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Persistent Infection with Bovine Herpesvirus Type 1: Rabbit
Model
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Persistent infection with bovine herpesvirus type 1 (BHV-1) was established in
all rabbits after conjunctival inoculation of virus. Spontaneous reactivations of
BHV-1 with and without the appearance of recurrent ocular lesions were
observed in persistently infected rabbits. BHV-1 was reactivated predictably and
shed from all persistently infected rabbits after the administration of dexametha-
sone. During all reactivations, BHV-1 isolation was restricted to the inoculated
eye.

Bovine herpesvirus type 1 (BHV-1) is respon-
sible for a variety of disease conditions in cattle,
including respiratory disease, conjunctivitis,
vulvovaginitis, balanoposthitis, meningoenceph-
alitis, and fatal systemic infection (5). Like other
members of the herpesvirus group, BHV-1 is
capable of establishing persistent infections in
its natural host species (1, 4, 15).

Rabbits have been infected experimentally
with BHV-1 and suggested as possible labora-
tory models for studying the pathogenesis of
BHV-1 infection (6, 8, 9). This study was con-
ducted to determine whether rabbits could be
persistently infected with BHV-1 and to evalu-
ate the rabbit as a laboratory model for studying
persistent BHV-1 infection.

Adult white rabbits (2.5 to 5.0 kg) were pur-
chased from a local commercial source and were
housed in individual cages in an animal isolation
room. The Cooper strain ofBHV-1 was supplied
by A. Strating, National Veterinary Services
Laboratory, Ames, Iowa, and was used at pas-
sage level 13. Bovine lung cells were used
throughout the experiment and were maintained
as previously described (13). Ocular and nasal
swabs were collected and immediately im-
mersed in 2.0 ml of Eagle minimum essential
medium containing antibiotics and amphotericin
B (100 IU of penicillin, 100 ,ug of kanamycin
sulfate, 100 ,ug of streptomycin sulfate, and 5 ,ug
of amphotericin B per ml); these were vigorous-
ly shaken for 15 s before plating 0.5 ml onto
bovine lung monolayer cell cultures. Cultures
were observed daily for the presence of cyto-
pathic effect and discarded if negative after 7
days. Viral isolates obtained were identified as
BHV-1 by direct immunofluorescence or by
neutralization with BHV-1 antiserum (8).

Rabbits (n = 22) were lightly anesthetized
(Metaphane, Pitman-Moore Inc., Washington
Crossing, N.J.) and inoculated by instilling 1.5 x

106 PFU of BHV-1 (in 0.2 ml of minimum
essential medium) in the right conjunctival sac.
Control animals (n = 4) were mock infected with
0.2 ml of minimum essential medium in an
identical manner.
Four BHV-1-infected rabbits and one nonin-

fected control rabbit were swabbed (right eye,
left eye, and nose) for 125 consecutive days and
monitored for spontaneous reactivation and
shedding of BHV-1.
At selected dates postinfection (2 to 7

months), groups of rabbits were treated with
dexamethasone (Azium, Schering Corp.,
Bloomfield, N.J.) in an attempt to induce recur-
rent BHV-1 infection (14). BHV-1-infected and
control rabbits were treated with a 4-day regi-
men consisting of daily intramuscular injections
of 4 mg of dexamethasone. In a similar manner a
group of rabbits (n = 4) received multiple dexa-
methasone treatments during the course of the
experiment. Before dexamethasone treatment, 1
to 2 weeks of daily attempts to isolate BHV-1
from the right eye, left eye, and nose of infected
rabbits were unsuccessful.
The acute phase of the infection has been

described (8; D. Rock, W. Hagemoser, and D.
E. Reed, submitted for publication). Virus was
isolated consistently from the right ocular swabs
for 9 to 15 days postinfection. Virus was isolated
sporadically from a few animals until 24 days
postinfection. Virus was not recovered from the
noninfected left eye of BHV-1-infected rabbits
or from noninfected control animals during this
period. Sera from all inoculated rabbits con-
tained BHV-1 neutralizing antibody when exam-
ined at 30 days postinfection.

Spontaneous reactivation and shedding of
BHV-1 from the right eye were observed in
three offour infected rabbits which were contin-
uously monitored. A single episode of recurrent
virus shedding was observed in rabbits 415 and
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417 at 33 and 86 days postinfection, respective-
ly. During this same period, rabbit 418 experi-
enced three episodes of recurrent virus shedding
at 70, 89, and 104 days postinfection. Spontane-
ous reactivation of BHV-1 was characterized by
virus shedding for I to 2 days and by the absence
of clinically apparent infection. However, an
ocular lesion consisting of a small ulcer on the
outer right eyelid was observed in rabbit 418
concomitant with virus isolation at 104 days
postinfection. The noninfected control animal
monitored in a similar manner was virus-free
throughout the observation period.
BHV-1 was isolated from the right eye of all

22 of the previously infected rabbits after dexa-
methasone treatment at 2 to 7 months postinfec-
tion. Virus was first reisolated from 40, 55, and
5% of the rabbits at 2, 3, and 4 days after the
initiation of treatment, respectively. Virus was

shed for 5 to 7 days. BHV-1 also was isolated
from nasal swabs for 1 to 3 days. Virus was not
isolated from the left eye of any of the treated
rabbits. Untreated BHV-1-infected rabbits and
dexamethasone-treated noninfected control rab-
bits remained clinically normal and free of virus
throughout the treatment period.
The dexamethasone-induced recurrent infec-

tion was characterized by a mild to moderate
conjunctivitis and by the presence of small ul-
cers on the outer right eyelid. These conditions
developed on the last day of dexamethasone
treatment and persisted for 6 to 7 days. This

recurrent ocular lesion was observed in all rab-
bits undergoing an initial reactivation with dexa-
methasone.
Over a period of 15 months, multiple reactiva-

tions of BHV-1 in the same rabbit were obtained
using dexamethasone (Table 1). Virus was iso-
lated from the right eye, but not the left, in each
case. Subsequent reactivations observed in the
rabbits were quite similar to the initial reactiva-
tions. A decrease in the duration of virus shed-
ding was observed in rabbits 416 and 418 in the
later reactivations. Clinically apparent recurrent
infection was observed only during the initial
reactivation of rabbit 418. An attempt to reacti-
vate rabbit 418 at 15 months postinfection was
unsuccessful. Untreated BHV-1-infected rabbits
and dexamethasone-treated noninfected rabbits
were included as controls for each reactivation
attempt. Control rabbits remained clinically nor-
mal and free of virus throughout each reactiva-
tion period.
The results show that BHV-1 established a

persistent infection in all experimentally inocu-
lated rabbits. The rabbit model described in this
report is consistent with the following observa-
tions made for cattle persistently infected with
BHV-1: (i) most, if not all, animals are persis-
tently infected after experimental infection (2,
14); (ii) spontaneous sporadic isolation of virus
without evidence of clinical disease is seen in
persistently infected animals (1, 4, 15); and (iii)
virus can be reactivated predictably with or

TABLE 1. Reactivation of BHV-1 in dexamethasone-treated rabbitsa: multiple reactivations

Time (mo) Day posttreatment
Rabbit no. postinfectionb that Result of initiation that No. of days of Recurrent ocular

reactivation was reactivation attempt BHV-1 was first shedding lesions
attempted reisolated

216 3 +C 2 6 +
6 + 3 NDd +
11 + 3 6 +

415 4 + 3 5 +
7 + 2 5 +
11 + 3 6 +
15 + 3 ND +

416 4 + 3 6 +
7 + 4 3 +
11 + 4 3 +

418 4 + 3 4 +
7 + 4 1 -
11 + 5 3 -
15 -

a Rabbits were treated with a 4-day regimen of dexamethasone, consisting of daily intramuscular injections of
4 mg.

b Before treatment, 1 to 2 weeks of daily attempts to isolate BHV-1 from the right eye, left eye, and nose of
infected rabbits were unsuccessful.

c +, Positive instance; -, negative instance.
d ND, Not determined.
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without the appearance of clinical disease in
approximately 100%o of the experimentally in-
fected animals treated with dexamethasone (2,
7, 14).

Studies on BHV-1 pathogenesis in cattle have
suggested that BHV-1 persists in the trigeminal
ganglia after intranasal and intraconjunctival
inoculation of virus and is transported centrifu-
gally via the trigeminal nerve to produce recur-
rent virus shedding and disease (3, 10-12). Lup-
ton et al. (8) isolated BHV-1 from the trigeminal
and optic nerves ofrabbits during acute conjunc-
tival infection. The restriction of virus isolation
during reactivation of persistently infected rab-
bits to the ipsilateral inoculated eye (right eye)
described in this report, along with the isolation
of BHV-1 from rabbit trigeminal ganglia during
the persistent phase of the infection (Rock et al.,
submitted for publication), suggests that the
pathogenesis of persistent infection in rabbits is
similar to that thought to occur in cattle. The
similarities discussed above suggest the useful-
ness of rabbits in the study of persistent BHV-1
infection.
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