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The objective of the investigations was to study the occurrence of the
equine herpesvirus type 1 (EHV-1) infection in aborted equine fetuses and in
newborn foals and to compare the sensitivity of virus isolation, immunohisto-
chemistry and histology in 101 cases and of fetal serology in 68 cases in the diag-
nosis of the infection. Out of the 93 aborted equine fetuses and 8 weak foals, 15
(14.9%) (14 fetuses and 1 foal) proved to be EHV-1 infected by immunohisto-
chemical and 13 (12.9%) by virological investigation. Characteristic microscopic
changes were seen in several organs in all cases, while intranuclear inclusion
bodies could be found only in 25 (35.2%) of the 71 virus-positive tissue samples.
Four (5.9%) cases proved to be positive by fetal serological investigation, but
none of these cases showed any EHV-1 specific lesions and in none of these cases
could the virus be detected by virus isolation or by immunohistochemistry. Ac-
cording to the results, fetal serology does not seem to be a useful test in virus-
positive cases, while the immunohistochemical method seems to be a reliable and
a slightly more sensitive method than virus isolation in the diagnosis of EHV-1
infection.
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Equine herpesvirus type 1 (EHV-1) is the most important infectious cause
of abortion in horses; the infection is also associated with perinatal mortality in
foals (Smith, 1997). Infected fetus, fetal membranes and lochia provide a high
risk for in-contact mares to become infected (Crabb and Studdert, 1996). Be-
cause the virus can rapidly spread in a horse farm, the early, accurate diagnosis
of EHV-1 infection in a herd is important so that control and preventive meas-
ures can be initiated (Schultheiss et al., 1993). Routine diagnostic methods to
confirm EHV-1 infections are virus isolation (VI) or direct fluorescent antibody
test (IF) to detect viral antigens in cryostat sections (O.I.E., 2000). Sometimes
these techniques fail to confirm the presence of EHV-1, especially when the tis-
sues are autolytic (Gimeno et al., 1987; Galosi et al., 2001). Polymerase chain
reaction (PCR) was also developed for rapid detection of EHV-1 infection (Bal-
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lagi-Pordány et al., 1990). This technique is reliable even in poorly preserved
fetal tissues, where virus isolation was negative (Galosi et al., 2001). The tech-
nique seems to be as sensitive as the indirect fluorescent antibody test in fetal or-
gans (Schröer et al., 2000). The immunohistochemical (IH) method is another
useful tool for detecting the virus in tissue samples (Gimeno et al., 1987). This
technique enables detection of the virus and the histological changes at the same
time. Fetal serology is also suggested for the detection of EHV-1 infection
(Crandell and Angulo, 1985; O.I.E., 2000); while others found this method inap-
propriate for this purpose (Whitwell et al., 1992).

The objective of this investigation was to study the occurrence of the
EHV-1 infection in all aborted equine fetuses (n = 93) or weak foals (n = 8)
submitted to the Central Veterinary Institute, Budapest in the three-year period
between 1998 and 2000 and to compare the value of different laboratory methods
(VI, IH, histology and fetal serology) in the diagnosis of this infection.

Materials and methods

The samples came from 57 different farms. In eight cases only the organs
were submitted, while in the remaining cases the entire body was sent in for ex-
amination. In 76 cases fetal membranes were also sent to the laboratory, but they
were not examined in this study. All aborted fetuses were over 8 months. The
weak foals were between half an hour and 8 days old. Fourteen fetuses and one
newborn foal (one hour old) proved to be infected by EHV-1. One aborted mare
(Case 10) showed severe colic before abortion and the placenta was partly re-
tained in the uterus; all other mares aborted without showing any previous clini-
cal signs. Two mares (Cases 4 and 10) were kept alone on the farms while the
other 13 lived in groups. No data were available on whether the mares had re-
ceived preventive vaccination against EHV-1.

Macroscopic and microscopic examination

After gross inspection of the fetuses and foals or organs, tissue samples
were taken from several organs (Table 1) and fixed in 10% formalin solution.
The samples were embedded in paraffin, then 4 µm thick sections were cut and
stained with haematoxylin and eosin.

Bacteriology

Samples were taken from the stomach content, liver, spleen, lungs and/or
kidney in all cases. The samples were inoculated onto common agar and onto
blood agar containing 10% sheep blood, and the cultures were evaluated after in-
cubation under aerobic conditions at 37 °C for 48 h.
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Table 1

Occurrence of EHV-1 antigen and intranuclear inclusion bodies in the organs of aborted fetuses
and a newborn foal infected by EHV-1

Fetus no. Lungs
IH/i. b.

Liver
IH/i. b.

Spleen
IH/i. b.

Heart
IH/i. b.

Kidney
IH/i. b.

Thymus
IH/i. b.

Lymph
node

IH/i. b.

Brain
IH/i. b.

Adrenal
gland

IH/i. b.

Small
intestine
IH/i. b.

1* +/± ±/– –/– –/– n. t. n. t. n. t. n. t. n. t. n. t.
2 +/+ ±/– –/– ±/– n. t. n. t. n. t. n. t. n. t. n. t.
3 +/– +/– ±/– –/– –/– ±/– +/± –/– n. t. n. t.
4 +/± +/– ±/– –/– –/– +/– n. t. –/– n. t. n. t.
5 +/+ ±/– –/– –/– –/– n. t. n. t. ±/– n. t. n. t.
6 +/– +/– +/– –/– –/– n. t. n. t. ±/– n. t. n. t.
7 +/+ +/± +/– ±/– ±/– n. t. n. t. n. t. n. t. n. t.
8 +/+ +/± +/– ±/– ±/– n. t. n. t. ±/– n. t. n. t.
9 +/± +/+ ±/– ±/– ±/– +/+ n. t. n. t. +/± n. t.
10* +/± +/+ +/+ +/– ±/– n. t. n. t. n. t. n. t. n. t.
11 +/+ +/+ +/± ±/– ±/– +/+ n. t. ±/– n. t. +/±
12 +/– +/– +/– +/– n. t. n. t. n. t. n. t. n. t. n. t.
13# +/– ±/– ±/– –/– n. t. n. t. n. t. n. t. n. t. n. t.
14 ±/– +/± +/– ±/– n. t. n. t. n. t. n. t. n. t. n. t.
15 +/– +/+ +/± +/– ±/– +/– +/± +/– n. t. n. t.

Positive cases
(+, ±)
%

15/9
100/60

15/7
100/47

12/3
80/20

9/0
60/0

6/0
60/0

5/2
100/40

2/2
100/100

5/0
71/0

1/1
100/100

1/1
100/100

*EHV-1 could not be isolated; #newborn foal; IH = immunohistochemistry; i. b. = intranuclear in-
clusion body in sections stained with haematoxylin and eosin; + = high amount of antigen or intra-
nuclear inclusion bodies; ± = low amount of antigen or intranuclear inclusion bodies; – = no anti-
gen or intranuclear inclusion bodies; n. t. = not tested

Virology

Virus isolation was attempted from the spleen, lungs and liver in all cases.
Homogenates (10 per cent) of each organ were prepared in minimum essential
medium (MEM) supplemented with 100 U penicillin and 100 µg streptomy-
cin/ml. The homogenates were prepared in individual sterile bags, containing
minced organs and appropriate volumes of MEM, using a stomacher (Lab-
Slender, Seward Laboratory) for 3 min at room temperature. The resulting sus-
pension was then purified by centrifugation at 5000 rpm for 10 min at 4 °C and
the purified supernatants were inoculated on rabbit kidney cell line RK 13. Cul-
tures were incubated at 37 °C for up to 7 days or until the cytopathic effect (CPE)
was observed. Cytopathogenic agents were characterised by direct immunofluo-
rescence analysis using FITC-labelled polyclonal anti-EHV-1 antibodies
(BIOVETA, Nitra, Slovakia).
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Immunohistochemical examination

A total of 212 organ samples were examined by this technique. At least
lungs and/or liver were investigated in all cases; other organs were also exam-
ined in some cases. In the EHV-1 positive cases several organs were tested by IH
(Table 1). After dewaxing of sections, antigen retrieval was performed in citrate
buffer (pH 6.0), by heating in a microwave oven (750 W) for 20 min. The sam-
ples were incubated in 3% H2O2 solution for 10 min and then blocking was per-
formed with a 2% solution of skimmed milk powder for 20 min. The sections
were incubated overnight with a 1 in 12,000 dilution of EHV-1-specific goat se-
rum at room temperature (VMRD, Pullman, WA, USA). As control, another se-
ries of sections was incubated in a similar manner with an irrelevant goat serum.
Antigen-antibody coupling was detected by the peroxidase-antiperoxidase
method (Dako Co., Glostrup, Denmark). The sections were treated at room tem-
perature for 10 min with 3-amino-9-ethylcarbazole solution (Sigma Aldrich Co.)
containing also 0.01% H2O2. Counterstaining was done with Mayer’s haema-
toxylin, and the preparations were covered with glycerol-gelatin and examined at
×100 to ×400 magnification.

Fetal serology

In a total of 68 cases heart blood samples were tested for the presence of
EHV-1 antibodies by microneutralisation test (O.I.E., 2000). Seven out of the 15
EHV-1 infected cases were investigated by this method.

Results

Macroscopic examination

Macroscopic examination of the EHV-1 virus positive cases revealed pe-
techial haemorrhages on the serous membranes, icterus, enlargement of the liver
and spleen, pronounced pulmonary oedema, presence of small necrotic foci in
the liver, prominent lymphoid follicles in the spleen, and the accumulation of
straw-coloured serum in the thoracic and abdominal cavities. Of the changes
listed above, the fetuses and the foal exhibited one or more at the same time.

Bacteriology

Abortifacient bacteria could not be cultured from any of the 15 EHV-1 vi-
rus positive cases.
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Virology

Cytopathogenic agents were isolated in thirteen (12.9%) cases. The iso-
lates grew well on RK 13 cells showing cytopathic effect of rounded cells and
syncytia. Identification of EHV-1 virus in the infected cells was confirmed by di-
rect IF. The presence of viral antigen was detected as a specific staining both in
the nucleus and in the cytoplasm of the infected cells.

Histological examination

In the EHV-1 virus positive cases the following changes could be seen. In
the lungs, intra-alveolar and interlobular oedema was found in all cases, while
diffuse necrotic inflammation was found in five cases (1, 5, 7, 8 and 11) and in-
tra-alveolar, interstitial inflammation accompanied by some necrotic foci in the
alveolar and bronchial epithelium occurred in the remaining ten cases. In the
liver, slight to severe lympho-histiocytic inflammation in the area of the portal
triad was seen in all cases; in addition, in one fetus (15) diffuse vacuolar degen-
eration of the hepatocytes and in eight fetuses (4, 7, 8, 10, 11, 13, 14 and 15)
fresh necrotic foci in the parenchyma were also found (Fig. 1). Necrosis of
varying severity and lymphoid hyperplasia occurred in the follicles of the spleen
in all fetuses and in the foal, while in seven cases (3, 6, 10, 11, 12, 14 and 15) fo-
cal necrosis was seen also in the red pulp. Fetuses 6 and 8 exhibited multiple fo-
cal lympho-histiocytic myocarditis, while in fetus 6 a circumscribed, fresh necro-
sis surrounded by glial cell proliferation and in fetus 11 multiplex glial cell pro-
liferation was observed in the brain. In fetus 4 mild while in fetuses 9 and 11 se-
vere necrosis was seen in the thymus. Necrosis occurred also in the mesenteric
lymph nodes as well as in the capsule, cortex and medulla of the adrenal gland.
Mild lympho-histiocytic inflammation and necrosis of many enterocytes was
seen in the small intestine. No lesions could bee seen in the kidneys. The occur-
rence of intranuclear inclusion bodies in the different organs is summarised in
Table 1. In the four EHV-1 antibody positive fetuses no histological changes
specific for EHV-1 infection could be observed.

Immunohistochemistry

The EHV-1 antigen could be detected in 15 (14.9%) cases. The results of
these positive cases are presented in Table 1. The virus was detected both in the
cytoplasm and the nucleus of cells. Intranuclear inclusion bodies showed par-
ticularly strong staining (Fig. 2). The viral antigen was seen in the macrophages
and in the alveolar and bronchial epithelial cells of the lungs and in the hepato-
cytes and in macrophages located in the area of the portal triad of the liver. The
virus was detected in the interstitial macrophages of the heart and kidney and in
the macrophages as well as in the reticular cells of the thymus, spleen and mes-
enteric lymph nodes. Virus dispersed in the microglia cells was found in the
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brain of five fetuses. In case 6, virus-infected microglia cells occurred in par-
ticularly high numbers in areas close to a recent necrosis. In the adrenal gland,
the virus was detected in macrophages dispersed in the capsule, cortex and me-
dulla, as well as in epithelial cells of the cortex. The antigen was visible also in
the endothelium of blood vessels of the brain, lungs, liver, kidney, heart and ad-
renal glands (Fig. 3). Virus-infected peripheral blood monocytes were seen in
blood vessels of the brain, lungs, liver, heart, liver, spleen and mesenteric lymph
node, as well as in the sinusoids of liver and lymph node. The antigen was espe-
cially abundant in and around the necroses. At the same time, by this method vi-
rus was only occasionally, or not at all, found in the areas of extensive cell ne-
crosis seen in the follicles of the spleen and mesenteric lymph node.

Fig. 1. Fetal liver. Fresh necrosis in the parenchyma. Haematoxylin-eosin. Bar: 40 µm

Fetal serology

Four (5.9%) samples contained specific antibodies to EHV-1; the titre
range was 1:3–1:23. None of these were positive in any of the virus detection
tests.
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Fig. 2. Fetal lung. Positive signal in the cytoplasm and nucleus of the bronchial epithelial cell
(small arrow). Strong signal can be seen in the intranuclear inclusion bodies (long arrows).

Immunohistochemistry. Bar: 13 µm

Discussion

The observed macroscopic and microscopic processes were similar to the
changes already described in EHV-1 induced abortion and in newborn foals
(Kennedy and Miller, 1993; Smith, 1997). EHV-1 induced abortion and death of
newborn foals have been shown to occur in Europe with a frequency of 3–25%
(Petzoldt et al., 1968; Luttmann et al., 1971; Platt, 1973; Benten et al., 1977;
Petzoldt et al., 1987; Pospischil et al., 1992; Pálfi and Christensen, 1995) and in
the USA with a frequency of 3–9% (Giles et al., 1993; Hong et al., 1993; Ten-
gelsen et al., 1997), while in Hungary the abortion rate was found to be 20%
(Glávits et al., 1984; Rusvai et al., 1996). We found this infection in 14.9% of
the cases. Although vaccines against EHV-1/4 are regularly used, our results
show that EHV-1-induced abortion is still a very important cause of fetal loss in
equine herds in Hungary.
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Fig. 3. Fetal liver. Positive signal in the endothelial cells in a blood vessel (small arrows) and in the
macrophages (long arrows). Immunohistochemistry. Bar: 30 µm

Comparing the different diagnostic methods Rimstad and Evensen (1993)
found that antigen detection and VI had similar sensitivity in the diagnosis of
EHV-1-induced abortion, although in some rare cases they could detect the virus
either by one or by the other method. In accordance with the findings of other
authors (Whitwell, 1982; Gimeno et al., 1987; Edington et al., 1991), antigen
detection was found to be slightly more sensitive than VI in this study, as in two
cases virus could be detected only by IH. The primary site of virus replication is
the fetal lung (Westerfield and Dimock, 1946). This is supported also by the
findings of the present study, namely that virus was consistently detected in large
amounts in the lungs. The next best choices for antigen detection are the liver
and the lymphoid organs. For antigen retrieval microwave heating of the de-
waxed sections in citrate buffer solution was used. With the help of this method
we could detect much more positive cells than by the digestion of sections with
0.01% protease solution at 37 °C which was used in most of the earlier studies.
Additionally, out of the 71 EHV-1 positive organ samples from the 15 EHV-1 in-
fected cases 16 (22.5%) samples were positive (low amount of viral antigen)
only by the microwave heating method (unpublished).
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The specific microscopic changes were always present in all EHV-1 posi-
tive cases. The most consistent lesions were found in the lungs and liver. In con-
trast, the acidophilic intranuclear inclusion bodies occurred only in 35.2% (25
organ samples) of the virus-infected organs. Necrosis of varying severity was
seen in the follicles of the spleen and mesenteric lymph node in almost all cases,
without the simultaneous detection of large amounts of virus antigen in this area.
This supports the earlier statement according to which these changes come from
fetal hypoxia preceding abortion, rather than from the direct effect of the virus
(Whitwell, 1982; Smith et al., 1992).

EHV-1 may be present in numerous organs of aborted fetuses, including
the brain and the heart (Schmidt et al., 1994; Machida et al., 1997; Del Piero and
Dubovi, 1998). Glial cell proliferation and/or necrotic encephalitis were ob-
served in two fetuses, accompanied by the presence of virus antigen in the brain.
In three other cases no histological changes could be seen in the EHV-1 infected
brain. Schmidt et al. (1994) detected the virus in the endothelium and in epithe-
lial cells of the choroid plexus; in the present study virus was found in the endo-
thelium as well as in the microglia cells and in peripheral blood monocytes
within the blood vessels. In two cases lympho-histiocytic inflammation accom-
panied by viral antigen was seen in the heart while in the other seven cases only
the virus could be detected without any histological changes in this organ.

Crandell and Angulo (1985) regard the serological examination of fetuses
as a very useful method for diagnosing abortion induced by EHV-1. Our results
were at variance with this, but consistent with the observations of Whitwell et al.
(1992). EHV-1 specific antibodies could be detected in equine fetuses without
the presence of the virus or the virus-specific changes. Whitwell et al. (1992)
considered the EHV-1 specific antibodies as a response to non-infectious virus
antigens derived from the mare. This can be a non-pathogenic or a vaccine virus
strain. The latter case can happen when a non-immune mare is vaccinated with a
live vaccine strain.

The macroscopic and microscopic changes were highly suggestive of
EHV-1 infection in the aborted fetuses and the newborn foal. Because they can-
not be considered diagnostic for the virus infection, diagnosis should be sup-
ported by a specific laboratory test (Schultheiss et al., 1993). The VI technique is
time consuming and expensive; additionally, false-negative results may be
caused by post-mortem changes (Gimeno et al., 1987; Galosi et al., 2001). IH is
relative cheap, fast and seems to be more sensitive than the VI method. This test
enables the retrospective study of formalin-fixed paraffin-embedded material and
also the precise identification of the localisation of the virus in EHV-1 infected
animals.
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