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a b s t r a c t

Bovine herpesvirus (BoHV) type 1.1 (BoHV-1.1) causes repeated outbreaks of upper respiratory disease
and abortion in cattle. The systemic effects of BoHV-1.1 in rabbits, using intranasal inoculation are
reported. Female rabbits were divided into four groups and inoculated with the virus 10 days before mat-
ing, and at 15 or 22 days of pregnancy. Studies of the clinical signs, antibody production, virus isolation,
and DNA detection as well as histological and immunohistochemical studies were carried out on lungs,
kidneys, spleen, placentas, uteri and foetal tissues. All virus-inoculated animals developed respiratory
clinical signs and a humoral response. BoHV-1.1 was isolated from nasal swabs and plasma rich in leu-
kocytes, and viral DNA was detected in blood, dead foetuses and placentas. Histopathological lesions
were found in the respiratory tract and some placentas and foetuses were immunohistochemically posi-
tive. Intranasal inoculation might be useful to study the systemic effects of BoHV-1.1 infection in the rab-
bit model.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Bovine herpesvirus (BoHV) type 1.1 (BoHV-1.1) is responsible
for repeated outbreaks of respiratory disease (infectious bovine
rhinotracheitis) and abortion in cattle, usually at the fourth month
of pregnancy. Abortion induced by BoHV-1.1 is one of the main vir-
al causes of reproductive failure in bovine production (Smith,
1997). BoHV-1.1 enters the host through the mucous membrane
of the upper respiratory tract and is preferentially transmitted by
direct nose-to-nose contact. After replication in the mucosal epi-
thelium, BoHV-1.1 infects sensory neurons of the peripheral ner-
vous system and animals become latent carriers. BoHV-1 spreads
in the host during a viraemic phase and gains access to a broader
range of tissues and organs to cause many disorders, including
abortion. However, it is still unknown how BoHV-1.1 gains access
to the placenta and foetus. The presence of viral lesions in foetal
livers suggests that haematogenous dissemination may occur via
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the umbilical vein (Muylkens et al., 2007). The rabbit model has
been used to study the effects of different species of BoHV, such
as BoHV-5 (Rock et al., 1987; Meyer et al., 1996; Lee et al., 1999;
Silva et al., 1999; Spilki et al., 2002), BoHV-4 (Osorio et al., 1982;
Naeem et al., 1990, 1991) and BoHV-1.1 (Smith, 1978; Honda
et al., 1991). So far, the rabbit model has been the best to study
upper respiratory disease, conjunctivitis and meningoencephalitis
induced by BoHV-1.1 (Lupton et al., 1980; Chowdhury et al.,
1997) inoculated by different routes. Kelly (1977) induced the
infection by inoculating adult and newborn rabbits with BoHV-1,
by the intra-peritoneal, intra-conjunctival and intra-cerebral
routes. Rock and Reed (1982) infected adult rabbits with BoHV-1,
using intra-conjunctival inoculation, and activated the infection
after treatment with corticosteroids. In addition, Honda et al.
(1991) inoculated rabbits by the intra-tracheal and intravenous
routes and analysed the antibody response, but failed to reproduce
respiratory clinical signs. Although different routes of inoculation
were reported to experimentally reproduce many aspects of the
natural infection in these studies, none used intranasal (i.n.) inoc-
ulation, the natural route of entry of BoHV.

After i.n inoculation of the virus, Brown and Field (1990) repro-
duced the neurological disease induced by BoHV-5; Chowdhury
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Table 1
Experimental design. Number of animals per Group and Sub-group used in the
experiment.

Sub-groups Groups
1 2 3 4

a 4# 4* 4* 3*

b 2* 2* 2* 2*

c 2 2 2 1

Group 1: inoculated at 10–12 days before mating.
Group 2: inoculated at �15 days of pregnancy.
Group 3: inoculated at �22 days of pregnancy.
Group 4: inoculated at �15 days of pregnancy; sacrificed 5 days post-infection.
a: mated and virus-inoculated.
b: mated and mock-inoculated.
c: non-mated and virus-inoculated.
* Pregnancy confirmed at 10–12 days post-mating.
# Pregnancy diagnosis negative at 10–12 days post-mating.
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et al. (1997) confirmed the neuroinvasion of BoHV-5, and Silva
et al. (1999) described relevant aspects of the meningoencephalitis
induced by Brazilian isolates of BoHV-5 in rabbits.

Abortion induced by other members of the subfamily Alphaher-
pesvirinae of veterinary interest has been largely studied in exper-
imental animal models (Babic et al., 1994; Awan et al., 1995).
However, the rabbit model of abortion induced by BoHV-1 has
been mentioned as an accidental finding in some studies using
inoculation routes other than i.n (Lupton et al., 1980; Kelly,
1977). Since there are no recent data regarding BoHV-1 infection
in pregnant rabbits, the goal of this work was to study the systemic
effects of BoHV-1.1 in female rabbits after i.n inoculation. In addi-
tion, we aimed to determine whether the i.n route could be used to
investigate reproductive failures induced by BoHV-1.1 infection in
pregnant rabbits.
2. Materials and methods

2.1. Virus and cell cultures

The Los Angeles (LA) strain obtained from The National Institute
of Agricultural Technology (INTA), Castelar, Argentina, was used for
the experimental infection. Virus stocks were prepared in Madin-
Darby bovine kidney (MDBK) cells routinely grown in Eagle’s Min-
imal Essential Medium (EMEM) containing 2 mM glutamine,
100 IU/ml penicillin, 100 lg/ml streptomycin, 100 IU/ml nystatin
and supplemented with 10% foetal calf serum (FCS). Cells were
maintained in EMEM with 2% FCS (M-EMEM). A confluent mono-
layer of cells was infected and incubated with M-EMEM. When
extensive cytopathic effect (CPE) was observed, the cells were fro-
zen at �70 �C. After three cycles of freezing and thawing, the cell
suspension was centrifuged at 10,000g for 30 min to remove cell
debris and the virus suspension was fractionated in small volumes,
quantified by the standard Reed and Muench method (Reed and
Muench, 1938), and stored at �70 �C until used.
2.2. Animals and experimental design

Animal handling and all experimental procedures were carried
out in compliance with the recommendations of the ‘‘Guide for the
Care and Use of Laboratory Animals of the National Research Coun-
cil’’ (Academy Press, 1996, Washington, USA, http://dels.nas.edu/
ilar_n/ilarhome/) and supervised by the Institutional Committee
for Care and Use of Laboratory Animals (Faculty of Veterinary Sci-
ences, National University of La Plata, Buenos Aires, Argentina).
Twenty-three 5-month-old New Zealand white pregnant female
rabbits and seven non-pregnant ones were used. Rabbits were
maintained in separate cages in conventional animal facilities with
food and water ad libitum. Gestation was confirmed by abdominal
palpation at 10–12 days post-mating (dpm) since it was not possi-
ble to perform ultrasound. The animals were divided according to
the time of virus inoculation into four groups (Groups 1–4), each
consisting of three Sub-groups (a–c) formed by mock (b) or
virus-inoculated (a and c) pregnant (b) or non-pregnant (c) rabbits
(Table 1).

The animals of Sub-groups ‘‘a’’ and ‘‘c’’ were infected with 500 ll
of the infected MDBK cells supernatant (106,5 CCID50/50 ll) as
previously described (Valera et al., 2008). After inoculation, the
remaining inoculums were quantified again to re-confirm the dose
inoculated. Rabbits from Sub-group ‘‘b’’ received 500 ll of
uninfected MDBK cell supernatant. Each Group was taken as an
individual experiment, and all the assays were developed sequen-
tially according to the availability of the facilities.
2.3. Clinical assessment and collection of samples

After inoculation, rabbits were examined daily for clinical signs
of respiratory disease and rectal temperatures were taken. Serum
samples were obtained to determine BoHV-1.1 antibody response
10–90 days post-inoculation (pi). In addition, heparinised blood
samples (20 IU/ml) were collected at 48 and 72 h pi from animals
of Sub-groups ‘‘a’’ and ‘‘c’’ of Groups 1–3. Animals from Sub-groups
‘‘a’’ and ‘‘c’’ of Group 4 were alternatively bled from each marginal
ear vein, every �12 h from �24 h pi until �96 h pi. Animals from
Group 4 were used to determine the period of viraemia to maxi-
mise viral recovery. Blood was immediately centrifuged at 1,000g
for 15 min, the buffy coat was mixed for 1 min with erythrocyte-ly-
sis buffer (0.85% NH4Cl, 0.017 M Tris, pH 7.4) and centrifuged at
1,000g. The supernatant was removed and the pellet suspended
in the original supernatant recovered in the first centrifugation.
The resulting plasma, rich in leukocytes, was used immediately
for virus isolation and processed using a commercial kit (Wizard
Genomic DNA Purification Kit, Promega, Madison, USA) for DNA
detection by polymerase chain reaction (PCR). Nasal swabs were
collected daily from 24 h pi until the absence of respiratory signs.
These samples were immediately immersed in 1 ml of M-EMEM
and vigorously shaken for 15 s before the determination of the
amount of virus by infectivity titration. Samples from lungs, liver,
kidneys and spleen from foetuses and stillborn rabbits from
Groups 2 and 3 were also collected. Placentas were also collected
whenever possible. In addition, samples from the uteri, lungs, kid-
neys and spleen were also collected from dead or sacrificed fe-
males during pregnancy and from post-partum rabbits. All
samples were submitted for histological and virological studies
(virus isolation and PCR). Two rabbits of Sub-group ‘‘a’’ of Group
4 were sacrificed 5 days pi (dpi) and samples similar to the ones
mentioned above were collected. One pregnant rabbit used as neg-
ative control (Sub-group ‘‘b’’) was killed at the same time as virus-
inoculated rabbits from Sub-group ‘‘a’’, whereas the other negative
control rabbit continued pregnancy until normal parturition. For
virological studies, all tissue samples were processed by preparing
a 10% (wt/vol) homogenised suspension in M-EMEM, clarified by
centrifugation at 6,000g for 20 min, and the supernatants used
for virus isolation. For DNA detection, samples were processed
according to the manufacturer’s instructions (Wizard Genomic
DNA Purification Kit, Promega, Madison, USA). Samples immedi-
ately fixed in 10% formalin were used for histological studies.
2.4. Infectivity titration

Infectivity titration was performed on MDBK cells by inocula-
tion with serial 10-fold dilutions in M-EMEM of nasal swab
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samples. The titres were calculated by the Reed and Muench meth-
od at 96 h pi and expressed as CCID50/ 50 ll.

Coverslip cultures inoculated with swab fluids and incubated
for 24 h were fixed and analysed by standard direct immunofluo-
rescence using a commercial anti-BoHV-1.1 serum fluorescent con-
jugate (VMRD, Inc. WA, USA).
2.5. Detection of antibodies and polymerase chain reaction (PCR)

Detection of antibodies was determined by conventional indi-
rect ELISA previously standardized (Valera et al., 1999). The titres
were expressed as reciprocal of the highest dilution over the cut
off value equivalent to two average values of negative serum.
PCR was conducted using a pair of specific oligonucleotide primers
derived from the BoHV-1.1 thymidine kinase genomic region
according to the methodology described by Alegre et al. (2001).
2.6. Virus isolation

Each sample was inoculated onto preformed MDBK cells and,
after 2 h of incubation at 37 �C, the cells were overlaid with M-
EMEM and monitored for CPE for one week. Samples without evi-
dence of CPE were passaged before being considered negative.
2.7. Histology and immunohistochemistry

The samples were prepared by using standard histological tech-
niques. Tissues were paraffin-embedded and 5-lm sections were
stained with haematoxylin and eosin (HE). Some sections were
processed for immunohistochemistry (IHC) and incubated with
the primary anti gD-monoclonal antibody (Centre of Animal Virol-
ogy – CEVAN – Buenos Aires, Argentina) diluted 1:100 in phos-
phate-buffered saline (PBS). Slides were incubated at 37 �C for
60 min with the primary antibody and then rinsed in PBS three
times and incubated with anti-mouse EnVision� detection sys-
tem + HRP (DakoCytomation, California, USA) at room temperature
for 30 min. Liquid 3,3-diaminobenzidine tetrahydrochloride was
Table 2
Individual results obtained from pregnant rabbits inoculated at �15 days of pregnancy (G
500 ll of BoHV-1.1 Los Angeles strain (106,5 CCID50/50 ll).

Group and animal Time of inoculation (dpm) Parturition

G2-a1 14 Normal

G2-a2 13 Death during parturition⁄,

G2-a3 15 Death 4 days before partu
G2-a4 15 Normal

G3-a1 22 Normal

G3-a2 21 Death 6–7 days before par
G3-a3 24 Normal
G3-a4 22 Normal

G4-a1 15 Sacrificed 5 dpi

G4-a2 15 Sacrificed 5 dpi

G4-a3 14 Negative

G: Group.
a1–2–4: individual animal.
dpm: days post-mating.
dpi: days post-infection.
⁄ samples and # placentas analysed by virus isolation, PCR and histological studies.
£ ELISA results from a pool of sera from one-month-old rabbits.
ND: not determined.
used as chromogen (DakoCytomation), and Hill’s haematoxylin
was used for counterstaining.

2.8. Statistical analysis

Virus titres were evaluated by ANOVA, in a nested design
(Group/Female) with repeated measures (DPI), using Stata soft-
ware. For the dataset with missing values (animals without clinical
signs between 6 and 7 dpi), ten different multiple imputed datasets
were generated based on the missing at random (MAR) technique
and analysed by linear mixed modelling using the ‘‘ice’’ and ‘‘mim’’
packages for the Stata software .

3. Results

3.1. Clinical assessment

The temperature of virus-inoculated animals ranged within
normal values (38.6–40 �C). In the four Groups, rabbits from Sub-
group ‘‘a’’ showed intense respiratory clinical signs which con-
sisted of severe serous nasal discharge during the first two days
pi, followed by seromucinous discharge and laboured breathing;
clinical signs disappeared between 6–7 dpi. In the four Groups,
rabbits from Sub-group ‘‘c’’ showed similar clinical signs and time
recovery.

Pregnancy diagnosis by palpation at 10 dpm was negative in all
animals from Sub-group ‘‘a’’ of Group 1. These animals were kept
under observation for the following 25 days, but none of them
reached parturition. Two rabbits from Sub-group ‘‘a’’ of Group 2
died during parturition or four days before. One rabbit from Sub-
group ‘‘a’’ of Group 3 died on day four pi, showing clinical signs
of acute pneumonia. The surviving newborn female rabbits of
Group 3 were screened for antibodies by ELISA one month after
birth. The individual findings are detailed in Table 2. One rabbit
from Sub-group ‘‘a’’ of Group 4 gave birth to no live neonates. In
the four Groups, rabbits from Sub-group ‘‘b’’ showed no clinical
signs and those not sacrificed at this time of the experiment
reached normal parturition.
roups 2 and 4) and �22 days of pregnancy (Group 3) by intranasal inoculation with

Pregnancy results ELISA test (£)

1 neonatal death⁄

2 rabbits born dead⁄
ND

# 3 rabbits born dead⁄

8 live foetuses
ND

rition⁄,# 2 foetuses⁄ ND
2 hypokinetic neonates⁄

2 hypokinetic neonates dead by crushing
ND

1 rabbits born dead⁄

2 live newborns
1/100

turition⁄,# 4 dead foetuses⁄ ND
5 live newborns (–) to 1/100
1 newborn dead crushed
5 live newborns
1 hypokinetic newborn⁄

Doubtful

4 dead foetuses
2 live foetuses

ND

3 dead foetuses⁄

2 live foetuses⁄
ND

ND ND



Fig. 1. Virus recovered during the first 6 dpi from nasal swabs of rabbits inoculated
with 500 ll of the virus supernatant (106,5 CCID50/50 ll). The titres were calculated
at 96 h pi and expressed as log10 CCID50/sample. Bars represent the average titre
obtained from all nasal swabs individually processed. Virus titres obtained on
different days for the same animal were significantly different (p < 0.05). No
significant differences were found (p = 0.99) between the four Groups of virus-
inoculated animals.

Fig. 2. Spline median graph of antibody response measured by ELISA. Results
obtained from sera from pregnant rabbits and positive controls of Group 1
(inoculated at �10 days prior to mating), Group 2 and 4 (inoculated at �15 days of
pregnancy) and Group 3 (inoculated at �22 days of pregnancy) are shown. The
antibody titres obtained at different days for the same animal were significantly
different (p < 0.05). No significant differences (p = 0.99) were found between the
four Groups of infected animals.

Table 3
Individual results of virus isolation (VI) and PCR at different times post-infection from
blood of pregnant (Sub-group a) and non-pregnant (Sub-group c) rabbits inoculated
at �10 days prior to mating (Group 1), �15 days of pregnancy (Groups 2 and 4) and
�22 days of pregnancy (Group 3) by intranasal inoculation with 500 ll of BoHV-1.1
Los Angeles strain (106,5 CCID50/50 ll).

Hours post-infection
Groups �24–36 �48 �60 �72 �84–96

VI PCR VI PCR VI PCR VI PCR VI PCR

1– 3 (‘‘a’’ and ‘‘c’’) ND (–) (–) ND (–) (–) ND
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3.2. Infectivity titration

The virus was recovered from nasal swabs for at least 5–6 dpi,
with an average peak of 102.7 CCID50/50 ll on the second dpi, when
most of the clinical signs were observed.

Virus titres of the same animal measured on different days were
significantly different (p < 0.05). No significant differences were
found (p = 0.99) between Sub-groups ‘‘a’’ of the four Groups
(Fig. 1). The immunofluorescence test confirmed that the isolated
virus was BoHV-1.1. However, the virus was not recovered from
any of the swabs of animals from Sub-groups ‘‘b’’ of the four
Groups.
4-a1 (–) (–) (–) (–) (+) (+) (–) (–) (–) (–)
4-a2 (–) (–) (–) (–) (+) (+) (+) (–) (–) (–)
4-a3 (–) (–) (–) (–) (–) (+) (–) (+) (–) (–)
4-c (–) (–) (–) (–) (+) (+) (–) (+) (–) (–)

a1–3 and c: individual animal.
(–): Negative.
(+): Positive.
ND: Not determined.
3.3. Antibodies detection, virus isolation and PCR

Antibodies to BoHV-1.1 were detected in sera at 10 dpi from
virus-inoculated rabbits (Sub-groups ‘‘a’’ and ‘‘c’’) of all Groups. Anti-
body titre levels increased in surviving animals between 30–35 dpi,
decreased between 70–80 dpi, and then became undetectable at
90 dpi. Antibody titres of the same animal measured on different
days were significantly different (p < 0.05) (Fig. 2), whereas those
between Sub-groups ‘‘a’’ of the four groups were not significantly
different (p = 0.99). Virus isolation and PCR in plasma rich in leuko-
cytes from rabbits from Sub-groups ‘‘a’’ and ‘‘c’’ of Groups 1–3 were
negative, whereas those of Group 4 were positive at�60 and �72 h
pi. The individual findings are detailed in Table 3. The lungs of rab-
bits of Group 4 were positive to virus isolation and PCR. No samples
from dead foetuses born to females of Groups 2 and 3 were positive
for virus isolation or PCR. Liver samples of two dead foetuses from
two rabbits from Sub-group ‘‘a’’ of Group 4 were positive for PCR.
No virus was isolated from placentas recovered from two rabbits
from Sub-group ‘‘a’’ of Group 2 and one rabbit of Group 3. Some pla-
centa samples from rabbits of Sub-group ‘‘a’’ of Groups 2 and 3 and
from dead foetuses of rabbits of the same group of Group 4 were po-
sitive by PCR.
3.4. Histology and immunohistochemistry

The newborn rabbits of one rabbit from Sub-group ‘‘a’’ of Group
2 died within 24 h and showed areas of atelectasis in the lungs and
haemorrhages in the liver, but no lesions in the kidneys. The lungs,
kidneys and liver of the dead offspring from rabbits of Sub-group
‘‘a’’ of Group 2 showed autolytic changes. IHC was negative in all
these samples.

The lesions found in the lungs of one rabbit from Sub-group ‘‘a’’
of Group 2 that died during parturition were consistent with sup-
purative bronchopneumonia, although no intranuclear inclusion
bodies (IB) were observed.

The liver showed large areas of cellular degenerative fatty
changes, coagulative necrosis, mononuclear infiltrate mainly with
macrophages and lymphocytes, and sinusoidal dilatation. The kid-
neys showed areas of glomerular and intertubular haemorrhage,
hyalinization and the presence of bacteria in the glomeruli. No le-
sions were found in the uteri. IHC was negative in the lungs, liver,
kidneys, adrenal glands and uteri. All dead newborns that showed
severe autolytic changes were excluded from the analysis.

One rabbit from Sub-group ‘‘a’’ of Group 2 died four days before
parturition date. The lungs of this animal were atelectasic with an
interstitial inflammatory response consisting of infiltration by
macrophages and neutrophils. In addition, shrinking and necrosis
of individual hepatocytes and a few inflammatory cells (mostly
mononuclear cells and a few eosinophils) were observed in portal
spaces. The kidneys and uteri of these rabbit showed no histopa-
thological changes. Two foetuses of one female of this Sub-group
and Group, two hypokinetic newborns of another virus-inoculated
female of Group 2 and the dead newborn of one virus-inoculated
female of Group 3 showed only fatty degenerative changes in the



Fig. 3. Nasal turbinate section of one mock-inoculated (left) and virus-inoculated pregnant rabbit of Group 3 (right). Arrows indicate typical inclusion bodies of infection
observed in virus-inoculated rabbits (HE,100X).

Fig. 4. Immunohistochemistry in lungs. Negative reactivity in the bronchiolar epithelium of a mock-inoculated rabbit (left) and positive reactivity in the bronchiolar
epithelium of a virus-inoculated pregnant rabbit of Group 3 (right) (20X).
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liver. No histopathological changes were found in the remaining
organs studied. Areas of emphysema and pneumonic foci with
macrophages, neutrophils and eosinophils were observed in the
lungs of one female from Sub-group ‘‘a’’ of Group 3 that died at
4 dpi (6 or 7 days before parturition). Turbinate samples showed
typical IB (Fig. 3) and immunohistochemical analysis of the lungs
showed positive reactivity in the bronchiolar epithelium, thus con-
firming the presence of specific viral antigen (Fig. 4). The liver
showed a moderate number of macrophages and lymphocytes in
the portal spaces, whereas the kidneys showed focal areas of glo-
merular hyperaemia, cortical and cortico-medullar haemorrhagic
foci and mononuclear infiltration, consistent with suppurative
interstitial nephritis. The uterus showed some dilated endometrial
glands with severe hyperaemia and moderate mononuclear cell
infiltration in the lamina propria of the endometrial surface. The li-
ver of four foetuses of one rabbit from Sub-group ‘‘a’’ of Group 3
and the hypokinetic newborn of one rabbit of the same Sub-group
showed fatty degenerative changes. The placentas from two rab-
bits from Sub-group ‘‘a’’ of Group 2 and one of the same Sub-group
but of Group 3 showed necrotic, autolytic and hyperaemic areas
and mineralization foci in the arteries. However, all samples were
immunohistochemically negative. No lesions were found in the
placentas and organs of dead foetuses of two rabbits from Sub-
group ‘‘a’’ of Group 4. However, the immunohistochemical analysis
showed positive reactivity to viral antigen in decidual uninucleat-
ed cells and in some structures of the placental labyrinth, particu-
larly around the maternal blood spaces and in the foetal blood
vessels (Fig. 5).

4. Discussion and conclusions

Although several BoHV-1.1 studies used the rabbit as an exper-
imental model to reproduce the infection (Lupton et al., 1980; Rock
and Reed, 1982; Kelly, 1977), none have analysed the systemic ef-
fects after using i.n. inoculation, the natural route of BoHV-1.1 entry
in cattle. Our aim was to describe the systemic effects induced by
BoHV-1.1 in intranasally inoculated pregnant and non-pregnant
rabbits. The rabbit model has several features that closely resemble
the infection in the natural host, such as the production of
respiratory distress and a viraemic phase to gain access to the
maternal-foetal interface. In the present study, BoHV-1.1 infection
was clinically confirmed in all the virus-inoculated animals (Sub-
groups ‘‘a’’ and ‘‘c’’ of each Group). Clinical signs appeared on day
1 of infection, in contrast with the more extended period of incuba-
tion (until day 5 pi) observed in the natural host (Muylkens et al.,
2007). All virus-inoculated rabbits (at different stages of pregnancy
and non-pregnant females) showed respiratory clinical signs.
Although it was not possible to record minor changes in body tem-
perature, no increases were recorded during the clinical period of
the infection. These data are in accordance with the results ob-
tained by Lupton et al. (1980), who reported that fever lasted for
less than 24 h and was not always present in all infected animals.

The humoral response results agreed with those of Honda et al.
(1991) and the natural response during infection in cattle. In the
present work, the highest peak of antibodies was detected between
30–35 dpi, and antibodies were not detected from 80–90 dpi to the
end of the experiment. In addition, antibodies were also detected
in suckling rabbits, thus confirming maternal infection and the
transmission of passive immunity by the colostrum. Honda et al.
(1991) measured the antibody production by ELISA and neutralisa-
tion test in intravenously or intratracheally virus-inoculated rab-
bits, and detected a peak between 3–4 weeks pi and
undetectable levels at nine weeks pi. These animals showed no
clinical signs during the experimental period.

The clinical signs, the positive detection of humoral immune re-
sponse, the presence of IB in nasal turbinates and the positive



Fig. 5. Immunohistochemistry in placentas. Placentas of virus-inoculated pregnant rabbits of Group 4. (A). Negative reactivity in the placental labyrinth of a non-infected
rabbit (40X); (B). Positive reactivity (brown) around maternal blood space and the foetal blood vessels in the placental labyrinth of a virus-inoculated rabbit (40X); (C).
Negative reactivity in uninucleated decidual uterine cells (DUC) in the placenta of a mock-inoculated rabbit (40X); (D). Positive staining (brown) of uninucleated decidual
uterine cells (DUC) and negative staining of giant cells (GC) in the placenta of a virus-inoculated rabbit (40X). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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immunohistochemical reactivity in the lungs of dead animals
strongly support the occurrence of respiratory infection caused
by BoHV-1.1. Although in the present work we did not evaluate
the cellular immune response, the virus isolation and infectivity
titration showed active virus replication and excretion.

In contrast with the results reported by other authors, neuro-
logical signs were not observed in the rabbits of any Sub-group
or Group. Since the neurological disease was experimentally repro-
duced in rabbits of 30–45 days old (Spilki et al., 2002), age seems to
be a conditioning factor of the neurological clinical form. Our study
was carried out using adult rabbits, but no samples of the central
nervous system were included in the analysis. However, in a previ-
ous study, we reported that adult rabbits inoculated with BoHV-1.1
developed no neurological signs or lesions, and that virus isolation
from brain samples was negative. In that study, classical neurolog-
ical signs and positive virus isolation from brain samples were ob-
served only in weaned rabbits at 6–10 dpi (Valera et al., 2008).

Tikoo et al. (1995) reported the presence of secondary bacterial
infection foci in the lungs of naturally infected cattle. In the present
study, we observed similar changes in the lungs of infected ani-
mals. In some virus-inoculated pregnant rabbits, respiratory clini-
cal signs were followed by a severe pneumonia ending in death.
The pathological findings in their lungs included typical lesions
compatible with concomitant bacterial infections (Tikoo et al.,
1995), and viral antigens were immunohistochemically detected
in the bronchial epithelium.

The ability of BoHV-1.1 to initiate a viraemic phase in the nat-
ural host has been previously shown (Fuchs et al., 1999). Engels
and Ackermann (1996) reported that virus isolation is difficult
since few viral particles either bind to or are transported in leuko-
cytes. Tikoo et al. (1995) showed that the viraemia is shorter in cat-
tle and as a result, viral recovery from leukocytes is not always
successful. In the present work, we detected virus by virus isola-
tion and PCR from plasma rich in leukocytes of virus-inoculated
pregnant and non-pregnant rabbits at �60 and �72 h pi.

Abortion caused by BoHV-1.1 in the rabbit experimental model
has only been reported as an accidental finding. Up to now, the
rabbit has not been completely validated as an animal model to
study abortigenic infection. Lupton et al. (1980) reported abortions
after the intravenous inoculation of BoHV-1 in some rabbits, but
none of the animals showed respiratory signs. The analysis of ani-
mals from Sub-group ‘‘a’’ of Group 1 showed respiratory clinical
signs and the development of a specific humoral response that
was confirmed by ELISA. These rabbits were negative to the preg-
nancy palpation test and none reached parturition. Low pregnancy
rates have been previously reported in infected cattle and have
been associated with the endometritis caused by artificial insemi-
nation of infected semen (Tikoo et al., 1995). We suggest that, as in
the natural host, viral infection may also be responsible for the lack
of pregnancy. However, it is important to take into account that the
assessment and confirmation of early pregnancy in rabbits is diffi-
cult due to the formation of special uterine folds that envelop blas-
tocysts (Amoroso, 1952). Only progressive and daily histological
studies of the uteri during these first days of gestation might con-
firm pregnancy or lack of pregnancy.

The virus-inoculated animals of Groups 2 and 3 showed respira-
tory clinical signs similar to those observed in rabbits of Group 1.
However, three pregnant rabbits (two of Group 2 and one of Group
3) died with signs of pneumonia. Samples from foetuses or new-
born offspring from these dead or parturient rabbits were negative
for virus isolation and PCR, and IB were found at histopathology.
These results are consistent with those observed in cattle, in which
aborted foetuses showed few macroscopic lesions, and no histopa-
thological changes, such as IB, to confirm BoHV-1.1 infection
(Owen et al., 1964). As in cattle, foetal death occurred within 24–
48 h pi and the delayed expulsion of foetuses produced autolytic
changes, thus making histopathological analysis of the lesions dif-
ficult. A negative PCR reaction has been well-documented in ani-
mals experimentally inoculated with BoHV-4. The loss of
infectivity of viral particles for sample autolysis has also been re-
ported, explaining negative virus isolation in cell cultures (Naeem
et al., 1990, 1991).

Differences between cattle and rabbit placentas must be consid-
ered before extrapolating or comparing results. Histologically, the
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bovine placenta is epitheliochorial (synepitheliochorial) and foe-
tal-maternal contact is strong due to the formation of placentomes
(Wooding and Burton, 2008). Although the rabbit placenta is
hemodichorial, foetal-maternal contact is still strong (Björkman
et al., 1989). There are few reports regarding placental lesions in
BoHV-1-infected animals, and none of the changes described are
pathognomonic of the infection. In infected cattle, Gibbs and
Rweyemamu (1977) found degenerative changes in the cotyledons
of placentas, and extensive perivascular oedema and coagulative
necrosis in the chorioallantoic membrane, associated with progres-
sive and severe placental vascular alterations and possible to
detachment and subsequent abortion. Smith (1997) found no his-
topathological lesions in infected placentas, and isolated the virus
in the placentas of a few animals but not in their foetuses. This
author concluded that the cause of abortion was cessation of pla-
cental circulation, which explained the absence of viral lesions in
the uterus or placenta. These results are consistent with those de-
scribed for the placentas of animals of Groups 2 and 3 of the pres-
ent study, in which necrotic foci and areas of hyperaemia and
autolysis were detected. Negative immunohistochemical results
have been previously reported in the placentas of infected cattle
(Smith et al., 1989). In studies of other herpesviruses, such as the
abortigenic strains of Equid herpesvirus 1, viral DNA was detected
in placentas by PCR, but viral antigen could not be detected by
IHC, possibly due to the suppression of viral replication in the pla-
centa by unknown mechanisms (Mukaiya et al., 2000).

Liver samples from dead foetuses and placentas of animals of
Group 4 were positive for PCR. This may be explained by the fact
that BoHV-1.1 may reach the foetus through the umbilical cord,
as has been reported in cattle (Smith, 1997). Besides, positive
immunohistochemical reactivity was also found in the placentas
of these animals, parturition did not occur in one virus-inoculated
rabbit from Group 4, possibly due to the abortigenic effect of
BoHV-1.1. However, this assumption could not be confirmed in
more animals.

The present rabbit experimental model was appropriate to eval-
uate the systemic infection induced by i.n inoculation of BoHV-1.1.
Virus-inoculated animals showed respiratory disease and virus
was isolated from nasal swabs, plasma rich in leukocytes (thus
confirming viraemia) and dead foetuses. We detected a positive
humoral immune response, and found histopathological lesions
in the lungs. Although no histopathological changes were observed
in the infected placentas, PCR and IHC results were positive, thus
indicating viral dissemination to the placenta by the haematoge-
nous route.

To our knowledge, this is the first report on the systemic infec-
tion and abortion induced by i.n inoculation of BoHV-1.1 in rabbits.
Taking into account the similarities of the infection between the
natural host and rabbits, we suggest that this experimental model
might be useful to study different reproductive failures induced by
BoHV-1.1 infection.
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