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SUMMARY

The lesions which characterize viral en-
teritis of mink (VEM) were studied in twenty-
six, ten-week-old mink which had been in-
fected by force feeding a tissue suspension
containing a Wisconsin strain of mink en-
teritis virus. The pathogenesis of the lesions
was reconstructed from gross and histopathol-
ogical changes observed in animals which were
selected randomly from the group each day for
necropsy during the course of the disease.

Alterations were observed in the tissues of
all mink examined from post-inoculation day
(PID) 4 through 13. The principal macroscopic
lesions which consisted of fibrinous enteritis,
enlargement and hemorrhage of the spleen
and edema of mesenteric and hepatic lymph
nodes were most conspicuous on PID 7 and
8. Histopathological changes including necro-
sis and desquamation of intestinal epithelium,
depletion of mature lymphocytes in lymph
nodes, thymus and spleen and loss of partly
differentiated myeloid and erythroid cells from
spleen and bone marrow also reached full
development on PID 7 and 8. However, nuclear
inclusion bodies which were presumed to be a
product of the causative agent and, therefore,
of diagnostic significance were most prevalent
on PID 3, 4 and 5. The inclusions were ob-
served in mucosal epithelial cells of the in-
testine, parenchymal cells of the liver and in
lymphocyte precursor cells of the spleen, in-
testinal lymph nodules and mesenteric and
hepatic lymph nodes.

RESUME

On etudia les lesions caracteristiques de
l'enterite 'a virus du vison (VEM) chez 26
animaux ages de dix semaines, infectes en leur
faisant ingerer de force une suspension tis-
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sulaire contenant une souche du virus Wiscon-
sin. L'evolution des lesions fut observee ma-
croscopiquement et microscopiquement en ef-
fectuant des necropsies d'animaux choisis au
hasard au cours de la maladie..
On remarqua des alterations tissulaires chez

tous les visons examines entre quatre et treize
jours apres l'inoculation (PID). Macroscopi-
quement, les principales lesions consistaient en
une enterite fibrineuse, de la splenomegalie
et de la sple'norragie ainsi que de l'oedeme
des ganglions mesenteriques et hepatiques,
particulierement les septieme et huitieme jour
apres l'inoculation (PID).

Histologiquement, on notait de la necrose
et de la desquamation de l'epithelium intesti-
nal, de l'epuisement des ganglions lymphati-
ques, du thymus et de la rate en lymphocytes
matures et la disparation de cellules myeloides
et erythroides partiellement differenciees de
la rate et de la moelle osseuse. Ces caracte-
ristiques etaient entierement apparentes a par-
tir des septieme et huitieme jour apres l'ino-
culation (PID). On constata cependant que les
corps d'inclusion nucleaires, presumement pro-
duits par l'agent causal et donc d'interet
diagnostique, etaient plus abondants les troi-
sieme, quatrieme et cinquieme jour (PID).
On trouva ces inclusions dans les cellules epi-
theliales de la muqueuse intestinale, le paren-
chyme hepatique et les pre-lymphocytes de la
rate et des ganglions lymphatiques intesti-
naux, mesenteriques et hepatiques.

INTRODUCTION
Macroscopic lesions characteristic of the

advanced or terminal stages of viral en-
teritis of mink (VEM) have been described
in several reports (5, 10, 16). Changes con-
sistently observed in affected mink in-
clude: enteritis, enlargement of mesenteric
lymph nodes, splenomegaly and splenic
hemorrhage. Lesions apparently are similar
both in naturally acquired and experi-
mentally induced infections. Some histo-
pathological alterations observed in the in-
testines of animals in the advanced stages
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of the disease have also been described. Ac-
cording to reports by Schofield (16) and
Myers and Fritz (11), intestinal lesions six
to seven days after infection consist of
necrosis and sloughing of the mucosal epi-
thelium accompanied by pronounced swell-
ing or "ballooning" of cells lining the
crypts of Liberkuhn. Myers and Fritz (11)
also reported the occurrence of both nuclear
and cytoplasmic inclusion bodies in intes-
tinal epithelial cells. Both types of inclu-
sions reportedly were Feulgen-negative and
were observed only in the "proximal por-
tion" of the small intestine. Cytoplasmic
inclusions were seen only in greatly swollen
cells within the crypts.
No studies which demonstrate the patho-

genesis of the lesions or describe, in detail,
microscopic changes in organs other than
the intestine have been reported. Thus,
criteria for pathological diagnosis of VEM
and bases for assessment of pathological
findings in suspected cases have not been
established.

METHODS
The methods used for identification and

inoculation of animals with mink enteritis
virus (MEV) and the general design of
the study have been described (12). In
brief, two mink randomly selected from a
group of twenty-six, ten-week-old, female
mink were killed and examined every 24
hours from the second through the tenth
day following oral inoculation of virus. Two
additional mink, which apparently had sur-
-vived the disease were killed and examined
on post-inoculation day (PID) 13. With
the exception of two mink which died on
PID 8, all animals were examined imme-
diately after having been killed by exsan-
guination.

Impression films of femoral and sternal
bone marrow from each animal were air
dried and stained with Wright's stain. Spe-
cimens of the lungs, liver, kidneys, spleen,
heart, salivary glands, pancreas, thymus,
adrenals, thyroids, parathyroids, gall blad-
der, urinary bladder, trachea, cerebrum,
cerebellum, medulla, stomach, duodenum,
jejunum, ileum, colon and mesenteric, hepa-
tic, cervical mediastinal and iliac lymph
nodes were collected from each animal for
histopathological examination. At least five,
and sometimes ten specimens were taken
from each portion of the intestine listed.

The tissues were fixed in Zenkers fluid
with acetic acid for eight hours, washed
for two hours in running tap water, placed

in 80 per cent ethanol for three to four
hours and finally processed by the paraffin
method. After sectioning, the tissues were
stained with Harris' hematoxylin and eosin
B. Selected duplicate sections also were
stained by the Feulgen (7) or the May-
Grunwald-Giemsa method. For assessment
of pathological changes, each tissue speci-
men was compared with a corresponding
specimen taken from uninfected mink of
the same age.

Bacteriological studies which were de-
scribed in an earlier report (12) were car-
ried out on specimens of intestinal con-
tents, kidneys, spleen, liver and lungs of
each animal.

OBSERVATIONS
As reported previously (12), clinical

signs of VEM appeared in all of the mink
on PID 4 and regressed rapidly in all sur-
vivors, beginning on PID 10. On the basis
of clinical observations, all of the mink ap-
peared to be affected equally on any given
day during the course of the disease.
The external appearance of mink killed

for examination during the early stages of
the disease was not altered substantially.
However, on PID 7, 8, and 9, all mink sub-
jected to necropsy appeared thin and had
rough, unkempt fur. Dried mucus was ob-
served at the inner canthus of the eyes and
the conjunctivae were severely congested.
When the bodies of such animals were
opened, signs of dehydration and mild ic-
terus were apparent. The mesenteric and
serosal vessels were engorged with blood
and strands of fibrin were often found
overlying the liver, spleen and intestines.
The external appearance of mink ex-

amined on PID 10 through 13 was nearly
normal. Mild congestion of the mesentery
and intestinal serosa persisted, but signs
of dehydration and icterus had virtually
disappeared. Macroscopic and microscopic
lesions which appeared in the intestinal
tract, lymph nodes, spleen, bone marrow,
liver and thymus during the course of the
disease are described in the text which
follows.

INTESTINAL TRACT

Except for mild congestion, no gross
changes were detected in the intestines of
mink examined on PID 2 and 3. However,
microscopic examination revealed an in-
creased proportion of goblet cells in the
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Fig. 1. Degeneration and nuclear inclusion body forma- Fig. 2. Granular nuclear inclusion bodies (arrows) in
tion (arrows) in mucosal epithelium of lower ileum of mucosal epithelial cells of ileum of mink killed on
mink killed on PID 4. H and E stain. X380. PID. 5. H and E. stain. a. X700 b. Xi11O.

mucosal epithelium and increasing numbers
of lymphocytes and other mononuclear leu-
kocytes in the lamina propria. The changes
were most marked in the distal two-thirds
of the ileum.
On PID 4 and 5, the intestines of all mink

examined contained large quantities of
mucus. Moderate congestion of the intes-
tinal mucosa was also observed, but no
other changes were apparent. Microscopic
examination revealed that half to two-
thirds of the epithelial cells lining the
crypts and covering the sides of the villi
had undergone necrosis. Many of the re-
maining epithelial cells contained nuclear
inclusion bodies (Fig. 1, 2). Some of the
inclusions completely filled the nucleus of
affected cells while others were separated
from the nuclear chromatin by a clear zone
or halo. The former were slightly basophilic
and Feulgen-positive; the latter were en-
tirely eosinophilic and Feulgen-negative. In
addition, the latter type of inclusion body
often did not constitute a single discrete
intranuclear mass, but consisted of loose
aggregates of granular material occupying
the central portion of the nucleus. Inclu-
sions similar to both types seen in the in-
testinal epithelium were also observed in
the nuclei of a few large lymphocytes or
reticular cells in submucosal lymph nodules
(Fig. 3). The lamina propria of the in-
testine contained large numbers of mono-
nuclear and polymorphonuclear leukocytes.
The intestines of mink examined on PID

6 were severely congested and edematous.
A readily visible layer of fibrin covered the
mudosa throughout the entire small in-
testine, but was especially prominent in
the lower two-thirds of the ileum. The in-
testinal contents consisted of mucus and

yellowish-green, watery fluid.
Additional accumulation of fibrin on the

mucosa and an increasing fluid content of
the intestine were observed in animals ex-
amined on PID 7 and 8. Concurrently, the
intestine became distended and flaccid, but
the walls remained thickened as a result of
persisting edema. Scattered petechial hem-
orrhages appeared on both the mucosa and
serosa.

Microscopic examination of the intestines
of mink killed on PID 6, 7, and 8 disclosed
progressive necrosis of the mucosal epi-
thelium, increasing edema of the submucosa
and increasing accumulation of leukocytes,
especially neutrophils, in the lamina pro-
pria. Destruction of epithelium covering
the sides of the villi and lining the crypts
was so rapidly progressive and so extensive
in the ileum that even by PID 6, few cells
containing inclusion bodies remained. In
the duodenum and jejunum, however, loss
of epithelium occurred more gradually and

Fig. 3. Nuclear inclusion bodies (arrows) in transi-
tional lymphocytes in submucosal lymph nodule of ileum
of mink killed on PID 5. H and E stain. x1110.
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was incomplete in many areas. For those
reasons, inclusion bodies, although not
prevalent, could be found in the upper por-
tion of the intestine with relative ease
through PID 7 and 8. Both the cytoplasm
and nuclei of epithelial cells underwent
marked swelling in the process of degenera-
tion which preceded necrosis and sloughing.
Such swelling occurred both in cells which
contained inclusions and in those which did
not.
By PID 8, the only intact mucosal epi-

thelium remaining in the lower ileum was
found in crypts overlying submucosal lymph
nodules. In the duodenum and jejunum,
meanwhile, foci of regenerating cells de-
veloped adjacent to areas in which necrosis
was still progressive.

The intestines of mink examined on PID
9 were virtually empty. Fibrin coating the
mucosa had sloughed in a few areas expos-
ing deeply reddened tissue beneath. In such
areas, which were most prevalent in the
ileum, microscopic examination revealed
that the villi were completely denuded and
greatly shortened. In intervening parts of
the intestine, evidence of epithelial cell re-
generation was prominent. Replacement of
cells had progressed most in the duodenum
and jejunum, but had also begun in the
ileum. Inclusion bodies were rare in all
parts of the tract.
On PID 10, the intestines had nearly

normal tone and contents. Mild congestion
and edema persisted, but the layer of fibrin
which coated the mucosa was quite thin.
Areas where sloughing of fibrin and epi-
thelium had occurred were neither numer-
ous nor distinct. Microscopic examination
revealed that regeneration of epithelium

Fig. 4. Lymph follicle in cortex of mesenteric lymph
node of mink killed on PID 6. Most of the small lym-
phocyte3 have been lost from the periphery of the fol-
licle and an amorphous, eosinophilic substance fills the
germinal center. H and E stain. X180.

was nearly complete in the duodenum and
jejunum and was well advanced in the
ileum. Numerous lymphocytes, plasma cells,
macrophages and neutrophils remained in
the lamina propria throughout the intes-
tines.
On PID 13, both the serosal and mucosal

surfaces of the intestine had a yellowish-
tan cast when examined at necropsy. A few
scattered fibrin deposits still adhered to
the mucosa; the rest presumably had under-
gone lysis or had sloughed without serious
disturbance to the underlying tissue. Tone
and contents of the intestines were normal.
Microscopic examination revealed almost
complete regeneration of mucosal epithe-
lieum in all portions of the intestine. How-
ever, cell debris remained in many of the
crypts and leukocytes were still conspicu-
ous in the lamina propria.

LYMPH NODES

No significant gross alterations were ob-
served in the lymph nodes of any of the
mink examined through PID 5. However,
beginning on PID 2, microscopic examina-
tion of the mesenteric and hepatic nodes
revealed increasing evidence of accelerated
lymphopoiesis in the follicles and hyper-
plasia of macrophages in the sinuses. Con-
currently, there was increasing evidence of
lymphocyte necrosis, both in the follicles
and medullary cords. Similar, but much less
striking changes were observed in the cer-
vical, mediastinal and iliac nodes. On PID
4 and 5, nuclear inclusion bodies like those
seen in the intestine and submucosal lymph
nodules were observed in a few of the large
lymphocytes or reticular cells in the ger-
minal centers. Cells containing inclusions
were less frequently observed in the medul-
lary pulp.
On PID 6, the mesenteric and hepatic

nodes of both mink examined were enlarged
as much as five times their normal size.
Cervical, mediastinal and iliac nodes were
enlarged only slightly. The mesenteric
nodes had a soft consistency and exuded
large quantities of clear fluid when incised.
Microscopic examination revealed evidence
of marked edema and lymphocyte necrosis.
The population of small lymphocytes had
been reduced by half or more and the ger-
minal centers contained varying quantities
of amorphous, eosinophilic material in
which only a few reticular cells and transi-
tional lymphocytes persisted (Fig. 4). No
cells containing inclusion bodies were seen
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and there was virtually no mitotic activity
among the lymphoid cells. Large (12 to 20
microns dia). round or oval undifferen-
tiated cells were conspicuous throughout the
nodes, but especially in the medullariy
cords. Morphological and tinctorial features
of such cells varied to some extent, but most
were round or oval with deeply eosinophilic
cytoplasm and hyperchromatic nuclei. The
nuclei were often eccentric in position and
occasionally bore an identation. Cervical,
mediastinal and iliac nodes were slightly
edematous and contained some evidence of
lymphocyte necrosis, but the alterations
were not outstanding.
The population of undifferentiated cells

in the mesenteric and hepatic nodes in-
creased markedly while loss of small lym-
phocytes continued through PID 8. Severe
edema, evident both on macroscopic and
microscopic examination of the nodes, per-
sisted.

Enlargement or fusion of some of the un-
differentiated cells gave rise to moderate
numbers of multinucleate giant cells which
were conspicuous in the mesenteric and
hepatic nodes of mink killed on PID 9 (Fig.
5). Evidence of renewed lymphopoiesis was
also observed on PID 9. Much of the eosi-
nophilic material which had accumulated in
the germinal centers during earlier stages
of the disease had been replaced by reticu-
lar cells and transitional lymphocytes. Mio-
totic figures were prevalent among the new
cells and the zone of small lymphocytes nor-
mally present around the germinal centers
was again evident.
On PID 10, the mesenteric and hepatic

nodes were still slightly enlarged and mod-
erately edematous. However, evidence of ac-
tive lymphopoiesis was present in nearly
every follicle and it was apparent that the

Fig'. 5. Medulla of mesenteric lymph node of mink
killed on PID 9. Cords are filled with hyperchromatic
undifferentiated cells and giant cells. H and E stain.
X180.

population of small lymphocytes in both cor-
tex and medulla had been partially restored.
Because of this, the undifferentiated cells
which had constituted almost the entire cell
population of the cords on PID 8 and 9
were less conspicuous. Giant cells also ap-
peared to be less numerous.
By PID 13, proliferation of lymphocytes

in the mesenteric and hepatic nodes had re-
sulted in enlargement (Fig. 6) and blend-
ing of adjacent follicles in the cortices and
complete restoration of lymphocyte popula-
tions in the medullary cords. Similar, but
less prominent signs of accelerated lympho-
poiesis were observed in the cervical, medi-
astinal and iliac nodes. Signs of edema
were no longer evident in any of the nodes.

SPLEEN

No significant macroscopic changes were
observed in the spleens of mink examined
during the first five days after inoculation
of virus. However, on PID 6, the spleens of
both mink examined were slightly enlarged
and on PID 7, 8 and 9, the spleens of all
mink killed were enlarged three to four
times normal size. The affected spleens
were excessively soft and had a dull red
to tannish-pink color with dark red mot-
tling. The dark red areas were large and
irregular and were ascribed to intense focal
congestion or hemorrhage. Splenomegaly
was less pronounced in mink examined on
PID 10, but the abnormal color and con-
sistency persisted. On PID 13, the spleens
appeared normal except for slight enlarge-
ment and excessive friability.
Some of the histopathological changes in

the spleen were difficult to detect. The dif-
ficulty was attributable mainly to the fact
that the red pulp of the mink spleen is

Fig. 6. Germinal center in cortex of mesenteric lymph
node of mink killed on PID 13. Precursor cells, large
lymphocytes and cells in mitosis are numerous. H and
E stain. X380.
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Fig. 7. Spleen of uninfected mink with normal follicle
(upper left) and red pulp containing myelopoietic and
erythropoietic cells. H and E stain. X70.

populated in part by erythropoietic and
myelopoietic cells with all stages of develop-
ment represented. The classification of un-
differentiated cells within such a mixed
population presented many difficulties.

There were no signs of accelerated lym-
phopoiesis in the splenic follicles during
early stages of the disease. In other re-
spects, changes affecting the lymphoid ele-
ments of the spleen were less striking, but
generally similar to changes observed in the
lymph nodes. Nuclear inclusion bodies were
seen in a few transitional lymphocytes or
reticular cells in the germinal centers on
PID 4 and 5. On PID 6, loss of small lym-
phocytes from the periphery of the follicles
was apparent and evidence of lymphopoietic
activity was reduced. Necrosis and loss of
mature lymphocytes continued through PID
7 and 8. However, the population of pre-
cursor cells and transitional lymphocytes in
the center of the follicles appeared to in-
crease while the amorphous eosinophilic
substance which had accumulated in the
germinal centers practically disappeared
from most of the follicles. Loss of lym-
phocytes from the follicles was accom-
panied by loss of some of the myeloid and
erythroid cells as well as most of the lym-
phocytes from the red pulp. By PID 8, the
red pulp contained virtually no lympho-
cytes and less than half the normal
number of metarubricytes, metamyelo-
cytes, band cells and fully differentiated
granulocytes. Focal congestion, hemorrhage
and mild proliferation of macrophages ac-
companied the loss of such cells. Degenera-
tion and loss of megakaryocytes were ob-
served only in the spleens of mink which
died on the eighth day (Figs. 7 and 8).
By day 10, there was evidence of renewed

Fig. 8. Spleen of mink which died on PID 8. Cell popu-
lations in red pulp are reduced and focal hemorrhages
(arrow) are present. H and E stain. X70.

lymphopoiesis in the splenic follicles, but
the population of lymphocytes and of de-
veloping erythrocytes and granulocytes in
the red pulp remained low. On PID 13, the
splenic follicles were slightly larger than
normal because of the prevalence of transi-
tional lymphocytes and lymphoblasts in the
germinal centers and broadening of the
zones of small lymphocytes which sur-
rounded them. Cell populations in the red
pulp appeared to be nearly normal.

BONE MARROW

The myeloid-erythroid ratios obtained
from cell counts of the marrow of unin-
fected mink in this and preliminary studies
were so highly variable that a range of
values useful for comparison with cell
counts in the bone marrow of infected an-
imals was not established. However,
changes in the cellular constitutents of the
marrow during the course of the disease
appeared to be similar to alterations in the
myeloid and erythroid elements of the
spleen. A considerable reduction in num-
bers of myeloid and erythroid cells in ad-
vanced stages of differentiation was ap-
parent in marrow specimens from mink
examined on PID 7 through 10. Undif-
ferentiated cells and megakaryocytes were
not substantially reduced in number ex-
cept in animals which died on the eighth
day.

LIVER

Nuclear inclusion bodies were observed
in hepatic cells of all mink killed on PID 4
and 5 (Fig. 9). The inclusions were not
numerous. Only rarely was it possible to
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THYMUS

Fig. 9. Nuclear inclusion bodies in hepatic cells of
mink killed on PID 4. Some of the inclusions com-
pletely fill the nucleus (a) while others (b) are sur-
rounded by clear zones. H and E stain. X700.

find areas in the liver specimens which con-
tained more than three or four inclusion-
bearing cells per high power field. Some
inclusions filled the nuclei; most were
separated from the marginated nuclear
chromatin by a clear zone. Like the inclu-
sions observed in the intestine, the former
tended to be finely granular, slightly baso-
philic and Feulgen positive while the latter
were coarsely granular, entirely eosinophilic
and Feulgen negative.

The affected livers were not otherwise
altered except for moderate parenchyma-
tous degeneration. No inclusion bodies were
found in the livers of any of the mink ex-
amined after PID 5; however, parenchyma-
tous degeneration of gradually increasing
severity was observed through PID 10.

Fig. 10. Thymus of uninfected mink with typical, dense
population of small lymphocytes in cortex. H and E stain.
X70.

Loss of small lymphocytes from the cor-
tex of the thymus occurred beginning on
PID 6 and 7. As a result, the histological
distinction between cortex and medulla was
soon lost and the thymic lobules were re-
duced in size. Reticular cells persisted and
appeared to proliferate to some extent, but
the cortex remained almost devoid of lym-
phocytes through PID 13 (Figs. 10 and
11).

Changes in tissues other than those de-
scribed in the preceding text were mild and
appeared to be wholly non-specific. Paren-
chymatous degeneration and congestion de-
veloped in the kidneys and myocardium of
the mink, beginning on PID 5 and 6. The
changes gradually increased in severity
through PID 10. Excessive storage of zy-
mogen granules was observed in the pan-
creas and moderate inspissation with re-
tention of bile in the gall bladder were
observed in mink examined on PID 6
through 8. No significant changes were de-
tected in the other organs examined.

DISCUSSION

A relationship between the formation of
nuclear inclusion bodies and necrosis of in-
testinal epithelium in the infected mink ap-
peared to be clear. However, until it has
been demonstrated that such inclusions con-
tain specific antigens or are related to the
developmnent or replication of mink en-
teritis virus, their significance can only be

44
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Fig. 11. Atrophic thymus of mink killed on PID 13.
Loss of lymphocytes has caused reduction in the size of
lobules and loss of distinctive appearance of cortex.
H and E stain. X70.
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surmised. Should the inclusions prove to
be pathognomonic of the disease, the re-
sults of this study indicate that in
order to demonstrate them, the diagnos-
tic pathologist must seek animals still
in early stages of the disease. Inclu-
sions were numerous in the intestinal epi-
thelium of all mink examined during the
first three to four days after the appear-
ance of clinical signs of VEM. As is often
true in cases of infectious feline enteritis
in fully susceptible kittens, however, de-
struction of intestinal epithelium was so
far advanced by the time the animals ap-
proached a moribund state that inclusions
could rarely be demonstrated. The likeli-
hood that in'clusion bodies would be ob-
served in the liver and lymphoid tissues in
naturally occurring VEM is greatly reduced
by the apparent paucity of inclusions, as
well as their early and transient occurrence
in those sited. Cytoplasmic inclusions which
were observed by Myers and Fritz (11) in
the intestinal mucosa in VEM were not ob-
served in any of the mink examined in the
course of the study.
The nuclear inclusions observed in the

intestines, lymph nodes and liver could be
placed into one of two general categories
based on their structure and staining qual-
ities. One form of inclusion was eosino-
philic, Feulgen negative, distinctly granular
and separated from the marginated chro-
matin and nucleolus by a clear zone or halo;
the other type was moderately basophilic,
Feulgen positive, finely granular or homo-
genous and filled the entire nucleus. Ac-
tually, many minor structural and tinctorial
variations were represented among inclu-
sions within each category. Forms resem-
bling several of the developmental stages
of feline panleukopenia inclusion bodies
depicted in a report by Johnson (4) were
seen. The nuclear inclusion observed by
Myers and Fritz (11) in the intestines of
mink with VEM reportedly were all of the
Cowdry (1) type A, Feulgen negative
form. Intestinal inclusion bodies observed
in most early studies on feline panleuko-
penia have also been described as type A
(2, 3, 6) and Feulgen negative (8). More
recently, however, Lust, Gorham and Sato
(9) demonstrated that the fully developed
nuclear inclusion bodies, produced by a
variant of feline panleukopenia virus in
tissue cultures, were DNA positive.
The destruction of lyphocytes in the

lymph nodes, intestinal lymph nodules,
spleen and thymus during the course of

VEM is an intriguing aspect of the dis-
ease. Although perhaps a non-specific
phenomenon, this effect almost certainly
contributed to the occurrence of lympho-
penia in the mink (12) and warrants ad-
ditional study. Similar changes have been
observed in the lymphatic organs of germ-
free cats following inoculation with feline
enteritis virus (15). The consistent find-
ing of such changes in the absence of in-
testinal lesions led the authors to speculate
that "lymphocytes may be the target cells
for the virus." Repeated observation of
lymphocyte depletion (8, 14) and of the
occurrence of inclusion bodies in the lym-
phatic tissues of cats infected with infec-
tious enteritis virus (2, 3, 6, 8) lends con-
siderable support to such a hypothesis. The
paucity of inclusions observed in sites of
lymphocyte destruction is not incongruous
considering the variety of factors which
may influence viral cytopathic effects. In
attempting to discover the cause or causes
of lymphocyte destruction in both VEM
and feline enteritis, consideration must be
given to influence of the diseases on
adrenal secretions as well as to the possible
action of a lymphocytolytic product derived
from virus infected cells.

Since little evidence of necrosis in prog-
ress was observed among erythropoietic
and myelopoietic cells in the spleen or bone
marrow of the mink, the mode of cell deple-
tion in those elements would seem to differ
from that which resulted in loss of cells
from the lymphatic organs. Large numbers
of immature myeloid cells have been ob-
served in the blood of mink seven to nine
days after infection with mink enteritis
virus (13). Whether this occurrence bears
any relationship to the disappearance of
partially differentiated blood cells from the
spleen and bone marrow which begins
around the sixth day after infection is not
known. However, maturation arrest in the
hematopoietic tissues could be responsible
for both phenomena.
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Book Review
EXPERIMENTAL MEDICINE AND SURGERY IN
PRIMATES. Annals of the Newv York Aca-
demy of Sciences, Volume 162, Article 1,
June 3, 1969. Editor-in-Chief: Marc Krauss.
Consnlting Editors: Edward I. Goldsmith
and J. Moor-Jankowski. Published by the
New York Academy of Sciences, 704 pages.
Price $32.50.

This publication reports the proceedings
of a conference entitled "Experimental
Medicine and Surgery in Primates" held in
New York in September, 1967.
The conference was the first of two such

gatherings in which investigators utilizing
primates in biomedical research assembled
to report their results and observations.
The more than 70 papers presented are

grouped into eight categories, namely:
Taxonomy and Comparative Biology, Car-
diovascular Studies, Phylogenetics, Peri-
natal and Related Problems, Procurement
and Maintenance, Experimental Surgery,
Infectious Disease and Toxicology.

Specific topics receiving detailed cover-
age include: atherosclerosis and transplan-
tation immunology and the role of immmu-
noglobulins in determining the phylogenetic
relationships between man and the lower
primates.
The six papers discussing atherosclerosis

provide an excellent summary of the then
current situation with respect to the ex-
perimental production of this disease in

the subhuman primate. The data reported
would be necessary reading for one em-
barking on research into this field. The
same may be said of the papers discussing
transplantation immunology; however, re-
search is progressing so rapidly in this
area that much of what was then reported
must now be reassessed.
One hundred and thirty-two authors have

contributed to this work, most of them
leading authorities in their respective
fields; consequently, many of the papers
are highly specific and are of interest only
to individuals engaged in investigations
into the specific subjects covered.
The preponderance of papers are oriented

towards medical research; however, two
sections which may be of interest to the
veterinarian are those discussing procure-
ment and maintenance of nonhuman pri-
mates and infectious disease. These, how-
ever, provide minimal new information for
the individual familiar with primates and
insufficient for the unindoctrinated.

In summary it may be said that this
publication offers little to the veterinarian
seeking only to familiarize himself with
primates and the problems associated with
their maintenance and care in the lab-
oratory. However, the investigator intend-
ing to use these animals in any study in
the biomedical sphere will find the book
both a useful and valuable addition to his
library. - M. J. Wa1croft.
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