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The aim of this study was to investigate the role of immediate early gene
(gene63) in the pathogenesis of equine herpesvirus 1 (EHV-1) acute and latent in-
fections in equine and murine models. EHV-1 gene63 mutant virus (g63mut)
along with EHV-1 (Ab4) was used for intracerebral and intranasal infection of 3
and 17-day-old mice. Both viruses were recovered at the same frequency from tis-
sues after infection. Two Welsh ponies were infected via the intranasal route with
each of the viruses. Acute infection was monitored by virus isolation from nasal
swabs and peripheral blood leukocytes. Six weeks post infection, peripheral blood
leukocytes were taken from ponies and in vitro reactivation was positive for both
viruses. At autopsy, both viruses were isolated by co-cultivation from bronchial
and submandibular lymph nodes. These findings indicate that the mutation of
EHV-1 gene63 does not play a role in the establishment and reactivation from la-
tency.
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EHV-1 is the most common cause of virus-induced abortion in the horse
(Smith, 1997). Human herpes simplex virus 1 (HSV-1) expresses five immedi-
ate-early proteins (IE 1–5), and at least three of these (IE-1, -2, -3) are important
transcriptional regulators required for maximal early and late gene expression
(Everett, 1987). In contrast to HSV-1, EHV-1 expresses only one IE transcript,
whose ORF shares a high degree of amino acid identity with the HSV-1 IE-3
gene (Grundy et al., 1989), although its genome possesses a conserved homo-
logue of HSV-1 IE-1 (gene 63, Telford et al., 1992). It has been shown that
EHV-1 gene 63 (HSV-1 IE-1 homologue) is expressed during the (E/L) phase of
productive infection, suggesting that de novo protein synthesis is required for
gene 63 activation (Bowels et al., 1997; Purewal et al., 1998).
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Previously we have constructed a g63mut virus by homologous recombi-
nation of mutated EHV-1 UL63DNA carrying β-galactosidase with intact EHV-1
DNA (Purewal et al., 1998). As in vivo replication of mutants of HSV-1 IE-1 and
of its homologues in PRV EP0 has already been studied (Lieb et al., 1989;
Cheung et al., 1994), the main aim of the present work was to examine the
spread and replication of g63mut as compared to wild type EHV-1 (Ab4) after
intracerebral and intranasal inoculation of mice. Intranasal infections, latency and
reactivation of the viruses were also studied in a small number of horses.

For different experiments a total of 100 Balb/c mice were divided into
three groups; (a) 3 days old: intracerebral (i.c.) (34 mice), (b) 3 days old: intrana-
sal (i.n.) (33 mice), and (c) 17-day-old mice: intranasal (i.n.) (33 mice) inocula-
tions.

The stock inoculum used for each virus (Ab4 and g63mut) was 1 × 107 pfu/ml.
The dosage of the virus inoculum was 100 pfu/10 µl for intracerebral inoculation,
whereas 300 pfu/30 µl and 700 pfu/70 µl volumes were used for intranasal in-
oculation of 3- and 17-day-old mice, respectively.

Euthanasia of mice at 3 and 6 days post inoculation (d.p.i.) was carried out
using CO2 inhalation. Tissue samples from lung, brain and spleen were titrated for
infectivity on primary equine embryonic kidney (EEK) cells, rabbit kidney (RK13)
cells and mouse L cell lines. The frozen sections of the tissues were examined us-
ing indirect immunofluorescence (IIF) as described previously (Patel et al., 1982).
Similar tissues were taken from mice that died in the course of infection.

Two Welsh mountain ponies (previously tested negative for EHV-1 infec-
tion) were used for i.n. inoculation of each of the viruses as described by Eding-
ton et al. (1986). Virus recovery from nasal swabs and peripheral blood mononu-
clear cells was monitored on RK13 and EEK cells (Patel et al., 1982). Six weeks
after i.n. infection of the ponies, circulating leukocytes were taken and grown in
RPMI with 10% FCS in 25 cm3 flasks. The concentration of leukocytes was
1×106 cells/ml of the medium. Reagents used for reactivation were 100 µg/ml of
pokeweed mitogen (PWM; Sigma Chemicals, UK) and 20 U/ml interleukin 2
(IL2; R&D Biosystems, UK) (Smith et al., 1998). For control experiments, leu-
kocytes were cultured without the addition of PWM or IL2.

Ten weeks after primary infection, all four ponies were autopsied and
samples of peripheral blood leukocytes, submandibular, bronchial, mesenteric
lymph nodes and trigeminal ganglia were taken as described previously (Eding-
ton et al., 1994a, b). These samples were examined in vitro using the following
methods: (a) co-cultivation (Welch et al., 1992), (b) co-cultivation with the addi-
tion of IL2 and PWM (Welch et al., 1992), and (c) incubation with IL2 for 24 h
followed by IIF.

From the mice infected i.c. at 3 days old, both Ab4 and g63mut infected
mice yielded virus only from the brain on cell culture at 3 d.p.i. (Fig. 1). By 6
d.p.i. virus had cleared from the brain but was detected on cell cultures from lung
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and spleen (Fig. 1) and was confirmed by IIF in small bronchioles of lung and
lymphoid cells of spleen. No significant difference in the replication pattern and
the titres of recovered viruses between Ab4 and g63mut viruses was observed. A
similar number of deaths (12 in total) were recorded between 1 and 15 d.p.i. in
both groups of mice with wild type and g63mut. Both viruses were isolated from
brain, lung and spleen of mice that died after infection (data not shown).
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Fig. 1. Intracerebral infection of 3 days old (1.1 and 1.2), and intranasal infection of 3 day old (1.3
and 1.4) and 17 day old mice (1.5 and 1.6) and virus isolation from brain, lung and spleen at 3 days
post infection (1.1, 1.3 and 1.5) and at 6 days post infection (1.2, 1.4 and 1.6). Bars represent geo-

metric mean titres (± SE; n = 3)

From the mice infected i.n. at 3 days of age, virus was isolated from brain,
lung and spleen at 3 d.p.i. (Fig. 1). By IIF, virus was detected in the neuronal
cells of brain, small bronchioles of the lung and the lymphoid cells of the spleen.
Each virus was recovered from brain and respiratory tract at 3 and 6 d.p.i. At 3
d.p.i., g63mut virus was isolated at higher titres than the wild type virus and was
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also detected in the spleen. A total of 11 deaths were recorded in both groups of
mice and viruses were recovered from brain, lung and spleen.

From the mice infected i.n. at 17 days of age, each virus was isolated from
the brain at 6 d.p.i. Both viruses were detectable in the lung tissues at 3 and 6
d.p.i. (Fig. 1). Only g63mut virus was detected in the lymphocytes of spleen by
IIF and cell culture at 3 d.p.i. and only by IIF on 6 d.p.i. Some deaths (6 in total)
were also recorded in both groups of mice (data not shown).

The i.n. infection of two horses with wild type Ab4 and two with g63mut vi-
rus resulted in the nasal shedding of virus for 1 to 11 days, accompanied by cell-
associated viraemia for 2 to 9 days in all four ponies. In the two ponies infected
with wild type virus, Ab4 virus was isolated from nasal swabs from 1 to 10 d.p.i.
Virus was recovered from leukocytes from 4 to 8 d.p.i. In the two ponies infected
with g63mut virus, the virus could be re-isolated from the nasal swabs from 1 to 7
d.p.i. at lower titre than Ab4. The g63mut was also recovered from leukocytes
from 3 to 9 d.p.i. at a frequency similar to wild type virus (Fig. 2).
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Fig. 2. Intranasal inoculation of the horses with EHV-1 (Ab4) and g63mut followed by virus isola-
tion from nasal mucus. (a) [Log 10 values of TCID50/ml] (a) and peripheral blood mononuclear

cells (b) [Log 10 values of infectious centre assays]

Six weeks after primary infection, in vitro reactivation of virus from blood
leukocytes was attempted using PWM and IL2 (Smith et al., 1998). By IIF, virus
was detected in one of the two horses infected with Ab4, whereas, with g63mut,
virus was recovered from leukocytes from both infected ponies. The frequency
of positive cells in all three leukocyte populations was 1–2/105 leukocytes. No
virus was detected in the control culture of leukocytes.

At autopsy, 10 weeks after primary infection, EHV-1 Ab4 virus was re-
covered from bronchial and submandibular lymph nodes in one of two horses by
co-cultivation with and without the addition of IL2 or PWM in the growth me-
dium. Blood leukocytes, mesenteric lymph node and trigeminal ganglia were
negative in both horses.

In the two horses infected with g63mut, virus was recovered from bron-
chial and submandibular lymph nodes in one of the two horses. The presence of
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g63mut virus was confirmed by overlaying the cultures with β-galactosidase re-
action (Purewal et al., 1998). The recovery of both viruses from these tissues was
confirmed by the positive IIF results obtained after the treatment of tissues with
IL2 and PWM for 24 to 48 h.

When the mice were infected i.c., findings were similar to those of Patel
and Edington (1983), who reported the pathogenicity of different isolates fol-
lowing i.c. inoculation of 2-day-old mice. No significant difference in the repli-
cation pattern between Ab4 and g63mut virus was observed, and mortalities were
similar, indicating that there was no change in virulence (data not shown). No
difference between viruses was noticed in the mice given i.n. infection at 3 and
17 days of age.

During the acute infection of horses both viruses were recovered the from
nasal mucosa and peripheral blood leukocytes. The EHV-1 (Ab4) was isolated
over a longer period of time and at higher titres than the g63mut virus, but be-
cause of the low number of experimental animals this could not be interpreted as
significant. Six weeks after the primary infection, when in vitro reactivation of
the peripheral blood leukocytes was carried out, both viruses were shown to be
reactivated by IIF in at least one of the two horses. The frequency of positive
cells was 1–2/105 cells, which was consistent with the in vitro reactivation pat-
tern of EHV-1 observed in horses by Smith et al. (1998).

At autopsy, both viruses were isolated by co-cultivation from bronchial
and submandibular lymph nodes from one of the two horses. Also, viruses were
detected by IIF in these lymph nodes following incubation in the medium con-
taining IL2 and PWM. These results support the earlier observations by Welch et
al. (1992) and Edington et al. (1994a, b). While these experiments are limited by
the number of animals used, the results suggest that EHV-1 gene63 is not essen-
tial for replication or for the establishment of latency and reactivation of EHV-1
in horses, nor does it modify the pathogenicity in mice.
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