateral ventricle, of which the lumen in the region of the ante-
rior cornu was almost completely filled with desquamative cells.
Clearly pronounced hyperemia, swelling of nerve cells and
lysis of individual cells were observed in the nodes of the base of
the brain, but they were less distinct than in the cortex. There
was no evident glial reaction. Swelling of the cell bodies and their
processes with thorough staining of the latter for some distance
together with lysis of individual cells could be readily seen in the
nuclei of the cerebellum, especially in the dentate nucleus. The
embolus was found to contain, in addition to the above, a large
quamily of nerve cells whose protoplasm stained unevenly due to
the presence of a few extremely hyperchromatic areas alternating
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Fig. 41. Photomicrograph, Dying nerve cells in the anterior horn of the spinal
cord. The rhesus monkey Khada. Stained with thionine. Obj. 60, oc. 10,

with individual pale staining portions of protoplasm. The contours
of these cells were jagged as though eaten away. Their nuclei either
could not be distinguished or were hyperchromatic with fuzzy out-
lines. The region of the embolus created the impression of some
hyperplasia of glial elements and their bodies were moderately
hypertrophic. The above-mentioned phenomena found in the
nuclei of the cerebellum scarcely reached the cortex where we
observed only the slightly staining processes of Purkinje cells.
The spinal cord was most affected as evidenced primarily by
marked hyperemia, especially of the gray matter. Small hemor-
rhages, chiefly perivascular, were very frequent. They were par-
ticularly numerous in the region of the lumbar enlargement.
Considerable swelling of the cells with staining of the processes for
quite a distance was observed in the cervical, thoracic, and lumbar
sections ol the spinal cord. The relatively small cells seemed to be
more affected. Many of them were in a pathological condition



Fig. 45. Photomicrograph. Lysis of a nerve cell in the anterior horn of the
spinal cord, The rhesus monkey Khada, Stained with thionine. Obj. 69, oc, 1.

with extremely uneven hyperchromatic protoplasm and nucleus
(Fig. 44). Frequently the latter could not be discerned. The con-
tours of the cells were very jagged as though eaten away. Some of
the cells were undergoing lysis with the formation of shadows.
Necrosis was particularly noticeable in the anterior cornua of the
thoracic section of the spinal cord where there also was a distinct
decrease in the number of nerve cells.

In the region of the cervical and thoracic enlargement we saw
quite often large motor cells in satisfactory condition with light-
colored nuclei and clearly outlined lumps of a chromophil sub-
stance. Among these cells were severely damaged cells with
complete pul\crizaliun of the chromophil substance (Fig. 45).
The contours of the nuclei could not be discerned: only the nucle-
oli were visible. The entire cell body was pale, apparently fine-
grained and somewhat rounded. Individual, unevenly distended.
pale staining processes branched out from it. Dying motor cells in
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Fig. 16. Photomicrograph. Neuronophagia in the nucleus of the facial nerve.
The rhesus monkey Khada. Stained with thionine, Obj. 90, oc. 10.

the anterior horn were somewhat more numerous in the lumbar
section than in the cervical section. Pale staining cells undergoing
lysis were found in the anterior horn of the spinal cord, in the cen-
tral portions of the gray matter, and at the base of the posterior
horn.

Pronounced hyperemia of brain tissue with individual small
hemorrhages could be seen in all parts of the brain stem. In addi-
tion to involvement of the cell bodies, staining of the processes was
regularly traced for a considerable distance. Some of the swollen
cells were characterized by very pale staining up to the formation
of cell shadows. Severely affected cells with the chromophil sub-
stance pulverized, outline of the nuclei blurred, and pale staining
processes abnormally bloated were rather frequently encountered
in the nucleus of the facial nerve. In addition, we were able 1o see
here and there signs of neuronophagia with the introduction ol
glial elements into the body of the nerve cell (Fig. 46). Large cells
with no perceptible pathology were found next to injured cells in



Fig. 47. Photomicrograph, Destruction and gliosis in the anterior horn of the
spinal cord. The rhesus monkey Neva. Stained with thionine. Obj. 8, oc. 7.

the nucleus of the facial nerve. A great many dying cells were ob-
served in Bekhterev's nucleus. Hyperplasia of the neuroglia was
not marked either in the spinal cord or brain stem. There was little
or no hypertrophy evident in the neuroglia. A narrow protoplas-
matic body, sometimes with short processes, could be seen in the
hypertrophic cells around a large light-colored nucleus.

The picture in the other three animals that died during later
stages of the discase was similar, Severe spinal cord lesion was
prominent. Signs of extreme destruction of brain tissue, chiefly
in the anterior horn of the spinal cord, could be seen in the region
of the Tumbar and cervical enlargements (Fig. 47). No large motor
cells could be seen. Surviving isolated small cells were generally
in a poor condition. They were either very unevenly hyperchro-
matic with dark nuclei or they stained quite faintly, possessing a
homogeneous or somewhat finegrained structure. Occasionally
neuronophagia was in evidence. Involvement of the nerve cells
was not limited to the anterior horn. A few severely injured nerve
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cells were encountered in-the central séctions of the spinal cord and
in the ventral sections of the posterior horn,

The destruction of nervous tissue was atcompanicd° by a‘dis-
tinct glial reactien in‘the form of diffuse hypertrophy and hyper-
plasia of the tissue. These manifestations were so pronounced that
it was often difficult to make out the boundaries of the greatly
enlarged, ill-defined bodies of the nearby glial elements. NunyZr-
ous neuroglial nodules were visible amidst the general hypepfplasia
of the neuroglia. The central portions of the nodules occasionally
contained fragments of nerve cells. The glial reaction was sharply
pronounced in the anterior horn and gradually diminished from
front to back, but isolated neuroglial nodules could be seen at the
base of the posterior horn,

The blood vessels were dilated both in the brain membranes
and directly in brain tissue, especially in the region of the anterior
horn. This was clearly seen in the monkey that died on the eighth
day of the illness. Small hemorrhages were seen here and there.
We frequently noted around the blood vessels of the gray and white
matter a sharp reaction in the neuroglia, the cells and lymphoid
elements of which formed massive cuffs, In some places these cells
were round and fine-grained and looked like granular balls.

The central canal of the spinal cord was dilated. A mass of
cellular elements was visible in the lumen. The picture in the
thoracic section of the spinal cord generally resembled that just
described, only here the destruction of the anterior horn was some-
what less marked, although the nerve cells frequently were severely
injured. Many cells in Clarke’s columns were also injured. Every-
where there was a distinct glial reaction. In one case (the monkey
Khaya) hyperplasia of the neuroglia in Clarke’s columns was un-
usually intense.

When the brain stem was stained with thionine, most of the
nerve cells appeared to be swollen with deep staining of the
processes for a considerable distance. The brain tissue was hyper-
emic. Ghal cuffs of varying widths were generally seen around the
vessels. Small hemorrhages were in evidence. Cells with varying
degrees of injury were found in the reticular formation among the
cells of the raphé and olives, especially in the nucleus of the facial
nerve and vestibular nuclei. Besides injured cells the facial nerve
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included large cells with iigh’t-c;olored°well-defincd nu;:lej and
chromophil substance possessing the usual structure. Diffuse hypbr-
'tmfphy of the neuroBlia was noted near the nucleus of the facial
nerve along With the formation of individual notlules

In thg cerebellum the nuclei were mostly affected, the emboli-
form in particular, where we noted marked hypertrophy and hyper-
pNgia of the neuroglia with the formation of individual neuroglial
nodNes and cuffsaround the blood vessels. Most of the nerve cells
in this nucleus Were severely injured with hyperchromatic nuclei
and pulverized and pale staining chromophil substance. In places
the protoplasm looked slightly alveolate. Pale staining cells with
pulverized Nissl substance and somewhat hyperchromatic nuclei
were also found in the nuclei; dentatus, fastigii and globosus. Cells
in the cerebellar cortex were much less injured. We observed only
the swollen processes of the Purkinje cells; the phenomenon was
extremely marked in one monkey (Neva). The nodes of the base
of the brain and cortex of the various cerebral lobes were found
to contain some swollen processes of nerve cells, slight diffuse
hypertrophy of the neuroglia, and hyperemia of the brain tissue
along with isolated hemorrhages. Single dying brain cells with
pulverized chromophil substance, swollen processes, generally pale
staining fine-grained cells were noted among the large pyramidal
cells in the ascending frontal gyrus (Fig. 48). Here too we found
" individual nodular acculations of neuroglia. In one case where
we examined the olfactory bulbs (Khaya), we observed moderate
swelling of the nerve cells with deep staining of their processes for
a considerable distance as well as vacuolization of the protoplasm
in isolated cells.

Thus, all the animals that we examined experienced severe
injury to the central nervous system. One animal in which illness
lasted less than two days without clinical symptoms of paralysis
presented a picture chiefly of marked diffuse swelling and edema
of the cells in the spinal cord and brain along with general hyper-
emia of the brain tissue and development of numerous hemor-
rhages. The almost total absence of a glial reaction is noteworthy.
This was the background for more severe involvement of the spinal
cord (than elsewhere) in which a great many cells were dying.
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Fig. 18. Photomicrograph. Cell disintegration in the motor cortex. The rhesus
monkey Neva, Stained with thionine, Obj. 40, oc. 7.
In the other animals that died at later stages of the disease

spinal cord involvement was even more dominant. Necrosis of the
basal mass of cells in the anterior horns resulted in theiy, total de-
struction. This process was particuarly prominent in the
of the lumbar enlargement of the spinal cord; but it was also severe
in the thoracic section. Death of the nerve cells was accompanied
by a sharp glial reaction and by hyperemia of the brain tissue, In-
volvement of the nerve cells was observed in the anterior horns of
the spinal cord, to a somewhat lesser extent in Clarke's columns,
and least of all in the basal sections of the posterior horns,

The brain stem was also diffusely affected, but somewhat less
so than the spinal cord. A great many dying cells were found in the
nucleus of the facial nerve and in the reticular formation. In the
cerebellum the nuclei, especially of the emboliform, were clearly
injured. Injury to the cortex and nodes of the base of the brain
was limited chiefly to manifestations of hyperemia. However, in-
dividual severely injured nerve cells w
of the cortex.

As for the other internal organs, abnormalities were much
less pronounced than in the central nervous System. For example.
hyperemia and small, mostly perivascular, infiltrates could be seen

region

ere found in the motor zone
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in the myocardium. Here and’ there in*the large intestine were
indications of epithelial desquamatlon and intensified production
of mucus, some edefna, and hyperemia of the submucosa. The
monkey Neva, which died on the sixth day, had develdped a focal,
seromacrophagic type of pneumonja characterized by moderate
adiposis of liver tissue and the presence of a few round-cell infil-
tra‘es,

1 is evident from the above that the clinical manifestations
and pathoanatomical structure of the disease are largely identical
to those observed in human poliomyelitis and in monkeys experi-
mentally infected with the disease (I. A. Robinzon and M. K. Voro-
shilova, 1949; M. P. Chumakov, I. M. Prisman, and T. S. Zatsepin,
1953; Rivers, 1955; M. K. Voroshilova, 1956; others). Typically
the spinal cord is deeply involved; the process spreads to the brain
stem leading to severe injury to the cells of the facial and vestibular
nuclei, reticular formation, and cerebellar nuclei with involve-
ment of the motor zone of the cortex.

. PARASITIC DISEASES

Diseases caused by parasites are very common in monkeys.
These diseases evidently make up almost the entire “monkey
nosology” in their natural habitat. The pathology of monkeys in
-animal houses and zoos seems to be largely the result of invasions
by a variety of parasites (chiefly helminths). This is convincingly
shown by the comprehensive bibliography prepared by Halloran
(1955), which familiarizes us with the diseases of wild animals and
consists largely of reports describing helminths in monkeys.

From the various parasitic diseases affecting monkeys we have
singled out tick invasion of the lungs for detailed description be-
cause of its highly stereotypic morphology and the fact that it is
found in virtually all the monkeys brought from Asia,

Tick Invasion of the Lungs

There are comparatively few Soviet or foreign reports on that
unusual lung disease of monkeys and man—tick invasion of the
lungs. Schlotauer and Essex (1932), Wurm (1926), Fairbrother and
Hurst (1932). Hamerton (1929), A. N. Sergeyev (1919), Grzimek
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(1949), Kirsch (1950), Hill (1953), Innes, Colton, Jevick, and Smith
(1:54), B. A. Lapin (1956), B. A. Lapin and L. A. Yakovleva (1957),
and A. P. Savinov and A. V. Tyufanov (1957} described f)arasit'ism
in the respiiatory system of the lower monkeys, Carter and Abrera
(1946) mentioned tick invasion of the lungs in people living in
Ceylon. Some of the above-mentioned reports (Innes, Colton,
Jevich, and Smith, A. N. Sergeyev, and B. A. Lapin) note that
even in pronounced forms of the disease clinical‘symptmns a /é fre-
quently absent. In man, according to Carter arid D’Abrera, the
disease is characterized by heavy coughing with a copious discharge
of sputum. M icroscopic examination shows that the latter contains
a fairly large number of adult tick specimens and larvae. This
cxplains. why tick invasion of the lungs in monkeys is so prevalent
In certain regions.

While observing infested animals in the Sukhumi monkey
house we were struck by the considerable viability and mobility of
the ticks removed from lung tissue. The immature forms (nymphs)
were exceptionally active; after removal from the bronchi to a slide,
they moved up and down the slide for 30 to 60 seconds. When
placed in a physiological solution at room temperature, -they sur-
vived for about 30 minutes. They moved about for hours at a
temperature of 30 to 35°C.

This circumstance accounts for the spread of ticks from one
person to another in a hot humid climate. The conditions at
Sukhumi are apparently very favorable for the transmission of
tick-borne diseases. The close quarters in which the monkeys live
and the “searching” of one another also helps to spread the para-
sites.

We found ticks in the lungs of 381 monkeys that died of vari.
ous causes. ‘The vast majority of these monkeys had been brought
to the animal house from India or China. Ticks were discovered
in 22 animals born in Sukhumi. The percentage of animals
infested with ticks, according to data from different sources, varies,
This is apparently due to the fact that monkeys are shipped from
different regions. However, all our cases involved rhesus monkeys
from Asia. Fairbrother and Hurst say that 46°; of incoming ani-
mals are infested. Innes and co-workers cite 2 figure of almaost
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1007, infestation. It will be noted that in Sukhumi 809 of the
totai number of recently imported monkeys that died had ticks in
the lungs. Most of tile cases involved rhesus monkeys. However,
ticks were found in+avanese macaques, green marmosets, geladas,
pig-tailed macaques, and hamadryad baboons (in the latter two
groups only among those born in the Sukhumi animal house).

The parasites were of two types—large, with four pairs of legs
(aduiy), and smali, with three pairs of legs (nymphs). The body
was whitish, semitransparent under the microscope, and 0.3 to 0.5
mm long. Sometimes the ticks were brownish-red because of the
considerable amount of blood elements present in their intestinal
lumens.

After comparing this species of tick with that described by
other investigators and using indirect evidence (nature of the pul-
monary involvement, incidence among monkeys from certain re-
gions, etc.), we classified our tick as Pneumonyssus semicola, first
described in 1901 by its discoverers, de Haan and Griyns. Some
references to the morphological features of the process can be found
in Dorman (1939) and A. K. Sergeyev (1949). A more detailed
description of the changes is given by Kirsch (1950), who made a
careful histological study of four cases of tick invasion of the lungs
in monkeys, and by B. A. Lapin (1956).

Dorman (1939), followed by Kirsch (1950) and Lapin, pointed
out that pulmonary cirrhosis is highly characteristic of tick infes-
tation. The development of bronchitis with bronchiectasis is also
very common (Kirsch, Innes and co-workers, B. A. Lapin). A. N,
Sergeyev held that the appearance of small cavities in the form of
emphysematous vesicles is even more frequently associated with
tick infestation. These vesicles are dilated alveoli surrounded by
a zone of nonspecific inflammation.

The affected lung presents a fairly typical appearance, al-
though there are some differences from case to case depending
on the nature of the lesion and length of the process. The lung
very frequently contains numerous yellowish, indistinctly outlined
foci the size of a pinhead or smaller situated beneath the pleura
(Fig. 49). Most of these foci are beneath the pleura, but there are
a few in the lung proper. In some cases they are flat, light gray in
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Fig. 19. Bronchitis with bronchicctatic areas, A rhesus monkey,

color, and do not protrude over the pleura. The former are the
more common. They appear on the surface of the lung in the form
L=

of yellowish-gray tubercles frequently resembling tuberculous foci.
In cross section these foci are rigid cavities with rather thick walls
covered with grayish friable masses of detritus. Similar masses i)
the lumen of the cavity wholly or partly. The flat whitish foci im.
mediately collapse when cut and their lumens cannot be discerned
without great difficulty. After the foci are cut, the live parasite can
be extracted fairly casily with a teasing needle,

The openings of the draining bronchi can often be seen in the
rigid cavities, \\'Im'h. ?hm\s. that .lhc above-described cavities are
bronchiectatic. Cavities with thick rough walls containing dyy
friable masses of detritus are associated with a more protracted
process. The yellowish foci, which look like stearin Spots and ¢ol-
lapse when cut, are the acute initial changes that take place when
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ticks enter the terminal branches of the bronchi. Hemorrhages are
occasionally found around these foci. Sometimes on ‘the surface
of the lung parenchyma one can see, with or without the above-
mentioned changes, gmall vesicles the size of a pinhead-or less that
collapse as soon as they are cut. It is often difficult to distinguish
the site of a cavity after it has been cut because the tissue has col-
lapsed. However, individual ticks can be drawn out of these cavi-
ties v 0 with the help of a teasing needle.

It*is evident from a study of the history of the disease in
monkeys that died naturally or were sacrificed in experiments and
from observations of live monkeys reported in the literature that
tick invasion of the lungs does not produce a clear-cut clinical
picture. Itis only in an occasional monkey that the slight coughing
can be attributed, with some assurance, to ticks. The macroscopical
changes in the lungs noted above closely resemble those in tubercu-
losis, although the correct diagnosis is easily established by histo-
logical examination of the lungs.

Microscopical examination reveals that when the infestation is
characterized by the appearance of yellowish foci (flat or in the form
of small tabercles elevated above the lung tissue) we are dealing
with bronchiectatic cavities, sometimes acute, sometimes of longer
duration. In the acute cavities there is diffuse infiltration of the
bronchial wall by leukocytes and lymphoid cells, desquamation of
the epithelial lining of the bronchus, accumulation of an exudate
in the lumen of the bronchus, and slight peribronchial infiltration.
A tick can frequently be seen in a microscopical section (Fig. 50).

The picture looks different in the case of older cavities. The
noteworthy thing here is marked hypertrophy of the muscle fibers
of the bronchial walls. Frequently the circular arrangement of the
sharply hypertrophic muscle fibers found in the midst of wildly
proliferating granulation tissue is almost the only indication that
the existing formation is associated with the bronchus. There is no
epithelial lining and the granulation tissue is heavily infiltrated
with lymphocytes, plasma cells, and macrophages. The protoplasm
of the latter contains a substantial amount of brown pigment, which
pmdu('es a positive aniline blue reaction. Some hemosiderin is
present in the granulation tissue outside of the cells. The Tumen
contains an exudate. Parasites cut up in various ways are often
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Fig. 50. Photomicrograph. Acute ulcerative panbronchitis. A tick is in the
lumen of a dilated bronchial tube. The hamadryad baboon Sampur. Stained
with hematoxylin-cosin. Obj. 8, oc. 7.

found in the preparations. Sometimes hypertrophic muscle fibers
in the walls of the dilated bronchi branch outwards, forming a
thick growth of muscle fibers nearby. The alveolar septa around
these foci are somewhat thickened, their lumens constricted. The
epithelium lining the alveoli and fissures between the strands of
muscle fibers tends to grow tall, which sometimes creates the
pression that they are adenomatous structures,

Muscle fibers become hypertrophic elsewhere than in tha
bronchiectatic areas. The muscles of the bronchial walls some
distance away from the affected bronchi also undergo hYP('l‘lrUphy,
frequently in the small bronchi and bronchioles. Muscles with
thick ridges protrude into the lumens of the latter (Fig. 51). There
is also hypertrophy of the muscle fibers in the alveolar septa, espe-
cially at the edges of the alveolar pores (Fig. 52), The epithelial

im-
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Fig. 51. Photomicrograph. Marked hypertrophy of the smooth muscles of the
wall of a small bronchus. The rhesus monkey Ruta. Stained with hematoxylin-

cosin. Obj. 20, oc. 5.

£ . § .‘-."0

Fig. 52. Photomicrograph. Hypertrophy of the smooth muscles in the margins

of the alveolar pores and in the septa. A rhesus monkey, Stained with hema-

toxylin-eosin.  Obj. 20, oc. 10.
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Fig. 53. Photomicrograph. Hypertrophy of the smooth muscles of the wall of

i small bronchus with spreading of the muscles into the adjacent areas. The

epithelial lining of the bronchus is preserved. A rhesus monkey. Stained with
hematoxylin-cosin.  Obj. 20, oc. 7.

lining of these small bronchi is generally preserved although it is
lower than usual and cuboidal in form (Fig. 53).

Less commonly the ticks settle in the alveoli rather than in
the bronchi. Grossly, as described above, this is frequently marked
by small cavities developing under the pleura and collapsing when
cut. Microscopical examination reveals the presence of ticks in
sharply dilated alveoli. Sometimes a narrow zone of lung tissue
near the ticks is diffusely infiltrated with leukocytes and lymphoid
cells. There is an exudate admixed with macrophages and plasma
cells.

This description of isolated newer or older changes caused by
ticks invading the bronchi or alveoli is somewhat arbitrary in that
they are often found together. The existence of acute bronchi-
ectatic cavities along with old ones as well as the presence of ticks
in alveoli surrounded by a zone of nonspecific inflammation testify,
in our opinion, to spread of the process within the same lung. Tick
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Fig. 51. Chronic nonspecific tuberculosis. The rhesus monkey Tartas.

lesions are occasionally accompanied by the formation of delicate
thin fibrous adhesions between the pulmonary lobes and between
the lungs and the costal pleura.

We observed in two cases a far-reaching process which looked
morphologically like nonspecific pulmonary tuberculosis (Fig. 54).
X-rays made while one of the animals was alive led the clinicians
to suspect tuberculosis. Coughing and slight dyspnea were symp-
toms. However, allergic tests for tuberculosis proved to be negative.
The monkey was sacrificed in an acute experiment and the lungs
at necropsy were extensively changed. The lungs were attached to
the p;n'ivml pleura and mediastinal pleura by \\'i(lcsprcad fibrous
adhesions. The lungs were shrunken and somewhat wrinkled with
a thick fleshy consistency. The marked dilatation of the main
bronchi at the roots of the lungs immediately caught our eye. These
bronchi were surrounded by yellowish-gray cuffs. A liquid puri-
form exudate filled their lumens. The mucosa lining the main
bronchi was cyanotic. The bronchi proceeding toward the pe-
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Fig. 55. Photomicrograph. Marked hypertrophy ol a vascular wall. The muscle

fibers branch from the outer layers of the wall into the adjacent areas of pul-

monary parenchyma. The rhesus monkey Tartas. Stained with hematoxylin-
cosin.  Obj. 20, oc. 7.

riphery were also surrounded by a cuff of very compact yellowish-
gray tissue, The tissue formed fairly large continuous areas in the
region of the upper lobes. They alternated with areas of compara-
tively unchanged lung tissue, producing a rather variegated picture.
However, the most typical and striking phenomenon was the mul-
titude of large, irregularly shaped cavities that were likewise sur-
rounded by the compact yellowish-gray tissue. These changes were
highly reminiscent of tuberculosis, but the openings of the drain-
ing bronchi found in each cavity showed that they were bronchi-
ectatic.

Microscopical examination enabled us in principle to identify
this process with the mild course of tick bronchitis described above,
the main difference being that quantitatively all aspects ol the
process were much more pronounced. The massive areas ol
yellowish-gray tissue in the upper lobes of both lungs and the yel-
lowish-gray culfs around the bronchi were shown by microscopical
examination to be arveas of muscular cirrhosis. It was virtually mm-
possible to find any connective-tissue fibers in the dense airless
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fields descrtbed above. Here and there in the areas of muscular
cirrhasis could be seen a fairly iarge number of fissures lined with
epithelium along with pseudoadenomatous structures.

The origin oftthe muscle fibers in the cirrhotic areas was
clearly traced from the layers of muscle in the bronchial and vascu-
lar walls (Fig. 55). There was marked hypertrophy of the muscles
in the pulmonary vessels found both in the cirrhotic area and in
places some distance from it. A substantial number of arterio-
venou$ anastomoses, normally almost imperceptible, was in evi-
dence.

Hypertrophy of muscle fibers was universal and affected all
regions of the lungs, including those distant from the bronchiectatic
cavities. Muscle fibers of the bronchi and blood vessels as well as
fibers in the alveolar septa and, in particular, on the edges of the
alveolar pores were undergoing hypertrophy. Marked hypertrophy
of the muscles was observed in the walls of the small bronchi and
bronchioles. The hypertrophy muscle fibers of the latter were
thicker than the lumens. The bronchiectatic cavities were full of
ticks.

In thie second case involving a severe extensive bronchiectatic
process we noted marked signs of bullous emphysema in addition
to the changes mentioned above (Fig. 56). The emphysema was
caused by cirrhotic changes in the lungs.

Masses of round lymphoid cells sometimes forming real folli-
cles are generally found both in the walls of the dilated bronchi
and in the cirrhotic foci. 1. K. Yesipova (1951) proved that this
is caused by disruption of the outflow of lymph for which it may
be regarded as a compensation.

To sum up, the most characteristic feature of tick invasion of
the Tungs is the presence of the parasites in the bronchi (chiefly in
their terminal, subpleural branches) followed by severe destructive
bronchitis and then bronchiectasis. Localization of the ticks in the
alveoli is much less common and is accompanied by emphysematous
dilatation of the alveoli containing the ticks and appearance of foci
of inflammation. We should add, however, that the latter is not
pneumonia in the nosological sense.

The second and perhaps even more characteristic feature of
tick invasion of the lungs is the devlopment of muscular cirrhosis
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Fig. 56. Bullous emphysema. The rhesus monkey Umnitsa.

of the lungs. “The development of so-called muscular cirrhosis

is essentially a collective term referring to any excessive pro-
liferation of smooth muscle fibers in the lungs. It may be due to
impaired bronchial and lymphatic drainage of the lungs. Accord-
ingly, the bundles of smooth muscle fibers are overly abundant in
the walls of the bronchi and lymph vessels” (Yesipova, 1952). How-'
ever, despite the fact that the symptoms of muscular cirrhosis are
nonspecific, we encounter them quite regularly in tick invasion of
the lungs. We therefore agree with Dorman and the others who
maintain that muscular cirrhosis is the most characteristic feature
of lung tick infestation. We must nevertheless point out that
marked hypertrophy of the smooth muscles of the lung also occurs
in dictyocaulosis and in helminthiasis of the lungs of cattle, sheep,
and horses (Nieberle and Kohrs, 1954). It is our view that hyper-
trophy of the lung muscles is typical of the pathological processes
set in motion by the presence of the parasites.

Tick invasion of the lungs is by itself rarely fatal. Wurm (1926)
and Gay and Branch (1927) also statesthat death from a tick infesta-
tion is very rare (and even then it is not the direct cause). Appar-
ently an animal may die if the process is particularly farreaching
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(like that described above) when.cardiac insufficiency is added to
pulme"a.ry insufficiency. The'case described by Grzimek (1951)
is extremely uncommon. We therefore (loubl that Hamerton
(1939) and Hill (1982) were right in attributing the death of several
monkeys directly to this conditiore. Since no details were given
by the authors, we are inclined to believe that the animals died
of same other disease, the tick infestation being intercurrent.

Helmbths  _ *
Helminthiasis is very prevalent among animals. The available

literature indicates that monkeys are quite specific carriers of many
species of parasites—Trichocephalus cynocephalus Khera (Ye. N.
Pavlovskiy, 1934), parasites of the genus Odantorobius (K. 1.
Skrjabin and N. P. Schichobalova, 1948). Termidens deminutus,
Ascaris lumbricoides, Ascaris cebi (in capuchins), Clolascaris Baylis
(Skrjabin and Schichobalova, 1948) have been found in the intes-
tines of gorillas and monkeys. Oesophagostomum apiastomum has
been found in the large intestine of anthropoid apes, Javanese
macaques, and rhesus monkeys (Ye. N. Pavlovskiy, 1934; Tan Kok
Siang and Lie Kian Joe, 1953). The tapeworms Bartiella satyri Stil
and Hiss have been found in the intestine of anthropoid apes and
macaques. The flatworm Watsonius Watsoni Stibes is a parasite in
the cecum of macaques (Ye. N. Pavlovskiy, 1934).

. Various species of filariae have been found in Old World and
New World monkeys (Rudolphi, 1809; McCoy, 1936). However,
the authors do not give a detailed description of the course of the
disease and the pathological changes caused by entrance of the
worm into the body. In Soviet literature we found only the short
report of M. F. Nesturkh and O. I. Grigorova (1931) who described
microfilariae (the larvae of an unknown form of adult filariae) in
the blood of chimpanzees. The papers of the Moscow Zoo mention
the discovery of worms in the lung of a white-shouldered capuchin
without mentioning the species (N. P. Tsvetayeva, 1941).

Isolated observations made years ago in the Sukhumi animal
house indicate that it is by no means uncommon for monkeys to
be carriers of helminths. P. E. Butning (1948) investigated the
feces of monkeys in a search for intestinal parasites and found only
the nematodes Trichocephalus and Trivhos!wngylns. Some 639,
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of the rhesus monkeys and 79%s of the hnmadryad baboons, the
main species of monkeys in the animal house, were foure-io be
carrying these parasites. P. E. Butning and B. A. Kacharava (1948-
1949) mention fmdma at necropsy the polycyﬁu Echinococcus in
the lung of a green marmoset. I the abdominal cavity of four other
marmosets the same authors came across what they regarded as
cystercerci clinging to various parts of the peritgneum. However,
they did not make any microscopical examination).

Examining the animals of the London Zoo f[dr parasites, A.
Porter (1954) found in newly arrived anthropoid apes the follow-
ing: Trichomonas, Balantidii, Entamoeba, Trichuris trichura,
Enterobius sp., Strongyloides larva, Schistosoma lypeova, and
Oesophagostomum. She found the same parasites in the same ani-
mals upon re-examining them the following year.

We do not propose to enumerate all the investigations of para-
sites in monkeys. Wiegert (1928) described the death of an orangu-
tan in a zoo from ascariasis. Stadie (1930) mentioned finding
parasites of the family Strongyloidea. Fairbrother and Hurst (1932)
observed intramural intestinal parasites that they could not ident-
ify. Hill (1952) reported on filariasis in monkeys. He also described
esophagostomiasis in monkeys with the formation of diverticuli in
the intestine. Hamerton (1932) described round helminths in the
bronchi of the (white-shouldered) squirrel monkey. Schultz (1938)
while studying monkeys in their natural habitat observed that many
of the animals were infested with helminths. Even these few selec-
tive references indicate that helminths are extremely prevalent
among monkeys.

Since we are not helminthologists and are not concerned with
elucidating the nature of the worm carrier state in monkeys, we
shall confine ourselves to the data obtained from pathoanatomical
examination of monkeys that died of a variety of causes in the
institute. The parasites were identified at our request by the
Zoological Institute of the Academy of Sciences USSR (M. N.
Dubinina) and by the Helminthological Laboratory of the Acad-
emy of Sciences USSR (Prof. A, 1. Spasskiy).

We found Oesophagostomum apiastomunn to be a common
parasite in the intestine of monkeys. It was almost invariably



Fig, 57. Hemorrhagic cysts in the submucosa of the large intestine at the inva-
sion site ol the parasite Oesophagostomum apiastomum. The rediaced ma-
caque Lamela.

present iy the large intestine of Indian and Chinese macaques

" chiefly in the wall of the cecum. Fairbrother and Hurst frequently

observed “chocolate cysts” with unidentified nematodes in the
submucosa of the large intestine of macaques. A. P. Savinov and

« - A V. Tyufanov (1957) also mentioned that they frequently saw

these cysts in macaques.

Grossly, the invasion sites of the parasite look like irregularly
rounded cysts about the size of a pea and filled with semiliquid
masses of a reddish-coffee color (Fig. 57). A pathohistological ex-
amination clearly shows that the cysts are located in the submucous
layer of the intestine. The lumens of the cysts are filled with clotted
blood being resorbed by numerous macrophages grouped along
the periphery of the cysts. The cysts have capsules of delicate
collagenous fibers interspersed with many lymphocytes, segmento-
nuclear leukocytes, macrophages, and plasma cells (Fig. 58).
Round-celled infiltrates and masses of macrophages loaded with
lumps of brown pigment are present in all the coats of the intestine
near the cysts. With the exception of the aforementioned, the
mucous, muscular, and serous coats have no visible lesions.
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Fig. 58. Photomicrograph. A hemorrhagic cyst in the submucosa of the large
intestine. A parasite can be seen in the lumen of the cavity. The red-faced
macaque Lamela. Stained with hematoxylin-cosin. Obj. 8, oc. 7.

Nematodes (Trichocephalus cynocephalus Khera, 1951) are
often found in the cecum of baboons. They are usually in groups
of a few parasites each. Occasionally the infestation is very heavy.
Only a few nematodes are found in macaques and much more
rarely. The head end of the helminth is attached to the intestinal
mucosa and is removed with difficulty; the filiform anterior part
makes up two-thirds of its length. The places in the cecal mucosa
where the worms penetrate, especially if the invasion is extensive,
seem somewhat edematous and moderately hyperemic (Fig. 59).
Histological examination reveals that the parasites bore into the
surface layers of the intestinal mucosa without reaching the sub.
mucosa,

In the small intestine of a Chinese macaque we discovered 10
roundworms (7 female, 3 male) which in external appearance
closely resembled the ascarid (Streptopharagus armotus Blane,
family Spiruridae). They were in the lumen of the ileum. The
helminths were elongated and spindle-shaped, their bodies taper-



Fig. 59. Trichocephalus cynoce phalus in the large intestine of a hamadryad
baboon.

ing more toward the head than toward the tail. The tail end of the
male was curled like a corkscrew. The parasites were covered with
a distinct cuticle on which could be seen very delicate, uniform
cross striations in addition to folds of various sizes. The body of
the female was 4.4 to 6.1 cm long, averaging 1.5 mm at the widest
part and .5 mm in the region of the head. The body of the male
was 2.5 to 2.8 long and 0.8 to 1 mm wide. The intestinal mucosa
appeared to be unchanged in the section where the helminths were
found.

We also noted filariasis in six capuchins shortly after they
reached the institute’s animal house. The presence of microfilariae
in the blood of these monkeys enabled us to make an early diag-
nosis and to examine clinically carriers of filariae over a period of
five months. Two of tnese six monkeys were not given a clinical
examination because one of them died of pyogenic meningitis soon
after arrival while the other was sacrificed in an experiment mvolv-
ng p()liumyclilis. A careful clinical examination of the other four
animals failed to turn up any abnormalities; they seemed to be
completely healthy. Their body temperature fluctnated consider-
ably from 37 and several tenths to 24 C, a common phenomenon



.
122 Comparative Pathology in MoRkeys

o o® e

in monkeys of various species (S. G. Kaktin, 1958). There was no
noticéable pattern either for the Yfanperature curve or for the indi-
cators of morning and evening temperatures. ¢ % ¢

To detect and count the microfilariae, ye examined cither
smears usually stained by Giemsa’s method or (to observe live
filariae) plasma or citrated blood in a dark field. The number of
microfilariae in the blood when counted in an ordinary smear
varied from monkey to monkey. There were 1% to 30 of thém in
Chilik and Orchik, sometimes 100, and 200 or mgre in Orchik.
Very few—one, two, or three—were discovered in the other two ani-
mals examined clinically, More or less the same amount was found
in the blood at different times during the day. They were particu-
larly numerous in blood taken from the ear. Only isolated micro-
filariae were present in venous blood and none at all in urine or
cerebrospinal fluid.

The microfilariae were of different kinds. Some were coarse
looking about 162 to 165 g long and about 4 p wide: they showed
up in various shades of violet when stained by Giemsa's method,
Others were thinner and more delicate (108 u long and 2 p wide),
staining light blue in the same smears. When stained by she hema-
toxylineosin method, the bodies of the micml’ilariac-lnuke(l fine-
grained. One end, apparently the head, was blunt. This end, which
was quite noticeable in the larger specimens when the blood was
examined in a dark field, was used for forward locomotion. The
tail end was pointed.

The pathological changes noted in the organs and tissues of
monkeys infested with filariae are mostly caused by adults. We
examined six animals that died of various diseases or were sacrificed
in acute experiments. The morphological picture at necropsy
looked more or less uniform. There was some degree of emacia-
tion, maximally exhibited by those monkeys most infested (Orchik,
Chilik). The skin and visible mucosa were in all cases clear. The
serous leaflets lining the cavities were also clear, smooth, and shiny,
In some cases we were struck by the increased amount of fluid in
the abdominal cavity, somewhat viscous but quite transparent. In
the abdominal cavity of all the monkeys but one, in whose hlood
there were only isolated microfilariae (Kaperts), we found live,



Fig. 60. Photomicrograph. Microfilariac in the lung of a capuchin. Stained
with hematoxylin-cosin. Obj. 40, oc. 7.

filiform; round parasites Dipetalonema gracile, which were 9.2 to
24.6 cm long and about 0.2 to 0.5 mm wide. The number of worms
ranged from three to nine and they moved about freely in the
abdominal cavity between the intestinal loops. There were none
atall in the pleural or pericardial cavity. Histological examination
revealed the presence of microfilariae in the blood vessels of all
the internal organs, including those of the brain (Fig. 60).

Four of the capuchins mentioned above had filariae in the
abdominal cavity as well as in the lungs. In the more severe cases
the lungs were unevenly dense. Areas of distended lung tissue
alternated with more compact airless areas. Irregularly outlined
orayish-pink foci with tuberous surfaces could be seen in all the
lobes directly under the pleura, mostly on the outside of the lungs.
In cross section these foci appeared to be small coalesced cavities
and ducts containing live, round, very thin filiform helminths 4
to 8.5 em long (Dipetalonema (?) sp. family Filariidae).

Histological examination revealed the presence of worms in
the lumens of the alveoli and small bronchi forming elongated
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Fig. 61. Photomicrograph. Filaria sp. in the lumens of alveoli and bronchi.
The alveolar septa are thickened and infiltrated. A capuchin. Stained with
hematoxylin-cosin.  Obj. 10, oc. 10.

.
cavities, The alveolar septa here were for the most part quite
thickened due to proliferation of connective-tissue cells and infil-
tration, chiefly by lymphocytes (Fig. 61). There were a great many
cosinophils among the cells of the infiltrate. The lung tissue out-
side the zone where the worms were also appeared changed in
some degree. Numerous small atelectatic areas were found every-
where as well as excessive hemorrhages in the lumens of the alveoli.
less commonly in the lumens of the bronchi. Some of the lumens
of the alveoli were filled with a serous exudate abounding in alveo-
lar macrophages. Occasional bronchial lumens were filled with an
exudate rich in segmentonuclear leukocytes thoroughly admixed
with blood. The blood vessels of the lungs were markedly dilated.

The entire group of capuchins had ulcerative lesions in the
small intestine due to penetration of the intestinal wall by the
parasite Molineus torulosus, family Trichostrongylidae.

Changes in the intestine were manifested in varying degree and
mostly localized in the duodenum. In some cases macroscopical
examination revealed the presence of numerous round formations
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Fig. 62. Diverticula of the intestinal wall (jejunum) caused by penetration of

the wall by Molineus torulosus. A capuchin,

the size of a large pea in the lower sections of the duodenum and in
the large intestine under the serous membrane. On closer scrutiny
these formations turned out to be intestinal diverticula (Fig. 62).
The cavities of the diverticula communicated with the intestinal
lumen through a narrow pore and (Fig. 63) were filled with live,
small, round, filiform parasites 0.4 to 1.1 cm long. The latter were
surrounded by a puriform exudate and they were easily forced
into the intestinal lumen when the diverticula were squeezed. In
other cases eventration of the wall was slight and the diverticula
were not so prominent on gross inspection. Here the intestinal
lumen contained numerous ulcers with infiltrated margins; live
helminths were also found deep in the ulcers. Microscopical exam-
ination of the walls of the diverticula in the small intestine revealed
the proliferation of compact fibrous tissue forming the base and
margins of the ulcers with marked infiltration by lymphoid and



126 Com parative Pathology in Monliys

Fig. 63. Opening connecting a diverticulum with an intestinal cavity.
A capuchin,

plasma cells (Fig. 64). These infiltrates were particularly noticeable
around the blood vessels where they formed here and there circum-
vascular cuffs. Ordinarily within the diverticula proper there
were several cavities with necrosed walls saturated with leukocytes
and lymphocytes. The lumens of these cavities were always full of
parasites. The structure of the intestine at the sites of the ulcers
was broken and the serous membrane generally somewhat thick-
ened. The intestinal mucosa and submucosa around the ulcers
were undergoing necrosis almost everywhere. We counted 10 to
16 parasites in a single cavity. A rough count in the small intestine
of one capuchin came to 184, Isolated live helminths were also
found moving about freely in the duodenum and jejunum. There
were no live parasites in the lower divisions of the intestine. The
mucosa of the small intestine near the ulcers with the parasites was
inflamed with indications of edema, congestion of the blood vessels,
and numerous hemorrhages. Numerous small hemorrhages were
noted away from the zone of the ulcers in the mucosa of the small
intestine and, in particular, of the large intestine,

Hill (1952) observed similar diverticula in the monkeys Red.
Colob, and Monkey: in two of the animals the intestine was

perforated.

—al -



Fig. G4. Photomicrograph. Sclerotic capsule in a diverticulum with signs of
infiltration by lymphoid and plasma cells. A capuchin. Stained with hema-
toxylin-cosin. Obj. 8, oc. 7.

The autopsy of a young imported rhesus monkey revealed
that a small section of the gastric wall was thickened. At this place
in the submucosa there were several small round cystoid communi-
cating formations in whose lumens was found the short, bright red
filiform parasite Nochita nochti. "The mucosa here was hyper-
trophic and protruded for a considerable distance into the lumen
of the stomach. The glandular tubules in this area were markedly
dilated in places and somewhat irregularly distributed, which made
the tissue resemble a tubular polyp. A similar phenomenon was
observed by Bonne and Sandground (1939) in Javanese macacues.
The authors describe the appearance of adenomatous gastric tumors
caused by penetration of the gastric wall by Nochtia nochti.

We very rarely found flat helminths in monkeys. We came
across Echinococcus (cystic form) in two cases. One animal (a
hamadryad baboon) had echinococcus cysts in the lungs. The poly-
cystic Echinococens was found in the subcutaneous tissue and
muscles of the scapular region in a gelada. Microscopical exam-
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Fig. 65. Echinococcus in the subcutaneous tissue of the scapular region. The

gelada Yamal.

ination of the infested area revealed numerous round cavities filled
with a pale fluid. The lumens of the cavities contained aroups
of scolices of the parasites somewhat eccentrically arranged (Fig.
65). The scolices had a typical structure. The mouth openings pos-
sessed numerous chitinous hooks. The inner membrane of the
cavity was thin and structureless. The outer capsule consisted of
connective-tissue fibers interspersed with numerous round cell
infiltrates containing substantial numbers of plasma cells and, not
infrequently, eosinophils. Isolated multinuclear giant cells could
also be seen.  In the tissue surrounding the echinococcus cysts were
areas of various sizes undergoing necrosis and suppurative lique-
faction. Here and there calcium deposits were noted in the necrotic
masses.

Five adult Javanese macaques arriving in a single small batch
in 1956 were found at necropsy to have a great many long flat inar-
ticulated parasites (the plerocercoids Diphyllobothrium ervinacei)
lying about in small groups in the connective tissue of various parts
of the abdominal cavity. A thin connective-tissue capsule sur-
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Fig. 66. Flat helminths in the gastric wall (left) and between the membranes
ol the testis (right). A Javanese macaque.

rounded the worms. They were present in the gastric wall, in
cellular tissue of the kidneys, and between the membranes of the
testes (Figs. 66 and 67). All the monkeys harboring the parasites
were very emaciated,

In other cases of parasitism flat helminths were found in the
intestinal lumen. The mucosa remained unchanged. We saw flat
filiform helminths in only three animals. A brown capuchin that
died soon after reaching the animal house in 1953 was found to
have two flat parasites that were quite alike, the larger being 16.5
cm long. It had a distinct irregularly rounded head, short thin
neck, and a long articulated body consisting of 352 segments. The
head measured 0.3 mm at its widest. It had small oval suckers and
a tiny proboscis that protruded only slightly. The segments gradu-
ally increased in size toward the end so that the last ones were 1 to
1.2 cm in diameter. The species to which the parasite belongs
has not been determined. One specimen each of long articulated
helminths (Bertiella specii) similar to those described above was
found in two Indian macaques. Single Bertiella studeri were noted
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Fig. 67. Photomicrograph. Capsule around a cavity in the gastric wall contain-
ing a [lat parasite. A Javanese macaque. Stained with hematoxvlin-cosin.
Obj. 8, 0c. 7. '

in a few rhesus monkeys. The cecal lumen of two other Indian
macaques were found to contain a great many trematodes—small
racket-shaped bright red parasites tightly attached to the intestinal
wall by the narrow end. Besides the above, an autopsy occasionally
revealed the presence of numerous small calcareous nodules (mainly
in the liver) in completely healthy monkeys. This may have been
the result of multiple cysticercosis of the liver when ¢
deposited in the dead parasites.

Thus, published material as well as our own data indicate that
a variety of helminths very frequently infest monkeys. However,
many of the species typically cause only moderate pathological
changes. Exceptions are Oesophagostomum and Strongyloides.
which exhaust the monkeys and may produce severe ('nmpl‘i.(-
We are not discussing here the helminths that infest the anthropoid
apes. Although the lower apes are heavily infested with helminths,
only certain species are prevalent.  Oesophagostomum is common
among macaques, Trichinelloidea among baboons, fi]

alcinm was

ations,

. ariae and
Strongyloides among capuchins. These worms are essentially para-
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sites of monkeys, despite the fact-that under certain conditions they
may infect man. Parasites comanon to man and to monLeys (we
are fpcakmg here of helminths) seem to be extremely rare. Cameron
(1929) wrote shat tlfe parasites of man and' monkeyseare for the
most part different. This is borne out by our material, which indi-
cates, in turn, that the helminths are peculiar to monkeys in their
natural habitat.

It is likely that conditions in the Sukhumi animal house are
not fagorable for completion of the developmental cycle of most
of tk€ parasites enumerated above, as evidenced by the fact that
they are found only in imported monkeys, and not in those born
in the animal house. The only exception is Trichinelloidea, which
are found with equal frequency in imported and in native-born

monkeys.



NONINFECTIOUS DISEASES -~
DISEASES OF THE CARDIOVASCULAR SYSTEM -

Hypertension » 4

Experimcnts performed under the supervision of D. I.
Miminoshvili (1956, 1957) demonstrated the theoretical possibility

of experimentally reproducing hypertension in monkeys by creating

severe neurotic disorders in them. The use of natural stimuli and
interference of natural reflexes (sexual and protective), which are
very strong in this species of animals, achieved results unattainable
by earlier investigators who followed the methods that had been
successfully employed to produce persistent neuroses in dogs (S. D.
Kaminskiy, 1935; L. Bam, 1936, 1939: others).

Relying on L P. Pavlov's data indicating that stimuli applied
to various cortical and subcortical points negatively reinforce one
another and exert much greater influence than does the interfer-
ence of stimulatory and inhibitory stimuli elaborated on the basis
of food conditioned reflexes, Miminoshvili made successful use of
the method to produce neuroses in monkeys. The method of cre-
ating conflict situations by means of natural stimuli enabled him
in a short time to produce severe neurotic disorders with persistent
somatic disturbances in the form of continuously elevated blood
pressure. D. Masserman and K. Pachtel (1953) also produced
experimental neuroses in monkeys using the same approach. In
principle, G. M. Cherkovich (1956) accomplished more or less the
same thing when she altered the daily routine {thereby changing
the normal rhythm of physiological functions). The method
proved to be even more successful because neurotic disorders set in
sooner and more severely impaired the activity of the cardiovascular
system.

An investigation of blood pressure in the monkeys of the Suk-
humi animal house (G. O. Magakayan, 1953) and of normal electro.

132
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cardiograms {G. Ya’ Kokaya, 1954, 1958) turned up a great many
:mimal§ suffering from persistent.hiigh blood pressure with cl.ectro-
cardtograrhs similar ta those of persons with coronary insufficiency.
After analyzing the lzucrial, we have come to the.conelusion that
monkeys used over a long period of time in different experiments
and kept in'regular cages tend to have hypertension and coronary
insufficiency. Animalsin open-air cages almost never develop these
diseasds, .

Eyperimental reproduction of neuroses and associated hyper-
tcnsbzl) and co.ronary insufficiency enabled us to elucidate [l.le
mechanism of comparable conditions arising in monkeys kept in
the animal house for a long time. Cardiovascular pathology is the
commonest somatic manifestation of a neurosis. Hypertension
occasionally develops after a neurosis. Coronary insufficiency
arises at the same time or a little later. This condition may pre-
cede hypertension, arise independently, or be absent altogether
(D. L. Miminoshvili, G. O. Magakayan, and G. Ya. Kokaya, 1956).
These diseases have no clinical symptoms and they can be detected
only from blood pressure and electrocardiographic data. The
usual sequelae for man—myocardial infarct and cerebral hemor-
rhage—seem to be the rarer in monkeys.

In this section we plan to discuss chiefly the pathoanatomical
changes in monkeys caused by hypertension. We studied a total
of 14 animals (6 rhesus monkeys and 8 baboons) which had elevated
blood pressure while alive. Thirteen monkeys died of various
causes or were sacrificed in experiments; only one died of cerebral
hemorrhage, a direct complication of hypertension. Three of the
11 animals, as revealed by an electrocardiogram, exhibited symp-
toms of coronary insufficiency in addition to hypertension. The
animals ranged in age from five to 25 years. Eleven, with elevated
blood pressure, were used over a long period of time in different
experiments and only three were never used or were used briefly.

In nine of the animals elevation of blood pressure persisted
one, two, five years or more within these limits: maximum, 150 to
180 mm mercury column: minimum, 90 to 105 mm mercury col-
umn. Five animals exhibited substantial fluctuations with a peri-
odic drop to normal values in an occasional animal (e.g., Forum)
the fluctuations were quite substantial, rising periodically to large

-
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values (170/95 mm) and then dropping to'subnoymal figures
(F00/50 mm). The fluctuationts,in these five animals resembled
those in persons with a transient form of hypertension. * =~ ¢+ -

Morphological changes in hypertension %re regularly marked
by hypertrophy of the myocardial fibers, which become enlarged
with big, vesiculate nuclei. 'Howe\'cr, hypcrlrophic'changcs n
muscle fibers are not invariably present. Hypertrophy of the
myocardial fibers was pronounced in seven animals with perSistent
high blood pressure and in one animal (Robik) whose hyperzension
was transient. In the other cases myocardial hypertrophy. was
weakly pronounced (Boltun'ya, Yasen’, Banan) or could not be
observed at all (Forum, Blokha). There is some correlation hetween
the extent of myocardial hypertrophy and the duration and degree
of elevated arterial blood pressure. For example, the monkey
Vasilek consistently showed a very high pressure for six years.
Hypertrophy of the muscle fibers was quite pronounced. Consid-
erable hypertrophy of the myocardial fibers was observed in Beluga,
who suffered from persistent hypertension for at least three years
(the condition was discovered in 1955 and the animal died three
years later). s

Fairly uniform changes were noted in the kidneys of three
animals. Mostly the glomerular apparatus was affected. Changed
glomeruli were generally found in the area of the focus of sclerotic
changes in the kidneys and along their periphery.

The lumens of the glomeruli contained solid homogeneous
masses of albumin staining pink with eosin. Less common were
glomeruli in which the albuminous masses were deposited hetween
the wall of the capsule and the retracted loops of the glomerular
arterioles.  Solid homogeneous masses of albumin invaded the
arterioles of the glomeruli, but the path of the individual arterioles
could be traced (Fig. 68). Heavier accumulations of pink-stained
albumin still allowed tracing the nuclei of the arteriole endothe-
lium, although the individual loops could not be discerned. The
final stage of the process was total homogenization of the glomeruli,
disappearance of the nuclei in the albuminous masses, and trans-
formation of the glomeruli into hyaline nodules.

In one instance changes in the glomerular apparatus developed
in a different way. Obliteration of the glomeruli was caused hoth
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Fig. 68, Photomicrograph. Deposition of albuminous masses along the arteri-
oles of the glomeruli. The rhesus monkey Yakhta, Stained with hematoxylin-
cosin.  Obj. 40, oc. 7.

tension (Vesta, Yakhta, Beluga, Grubiyanka, Vasilek) and one mon-
key with irregularly elevated blood pressure (Yasen') exhibited in
the myocardium varying numbers of small and larger scars in the
central portions of which the muscle fibers had atrophied and
died. Two of these monkeys (Vesta and Vasilek) had atheroscler-
otic plaques near the orifice of the left circumflex artery of the
heart. The plaques were flat and thus unable to block the supply
of blood to the myocardium. As mentioned above, the animals
did not die of hypertension, but as a result of an experiment or
some other disease. In only one case (the rhesus monkey Yasen’)
was death due to cerebral hemorrhage. This was about the only
death from hypertension, i.e., from one of its most typical compli-
cations. Let us therefore examine the case a little more closely.
Yasen' came to the animal house in 1953 when it was quite
young. In 1951 it was used in the laboratory of experimental
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by the exudation of albumin into the lumens of Bowman's capsule
and by sclerotic processes. The-glomeruli were converted into
connective-tissue nodules. The kidney scars were wedge-shaped
in places, the base facing out toward the sl‘i\,rhcc of the kidney.
Slight contractions were noted there, imparting a granular appear-
ance to the kidney. The small scars (area of contraction) were
usually marked by the proliferation of young cell-rich connective

tissue containing changed and unchanged glomeruli.  Most of the
glomeruli in the region of cicatricial contraction were wholly or
partly obliterated. A few tubules surviving near the scar vere
also changed. Some of their lumens were small and barely dis-
cernible. Others were greatly enlarged. The intima of the main
blood vessels was smooth, with no signs of atherosclerosis, in those
cases where wedge-shaped scars formed in the kidney.

In two monkeys with persistently elevated blood pressure
(Beluga, Mississippi) sclerosis in the kidneys was diffuse. In addi-
tion to changes in the kidneys, five monkeys with persistent hyper-
oncology which inserted an ampul of radium into a bone to repro-
duce an osteoma. Thereafter the animal was periodically injected
with methylcholanthrene. It was a carrier of Flexner's. dysentery
bacteria for a long time and was repeatedly treated with antibiotics.

The animal’s maximum blood pressure in 1956 was found to
be elevated for the first time—135 to 140 mm mercury column.
However, the minimum pressure was not elevated, tending rather
to lower values. In 1957 the pressure rose to 145 to 170 mm. The
minimum pressure also rose, but slightly—from 60 mm to 80 to
85 mm. This comparatively slight increase in arterial pressure
was nevertheless fairly high for this animal in view of the low orig-
inal minimum pressure.  No further measurements were taken.
On July 28, 1958 the monkey suddenly became paralyzed in the
left extremities. Its condition remained satisfactory for three
weeks when it unexpectedly died (August 19).

The autopsy revealed the dura mater to very turgid. Removal
of the dura mater exposed the asymmetry of the cerebral hemis-
pheres caused by perceptible swelling of the right hemisphere
where the gyri were considerably smoothed out. The frontal lobe
of the right hemisphere contained a massive hemorrhage extending
to the parietal region and embracing the right subcortical ganglia
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Fig. 69. Cerebral hemorrhage. The rhesus monkey Yasen'.

surrounded along the edges by brain tissue staining pale yellow.
Fresh hemorrhages varying in size from a pinhead to a pea were
scattered about the white matter of the left hemisjhere and in the
cortex and frontal and parietal regions (Fig. 69). The blood vessels
of the base of the brain were thin and transparent. Their lumens
were clear. No changes were observed in the other organs except
for acute hyperemia of the internal organs.

Microscopical examination of the medulla revealed hemor-
rhages that were here and there delaminating the medulla while
cavities filled with erythrocytes were being formed. Sometimes we
noted diffuse infiltration of the brain tissue by erythrocytes with
the medulla destroyed for a considerable distance. The small
arteries of the brain showed signs of plasma saturation. The vascu-
lar walls were thickened, homogenized, and structureless (Fig. 70).
In addition to signs of marked plethora in the kidneys, we noted
the transudation of albuminous masses into the lumens of the
glomeruli which at times tended to crowd the arterioles of the
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Fig. 70. Photomicrograph. Plasma saturation of a vascular wall in the brain,
The rhesus monkey Yasen’. Stained with hematoxylin-cosin, Obj. 20, oc. 10,

glomeruli to the periphery. Individual glomeruli were completely
obliterated. Some of the small blood vessels showed signs of plasma
saturation of their walls, resulting in thickening of the latter and
constriction of the vascular lumens. There were indications of
hypertrophy of the myocardial fibers with occasional sclerotic foci
of varying sizes. The signs of myofibrosis were diffuse in isolated
areas.

In this instance the morphological changes were quite typical
of hypertension and analogous to the plasmorrhage followed by
homogenization of the vascular wall described in hypertension.

Consequently, the morphological manifestations of hyperten-
sion in monkeys, as may be judged from the small amount of mate-
rial cited, are marked by involvement of the small blood vessels in
the process—another point of similarity between the disease in
monkeys and that in man. Typically, the Kidneys, heart, and
brain are also involved.

Our research and clinical observations conducted for several
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years in the Mstitute (G. O. .\lal'mgayan, 1953, 1958;: M. A’ Grigo-
liya, 19573 indicate that hypertension in monkeys follows a com-
paratively benign cogrse. We have not been able to calculate the
frequency and” nature of cerebral crises in liypertensite monkeys
and our meager material does not pgrmit us to make any generali-
zations.

Coronary Insuffickency and Cardiosclerosis

(pronary imsufficiency is rightly considered a disease found
onl¥fh man. Textbooks of pathological anatomy and of therapy
describe it not as an independent disease, but as a common com-
plication of hypertension or atherosclerosis. It is more often linked
with atherosclerosis of the coronary vessels and subsumed under
coronary atherosclerosis or vice versa. The interrelation of hyper-
tension and coronary insufficiency stems from the fact that both
originate from a single pathological condition in the form of a
neurosis. The two diseases quite often arise together (either one
may follow the other). However, coronary insufficiency l'rcqucmly
arises without the subsequent development of hypertension.

Thederm “coronary insufficiency™ is not applied to animals,
but there are references in the literature to cardiosclerosis in cer-
tain animals (particularly work horses) following “neurogenic
impairment of the coronary blood flow™ (Nieberle and Kohrs,
1954).

Myocardial infarction should be regarded asa form ol coronary
insufficiency when manifestations of the latter have become pro-
nounced. In its classical form myocardial infarction is known to
us only in monkeys, but there are just a few descriptions of the
cases. Hamerton (1941) described a myocardial infarct accom-
panied by atherosclerosis and thrombosis of the coronary vessels
in a mangabey. He also described (1916) the sudden death of a
mangabey which at necropsy was found to have a massive red infarct
of the left ventricle of the heart. No stenosis of the coronary
arteries was observed, and atherosclerotic plaques were present
only around the orifice of coronary vessels. We believe that in
the first case the infarct was not the result of thrombosis of a cor-
- onary vessel: rather, it originated at the same time as the latter due

to vasomotor disturbance of the coronary blood flow. There may
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be sonie justification for assuming a causal relation$hip between
the infarct and involvement of the coronary vessels in this case, but
not in the second case. Atherosclerotic plag-es around the orifice
of coronary vessels cannot be explained either by the degree of
disturbance of the coronary blood flow or by the insult factor in
the genesis of a myocardial infarct. In both instances the infarct
was noted in aged monkeys that had lived for a long time in the
London zoo. Despite the lack of any data on the condition of
their nervous systems, we have no doubt that thev were niiurotic
due to prolonged captivity. We know from experience that most
monkeys in zoos are neurotic.

Returning to the interrelation of atherosclerosis, coronary
insufficiency and myocardial infarction, we maintain that if the
presence and degree of coronary insufficiency in animals were
related to atherosclerosis of the heart vessels, we ought to find very
often disturbances of the coronary blood flow in certain species of
birds which have exhibited atherosclerotic vascular changes pos-
sibly just as pronounced as those in man. In point of fact, however,
we were unable to find in the available literature even a single
reference to myocardial infarction in birds. '

Signs of coronary insufficiency in monkeys not experimentally
induced were recorded electrocardiographically by G. Ya. Kokaya
between 1954 and 1958 during a mass examination of the main
group of monkeys in the Sukhumi animal house. Experimental
research on hypertension and coronary insufficiency performed
under the direction of D. 1. Miminoshvili (1956-1957) demon-
strated the connection between the above-mentioned cardiovascular
diseases and neurotic conditions and laid the foundation for eluci-
dating the mechanism underlying the development of spontaneous
coronary insufficiency in monkeys.

An analysis of the material shows that coronary insufficiency
is Irequently associated with hypertension, both being somatic
manifestations of a neurosis. We had at our disposal for morpho-
logical investigation five adult monkeys (one hamadryad baboon,
two rhesus monkeys, and two green marmosets), which died at
various ages (from 8 to 25 years). Electrocardiograms indicated
the presence of coronary insul'ficiem'y in all these animals. We
were unable to tell how long they suffered from coronary disturh-
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ances since they sliowed up during a mass examination- on an
average of one to one and one-halt years before the aniimals died.
In tAree OF the monkeys coronary insufficiency was combined with
hypertension (as mefitioned in the preceding secgon)s No cleva-
tion in arterial pressure was observed in two (the green marmosets
Rio and Paragvay).

A morphological examination of four animals (two hyperten-
sives ind two with normal arterial pressure) revealed numerous
scattergd sclerotie foci of varying extent and age in the myocar-
diunz No traces of coronary insufficiency were detected in the
myocardium of one of the monkeys. Coronary insufficiency in
monkeys is apparently due to functional impairment of the cor-
onary blood flow. The insignificant flat plaques found in the
intima of the coronary arteries of two monkeys (Vesta, Rio) were
too small to have served as mechanical blocks to circulation. Nor
is coronary insufficiency attributable to lipidosis of the intima of
the coronary arteries, which is more frequent in monkeys. In one
case (the rhesus monkey Robik), despite the coronary disturbances
recorded electrocardiographically while the animal was alive and
periodic ¢levation in arterial pressure, histological examination
failed to reveal any signs of cardiosclerosis.

The cause of cardiosclerosis in monkeys, according to our
observations (as mentioned in the preceding section), may be hyper-
tension, even in those cases where the electrocardiogram of the
animal does not show any indications of coronary disorders. Simi-
lar phenomena are known in human pathology, for not infre-
quently an investigation of the myocardium of hypertensive patients
reveals clear signs of cardiosclerosis.

In this connection we should like to point out that cicatricial
changes can be observed in the myocardium of monkeys that do
not have hypertension or coronary insufficiency documented elec-
trocardiographically.

We examined the hearts of 90 monkeys of various ages, from
two and one half years old to senility. In nine animals the walls
of the left ventricle and interventricular septum contained scat-
tered sclerotic foci varying in age and extent. We believe that
cardiosclerosis in some of the cases was the consequence not of
coronary insufficiency, but of myocarditis. For example, in two



142 Comparative Pathology in M onkeys

cases there were faint indications of myocarditis besides scattered
foci of connective tissue. This supports our view that the signs of
cardiosclerosis here resulted from an earlier myocarditis.

However, it is very difficult to differentiate coronary cardio-
sclerosis from myocarditic cardiosclerosis when symptoms of myo-
carditis are absent.

Coronary insufficiency in monkeys outwardly follows a benign
course.  Yet the development of a myocardiai infarct is theore-
tically possible even in monkeys. We have alfeady desc.ibed a
case of chronic aneurysms in the left ventricle of the heart aiter a
previous myocardial infarct (B. A. Lapin, 1956). These chronic
aneurysms could not be interpreted as being other than the conse-
quence of previous myocardial infarcts. They apparently devel-
oped with very few clinical symptoms because a careful study of the
history of the animal revealed no indications of any disease that
could have been regarded as acute myocardial infarction. This
was the cause of the animal's death, developing as cardiac insuffi-
ciency with hemostasis in the systemic circulation and general
edema.

The autopsy revealed marked edema of subcutaneots tissue in
the region of the trunk and extremities plus accumulation of an
edematous fluid in the pleural and pericardial cavities. The heart
was enlarged with dilated cavities, On the rear wall of the left
verticle in the area of the posterior longitudinal sulcus was a round
protrusion about 2.1 cm in diameter. Near the protrusion the rear
wall of the left ventricle was very thin, a delicate film of connective
tissue.  Whitish connective-tissue strands stretched from the even-
tration to the adjacent portions of the myocardium. A large white
dry thrombus lay alongside the endocardium (Fig, 71).  Another
protrusion of the left ventricle with a very thin wall and covering
an area approximately 1 x 0.5 ¢m was noted on the front wall of
the left ventricle in the upper section of the anterior longitudinal
sulcus.  The endocardium near the aneurysms was thick, milky-
white in color.  There were a great many mural, intertrabecular
thrombi in the left antrium and ventricle. The intima of the
aorta and initial part of the innominate artery contained numerous
flat yellow spots and atherosclerotic plaques. The coronary vessels
were clear, their intima smooth and apparently unchanged. The
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Fig. 71. Chronic aneurysm with mural thrombosis in the posterior wall of the

left ventricle of the heart. Natural size. The lapunder macaque Zuzya. Stained
with hematoxylin-cosin.

liver was somewhat enlarged, compact, its surface fine-grained, in
cross section showing a nutmeg pattern. There were cyanotic
induration of the spleeen and kidneys and congestion in all the
tissues and organs.

Thus, the autopsy revealed chronic aneurysms of the left ven-
tricle of the heart with signs of cardiac insufficiency, edema, nut-
meg liver, and cyanotic induration of the organs. A microscopical
examination did not show any changes in the coronary vessels. The
initial symptoms of nutmeg cirrhosis were visible in the liver while
the kidneys and spleen showed distinct signs ol congestion.

We stated above that the two large aneurysms of the left ven-
tricle were caused not by myocarditis, but apparently by carlier
myocardial infarcts. However. we also want to stress that this was
the only case in our material in which death resulted from cardiac
insulficiency. This condition had existed for a fairly long period
of time, as indicated by cardiac cirrhosis of the liver.  Decompensa-
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tion developed for reasons unknown to us and was the cause of
the animal’s death. A study of the anamnesis of the monkey dis-
closed that it had been used every day in @ long series of highly
complex experiments on higher nervous activity. The experiment-
ers and physicians detected the symptoms of a neurosis, which
resulted in a myocardial infarct.

To sum up, we have found that coronary insufficiency in mon-
keys is generally combined with hypertension, originating in vas-
omotor disturbances caused by a natural neurosis. . More rerely, a
vasomotor neurosis may show up as an isolated disorder of coronary
blood circulation without any signs of hypertension. The indica-
tions of cardiosclerosis found in the myocardium of half the hyper-
tensive monkeys apparently are to be regarded as the morphological
manifestation of undiagnosed coronary insufficiency. It is a fair
assumption that a number of cases of coronary insufficiency escape
the notice of physicians,

The existence of coronary insufficiency in monkeys despite the
rarity of atherosclerosis of the coronary arteries suggests that coro-
nary insufficiency is caused by functional disorders of coronary
blood circulation. This view is further reinforced by the fact that
atherosclerotic changes in the coronary arteries, whenever they are
present, are usually so slight that they cannot mechanically hinder
the coronary blood flow. Some of the cases of cardiosclerosis must
have been caused by earlier myocarditis.

Atherosclerosis

Atherosclerosis has been the object of extensive research. Much
effort has been directed at modeling this pathological process
through the production of alimentary hypercholesteremia and at
investigating the conditions under which atherosclerosis may arise.
The reproduction of atherosclerosis in rabbits by feeding them
cholesterol enabled Acad. N. N. Anichkov to formulate his infiltra-
tion theory of atherosclerosis.

Hypercholesteremia, although it is easily reproduced in rab-
bits (the animals do not normally receive cholesterol with their
food) and leads to the deposition of lipids on the vascular walls,
does not seem to be the cause of atherosclerosis in man. Man
normally eats a good deal of cholesterol with his food. The sul.
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stance is usually involved in a variety of metabolic processes. Efforts
to reproduce atherosclerosis in aniinals, specifically in monkeys, by
creaving dlimentary hypercholesteremia have not been successful
(Hueper, 1946; Kawamura, 1927; others). Other experimental
factors besides hypercholesteremia (lowering metabolism by the
use of methylthiouracil to depress the functioning of the thyroid
gland, setting up diets lacking in this or that vitamin, etc.) enabled
some ‘investigators: to reproduce atherosclerosis in dogs, monkeys,
and other animals (Rinehart and Greenberg, 1949; Mann, Andrus,
McNélly, and Stare, 1952; T. A. Sinitsyna, 1957; others).

Atherosclerosis is a major disease of people over 50 years old.
The pathology of the organs involved is quite familiar. Most fre-
quently affected are the aorta, blood vessels of the heart, brain,
abdominal organs, and kidneys. The process begins with the depo-
sition of cholesterol in the intima of a vessel followed by sclerotic
phenomena, which are considered a secondary reaction to deposi-
tion of the lipids. The latter takes place in wavelike fashion,
alternating with phenomena of resorption. Old atherosclerotic
plaques frequently contain deposits of calcium salts, which are not
a precondition of atherosclerosis, being probably a form of dys-
trophic calcification.

Domestic animals (old dogs, horses, pigs, cattle) exhibit vascu-
lar lesions, which outwardly resemble atherosclerosis in man. Scler-
otic involvement of the blood vessels of animals is chiefly of two
kinds. The commoner is deposition of calcium salts in the middle
coat of the vessels, mainly the aorta (K. G. Bol' and B. K. Bol', 1954;
Nieberle and Kohrs, 1954: Pallaske, 1955; others). A similar phe-
nomenon is also known in people over 50 years old (N. N. Anichkov,
1947: others). In man, however, this process appears to be primary
and is not as pronounced as primary calcinosis of the middle coat
in animals. In addition to the above, there is another process in
animals closely resembling atherosclerosis in man.  We are refer-
ring to lipid infiltration of the intima accompanied by moderate
sclerotic changes there. However, unlike that in man, the process
in animals involves the deposition chiefly of neutral fats. This is
very common in cows (V. D. Tsinzerling, 1913; V.. D. Tsinzerling
and Sh. 1. Krinitskiy, 1925; K. G. Bol' and B. K. Bol’, 1954: Nie-
berle and Kohrs, 1954: Pallaske, 1955: others). Nieberle and Kohrs
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i .
emphasize that this process in animals canndt be equated with
atherosclerdsis in man due to the.neutral character of the fats de-
posited. Lipid infiltration of the intima of vessels ifi animals
usually proceeds in benign fashion withoutsignificant sclerotic
changes and, as a rule, without signs of atheromatosis.

Pigs exhibit arteriosclerotic changes, in addition to the above-
mentioned processes, which closely resemble atherosclerosis in man.
Gotlieb and Lalich (1954) studied the aortas of=2.000 pigs ranging
in age from four months to three years and found a greas, many
compact white plaques 0.5 to 10 mm in size in the lowerlhp\an ol
the arch and in the thoracic aorta. In isolated cases the plaques
contained small calcium deposits. Cholesterol or neutral fats were
not found either between the cells or in intercellular tissue. Thus,
this process too only outwardly resembles atherosclerosis in man.
differing from it in absence of the main symptom—infiltration of
the intima by cholesterol.

We have only scattered reports on sclerotic vascular lesions
in wild animals. Krause (1939) mentioned atherosclerosis in
kangaroos and giraffes living in zoos. Hamerton (1930, 1933)
described atherosclerosis (sometimes
in badgers and squirrels and in one lizard and one iguana. How-
ever, neither Hamerton nor Krause went into details on the vascu-
lar lesions so that we cannot fully picture them.

Atheromatosis of the blood vessels in birds is apparently quite
similar to atherosclerosis in man. In the London Zoo reports,
Hamerton and Hill (1929, 1930, 1933, 1934, 1935, 1936, 1937, 1939,
1941, 1943, 1944, 1946, 1958) described atheromatous changes
in the vessels of a variety of birds—parrots, pheasants, birds of para-
dise, sea gulls, peacocks, mandarin ducks, teals, toucans, ibis. geese,

and many others. These changes were associated with sclerotic
processes in the intima.  The organopathology of vascular changes
in birds often resembles that in man. We have repeatedly come
across descriptions of atherosclerosis of the coronary arteries and
vessels of the extremities. Gangrene of the lower extremities and
cicatricial changes in the Kidneys accompanying atherosclerosis of
the corresponding arteries have been noted in a number of cases,

There have been some recent inve

aneurysms in turkeys which resulte

accompanied by calcinosis)

stigations of delaminating
d in rupture of the aorta. These
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lesions were due to athcromatdus changes in the aorta \\lth the
dcpusmon of cholesterol rathem than neutral fat in the vascular
wal['(Glbson and de Cruchy, 1955). However, other investigators
do not classify theseSvascular lesions as proper atkerosclerosis, but
they do consider atherosclerosis in parrots close to human athero-
sclerosis morphologically and in respect to the lipids deposited
(K. (- Volkova, 1924; Dobberstein, 1936: Pallaske, 1954; and many
«)lhcrs) The morphology of atherosclerosis in birds is very much
like that in mgu'® except that the manifestations of atheromatosis
are very pronounced and those of sclerosis less so.

Spontaneous atherosclerotic vascular changes have also been
described in monkeys (Fox, 1933; Hamerton, 1934, 1935, 1936,
1941, 1943, 1946: L. A. Yakovleva, 1954, 1956). All these reports
deal with animals long resident in monkey houses and zoos. There
is no direct reference in the literature to the possibility of athero-
sclerosis developing in monkeys in their natural habitat. It is
quite possible that the disease does not exist there. This is indi-
rectly confirmed by the observations of A. P. Savinov and A. V.
Tyufanov, L. A. Porubel’, I. A. Prokhorova, A. N. Sergeyev, and
Yu. M. Skavin who dissected thousands of newly arrived monkeys
killed in connection with the manufacture of poliomyelitis vaccine
but failed to find a single case of atherosclerosis. The atherosclero-
sis noted by Fox and Hamerton was in monkeys that had been living
in zoos for many years.

Before describing the atherosclerotic vascular lesions that we
observed, we should like to discuss some changes in the blood ves-
sels of monkeys related to theirage. N. N. Anichkov (1941) pointed
out that age and senility changes in man must be carefully distin-
guished from injuries to the vascular wall resulting from athero-
sclerosis.  Vascular changes with age are now well known. And
they occur throughout the arterial system. The intima is most
heavily involved. The process consists of a thickening of the in-
tima due to the ingrowth of smooth muscle, elastic, and collagenous
fibers. Ye. P. Feringer (1952), who studied this process in the
coronary arteries, pointed out that changes in the intima begin
in early childhood as shown by separation of the inner elastic mem-
brane and appearance of smooth muscle fibers in the vascular
intima.  Between the ages of three and five elastic and precol-
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Fig. 72. Elastic framework of the aorta. The rhesus monkey Gizar, onc-half
year old. Stained with hematoxylin-eosin. Obj. 5. oc. 7,

lagenous fibers begin to grow in the intima followed by collagenous
fibers. Similar changes in the aortic intima can also be noted at an
early age. In the opinion of some investigators (K. G. Volkova,
1923; N. Ye. Levin, 1935; Ye. P. Feringer, 1952: others), age changes
in the vessels take place throughout life. Others (L. O. Vishnevet-
skaya, 1935) believe that differentiation and growth of the arterial
wall occur mainly during the first 12 years of life.

We made an histological examination of the aorta, coronary
vessels of the heart and brain of 30 monkeys of varying ages to
obtain a clearer idea of the changes occurring with age in the
arterial system.

During the first six months of life the aorta of a monkey is an
elastic vessel, the main mass of which in cross section is constituted
by the middle coat (Fig. 72). The latter is made up of delicate,
closely packed, moderately twisted elastic membranes averaging
25 to 35 in number in a transverse section of the ascending portion
of the aorta. The membranes next to the lumen and on the outer
circumference of the middle coat are often coarser than the others.
Smooth muscle and precollagenous fibers are invariably found
between the membranes. Preparations impregnated with silver
show that the fibers form 2a fairly even, delicately fibrous frame.
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There are comparatively few coljagenoufs fibers. They are found

_for the most part in the outemost portions of the middle coat
where it passes into the adventitia. The latter is very narrow and
contains, in ddditien to coilagenous fibers, prefollagenous fibers
and a few.delicate elastic fibrils. The intima of the aorta is very
thin, consisting of a layer of endothelium generally found almost
next, to the internal elastic membrane. Cells with large light-
colored nuclei appear here and there under the endothelium. Dis-
tally, the aorwc wall tends to thin out due to attenuation of the
middle coat in which the number of elastic membranes gradually
decreases.

The coronary arteries of the heart are vessels of the muscular
type, differing from one another chiefly in the thickness of the
middle coat. The smooth muscles of the middle coat usually con-
sist of five to seven layers near the orifice of the vessel. Between
the middle coat and intima is a very distinct, twisted internal elastic
membrane. The intima of a vessel like the aorta consists mostly
of endothelium located almost on top of the internal elastic mem-
brane. The middle coat contains smooth muscle fibers, just a few
precollagenous and some very delicate elastic fibers. These last
are somewhat more numerous in the outer third of the middle coat.
The number of elastic fibers increases sharply near the boundary
of the adventitia. There are a great many delicate intertwined
elastic fibers in the adventitious membrane of the vessel where they
alternate with collagenous and precollagenous fibers.

The arteries in the base of the brain are very thin vessels of
the muscular type whose middle coat consists of two or three layers
of smooth muscle fibers. The outer coat is very narrow. It con-
sists of delicate elastic and precollagenous fibers admixed with col-
lagenous fibers. The vessels have a very well defined, wavy, twisted
internal elastic membrane lined with endothelium.

The above-described vascular structure changes somewhat at
the place where the lateral branch leaves the main trunk. Around
the orifice of the branching vessel on the inner surface is a ridge-
like thickening slightly protruding into the lumen. In cross sec-
tion this thickening of the vascular wall appears to he an irregular
triangular formation inside the internal elastic membrane. The
intima thus thickened is composed of thickly intertwined precol-
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lagenous, collagenous, and elastic fibers. The elasti¢ fibers are
crowded together next to the vascular lumen and at the place where
the thickening joins the intima, being intertviined hcrc with the
internal elastic membrane. "

In time the structure of the intima changes. The main change
in the other coats is gradual thickening with age. After six months
(sometimes a little earlier) one can see the detachment of the thin-
ner fibers, initially in the form of small loops and bows, from the
elastic membrane in the coronary arteries and aortzx  Then deli-

cate precollagenous fibers and smooth muscles begin to appear at
the internal elastic membrane and inwards.

At the age of four or five there is another still thinner mem-
brane (internal border lamina) in the narrow intima of the vessel
inwards from the internal elastic membrane with even more deli-
cate elastic fibers, arranged here and there in several rows, separat-
ing from the lamina. Delicate collagenous and precollagenous
fibers are found along the internal elastic membrane and the other
more delicate membranes. Just a few smooth muscle fibers are
visible between the fibrous connective-tissue structures, chiefly in
the basal portions of the intima. The innermost zone of the intima
is for the most part almost devoid of fibrous structures. It has
only a few delicate precollagenous fibers. Subsequent changes in
the vascular intima consist largely of an increase in the number of
precollagenous and collagenous fibers and growth of elastic tissue.

At the age of seven or eight one can see in preparations of the
intima impregnated with silver that the precollagenous fibers are
quite uniformly distributed in the intima, forming a delicately
reticulate frame. When stained with fuchsilin the intima reveals
the presence of a great many delicate, twisted elastic fibers (Fig. 73).

In older monkeys as the aortic intima thickens, collagenous
tissue comes to dominate perceptibly over the other structural
clements. This is most marked in the innermost zone of the aortic
intima.

Changes in the coronary arteries are similar to those in the
aorta and they take place generally at the same time. The differ-
ence is that the elastic tissue of the vascular intima is much less
developed than that of the aorta. In addition, the process is not
uniform all over the vessel. Frequently in adult monkeys 12 to
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Fig. 73. Photomicrograph. Increased amount of elastic fibers in the aortic
intima. The anubis baboon Borneo, cight years old. Stained with [uchsilin.
ODbj. 20, oc. 7.

14 years old, when the intima in the proximal portions of the
main arteries of the heart thicken significantly due to the growth
of elastic and collagenous tissue, the distal portions of the arteries
exhibit only slight separation of the internal elastic membrane
accompanied by moderate growth of collagenous fibers.

Age changes in the vessels of the base of the brain were much
less pronounced in our material. Only in monkeys seven years
and older could we sec sporadic separation of the internal elastic
membrane and growth of collagenous and precollagenous tissue
in the arterial intima. These processes were not constant, and
sometimes in old monkeys (Vesta—25 years old, Ruina—20 years
old) the internal elastic membrane in the arteries of the base of the
brain had not separated. Our observations of these cerebral ves-
sels tend to accord with those made of vessels in man. Gekkel’
(1923) showed that while these changes are fairly distinct, they are
not as pronounced as elsewhere in the human arterial system.

Just as we did in the case of atherosclerotic changes with age,
we investigated the aorta, coronary arteries, and blood vessels of
the base of the brain of all the animals that died.

Out of the 1,179 monkeys dissected in the Sukhumi animal
house during the past six years, we observed varying degrees ol
atherosclerotic involvement of the aorta in 30 animals of all species
from 514 to 27 years old (Table 6).
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Fig. 71. Atherosclerosis of the aortic arch, The hamadryad baboon Vesta,

25 vears old.

In most of the animals plaques in the aortic intima were very
small and comparatively few in number. They were irregularly
rounded, flat formations light gray or yellowish in color and no
more than 2 to 3 mm in diameter. In seven animals (the baboons
Vesta, Angara, Mississippi, the green marmoset Rio, and the
macaques Kanareyka, Fata, and Yakhta) the plaques were numer-
ous, merging together to form spots 2 to 3 cm wide or more (Fig.
74). The location of the plaques in the aorta differed from animal
toanimal. In five of them (the baboons Vesta, Zevs, Zeland, Prima.
and the macaque Nal’'ma) they were found chiefly in the arch and
in the distal part of the descending portion of the aorta near the
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Fig. 75. Dilferent arrangements of lipid spots (first two) and atherosclerotic
plaques (second two) in monkeys.

bifurcation. In the other monkeys they were mostly in the abdom-
inal section of the aorta. When the process was indistinct, a plaque-
like thickening of the intima was usually observed near the orifices
of the vessels branching from the aorta (Fig. 75).

Histological examination revealed that the intima of the aorta
had changed most. Plaquelike thickenings consisting mainly of col-
lagenous tissue admixed with a few elastic fibers were in evidence
(Figs. 76 and 77). In between the fibrous structures could be seen
accamulations of drops of fat, which sometimes included isolated
crystals. Macrophages loaded with drops of fat were frequently
found near the place where the lipids had accumulated. Some
places inwards from the dense fibrous plaques next to the vascular
lumen contained lipid deposits within which there was no per-
ceptible development of fibrous tissue. Deposits of calcium salts
were noted in cases of very pronounced atherosclerosis (Vesta,
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Fig. 76. Photomicrographs, Initial stage in the formation of a sclerotic plaque,
I'he green marmoset Ket’. Stained with Sudan I-hematoxylin, Obj. 10, oc. 7.

Fig. 77. Photomicrograph. Atherosclerotic plaque in the asorta. The hama
dryad baboon Vesta. Stained with Sudan HI-hematoxylin, Ohj. 8. oc. 7.
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Fig. 78. Photomicrograph. Calcium deposits in an atherosclerotic plaque, The
hamadryad baboon Vesta, Stained with hematoxylin-cosin, Obj. 8, oc. 7.

Malysh) in the aortic intima in addition to the development of
lipid plaques (Fig. 78). A chemical analysis of the aortic wall (lack-
ing in the external coat) at the site of the plaques revealed a high
cholesterol content (about 6.79;). The middle coat at the same
site was atrophied, with round-cell infiltrates found here and there.
In the midst of the infiltrates were large numbers of macrophages
loaded with fat. Single macrophages were invariably found be-
tween the fibers of the middle and external coats of the vessel.

In almost all the monkeys the aortic intima, when the vessel
was totally stained with Sudan I11, showed lipid spots of varying
size and spread in addition to fibrous plaques. However, in nine
cases, despite the presence of fibrous plaques, total staining of the
aorta failed to disclose any lipid deposits in the intima at all, or
they were slight and less extensive than the plaques. Histological
examination revealed that the plaques consisted mainly of dense
connective tissue. Delicate elastic fibers were invariably present
among the collagenous fibers. Very small quantities of lipids were
noted only in the most basal portions of the plaques along the in-
ternal elastic membrane, Macrophages loaded with fat were [re-
quently seen either in groups or alone.

Besides the 30 animals referred to above, we stained with
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Sudan III the aortas of 50 more monkeys of different species that
died of one cause or another (cf."Table 6). Lipid spots of varying
extent were readily discerned in the aorta. None could be fourd in
9 animals dying hefore the age of three or in 12 adult monkeys of
different ages. )

In the aorta of monkeys from two to five years old we found
only a few very small lipid spots in the thoracic portion, chiefly
around the orifices of the vessels branching fron: the aorta. Lipid
spots in the intima of adult monkeys were noted mostly in the
thoracic portion of the aorta. They were fairly extensive with irreg-
ular contours.

In the ascending section of the aorta, i the arch, and in the
abdominal aorta the lipid spots tended to be sparse, located for
the most part around the vessels branching from the aorta. Small
lipid deposits were frequently noted at the base of the aortic valve.
Spots in large quantities were found in the ascending section of the
aorta and in the arch in only one monkey (Izumrud). The main
mass of spots appeared in the abdominal section of the aorta in
two monkeys (Prima and Rio). These two animals also had num:r-
ous atheromatous plaques in the same section of the ao-ta. Five
animals (six to eight years old) had small lipid spots in the orifices
of the coronary arteries,

Histological examination revealed an accumulation of lipid
drops in the area of the lipid spots in the vascular intima next to
the internal elastic membrane. Fibrosis of the intima near the lipid
spots beyond that normally accompanying age changes was not in
evidence.

An investigation of the coronary arteries of the heart showed
small plaquelike thickenings of the intima in five animals, They
were generally flat (I to 2 mm in diameter), barely reaching the
lumen of the vessel. In just one animal (Malysh) did an atheroscle-
rotic plaque, located near the orifice of the left coronary artery,
constrict the vascular lumen markedly. In all the monkeys the
plaques were generally found near the orifice of the coronary artery
or right in it

Microscopical examination of the coronary arteries in the re-
gion of the plaques revealed the complete similarity of the picture
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with that observed’ in connection with atherosclerotic pla.ques in
the agrta. The inside of the plaguies was composed of dense fibrous
“tissue; the basal portions generally had lipid deposits in varying
quantities. In onlyone case (Malysh) were there, virtnally no free
lying lipid drops present in a plaque in the orifice of the right coro-
nary artery. The intimal plaque was solidly fibrous. \Iacrophages
loaded with lipids were detected in the basal portions near the
internal elastic membrane.

Due to the very small lumen of the coronary arteries in most
of the anunals, we could completely stain with Sudan the intima
of these vessels in only 27 monkeys up to 27 years old. No lipid
deposits were found in the intima of the coronary arteries of ani-
mals under seven years old (10 monkeys). Lipid deposits were dis-
covered in eight animals (including those mentioned above with
atherosclerotic plaques in the coronary arteries) seven years and
older (Table 7).

Lipid spots in the coronary arteries were generally few in
number and located, as a rule, near the orifices of the main trunks
or at the place where the small branches start. They were not dis-
tributed evenly throughout the vessels. Lipid deposits were found
in the intima of the left coronary artery of eight animals and in
the anterior descending branch of only five animals. Small lipid
spots were noted in the right circumflex artery of only two animals
(Vasilek, Malysh) where the process of lipid infiltration of the
coronal intima was generally more pronounced; atherosclerotic
plaques were also in evidence.

A detailed examination of the intima of cerebral blood vessels
after total staining with Sudan 111 proved to be exceptionally diffi-
cult owing to their small lumens. An histological investigation
revealed the presence of a small quantity of lipids in the intima of
the anterior and posterior cerebral arteries of only one animal (the
green marmoset Rio). These extracellular deposits were in the
form of small drops in the outermost portions of the intima next
to the internal elastic membrane. There was no perceptible growth
of fibrous tissue in the region of the lipids.

We have concluded from our data that in monkeys as in man
the aorta, coronary arteries of the heart, and arteries of the base
of the brain may undergo a series of changes. As in man, these
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changes can be divided into chariges due ro age and changes in the
vascular wall caused by atherosclerosis. The former involve thick-
ening of the arterial wall as the animal grows older. This process,
in addition te gradial thickening of all the coats of the vessel,
results in alteration of the inner wall of the artery through the
growth there of smooth muscle elastic, precollagenous, and, after-
wards., of collagenous fibers. The process is most pronounced in the
aorta, less so in the coronary arteries, and least of all in the arteries
of the base of thé brain. The gradual reorganization and compli-
cation of the structure of the arterial intima begins very early. dur-
ing the first six months of the animal’s life.

Lipid deposits in the intima could be traced in all the vessels
that came under our scrutiny (aorta, coronary arteries, arteries of
the base of the brain). The process of lipid infiltration of the aortic
intima, as is evident from Table 6, is not due only to the age of an
animal. We found lipid spots in the aortas of animals under two
years of age. From then on, especially from the third, fourth, and
fifth years, lipid spots were almost invariably found in the aortic
intima. This phenomenon is apparently of physiological nature,
analogous' to that noted in the human aorta, as shown by V. D.
Tsinzerling and his co-workers,

Reflecting to some extent general lipid exchange, the lipid
spots in the aortic intima may be absent in monkeys 14 years and
older.

Since we do not have enough data on the adult monkeys that
died soon after reaching the animal house, we cannot form any
judgment about the process of lipid infiltration of the aortic wall
in monkeys living in their natural habitat. We can only say that
a considerable number of lipid spots have often been found in
monkeys after four to nine months in Sukhumi.

Lipid spots are much rarer in the coronary arteries than in the
aorta. We encountered them only in monkeys over 10 years old.
Lipid spots can be resorbed from the intima of the aorta and coro-
nary arteries, as shown by the fact that we found fibrous plaques
almost wholly lacking in lipids in nine animals. A great many
macrophages could be seen at the base of these plaques resorbing
the remnants of lipid deposits.

Atherosclerosis of the aorta is not common in monkeys, if we

\
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take into account all the dead animals. Atherosclerosis was noted
in 2.69, of all these examined (1,179 necropsies). However, if only
monkeys over five years old (the age when atherosclerosis *.{gins)
are considered, the rate rises to 19.69] of the animals in the main
group (158). It will also be noted that we did not discover a single
manifestation of atherosclerosis in 81 animals 6 to 17 years old that
died soon after reaching the monkey house (during the first two
years). €

Thus, the rate of atherosclerosis in monkeys of the mair group
examined by us is somewhat higher than that in Fox’ materials.
This discrepancy is possible due to the fact that monkeys, as a rule,
do not live too long in zoos. It seems that atherosclerosis develops
in monkeys kept in captivity, which involves a whole set of factors,
e.g., restrictions on movement, changes in diet, etc.

Atherosclerosis in monkeys is obviously quite close to the dis-
ease in man. In monkeys, unlike other mammals, it is cholesterol
rather than neutral fats that is deposited in the vessels. Just as hap-
pens in man, atherosclerosis in monkeys develops in wavelike
fashion with alternation of the processes of lipid deposition and
resorption. The difference is that in monkeys resorpticn is often
very pronounced so that in addition to plaques containing varying
amounts of lipids there are often plaques containing little or no
lipids. The number of these plaques increases with age. Athero-
sclerotic changes in monkeys, unlike those in man, very rarely affect
the cerebral or cardiac vessels, tending to be localized mostly in
the aorta.

Age Changes in the Valves, Endocarditis, and Cardiac Defects
Endocarditis in man is generally caused by rheumatism. Endo-
carditis due to streptococcal infection is second in frequency. In
domestic animals endocarditis is usually accompanied by chronic
infections (chronic swine erysipelas, the chronic form of infectious
anemia of horses, etc.). K. G. Bol" and B. K. Bol’ (1954) distinguish
erysipelatous endocarditis of swine principally involving the mitral
valve, pyogenic endocarditis of cattle (sometimes found in sheep
and swine), and streptococcal endocarditis of cattle, horses, and
swine principally involving the aortic and pulmonary valves.
These diseases are ulcerative in character and are frequently recur-
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rent. Recursent endocarditis is also found in dogs (Nieberle and
Kohrs, 1954). o '

PallaSke (1955) srates that endocarditis arises in animals after
infections: in.swing after erysipelas, in cattle, sheeps and swine
after a pyogenic infection, in horses and cattle after a streptococcal
infection. However, he stresses that endocarditis never develops in
an acute process, only in chronic infections. He also says that endo-
cardidls is very likely to arise in animals rendered hyperimmune
in ordar to obtam serum. Recovery from endocarditis generally
leaves traces in the form of some damage to the valves (in valvular
endocarditis) or thickening of the parietal endocardium after
parietal endocarditis. The latter very rarely occurs in the pure
form and it normally accompanies valvular endocarditis. The
resultant heart damage may lead to cardiac insufficiency.

Isolated instances of endocarditis in monkeys have been de-
scribed by Scott (1927) and Hamerton (1929). The first was a case
of polypous ulcerative endocarditis of the mitral valve with in-
volvement of the parietal endocardium. Scars were noted in the
kidneys after infarcts resulting from an embolism. The second case
involved the parietal endocardium as well as the valves. The direct
cause of death was a cerebral embolism. Hamerton (1934, 1935)
described substantial sclerosis of the heart valves in two old
baboons. Since he furnished no details on the morphology of the
areas affected or history of the animals, we have found it difficult
to evaluate the cases. The fact that the diseases were observed in
old monkeys suggests that the changes in heart valves were linked
to age.

In studying the valves of the heart, pulmonary artery, and
aorta of monkeys with heart damage and endocarditis, which gen-
erally represents a fairly rare pathology in these animals, we found
it necessary to determine the nature of the changes in the valves due
to age. Our classical textbooks of histology contain no description
of the normal histological structure of the heart, aortic, and pul-
monary valves of man. A detailed description of the valves of the
heart and major blood vessels is given by A. V. Walter (1948), G. A.
Chekareva (1950), and Sh. I. Krinitskiy (1950). These authors also
studied senile changes in the valves: so too Gross and Kugel (1931).
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We investigated the valve stracture of 39 monkeys of different
ages—Dbicuspid, tricuspid, aortic'and pulmonary valves. The valves
were excised lengthwise together with adjeining portidns.sf the
myocardium, aorta, and pulmonary artery. The following animals
were involved: two monkeys under one, eight monkeys one to five
years old, 14 monkeys five to 10 years old, and 15 monkeys over 15
years old.

Our rescarch on healthy valves has led us to make the follow-
ing formulation of their structure in monkeys and the .general
features of the changes arising in senescence. The valve structure
is fairly close to that in man, although there are some significant
differences. The aortic and pulmonary valves of monkeys are more
or less similar. In young animals the cuspate valves contain dense
collagenous fibers protruding like wedges into the base. Strands
of collagenous fibers stretch from the base of the valves into the
adjacent portions of the myocardium. A few fibers proceed from
here into the valve tissue, passing with the elastic fibers just under
the atrial and ventricular surfaces. Somewhat larger numbers of
collagenous fibers can be seen on the side facing the ventricle (we
could not see the thick fibrous leaflet characteristic of human
valves). The valve consists mainly of loose connective tissue resem-
bling embryonic tissue. This tissue is composed of the main sub-
stance staining metachromatically and is rich in stellate and
elongated cells. The areolar tissue contains a few very fine col-
lagenous and elastic fibrils thickly intertwined. Fissures looking
like sinusoids and lined with endothelium can be seen in the distal
section of the cuspate valves (chiefly the mitral) in monkeys of all
ages, including those under one. Just below the endothelium are
several layers of very thin elastic fibers (Fig. 79). The above-
mentioned vessels, as can easily be seen when they are stained with
picrofuchsin, appear to be surrounded by packs of intertwined,
concentrically arranged collagenous and elastic fibers.

The elastic framework of the valves is a continuation of the
elastic layer of the auricles and ventricles. The cuspate valves con-
tain a great many elastic fibers on the side facing the atria where
the elastic layer is much thicker than in the ventricles. There are
several layers of elastic fibers somewhat pulled away from the endo-
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Fig. 79. Photomicrograph. Elastic [ibers surrounding vascular cavities. Pro-
liferation of elastic fibers and granules of elastin. The rhesus monkey Dama,
814 years old. Stained with Tuchsilin, Obj. 20, oc. 10.

~

thelium on the side facing the atria. Tapering elastic [ibers stretch
between the mid-point and top of the valve into the adjoining
tissue. At the free edge of the valve a considerably attenuated layer
of elastic fibers bends toward the ventricular surface, interlocking
with a very thin elastic layer passing under the endothelium along
the ventricular side of the valve. When impregnated with silver, all
portions of the valve show numerous argyrophil fibers forming a
delicate even framework. A somewhat larger quantity of precol-
lagenous fibers are present in the central portions of the valve.

We have described the structure of the cusps of the mitral
valve. The structure of the tricuspid valve is essentially the same.
Its cusps are somewhat thinner because the middle layer of loose
connective tissue is not so thick.

The aortic and pulmonary valves have the following structure.
The cusps consists mainly of loose connective tissue. On the side
facing the atria under the endocardium is a fairly wide elastic layer
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composed of thin elastic fibers parallel to one anothex. These fibers
are a continuation of the elastic layer of the atria. This layer, which
gradually becomes attenuated and constantly gives off thizselastic
fibers within the valve, proceeds to the surface of the valve facing
the sinus of the aorta (or pulmonary artery) and in the form of a
very fine strand passes under the endothelium of the valve. On the
side facing the sinus thin connective-tissue fibers arranged length-
wise can sometimes be seen under the endothelium. Thé aortic
valves differ from the pulmonary valves only n having much
coarser structural clements in the cusps. Both have a delicate
framework of precollagenous fibrils.

Age changes in the valves are varied. They are manifested in
hyperplasia of the loose connective tissue sometimes all over the
valve, more frequently in the distal section. There is transforma-
tion of fibrous tissue (usually at the base of the valve) in the form
of swelling and homogenization of collagenous fibers with sporadic
fibers turning into completely uniform masses staining pink with
eosin.  Sometimes homogeneous yellow areas appear among the
basic masses of collagen when stained red with picrofuchsin. In
some cases there is moderate diffuse (occasionally foaal) fibrosis
of areolar tissue accompanied by the development of a delicate
network of intertwined collagenous fibrils (Fig. 80).

Metachromasia of loose connective tissue becomes more pro-
nounced with age. Indications of fibrosis may also show up in the
form of focal sclerotic patches in different parts of the valves. Some-
times they are horizontal strands of coarse collagenous fibers. Scle-
rosis is occasionally manifested in the development of foci of twisted
collagenous fibers, but in focal sclerosis the collagenous bundles
may also lie lengthwise. The very delicate elastic network found
in loose connective tissue usually disappears in the sclerotic areas.
Another manifestation of age changes in the valves is the formation
of focal thickenings and partial deformations in the distal sections
of the valves. Several sinusoids lined with epithelium are fre-
quently found in the areolar tissue of the thickened distal sections.

Small focal excrescences described by Lambl (1856), V. S. Devit-
skiy (1908), A. V. Walter (1948), and others and classified by M. A.
Baron (1949) with the reactive structures of the endocardium ap-
pear in isolated cases on the atrial surface near the closing line of
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Fig. 80. Photomicrograph. Marked thickening and deformation of valve cusps.

Areas of delicate intertwined collagenous fibrils are formed by individual islets.

The hamadryad baboon Ley, 12 years old. Stained with hematoxylin-cosin.
Obj. 10, oc. T0.

the valves. Grossly, they look like small semitransparent out-
growths. They are composed of nonnuclear masses containing col-
lagenous and elastic fibers and are covered with endothelium on the
exterior. Plaquelike thickenings may also develop in the valves
due to focal increases in the amount of collagenous substance in
the subendothelial layer. The other layers of the cusps are not
involved in the formation of these thickenings. This can be easily
traced on preparations stained with fuchsilin when the continuous
clastic layer separates it from the other part of the valve without
reaching the plaquelike thickening.

Age changes may show up in different combinations. They
may differ from valve to valve in the same animal. Changes in the
bicuspid valve are manifested chiefly in sclerosis of the proximal
section with enlargement of the distal section due to hyperplasia
of areolar tissue, sometimes combined with the focal growth of
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Fig. 81. Photomicrograph. Senile change in a valve. Proliferation of colla-
genous fibers in the distal section of the valve. A rhesus monkey. Stained with
hematoxylin-cosin. Magnilying glass.

collagenous fibers into the subendothelial layer. It was these valves
alone that contained the above-mentioned reactive structures in
the form of Lambl's excrescences. Thickening of the distal portions
of the cusps caused by the growth of collagenous fibers into the
subendothelial layer may also occur in the tricuspid valve. How-
ever, this valve rather tends to show signs of diffuse sclerosis of the
cusps (more often when the aforementioned changes are present
in the bicuspid valve). In such cases the loose connective tissue is
wholly or partly displaced by collagenous fibers (Fig. 81). Age
changes in the aortic and pulmonary valves most frequently take
the form of diffuse fibrosis.

We were sometimes unable to explain the differences in valvu-
lar changes among the various monkeys in a single age group. For
example, in the 10 to 25 year old group we found no sclerosis in the
mitral valves of six animals: the valves were composed of loose
metachromatically staining connective ussue. In five animals the
proximal section was sclerosed whereas the distal section was com-
posed of areolar tissue. The valves of four animals consisted almost
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entirely of callagendus tissue. Two of these animals had been
hypertensive for a long time. A study of the anamnesis of two mon-
keys fas'sd to turn up anything that could be linked with the nature
of the changes found in the valves. The tricuspid, gortig, and pul-
monary valves were characterized chiefly by diffuse sclerosis or,
more rarely, by sclerosis of the pmxfmal section.

In the five to 10 year group we found no evidence of sclerosis
in the mitral valvessof only two animals. The valves of four mon-
keys were compgsed principally of dense collagenous tissue. There
was sclerosis of the proximal section in eight cases along with
hyperplasia of areolar tissue in the distal section. In all these cases
we noted uneven thickening of the distal section of the valve due
to abnormal growth of the subintimal layer frequently resembling
plaques. Almost every valve had several vessels of the sinusoid type
within the cusps. Deformations arising with age in the cusps, espe-
cially of the mitral valve, may impair the functioning of the valve.
This is manifested clinically by a systolic murmur at the apex of
the heart. The latter enabled the physicians to diagnose mitral
valve failure in two monkeys (the rhesus monkey Undina and the
hamadryad baboon Vesta).

Morphological changes in the valves are occasionally very pro-
nounced, resulting in senile heart failure that is scarcely distinguish-
able from postrheumatic failure. One monkey that died when 16
years old (the rhesus monkey Rantik) exhibited thickening of the
subendothelial layer in the distal section of the valve with the
formation of a plaque in addition to gross signs of sclerosis and
hyperelastosis, which by virtue of its magnitude could simulate
postendocarditic valve failure. Here the bicuspid valve was thin up
to the mid-point and consisted of collagenous fibers arranged
lengthwise. The distal section on the side facing the atrium had
a large plaquelike thickening mostly of dense collagenous tissue
considerably lacking in fibrous structure and containing thick
strata of hypertrophic elastic fibers. In the most distal section, in
the stratum of coarse collagenous fiber, was a small area of areolar
tissue of the middle layer. There was a vascular fissure lined with
endothelium in the mass of collagenous tissue. The massiveness
ol the plaques (three to four times as thick as the valve at this point)
and the presence of gross sclerosis with indications of hyperelastosis



Fig. 82, Photomicrograph. Subendothelial sclerosis of a valve. Hyperelastosis.

I'he rhesus monkey Rantik, 15 years old. Stained with fuchsilin, Obj, 3, oc. 7.

suggested that the changes in the valves were the result of a previous
inflammation. However, it was immediately obvious from exam-
ination of an histological preparation that the changes were local-
ized in the subendothelial layer outside the layer of elastic fibers
proceeding through the entire valve under the layer of endothelial
cells on the atrial surface of the valve. Fibers branched out from
this layer into the mass of the plaque, but the main bundle of elastic
fibers continued to go in the same direction, separating the plague
from the tissue of the valve. This feature, in our opinion, differ-
entiated the senile from the inflammatory changes (Fig. 82).
While examining 40 hearts, we found a different pathology
in six of them that was unrelated to possible senile changes in the
valves. In two instances the valve failure was apparently the result
of an earlier endocarditis, although the anamnesis failed to disclose
any clear-cut evidence of this. The autopsy of one of these animals
showed heart damage, but there were no clincal symptoms that
could be linked to an earlier endocarditis or cardiac failure that
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developed while the ;llt)nkcy was alive. Maore likely these changes
had existed without being recorded on the animal’s card. The
reason \hat the monkey (Ruina) had lived in the animal house
about 22 years, most gf the time in an open-air cage so that symp-
toms of the condition were not obseryed by the attendants. These
changes affected only the mitral valve and were characterized by
marked thickening and deformation of the cusps with partial ad-
hesion at the base. The failure might be described morphologically
as a combinatiof 8f valvular insufficiency with stenosis of the left
ostitm venosum.

Microscopical examination of the cusps of the mitral valve
reveals that they consist almost entirely of dense collagenous tissue
in which homogeneous albuminous masses staining yellow with
picrofuchsin can be discerned between collagenous strands and
amorphous lumps of collagen. The areolar tissue of the middle
layer can be seen in very small patches between masses of collagen.
A little appears at the base of the valve and in the form of islets
along the valve between strands of collagenous fibers. There is an
islet of areolar tissue under the endothelium in the distal section
of the valvd (near the line of closure) at the place where the valve
is thickest. The distal section of the valve is greatly thickened with
coarse strata of collagen (here and there losing its fibrous structure)
between which one can make out very thick hypertrophic strands
of elastic fibers and coarse grains of elastin. The direction of the
strands of elastic fibers follows that of the strata of collagenous
tissue (Fig. 83).

The second case of valve failure involved a young hamadryad
baboon that died of an injury when 14 months old. The animal
was kept under careful observation in a crib from the time it was
two weeks old until it died. When two weeks old it developed a
serious disease featured by intense cyanosis, panting when it moved,
and vomiting from time to time. While in the crib the animal had
recurrent pneumonia, dyspepsia, and colitis. It suffered from
rickets and was extremely irritable.

After the animal died of a skull injury, the autopsy revealed
mitral valve failure with thickening of the cusps along the edge,
shortening of the cusps, and adhesions. The chorda tendinea were



Fig. 83. Photomicrograph. Valve damage after endocarditis. Thickening ol the
valve, sclerosis, and hyperelastosis. The rhesus monkey Ruina. Stained with
fuchsin, Obj. 3, oc. 7.

markedly thickened, shortened, milky-white in color (Fig. 84).
There was a considerable milky-white thickening of the epicardium
in the region of the left ventricle. There were extensive sclerotic
foci in the myocardium of the left ventricle and pronounced scle-
rosis of the endocardium of the left atrium. Thus, the young mon-
key had suffered from cardiac failure, widespread cardiosclerosis,
sclerosis of the endocardium and epicardium, the consequences of
carlier pancarditis. The latter may well have developed soon after
birth as manifested by pathological symptoms in the cardiovascular
system in the form of cyanosis and dyspnea after moving about.

Besides the comparatively persistent valvular changes due 1o
age or previous endocarditis, we observed acute valvular changes
in four animals. In three animals the changes were endocarditic
in nature: in two of them endocarditis developed because of and
during sepsis, although there were some differences. In Malysh the
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Fig. 84. Mitral valve damage. The rhesus monkey Venta,

endocarditis was a typical septic endocarditis. Morphological ex-
amination, revealed that it was essentially a polypous ulcerative
endocarditis (Fig. 85). Microscopically, there was marked infiltra-
tion of the valve by leukocytes and sporadic necrotic areas, espe-
cially on the surface, containing rich deposits of fibrin and
indications of suppurative liquefaction of tissue. In the other ani-
mal (the rhesus monkey Yukka) the endocarditis, which likewise
developed during sepsis, was much less pronounced, being charac-
terized by leukocytic infiltration of the base of the mitral valve on
the side facing the atrium. The third case of acute endocarditis
developed ina monkey with exacerbation of hitherto chronic tuber-
culosis (the rhesus monkey Robik). This was characterized morpho-
logically by edema and albuminous saturation of the base of the
mitral valve on the side facing the atria and by moderate leukocytic
infiltration of the valve in this area.

In the cases of Robik and Malysh endocarditis was diagnosed
while they were alive on the basis of a systolic murmur at the apex
of the heart.

Besides the cases of endocarditis referred to above, there was
another in which hemorrhage was noted in the tissue of the valve.
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ig. 85. Polypous ulcerative endocarditis of the mitral valve. "The rhesus
monkey Malysh,

The animal, which died of dysentery at the age of one and a half,
had a hemorrhage in the distal section of the pulmonary valve on
the side facing the ventricle. The valve consisted of loose con-
nective tissue diffusely infiltrated by erythrocytes (Fig. 86). No
such changes were in evidence in the other valves.

Thus, an investigation of 39 hearts for senile changes showed
that in general the histological structure of the heart valves of mon-
keys closely resembles that of man. One major difference is that
the middle layer of loose connective tissue, which at times makes
up virtually the entire mass of the valve, is much more pronounced
in monkeys, whereas the fibrous layer is extremely faint and some-
times cannot be discerned at all. The valves often have numerous
blood vessels of sinusoid structure, The vessels lie in different parts
of the valve and possess a clearly defined two- or three-layered clastic
membrane just under the endothelium.
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Fig. 86. Photomicrograph. Hemorrhage in the valve flap of a rhesus monkey.
Stained with hematoxylin-eosin. Obj. 20, oc. 7.

Age ("(mngcs in the valves of monkeys, as in human valves, are
manifested by fibrosis of the middle loose connective-tissue layer
and solid collagenization of the valves (chiefly in the proximal
sections), sclerotic foci, and subendothelial thickening of the valves,
sometimes resulting in marked deformity of the cusps. Collagenous
tissue, especially at the base of the valves, changes considerably
with age, turning into homogeneous amorphous masses of collagen.
The increase in collagen (especially amorphous collagen) may be
partly due to direct sclerosis. Indirect confirmation of this view
comes from the occasional increase of metachromasia in loose con-
nective tissue caused by the increased content of mucopolysac-
charides. Homogeneous nonnuclear masses staining yellow with
picrofuchsin occasionally accumulate between the collagenous
fibers.

A previous endocarditis may lead to diffuse thickening of the
valve with pronounced sclerosis and hyperelastosis, i.e., to the
development of valve failure. Infectious diseases (sepsis or tuber-
culosis) may cause a limited endocarditis manifested by focal
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infiltration of the valves by leukocytes. A septic polypous ulcerative
endocarditis may develop as a_general manifestation of sepsis.
Hemorrhage in the valve (along with exposure of the blood vessels)
indicates that the valve is a formation with- more than a purely
mechanical function. It suggests that the valves have vessels which
are involved in the general réactions of the body.

DISEASES OF THE BLOOD-FORMING SYSTEM

.

Blood diseases—particularly the leukoses—are widespread
among people. Leukemia also occurs in domestic animals and
birds, but is virtually nonexistent in wild animals. Individual inci-
dences of leukosis in monkeys have been mentioned by Hill (1952,
1953, 1954). In four monkeys he observed lymphatic leukemia;
two of them were marmosets—one wooly Gumboldt and one Senegal
Galago. Hill obsreved lymphogranulomatosis in a lion marmoset.
Other blood diseases mentioned by the author included pernicious
anemia in a Chinese macaque and anemias in marmosets with
intestinal diseases. The latter probably often develop in monkeys
and were observed by us repeatedly in intestinal diseases.

We observed three cases of leukosis in green marmosets: the
monkey Oktava developed reticulosis, Paragvay developed hemo.
cytoblastic leukemia and Jutland lymphogranulomatosis, Al
three diseases were acute: both the leukoses (reticulosis and hemo.-
cytoblastic leukemia) were aleukemic variants, Because of the late
discovery of the disease and the acute course of illness, the clinical
picture of the leukoses was almost unstudied. Blood tests that were
macde for several days prior to death revealed no changes except for
pronounced hypochromic anemia. The reticulosis was charac-
terized by an enlargement of the spleen, with clearly marked
yellowish-gray islets against a background of dark-red pulp, and
enlargement of the liver, the parenchyma of which contained »
small number of distinctly outlined yellowish-gray foci. There was
also an enlargement of the Kidneys and a slight enlargement of the
lymph nodes.

Microscopical examination revealed a proliferation of reticu-
lar cells (Fig. 87) in the bone marrow, spleen, lymph nodes, liver
and Kidneys. The reticular cells in the bone marrow nearly com-
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Fig. 87. Photomicrograph. Reticular cells in lymph node. Green marmosct
Oktava, Obj. 40, oc. 10,

.

pletely displaced the lymphoid tissue. There was a proliferation
of endothelial cells in the hili of the lymph nodes, with formation
of complexes of reticular cells in the vascular lumens. The present
observation is very reminiscent of acute aleukemic reticulosis in
man. Kh. Kh. Vlados and N. A. Krayevskiy reported in 1953 that
the characteristic features of acute aleukemic reticulosis included
an acute initial period, the absence or weak manifestation of hyper-
plasia of the lymph nodes, and marked enlargement of the liver
and spleen within a very short period of time.

In acute hemocytoblastic leukemia there was a fairly signifi-
cant enlargement of the lymph nodes, enlargement of the spleen,
slight enlargement of the liver and hyperplasia of the bone marrow
in the tubular bones. Microscopical examination of the bone man-
row revealed a proliferation of hemocytoblasts, forming a cellular
syncytium, The lymphoid tissue in the lymph nodes was displaced
by hemocytoblasts. The morphology of the given case is very similar
« to hemocytoblastic leukemia in man. The third case concerned
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Fig. 88. Photomicrograph. Nondifferentiated blood formation in bone mar-
row. Hamadryad baboon Dingo. Hematoxylin-eosin stain. Obj. 90, oc, 10,

lymphogranulomatosis and was previously described l)y' us (B. A.
Lapin, 1956). It was characterized by a systemic enlargement of
the lymph nodes and spleen, having a “porphyritic” appearance.
The microscopical picture was similar to that of human lympho-
granulomatosis.

Regarding diseases of the red blood cells, we observed anemias
of the hypochromic type, usually connected with intestinal dis-
orders. In two monkeys, the anemia was progressive in character
and accompanied by a significant drop in hemoglobin, resulting in
death. We noted the development of foci of extramedullary blood
formation which, however (as in bone marrow), was nondifferenti-
ated in character (Fig. 88). Thus, the blood diseases observed by
us included nondifferentiated leukoses and anemias that were pro-
gressive in character. It is noteworthy that the leukoses that we
observed developed only in green marmosets. It would seem that
the number of cases of leukosis was small; however, the death rate
among green marmosets during the past six years (47 dead) indicates
a considerable morbidity rate (6.37.) A comparison of the diseases
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: e
observed by us with'analogous nosological forms in man and ani-
mals shows that the leukoses of mofikeys resemble human leukoses,

» . -
being much closer to the latter than to leukoses of other animals.

.
. .

' TUMORS

Human malignant neoplasms are among the most prevalent
diseases. At the present time, tumors hold second place as the cause
of death—next_to cardiovascular diseases. According to N. N.
Petroy El.‘M’/‘). the most common sites of human tumors are the

-

stomach, 449 ; esophagus, 13.39,: lungs, 7.87;: uterus, 7%; and
liver, 5.69,. According to Dobberstein's statistical data of 1955,
the most common sites of human tumors are the stomach, 307;;
female genital organs, 15%,: mammary glands, 8¢: lungs, 7%: and
skin, 79,

in 1954, K. G. Bol' and B. K. Bol’ reported that tumors of do-
mestic animals develop most often in horses and dogs. The authors
attribute this to the fact that these animals—in distinction to other
domestic animals—live to old age. Horse tumors are localized most
often in ageas in which human tumors seldom occur, i.e., the penis,
149: oral cavity, 149, nasal accessory sinuses, 13.57: and con-
junctiva, 129,

The data regarding the most common dog tumors varies. Dob-
berstein reported in 1955 that the most common site of neoplasms
of dogs was the thyroid gland, 419,: the next in frequency of dog
tumors was mammary carcinoma, 14¢;. Approximately the same
data for tumors of the thyroid gland was reported by Krook in 1954:
his figure at that time for the rate of mammary carcinoma was
35.29 . Other data was contributed by Mulligan in 1948, T. S.
Verevkina and N. 1. Zubova in 1952, Kotchin in 1954. Kotchin and
Mulligan reported that the most common site of dog tumors was
the sk, the next in frequency being mammary carcinoma. Verev-
kina and Zubova reported that one of the most common dog tumors
was mammary carcinoma (449). These authors made no mention
at that time of the number of thyroid tumors that occurred in the
dogs they had observed. The discrepancies between the given data
and that of Dobberstein and Krook must evidently be connected
with the fact that the researches were conducted in different coun-
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tries, \\'herg both the cm\diti(m‘s “under \vhich. the degs were kept
and the specitic effects which could induce tumors varied. .

Dobberstein reported in 1955 that squamous-cell carcinoma
of the stomach was most common (149,) in cattle, followed by tu-
mors of the skin (12%,) and uterus (99,). .

The most common localization of cat tumors is the oral cavity,
33.67%: followed by the common bile duct, 22.297; and pancreas
(T. S. Verevkina and N. I. Zubova). According to the above-
mentioned authors, the rate of tumor de\'clopmcht.‘in cats 45 35,19,
and in dogs 3.69,.

Tumors are very widespread in rodents (rabbits, mice, rats).
The most frequent localization of tumors of rabbits is the uterus:
the most common tumor of rats and mice is mammary carcinoma,
The relatively high rate of malignant growth in rodents and the
high possibility of inducing tumors by artificial means renders
these animals the most suitable objects for the experimental study
of cancer.

Tumors of wild animals are known to us principally from
materials from various zoos. The latter brings us to speak not about
tumors of wild animals in general, but tumors that develop under
conditions of prolonged captivity. According to the material of
N. P. Tsvetayeva (1941), who investigated the death rate of animals
in the Moscow Zoological Park from 1935 to 1939, tumors rarely
occurred in the animals at the zoo, constituting 19, in mammals
and 199 in birds. Tumors occurred very rarely in the primates;
in 110 dissected monkeys not one malignant tumor was found, and
only one had adenoma of the liver. The comparatively high rate
of bird tumors was due to the high rate of tumors in crimped para-
keets. A significant number of tumors were also observed in the
latter by Fox in 1929 and Schlumberger in 1953, The latter dis.
covered tumors—most of which were malignant—in 80 out of 200
crimped parakeets. According to Ratcliffe’s data of 1933, tamors
were found in nearly all the mammals of the Philadelphia Zoo.
However, their rate of occurrence varied sharply in different spe-
cies. In bears. tumors were lound in approximately 69, : in rodents.
3.5-495: in marsupials, 2.19; raccoons, 2.4°;: primates, 047
unguiatcs, 0.169 . Comparing the localization of tumors in birds
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and in mammals, Ratcliffe lepoued that the predominant site of
tumors indhe former was the nemtounnary tract, and in the latter
the g 'mbmlesunal tract.

Despite the bioldgical slmllmny of monLcys to man, in whom
neoplasms avcur extremely often, an”analysis of data in the litera-
ture shows that monkey tumors hold a modest place in the statistics
of diseases. The cages described in the literature hardly exceed 30
to 40 in number. ' Tumors of primates are described, up to now, as
very rare. In tht prosectorial report (1913) of the London Zoologi-
cal Park, Plimmer reported the discovery of monkey sarcoma of
the head (7). In 1915, he also reported the occurrence of sarcoma
of the Kidneys in monkeys. In 1914, Schmey described adenocar-
cinoma of the stomach, with metastases. Fox reported on several
tumors of monkeys: cancer of the esophagus, 1932; cancer of the
Kidneys, 1934; cancer of the uterine cervix, 1936: cancer of the
esophagus, 1937, In 1939, Bonne and Sandground described gastric
polyps of Javanese macaques, which were induced by the introduc-
tion of Nochtia Nochti nematodes into the wall of the stomach.
Having introduced the aforesaid helminths into the stomach cavity,
the authors succeeded in getting similar tumors in a short period of
time,

A series of reports on monkey tumors were contributed by the
London Zoo. Besides the above-mentioned tumors which Plimmer
described, Scott described (in the prosectorial report of the London
Zoological Park for 1928) cancer of the kidneys in a capuchin
monkey, with metastases in the pericardium and pleura. In 1930,
Hamerton described adenomatous polyp of the stomach in the
pyloric region. In 1930, Zuckerman contributed a report on
squamous-cell carcinoma of the oral cavity with intergrowth of tis-
sues, but no metastases. He also mentioned six cases of monkey
tumors out of 530 dissections at the London Zoo. However, four
of these six tumors were described earlier by Plimmer, Scott and
Hamerton, and have been discussed above in connection with the
report of the London Zoo, the year 1957 included.

In 1940, Engle and Stout described a prostatic tumor of mon-
keys, which they treated as cancer. However, both morphologically
and clinically, the tumor was quite benign and should have been
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classified aseadenoma. Th 1942,.Steiner reported on his discovery
of two malignant tumors of monfeys, one of Which was gietastatice
In 1947, Kluver and Brunschwig discovered ¢ancer of th€ tongue
and cancer of the buccal mucosa in two monkeys. In 1955, N. N.
Blokhin and co-authors descrtbed a disintegrating skin cancer in
a monkey. In 1956, A. M. Antonov described two Kidney tumors
in macaques. We have already mentioned the work of N. P.
Tsvetayeva, who discovered only one benign tumor of the liver
after dissecting 110 monkeys. In 1933, Rarcliffe discover®d four
malignant tumors and four benign tumors in 971 dissections ol
monkeys: this corresponds to 0.4 or 0.8%,, counting the benign
tumors.

There are different opinions in the literature on the rate ol
monkey tumors. In Krause's work (1933) on diseases of wild ani-
mals and analysis of data on the whole in the literature, he arrived
at the conclusion that monkey tumors were rare. The same opinion
was held by P. P. Dvizhkov and N. P. Tsvetayeva in 1946. A. P.
Savinov and A. V., Tyufanov (1958) did not find a single malignant
tumor in more than 800 dissections. However, these m}thurs dis-
covered polyps of the stomach, caused by parasitism of the stomach
wall with slender, short helminths. The question in the given
cases apparently concerns the phenomena described by Bonne and
Sandground. L. A. Porubel’, I. A. Prokhorova, A. N. Sergeyev and
Yu. M. Slavin (1958) conducted dissections of 8,500 monkeys that
died from infections or were killed for purposes of obtaining polio-
myelitis vaccine, and made no mention of finding tumons,

In 1933, Ratcliffe suggested that the incidence of tumors in
animals could be higher if they survived to a greater age in zoos.

An analogous viewpoint was held by A. V. Vadova and V. L.
Gel'shteyn (1956). They expressed the opinion that tumors fre-
quently occurred in monkeys, and expressed regret that a number
of statistical reports on monkey tumors did not include the age ol
the dead animals. The insignificant rate of tumors in the reports
of P. P. Dvizhkov, N. P. Tsvetayeva, Ratcliffe and others are con-
sidered by Vadova and Gel’shteyn to be the probable result of the
young age of the dead monkeys. The authors analyzed material
pertaining to 660 dissections of monkeys at the Sukhumi monkey-
breeding farm from 1927 to 1952 and discovered 11 instances of
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tumors, four gf which were malignant. Afger 1952, we continued
to observe tumors of monkeys. Ve believe that the description
of neoplaisﬂm in the monkeys at the breeding farm is of definite
interest, especia)ly for comparison with the data oy agg (Tables 8
and 9), the (llseases contracted, etc.

TABLE 8

® AGE OF AND PrESENCE OF TUMORS 1N DEAD MONKEYS OF Intrian Herp

> ‘ﬂh:ruqne.x Baboons Green marmaosets
g B 2
Ageof § g §
dead ) § X s & 5
meonkeys, ; L; I s § i - i § \: I =
years - 8 S g £ 2 = = F = B
Uptol 2% 29 52 17 8 5 9 8 17
1-2 7P 21 28 5 32 21 1 2 3
2.3 019 29 510 1% 1 4 3
34 4 U {1 7 7 3 3
-5 2 6 8 . ] 3 1 1 2
36 B + 8 7 1 1
67 S [T E 2 2 4
-8 3 710 2 7 9 2 1 3
R0 6 + 10 1 1 B G 2 2
910 i 2 7 2 3 5 2 2 .
10-11 i 4 8 2 1 I 2 & 87 =
-2 1 | 2 3 3 1 -
12-13 3 2 5 2 1 2 3 1
13-4 3 2 7 1 1 .
1415 3 3 1 1 2 2 ST
15-16 3 3 + 4 2 1 3 =
16-17 2 1 3 1 1 | A 1
17-18 I 1 2 -
18-14 1 1 1 1 -
19-20 1 | 2 1 1 1
20:21 2 1 3 1
2122 o i e
2.23 2 2 1 —
232 I I
Towl 94 120 214 10 500105 155 ki 21 26 47

.
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’ TABLE 9 . = :
” AGE OF AND PRESENCE OF TYMORS IN IMPORTED MACAQUES
. 5
Age of dead monkeys, .
in years v Females Males e Totul IWith tumors
.
Uptol 9 6 | F
1-2 218 350 568
2.3 28 35 ., 063 o2
a4 9 8 17
o 9 -
45 9 9 =
5-6 10 1 21
6-7 16 0 22
7-8 12 2 14
8-9 6 1 10
9-10 3 I +
10-11 4 4
11-12 2 2
12-13 1 2 3 5
2 5%
16-17 1 1
Total 27 1435 762 2

Malignant Tumors

From 1952 until 1959, in 1,179 dissections (excluding stillborn
animals), we found a total of two malignant tumors and 13 benign
tumors located in different areas. We present below a detailed
description of these cases.

In the first case the tumor occurred in an anubis baboon called
“Mississippi”—a female approximately 20 years of age. She had
been brought to the breeding farm as an adult animal in 1948 and
lived there for eight years. During this period of time she con-
tracted no diseases and had eight pregnancies, four of which termi-
nated in stillbirth, In the latter part of 1956, a tumorous node



Fig. 89. Ovarian tumor. Growth of broad lignment of uterus. Anubis baboon
Mississippi.

about the :ize of a walnut was found in the animal’s right axillary
region. Approximately during this period she incurred a patho-
logical fracture of the lower jaw. She died within a month after
increasing cardiac weakness.

A pathoanatomical study revealed marked enlargement of
the right ovary, reaching the size of a walnut. The tissue of the
ovary on the surface and in section was mottled, grayish pink, with
a bluish tint in some areas. The right broad ligament was irregu-
larly thickened and tuberous; sections of the thickened areas
revealed fairly compact grayish-pink tissue (Fig. 89). The peri-
cardium was distended with hemorrhagic exudate. Delicate fibrous
deposits were defined on the epicardium and pericardium. Numer-
ous grayish-pink tumorous growths were found in the regions of
the posterior and anterior ventricular grooves, along the anterior
surface of the left ventricle and in the region of the apex of the
heart. The tissue of the tumorous growths had grown into the
thickness of the myocardium. Fine-tuberous tumorous growths
were seen between the travecular muscles in the region of the apex
on the anterior wall of the left ventricle and the interventricular
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septum. This area also contained clearly outlmed~ycllowlsh -gray
nidi with irregular, scalloped margins (myocardial infarct). The
left arch of the lower jaw was markedly thickened. "Section re-
vealed ane intergrowth of pinkish-gray tuporous tissue in this
region, the bony tissue was almost completely destroyed. The
surface of the lower jaw contained an ulcerous lesion, approxi-
mately 7 cm long, exteending into the oral cavity. The base of
the ulcer had undergone decomposition and was covered with
dirty dark-gray masses. i .

In addition to the above-described fcalures dissection also
revealed a marked enlargement of the para-aortal lymph nodes, the
nodes located in the bifurcation of the aorta and in the area where
the renal arteries branch off. The largest of them was the size ol
a large plum. Sections of the nodes showed the tissue to be juicy,
grayish pink, with the appearance of fish meat. Individual nodes
had undergone decomposition, their tissue had become trans-
formed into a dirty-gray pulp. There was also a marked enlarge-
ment of the nodes of the right axillary region, forming a mass
approximately the size of a goose egg, adhering to the surrounding
cellular tissue. The sections of the axillary lymph noles seemed
analogous to the para-aortal.

Histological examination revealed almost no normal tissue in
the right ovary. Only single primordial follicles were seen along
the periphery of the organ; individual columns of the rete ovarii
were retained in the hili of the ovary. Everywhere around the
vessels, in the form of mulffs, were proliferations of cells of incor-
rect oval form (Fig. 90) arranged in a fine connective-tissue stroma.
The tumor cells varied in size, and frequently included multinu-
clear giant cells. In the majority of cells the nuclei were dark,
sometimes pycnotic. Part of the cells possessed light-colored nuclei
with large clumps of chromatin.  Very often, there were pictures
of mitotic division of the cellular elements (Fig. 91). Often the
distribution of tumor cells was not limited to the perivascular
zone. Outside the large vessels the tumor cells were usually located
in small alveoli. The stroma of the tumor was very loosely
arranged throughout, fine-fibrous, very rich in its capillary net-
work. Occasionally, there were areas of the tumor which possessed
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Fig. 90. Photomicrograph. Perivascular growth of cells of ovarian tumor.

Anubis baboon Mississippi. Hematoxylin-cosin stain. Obj. 20, oc. 7.

Fig. 91. Photomicrograph. Giant cells and mitoses in tumor cells. Anubis
baboon Mississippi. Henatoxylin-cosin stain. Obj. 60, oc, 10,
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a thore compact fibrous stroma. The tumor tissue was infiltrated
throughout by eosinophils. It is noteworthy that thé tumor cells
— growing principally around the large blood vessels — mainly
involved the adventitia and were not found in the inner ¥ining of
the vessel. * Only now and then was tumor-tissue seen to grow
through the entire width of the vascular wall. .

In the heart, the growth of tumor tissue was observed in the
epicardium and myocardium. The tumor tissue—like ovarian
tissue—was composed principally of round-cell elements in a fine-
fibrous stroma. However, the tumor had a more homdzenous
character—its cells were almost identical in size; giant cells seldom
occurred. The tumor did not extend to the vessels, but permeated
the cardiac tissue in a diffuse manner, growing into the myocar-
dium between the muscle fibers. The lumens of the thin-walled
veins and sinusoids were often filled with clumps of tumor cells.
Unlike the growth in the ovary, the tumor tissue in the myocar-
dium had become necrotic in many areas. There were also exten-
sive necrotized areas in the muscle tissue which where banked by
leukocytes, forming a line of demarcation,

The growth of tumor tissue in the axillary, paraaortal lymph
nodes and in the soft tissues of the lower jaw was diffuse in char-
acter and accompanied by extensive necroses. The internal organs
showed signs of dystrophy, irregular admission of blood, and adi-
posity. Marked hyperplasia of the splenic pulp was observed.

We believe that the monkey “Mississippi” developed sarcoma
of the right ovary, which had a peculiar perivascular location. The
tumor spread in multiple metastases in different groups of lymph
nodes, lower jaw and heart. The metastases revealed a more dif-
fuse character of growth than the original node. Here the tumor
was analogous in appearance to reticuloendothelioma. The malig-
nant involvement of the heart, accompanied by the development of
extensive necroses, was apparently the direct cause of death,

In the given case the growth of the tumor was accompanied
by the development of a large number of metastases. The latter.,
being typical for human malignant tumors, is not often observed
in monkeys. A. V. Vadova and V. L. Gel'shteyn (1956), who fol-
lowed the development of mammary carcinoma in the M. rhesus
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“Undina,” noted that the tumor did not mefastasize, despite lepeat-
ed biopsies. In examining archival material collected at the Insti-
tute for a period of many years, these authors discovered sarcomas
in two aftimals, which also did not metastasize. Metastases devel-
oped in a few cases of e\perlmemall\ induced ostcos’ucoma (N. N.
Petrov, A. \% Vadova, N. A. Krotkina, Z. A. Postnikova, 1951).

Ve found no description in the literature of ovarian cancer
of moskeys. Accopding to K. P. Ulezko-Stroganova, primary ova-
rian sarcomas of human beings constitute 29 of the total number
of ovarfan tumérs.

The given observation is of interest from the standpoint of
both the localization of neoplasms and the development of a true
malignant tumor with multiple metastasis.

The second malignant tumor was observed in the hamadryad
baboon “Beluga” that died in 1958 at 19 years of age. Its anamne-
sis included hypertension of 15 years’ duration and multiple abor-
tions. Twenty-four days prior to death, a tumor of the sexual skin
was observed in the form of an extensive ulcer with a dirty-gray
base and slight discharge.

Dissection of the dead animal revealed considerable wasting
and adipose dystrophy of the parenchymal organs. On the sexual
skin, left of the anal orifice, was a deep cone-shaped ulcer 5 ¢m
in diameter. The center of the ulcer’s surface was covered with
dirty-gray necrotic membranaceous deposits. The margins of the
ulcer were elevated in an embankment and had a cartilaginous
consistency. A section made through the ulcer revealed a very
compact, somewhat granular, yellowish-gray tumorous tissue,
vaguely delimited from the surrounding tissues. The tissue of the
tumor extended close to the walls of the rectum and vagina, but
did not infiltrate them, being separated from the latter by a thin
interlayer of cellular tissue. The mucous membrane of the rectum
and vagina was edematous.

Histological examination of the sexual skin in the area of the
ulcer revealed the disappearance of stratified squamous epithelium.
The base of the ulcer consisted of granulation tissue. Somewhat
below the base of the ulcer, in the thickness of the granulation
tissue, were vacuoli of round, somewhat pycnotic ovalshaped cells
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Fig. 92. Photomicrograph. Cancer of genital skin. Hamadryad Beluga
Hematoxylin-cosin stain. Ohj, 20, oc. 7.

with a slightly off-center arrangement of the nuclei.  The tumor,
a squamous-cell carcinoma, was constructed entirely of these vacu-
oli and solid cellular columns, which were arranged between
connective interlayers (Fig. 92).  Although the tumor was morpho-
logically characterized by pronounced infiltrative growth and was
connected with the extensive ulcerous surface, there were no metas-
tases.  In this respect, the present observation differs from the
preceding one, and is apparently characteristic for malignant
tumors of monkeys.

Benign Tumors

Benign tumors occur m monkeys somewhat more often than
malignant tumors. The benign tumors that have been mentioned
include ovarian cysts, polyps of the uterine cervix, uterine ade-
noma, adenoma of the prostate, gastric polyps. The latter, as
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well as polyps of rhe uterine cervix, are”perhaps more common
than the other benign tumors. -

Gastric .l;olyps .

Single cases of benign tumors of the stomach were mentioned
in the researches of Ratcliffe and Fox. In 1939, C. Bonne and
J. H. Sandground contributed a report on adenomatous polyps of
the stomach which were connected with the parasitism of the
stomach with Notchita nochti nematodes. The article by A. V.
Vadoya and V., I. Gel'shteyn in 1956 contains a description of four
cases of gastric polyps. The authors found on malignant neo-
plasms of the stomach.

Between 1952 and 1959, we observed four cases of adeno-
matous polyps of the stomach in M. rhesus monkeys, two of which
had lived for a long time at the breeding farm. One of the mon-
keys had been brought to the farm at the age of two years, and
remained there for 17 years: the second monkey was born at the
farm and killed in a harsh experiment at the age of six years. Two
monkeys had been brought from India to the Institute’s breeding
farm not long before they were killed at the age of approximartely
Lwo years.

Fiz, 95, Photomicrograph. Tubular polvp of stomach. M. rhesus Ruta,
Hematoxylin-cosin stain. Obj. 2, oc, 5.
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" The first two monkeys (Nos. 752 and 777) had small, single
polyps on a‘short pcclicl‘('-. The polyps were formed from incor-
rectly constructed mucous membrane with, disorderly ‘arranged
glandular h_‘xlnelwls, Some of them were distended, some were
stretched out in cystlike formations (Fig. 93). Here and there, the
juicy, high epithelium formed small papillose protuberinces. The
mucosa of the polyps was diffusely infiltrated by round cells. Con-
siderable aggregations of lymphatic cells were seen OCC.h‘i()il:l”}'.
erasing the picture of the tissue of the polyp. In two cases (proto-
col of dissections Nos. 1420, 1459), in young monkeys that had just
been brought to the breeding farm, papillomatous growths in the
stomach were quite extensive. The mucous membrane of the base
and body of the stomach was rough, with many small—the size of a
large pea, or smaller—polyps projecting into the lumen (Fig, 94),

Under microscopical examination, the pulypmls outgrowths

Fig. 91. Polyp of base of stomach. M. rhesus Garuk.
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Fig. 95. Polyp ol uterine cervix. Javanese macaque Krasnushka.

had the structure of a tubular polyp, with incorrectly formed glan-
dular cavities lined with juicy, columnar epithelium. The lumens
of individual glandules were very small and vaguely defined. In
certain glandular tubes the epithelium was stratified.  In connec-
tion with the proliferation of epithelium, the tube was trans-
formed into a solid cellular vacuole. In two cases, individual areas
revealed the inclusion in the glandular epithelium of islets of
stratified squamous epithelium with initial signs of cornilication
(in connection with the proximity of the areas removed for study
to the esophagus).

Polyps of the Uterine Cervix

Among benign tumors of the female reproductive organs, we
observed six cases of polyps of the uterine cervix (Fig. 95). In four
cases, polyps were discovered in adult simians 8, 10 and 12 years
of age; in two cases, in old simians 19 and 22 years of age. The
anamneses of four of these animals showed diverse obstetrical
pathology (stillbirth, adherent placenta, endometritis, etc.). In
five cases the structure of the polyp was approximately the same.
The polyps consisted of dense, collagenic tissue with a slight
impregnation of fibers of smooth muscle.  The surface of the polyp
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was lined with columnar epithelium forming a considerable num-
ber of deep ducts (in the form of a crypt) leading into the body
of the polyp Occasionally, these ducts were dlslended forming
cystic cavities containing mucus. Gelatinization of the epxthcllal
lining took place in individual cavities. Some cavities contained
no mucus. The mucous membrane of the polyp from the aspect
of the cervical canal was transformed into glandular cervical epi-
thelium. The glands of the latter, close to the polyp itseli, were
distended and filled with mucus. From the aspect of the external
os of the uterine cervix, the epithelial lining of the polyp was
transformed into stratified squamous cpuhehum. In one of the
five cases, the epithelial lining of the polyp consisted of stratified
squamous epithelium. Only for an insignificant extent—changing
into cervical mucosa—did the epithelial lining of the polyp acquire
the character of the cervical. We must assume that, in the given
case, metaplasia of the glandular cervical epithelium into stratified
squamous occurred because the very high location of the polyp
(its base was in the internal os of the uterine cervix) precluded
the participation of vaginal epithelium in the polyp’s formation.

The sixth case differed morphologically from those described
above. In thiscase, the polyp was discovered in a Javanese macaque
that died at the age of 12 years during a harsh experiment. Tts
anamnesis included numerous pregnancies, all terminating in still-
birth.

In examining this animal’s reproductive system, attention was
immediately drawn to the large polyp projecting from the external
os of the uterine cervix. Opening of the cervix permitted us to
establish that the polyp was attached by a narrow pedicle to the
cervical mucosa of the internal cervical os.  Slightly above the place
where this growth was attached was another polyp which was the
size of a cherry pit and looked like a cauliflower. Histological
examination revealed that leading from the original polyp which
had dense connective-tissue structure were numerous xyloid
branching outgrowths lined with columnar epithelium. Near the
surface of the polyp, columnar epithelium was replaced here and
there by stratified squamous epithelium (Fig. 96). The polyp, com.-
posed mostly of branching, narrow trabeculae covered with col-
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Fig. 96. Photomicrograph. Metaplasia of columnar epithelium of uterine
cervix into stratified squamous epithelium.  Javanese macaque Krasnushka.
Hematoxylin-cosin stain, Obj. 20, oc. 10,

umnar epithelium, was covered on the exterior with a strong laver
of stratified squamous epithelium. Minute cavities formed under
this external epithelial layer, and they, in turn, developed small
papillary outgrowths of epithelial tissue, which were generally col-
umnar, but occasionally replaced by stratified squamous (Fig. 97).
In individual cavities the proliferation of their epithelial-tissue Im-
ing lead to the formation of solid cellular vacuoli.

Glandular Polyp of the Uterine Body

The anammesis of the hamadryad baboon “Ipatiya.” killed in
a harsh experiment at the age of 10 years, indicated that the sccond
delivery was followed by uterine hemorrhages which led to a rather
persistent anemia. Opening of the uterus revealed an insignifi-
cant increase in its size. Leading from the posterior wall into the
uterine cavity was a node the size of a hazelnut, which was lined
with mucous membrane (Fig. 98). Histological examination
revealed that the node possessed the structure of endometrium
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Fig. 97. Photomicrograph. Proliferation of metaplastic epithelium of polyp;

metastases with formation of solid cellular columns,  Javanese macaque Kras-
nushka. Hematoxylin-eosin stain. Obj. 20, oc. 10,

Fig. 98. Polyp of uterine body. M. rhesus Ipatiya,
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Fig. 99, Photomicrograph. Osteoma. Hamadryad Cheleken. Hematoxylin-
cosin stain, Obj. 10, oc. 7.

with certain features of atypical structure. The stroma contained
numerous glandular cavities of various sizes.

Osteoma

Opening of the left thigh of the hamadryad “Chelekena’™ that
died at the age of 10 years disclosed a tumorous growth of bony
tissue with rounded margins, approximately 5 cm long, 1.5 c¢m
in width and height. Histological examination revealed that the
compact layer of the femur in the area of the tumor had been trans-
formed into tumor tissue without any boundary. The tumor tis-
suce had the structure of compact bony tissue with no atypical

features (Fig. 99).

Cortical Adenoma

We observed cortical adenoma in one monkey —a Javanese
macaque called “Tsikada.” The adrenal gland was enlarged to
approximately the size of a large hazelnut. Adenomatous proli-
feration of the cortical cells was noted in the medullary layer.
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A transverse section of the adrenal’ gland re\'ealed a narfow
strip of the cortical layér along. the surface of the section, which
was rich in lipids of pale yellow color, followed by a nagrotv gray-
ish-brown layer of medullary cells, and then—occupyiisg a large
portion of the central region of the adrenal gland—the tissue of the
cortical layer, in the form of & rounded, pale-yellow node.

Microscopical examination established that the described for-
mation was constructed of cells containing a large amount oklipids
and similar to the cells of the cortical layer. 5 %

Table 8 shows that tumors rarely occur in mofikeys. Between
1952 and 1959, we discovered 15 tumors (Table 10) in a total of
1.179 dead animals.

One monkey had two tumors of different localizations—polyp
of the stomach and polyp of the uterine cervix. The number of
tumors constituted 1.279, of the towal of dead animals. Twelve
tumors were discovered in the original herd: two tumors in newly-
arrived animals (Table 10),

Thus, the percentage of tumors was incomparably higher in
the nrio-inal herd of monkeys (417) than in the imported animals
(762); ‘i 195, in the former, 0.259 in the latter.

A comparison of Tables 8 and 9 with analogous Tal)lu in the

TABLE 10

Tosors OssERVED IN MONKEVS AT BREFDING FARM FrROM 1952 10 1954

Nao, Species Age (yvears) Kiveel of tunioe
I Macaca rhesus h Polvp of stomach

2 Macaca rhesus 8 Polvp of uterine cervix
3 Macaca lapunder 10 Polyvp of mucosa of uterine body
1 Macaca rhesus 10 Palvp of uterine cervix
i Javanese macaque 12 Palvp of uterine cervix
6 Macaca rhesus 12 Palvp of uterine cervis
7 Juvanese macaque I8 Cortical adenoma

R Macaca rhesus 14 Palyp of uterine cervis
9 Macacus rhesus M Polyp of stomach

10 Macaca lapunder 2 Polyp of werine cervix

1 Hamadrvad baboon I Osteomia of tibia

12 Hamadrvad baboon IR Cancer of sexual skin

13 Anuhis baboon 20 Ovarian sarcomi
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article of A.~V. Vadova and V. I. Gel'shteyn shows that the occur-
_rence.of ?rimary tumors coincidés with the periods of prepuberty
and puRerty in monkeys. Also, the first, tumors to develop were
polyps of the stomach. In our material,” both tumors in the
imported animals were polyps of the stomach and occurred in M.
rhesus monkeys that died at the age of two years. Polyps of the
stomach were also discovered in two adult macaques of the original
herd, constituting' 0.949, of all the dead macaques of the original
herd. » o

The most common benign tumor among our experimental
animals was polyps of the uterine cervix, which occurred only in
the M. rhesus monkeys. Polyps were discovered in six out of 51
adult M. rhesus females that died at the age of more than four
years; this constituted 11.76%, of the simians of the given group.
The remaining tumors that occurred in the original herd were
solitary.

Two neoplasms were found to be malignant. The latter com-
prised 0.489, of the total number of dead monkeys of the original
herd. Considering that in the original herd tumors were discov-
ered only in adult animals, we calculated the rate of malignant
tumonrs in relation to all the deaths among the adult animals of the
original herd, i.e., those over four years of age. In this case, the
percentage of malignant tumors was 1.16.

However, if you consider the fact that malignant tumors were
seen only in adult baboons (56 animals over four years of age), the
malignant tumors that were found comprised 3.59;,. Although we
found malignant tumors only in adult animals, Vadova and
Gel'shteyn discovered them also in relatively young monkeys (3,
6, O years of age). The situation was analogous with respect to
benign tumors.

If we exclude from the materials of Vadova and Gel'shteyn
the cases which, in our opinion, were not tumors, the rate of mon-
key tumors would be significantly lower.  We believe that vaginal
papillomatosis and ovarian cysts cannot be classified as tumors,

In addition to this, it would seem that the tumors described
by the given authors should not include the case of gastric polyps
in the monkey “Ganimed.” In the dissections of hamadryad
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Fig. 100. Normal stomach of adult baboon.

baboons, we directed our attention to the pyloric region ol the
stomach, which contained areas ol hyperplastic mucous membrane
surrounding the pylorus in the form of ridges. Coming across
these phenomena regularly, we arrived at the conclusion that this
structure of the gastric mucosa of baboons was their specific norm
(Fig. 100). Vadova and Gel'shteyn apparently encountered the
same situation. Thus, the total number of tumors, both in our
material and in that of the above-mentioned authors, attests to the
insignificance of tumors in the nosologic aspect of monkeys.

Regarding the localization of benign monkey tumors, 1t may
be said that they constitute, for the most part, adenomatous polyps
of the stomach and tumors of the female reproductive organs
(mainly polyps of the uterine cervix). The latter usually occur in
middle-aged and old monkeys, while polyps of the stomach gen-
erally occur in young animals.
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" In conngction tvith :hc fact that the mionkeys lived for a more
or less long period of time under onditions that were not entirely
"ldequatcm the breeding farm, we have basis to assume that tumors
occur considerably less often in monLeys in.theiy nagural habitat
than in captivity. We were unable to make a scientific conclusion
as to the rafe of tumors among monkeys of the original herd which
were peculiar to them in general. The supposition stated above
was indirectly conbirmed by the results of research in monkeys that
had just been breught to the breeding farm from India and China.
The thimors that were discovered in two young animals that had
just arrived should unquestionably be considered as having devel-
oped while the animals were still in their natural habitat, compris-
ing 0.269, of all the imported macaques (761) that died under 13
years of age; only one animal was older (16 years old), and was not
included in the calculation.

A comparison of the obtained results with the data concern-
ing tumors of macaques in the same age group from the original
herd at the breeding farm (189 animals) indicates that tumors
occurred more often in the latter, constituting 3.179,.

It should be mentioned that growths on the mucous mem-
brane of the stomach, connected with the infestation of the sub-
mucous layer with helminths, were seldom observed (only once,
in distinction to the data of Bonne and Sandground) in our mate-
rial, and were not included under true tumors. It can also be
pointed out that tumors (gastric polyps) were rarely found in the
materials of the Moscow institutes of poliomyelitis, at the present
time numbering more than 20,000 dissections ol newly-imported
monkeys.

Despite the absence ol information on the age make-up of the
animals used—the latter being obtained from one source—we have
hasis to believe that the number of adult and old animals exceeded
1597, of the total number of 20,000,

All the presented facts indicate that monkey tumors—both
benign and malignant—are extremely rare in breeding farms and
z00s.  Even more rare are tumors in monkeys that have just been
imported from their natural habitat.  Apart from the fact that
monkey tumors occur less often than human tumors, unlike the



202 Comparative Pathology in Monkeys

latter, even the long-lasting and malignant tumors seldom metasta-
size.

.

DISEASES OF THE FEMALE REPRODUCTIVE ORGANS

Among the diseases of the female genital organs of monkeys,
we observed endometriosis, follicular cysts of the ovaries and hyper-
keratosis of the vagina. These diseases, with, the exception of
hyperkeratosis and papillomatosis of the vagina, aye fairly common
in human beings. Ovarian cysts are often found in Pattle, pigs and
horses. Endometriosis occurs in cattle, dogs, cats, and rabbits,

In monkeys these diseases were reported as solitary cascs by
individual authors. In 1951, Kliiver and Bartelmetz described
endometriosis with intergrowths of endometrium in the serosa of
the lesser pelvis. The authors believed that the endometriosis was
caused by “hormonal dyscrasia” connected with injury of the hypo-
thalamus. In 1953, Scott, Te Linde and Wharton described spon-
taneous endometriosis in a monkey, and carried out cxPerimcnml
implantation of endometrium in the abdomen, disrupting the
flow of menstrual blood. In 1933, Hamerton described a cystic
tumor of the “internal genitalia.” The description of this tumor
led us to believe that the given case concerned endometriosis.
Regarding ovarian cysts, we found only one reference made to them
in the work of A. V. Vadova and V. 1, Gel'shteyn (1956). Thus,
the literature contains only solitary references to the pathology of

the female genital organs that we observed in monkeys at the
breeding farm.

Endometriosis

In the material of more than 493 dissections of female mon-
keys of various ages we observed phenomena of endometriosis,
accompanied by macroscopical changes, in five animals. The
study of their anamneses and the observation of living animals per-
mitted us to establish the defects in the genital sphere.

The first of these monkeys, a hybrid macaque called
“Zlatka,” was born at the breeding farm and, after reaching pub-
erty, mated repeatedly. Pregnancy did not occur. On several
occasions, however, pregnancy was suspected because of enlarge-
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ment of the fiterus to the size of a small*egg. The monkey was
experimenyally killed at the age of seven years and we found that
the uterws was greatly enlarged. Dissection revealed a bloody
content with ah admixture of mucus in the uterine cavity. The
wall of the mterus was markedly thiekened; section of the uterine
wall revealed a fibrous structure. A microscopical study of the
uterus, showed that the endometrium in a number of areas had
Invaginated into lhe thickness of the myometrium, with the trans-
formawdn, pr iox to this, of the normal mucosa into an incorrect
structure, with papillary outgrowths of the glands. In the thick-
ness of the uterine musculature were numerous cavities varying
in size and shape and lined with glandular epithelium. In some
cavities the epithelium was arranged in a single layer. The walls
of the cavities were smooth. In the greatest part of the cavities it
was clearly seen that the epithelium was uterine. In some cases
there were numerous branching papillary growths. The ovaries
were unchanged.

The second monkey, a 15-year-old Macaca lapunder called

“Nal'ma,” was experimentally killed. Its anamnesis indicated pro-
longed pcrsmcnt swelling of the sexual skin. In the last one and
one-half years, tenderness and abdominal distention were noted.
Surgical opening revealed that the uterus was slightly enlarged
and had very thick walls. In the thickness of the wall, near the
vagina, a nodule about the size of a cherry stone could be discerned.
Microscopical examination revealed numerous areas of mucous
membrane (possessing structure identical to endometrium) in the
thickness of the myometrium, varying in size from very small islets
to rather large fields. Apart from this, columns of mucous mem-
brane branched out from the endometrium to the muscle wall,
delaminating it. The ovaries were normal.

The third monkey was a 20-year-old M. lapunder called " Lov-
kaya.” Her anamnesis included seven pregnancies—one pregnancy
ended in abortion, two ended in stillbirth—and instances of uterine
bleeding beginning in 1956. The uterus was removed because of
fibromyoma of the uterus, which was diagnosed by clinicians. The
excised uterus was enlarged, its mucosa was considerably thickened.
Microscopical examination revealed in the thickness of the uterus
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Fig. 101. Photomicrograph. Endometriosis. Macaca lapunder Lovkava,
20 years of age. Hematoxylin-eosin stain. Obj. 8. oc. 7.

thick columns of connective tissue and many cavities, some of which
looked like ordinary glandular tubes—sometimes branching incor-
rectly — forming conglomerates of glandular formations which
varied in shape and size. Here and there the myometrium con.
tained large cavities lined with glandular epithelium, ramifying
and forming papillose growths and interlacings (Fig. 101). The
ovaries were unaltered.

The fourth monkey was a hamadryad baboon called “Keto™
that died of intestinal obstruction at 12 years of age. The animal’s
anamnesis showed three normal deliveries. There were no preg-
nancies during the last six years prior to death. On dissection, the
uterus was enlarged, asymmetric because of protrusion of the right
half of the body. The surface of the uterus at its base was bumpy
due to whitish-gray nodules located in the surface layers under the
serous lining and ranging in size from a pinhead to a matchhead.
The peritoneum above these nodules was dull, rough, with a few
adhesions to the serous lining of the intestinal loops.  On incision,
the nodules appeared to be formations with thick, grayish walls
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and a small cavity filled with a gelatinous mass. —\nalogous forma-
tions were also found in the dedper layers of the uterine wall,
mainly ir the right half of the body of the uterus. In the thickness
of the right broad ligament and in the peritoneal*adhsions were
cysts filled with viscous masses of & tenacious secretion. \icro-
scopical examination revealed cystic growths of endometrium filled
with homogenous masses of glandular secretion located in the
surface and dceper layers of the myometrium. The cysts in the
broad ligament and in pcnu)neal adhesions also proved to be
endometrial glandular cavities filled with homogenous masses of
secretion with a slight admixture of mucus.

Examination of the ovaries established no noticeable devia-
tions from the norm. In the given observations the endometrial
growths projected beyond the uterus, became implanted in the
peritoneum and, evoking the process of adhesion, brought about
intestinal obstruction.

The anamnesis of the fifth monkey—a Javanese macaque
called “Krasnushka” that died at the age of 12 years—included five
pregnancies ending in stillbirth.  Dissection of the animal, after
it was Kilied in a harsh experiment, revealed a uterine polyp:
microscopical examination disclosed endometriosis.  Without
attempting to determine the causes of the stillbirths, we will note
that the five pregnancies and births, not having been followed by
the nursing of the infant animal, could have led to a disturbance
in the balance of the sex hormones, which had significance in the
development of endometriosis.

The next five cases of endometriosis in the monkeys “Sena,”
“Keta.,” “Vesta,” “Fauna,” and “Espa” were discovered in a study
of histological preparations obtained in dissections on choice of 25
uteri. Three of these live cases are interesting.

One of them concerns the hamadryad “Vesta™ that died from
tetany at the age of 25 vears. Examination of the uterus revealed
no essential defects. However, examination of the left ovary (the
right ovary contained a cyst) revealed, in addition to its involu-
tional changes, papillary glandular endometrial growths.

Two cases (the Chinese macaque Espa, seven years of age, and
Fauna, seven and one-half years of age) had a very similar morpho-
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logical manifestation: the glandular cysts located in the thickness
of the myometrium revealed considerable proliferation of epi-
thelial cells, transforming the cavity in individual dreas into a solid
aggregation of eells. * The proliferating cells were large and juicy.
In individual areas the epithelium in certain cavities had under-
gone metaplasia and was transformed into stratified squamous
epithelium. Stretching out lengthwise, the epithelial cells adjacent
to the lumen acquired an elongated polygonal form. '

Analysis of the material permitted the concPugion thas, in the
majority of cases, endometriosis develops in monkeys of mature
and middle age. A detailed study of the case history and the pic-
tures of the development of disease revealed that the majority of
monkeys with endometriosis had been affected by some disturb-
ances connected with the hormonal regulation of sexual functions.
The question concerned sterility, stillbirth, disturbances in the
sexual cycles, etc. The case histories of the two monkeys Espa and
Fauna, in which no pronounced endocrine disturbances were
found. indicated that the animals had been subjected to general
roentgen irradiation; this could have produced injury of the ova-
ries, which are sensitive to radiation.

This data agrees with the observations of Vadova and
Gel'shteyn (1956) and Vadova and Smoylovskaya (1959), who
induced endometriosis in monkeys by the prolonged introduction
of estrogenic hormones,

Follicular Cysts of the Ovaries

Ovarian cysts were discovered in six monkeys of various spe-
cies. In two cases they were small—slightly larger than a match-
head: in four cases they attained the size of a large hazelnut. In
four animals the cysts protruded from the ovarian tissue, forming
thin-walled protuberances filled with clear, yellowish fluid; in two
animals the cysts were thin-walled, globular formations filled with
clear fluid, and it was difficult to define the remnants of ovarian
tissue at the base of the cysts where they were attached to the
fallopian tube.

Microscopical examination established the classitication of
these cystic formations as follicular cysts of the ovaries. Their
inner surface was lined with characteristic follicular epithelium—
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Fig, 102, Photomicrograph. Wall of follicular cyst of ovary. Green marmosct
Kashtanka, Obj. 20, oc. 7.

polystichous, consisting of small polygonal cells (Fig. 102). Tt is
necessary to note the relative rarity of follicular cysts of the ovaries
and the fact that they occur mainly in old monkeys. Only one
of the six monkeys was young (four years of age); the remaining
five animals were 15-25 years old, which corresponds to middle
and old age in man.

Polyps of the Cervix and Body of the Uterus

Polyps of the uterine cervix and glandular polyps of the uter-
ine body may occur in adult monkeys. A description of these
growths is given in the section on tumors.
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H.ypei'keralosis and I’n.pillomalosis of the Vagina .

A study of the structure gf the vaginal wall in monkeys of
various species did not. enable us to establish any essemtial diffet-
ence from the struuure of the human vagina. The vaginal wall
in monkeys, as in human beings, may be subdivided into three
layers: mucous, muscle, and fibrous. The mucous Yayer consists
of stratified squamous epithelium and underlying areolar connec-
tive tissue which is very rich in blood vessels. l.ocated undeérneath
the mucous layer is a thin muscle layer wnslstmg of an_internal
longitudinal and an external circular layer, alternaung ’thh an
external fairly areolar connective-tissue layer containing large,
thick-walled vessels. The thick layer of stratified squamous cpithc-
lium often produces outgrowths into the tunica propria. The
papillae of connective tissue that projected between the outgrowths
of epithelium were usually infiltrated with lymphoid cells with
an admixture of a small number of plasma cells and solitary seg-
mented-nuclear neutrophils. The thickness ol the mucous mem-
brane varied within a considerable range, being small in infancy
and acquiring considerable width in the period of puberty. In
approximately 109, of the cases, beginning at the age offour years,
there were signs of cornification with an accumulation on the
surface of the epithelial coat of varying thickness of a layer of corni-
fied structureless masses. The degree of cornification of the vagi-
nal epithelium varied from incipient to very pronounced.

Our attempt to correlate the degree of cornification with the
monkey's age was not successful since a slight cornification of the
vaginal epithelium was noted in old monkeys and, at the same
time, a considerable degree of keratosis was observed in young
animals. Monkeys in which the epithelial lining of the vagina
showed no traces of cornification belonged to different age groups,
including very old animals. In live monkeys the symptoms of
hyperkeratosis were accompanied by the formation of papilloma-
tose outgrowths of epithelium. The stroma, penetrating into the
epithelial outgrowths, consisted of very arcolar connective tissue,
parts of which were richly infiltrated with lymphoid elements. In
one case there was considerable sclerosis ol the stroma. and the
connective tissue growing into the papillary processes was con-
structed of dense collagenous fibers.
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It should be noted that the anamneses of all the monkeys with
symptoms of ‘vaginal hyperkeratosis included either prolonged or
recurring infectious diseases and “prolonged detention under ex-
perimentation. The anamneses of some antmals included roentgen-
ray irradiation. The direct causes of cornification ofthe vaginal
mucosa remain unclear to us; we nfay assume, however, that it is
connected with a deficiency of vitamin A.

L

PATHOLOGY OF PREGNANCY AND BIRTH

Despite the fact that we can now speak of the fairly complete
acclimatization of the monkeys at Sukhumi, the rate of stillbirths
and abortions among them is still high. Essentially, only in the last
few years has there been a slight decrease in the number of still-
births, abortions and other pathology of pregnancy and birth. To
some extent, this decrease was brought about by a decrease in the
number of convulsive seizures in pregnant monkeys—these phenom-
ena are nonspecific for pregnancy, but quite often complicate early
pregnancy in hamadryad baboons.

The examples presented in this section on the pathology of
pregnancy and birth in monkeys are rare. However, comparing
the obstetrical pathology of man with that of monkeys, we may
conclude that pathological symptoms of pregnancy and birth occur
more frequently in monkeys than in human beings. A possible ex-
ception is extrauterine pregnancy, occurring very rarely in domestic
animals (Nieberle and Kohrs, 1954) and monkeys, but very often
in man.

A description is given below of displacement of a gravid uterus
(this pathological phenomenon is very rare in the human female
and occurs more often in animals), several cases of rupture of the
uterus during labor, occurring quite seldom in man and consid-
erably more often in animals, as well as several cases of extrauterine
pregnancy.

Displacement of the Uterine Cervix

Tiluing of the uterine cervix is a very rare form of human
obstetrical pathology. M. B. Belkin and 1. P. Zhornik (1955), de-
scribing displacement of a myomatous uterus, pointed out that
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tilting .occurs most often in the pregnaut or, myomatous uterus.
Displacement may also occur after surgical interference in the
region of the lesser pelvis, connected with the processes of adhesion -
Sometimes displacement may occur seemingly spontaneously, with-
out any outwardly apparent cause. However, in nearly every case
this condition is brought about by external exogenous factors, In
1954, Y. G. Paliy described uterine displacement connected with
a podalic version performed for the neglected transverse position
of the fetus. In 1949, A. P. Studentsov pointed out that torsion of
the uterus in domestic animals—in contrast to haman beings—
occurred relatively often and had been reported in cows, sheep,
goats and carnivorous animals. This pathological condition de-
pends on the peculiarities of the ligamentous apparatus of the
uterus of animals and on the changes in the position of the uterus
during pregnancy. The concrete causes of uterine torsion, accord-
ing to Studentsov's data, are sudden and rapid movements of the
pregnant animal. In particular this pathological condition occurs
in cats after climbing up steep steps, in dogs (working, circus, hunt-
ing dogs) after leaps. The clinical picture in animals resembles
acute gastroenteritis, in carnivorous animals it resembles an acute
abdomen. We were unable to find any data in the literature
pertaining to this pathology in wild animals and, particularly, in
monkeys.

We observed one case of retroflexion of the uterus to 360,
The monkey, a hamadryad called “Shotlandiya,” had a normal
delivery one year before her death. The last pregnancy ran a nor-
mal course. Two days prior to death (several days before labor was
expected to occur), the monkey was removed from her cage for
purposes of medical examination and the injection of antimeasles
serum. On the following day the animal was very lethargic, there
was a sharp drop in blood pressure and body temperature. Within
one day the monkey died following increasing symptoms of collapse.

Dissection revealed that the uterus was greatly enlarged, reach-
ing the base of the diaphragm. The walls of the uterus were thinned
out and cyanotic, with greatly distended veins located on the surface
and resembling sinuses. The uterine appendages were bluish and
engorged with blood, the lower seament of the uterus and cervix
had turned 360 . so that this entive complex had the appearance



Noninfectious Diseases 211

Fig. 103, Displacement of cervix of pregnant uterus. Hamadryvad Shotlandiva,

ol a thick, twisted braid. A massive blood clot had detached itsell

from the upper pole of the placenta which was situated at the lelt
edge af the uterine body. The fetal sac was intact; the amniotic
Muid contained a large full-term fetus in cephalic presentation
(Fig. 103).

We are unable to give a cogent explanation of the mechanism
ol the uterine retroflexion. The latter occurred not in the course
of labor but in the last days of pregnancy. Examination of the
abdominal cavity and lesser pelvis revealed no adhesions or patho-
logical phenomena which could have explained the cause ol retro-
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flexion. Tt appears mosl likely that the examination of the monkey
led to alteration of the uterine wosition, and the turning over of
the animal during examination resulted in complete reiroflexion
of the uterus in its most labile portions—in the cervix and lower
segment.

The other clinical features of this condition included all the
symptoms of collapse, and depended upon compression of the nerve
trunks and plexuses which were so abundant in the paranietrial
cellular tissue. We have already pointed out that-displacement of
the pregnant uterus occurs very rarely in the human femalé. Dis.
placement of the myomatous, pathologically altered uterus is men-
tioned somewhat more often in the literature.

Displacement of the pregnant uterus in monkeys—as in man—
occurs very seldom. This is particuarly interesting to us in connec-
tion with the fact that the monkey's usual way of life changes very
little during pregnancy. However, despite the great activity of the
pregnant monkey, its leaping and sharp changes in the condition
of the body, displacement of the uterus does not occur.

Ruptures of the Uterus (Metrorrhexis)

Out of 715 cases of birth in the past six years, we observed
three instances of metrorrhexis. In two observations the rupiures
occurred in baboons (to 352 births), in one— in a macaque (to 286
births). In both the hamadryad baboons—Kameliya and Bukashka
—the ruptures took place approximately according to one mechan-
ism and may therefore be described together. The anamneses of
both monkeys indicated several pregnancies, stillbirths and albor-
tions.

These ruptures were clinically characterized by the fact that
in the course ol protracted labor, after the escape of amniotic fluid,
fresh, bright-red blood began to flow. Initial symptoms of collapse
caused us to assume internal bleeding, and constituted grounds for
the performance of a Caesarian section. During this operation we
discovered extensive ruptures in the margin of the lower seament
of the uterus with the cervix. In Bukashka the rupture extended
from the lower segment to the vagina (Fig. 104). The tissue adja-
cent to the rupture was diffusely impregnated with blood, The
margins were gangrenous. In connection with the state of collapse
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Fig. 101, Rupture of uterine cervix. Hamadryvad Bukashka.

and beginning symptoms of peritonitis, the animals died soon after
the operation. Examination established that the ruptures were
caused in both cases by a discrepancy between the size of the caput
and the mother’s pelvis.

Microscopical examination revealed in the margins of the rup-
tures massive necroses of the tissues, diffuse impregnation of the
latter with erythrocytes, and beginning signs of leukocytic infiltra-
tion along the periphery of the necrotic area. The uterine walls in
the area of the lower segment contained diffuse infiltrates of round
cells and histiocytes, as well as small foci of sclerosis. The given
findings were analogous to those observed in ruptures of the human
uterus. Ye. L. Belyayev (1938), A. Ye. Blinder (1940), A. 1. Galak-
tionov (1940), V. M. Forshtater (1940), R. M. Ospovat (1940) and
others observed in metrorrhexis of the human uterus significant
sclerotic and cicatricial changes in the uterine wall, which play a
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decisive role in the occurrence of ruptures. Analogous changes
were discovered by L. L. Libenzen in 1958 in a histological study
of fragments of human uterine cervix removed froin the margins
of ruptures during surgical repair of the latter.

In the third cases—a macaque—the anamnesis indicated two
pregnancies and a third pregnancy that terminated in labor at term.
However, placental separation did not follow expulsion of the
fetus, For three days after parturition there wa, vaginal bleeding
and partial detachment of the placenta. The utecus did not con-
tract completely; the cervix admitted two fingers. Abdominal dis-
tention was noted; there was no stool. The monkey died in three
days. Dissection disclosed a picture of fibropurulent peritonitis.
The uterus was enlarged up to 15 cm in length and 7 cm in width,

The base of the uterus contained perforations large enough
to admit the fingertips. The margins of the openings were pulpy
and bordered by dirty-gray scraps of tissue; the uterine tissue sur-
rounding the openings, for a distance of 2 to 2.5 ¢cm, was dark brown
in color, very flaccid, and bordered at the periphery by a corona
of hyperemia. Section showed the tissue to be dull, greenish-gray
in color and delimited from the adjacent unaltered areas of the
uterus by a red line of demarcation along the periphery. Fragments
of the placenta and greenish-yellow membranaceous deposits were
observed on the inner surface of the uterus. Placental tissue, im-
pregnated with exudate, had emerged through the openings into
the abdominal cavity.

Histological examination of the uterus in the area of the
perforations revealed a field of necrosed myometrium bordering
the perforation. The zone of necrosis was entirely devoid of nu-
clei. but contained remaining outlines of muscle fibers and blood
vessels filled with thrombotic masses. A fusion of the necrotic
masses with leukocytes was noted. At the margin of the necrosis,
in the portions of myometrium with normal structure, were seen
numerous vessels with lumens filled with obstructing thrombi. A
faintly defined leukocytic line of demarcation was observed here.

Thus, the third case was principally distinct from those de-
scribed above. The first distinction was the fact that the perfora-
tion of the uterus occurred not in the course of birth but after birth

had taken place. The second distinction was the site ol rupture.
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In the previously described instances the rupture occurred at the
margin of the lower segment ana’the cervix on the lateral surface.
In the last case the rupture occurred at the base of the uterus.
Finally, the third distinction consisted in the mechanism of the
ruptures. In the first two cases trauma, crushing and necrosis
of the tissué were primary; in the third case necrosis was primary,
resulting in connection with the retention of the placenta, post-
partuin endometritis and thrombosis of the uterine blood vessels.
These ruptures apparently occur very seldom in man.

Ruptures during birth in the lower segment of the uterus are
also rare in man. In 1936, S. K. Mironova pointed out that ruptures
in the lower segment of the human uterus during parturition oc-
curred at the rate of 0.059,: B. V. Azletskiy (1939) reported the
figure 0.059,. R. M. Ospovat (1940) reported that out of 20.000
deliveries at the obstetrical clinic of a Far-Eastern medical institute
during a period of five years he observed seven instances of ruptures
of the uterus, constituting 0.03%,. M. S. Malinovskiy maintained
in 1955 that the rate of uterine ruptures ranged between 0.03 and
0.059, and had not changed for a long period of time. Thus, the
described form of pathology is rare in man—approximately ten
times as rare as in monkeys. The rate of ruptures in baboons was
0.569%,, and in macaques 0.349;,. However, ruptures ol the uterus
in monkeys apparently develop by the same mechanism as in man.

Regarding domestic animals, K. G. Bol' reported in 1938 that
uterine ruptures occurred in all domestic mammals. The mechan-
ism of uterine rupture during parturition is probably the same as
i man and monkeys. Bol" and A. P. Studentsov pointed out in
1949 that ruptures of the pregnant uterus in parturition occurred
as the result of great straining with incorrect positions of the uterus,
as well as with sclerotic changes in the uterus due to previous in-
fl: unmaunv processes. These ruptures usually occurred near the
uterine cervix.

Extrauterine Pregnancy

Extrauterine pregnancy is common in human pathology. A. L
Petchenko (1954), referring to the data of the obstetrical ¢linics in
.l.cningr;l(l. pointed out that the rate of extrauterine pregnancy had
mereased in recent years. In 1912-1915, the rate of extrauterine
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pregnancy constitute 1.29, of the total number of pregnancies. In
1922-1924, this rate increased to 14959, In 1941-1951, it increased
to 2.959,.

In the author’s opinion, the increase in the rate of reu)rdc(l
extrauterine pregnancxcs was not connected with an increase in
their absolute number, but was explained by improverhent in the
diagnosis of this pathologic condition.

Analogous figures have been reported by other auchors.
Nieberle and Kohrs reported in 1954 that extmutcr ne pregnancy
was extremely rare in animals.

Regarding this anomaly in monkeys, we know of only one
report—contributed by A. N. Sergeyev in 1939—describing this
condition in a M. rhesus. One case of extrauterine pregnancy—in
a hamadryad called “'Mal'va”—was noted at the monkey-breeding
farm in 1937. Mal'va was imported as an adult in 1933, and this
was her first pregnancy. The third case was recorded by us in 1954
in a green marmoset called Kashtanka that died suddenly at the
age of five years as the result of massive hemorrhage in the abdomi-
nal cavity from an eroded fallopian tube. Microscopical examina-
tion of the affected tube revealed a deep ingrowth of chorienic villi
in the wall of the tube, under the serous lining (Fig. 105).

Thus, during the entire period of existence of the monkey-
breeding farm, extrauterine pregnancy was recorded three times
out of 1,892 cases of pregnancy, which constitutes 0.159,, and
occurred in practically every species of animal kept at the breeding
farm—green marmosets, baboons, macaques. The rate of extra-
uterine pregnancy is significantly smaller in monkeys than in man
—approximately 20 times; however, if its rate were counted in each
species of monkey, it would remain insignificant for baboons and
macaques, but would increase to nearly 19, in green marmosets.

We are unable to form a conclusion as to the reasons tor the
significant difference between the rate of extrauterine pregnancy
in man and monkeys. We can only assume that the latter is con-
nected with the fact that animals—including monkeys—are much
less often affected by diseases of the genital organs, which in a large
percentage of cases, cause the development of extrauterine preg-
nancy.
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Fig. 105. Photomicrograph. Growth of chorionic villi into wall of uterine tube.
Green marmoset Kashtanka, Hematoxylin-cosin stain. Obj. 2, oc. 7.

Inversion of the Uterus

Inversions of the uterus are extremely rare in the obstetrical
pathology of man. According to M. I. Ryzhkov, postpartum in-
versions of the uterus occurred once in 300,000 births. K. K.
Skrobanskiy reported in 1946 that uterine inversions occurred
once in 400,000 births. According to A. P. Studentsov (1949),
inversion of the uterus is not very rare in domestic animals, occur-
ring primarily in cows and goats, less often in horses and other
animals with a short umbilical cord or with overstretc hing of the
uterus and flaccidity of its musculature.

Among the monkeys at the breeding farm, during 30 years of
its existence, only one case of uterine inversion out of 1.693 births
(0.059,) was registered.

Convulsive Seizures in Pregnaney

Convulsive seizures in pregnant female hamadryad baboons,
although very common, apparently do not represent a toxemia of
pregnancy. Convulsions occur relatively often in animals that are
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not pregnan, occasionalby in nmlSs. The grcnt.cr rateof convulsive
seizures in pregnant baboons is probably explained by the fact that
pregnancy provokes seizures in baboons that have a Strong gendency
toward them. « ° .

.
.

Stillbirth ”

From 1953 to 1958, the prosectorium of the Institute carried
out 95 dissections of stillborn animals. This figure includes the
total number of stillbirths at the Institute during this period of time
and constitutes 13.49, of the total number of birth? in this period.
In relation to the total number of births correspondingly in each
species, stillbirths occurred: in 36 macaques, 12.39; in 48 baboons,
13.69: in 11 green marmosets, 14.69,. However, despite the fact

that the rate of stillbirth is still very high, a certain decrease was
noted from 1953 to 1958 (Table 11).

TABLE 11

Dy NAMICS OF STILLBIRTH IN MONREVS AT BREEDING FARM BETwWEEN 1955 Axp 1958

Year No. of births No. of stillbirths % of stillbirths
1953 74 12 16.4

1954 106 17 16

1955 120 11 11.6

1956 123 17 13.9

1957 143 18 125

1958 141 17 12

Total 706 a5

The most frequent cause of stillbirth is traumatic injury of
the mature fetus during parturition, resulting in subdural or even
subpial hemorrhage which frequently extends to both hemfsphercs
(Fig. 106). In individual cases there is bone displacement in the
fornix of the cranium with considerable crushing of hrain matter.
Stillbirths connected with trauma were observed by us 26 times—
in 13 baboons and 13 green marmosets.

Birth injury was not always limited to brain damage. In some
cases the internal organs were injured, with subsequent develop-
ment of hemorrhage in them, and there was one instance of rupture



“ Noninfectious Discases s 219

Fig. 106, Extravasation of blood in area of pia mater at arch of cerebral
hemispheres.

of the liver. In two cases—one premature and one mature fetus,
born with breech presentation—rupture of one of the suprarenal
glands occurred with extensive destruction of the gland's tissue.

A very rare complication of the normal course of birth was the
aspiration of amniotic fluid with subsequent asphyxiation of the
fetus. In certain cases birth injury was apparently connected with
the large size and unusually great weight of the fetus. These factors
brought about the development of weakness of uterine contractions
in the mother and, consequently, protracted labor.

In certain cases injury of the fetus with diffuse hemorrhage ol
the soft tissues of the brain, the meninges, and sometimes with
mechanical injury of the brain matter was connected with a face
or breech presentation of the fetus. Death of the fetus in either
of the given presentations was relatively common. We observed 12
such deaths, eight of which occurred in baboons. Usually, face or
breech presentation causes considerable prolongation of labor,
which leads to asphyxiation of the fetus.

The pathoanatomical changes in the fetus during birth with
lace presentation were fairly characteristic and included consider-
able edema and cyanosis of the soft tissues of the face and of the
tongue. The edematous tissue often contained numerous petechial
hemorrhages. The latter were observed during microscopical ex-
amination in the brain tissue, mainly in the cerebral cortex and
brain stem.
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Regarding breech presentation, dissection of the fetus revealed
in some cases considerable edems bf the perineum and particularly
of the scrotum. The abdominal cavity sometimes ccntained a large
amount of ascitic fluid. In two cases, histological examination of
the brain revealed a few small hemorrhages. In one case extensive
hemorrhage had taken place following the rupture of the tentorium
cerebelli.

Before moving on to the question of fetal dezath in connéction
with prematurity, we should discuss the signs of premature fetuses.
The mature monkey newborn is almost entirely covered with thick,
long (up to 0.7 ¢m) hair, dark brown—nearly black—in color. The
hair is sparse on the abdomen, face, inner surfaces of the thighs and
shoulders. The palms of the hands and soles of the feet are com-
pletely devoid of hair. The weight of the newborn varies consid-
erably both in monkeys of different species and within one species.
According to the material of our prosectorium, the average weight
of the mature newborn baboon was 916 g, varying in individual
cases from 840 to 1220 g. The average weight of the M. rhesus new-
born was 439 g, with individual variations from 342 to 534 g. There
were three exceptions, whose weights were 610, 640 and 760 g. The
average weight of the Javanese macaque newborn was 255 g, vary-
ing from 235 to 300 g. The average weight of the green marmoset
newborn was 392 g, ranging between 307 to 500 g.

The nails of the mature newborn were long and extended
somewhat beyond the tips of the fingers. Because of the very deli-
cate gingival mucosa, the frontal incisors were usually visible
through the gums, particularly in the upper jaw. Some newborns,
particularly the heavy baboons, had partly erupted frontal and—
less often—lateral incisors in the upper jaw. Dissection revealed a
small amount of fat in the cellular tissue, especially in the e'pic:n'(l-
ium and adrenal glands. The stomach usually contained a small
amount of mucus. The lumen of the large intestine was filled with
mushy masses that were dark greenish-brown in color.

Fairly often—mainly in baboons (15 cases)—stillbirth was con-
rected with prematurity. The stillbirth of a premature fetus was
observed six times in macaques, twice in green marmosets. We

judged the degree of prematurity of the stillborn by the weight of



Fig. 107, Lelt, fetus of hamadryad baboon at term, Right, abortive fetus.

the dead fetus and the degree of development of its hairy coat
(Fig. 107). It should be noted that the nails of even the consider-
ably premature fetuses reached the fingertips.

A tnore or less exact judgment of the term of pregnancy can
be made only in baboons because of their very pronounced sexual
cycle. Because of this, it was possible in certain cases to establish the
species and weight of the newborn that corresponded to the period
of pregnancy in the baboons. Unfortunately, we were unable to
coliect material on the early periods of fetal development because
carly abortions, on the one hand, seldom occur and, on the other
hand, the fetus and amniotic membranes are usually eaten by the
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monkeys. We can only say that when the baboon gives birth three
months before term (the generallength of pregnancy in baboons
is 514 months), the newborn is completely devoid 'of a fairy coat.
The weight-of the fetases varied greatly in approximately the same
periods of pregnancy. In the third month of pregnancy the weight
of the fetus varied from 210 to 600 g: at 414 to 514 months the
weight of the fetus ranged from 436 to 700 g. Pilosis appeared in
the third month and increased in proportion to the increase in body
weight. It began in the occipital region, then prdgressed to the
shoulders and end of the tail. In fetuses weighing 300-350 g, the
back underwent pilosis; fetuses weighing 350-400 g (which corre-
sponds approximately to the period of the fourth to fifth month
of pregnancy) were completely covered with short, black fur re-
sembling plush. All the tissues of the premature fetus were dis-
tinguished by delicacy and a small amount of cellular tissue which
never contained fat. The brain had a very soft, pulpy consistency.

There is very little available data pertaining to the external
signs of prematurity in the M. rhesus. We observed in letuses
weighing 170-190 g nearly a complete absence of hair. Only the
head—mainly the occipital region—contained sparse, skort, light-
colored hairs. The fur of the premature fetus weighing 280 g was
considerably shorter than usual. The abdomen, chest and lateral
surfaces of the torso were completely devoid of hair. The eyelashes
were clearly visible.

In fetuses with a large period of prematurity (in M. rhesus
monkeys and baboons) attention was drawn to the excessive mobil-
ity in all the joints of the upper and lower extremities. The hones
of the cranium were also easily displaced in relation to each other,
being united only by a thin connective-tissue membrane. This
soft union of the cranial bones was unchanged up to the end of the
intrauterine period: strong union did not take place in the mature
monkey fetus. The fontanels of the cranium were indefinable. in
contrast to those of the human newborn.

The brain tissue in premature and mature stillborn offspring
revealed—sometimes by macroscopical examination, but princi-
pally by histological study—hemorrhages of various size, analogous
to the picture observed in the death of newborn human infants

N



Fig. 108. Photomicrograph. Phagocytes in lumens of alveoli of stillborn fetuses,
Resorption of protein masses in alveoli by macrophages. Hematoxylin-eosin
stain.  Obj. 40, oc. 7.

-
-

(8. S. Vayl', 1949, 1950; Gutner, 1945; Grontoft, 1953; Saunders,
1953, etc.).

Since in the majority of cases of the stillbirths investigated by
us, the death of the fetus occurred in the process of birth, the lungs
in most of the animals were not fused. The oval opening of the
heart was always open. Microscopical examination revealed dense
proteic masses that had undergone phagocytosis by macrophages
(Fig. 108) in the lumens of the alveoli in the lungs of all the still-
horn offspring, most frequently in fetuses that had not matured
complétely. In some areas the lumens ol the alveoli were com-
pletely filled with macrophages, in others with semi-lunar cells
compactly [illing up the alveoli. The lumens of the bronchi were
free most of the time: however, in individual cases they, also, were
filled with rose-colored masses containing an admixture of faintly-
stained cellular elements. The described phenomenon of phago-
cytosis of the proteic masses that filled the alveoli of the nonfused
lung was apparently a physiological phenomenon common in man,
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and proved, in itself, the preparation of puh‘nonary-lissuc to the
new function of respiration which was absent in the intrautering
existence of the fetus. . . 3 ‘

Death of the fetas resulting from intrauterine sepsis occurred
very rarely in our material; i? was observed twice in hamadryad
baboons. In both these observations, hemolytic streptococci—
pathogenic for white mice—were disseminated from all the internal
organs and the blood of the stillborn fetuses. The internal organs
revealed small hemorrhages which were more piohounced under
the serous membranes. It is necessary to point out that no infectious
or septic diseases were observed in the mother during this period.
Intrauterine death of the fetus resulting from tetanus, and the
subsequent expulsion of a macerated fetus were noted in one
baboon. In part of the cases we were unable to determine the cause
of stillbirth, and a thorough pathoanatomical examination of the
fetus did not enable us to establish any changes which might have
been considered causative factors. We also failed to find any dis-
eases in the mother that might have been the cause of stillbirth.

It is a known fact that death of the fetus in the process of birth
may result from prolapse of the umbilical cord and its c('.inprcssiun
during the passage of the head through the bony ring of the pelvis.
Since parturition in monkeys usually takes place at night (1. S.
Yeligulashvili, 1957), it is natural that obstetrical pathology such as
prolapse of the umbilical cord or premature separation of the pla-
centa could easily be missed. In studying the charts of the develop-
ment of the female monkeys in which stillbirths had been
established, we were able to establish the cause of stillbirth as pro-
lapse of the umbilical cord in only one case. In one case the cause
of stillbirth was premature separation of the placenta.

On the whole, we have touched upon only the direct causes ol
stillbirth. A number of factors have been pointed out hy other
researchers who have studied this problem. 1. S. Yeligulashvili
(1957), L. G. Voronin and co-authors (1948) and M. A, Grigoliya
(1957), after investigating the causes of stillbirths and abortions at
the Sukhumi monkey-breeding farm, reported a connection be-
tween stillbirth and a regular succession of pregnancies. Voronin
and Yeligulashvili pointed out that the rate of unfavorably ending
pregnancies wis quite high in primiparas, but decreases with sub-
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sequent pregranc ies” (,uoohy.\ noted that the rate of stillbirths—
decreasing after the first prcomnuas—lmrcased anew in later preg-
nancies. _Fheseauthors pointed out that the number of unfavor-
able pxegnanues was greater in baboons than in thesys monkeys:
the rate of sulllnrth was higher in the winter than in the summer;
parturition had a more favorable outcome in voleries, or monkey
houses, than in cages.

The above information is of interest from the standpoint of
practicab measfires of breeding monkeys at the monkey-breeding
farm, but it does not disclose the basic causes and mechanisms of
stillbirth.

We failed to note a substantial predominance of stillbirths in
baboons over macaques (13.69, in the first, 12.39, in the second).
A slightly higher rate of stillbirths was noted in green marmosets
(14.69,), however. With the general tendency in recent years of
the rate of stillbirths to decrease (Table 11), the number of still-
births in green marmosets did not decrease and even increased
somewhat. The reduction in the stillbirth rate was brought about
by the decreased rate of stillbirths in baboons.

Thehigher stillbirth rate in baboons, compared to macaques,
according to Voronin and his co-workers (1948), was not the result
of tetanic seizures that occur frequently in baboons. The authors
pointed out that most of the females with tetanus had normal preg-
nancies and gave birth to viable and healthy offspring. Attention
was directed to the fact that the principal mass of stillborn were
mature fetuses that died in the course of parturition.

It seems to us that the basic cause of the high stillbirth rate
is the not fully adequate living conditions of the monkeys—even at
the breeding farm. This is confirmed by the fact that in voleries
(under, conditions umespnndlng more closely to natural condi-
tions) the incidence of stillbirth is lower than in cages. An impor-
tant role in disturbance of the mechanism of birth is played by the
constant limitation of movement, adiposity and weakness of the
musculature of the females, particularly in those that are kept in

cages. The latter considerably disturbs the process of parturition
and is often the cause of protracted labor in connection with weak-
ening of muscular action, which leads to subsequent asphyxiation
of the fetus. Weak muscular activity may also lead to incorrect
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positions and trauma of the fetus. This hypothesis was also sup-
ported by the observations of Grigoliya m 1957, which established
the fact that the rate of complications of pregnancy and birth was
considerably lower in the monkeys imported to Sukhumi than in
those born in Sukhumi, .

Abortions

The number of abortions in monkeys up to the present time is
still quite large. Out of 775 pregnancies in lnboom macaques and
green marmosets between 1953 and 1958, mdusr'ely, there were
69 abortions, which constitutes 8.99, of the total number of preg-
nancies in this period. However, analysis of the changes in the
rate of abortions during the past six years shows a considerable
decrease in their number (Table 12).

TABLE 12

DY NAMICS OF ABORTIONS IN MONKEYS AT THE BREEDING FARM FroOM 1953 10 1958

No.of pregnancies No. of abortions

Year in current year No. of abortions in %,

1953 85 12 14.1

1954 1y 13 10.9

1955 152 12 9.1

1956 152 4 (.8

1957 154 16 10

1958 18 7 4.6
Total 75 69

It was established that the rise in the number of abortions in
1957, connected with the increase in their number in macaques,
was explained by the fact that they occurred in female monkeys
that had been under harsh experimentation not long before con-
ception: the experiments included roentgenray irradiation in large
doses. In two monkeys—Espa and Fauna—that died as the result of
the experiments, microscopical examination of the uterus revealed
widespread endometriosis with squamous-cell metaplasia of the
endometrial growths in the uterine wall. The possibility is not
excluded that abortion in these cases was connected with endo-
metriosis.
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Thus, abgrtions and stillbirths are the most common phenm:l-
ena in the pathology of pr'egnancy‘. Other pathology. e.g., ruptures
and displaecement of the uterus, extrauterine pregnancy. eversion
of the utetus, is,interesting from the standpoint of the mechanisms
of development, as well as similarities with and distinctions from
analogous pathologic phenomena in man: however, it has no prac-
tical significance in the reproduction of monkeys under the con-
ditiong at the breeding farm. There is practical significance only
in stillbipths and abortions, which represent the basic mass of the
patholdgy. Extemely interesting from this point of view are the
dynamics of abortions and stillbirths in the course of recent years.
We have already pointed out that the latter have a slight tendency
to decrease, which has been noticeable during the past six years.
However, although there was a very significant decrease in the
number of abortions, the decrease in the number of stillbirths was
much smaller. The latter is easily explained. A decrease in the
abortion rate may be realized by observing a number of zootech-
nical rules— in particular, avoiding the capture of animals in the
early periods of pregnancy, providing the animals with an adequate
diet, etc. +These measures would ensure the normal development
of the fetus and a favorable outcome of pregnancy. In the majority
of cases, stillbirth occurs during parturition as the vesult of the
incorrect position of the fetus, protracted labor due to weakness
of the musculature, especially prelum abdominale, considerable
adiposity, etc.

We believe that stillbirth in monkeys occurs much less often
in nature, and that the most correct course of action toward reduc-
ing the stillbirth rate is to create conditions for the animals that
are closest to the natural conditions: first of all, by keeping the
animals in sufficiently large compartments—preferably in voleries.
prm'id;ng the animals sufficient freedom of movement.

Twin Birth

We have found only solitary indications in the literature
regarding the possibility of twin delivery in monkeys. In 1937,
Hamerton described twin birth in a macaque, in which the par-
turient monkey died. In 1951, Stott described the birth ol twins
in capuchin monkeys, in which both the mother and offspring felt
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well after delivery. in 1941, N. P. Tsvetayeva reported a twin
birth in a-chimpanzee, in whica the mother died of postpartum
eclampsia. . o

Twin deliveries also occurred in munkcys at the Sukhumi
monkey-breeding farm. Two such deliveries were registered out of
a total of 887 deliveries in baboons (this figure includes normal and
stillbirths). There were also two cases of twin births registered out
of 7145 deliveries in macaques. The first twin, birth, registered in
1929, occurred in a female baboon called Tamara, aprimipara, who
gave birth prematurely to two stillborn offspring. ‘In the néxt four
pregnancies this animal gave birth to a single offspring each time.
The second instance of twin birth in a baboon was recorded in 1953
in a female called Barabul'ka. The twin birth occurred in the ninth
pregnancy. The preceding eight pregnancies terminated in single
deliveries. Both offspring in the multiple birth were viable and
healthy. Since the mother was unable to nurse both offspring, the
latter were taken from her and placed in a crib where they were
artificially fed.

In 1947, a twin delivery was registered for a macaque called
Onega. It was the animal’s third pregnancy: both offspring were
viable, healthy, and were nursed by the mother. In the subsequent
five pregnancies only single offspring were born. The second
instance of twin birth in macaques was registered in February 1959
for a monkey that was brought to the monkey breeding farm two
years before at approximately two years of age and had given birth
at the farm for the first time. In this case, the fetuses were already
dead when labor began; one of the newborn was a monster.,

It is necessary to point out that in the baboons and in the first
macaque, pregnancy resulted from mating them with different male
monkeys.

The birth of twins occurs in macaques in approximately 0,260,
of all deliveries: in baboons, in 0.2397 of the cases. Premature I.nl)m
may occur in twin pregnancies: however, delivery at term of hoth
offspring and the delivery of viable offspring is possible. The feed-
ing of both offspring simultaneously is possible: besides the feeding
of two offspring by Onega, we observed at M. lapunder feeding two
infant monkeys—her own, and one belonging to a dead monkey.
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DEVELOPMENTAL .DEFE(iTS AND.MONSTROSITY'

« Varioys anomalies of developient are widespread in man
and animals. According to data reported in 1955 by Coffey and
Jessop, who obsérved 42,550 newborn childrert, congenital anoma-
lies occurred n 1.79, of the cases. %

The reported causes of defective development include diseases
of the igother’s genital organs, infectious diseases contracted during
pregnancy, ;wim.min'osis during pregnancy, the effects of radiation,
and mauy otherefictors. The only information known to us per-
taining to developmental defects and monstrosity in monkeys is
contained in the work of Schultz (1938) concerning experiments
conducted in Siam and Borneo in the study of monkeys in their
natural habitats. After studying several hundreds of killed animals,
a large part of which consisted of gibbons, the researchers discovered
a significant number of monsters. Brachydactylia—particularly of
the toes—was discovered in many animals. Frequent discoveries
were palmature and an excessive number of fingers. Spina bifida
was observed in seven gibbons. Of course, these very valuable
observations still cannot provide us a more or less complete con-
ception of the nature and rate of monstrosity in monkeys. In 1955,
Colfey and Jessop emphasized that 369, of the defective human
offspring are stillborn. This phenomenon is apparently analogous
in monkeys. OI course, this does not include a significant number
of more serious developmental defects. Part of the viable mal-
formed infants with serious defects die soon after birth.

Among the stillborn and newborn offspring of monkeys at the
Sukhumi monkey-breeding farm between 1952 and 1958, the over-
whelming majority of congenital malformations were defects of
the cardiovascular system. In individual cases cardiovascular defects
were combined with other developmental anomalies. Consider-
ing the fact that the malformations usually involved the heart or
the major blood vessels, we shall describe—with corresponding
arouping of defective cardiac development—developmental defects
of the major blood vessels and the combined irregularities of
development of the heart and major blood vessels, as well as other
developmental defects.

Altogether, we observed seven cases of congenital defects of
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the cardiovascular system. In_two cases we discovered aplasia of
the interventricular septum. In essence, the singular irregularities
of development of the heart were settled by defects of the intér-
ventricular septum. In one case, aplasia of the interventricular
septum was observed in a M.rhesus that died at the age of three
years. The second case of aplasia of the interventricular septum
was discovered in a stillborn M.rhesus whose death was caused by
extensive hemorrhage in the pia mater. Ope animal that had
already survived for three years was diagnosed as having a cardiac
defect as early as several months after birth. Apart from the mur-
murs in the heart, a pronounced cyanosis was noted. Despite the
fact that the offspring survived to three years of age, it is still neces-
sary to point to its lowered vital activity. Death occurred two days
after a minor operation in which an attempt was made to introduce
a probe into the ulnar vein.

T'he pathoanatomical picture of the aplasia of the interven-
tricular septum was characterized by marked hypertrophy of the
right ventricle of the heart and by congestive hyperemia of the
internal organs. The opening in the interventricular septum was
located in its upper portion and was no larger than 0.5 ¢m in
diameter. The hypertrophy of the right ventricle of the heart
reached considerable proportions; the thickness of its wall exceeded
the thickness of the wall of the left ventricle of the heart. Around
the opening of the given ventricle, along the upper semicircuim-
ference, was a duplicature of endocardium, forming a likeness of a
valve (Fig. 109).

There were three instances of defective development of the
major blood vessels. The first of them, involving aplasia of the
patent ductus arteriosus (Botallo's duct) was observed in a stillborn
M.rhesus. Directly above the ostium of the aorta, approximately
(1.6 em higher than the free margin of the similunar valves, a thick
vascular trunk branched off from the aorta, connecting the aorta
with the pulmonary artery. The width of the patent ductus
arteriosus was approximately equal to the width of the trunk of
the pulmonary artery. There was consideralle hypertrophy of the
muscle of the right ventricle of the heart, equal in thickness to the
left ventricle, as well as a moderate hypertrophy of the right atrium
cordis.



Fig. 109. Aplasia of interventricular septum, M. rhesus Mops.

The second case—a stillborn hamadryad baboon—was also, in
essence, an aplasia of the patent ductus arteriosus, although it
possessed certain peculiarities and distinctions from the preceding
one. The considerable thickness of the patent ductus arteriosus
created the impression that the pulmonary artery, branching oft
into two trunks to the lungs, then merged with the aorta as onc
common trunk. This impression was also contributed to by the
fact that the aorta, proceeding from the arch into the thoracic
region, also thinned out somewhat, becoming a patent ductus
arteriosus. There was defective development also of the valves ol
the aorta and pulmonary artery. The latter had four incorrectly
formed valves that represented not pockets but bright translucent
buttong. The aorta, in turn, had only two valves, instead of three.
Both coronary vessels lead from under one of these valves.

The third case concerned stenosis of the pulmonary artery in
an imported M.rhesus monkey approximately one and one-half
years of age. The animal died in connection with chronic colitis
and a phlegmonous haunch resulting from the injection of medici-
nal substances: apparently, the latter only contribute toward the
development of cardiac insufficiency which was the dirvect cause of
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Fig. 110. Projection of aorta and pulmonary artery from right ventricle,
Stillborn hamadryad baboon.

death. Dissection revealed a marked hypertrophy and dilatation
of the right atrium cordis and ventricle of the heart, congestive
hyperemia of the internal organs, ascites and hydropericarditis.
Examination of the heart and major blood vessels showed that the
cause of the hypertrophy of the right side of the heart was con-
traction of the pulmonary artery directly above the free margin of
the valves.

In two cases there was a combination of defective cardiac
development with defective development of the major blood vessels.
In both of these instances there was communication through the
opening in the interventricular septum of the cavities of the right
and left ventricles. In one of these observations, in a stillborn
hamadryad baboon, the defect of the interventricular septim was
combined with the aorta issuing from the right ventricle of the
heart. The ostium of the aorta was located next to the ostium of
the pulmonary artery and was separated from the latter by a low
fold of endocardium (Fig. 110). The aorta was in communication
with the cavity of the left ventricle only through the opening in the
interventricular septum. The valves of the aorta and pulmonary
artery were markedly contracted, thickened, and had a cartilaginous
consistency. The patent ductus arteriosus was preserved. The wall
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of the right ventricle reépresented a thickened ioof of the heart, and
was rounded. It must be assumed that this considerable degree of
defectiveness in the development of the cardiovascular system
renders the fetus nonviable.

In this case, besides the above-mentioned defects of the heart
and blood vessels, there were other anomalies in the form of clearly
pronounced lobulation of the kidneys, as well as the presence of a
sixth finger on both .upper extremities. There was palmature of
the second and third toes of both lower extremities.

Still'another instance of combined malformation of the inter-
ventricular septum and the major blood vessels was observed in a
hamadryad that died of pneumonia at the age of seven days. The
mitral valve in the left ventricle lacked an anterior cusp, the ostium
of the aorta was considerably constricted. The cavities of both
ventricles maintained contact with each other through an opening
in the interventricular septum. In the right ventricle there was
complete adherence of the middle cusp of the tricuspid valve to the
wall of the ventricle. The heart was considerably enlarged due to
marked hypertrophy of the right ventricle (the wall was 1.5 cm
thick) and a certain dilatation of the ventricle. The pulmonary

“artery was greatly dilated. The left ventricle was very small,
resembling an appendage of the very large right ventricle.

In addition to the congenital defects of the heart and major
blood vessels, we also observed other defects that occurred in
solitary cases. They included defects that were fully compatible
with viability, e.g., palmature of the hands and feet. In the lungs
of an adult baboon we observed multiple hemorrhagic cysts which
we defined as developmental defects of the pulmonary cardio-
vascular system. In one monkey we discovered multiple cysts in
the white matter of the brain, which were also presumed to be
developrhental defects.

Finally, we observed a very pronounced multiple monstrosity
in a prematurely horn twin M.rhesus. One of the twins had no
defects at all and weighed 130 g: the other twin was a nonviable
monster weeighing 215 ¢. Instead of a head, it had a cutaneous sac
with a funnel-shaped retraction on the anterior surface, correspond-
ing to the oral cavity. On the lateral surfaces were two cutaneous
folds resembling the external ears. The cephalic sac extended into
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a shapeless, saclike torso, separated from the head only by a cutane-
ous fold. The umbilical cord issued from the anterior surface of
the torso; below the cord, along the median line, was @ cleft in the
skin 1.5 cm long and 1 cm wide, through which the peritoneum
with its blood vessels were visible. Situated on the anterior surface
of the lower portion of the torso was the scrotum, markedly edema-
tous, with the glans penis issuing from its center. The tail of the
monster was short and thick: under it was the anal orifice. The
extremities were short, thick, shapeless, and markedly edematous.
There were no hands on the upper extremities, the latter termi-
nating with boneless processes. The lower extremities contained
creases at the knee joints, and feet with clearly defined soles. The
left foot contained four deformed toes—one with a nail; the right
foot contained two toes, one of which also had a nail. The sub-
cutaneous cellular tissue was considerably thickened because of
edema, and appeared gelatinous.

Removal of the skin in the region of the cephalic sac revealed
a small cranium—approximately three times smaller than usual at
that age. The vault of the skull was formed by a fibrous lamina,
thin and very pliable. In the area of the facial skeleton were orbital
cavities and a small rudiment of the mouth lined with mucous
membrane. The pharynx was blind-ended, the esophagus could
not be found. On opening the thorax, it was found empty: fine
films were defined at the usual site of the lungs. There was no
heart; at the level where the cervical vertebrae join the thoracic
vertebrae was a small thin-walled muscular sac approximately 3 mm
in diameter and attached to a large blood vessel which, in turn,
branched out into subclavian blood vessels, blood vessels at the
upper extremities and head, etc. In the abdominal cavity this blood
vessel continued to the lower extremities, branching out along the
way into small vessels leading to the kidneys and intestines. The
liver was not found in the abdominal cavity. The kidneys were
situated in the proper place: above them were located large adrenal
glands that were triangular in shape. In the upper left half of the
abdomen was a small stomach—a sac—changing into the small intes-
tine. The latter changed into the cecum, becoming the beginning
of the large intestine. The large and small intestines were situated
in one mesentery. The spinal canal was not dissected; we were
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therefore unable to determine the presence or degiee of devélop-
ment of the spinal cord. However, we discovered large nerve trunks
in the extrémities (at the usual sites). The cerebrum was very
small, comprised almost entirely of the parietal lobes, sharply
delimited from rudiments of the frontal lobes. The cerebellum was
also very small, from vermis cerebellim, more normally developed,
the ““cerebellar hemispheres” led in the form of two symmetrical
leaflets &f brain tissue. The brain did not occupy the greater part
of the crarium; the space between them contained fluid.

Many suppositions may be mentioned regarding the cause ol
monstrosity in the given case. We believe it highly probable that
a connection exists between the development of monstrosity and
prolonged, almost incessantly recurring dysentery in the pregnant
monkey, as well as the repeated administration of massive doses of
various antibiotics,

It should be emphasized that M. Grigoliya’s suggestion that the
highest rate of monstrosity occurred among offspring of hyper-
tensive female monkeys was not confirmed by our material: out of
eight monsters, only in one case did the mother have hypertension.

We wi'l not presume in this chapter to discuss the causes ol
monstrosity in monkeys in general, and in our observations in par-
ticular. We do not have sufficient material for this purpose. At the
same time, we will permit ourselves to express the supposition that
the development of monstrosity in monkeys at the breeding farm
was to some degree connected with avitaminoses, and in particular,
with a deficiency of vitamin A. An interrelation between the latter
and monstrosity was mentioned by Wilson, Roth and Warkany
(1953), who obtained convincing experimental confirmation of
their hypothesis. As regards vitamin-A deficiency, we mentioned
our supposition of its influence in the discussion of hyperkeratosis
of the vaginal mucosa.

We observed monstrosity in animals that were born at the
breeding farm and in those that had been imported. Monsters
occurred in all the species of animals that comprised—to all practical
purposes—the herd at the breeding farm.

The birth rate of anomalous offspring among monkeys, accord-
ing to our data, constituted 0.48¢;. We were unable to compare
the birth rate of monsters at the breeding farm with the birth rate
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of monsters in nature. Nevertheless, the brief report by Schultz in
1938 permits the assumptions that monstrosity occurred no more
often at the monkey-breeding farm than in natuve.

BILIARY CAL&ULI, CHOLECYSTITIS

Biliary calculi occur in horses, cattle (largely in old animals)
and fairly seldom in other animals and birds (K. G. Bol' and B. K,
Bol'). Cholelithiasis in monkeys was describesd by Hamerton in
1951: the disease was discovered in a green marmoset that was
affected by cholecystitis and died of obstruction of the common bile
duct by calculi. Gallstones in farm animals are usually calcic or are
composed of pigment.

Biliary calculi containing cholesterol are extremely rave in
animals (K. G. and B. K. Bol’).

In the dissections of monkeys that died of various causes at the
Sukhumi monkey-breeding farm, an investigation was made of the
content of the gallbladder and its mucosa. It was established that
the bile was not homogenous in all cases. Occasionally—in 1 cases
—the bile revealed very fine (the size of semolina or finery inclusions
of semi-soft consistency. These grains varied in appearance: in nine
cases they were dark-green—almost black—clumps: in five cases,
light-yellow, slightly glossy particles were suspended in the bile.

The above-mentioned monkeys included 11 macaques, two
baboons and one gelada. Eight of the macaques were young animals
(114 to 2 years) that were brought to the breeding farm in 1055.
1958. The remaining monkeys were born at the breeding farm and
died at the age of 5 to 20 years. The gelada was imported in 1948
and died at approximately nine years of age. The animals died of
various causes, i.e., during labor, dysentery, malignant neoplasms:
two monkeys died of radiation disease.

The mucosa of the gallbladder was unaltered in all 11 cases.
In four adult monkeys of this group, that died at the ages of 8, 9,
and 20 years, changes that were characteristic for one or another
disease were accompanied by atherosclerotic patches in the aorta.

In addition to the above-mentioned findings, large calculi
up to 0.7 em in diameter were discovered in the opened gallblad-
ders of five animals:  Livan, a green marmoser 84 years of age;
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Fig. 115, Faceted caleuli in gallbladder. Green marmoset Livan,

Ona, a green marmoset 12 years of age; Vasilek, Anis and Kuz-
nechik, three hamadryad baboons 20, 8, and 7 years of age, respec-
tively. The calculi differed in external appearance. In the mar-
mosets the lumen of the gallbladder was entirely filled with large,
solid, faceted calculi which were greenish-yellow in color. Section
of the stones (Fig. 111) showed them to have a crystalline radial
structure.  Chemical analysis established a 779 cholesterol and
0.2897 calcium content of the calculi. The gallbladder also con-
tained a small amount of bile which was light yellow in color. The
calculi in the baboons were rounded, some had the appearance of
mulberries.

The stones varied in size from 0.1 to 0.5 cm in diameter and
were light gray—almost white—in color. The gallbladders of the
different animals contained two to eight stones. Chemical analy-
sis established a 659, cholesterol and 0.359, calcium content of
the calculi.
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Fig. 112, Photomicrograph. Edema, round-cell infiltration and extravasation
of blood into wall of gallbladder in calculous cholecystitis. Hematoxylin-cosin
stain,  Obj, 20, oc. 10.

.

In two monkeys—Ona and Kuznechik—neither m.:u'mscnpi(';ll
nor microscopical examination of the gallbladder revealed any
changes. In the other three animals, however, the gallbladder was
greatly distended, and its wall—particularly in the monkey Vasilek
—revealed hemorrhages of different sizes. Histological examina-
tion revealed thickening of the wall of the gallbladder in connec-
tion with the development in it of collagenic tissue and marked
edema. Here and there the wall was pierced with fresh hemor-
rhages (Fig. 112). There was moderate infiltration of the tissue
of the gallbladder wall, mainly with lymphocytic and histiocytic
clements. Leukocytes and plasmatic cells were seen on Pare occa-
sions.

In addition to the changes in the gallbladder, atherosclerotic
patches of different sizes were discovered in the aortas of three ol
the five monkeys.

Most of the animals in which calculi were discovered in the
oallbladder were killed in acute experiments.  One monkey died
of dysentery and only one monkey's (Vasilek) death was directly
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caused by cholelithiasis. In this case, a calculas from the common
bile duct penetrated into the pancreatic duct and, having caused
its*obstruction, led to the autolytic liquefaction of the glandular
tissue. Inaddition to necroses and extensive hemorrhages in the
pancreas, multiple nec.oses were obscrved in the omentum and in
the cellular tissue of the left kidney. The liver contained vound-
celled perivascular infiltrates.

As mentioned above, all five animals were full-grown. They
had lived at the breeding farm for a long time (7-20 years), during
which peviod they had been kept in cages.

The given data indicates that cholelithiasis in monkeys is not
a frequent phenomenon. Apparently, calculi may form only after
prolonged captivity at the breeding farm. It must be assumed
that the confinement of the animals in cages also contributed
toward the development of the given process. The formation of
calculi in the gallbladder was sometimes accompanied by an inflam-
matory process in its wall. Disturbance of the cholesterol metabol-
ism in the majority of the above-mentioned animals was manifested
not only in the formation of biliary calculi, but also in the develop-
ment of atherosclerosis—a relatively rare phenomenon in monkeys
at the breeding farm. The fine granules of cholesterol and the
concentration of bile in the form of deeply stained fine (‘|ll'lll])5
were seen somewhat more often than calculi. In distinction from
the latter, they were often found in newly-imported young
monkeys.

Thus, the formation of calculi in the gallbladders of monkeys
was distinguished from this process in farm animals by the com-
position of the concretions formed. In distinction from them, ll'le
calculi in monkeys were composed mainly of cholesterol. \\.'e did
not observe the development of cholecystitis without the forma-
tion of concretions: it was manifested to an insignificant degree
and, apparently, was secondary.

RICKETS
Rickets is widely known in man and animals. A comparative

study of the pathomorphological manifestation of rickets shows
" that the morphogenesis of this disease and the pathological pic-
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wres of its developed forms are essendallysthe same in man and
animals, =I'hey consist in distbirbance of endochondral ossifica-
tion, copious formation of osteoid substance, disappeagante of the
zone of preliminary ealcification of the cartilage. Clesely inter-
locking with this disease are fphrous osteodystrophy and osteomala-
cia, wiich rarely occur in man, but are comparatively common in
animals. As 1.V, Davydovskiy pointed out in 1958, these discases
have a pathogenic kinship.

Rickets occurs in every species of domestic.m;lmmaland bird,
but especially frequently affects chicks, puppies and young pigs
(K. G.and B. K. Bol’, 1954). Among wild animals, N. P. Tsvetay-
eva described this disease in the llama, tiger cubs, the Central-
Asiatic sheep Ovis ammon, common goats, squirrels and many other
animals. She also described rickets in young Australian ostriches,
which caused the death of a large number of these animals at the
Moscow Zoo in 1937. The disease ran a severe course in young
ostriches, and was characterized by curvature of the bones and
polyarthritis.

Rickets, osteomalacia and fibrous osteitis occurring in mon-
keys are widely known from numerous reports by varicus authors:
Todd. 1918: Corson-White, 1922; Khel'ner, 1927; Hamerton, 1930,
1932, 1933, 1935, 1937, 1030, 1942; Stadie, 1930; Doberstein, 1936;
Hill, 1951, and others. In recent years the mass occurrence of
rickets in the monkeys at the London Zoological Park was not
looked upon in distinction from that of previous years, when a very
severe form of rickets affected large groups of animals at the same
time (Hamerton, 1937, 1939). The most recent description of
rickets in a monkey was written by Hill in 1951.

In our dissections of young monkeys that had been raised for
a long period of time in the cribs of the breeding farm, we repeat-
edly noted skeletal changes which could have been considered
sequela of rickets. We found no analogous changes in the animals
that had been fed by the mother. We will describe two cases of
rickets in young baboons—the anubis Misa and the hamadryad
Venta—that were placed in eribs on artificial feeding, and remained
there until they died. The first animal died at the age of six
months, the second died at the age of one year. Both animals were
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Fig. 113, Curvature of shin bones. Hamadryad Misa,

ill during the entire period of their confinement in the cribs: one
monkey was ill for a long period of time with pneumonia; the
other with pneumonia and dysentery. From the age of six months,
Venta was observed by the physicians of the monkey clinic to have
seizures of the spasmophilic type.

Misa died of penumonia and Venta of traumatic hemorrhage
in the meninges during the period of spasmophilic seizure. Dis-
section of the monkeys revealed monotypic changes in the skeletal
system: gonycampsis (Fig. 113), thickening of the carpus, monili-
form thickening of the ribs in the region of the anterior epiphyses.
Misa also had a thoracic deformity—"chicken breast”—and a con-
siderable spinal Kyphosis.

Microscopical examination revealed a rather characteristic
and monotypic picture.  There was marked disturbance of the
endochondral ossification in the anterior epiphyses of the ribs, low-
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Fig. 111, Photomicrograph. Protuberance ol cartilaginous tissue, penctrating
lar into bone-marrow tissue, Hamadryad Misa, ODbj. 8, oc. 7.

er epiphyses of the haunch, epiphyses of the tibia and in the anterior
epiphyses of the radial bones. The line of endochondral ossifica-
tion was irregular, serrated, seemingly corroded.

Growth of the cartilage was noted, with the formation of car-
tilaginous processes that penetrated far into the osteoid or into the
bony tissue. The areas of cartilage directly adjoining the line of
endochondral ossification revealed rather extensive vascularization
of the cartilage, with engorgement of the newly-formed vessels with
erythrocytes.  Intensive formation of osteoid tissue was noted in
the epiphyseal cartilage: there was no preliminary calcitication of
the cartilage (Fig. 111). Only individual, small areas ol cartila-
ginous tissue bordered with the bony tissue, and it was in these
areas that islets of bony tissue were seen to penetrate into the car-
tilaginous.  An analogous observation was the penetration of car-
tilagious tissue into the adjacent osteoid or bony tissue and a mod-
erate endosteal formation of osteoid tissue.

In the region of the metaphyses there was evidence of osteo-
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sclerosis, as well as the transformation of active bone marrow into
fibroreticular tissues. Progressn've_ anemia was observed in the
first animal; prior to its death, the erythrocyte count was 2,200,000
per | mm? blood. Evidences of anemia, though not as pronounced,
were also discovered in the second nimal. Thus, the picture we
observed was very similar to that observed in human rickets, from
the standpoint of both the causes of development and morphologi-
cal manifestation. It should be emphasized again that the develop-
ment of rickets in young monkeys occurs correlatively in the same
age groaps as in man, and is connected, as it frequently is in man,
with alimentary factor—in the given case, with artificial feeding.
Venta's spasmophilic seizures were apparently connected with
a disturbance in calcium metabolism, which, as we know, is some-
times observed in rickets in connection with hypocalcemia.



CON(]LUSION »

According to the materials of the Sukhumi monkey-breeding
farm, the most common diseases of monkeys Svere infectious dis-
cases. However, as it was pointed out, the nosotqgic aspect of the
diseases of the newly-imported animals and the animals that had
been at the breeding farm for a long period of time was essentially
different. In the former (except for mild parasitic diseases), three
forms of illness figured on the whole: dysentery, pneumonia, tuber-
culosis. In the latter, there was a considerably larger number of
disease forms, some of which were characteristic for man. The
general impression was created that most of the diseases that we
observed in the monkeys resulted from the close contact of the
animals with human beings. The latter was connected not only
with the exposure of the monkeys to a number of infectious agents
but also with the fact that the conditions imposed on the animals
were inadequate for their existence. The exception, apparently,
were the parasitic diseases, particularly tick disease of the lungs, the
pathomorphological manifestations of which attested to the sig-
nificant remoteness of the process, occurring also among the newly-
imported animals. The complete compensation by the organism
in the given diseases, despite the extensive involvement of the lungs
that sometimes occurred, attested to the fact that the monkey organ-
ism was quite adapted to tick parasitism.,

The literature contains no data whatever concerning the fact
that the infectious diseases observed by us also occur in morkeys in
their natural habitats.  Also, we cannot overlook the possibility of
animals contracting infections through close contact with human
beings. Apparently, conditions exist in India where monkeys,
being “sacred™ animals, are not destroyed, and come in contact
with man on a rather wide scale. Infections, in turn, creates con-
ditions for the spread of the infectious agents in an area where
animals do not come in contact with man, However, we by no
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means considey that diarrhea w higheis cause(l'by an infectious agent
m the monkey’'s natural Rabitat leads to the de\dlopmcm of dis-
eases such as tuberculosis or dysentery, We believe, and we have
ntlcmpled to demonstnte, that tge resistance Qf monkeys to
“human” mfe( tions i$ quite high un¥er living conditions that have

maximal sxmllanty to their living conditions in nature. ¢

Our analysis, as well as material in the literature, indicate that
the invhsion of the monkey’s organism by a pathogenic agent is not
in itself SdI“lClﬂll.(O produce the corresponding infectious disease
in the animals. Actually, various dysentery agents are widespread
among the monkeys at the monkey-breeding farm. However,
despite the wide distribution of dysentery carriers, clinically mani-
fested cases of dysentery occurred incomparably less often. This
fact was indicated in all the researches in dysentery conducted at
the Sukhumi monkey-breeding farm. The study of the incidences
of this disease indicated that among the basic herd at the breeding
farm (in animals that had undergone a period of adaptation and
acclimatization), clinically manifested cases of dysentery were very
rare, occurring most often in the animals that had just recently
been brought to the breeding farm. In a number of cases, even
intensive antibiotic therapy did not improve the animal’s condi-
tion. Also, it often seemed that the lh(npy—more s0, the catch-
ing of the animal and the restraint applied in order to administer
treatment—produced a negative rather than positive result.  Appar-
ently, the “psychological traumatization™ incurred by this handling
had & very noxious effect on the animal's general condition. In
some cases the discontinuation of treatment and release of the
animals to the volery produced a more positive effect than the
continuation of treatment under confinement in a cage.

Thg opinion established in the litevature that monkeys are
extremely susceptible to dysentery was based on the fact that the
rescarchers who investigated this disease in monkeys usually worked
with animals that were living under extremely adverse conditions.
These were usually animals from the zoo, often recently brought
from their natural habitat. At the Sukhumi monkey-breeding
farm, as well, the more or less serious outbreaks of dysentery with
a high death rate usually occurred among the newly-imported ani-
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mals. It is char:\ctcn'sgic that the death raté, being: often high in
the first two ot three months after the monkeys arrived at the
breeding farm, subsequently dropped sharply to solitaly cases. It
may be assamed that in the cpurse of two to three months death
occurred among the most wca‘ened animals, whereas the monkeys
that sutvived this period underwent their own kind of adaptation
and became more resistant to infection.

The rather high resistance of monkeys to dysentery was also
indicated in numerous experiments with attenzpss to irduce this
disease in monkeys (M. A. Tumanyan, 1956; E. K. Dzhikidze, 1958,
and others). Despite the administration of huge doses of bacteria
(up to 30-90 billion microbe bodies), the disease did not always
develop in clinically manifested form, very often terminating in
temporary bacillary secretion.

We shall not attempt to examine the different aspects of the
susceptibility of monkeys to dysentery. Their resistance to this
disease is quite high, and only “extraordinary” circumstances lead
to the breakdown of this natural immunity and to the development
of the disease. Equally, successfully induced dysentery was appar-
ently connected in each case with certain factors that weakened the
animal’s natural resistance to the disease, which are usually diffi-
cult to establish. It should be emphasized that the question
concerns natural nonspecific immunity which is not connected with
the indexes of immunological reactivity (with the titer of specific
antibodies, indexes of phagocytic activity), often not determining
the possibility of infection. Experimentally induced disease may
occur right after previous dysentery or against the background of
dysentery carriage (E. K. Dzhikidze, 1957) with a sufficiently high
content in the blood of specific immune bodies and considerable
phagocytic activity of the leukocytes.

Usually, when they speak of the characteristic, most prevalent
and serious diseases of monkeys, tuberculosis is mentioned along
with dysentery. In K. L. Kovalevskiy's manual published in 1958
on animal breeding in the laboratory, only dysentery and tubercu-
losis were mentioned, in essence, among the infectious diseases of
monkeys. In the section describing tuberculosis in the monkeys
at the Sukhumi monkey-breeding farm, we discussed this problem
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in detail. Thg recent exﬁ’eriencc of thc%xbnkey—breeding farm,
as well as many zoos, seems' to indicate that the i inc’dence of tuber-
culosis among monkeys has dropped sharply This disease has
become rare even among the newly-imported .monkeys. Solitary
cases of disseminated® tuberculous iafections were observed only
with especially unfavorable cartages, when a considerable part of
the animals arrived with acute symptoms of dystrophy. Of definite
interest'is the fact that, out of a large group of animals that were
Kept in one hou!sc or volery in close contact with each other, only
solitary instances " of tuberculous infection occurred. A mass out-
break of tuberculosis—as could have been expected on the basis of
the peculiar sensitivity of monkeys to this disease—did not occur.
We believe that only extremely unfavorable conditions of confine-
ment, leading to a sharp weakening of the organism’s resistance to
infection, renders the monkey sensitive to tuberculous infection.
According to our material and data in the literature, there has
been a significant decrease in the morbidity and death rates of
tuberculosis in monkeys in recent years. This is connected not so
much with the decrease in the circulation of the pathogenic agent
in the surfounding environment as with the rational conditions
ol confinement that have been established for animals at the breed-
ing farm and zoos.

The considerable resistance of monkeys to tuberculosis is indi-
cated by the following facts: the capacity of tuberculous monkeys
for self-healing in individual cases, which is demonstrated by the
presence of petrifactions in the lungs and nodes at the bifurcation
of the trachea; the transition of the infectious process from acute
to chronic form in some animals, sometimes with the development
of the organic forms of tuberculosis: and finally, the capacity of
the animals in some cases for developing immunity when coming
into contact with the agent, without the development of an acute
form of tuberculosis. The latter was indicated by the animals’
positive allergic reaction to tuberculin.  Also attesting to the high
resistance of monkeys to tuberculosis under suitable living condi-
tions was the prolonged positive allergic reactions of the monkeys
to tuberculin—often lasting for many years, and the fact that no
manilfestations of this disease were found in dissected monkeys that
had died of other causes or were Killed in experiments.
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The possibility of the experimental reproductipn of tubercu-
losis in mo'lﬁ;e}'s cannot attest to an increased sensitivity of these
animals to the disease. The method of experimental infection
(parenteral introduction of mpss doses of bacteria) differs greatly
from any possible means of natural infection.

W= touched upon the two most common infections in mon-
keys, which are customarily called the “scourge” of monkeys. We
can agree with this thesis in that the pronounced weakening of the
animal’s resistance in connection with various rfoxious factors—
most often, the abrupt alteration of living conditions after’capture,
aggravating the rigors of transit—created a premise for the greater
or lesser prevalence of these infections, the more common and
important outbreaks of disease being caused by the pathogenic
agents of dysentery. This was possibly connected with the wider
distribution of the given agents in the areas where the animals
were captured, but more probably with the fact that there was a
sharp disruption of their feeding habits in transit, with consequent
digestive disturbances which apparently had great significance for
the development of dysentery.

One of the common diseases of monkeys is pneumdnia, occu-
pying second place after dysentery in rate of occurrence. As we
pointed out previously in the corresponding section, pneumonia
(bronchopneumonia, in the overwhelming majority of cases) was
extremely rare as a primary disease. Ordinarily, these rare cases
concerned bronchopneumonia in young monkeys. As a rule, bron-
chopneumonia in monkeys was a complication of some other dis-

case, altllt)llg!l It was often the direct cause of death. Microbio-
logical examination showed th

Gh ; at pneumonia could be caused by
different cocci, but the

diplococcus was discovered most often. As

in lu‘nn.an pneumonias, bronchopneumonia of monkeys is a typical
autoinfection that develops in conne ;

(_mnsl ().fl(‘n with chilling) on the
flora of the lungs.

ction with noxious factors
base of the animal’s own micro-
. ; Primary pneumonia of young monkeys is not
an exception in this respect.

Loobar pneumonia of monkeys
occurred in the imported monkeys
tremely adverse conditions of 1y

is not common. As a rule, it
and was connected with ex-
Ansportation in wintertime, accoms-
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panied by seveye chilfing of the animals. \l&rphuloglml examina-
tion of a number of amm:ﬂs affected by lobar pnet monia revealed
many morphological indications that established a similarity be-
tween lobar fibrinous pncumonms of monkeys and man.

Among other infections, it is necessary to mention—as a rarity

—~Morgan’s toxinfection and pohomyehu:.. The causative agent
of the first disease is Proteus morganii which was found in the
monkey’s intestinal tract comparatively often (far more often than
toxic mleumn bceurs). Despite the fact that the pathogenic agent
of Morgz -gan’s toxinfection does not belong to the Salmonella group,
the pnlhuloglca[ changes produced by this disease were at first
glance extraordinarily similar to the changes occurring in typhoid
fever and the abdominal form of paratyphoid. The pronounced
from of Morgan's toxinfection was manifested by an enlargement
of the spleen and mesenteric lymph nodes, and Peyer’s patches in
the small intestine at the ileocecal junction. However, microscopi-
cal examination revealed essential differences in these cases. In
the diseases caused by the paratyphoid agent, the question con-
cerned hyperplasia of the reticular cells in the Peyer's patch: while,
in Morgarr's toxinfection the enlargement of the latter was caused
by hyperplasia of the lymphoid tissue.

At the same time, if the disease nevertheless occurred, it ran
a very acute course and was largely fatal. In essence, all the cases
of Morgan's toxinfection that were known to us were fatal. A most
curious problem is the contagiousness of this disease. The three
cases of toxinfection contained in our material developed almost
simultaneously in animals that were kept in the same place of con-
finement. The latter circumstances does not yet indicate the con-
tagiousness of this disease nor a particular virulence of the causative
agent. ,The simultaneous illness of several animals that were con-
fined in the same place may be explained by the general conditions
under which the monkeys were confined, which could have led to
the development of disease.

In this connection, mention should be made of the only out-
break of poliomyelitis known to have taken place among the lower
apes and registered at the monkey-breeding farm in 1957. The
expert virological study that was made at our request by M. K.
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Voroshilova of the Institute for, the Study of Poligmyelitis estab-
lished that Mo Zan's infection.was a form of poliomyelitis. = A most
remarkable fact is that the rhesus monkeys that=did fiot contract
disease afts r coming in contac; with animals affecred by poliomye-
litis (although the dnscase cin be induced’ by special laboratory
methods of infection) succumbed in a patent, spontaneous outbreak
of poliomyelitis. Also of interest is the fact that the most careful
epidemiological analysis produced no indications of the séurce of
the viral attack. v ¢ ¢,

The monkeys possessed considerable resistance to coccal
wound infections, possibly in connection with the frequent injuries
continuously incurred in nature in view of the great mobility and
general activity of these animals. Coccal infection (both wound
and other origin) may occur in the form of sepsis in individual,
apparently very rare, instances.

Endocarditis of monkeys should be mentioned as a very rare
pathological condition. We observed three cases of endocarditis,
only one of which was macroscopically manifested. In the other
two animals, the endocarditis was revealed only by microscopical
examination, and was a complication of sepsis in one iristance and
tuberculosis in the other. However, in no way did any of these
cases resemble rheumatic damage of the valvular apparatus in man.
The defects of the cardiac valves that we observed in two other
cases were very similar to the same defects that develop after the
rheumatic process in man; however, the absence of morphological
indications of the aggravation of the process and the corresponding
changes in the myocardium did not permit us to form a more
definite opinion on their possible rheumatic origin.

Thus, not once did we find in the monkeys evidences of the
allergic complications of coccal infection in the form of glomeru-
lonephritis, rheumatism, etc. We may assume that the given mani-
festations of infection are peculiar only to man. Regarding the
problem of the susceptibility of monkeys to different infections and
whether or not certain infectious diseases are peculiar to monkeys
in their natural environment, we may say that there are a number
of infectious diseases which are not peculiar to monkeys in their
natural habitat. The question concerns diseases such as hyper-
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tension, coronary insufficiency and certain ether purely “human”
(as far as we know) diseases that are conrected with mental and
émotionalsstress.  Atherosclerosis, relatively oftén occurring in
captive monkeys. apparently is not-peculiar to monkeys in nature;
pathological obesity ‘or other metapolic disorders connected with
it are probably very rare or nonexistent in monkeys living in their
natural habitat.

[ni this connection, it behooves us to consider the peculiarities
of the confinement of animals at the breeding farm, which may
cause the development of pathological phenomena that are not
peculiar to monkeys. Their development is apparently easier to
understand and explain by the results of the experimental repro-
duction of these pathological conditions, just as this experimental
data is being used to clarify the pathogenesis of hypertension and
coronary insufficiency in man—human diseases that have long been
known and are being investigated in detail by many researchers.

The experimental researchers conducted by D. I. Mimino-
shvili and co-workers demonstrated that experimental neurosis was
the underlying factor in the development of experimental hyper-
tension i monkeys. This research is extremely valuable for an
understanding of hypertension in man, and at the same time makes
it possible to explain the causes and mechanisms of the development
of hypertension in monkeys under the conditions of the breeding
farm. The cause of the rise in arterial pressure in monkeys was
neurosis resulting from certain factors that stemmed from captivity.
As a rule, this was connected with the prolonged retention of the
animal under experimentation, evoking considerable disturbance
of higher nervous activity as the result of frequent subjection to
experiments, as well as the development of other conflicting situa-
tions. Hypertension developed much sooner when the animal
was (onlmcd in a cage and its normal interrelations with the other
monkeys was disrupted.  Disruptions of the normal diurnal rhythm
of the physiological functions, connected with the animal’s sub-
jection to experimentation and its confinement in a cage, as the
researches of G. M. Cherkovich demonstrated, had great importance
in the development of neurotic conditions.  Diseases such as hyper-
tension and coronary insufficiency in monkeys apparently possess
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single mechanisms. The undeglying factor in the d;rvelopmcnl. of
the latter diséase—as in hypertension—wis neurosis.

The neurogenic and atherosclerotic factors arve considered to
play the leacing role in the dezclopment of coronary ins'uﬂ'icicm'.y
in man, whereas the neurogenic mechanism i$ considered the most
import'nt in the development of coronary instfficiency in
monkeys.

The discovery of atherosclerosis in monkeys, includitg also
atherosclerosis of the coronary vessels of the heart, still does not
permit connecting the disturbance in the coronary blood flow with
atherosclerosis of the vessels since some cases of coronary insuffi-
ciency revealed no evidence of atherosclerosis of the coronary ves-
sels: whereas in those cases where it did occur, it was evident that
the solitary flat patches, barely projecting into the lumen of the
coronary vessels, could not create an obstacle for the coronary cir-
culation.

In our observations a connection between coronary insuffi-
ciency and atherosclerosis of the coronary arteries may be assumed
only in the scheme of the effect of the atherosclerotic changes in
the vascular wall on the capacity of the coronary vessels to produce
spasmatic reactions. A supposition may be expressed regarding
the existence of reverse interrelations, i.e., the property of the
vascular wall to store a surplus of cholesterol in the intima when
there are vasomotor disturbances.

We may therefore consider two discases of monkeys which are
connected with neurotic disturbances: hypertension and coronary
insufficiency. There is no doubt that they are not the only mani-
festations of neurosis. D. 1. Miminoshvili described certain other
pathological manifestations of experimental neurosis—behavioral
disturbances, digestive disorders, loss of hair, etc. However, under
nonexperimental conditions, with a greater complication of the
systematic daily observation of the animal’s condition, it is possible
to study first-hand the changes in blood pressure and electrocardio-

grams which are regularly carried out in a large number of the
animals.

A number of the diseases of monkeys that are connected with
metabolic disturbance depend to a considerable degree on the
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peculiarities of the tontinement of the aifimals 2t the breeding
farm. The physiologists observations of the beh: vior of the mon-
keys rev caled a-cessation of locomotor activity—paiticularly pro-
nounced undct conditions of confirement in a cage. “n the volery
the daily run comprised hundreds of meters, while in the cage it
comprised one-tenth the amount. Even in the volery, tlie mon-
keys, deprived of the necessity to seek their food, moved about
muchless than animals living in nature.  And already, the condi-
tions of freedom and confinement in a cage are completely incom-
parable in this respect. In the metabolic disturbances a role is also
played by a sufficiently abundant, high-fat diet which has been
properly processed and therefore more easily assimilated by the
animals. It must be assumed that the development of atherosclero-
sis in the monkeys at the breeding farm was connected, on the
whole, with these two factors.

The organic pathology of atherosclerosis of monkeys is essen-
tially different from that of man; the greatest changes occurred
in the aorta. We found no significant vascular damage of the
heart or brain, which is so often observed in man.

Thessame factors that caused atherosclerosis also produced
excessive adiposity, often observed in old animals, sometimes to a
considerable degree. Apparently, the limitation of the animals’
mobility and their adiposity were closely connected with the signi-
ficant number of stillbirths which are still frequent at the breeding
farm.  Stilibirths predominated over abortions, birth in a large
number of cases of viable offspring: but the nonviable offspring
indicated that stillbirths were connected not with the incapacity of
the monkeys to carry the fetus to full term but with disturbance
in labor. Apparently, an important role in this was played by the
inhibigion and protraction of labor due to weakness of the muscula-
ture in prelum abdominale, and the monkey's adiposity.

Tumorous processes are extremely rare in monkeys. Benign
adenomatous growths in the gastric mucosa are more common. In
some cases these hyperplastic processes are connected with the pres-
ence of specific parasites in the stomach.  However, they cannot
be considered true tumors.

It must be assumed that the gastric mucosa of monkeys (M.
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rhesus) is highlv reactive and is-capal)letof responding to different
irritants with h7perplasia, without acquiring a malignant char-
acter. Polypous growths of the mucosa of the" uterine cervix
occurred relatively often in adnlt monkeys. The »orincipal path-
ology occurring in old monkeys was that of the sexual apparatus,
verging on neoplasms, such as endometrioses. The latter, as the
anamnesis showed, were often connected with endocrine disturh-
ances relating to the sexual sphere. ‘ )

Summing up the description of the monkey-diseases observed
at the Sukhumi monkey-breeding farm, we permit the conclusion
that there is a great similarity between the diseases we observed in
the monkeys and analogous diseases in man. At the same time, it
is necessary to mention that the nosological aspect of diseases of
monkeys is quite monotonous, distinguishing it significantly from
that of human diseases. In essence, even the common infectious
diseases of monkeys included only dysentery, tuberculosis and
pneumonia. Morgan’s toxinfection, poliomyelitis and certain
other infectious diseases rarely occurred in monkeys and cannot
be taken into account. As regards the diseases that are more com-
mon in man, i.e., malignant neoplasms, rheumatism, cardiovascu-
lar diseases, they either occurred seldom or not at all in monkeys.
At the same time, we consider it necessary to emphasize again that
we are describing diseases in monkeys that survived at the breeding
farm for one or another period of time. The material from mass
dissections which were performed in connection with the produc-
tion of poliomyelitis vaccine showed that the animals that were
killed soon after arrival usually harbored helminths, tick disease of
the lungs, colitis (most often of dysenteric etiology) and tubercu-
losis. The latter two infections undoubtedly developed during a
period of pronounced disturbance in general condition connected
with the transportation and uprooting of the monkeys from their
natural habitat to a foreign environment.

It is extremely important to emphasize that monkeys, being
very similar to man with respect to anatomical-physiological pecu-
liarities, are capable under certain conditions of contracting in
similar form various diseases that are characteristic for man. How-
ever, many of the above-described diseases are apparently not
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peculiar to monkeys-in their natural environment, and occur under
conditions of captivity at the breeding farm throug.‘ contact with
certain irritants intruded by man.

Thé enumeration of diseases presenited above.demonstrates
not so much the rate of their occurrence in monkeys as the potential
possibility of their development in these animals under, suitable
conditions. The difference between the nosological aspects of
monkeys and human diseases depends not so much on their bio-
logical distingtion (the biological similarity between man and
monkéy, in paiticular, is confirmed by the possibility of the devel-
opment in monkeys of a number of diseases peculiar to man) as on
the extremely different conditions of existence.
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