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Summary

The pathogenicity of equine herpesvirus (EHV)-9, a new neurotropic equine herpesvirus isolated from ga-
zelles, was assessed in pregnant rodents (mice and hamsters) following intranasal inoculation. The pregnant
female mice and hamsters were inoculated with EHV-9 in the early or late trimesters. The inoculated animals
exhibited mild to severe neurological signs and gave birth to dead or undersized fetuses. All three mice and four
hamsters inoculated in the first trimester had varying degrees of placental abnormality, characterized bymark-
edly dilated maternal blood sinusoids, atrophy of the trophoblast cells and necrosis of the middle layer of the
trophoblast. There was also endometrial blood vessel congestion and necrosis and disorganization of the fetal
capillaries in themice and hamsters inoculated in the last trimester. EHV-9 antigen was detected in the brain of
dams and the lungs of the fetuses and in the middle of the trophoblast layer of the placenta in hamsters inoc-
ulated in the first trimester. The placental lesions were milder in mice than in the hamsters. The mice and ham-
sters inoculated in the last trimester had more prominent lesions than the animals inoculated in the first
trimester. These results suggest that EHV-9 can cause the death of the fetus or abortion and that these events
may be secondary to placental vascular compromise.

� 2010 Elsevier Ltd. All rights reserved.
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Introduction

Equine herpesvirus (EHV)-9 is the newest member of
the family of equine herpesviruses and was isolated
from Thomson’s gazelles (Gazella thomsoni) that died
of fulminant encephalitis (Fukushi et al., 1997;
Yanai et al., 1998). EHV-9 was shown to be most
closely related immunologically to a common
equine herpesvirus, EHV-1; however, its DNA
fingerprint is different from that of EHV-1 and
other equine herpesviruses (Fukushi et al., 1997). Al-
though the natural host of EHV-9 is unknown,
a member of the family Equidae is suspected to be
a natural host, as domestic horses (Equus caballus) in-
oculated intranasally with EHV-9 exhibited mild en-
cephalitis, but with no resulting deaths (Taniguchi
et al., 2000a). In addition, 60% of a population of
ondence to: T. Yanai (e-mail: yanai@gifu-u.ac.jp).
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45 wild Burchell’s zebras (Equus burchelli) in Tanzania
had a high seroprevalence for EHV-9 without exhib-
iting any clinical signs (Borchers et al., 2005).

More recently, EHV-9 has come to attention because
of spontaneous infections that occurred in animals in
zoological collections, including a giraffe (Giraffa camelo-
pardalis reticulata) (Kasem et al., 2008), a polar bear with
progressive encephalitis (Schrenzel et al., 2008;Donovan
et al., 2009) and a Persian onager (Equus hemionus onager)
that suffered spontaneous abortion. EHV-9 was
recovered from the tissues of the aborted fetus of the
Persian onager and the dam was known to have been
in close proximity to a Grevy’s zebra. Polymerase
chain reaction (PCR) testing and DNA sequencing
analyses of the DNA transcript showed that the
onager had an EHV-9 identical to that found in the
polar bear (Schrenzel et al., 2008).

Experimental studies have been conducted in vari-
ous animal species by nasal inoculation to clarify the
� 2010 Elsevier Ltd. All rights reserved.
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infectivity of EHV-9. Fatal acute encephalitis was in-
duced inmice and rats (Fukushi et al., 1997), hamsters
(Fukushi et al., 2000), goats (Taniguchi et al., 2000b),
pigs (Narita et al., 2000) and dogs and cats (Yanai
et al., 2003a,b). Encephalitis was induced despite the
fact that different inoculation routes were used, as in
the case of pigs which were infected orally with
EHV-9. Comparison with the effects of EHV-1,
which has a close immunological relationship to
EHV-9 and induces abortion in mares (Allen and
Bryans, 1986), has not yet been made. The aim of
the present study was to determine the effects of
EHV-9 on pregnant animals.
Materials and Methods

Virus Culture

MadineDerby bovine kidney (MDBK) cells were
used for propagation of EHV-9. The inocula were
prepared by culturing the virus from original seed
stocks of EHV-9 (P19, 5th passage in MDBK cells)
in MDBK cells. The virus was titrated by plaque for-
mation assay on MDBK cells.
Animals and Treatments

Mice. Fifteen 10-week-old female ICR mice that
were 3 days pregnant were purchased from a breeder
(SLC Inc., Hamamatsu, Japan). They were acclima-
tized for 2 and 12 days for the first and third groups,
respectively. The animals were divided into three
groups. The first group (n¼ 5) was inoculated intra-
nasally with 100 ml (4� 105 plaque forming units;
pfu) of EHV-9 virus solution in the first trimester
(day 5 of gestation). Two animals were killed at 2
and 3 days post-inoculation (dpi) for virus isolation,
and the other three animals were sacrificed when
they exhibited severe neurological signs or were mor-
ibund, up to the end of gestation (day 20). The second
group (n¼ 4) was inoculated with minimum essential
medium (MEM) intranasally and was used as a con-
trol group. All of the animals inoculated with 100 ml
(4� 105 pfu) in the first trimester exhibited neurolog-
ical signs and died, so the amount of virus solution was
halved in animals inoculated in the last trimester. The
third group (n¼ 6) was inoculated intranasally with
50 ml of (4� 105 pfu) EHV-9 virus solution in the
third trimester (day 15 of gestation); two of these
animals were used for virus isolation at 2 and 3 dpi,
while the other four animals were kept until the
end of pregnancy and used for histopathological
examination.

Hamsters. Seven 10-week-old female Syrian ham-
sters (Mesocricetus auratus) were purchased from
a breeder (SLCInc.,Hamamatsu, Japan) on the third
day of gestation, and eight 10-week-old female Syrian
hamsters were purchased from the same breeder on
the seventh day of gestation. They were acclimatized
for 1 and 3 days, respectively. The animals were
divided into three groups, with the first group consist-
ing of four animals and the second group of five ani-
mals. They were inoculated intranasally with 50 ml
(4� 105 pfu) of EHV-9 virus solution on the fourth
day of gestation (first trimester) or 50 ml
(2� 106 pfu) on the tenth day of gestation (third tri-
mester), respectively. Of the third group (n¼ 6),
three were used as controls for each of the previously
described groups. The titre of virus solution for
animals treated in the last trimester was greater
than that in animals treated in the first trimester,
based on reports of experimental infection of EHV-1
in pregnant rodents (Awan et al., 1995; Walker
et al., 1999). In general, a higher dose of EHV-1 was
needed to induce abortion than to induce
respiratory signs (Kukreja et al., 1998).

The animals were killed when they exhibited severe
clinical signs or were moribund, or were kept until the
end of pregnancy (day 16)when conditions permitted.
The animals were examined for clinical signs and
evidence of abortion several times daily. The animals
werehoused in an isolatedbiohazard cabinet, fedbasal
pellets (Oriental MF, Oriental Yeast Co., Tokyo,
Japan) and given bottled sterilized water ad libitum.
Virus Isolation

Virus isolation was attempted with samples collected
at the time of necropsy examination, including sam-
ples of the internal organs and brains from the fetuses,
and the placentas. The tissues were homogenized and
resuspended inMEM. Isolation was by inoculation of
MDBK cell monolayers. Inoculated cells were incu-
bated at 37�C for 2e4 days and the monolayers
were then observed for cytopathic effect (CPE).
Necropsy Examination, Histopathology and

Immunohistochemistry

A complete necropsy examination was performed
immediately after the animals were killed by exsan-
guination under deep anaesthesia. The nasal cavity,
brain, heart, lungs, liver, spleen, kidneys, stomach,
small and large intestines, uterus, placentas and
fetuses were collected and fixed in 7% buffered para-
formaldehyde. After fixation, the organs and tissues
were dehydrated and embedded in paraffin wax, sec-
tioned (5 mm), stained with haematoxylin and eosin
(HE) and examined by light microscopy. Parts of
the internal organs and brains from the fetuses and



Table 1

Clinical signs and numbers of fetuses (dead or alive) in

mouse dams inoculated with EHV-9

Animal Inoculation Neurological signs* No. of fetuses (dead/alive)

Inoculated in the first trimester

1 100 ml (4� 105 pfu) ++ ND (#)

2 100 ml (4� 105 pfu) ++ ND (#)

3 100 ml (4� 105 pfu) +++ ND (#)

4 100 ml (4� 105 pfu) ND ND (virus isolation)
5 100 ml (4� 105 pfu) ND ND (virus isolation)

6 MEM e 0/12

7 MEM e 0/12

Inoculated in the last trimester

8 50 ml (4� 105 pfu) e 0/1

9 50 ml (4� 105 pfu) e 0/4

10 50 ml (4� 105 pfu) ++ 8/10
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the placentas were collected in MEM and stored at
�80�C for virus isolation for mice numbers 4, 5, 12
and 13, and hamster numbers 1e4 and 8e12.

Sections of the placenta, uterus, brain, lungs, spleen,
liverandkidneys of thedamsand fetuseswere immuno-
labelled with rabbit antiserum specific for EHV-9 by
the avidinebiotin complex (ABC) immunoperoxidase
method, as described previously, using ABC kits (Vec-
tor Laboratories, Burlingame, California). The
EHV-9 antiserumwas produced in theVeterinaryMi-
crobiologyLaboratorybyDr.H.Fukushi andwasused
at a dilution of 1 in 800.After application of the second-
ary antibody (biotinylated anti-rabbit IgG; DAKO
Cytomation, Carpinteria, California) the sections
were counterstained with haematoxylin.
11 50 ml (4� 105 pfu) ++ 7/10

12 50 ml (4� 105 pfu) ND ND (virus isolation)

13 50 ml (4� 105 pfu) ND ND (virus isolation)
14 MEM e 0/12

15 MEM e 0/12

*Severity of neurological signs (+) mild, (++) moderate, (+++)

severe. MEM, minimum essential medium; ND, not determined; (#)

the number of dead/alive fetuses was not determined because of sudden
death.
Results

Clinical Signs, Gross Findings and Number of Fetuses

Mice. All three of the pregnant mice inoculated with
100 ml of (4� 105 pfu) EHV-9 virus solution in the first
trimester (day 5 of pregnancy) showed rapidly progress-
ing neurological signs consisting of tremor and convul-
sions, as well as nasal discharge and ruffled fur.
Subsequently, the affected mice became comatose and
died after 24 or 36 h. The fetuses were smaller in size
than those in the control group at the same gestational
stage. The ratio of dead to live fetuses could not be deter-
mined because the animals had died suddenly. Based on
the severity of the clinical signs and the mortality in
animals inoculated in thefirst trimester, thevolumeofvi-
rus solutionwas decreased to 50 ml (4� 105 pfu) inmice
inoculated in the third trimester (day 15 of pregnancy).

Two dams (numbers 10 and 11) inoculated with
50 ml (4� 105 pfu) of EHV-9 virus solution in the
third trimester of pregnancy (day 15 of pregnancy)
exhibited severe neurological signs, ruffled fur and
nasal discharge. The dams inoculated in the third tri-
mester gave birth to only one, four, ten and ten fetuses
respectively, all of which appeared to be smaller in
size than those of the controls. Two dams (numbers
10 and 11) with marked clinical signs gave birth to
eight and seven dead fetuses respectively and these
were bluish in colour. The dams used as controls
each gave birth to 12 healthy fetuses. The numbers
of fetuses born dead and alive are shown in Table 1.
All of the dams inoculated with EHV-9 in the last tri-
mester gave birth at the same gestational time (20
days of pregnancy) as the controls, indicating that in-
oculation and infection of EHV-9 inmice do not affect
the length of gestation.

Hamsters. Two (numbers 3 and 4) of the four dams
treated with 50 ml (4� 105 pfu) of EHV-9 virus solu-
tion in the first trimester (day 4 of pregnancy)
exhibited severe neurological signs consisting of
tremor and convulsions, as well as nasal discharge
and ruffled fur. Dam number 3 had neurological signs
after 6 dpi, but this animal was kept until the end of
pregnancy (day 16 of pregnancy) and then killed.
At necropsy examination, dam number 3 was severely
emaciated and had only four dead, undersized fetuses
in the uterus, which was distended with a large
amount of gas together with blackish luminal fluid.
Dam number 4 was severely emaciated, with marked
loss of body weight, and had severe nasal and lachry-
mal discharges, as well as tremors and convulsions,
paralysis in the right fore- and hindlimbs, and occa-
sional whole body spasm. At necropsy examination,
dam number 4 showed no gross lesions in any of the
viscera, but all fetuses were undersized and found
dead in the uterus, evidently aborted (Fig. 1). There
was variation in the diameter of the pregnant uterus
because of irregularities in the sizes of the fetuses
due to retarded growth of some of the fetuses.

Dams number 1 and 2 showed decreases in body
weight and gave birth to five and eight fetuses, respec-
tively, that were somewhat undersized compared
with those in the control animals (Group 3). None
of the control animals exhibited any clinical signs or
gross abnormalities, and all gave birth to 10 healthy
fetuses of normal appearance.

Two (numbers 8 and 11) of the five dams inocu-
lated with 50 ml (2� 106 pfu) on the tenth day of



Fig. 1. Uterine horn with dead fetuses that appeared to have been
aborted (arrow).
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pregnancy (third trimester) had severe neurological
signs similar to those of the animals inoculated in the
first trimester at 5 dpi and one (number 8) gave
birth to eight dead fetuses with no surviving fetuses.
Another (number 11) had two dead and 10 live
fetuses. The numbers of dead and live fetuses are
shown in Table 2.

Virus Isolation

EHV-9 virus was not isolated from the placentas or
the fetuses in both mice (numbers 4, 5, 12 and 13)
and hamsters (numbers 1e4 and 8e12).
Table 2

Clinical signs and numbers of fetuses (dead/alive) in

hamster dams inoculated with EHV-9

Animal Inoculation Neurological signs* No. of fetuses (dead/alive)

Inoculated in the first trimester

1 50 ml (4� 105 pfu) e 0/5
2 50 ml (4� 105 pfu) e 0/8

3 50 ml (4� 105 pfu) +++ 4/4

4 50 ml (4� 105 pfu) +++ 0/0

5 MEM e 0/10
6 MEM e 0/12

7 MEM e 0/10

Inoculated in the last trimester

8 50 ml (2� 106 pfu) +++ 8/8

9 50 ml (2� 106 pfu) e 1/10

10 50 ml (2� 106 pfu) e 0/12

11 50 ml (2� 106 pfu) +++ 2/10
12 50 ml (2� 106 pfu) e 0/12

13 MEM e 0/12

14 MEM e 0/11

15 MEM e 0/14

*Severity of neurological signs: (+) mild, (++) moderate, (+++)
severe; MEM, minimum essential medium.
Histopathology and Immunohistochemistry

Mice. The dams inoculated in the first trimester, in
which neurological signs progressed rapidly, had
varying degrees of cerebral changes consisting of
mild to moderate neuronal degeneration and necro-
sis, perivascular cuffing with lymphocytes, and hem-
orrhages, gliosis, intranuclear inclusion bodies and
meningitis. The cerebral lesions were usually seen in
the olfactory bulb, and then spread to other areas.
In the nasal cavity there was no significant degenera-
tion or necrosis of the olfactory epithelium.

The histopathological changes induced by EHV-9
in the placenta of mice are summarized in Table 3.
In the first trimester the placentas showed mild con-
gestion and necrosis of the trophoblast, together
with congestion and necrosis of some endothelial cells
lining the endometrial blood vessels. In the last tri-
mester the changes in the placenta, as well as the ce-
rebral lesions, were similar to those in the dams
inoculated in the first trimester. In the placentas there
was mild to severe congestion and atrophy of the tro-
phoblast cells in the middle layer of the labyrinthine
zone, accompanied by widespread focal necrosis and
foci of calcification. The endothelial cells lining the
endometrial blood vessels were frequently necrotic.

On immunohistochemistry (IHC), EHV-9 antigen
was detected in and around the cerebral lesions in the
affected dams, but no EHV-9 antigen was detected in
the placentas or fetuses.
Hamsters. Dams inoculated with EHV-9 in the first
or last trimesters had encephalitis consisting of vary-
ing degrees of neuronal degeneration and necrosis,
perivascular cuffing with lymphocytes, gliosis, intra-
nuclear inclusion bodies and meningitis, as well as in-
terstitial pneumonia.

The normal histological structure of the hamster
placenta is shown in Fig. 2. Histopathological changes
induced by EHV-9 in the placenta of hamster dams
are summarized in Table 4. In the first trimester the
placentas of dams inoculated with EHV-9 exhibited
mild to severe degrees of atrophy of trophoblasts in
the labyrinthine zone (Fig. 3) and necrosis of the mid-
dle trophoblast layer (Fig. 4), together with mild to
severe dilation of the maternal blood sinusoids and
congestion of fetal capillaries, compared with those
in control animals at the same gestational stage.
There were no abnormalities in the fetuses. By con-
trast, in the last trimester the dams inoculated with
EHV-9 had varying degrees of congestion of the spon-
giotrophoblast, in addition to mild to severe atrophy
and necrosis of the trophoblast cells in the labyrin-
thine zone (Fig. 5). Moreover, there were haemor-
rhagic foci in the labyrinthine zone (Fig. 6) and



Table 3

Summary of histological changes in the placentas of mouse dams inoculated with EHV-9

Animal

number

Cerebral

lesions

Virus antigen (immunohistochemistry) Spongiotrophoblast Trophoblasts

in labyrinthine zone

Maternal blood

sinusoids

Endometrial blood

vessels
Brain Placenta

1 + + e e + (Congestion) e + (Congestion)
2 ++ + e e + (Necrosis, congestion) + (Dilation) ++ (Necrosis,

congestion)

3 ++ + e e + (Necrosis, congestion) ++ (Dilation) ++ (Necrosis,

congestion)
4 ND ND ND ND ND ND ND (Virus isolation)

5 ND ND ND ND ND ND ND (Virus isolation)

6 e e e e e e e
7 e e e e e e e

8 e e e e + (Congestion) + (Dilation) e

9 e e e e + (Congestion) e e

10 ++ ++ e e +++ (Congestion,
necrosis, atrophy)

+++ (Dilation) ++ (Congestion,
necrosis)

11 ++ ++ e e +++ (Congestion,

necrosis, atrophy,

calcification)

+++ (Dilation) +++ (Congestion,

necrosis)

12 ND ND ND ND ND ND ND (Virus isolation)

13 ND ND ND ND ND ND ND (Virus isolation)

14 e e e e e e e
15 e e e e e e e

Severity: (+) mild, (++) moderate, (+++) severe; ND, not determined.
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inflammatory infiltration of the chorionic villi in one
case (Fig. 7). The maternal blood sinusoids had
mild to severe dilation (Fig. 8), together with mild
to moderate disorganization of the fetal capillaries
(Fig. 9), compared with controls of the same gesta-
tional stage (Fig. 10).
Fig. 2. Normal histological structure of the placenta of a hamster
dam showing the spongiotrophoblast (ST), the middle
layer of the trophoblast (MLT) in the labyrinthine zone
and the chorionic villi (CV). Inset shows the placenta of
a hamster dam in the control group in the first trimester,
with normal distribution and size of the trophoblast cells
(arrow) in the middle layer interspersed with free spaces
and maternal blood sinusoids (S) in the labyrinthine
zone. HE. Bar, 60 mm.
Immunohistochemically, there were positive reac-
tions for EHV-9 antigen in the brain (numbers 3
and 4) and in the middle trophoblast layer of the pla-
centa (Fig. 11) in the dams inoculated in the first tri-
mester. In addition, there were positive reactions in
the alveolar epithelium andmacrophages in the lungs
of fetuses from all dams and bronchial epithelium of
the lungs of dams (numbers 1, 3 and 4) inoculated
in the first trimester (Figs. 12 and 13). Dams
inoculated in last trimester showed positive
reactions for EHV-9 antigen only in the brains of
the affected animals, with no reaction observed in
the placentas or fetuses.
Discussion

There are several previous reports of encephalitis in-
duced by EHV-9 in various animal species; however,
the pathogenicity and effects of EHV-9 infection in
pregnant animals have not been established. Infec-
tion during gestation may potentially impact on the
breeding of many animals, as it is known that the virus
has a wide host range. The present study has investi-
gated the effects of EHV-9 infection in pregnant ani-
mals because EHV-9 has a close immunological
relationship with EHV-1, a pathogen of great signifi-
cance to the horse-breeding industry and a common
cause of respiratory disease, abortion and neonatal
death and, more rarely, neurological signs in this spe-
cies (Allen and Bryans, 1986).



Table 4

Summary of histological changes in the placentas of hamster dams inoculated with EHV-9

Animal

number

Cerebral

lesions

Virus antigen (immunohistochemistry) Spongiotrophoblast Trophoblasts in

labyrinthine zone

Maternal blood

sinusoids

Fetal capillaries

Brain Placenta

1 e e e e e + (Dilation) + (Congestion)
2 e e + e e e + (Congestion)

3 +++ + + e +++

(Necrosis, atrophy)

+++ (Dilation) +++ (Congestion)

4 +++ + e e + (Atrophy) ++ (Dilation) + (Congestion)
5 e e e e e e e

6 e e e e e e e

7 e e e e e e e
8 ++ + e +++ (Congestion,

necrosis haemorrhage)

+++

(Necrosis, atrophy)

+++ (Dilation) +++

(Disorganization)

9 e e e e + (Atrophy) e e

10 e e e e + (Atrophy) + (Dilation) + (Congestion)
11 ++ + e +

(Congestion, necrosis)

++

(Necrosis, atrophy)

++ (Dilation) +++

(Disorganization)

12 e e e e e + (Dilation) + (Congestion)

13 e e e e e e e
14 e e e e e e e

15 e e e e e e e

Severity: (+) mild, (++) moderate, (+++) severe.
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The histopathological changes observed in themice
and hamsters studied here were characterized by at-
rophy and focal necrosis of the placental trophoblast
layer and congestion and dilation of the maternal
blood sinusoids. These changes were similar to those
reported in mice experimentally infected with
EHV-1 (Walker et al., 1999), as well as in horses in-
fected naturally or experimentally with that virus.
The histological changes described in previous exper-
imental murine studies with EHV-1 were usually
Fig. 3. The placenta of a hamster dam inoculated in the first tri-
mester. The middle layer of the trophoblast in the labyrin-
thine zone is congested, as shown by a marked increase in
erythrocytes (E) foundwithin thematernal blood sinusoids
(S) and reduction in number and atrophy of the tropho-
blasts (arrow). HE. Bar, 60 mm.
restricted to the placenta and did not involve the
uterus (Walker et al., 1999), similar to the findings
of the present study. However, in horses infected ei-
ther naturally or experimentally with EHV-1, the his-
tological changes were similar to those seen in the
present study, but were restricted to the uterus and
did not involve the placenta (Smith et al., 1992).
The olfactory epithelium of the nasal cavity showed
no significant degeneration or necrosis, but at this
stage the virus might have been cleared from the nasal
cavity because some time had passed between inocu-
lation and death. In the present study, the placenta
Fig. 4. The placenta of a hamster dam inoculated in the first tri-
mester, showing necrosis (arrow) of the middle layer of
the trophoblast (MLT). HE. Bar, 30 mm.



Fig. 7. Theplacenta of a hamster dam inoculated in the last trimes-
ter showing inflammatory infiltration of the chorionic villi
(CV) with focal calcification. HE. Bar, 30 mm.

Fig. 5. Theplacenta of a hamster dam inoculated in the last trimes-
ter, showing necrosis (arrow) and congestion of the spon-
giotrophoblast (ST) and necrosis (arrowhead) of the
labyrinthine zone. HE. Bar, 30 mm.
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was affected to some degree in some of the hamsters
and mice, but there were no cerebral lesions and no
virus antigen was detected in the brain. In similar re-
ports describing mice infected with EHV-1, no clear
relation was indicated between the presence or ab-
sence of respiratory and systemic signs in dams and
perinatal mortality; some of the dams remained
healthy and yet gave birth to dead fetuses (Walker
et al., 1999).

In the present study, EHV-9 virus was not recov-
ered from the placentas or fetuses from pregnant
mice and hamsters inoculated in the first and last tri-
mesters. These results are similar to those described in
previous reports on the pathogenicity of EHV-1 and
to a report indicating that EHV-1 was isolated only
Fig. 6. Theplacenta of a hamster dam inoculated in the last trimes-
ter showing haemorrhage of the labyrinthine zone. HE.
Bar, 30 mm.
from one of 73 fetuses and three of 72 placentas, and
then only in mice sacrificed at 1 or 2 dpi that had
been inoculated with EHV-1 (Walker et al., 1999).
Abortion of foals has also been seen in horses in which
tissue specimens were negative for EHV-1. Edington
et al. (1991) and Smith et al. (1992) reported EHV-
1-induced abortion in mares with endometritis and
infarction and necrosis of the uterus following throm-
bosis, but were unable to detect the viral antigen in
any of the fetal tissues, similar to findings reported
in mice (Awan et al., 1995). Smith et al. (1992) re-
ported being unable to recover EHV-1 virus from
44% of fetuses aborted by mares infected experimen-
tally late in pregnancy; however, the placentas had le-
sions consisting of occasional patchy congestion of the
Fig. 8. Theplacenta of a hamster dam inoculated in the last trimes-
ter, showing severe atrophy of the trophoblast cells (arrow)
in themiddle layer of the labyrinthine zone and severe con-
gestion, widening of maternal blood sinusoids and disorga-
nization of the fetal capillaries. HE. Bar, 30 mm.



Fig. 11. Apositive reaction forEHV-9 is seen in trophoblast cells in
the middle layer of the labyrinthine zone in hamster num-
bers 2 and 3 inoculated in the first trimester. IHC. Bar,
60 mm.

Fig. 9. Theplacenta of a hamster dam inoculated in the last trimes-
ter, showing marked dilation of maternal blood sinusoids
(S), disorganization of fetal capillaries (F) and atrophy of
trophoblast cells (arrow) in the middle layer of the labyrin-
thine zone. HE. Bar, 30 mm.
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chorion and petechial haemorrhages in the stroma.
In general, the results of virus recovery from fetuses
and placentas in animals infected with EHV-1 have
been inconsistent in terms of the pathological
changes, which is compatible with reports of murine
studies in which fetuses that were virus positive did
not come from those placentas that were positive for
virus (Kukreja et al., 1998). These findings suggest
that abortion after EHV-1 infection in late pregnancy
is sometimes caused only by maternal factors, partic-
ularly placental damage, rather than by infection of
the fetuses. A similar hypothesis is supported by the
results of the present study of mice and hamsters. It
is of note that 90% of the samples obtained from the
Fig. 10. The placenta of a control hamster dam in the last trimester
showing normal distribution of the trophoblast cells (ar-
row) in the middle layer (MLT) interspersed with free
spaces and blood sinusoids. HE. Bar, 30 mm.
hamster study were processed for histopathological
examination and only 10% were used for virus isola-
tion, and this may have reduced the chances of recov-
ering the virus. There were variations in the size of the
hamster fetuses in the present study, and for some
dams these fetuses were either born dead or alive, sug-
gesting that there was a sporadic effect of the virus on
the fetuses.

Inoculation of EHV-9 in late pregnancy appears
not to influence the length of gestation in mice and
hamsters. The animals gave birth at the same time
as those in the control group, which was consistent
with reports describing mice and horses inoculated
with EHV-1 in late pregnancy (Dixon et al., 1978;
Kukreja et al., 1998).
Fig. 12. A positive reaction for EHV-9 is seen in the alveolar cells
andmacrophages in the lungs of the fetuses in all hamsters
inoculated in the first trimester. IHC. Bar, 60 mm.



Fig. 13. A positive reaction for EHV-9 is seen in the bronchial ep-
ithelium of the lungs of hamster dams number 1, 3 and 4
inoculated in the first trimester. IHC. Bar, 60 mm.
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It is reported that the lungs of the fetus are one of
the most predominant target organs of EHV-1 infec-
tion (Whitwell and Blunden, 1992). In the present
study, EHV-9 antigen was detected in the lungs of fe-
tuses from all hamster dams inoculated in the first tri-
mester. In a small number of cases, EHV-9 virus
antigen was detected by IHC in the middle tropho-
blast layer in hamsters inoculated in the first trimes-
ter. Previous investigations have highlighted the
difficulty in detecting the DNA of EHV-1 in the tro-
phoblast epithelium of the placenta, both in experi-
mental infections and spontaneous abortions caused
by EHV-1 (Smith et al., 1992, 1993; Smith, 1997).
These findings support the theory that viral
replication is suppressed in the trophoblast
epithelium by an undefined mechanism (Mukaiya
et al., 2000). Inoculation in early pregnancy led to fe-
tal death and reabsorption, while inoculation in late
pregnancy led to dead or dying fetuses, as recorded
in mice in the present study. Similar findings have
also been reported in mice infected with the AB4
strain of EHV-1 (Awan et al., 1991), where pregnant
mice gave birth to premature or nearly full-term fe-
tuses that were weak, moribund or dead when the
mice were inoculated intranasally with EHV-1 in
late pregnancy.

The present study has demonstrated aspects of the
pathogenesis of EHV-9 infection in pregnant mice
and hamsters. A close homology was seen between
EHV-1 and EHV-9 infections in terms of the histo-
pathological changes induced in the pregnant
animals. Fetal death was not necessarily a conse-
quence of fetal infection, but could have been due
to fetal compromise due to vascular effects on the
placenta.
Further studies are needed to clarify the possibility
of viral propagation and the detailed pathological
mechanism by which the placenta and fetus are
affected in rodents and other animal species following
EHV-9 infection.
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