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Introduction

Equine viral rhinopneumonitis (EVR) was first
described as a specific syndromes, acute respir-
atory catarrh in young horses and abortion in

pregnant mares in the United States by Dimock
' and Edwards® in 1933. Since then the disease wa-

s confirmed in Germany, Yugoslavia, Australia,

United Kingdom, Canada, Japan and South Africa.

Epidemiological studies on the disease have been
conducted by Dimock et al.,** Doll and Bryans, &7
Doll et al.® and Jeffcott and Rossdale.® Pathol-
ogical studies of aborted fetuses have been repor-
ted by Westerfield and Dimock', Jeleff'®), Kaw-
akami et al.'® or Corner et al.®

The authors have surveyed a epizootic of tran-
sitory respiratory disease and abortion of the
pregnant rhares at Seoul race course which was
the only place for horse breeding and racing in
Korea from December 1978 to May 1979, and pre-
sented the results of the study on the cases of
EVR outbreaks as the first report of the disease.

Materials and Methods

Clinical Examination

The 517 horses at Seoul race course were inspe-
‘cted for respiratory condition from December 1978
to January 1979. The home countries and ages of
the horses were listed in Table 1.

Table 1. Inspected Horses for Respiratory
Condition
Home Countries
of the Horses Number Age Number
Japan 251
U.S.A. 126 2~5 Years 371

Australia 66 6~10 Years 146
Canada 60
Korea 14
Total 517 517

Pathological Examination

A total of seven aborted fetuses was obtained
for pathological study. Six of them were subjec-
ted to necropsy. Tissue specimens were fixed in
10% buffered formalin, prepared into paraffin
sections and stained with hematoxylin and eosin
for microscopic observation.

Results

Clinical History

Respiratory symptoms were suddenly developed
in 222 of the inspected horses from December 1978
to January 1979 with 42.9% of incidence rate. Age
distribution of the clinical cases is shown in
Fig. A representing higher incidence of the
respiratory symptom in the younger horses Aged
2 to 5 years than in the older animals from 6 to
to 5 years old

10 years. Young horses from 2
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showed typical upper respiratory signs, revealing
slight hyperemia of nasal and conjunctival muco-
sae, dry cough, nasal discharge and mild trsnsi-
tory fever. The symptoms were recovered in a
short period. Any complicated case with severe
symptoms was not recognized throughout the
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Fig. A. Age distribution of clinical cases of
the inspected horses.

Six of ten pregnant mares aborted dead fetuses
without premonitoring singns between January
26th, 1979 and mid May 1979. Two of them were
enclosed within the fetal membranes. Abortion
occutred between 7 months and 11 months gesta-
tions. Ages of the mares and the fetuses at the
time of abortion and abortion date are shown in
Table 2.

Since the last abortion on May 15th, 1979, no
more abortion cases have been recorded in the
herd. Within 4 months following the first outbr-
eak of abortion, all the reproductive conditions
of the mares returned to normal.

Table 2. The Mares Accompanied with Ator-
tion and the Aborted Fetuses

Age Age of
Name of Home bg Aborted Date of
Mares Country Zars Fetus by Abortion
y Months
Picnic U.S.A. 7 7 Jan. 26, 1979
Jamboree U.S.A. 7 9  Mar. 9, 1979
Choeumsok Japan 4 9 Mar. 15, 1979
Julia Japan 11 10 Mar. 17, 1979
Sevenexer Japan 4 8 Apr. 18, 1979
Seoungsan Japén 5 11 May. 14, 1979
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Gross Pathology of The Aborted Fetuses

All aborted fetuses showed characteristic and
diagnostic lesions. Edematous thickening was
noted at the conjunctiva. of the eyes, mandibular,
cervical, umbrical or prepuce regions of the skin
(Fig. 1).
evident in the skin of foot pads.

Icteric discoloration was particularly

Excess accamulation of clear, vellow fluid in
which the lung lobules were floated was found in
the thoracic or peritoneal cavities (Fig. 3). Two
of six fetuses showed excessive bloody fluid in
the thoracic and peritoneal cavities (Fig. 4). An-
other two cases presented cloudy thickening of
the peritonéum with villi like appearance of the
surface.

The lungs were hyperemic and edematous with
heavy and rubbery consistency. Edematous thicke-
ning was confined to the interlobular septa and
subcapsular tissue with frequent petechiation or
ecchymoses (Fig. 6). The pericardial sac was
cloudy and edematous, and contained a little
amount of clear fluid. Many hemorrhages, vary-
ing from petechiae to ecchymoses, were present
subjacent to the epicardium, particularly in the
ventricles at the coronary and in the left longit-
udinal grooves. The thymus was hyperemic and
edematous especially at the capsule and interlob-
ular septa and in the two cases creamy fluid
exuded from the cut surface.

The spleen was enlarged with hyperemia, hem-
orrhages and unusual prominernce of the follicles
and showed soft consistency. The livers of all
fetuses were hyperemic showing various numbers
of necrotic foci up to 2mm in diameter on surfa-
ces and in parencyma (Fig. 5). Fundic mucosa
of the stomach showed gelatinous thickening and
hyperemia. In the two cases of the fetuses, the
esophagea] mucosa of the stomach beared multiple
vesicles with blood clots (Fig. 7). The vesicles
were variable in size ranging from 2 to 5mm in
diameter. Small intestine was hyperemic and gel-
atinously thickened, and in the two cases fibrin-
onecrotic patches were recognized at the ileum mu-
cosa showing petechiae, ecchymoses and the thiclk-

ened peyer’s patches (Fig. 8). The kidneys revea-



led cloucy end mottled arpeerance. The meninges
of the brains were severely hyperemic and edema-
tous, and revealed subdural ecchymoses at the ba-
ses or other parts of the cerebral hemispheres.
Histopathology of the Aborted Fetuses
Liver: Marked hyperemia accompanied with he-
morrhage and necrosis was confined to the livers
of all the fetuses. Distinct dilation of the central
vein, sinusoid and portal vein resulted in defor-
Var-
ying degrees of fatty degeneration at peripheral

mation and dissociation of the liver cells.

site of Jobule were seen and interlobullar connec-
tive tissue was more prominent due to edematous
change. All livers examined showed focal necr-
osis being characterized by varying degrees of
karyorrhexis and no cellular infiltration (Fig. 9).
Typical Cowedry type A, eosinophilic inclusion
bodies were observed in the hepatic cell around
or in the necrotic foci (Fig. 10). The
body was demonstrated in five of the six fetuses.

inclusion

In two cases the inclusions were found in the

bile duct epithelium.

Lung: Microscopically the lungs exhibited mar-
ked congestive edema and hemorrhage. Interlobu-
lar septa were greatly distended by loose arrang-
ement of the connective tissue cells. In the bron-
chi and bronchioles proliferation and desquamation
of the epithelium were prominent (Fig. 11). In
two cases typical inclusions were found in the

bronchiolar epithelium (Fig. 12).

Spleen: The spleen displayed marked hyperemia,
hemorrhage and necrotic changes. In the red pulp
various chahges including pronounced hyperemia,
proliferation and necrosis of the reticular cells
made original architecture of the tissue obscure
(Fig. 13). Lymphatic follicles were well defined
with edematous enlargement and central necrosis
showing karyorrhexis and pyknosis of the lymph-
atic cells (Fig. 14). In four cases the intranuclear
inclusions were evident in the reticular cells of
the red pulp (Fig. 14).

Lymph node: In the subcapsular space and the
medullary cords there were distinct hyperemia
and hemorrhage. Subcapsular and peritrabecular

sinuses were distended by proliferated reticular

celis znd lymphetic cells. Medullary and paracor-
tical areas exhibited diffuse hyperplasia and sw-
elling of the reticular cells accompanied with
zonal necrosis (Fig. 17). Lymphatic follicles are

hyperplastic, necrotic changes revealing loose
texture of the tissue and cellular debris(Fig. 18).
In the 4 cases of fetuses, the inclusion bodies
were found in the reticular cells of paracortical
or medullary areas (Fig. 19).

Thymus: The capsule and interlobular septa
showed edematous thickening. Cortex or medull-
ary areas of the lobules were accompanied with
distinct hyperemia and hyperplasia of reticular
cells, being infiltrated with many eosinophilic
leukocytes (Fig. 20). Also in the cortex hyperpl-
astic reticular cells and lymphatic cells reveafed
necrotic changes (Fig. 21). The inclusion bodies
were found in a few reticular cells in the medul-

lary area of the lobules (Fig. 22).

Table 3. Summary of Histopathology for the Six
Cases of Aborted Fetuses

o T X
issue | Histological Changes with ith
Changes s?:tll‘;-
Liver Congestion, focal necro- 6 5
sis
Spleen | Congestion, hemorrhage, 6 4
edema of follicle with
necrosis, reticular hy-
perplasia and necrosis
Lymph | Congestion, hemorrhage, 6 4
node lymphoid exhaustion,

reticular hyperplasia
an‘d'necros'is ’ '
Thymus| Reticular hyperplasia 6 5
and necrosis with easi-
nophilic infiltration
Congestion, edema, he-| 6 3
morrhage  hyperplasia
and sloughing of bron-
chial epithelia

Congestion, tubular deg- 5 0
eneraton

Congestion, edema, cyto- 4 0
plasmic vacuolation o
interstitial cells _
Congestion, edema 6 0

- L €

Lung

Kidney

Testis

Brain
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Stomach: Esophageal mucosa with multiple ve-
sicles were microscopically observed with papilla-
1y projections of mucosa accompanied with epith-
elial proli_feration and necrosis (Fig. 24).

Small intestine: Affected small intestine showed
hyperplasia and sloughing off mucosal epithelium,
and severe edema and hemorrhage of lamina pro-
pria or submucosa. In the ileum Peyer’s patches
were showed with necrosis of reticular cells and
lymphatic cells, and the fibrino-necrotic membr-
ane of the mucosa.

Testis: In the testis marked edematous change-
induced thickening of septula testis and loose arra-
ngement of interstitial cells (Fig. 23). Histological
findings on the various organs of the aborted fetu-
ses were summerized as (Table 3).

Discussion

A respiratory disease ccompanied with abortion
occurred in the horses stabled in Seoul race
course between December 1978 and May 1979. and
was diagnosed as EVR by the results of epidemi-
ological and pathological studies on the disease.

For four weeks from December of 1978 to Janu-
ary of 1979 42,9% of the inspected horses showed
transitory respiratory symptom. and 60% of the
pregnant mares aborted dead fetuses at the late
gestation of pregnancy. The disease terminated
within four months after the first outbreak of
abortion. The obtained epidemiological data incl-
uding seasonal incidence of rhinopneumonitis and,
age distribution of the mares involved and the
aborted fetuses were essentially similar to those
reported by Doll and Bryans”
State.

in the Kentucky

Jeffcott and Rossdale®” indicated that most cas-
es of EVR in United Kingdom were sporadic and
few abortion had been encountered since 1963.
Platt'®> gave an incidence of only 3 percent of
all abortions between 1969 and 1971 in United
Kingdom. Doll and Bryans™ reported infrequent
occurrence of the abortion in comparison to the
widespread dissemination of the disease in young
horses in United States. Bagust et al'> reported
that 83% of Australian horses had been exposed to

the infection but few abortion stormed. In these
countries most race horses might maintain a high
level of immunity by frequent reinfections cur-
ing their racing and after returning to farms.

The race horses in Korea have been under a un-
ique circumstance in terms of management and
breeding in particular. The Seoul race course has
ever been the only place for horse breeding and
racing in the country. Most of the horses have
been imported from several countries like Austr-
alia, Canada, United States and Japan. Theref-
ore, this horse colony of the country has been
faced risks for infectious diseases introducing from
foreign countries. Sixty horses were imported fr-
om Canada on late November 1978 and eleven of
them showed respiratory symptom during the qua-
rantine. After keeping them in the stables of Seoul
race course, the respiratory signs and abortion we-
re stormed in most of the barns in he race course.
Since the disease has neve been reported in Kerea,
the authors consider that the disease might be
introduced from overseas. Storming aspect of the
epizootic might be suggestive of the first outbr-
eaks of EVR in Korea.

The gross and histopathological findings in the
six aborted fetuses examined were very similar
to those reported by Westerfield and Dimock!®,
Jeleff'®, Kawakami et al'®. and Corner et al?".
But incidences of the inclusion bodies in the
organs were varied by these authors. Westerfield
and Dimock'®> observed the inclusions in liver
cells, biliary epithelium, bronchiolar epithelium,
alveolar epithelium, endothelium and smooth mus-
cle fiber of the small vessels, reticular cell of
the spleen, lymph node, thymus and Peyer’s pa-
tches. Kawakami et al'®, detected the inclusions
in live cell, biliary epithelium, Kupffer cell and
reticular cells of the spleen  but not in the lung
and thymus. The highest incidence of inclusjons
was recorded by Corner et al®. who demonstra-
ted the inclusions even in myocardial fiber, pan-

creatic acinar cell, and mucosal

epithelium of
the small intestine. The incidence of the inclusi-

ons in the organs might be variable by the prog-

ressive stages of the disease.
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Conclusion
The authors inspected 517 horses from Decemb-
1979 at

which was the only place for horse breeding and

er, 1978 to January, Seoul race coures
race in the country, and found out many horses
were suffered from a respiratory disease. By clinical
examination for the horses incidence of the rospi-
ratory disease was defined as 42.9% of exami-

ned animals. Among the diseased horses 6 cases
of 10 pregnant mares aborted dead fetuses at late
gestation of pregnancy between the last decade
of January of 1979 and mid May of 1979.

The aborted fetuses represented distinct gross
lesions such as excess accumulation of thoracic
fluid, congestive edema and hemarrhagic changes

of the most organs.

Histological lesions of the fetuses revealed
multiple focal necrosis of the liver, proliferation
and slounghing of the bronchiolar epithelium,
extensive hyperplasia and necrsis of reticular
cells of the spleen, lymph nodes, Peyer’s patc‘hes
and thymus. The typical inclusions belonging to
Cowdry type A were found in the liver cells in
the periphery of focal necrosis, epithelium of the
bronchiolar epithelium, and reticular cells of the
spleen, lymph nodes and thymus. It was deter-

mined that these findings of the aborted fetuses
would be histological evidence for equine viral
rhinopneumonitis. Storming aspect of the dis-
ease among the horses might be suggestive of the
first outbreak of equine viral rhinopneumonitis

in Korea.

Legends for Figures

Gross appearances of the aborted fetuses

Fig. 1. The aborted fetus at 9th month of gestation showing edema and jaundic discoloration ef the

skinnd foot pads.
Fig. 2. The aborted twin fetuses at
Fig. 3.
of the lung (1) are floated in the fluide

7th month of gestation.
Excess accumulation of clear fluid in the thoracic cavity of an aborted fetus (arrows). Lobes

Fig. 4. Dark hemorrhagic fluid in the thoracic cavity of an aborted fetus (arrows).

Fig. 5. Surface of the liver from an aborted fetus showing multiple focal spots of necrosis (arrows).

Fig. 6. Swelled, edematous
(arrows).

Fig. 7.
(arrows).

Fig. 8.
and crust formation (n).

Histolegical lesions of the aborted fetuses

Fig. 9. Focal necrosis (n) in the hepatic lobule.

Fig.10. Higher magnification of Fig.9 presents typical eosinophilic

lobe of the lung from an aborted fetus shows petechiae and echymoses

Esophageal resion of the gastric mucous membrane bears multiple vesicles with hemorrhage

Congestive and hemorrhagic mucous membrane of the ileum from an Peyer's patches (arrows)

inclusions(arrows) in the

Fig. 1L

Fig.12.

nuclej of the liver cells with margination of nuclear chromatin.. Hematoxylin and eosin (H. E).
Stain, x 500.

The lung lobules from an aborted fetus present sloughing of proliferated elithelium of the
bronchioles (arrows) and edematous changes of the alveoli. H.E. stain, X 6.5.

Intranuclear inclusions in the bronchiolar epithelium (arrows). H.E. stain, X 500.
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Fig.13.

Fig. 14.

Fig.15.

Fig.16.

Fig.17.

Fig.18.

Fig.19.

Fig. 20.

Fig.21.

Fig. 22,
Fig.23.

Fig.24.

The lesion of the spleen from an aborted fetus reveals edematous lymphatic follicle (f) and
zonal necrosis of reticular cells in the red pulp (n). H.E. stain, x 10.

Higher magnification of Fig.13 presents nuclear debris in the edematous lymphatic follicle
H.E. stain, X 50.

Higher magnification of Fig. 13. showing extensive necrosis of the reticular cells(n) and
intranuclear inclusions in the enlarged reticular cells (arrows). H.E. stain, x 66.
Intranuclear inclusions in a reticular cell of red pulp of the spleen (arrow).H.E. stain, x 33.
The lesion of the lymph node from an aborted fetus represents marked congestion in the
capsule (arrows) and follicular necrosis with edema(f) and necrosis of paracortical area(n)
H.E. stain, X 6.5.

Higher magnification of Fig. 17 showing numerouas nuclear debris in the follicle. H.E.stain,
X 50.

Intranuclear inclusions in the reticular cells of medullary cord of the lymph node. H.E.
stain, X 330.

The medullary resion of the thymus lobule represents distinct swelling of the pro liferated
reticular cell (arrows) and infiltration of eosinophils(e). H.E. stain, x 200.

The medullary resion of the thymus lobule shows massive necrosis of reticular cells(n) with
pyknotic nuclei (arrows). H.E. stain, X 100.

Intranuclear inclusion in the reticular cell of the thymus. H.E. stain, x 500.

The lesion of the testis from an aborted fetus presents marked congestion{arrows) and edema
between the interstitial cells(j). H.E. stain, x 500.

Vesicular lesion of the gastric mocosae presents zonal subepithelial hemorrhage(h). vacuola-

tion of epithelial cells (arrow) and necrosis of the proliferated epithelium(n). H.E. stain,
x T
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