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Bovine herpesvirus type 5 (BoHV-5) is a major cause of viral meningoencephalitis in
cattle. The expression of different viral proteins has been associated with BoHV-5
neuropathogenesis. Among these, gl, gE and US9 have been considered essential for the
production of neurological disease in infected animals. To evaluate the role of gl, gE and
US9 in neurovirulence, a recombinant from which the respective genes were deleted
(BoHV-5 gl-/gE-/US9-) was constructed and inoculated in rabbits of two age groups (four
and eight weeks-old). When the recombinant virus was inoculated through the paranasal
sinuses of four weeks-old rabbits, neurological disease was observed and death was the
outcome in 4 out of 13 (30.7 %) animals, whereas clinical signs and death were observed
in 11/13 (84.6%) of rabbits infected with the parental virus. In eight weeks-old rabbits, the
BoHV-5 gl-/gE-/US9- did not induce clinically apparent disease and could not be reactivated
after dexamethasone administration, whereas wild type BoHV-5 caused disease in 55.5%
of the animals and was reactivated. These findings reveal that the simultaneous deletion of
gl, g and US9 genes did reduce but did not completely abolish the neurovirulence of
BoHV-5 in rabbits, indicating that other viral genes may also play a role in the induction of
neurological disease.

INDEX TERMS: Bovine herpesvirus type 5, BoHV-5 gl-/gE-/US9-; rabbits, neuropathogenesis.

RESUMO.- [Infec¢do experimental de coelhos com um
recombinante do herpesvirus bovino tipo 5 defectivo
na gl, gE e US9.] O herpesvirus bovino tipo 5 € uma das
principais causas de meningoencefalite viral em bovinos.
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A expressao de diferentes proteinas virais tem sido asso-
ciada a neuropatogenia do BoHV-5. Entre estas, a gl, gE
e US9 tém sido consideradas essenciais para a indugao
de sinais neuroldgicos nos animais infectados. Para ava-
liar o papel das proteinas gl, gE e US9 na neurovirulén-
cia, construiu-se um recombinante no qual os genes que
codificam estas proteinas foram deletados, denominado
BoHV-5 gl-/gE-/US9-. Este virus foi inoculado em coe-
Ihos de idades diferentes (quatro e oito semanas de ida-
de). Quando o virus recombinante foi inoculado nos seios
paranasais de coelhos de quatro semanas de idade, do-
enca neurologica e morte foram observadas em 4 dos 13
(30,7 %) animais, enquanto que sinais clinicos e morte
foram observados em 11/13 (84,6%) dos coelhos infecta-
dos com o virus parental. Em coelhos de oito semanas de
idade, o BoHV-5 gl-/gE-/US9- ndo induziu sinais clinicos
aparentes e, apos tentativa de reativagao viral por trata-
mento com dexametasona, o virus nao foi re-excretado.
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Por outro lado, o virus selvagem causou doenca clinica
em 55,5 % dos coelhos e foi re-excretado apos tratamen-
to com dexametasona. Estes achados revelam que a
delecao simultanea dos genes gl, gk e US9 reduziu mas
nao aboliu completamente a neuroviruléncia do BoHV-5
em coelhos, indicando que outros genes virais possam
ter papel na indugéo da doenca neuroldgica.

TERMOS DE INDEXAQAO: Herpesvirus bovino tipo 5, BoHV-5
gl/gE/US9", coelhos, neuropatogénese.

INTRODUCTION

Bovine herpesvirus type 5 (BoHV-5), a member of the family
Herpesviridae, subfamily Alphaherpesvirinae, is responsible
for a fatal non-suppurative meningoencephalitis in cattle
(Schudel et al. 1986). Like other alphaherpesviruses, BoHV-
5 is able to establish a lifelong latent infection in sensory
ganglia of infected animals (Caron et al. 2002). The virus
is endemic, at least in Brazil and Argentina, where severe
outbreaks of neurological disease caused by BoHV-5 have
been reported (Carrillo et al. 1983, Schudel et al. 1986,
Salvador et al. 1998, Gomes et al. 2002).

Several viral proteins seem to contribute to the
neurovirulence of alphaherpesviruses (Chowdhury et al.
2000, Mettenleiter 2003). Glycoprotein E (gE) is a non-
essential glycoprotein which is predominantly found
complexed with glycoprotein | (gl) in alphaherpesviruses
(Dingwell et al. 1995). In human herpesvirus type 1 (HHV-
1) the gl/gE complex facilitates the in vitro cell-to-cell
spread in epithelial cells as well as in neurons (Dingwell
et al. 1995, Dingwell & Johnson 1998). The lack of the gl/
gE complex in suid herpesvirus type | (SuHV-1), a
neurovirulent alphaherpesvirus, impairs significantly the
anterograde transport of the virus in axons, limiting its
spread in the central nervous system (CNS), thereby
reducing its neurovirulence (Enquist et al. 1999, 2002).
The gE of bovine herpesvirus type 1 (BoHV-1) is important
for the anterograde transport in neurons and a gE
cytoplasmic tail-truncated virus was significantly attenuated
in experimental infections of rabbits (Liu et al. 2008). In
addition, US9 was essential for reactivation of the BoHV-
1 in the trigeminal ganglia (TG) and anterograde axonal
transport from TG to nose and eye (Butchi et al. 2007).
The pathogenicity of BoHV-5 with either gE or US9
negative recombinants has been previously evaluated. In
an experimental infection of rabbits with a BoHV-5 gE
negative recombinant, the virus dissemination in CNS and
induction of neurological signs were significantly impaired
(Chowdhury et al. 2000). In addition, also for BoHV-5, US9
was shown to play an important role in viral transport from
the olfactory receptor neurons to second order neurons
within the olfactory bulb of rabbits, and a US9 negative
BoHV-5 recombinant was virtually nonpathogenic and
failed to invade the CNS (Chowdhury et al. 2002).

Aiming at the the development of an apathogenic BoHV-
5 with an impaired ability to reactivate from latent infections,
we constructed a recombinant BoHV-5 from which genes
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gl, gE and US9 (gl-/gE-/US9-) were deleted (Franco et al.
2007). In order to examine the effect of a triple deletion of
gl, gE and US9 genes in neurovirulence, we inoculated
rabbits of four and eight weeks-old with either the
recombinant or the wild type viruses. We investigated the
outcome of the acute infection and the potential of this
recombinant to reactivate from latently infected animals.

MATERIALS AND METHODS

Viruses and cells

Madin-Darby bovine kidney cells (MDBK), originally from
ATTC (CCL 22), were grown in Eagle’s Minimal Essential
Medium (E-MEM) supplemented with 6% fetal bovine serum
(FBS) and 10mg/mL enrofloxacin (Baytril). Cells and sera were
tested periodically to ensure freedom of BoHV and bovine viral
diarrhea virus (BVDV) contamination.

The BoHV-5 strain EVI 88/95 was isolated from a calf during
an outbreak of meningoencephalitis in the state of Mato Grosso
do Sul, Brazil, in 1995. This isolate has been characterized
previously (Roehe et al. 1997, D Arce et al. 2002, Souza et al.
2002). This virus was used for the construction of the BoHV-5
gl/gE/US9 recombinant (Franco et al. 2007). It was also used
in the experiments with rabbits and in the neutralization tests.

Design of the animal experiments

Rabbits of a mixed breed were kept in isolation cages
supplied with food and water ad libitum. Before infection rabbits
were anesthesized with 2 mg of tiletamine/zolazepam (Zoletil,
Virbac) and inoculated into each paranasal sinuses with a total
volume of 0.5mL as described previously (Brown & Field. 1990,
Silva et al. 1999).

The first experiment was carried out to examine the
pathogenicity of the recombinant BoHV-5 in four weeks-old
rabbits. The animals were divided in three groups (A, B, C) of
13 rabbits each. In group A, rabbits were inoculated with 1078 x
50% tissue culture infective doses/mL (TCID,,/mL) of the
recombinant BoHV-5 gl"/gE/US9". Rabbits of group B were
inoculated with 1073 TCID,/mL of wild type BoHV-5 strain EVI
88/95. In group C, 13 control rabbits were mock infected with
0.5mL of sterile E-MEM.

A second experiment was performed to investigate the
pathogenicity and ability of virus reactivation in eight weeks-old
rabbits. The rabbits were divided into three groups (D, E and F).
Group D consisted of 10 animals, which were inoculated with
1089 TCID,/mL of the recombinant BoHV-5 gI"/gE/US9". Group
E consisted of 9 rabbits inoculated with 1080 TCID,/mL of the
wild type BoHV-5 strain EVI 88/95. Group F consisted of 10
negative control rabbits, mock infected with sterile E-MEM. From
days 60 to 65 post-infection (pi), rabbits were submitted to five
daily administrations of 2.6 mg/kg of dexamethasone (Dx;
Schering-Plough) (Caron et al. 2002). On day 80 pi, all animals
were culled and samples were collected for further processing.
All procedures of animal care, handling and experimentation
were performed under veterinary supervision and according to
recommendations of the Brazilian College on Animal Experimen-
tation (COBEA; http://www.cobea.org.br) and Brazilian law no.
6.638 of May 8, 1979.

Clinical evaluation
The rabbits were observed three times a day in search for
clinical signs throughout the experiments. Clinical investigations
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included weighting (once daily), measurement of rectal
temperature, observation of sneezing, coughing, nasal and/or
ocular secretions, signs of depression (reduced appetite, apathy)
and signs of neurological impairment (excitabilility or depression,
tremors, bruxism, walking or running in circles, backward and
sideways falling and paddling).

Nasal virus spread

In the first experiment, nasal swabs were collected daily from
days 0 to 15 pi. In the second experiment, nasal swabs were
collected daily from days 0 to 16 pi and from days 60 to 80 post-
reactivation (pr). The swabs were immersed in 1mL of sterile E-
MEM supplemented with 200 U/mL penicillin, 200pg/mL
streptomycin and 5ug/mL amphotericin B. Samples were stored
at-70°C until processing. Infectious virus titres were determined
after inoculation of the samples on MDBK cells by the Spearman-
Kérber method. The identification of BoHV-5 infected cells was
performed by immunostaining using a BoHV-5-specific monoclo-
nal antibody as described previously (Kramps et al., 1994).

Virus isolation

Lung and brain samples (olfactory bulbs, anterior and
posterior cortices, diencephalon, cerebellum and pons) were
submitted to virus isolation by standard methods (Kaashoek et
al. 1994). Infected cell cultures were monitored for the presence
of virus up to 7 days after inoculation. Negative cultures were
frozen at -70°C, thawed and submitted to one more passage.
When viral cytopathogenic effect (CPE) was observed, the
original tissue suspensions were titrated on MDBK cells. To
confirm the identity of the recovered viruses, immunoperoxidase
was performed as previously described (Kramps et al., 1994).

Virus neutralization

Serum samples were collected on days 0, 7, 14, 21, 28, 35,
42, 49 pi, from four weeks-old rabbits and on days 0, 7, 14, 21,
30, 45, 60, 75, 80 pi from eight weeks-old rabbits. Alternatively,
serum samples were collected in extremis. Neutralizing
antibodies on inactivated serum samples were determined in a
varying serum-constant virus-neutralization (VN) assay on
MDBK cell monolayers, with twofold dilutions of serum against
100 TCIDg, of BoHV-5 (House & Baker 1971). Antibody titres

were expressed as the reciprocal of the highest serum dilution
that prevented the induction of CPE after 5 days of incubation.
The geometric mean titres of each group of animals were
calculated (Thrusfield 1986).

Histopathology

Tissues for histological examination were fixed in 10%
buffered formalin, embedded in paraffin, sectioned at 6 mm and
stained with haematoxylin-eosin (H&E) following routine
protocols (Prophet et al. 1992).

Statistical analysis

Statistical analyses were carried out using ANOVA by
comparing the mean results for each group, taken daily. The
calculation was made using Data Supplement Analysis Tool for
Excel (Microsoft Office XP, Microsoft, USA), for p<0.05.

RESULTS

Experimental infection of four weeks-old rabbits

In the first experiment, with four weeks-old rabbits, 4/
13 (30.7 %) rabbits inoculated with the recombinant BoHV-
5 gl/gE/US9 (group A) died between days 7 and 18 pi.
These animals displayed spastic paralysis, opisthotonus
and coma. Histological examination of the brains of such
rabbits evidenced mild meningoencephalitis. Infectious
virus was detected in nasal secretions from 7/13 rabbits
inoculated with the recombinant BoHV-5 between days 5
and 13 pi (Table 1). Infectious virus was found in the brain
up to 108 TCID/g (only after the second passage) in the
diencephalon and trigeminal ganglia (Table 2), but it was
not isolated from other regions of the CNS or lungs.

In rabbits inoculated with wild type BoHV-5 (group B),
11/13 rabbits (84.7 %) died between days 7 and 9 pi after
showing signs of excitability/depression, seizures, tremors,
bruxism, opisthotonus, rear limb paralyses and severe
depression. These rabbits revealed a moderate to severe
meningoencephalitis upon histological examination. All
rabbits in this group shed virus from days 4 to 10 pi from

Table 1. Summary of virus shedding, neurological disease and mortality in four weeks-old (groups A, B
and C) and eight weeks-old (groups D, E and F) rabbits inoculated with the recombinant BoHV-5 gl/gE"/
US9" and wild type virus

Group Virus Infectious ~ Clinical ~ Mortality? Virus shedding
virus titres disease (%) Start Duration Infectious Infectious Number of
of the (dpi)®  (days) virus titres virus titre at animals
inoculum during acute attempted that
(TCID50/mL) infection reactivation excreted
(min-max) (min-max) virus
(TCID50/mL)  (TCID50/ml)
A BHV-5 1078 4/132  4/13(30.7) 5 9(5-13) 1.55-1.8 - 7113
gl-/gE-/US9-
B Wild type virus 10738 13/13  11/13 (84.7) 4 7(4-10) 1.55-2.05 - 13/13
C Control NA 0/13 0/13(0) NAd NA - - 01
D BHV-5 108.0 0/10 0/10(0) 5 6 1.55-2.05 - 7110
gl-/gE-/US9-
E Wild type virus 1080 5/9 5/9(55.5) 4 9 1.55-2.05 1.55-1.8 8/9
F Control NA 0/10 0/10(0) NA NA - - 0/10

a Number of ill rabbits /total number of animals in the group; ® Number of dead rabbits/total of animals per group; °Days post-

infection; 9 NA: not applicable; © - negative.
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Table 2. Virus isolation from different regions of brain and from lungs of four weeks-old
rabbits inoculated with either the recombinant BoHV-5 gl"/gE"/US9" or wild type BoHV-5
virus (strain EVI 88/95)

Rabbit Infectious virus titres in:
no. Olfactory Anterior Posterior Cerebellum Pons Diencephalon Trigeminal Lung
bulb cortex cortex ganglion
BoHV-5 1 -2 - + +
gl/gE’/US9" 2 - + -
3 - + -
4 - + +
Evi 88/95 1 + +++ +++ + + + + +
2 + ++ +++ ++ + ++ + -
3 ++ ++ ++ + + + + -
4 + +++ ++++ ++ ++ ++ + +
5 ++ + +++ + ++ ++ + +
6 + ++++ +++ + + + + +
7 + ++ +++ ++ ++ ++ + +
8 + +++ +++ +++ +++ ++ + +
9 ++ ++ ++ +++ +++ ++ + +
10 +++ +++ ++ ++++ ++ ++ + +
11 ++ +++ ++ ++++ +++ ++ + +

a - no virus detected, + 100-5-1020 TCIDgy/mL, ++ 10225-1030 TCIDgy/mL, +++ 10325-10%0 TCIDgy/mL,

++++ >10425 TCIDg/mL.

nasal secretions (Table 1). Infectious virus was recovered
from all regions of the brain, from trigeminal ganglia and
lungs (Table 2). The rabbits of the negative control group
remained healthy, did not shed virus in nasal secretions
and remained BoHV-5 seronegative throughout the
experiment.

Experimental infection of eight weeks-old rabbits

None of the animals inoculated with the recombinant
virus (group D) showed detectable neurological signs.
However, infectious virus was recovered from nasal
secretions between days 5 to 10 pi in 7/10 rabbits from
group D.

In group E (inoculated with wild type BoHV-5), 55% (5/
9 rabbits) developed neurological signs and died; infectious
virus was detected in brain tissues. Infectious virus was
recovered from nasal secretions from day 4 to 12 piin 8/9
rabbits (Table 1). Under microscopic examination, non
suppurative meningoencephalitis was observed in the brain
sections of these animals. It was possible to isolate
infectious virus from the lungs of 9 rabbits (Table 2). The
rabbits in the control group (group F) remained healthy
throughout the experiment.

To study virus reactivation from these animals, all the
rabbits from groups D and F, and those from group E
surviving acute infection, were submitted to dexamethasone
(Dx) treatment from days 60 to 65 pi. The virological and
clinical findings after Dx administration are summarized
in Table 1. None of the rabbits in groups D, E or F showed
detectable neurological signs. Virus shedding in nasal
secretions could not be detected in rabbits previously
inoculated with the recombinant virus (group D). On the
other hand, rabbits inoculated with wild type BoHV-5 (group
E) shed virus intermittently after the Dx treatment. No
infectious virus could be recovered and no lesions were
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detected in tissues of rabbits inoculated with the
recombinant BoHV-5 gl/gE/US9", or the wild type BoHV-
5 EVI 88/95.

The neutralizing antibody responses of rabbits in group
D, E and F are shown in Figure 1. The control group (F)
was seronegative during the experiment, while the animals
from groups D and E started to produce detectable
antibodies from days 14 and 7 pi, respectively.

2 A

Meantires of HAD
>

0 T T T T T T T T 1

0 7 14 21 30 45 =1] 75 80
Days postinfection

Fig.1. Geometric mean titres of neutralizing antibodies to BoHV-
5 of eight weeks-old infected rabbits. The black triangles
refer to group D (animals infected with BoHV-5 gl/gE/US9);
the black squares refer to group E (infected with the wild
type virus EVI 88/95); the black circles refer to group F
(uninfected animals). Antibody titres are expressed as
geometric mean titres of each group of animals on days
postinfection. The bars indicate the standard deviations. The
arrow indicates the day of dexamethasone administration
(60 days post-infection).
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DISCUSSION

As gl, gE and US9 were previously reported to play a role
in neurovirulence of BoHV-5 (Chowdhury et al. 2000, 2002),
the present study was carried out to examine the
neurovirulence and the potential for reactivation of a
recombinant BoHV-5 lacking the gl, gE and US9 genes.
When the recombinant BoHV-5 gl"/gE/US9" was inoculated
intranasally in four weeks-old rabbits, it was less virulent
than the wild type BoHV-5. One third of the rabbits inoculated
with the recombinant developed neurological signs and
died, whereas the wild type BoHV-5 induced neurological
disease and killed about 90 % of the infected animals. The
recombinant virus was still able to reach the trigeminal
ganglia and midbrain/diencephalon, but dissemination to
other parts of the central nervous system (CNS) and lungs
was impaired. In contrast, wild type BoHV-5 virus was
isolated consistently (and to higher titres than the
recombinant virus) from different regions of the brain and
lungs. These results show that the spread of the recombinant
virus in the CNS was limited but not totally blocked by the
lack of these proteins. Similar results were obtained in an
experimental infection of calves using the BoHV-5 gl'/gE"/
US9 virus (Hibner et al. 2005). Infectious virus, viral
antigens and DNA were found in limited portions of the CNS
of one out of six calves infected with the recombinant
(HUbner et al. 2005). These results are in contrast with
previous experiments performed with different gE and US9
BoHV-5 recombinants (Chowdhury et al. 2000, 2002). A
BoHV-5 gE- recombinant was able to induce neurological
signs in about 10 % of the infected rabbits and no deaths,
while the wild type virus caused apparent neurological
disease in 70 to 80 % of the infected animals. On that
occasion, and contrasting with the findings presented herein,
the gE™ recombinant was not found in the CNS of infected
rabbits (Chowdhury et al. 2000, 2002). In another experiment,
a US9 negative BoHV-5 was virtually apathogenic, did not
invade the CNS and caused no death when inoculated in
rabbits (Chowdhury et al. 2000, 2002). We believe that
differences in age and breed of the infected rabbits could
not justify such discrepancies, since these were comparable
in both experiments. On the other hand, differences between
virus strains might be a relevant source of variation, since it
has been shown that different BoHV-5 isolates may
significantly differ in their neurovirulence (Silva et al. 1999,
Beltrao et al. 2001, Spilki et al. 2002).

When inoculated in older animals, the recombinant virus
was apathogenic, contrasting with the effect of the wild
type virus infection (which caused death in 55.5 % of
infected animals). These results show a correlation
between the age of the animals on the day of inoculation
and the severity of the disease, what was already
demonstrated (Beltréo et al. 2001, Caron et al. 2002).

Following Dx administration, neurological signs and
virus isolation from brain sections of rabbits inoculated with
the recombinant or with the wild type virus were
investigated. The BoHV-5 gl"/gE/US9" recombinant could
not be recovered from nasal secretions, whereas the wild

type virus could indeed be recovered. The failure in
detecting the recombinant virus in nasal secretions after
Dx is probably related to an impaired anterograde axonal
transport of virions, which is needed for the transport of
reactivated viruses to the primary site of infection and is
mediated by US9. This phenomenon had already been
observed in previous experiments attempting to isolate
US9 or gE/US9 recombinants of SuHV-1 or BoHV-1 from
latently infected animals (Kaashoek et al. 1994, Enquist
et al. 1999, 2002, Chowdhury et al. 2002). It has been
shown that these recombinant viruses could not be re-
excreted due to the lack of US9, which is essential for the
anterograde transport of virions along the axons (Enquist
et al. 1999, 2002, Butchi et al. 2007). Although virus
reactivation did occur in rabbits inoculated with the wild
type BoHV-5, those did not display clinical signs during
the period of virus excretion.

Neutralizing antibodies were detected in sera from
animals infected with both the wild type and recombinant
BoHV-5 (Figure 1). The levels of neutralizing antibodies
detected until day 60 pi, when the Dx treatment took place,
were similar when groups D (infected with the recombinant)
and E (infected with the wild type) were compared. On
days 75 and 80pi (or 15 and 20 pr) the levels of neutralizing
antibodies from animals of group D were significantly lower
and showed a tendency to decrease when compared to
animals from group E. These lower antibodies levels in
animals infected with the recombinant are probably related
to a lack of reactivation and replication of the virus in na-
sal secretions following the Dx treatment. On the other
hand, the increased levels of antibodies found in group E
correspond to the period that they re-excreted virus, what
probably boosted their immune response.

The aim of this study was to examine the neurovirulence
and reactivation potential of a recombinant BoHV-5 with
deletions of the gl, gE and US9 genes using rabbits as
models. Under the conditions of this study, the recombinant
virus could still induce neurological signs in four weeks-
old rabbits, but was apathogenic for eight weeks-old
rabbits. After Dx administration, the recombinant virus did
not induce neurological signs in rabbits nor was excreted
in nasal secretions. In view of these findings, it can be
concluded that the BoHV-5 gl/gE/US9" replicates
efficiently, induces a detectable immune response and
shows a reduced virulence in rabbits. It is conceivable that
additional deletions in the viral genome are needed as to
completely abolish its neurovirulence.
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