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Introduction 
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-Ten aborted foals, diagnosed as infected with Equine Herpes Virus 1 (EHV-1) on 
histopathological criteria, were examined for the presence of EHV-1 using im
munohistology as the investigative instrument. The primary reagent was an anti
serum specific for viral envelope glycoproteins. Immunohistology localised EHV -1 
to areas of liver necrosis and to the cytoplasm of infected Kupffer cells and hepato
cytes. Cytoplasmic immunolabelling was also prominent in reticular cells of the 
red pulp of the spleen and in intact and degenerated bronchiolar epithelium. 
Cytoplasmic immunolabelling was seen m morphologically unchanged cells and in 
cells containing intranuclear inclusion bodies. Three aborted foetuses with no 
histological signs of EHV -1 infection were negative when immunostained for 
EHV-l. 
Detection by electron microscopy of EHV-1 virions confirmed the EHV-1 speci
ficity of the 1mmunolabelhng procedure. 

equine virus abortion; immunolabelling; tissue sections. 

Equine Herpes Virus 1 (EHV-1) is the cau
sative agent of equine virus abortion (Biirki 
et al. 1965, Chowdhury 1986) and the patho
logy of the disease has been described by se
veral authors (Westerfield & Dimock 1946, 
Jelejf 1951, Prickett 1970, Campbell & 
Studdert 1983, Allen & Bryans 1986). 

the demonstration of EHV-1 in infected spe
cimens of liver, spleen, and lung by immu
nohistology and electron microscopy. 

Materials and methods 
Histological specimens 
The material consisted of deparaffinised tis
sue sections of formalin-fixed, paraffin-em
bedded specimens of liver, spleen, and lung 
from 10 aborted horse foetuses, all diagno
sed to be infected with EHV-1 by means of 
histopathological criteria. Three aborted 
foetuses with no signs of EHV -1 infection 
served as negative controls. 

As a complement to conventional histo
pathology, immunohistology can be a valu
able tool for the diagnosis of EHV-1 infec
tions. Gimeno et al. (1987) reported the 
immunohistological detection of EHV-1 in 
routinely prepared liver tissue sections of 
aborted foetuses. In this report we describe 
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Virus 
Subtype 1 RAC-h strain of EHV-1 was pro
pagated in pig kidney cells (PK-15) grown as 
roller bottle monolayer cultures in growth 
medium consisting of Eagle's MEM supple
mented with 5 % newborn calf serum. Cell 
culture medium was harvested 48 h post in
fection and clarified by filtration through 
Whatman GF/D glassfiber filters. Virus was 
purified from cell culture medium and the 
procedures used were ultrafiltration (Filtron, 
100 K) and gel chromatography over a co
lumn of Sepharose 6 Fast Flow (Pharmacia 
Fine Chemical, U ppsala, Sweden). The virus 
peak was solubilized by adding 1 % Triton 
X-100 before envelope glycoproteins were 
purified by lectin affinity chromatography 
(manuscript in preparation). 

!scorn antigen 
Virus glycoproteins were incorporated into 
immunostimulating complexes (iscoms) 
(Morein et al. 1984). Iscoms were prepared 
as previously described (Howard et al. 
1987). Quil-A to a final concentration of 
0.05 % was added to the purified glycopro
teins dissolved in the dialyzabel detergent 
N-decanoyl-N-methylglucamine (Mega-10) 
before extensively dialyzed against 0.05 
moll! Tris, 0.1 moll! NaCl, pH 7.4. The 
amount of protein in the iscom antigen pre
paration was measured according to the 
method of Bradford (1976). 

Antiserum 
A rabbit was inoculated intramuscularly 
with 2 doses of the iscom antigen containing 
50 µg protein per dose at I month intervals. 
Three months after the last inoculation the 
rabbit was given a second booster dose of the 
iscoms and 2 weeks later blood was collec
ted for serum preparation which was used 
throughout this investigation. 
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Immunoblot 
Enzyme-linked immunoelectrotransfer blot 
(EITB) was performed to detect antibodies 
to glycoproteins of EHV-1. A whole virus 
preparation of EHV-1 was analyzed in 10 % 
sodium dodecylsulphate (SDS) polyacryl
amide gel electrophoresis (PAGE) according 
to the method of Laemmli (1970) and the 
virus antigens were transferred to nitrocellu
lose membranes according to Kyhse-Ander
sen (1984). The strips were preincubated in 
phosphate-buffered saline (PBS) (pH 7 .2) 
containing 0.5 % bovine serum albumine 
(BSA) and 0.1 % Tween 20 for 0.5 h at room 
temperature. Rabbit serum and Con-A (I 0 
mg/ml) were both diluted (1:100) in the 
same buffer and incubated over night at 
room temperature and washed in 3 changes 
of PBS. The strips were incubated with 
either a Protein-A (Sigma, St. Louis, MO) or 
a rabbit anti-Con-A (Dakopatts, Denmark) 
peroxidase conjugate diluted 1: 1000 in pre
incubation buffer for 2 h at room tempera
ture and washed in 3 changes of PBS. The 
peroxidase conjugate was localized by in
cubating the strips in the substrate 3-amino-
9-ethyl-carbazole (Sigma, St. Louis, MO) 
(pH 5.9) containing 0.05 % H20 2. 

Analysis by EITB demonstrated that the 
rabbit serum reacted with 5 viral antigens. 
These coincided in molecular weights with 5 
viral glycoproteins (Fig. 1) that according to 
Allen & Bryans (1986) originate in the viral 
envelope. 

I mmunohistology 
Endogenous peroxidase activity was blocked 
by incubating sections for 20 min in 0.05 
moll! TRIS-HCL pH 7.6 buffer (which was 
used in all rinsing steps throughout the im
munostaining procedure) with 0.3 % H20 2• 

After a thorough rinse in buffer, sections 
were incubated with 2 % BSA in buffer for 
10 min. Sections were gently drained and in-
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Figure I. Analysis of the EHV-1 virion protein 
pattern by SDS-PAGE ma 10 % SDS-gel (lane A). 
Visualization of the EHV -I glucoproteins by spe
cific bindmg of the lectin Con-A to glycoprotems 
(lane B). Identification of EHV -I glycoproteins 
by 1mmunoblot analysis of rabbit antibodies to 
EHV -I iscoms (lane C). The reference lane shows 
the molecular weight marker proteins (x 1000). 

The arrows show the EHV-1 glucoproteins. 

cubated with antibodies to EHV-1, diluted 
1150 in buffer containing l % BSA (which 

was used for all subsequent dilutions), for 30 
min. After another rinse in buffer, sections 
were consecutively incubated with swine 
anti-rabbit lgG and rabbit PAP-complex 
(DAKOPATTS), diluted 1120 and 11100, 
respectively. Sections were rinsed in buffer 
between and after these steps which both 
lasted for 30 min. Peroxidase activity was 
visualised by rinsing sections in 0.06% dia
mino-bensidine (DAB, SIGMA) and 
0.034 % H20 2 in buffer for 8 min. Sections 
were rinsed in tap water, counterstained 
with haematoxylin, and finally mounted in 
Eukitt. Controls included: preimmune rab
bit serum instead of anti-EHV-1 serum, ap
plication of anti-EHV-1 serum on non-in
fected tissues and absorption of anti-EHV-1 
antibodies with EHV-1 before tissue incuba
tion. 

Electron microscopy 
Formalin-fixed specimens of liver, lung, and 
spleen were post-fixed in Kamofsky's fixa
tive (l.5 % paraformaldehyde + 1.5 % glutar
aldehyde). Specimens were consecutively 
placed in 1 % osmium tetroxide and 1 % 
uranylacetate. They were then dehydrated 
and embedded in Epon. Thin sections were 
stained with uranylacetate and lead citrate. 

Results 
The pattern of immunostaining was con
sistent with the histopathological lesions 
typical for equine virus abortion. Prominent 
labelling of viral antigen was evident in 
areas of liver necrosis, and in the cytoplasm 
of hepatocytes and Kupffer cells (Fig. 2), in 
cells with intranuclear inclusion bodies and 
in those showing no overt changes. The cy
toplasm of reticular cells of the red pulp 
of the spleen exhibited a marked staining 
whereas the necrotic lymphatic follicles 
were devoid of staining. Degenerated bron-
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chial epithelium was distinctly labelled. In
tact epithelial cells and cellular debris in the 
bronchial lumen showed staining for viral 
antigen. Bronchial epithelial cells and reti
cular cells of the spleenic red pulp were fre
quently seen to contain intranuclear inclu
sion bodies. No labelling was identified in 
the control sections. 
Electron microscopy revealed viral nucleo
capsids in the condensed mass of chromatin 
in hepatocytic nuclei, i.e. the structure seen 
in the light microscope as an inclusion body 
(Fig. 3). Vacuoles in the cytoplasm of bron
chiolar epithelial cells and the reticular cells 
of the spleenic red pulp contained complete 
virions (Figs. 4 and 5). In hepatocytes, fused 
intranuclear membranes and vacuoles were 
clearly visible and bundles of tonofilaments 
were seen woven around the nucleus (Fig. 
3). 

Figure 5. Reticular cell of the red pulp of the 
spleen containmg vinons m a cytoplasmic vacu

ole. x 90 000. 

Discussion 
This study describes the immunohistological 
detection of EHV-1, and its verification by 
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electron microscopy, in liver, spleen, and 
lung from aborted foetuses, using antibodies 
to viral envelope glycoproteins. No nuclear 
immunolabelling was evident as herpes virus 
nucleocapsids acquire an envelope by bud
ding from the inner nuclear membrane 
(Darlington & Moss 19.68, O'Niell et al. 
1984). The immunohistological findings are 
thus consistent with the electron microscopy 
studies in localizing virions to the cytoplasm 
of infected cells. Hepatocytic intranuclear 
inclusion bodies - the condensed chromatin 
containing compact aggregations of viral 
nucleocapsids - were corresponding to those 
described by Arhelger et al. (l 963). Fused 
intranuclear membranes and vacuoles have 
been observed in concurrence with herpes 
virus envelopment (Nu et al. 1968, Darling
ton & Moss 1968). It remains unclear, how
ever, whether the presence of tonofilament 
bundles around the nucleus is a response to 
EHV -1 infection or not. Cytoplasmic virions 
were seen aggregated in vacuoles as has 
earlier been reported by Fong & Hszung 
(l 972). 
Microscopic lesions in the form of focal liver 
necrosis, degeneration of the spleenic white 
pulp and the bronchial and alveolar epithe
lium and intranuclear inclusion bodies in 
hepatocytes, reticular cells of the marginal 
zone of spleenic lymphatic follicles and 
bronchial epithelial cells are histologically 
diagnostic features typical for an EHV-1 in
fection. Together with a complement-bind
ing test this has so far formed the basis for 
the diagnosis of equine virus abortion. 
However, immunohistological localisation 
of viral antigen in formalin-fixed, paraffin
embedded specimens of infected tissues will 
improve the diagnostic capacity for EHV-l 
infections. In our system we have used an 
antiserum containing antibodies specific for 
those viral envelope glycoproteins which 
are the major immunogenic components of 
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Equme herpes virus I {EHV-1) m hver, spleen, and lung as demonstrated by 1mmunoh1stology 
and electron microscopy. 

Figure 2. Immunostammg for EHV-1 revealmg viral antigen focally d1stnbuted in the hver parenchyma. 
The cytoplasm of hepatic cells 1s d1stmctly labelled Arrow shows mtranuclear mclusion body x 640 



Figure 3. Condensed chromatin con
taining aggregations ofvtral nucleocapsids 

in an EHV-1 infected hepatocyte as 
evidenced by electron microscopy 

(observed in the hght microscopy as an 
inclusion body). Arrows show Al viral 

nucleocaps1ds Bl intranuclear membranes 
Cl intranuclear vacuoles and 

DI tonofilament bundles. x 19 200. 

Figure 4. V1rions in a cytoplasmic 
vacuole in a bronchiolar ep1thehal cell. 
x 150000. 
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EHV-1(Turtinen1983). Thus our immuno
logical probe detects only complete virus 
particles present in the cytoplasm of infected 
cells. This narrow specificity of the primary 
antiserum potentially diminishes the risk of 
unspecific staining making the technique 
valuable as a routine diagnostic tool. 
The common characteristic for the cases 
examined was a degenerated bronchial epi
thelium which exhibited a prominent immu
nolabelling for EHV-1. Lesions in liver and 
spleen were correlated with the pattern of 
immunostaining. Absence of lesions in these 
organs rendered no labelling of viral antigen. 
It thus seems as a prerequisite that histo
pathological lesions are present in inner or
gans, i.e. liver, lung, and spleen in order to 
obtain a proper immunohistological detec
tion of EHV-1. 
The immunohistological detection of 
EHV-1 presented in this report confirms the 
presence of viral antigen in tissues from 
aborted foetuses. As other viral agents are 
suspected to cause similar syndroms, e.g. 
equine parvovirus (Wong et al. 1985), it is of 
value that a reliable diagnosis can be made. 
The immunoperoxidase technique offers se
veral advantages to the pathologist: it is easy 
to perform, retrospective studies are made 
possible, and preparations are permanent. 
Due to the detection principle of a three
step antibody chain the method is very sen
sitive. Finally, labelling of antigen can be 
correlated with tissue pathology in the same 
section. 
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Sammanfattning 
lmmunoh1stologiska och elektronm1kroskopiska 
undersoknmgar pav1sar herpesv1rus- l 1 lever, 
lunga och m}iilte fran aborterade fol 
Immunohistologiska f6rsok, med primarantikrop
par mot hOljeproteiner hos herpesvirus-1, pavi
sade virus i nekrotiska zoner i levem samt i 
cytoplasma hos leverceller bade med och utan 
intranukleara inklusionskroppar. Degenererat 
bronkioliepitel och retikularceller i mjiiltens rOda 
pulpa visade ocksa tydlig infargmng. Resulta
ten bekriiftades med elektronmikroskopiska stu
dier. 
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