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SUMMARY

In the von Szily mouse model, intracameral inoculation
of herpes simplex virus type-1 (HSV-1) results in
inflammation of the ipsilateral anterior segment with
relative chorioretinal sparing and destructive contra-
lateral chorioretinitis. We studied the effect of the
systemic antiviral agent acyclovir (ACV) and anti-
HSV-1 antibody therapy in this model. Contralateral
chorioretinitis developed in none of the 18 mice
receiving ACV from post-inoculation day (pid) 1
(»<0.0001), in 6 of 10 (60%) mice when treatment
was delayed until pid 7 (p = 0.40) and in 14 of 18 (77%)
controls. Contralateral disease developed in 8 of 16
(50%) mice that received anti-HSV-1 antibody from
pid 1 (p = 0.02), in 13 of 16 (81%) treated from pid 5 (p
= 0.64), in 7 of 8 (87.5%) treated from pid 7 (p = 1.0)
and in 17 of 20 (85%) controls. We conclude that early
treatment with ACV or anti-HSV-1 antibody reduces
the incidence of contralateral chorioretinitis in mice.

Uniocular intracameral inoculation of herpes simplex
virus type 1 (HSV-1) into Balb/cByj mice results in
ipsilateral inflammation of the anterior segment with
relative chorioretinal sparing and contralateral uvei-
tis and destructive retinitis." This was first described
by von Szily in 1924 in rabbits’ and is commonly
known as the von Szily model. This model closely
mimics both HSV-1 induced chorioretinitis and acute
retinal necrosis syndrome in humans.*® Investigators
have demonstrated in mice and rabbits that HSV-1
temporally progresses through haematogenous but
mostly by neural pathways from the inoculated eye
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to the contralateral eye.'®'* Prevention of this viral
spread at certain time intervals after inoculation has
been shown to prevent subsequent development of
retinal pathology.!>!” The exact role of virus versus
host immune response in the disease pathogenesis of
this model remains unclear.!'*'#28 Previous reports
have shown in mice and rabbits that treatment with
anti-herpes antibody either before inoculation with
HSV-1 or within 24 hours of inoculation prevents the
development of necrotising retinitis.242529 We insti-
tuted treatment with a systemic anti-viral agent
acyclovir or anti-herpes antibody, both of which
have been reported to decrease the viral load in the
mouse following inoculation with HSV-12°7° In
order to study the effect of early and late therapy
on the development of contralateral chorioretinitis
the treatment was started at different time intervals
following intracameral inoculation of HSV-1 into the
ipsilateral eyes of mice.

MATERIALS AND METHODS
Animals

Male and female Balb/cByj mice 7-9 weeks of age
were obtained from Jackson Laboratories (Bar
Harbour, ME). Mice were housed in micro-isolators
mounted in a ventilated animal rack. All mice were
handled in accordance with the ARVO Resolution
on the Use of Animals in Research.

Virus

HSV-1 KOS strain was passed twice in Vero cells
(American type cell collection, CCL81, Rockville,
MD). Virus for all experiments was produced from
infected Vero cell monolayers as described pre-
viously.'®

Intracameral HSV-1 Inoculation

Balb/cByj mice were anaesthetised with a 1:1
mixture of ketamine hydrochloride and xylazine
diluted 1:1 with sterile water. Injection of
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0.1-0.2ml was given intraperitoneally using a 30
gauge needle. Mice were then placed under the
operating microscope and anterior chamber para-
centesis was performed on the right eye using a glass
micropipette. A dose of 2 X 10° PFU of HSV-1 in
5-10 I of Minimum Essential Medium (MEM;
Gibco Laboratories, Grand Island, NY) was then
injected into the anterior chamber using a 33 gauge
needle attached to a 50 pl Hamilton syringe.

Pharmacological Agents

Acyclovir sodium (ACV) 40 mg/kg body weight was
administered three times a day. This dose was based
on toxicity studies in mice reported by Machida
etal®® ACV was prepared on a daily basis by
dissolving the powder in commercially available
sterile water for injection (Abbott Laboratories,
IL). Sterile water alone was used to treat the animals
in the control group. In the antibody experiment
commercially available polyclonal rabbit anti-HSV-1
antibody, 0.2 mg/0.1 ml, and polyclonal rabbit
immunoglobulin fraction 0.2 mg/0.1 ml (DAKO,
CA), were administered daily to the treated and
the control mice respectively. All treatments were
given intraperitoneally using a 30 gauge, 1/2 inch
needle attached to a 1 cm® syringe.

Clinical Examination and Observation

Both eyes of all mice were examined under the
operating microscope every other day for 2 weeks
following intracameral inoculation with HSV-1, for
pupillary dilatation, iris vessel prominence, anterior
chamber clouding, retinal opacification and loss of
the red reflex. Systemic drug toxicity was evaluated
by the appearance of ruffled fur, lethargy, a tense
abdomen, gauntness and death. Five mice in group 1
of the ACV experiment were observed on a weekly
basis from post-inoculation day (pid) 14 to 40
following cessation of ACV therapy. Animals were
killed 14 or 40 days after inoculation with HSV-1 by
allowing them to asphyxiate in a dry ice container
which had a porous barrier between the mice and the
dry ice.

Virus Recovery Studies

Two mice, one with and one without contralateral
disease, from each group in the ACV experiment
were killed on pid 10. The contralateral eyes were
harvested and homogenised in 1 cm® of MEM. The
iced homogenate was freeze-thawed three times,
centrifuged, plated onto Vero cell monolayers and
incubated at 37 °C. The monolayers were examined
daily for 5 days for the presence of cytopathic effects
typical of a productive viral infection. Plaque assay
determination was done as described previously.'®
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Histopathology

Both eyes of each mouse were enucleated on pid 14
or 40 and processed for histopathological examina-
tion as described previously.!® Briefly, eyes were
fixed in Karnovsky’s solution (1% paraformalde-
hyde, 1.25% glutaraldehyde and 0.2 M sodium
cacodylate buffer) for 72 hours at 4 °C. The tissue
was then rinsed in cacodylate buffer, dehydrated in
ascending concentrations of ethanol and embedded
in Historesin methacrylate plastic resin (LKB Pro-
dukter AB Bromma, Sweden). A Sorvall JB-4
microtome was used to section the tissue, which
was then stained using haematoxylin and eosin.

The slides were read by a masked observer and the
severity of chorioretinitis was graded as mild,
moderate or severe. Mild disease was defined as
minimal vasculitis with fewer than 5 cells per high-
power field and 1+ vitritis. Moderate disease was
characterised as advanced vasculitis with inflamma-
tory cellular infiltrate in all layers of the retina and 2+
vitritis. Severe disease comprised complete necrosis
and destruction of retinal architecture and 3+ vitritis.

Statistics

Fisher’s exact test was applied to determine whether
the incidence of chorioretinitis between the different
groups compared with their respective controls was
statistically significant at p<0.05.

EXPERIMENTAL DESIGN
Acyclovir Experiments

ACYV was administered intraperitoneally, three times
a day starting on day 1 (group 1) or day 7 (group 2)
after inoculation with HSV-1. Treatment was con-
tinued until pid 13. Days 1 and 7 were chosen to
coincide with the early and late waves of HSV-1
dissemination to the contralateral eye.'® Mice in the
control group were treated three times a day with
sterile water alone. All animals were followed
biomicroscopically as described above. Contralateral
eyes from two mice, one diseased and one normal,
were enucleated on day 10 and processed for virus
recovery studies. All other animals were killed on pid
14, and both eyes enucleated and processed for
histopathological examination. Five unaffected mice
from group 1 were observed until pid 40 following
cessation of ACV therapy on pid 14.

Anti-HSV-1 Antibodies Experiments

Rabbit anti-HSV-1 antibody was administered intra-
peritoneally once daily from day 1 (group 1 ), day 5
(group 2) and day 7 (group 3) after inoculation with
HSV-1. Treatment was continued until pid 13.
Controls were treated with rabbit immunoglobulin
fraction from pid 1-13. All mice tolerated the
therapy well. Mice were followed as described
above and were killed on pid 14. Both eyes were
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enucleated and processed for histopathological
examination.

RESULTS
Acyclovir Experiments

The results of treatment with ACV are summarised
in Table 1. Contralateral chorioretinitis developed in
none of the 18 mice receiving ACV from pid 1
(p<0.0001), in 6 of 10 (60%) mice when treatment
was delayed until pid 7 (p = 0.40) and in 14 of 18
(77 %) controls. Weight loss was observed in all mice
treated with ACV from day 1 following inoculation
with HSV-1. Three mice died in the early treatment
group either secondary to ACV toxicity or from
peritonitis from intraperitoneal injections. A statisti-
cally significant difference in disease incidence was
present between group 1 and the controls
(p<0.0001). None of the 5 mice from this group
that were observed until pid 40 developed contral-
ateral disease following cessation of ACV therapy on
pid 14. The incidence of contralateral disease in
group 2 was lower than in the controls but the
difference was not statistically significant (p = 0.40).

Histopathological examination by a masked obser-
ver revealed severe destruction of the chorioretinal
tissues in all the control eyes which had shown
clinical evidence of chorioretinitis. The severity of
retinitis in the affected contralateral eyes of treated
mice, however, varied from mild to severe. There
was no statistically significant difference between the
severity of contralateral retinitis in the diseased eyes
of treated mice versus affected eyes of untreated
control mice (data not shown).

Virus recovery studies revealed no productive
infection on Vero cell culture with eyes obtained
from the mice in the early or late treatment groups.
From the two eyes in the control mice 550 PFU/ml
virus was recovered.

Anti-HSV-1 Antibody Experiment

The results of treatment with anti-HSV-1 antibody
are summarised in Table II. All mice tolerated
antibody therapy well. Contralateral chorioretinitis
developed in 8 of 16 mice (50%) in group 1, 13 of 16
mice (81%) in group 2 and 7 of 8 mice (87.5%) in
group 3. Sixteen of 18 (88%) control mice developed
contralateral disease. A statistically significant differ-
ence in disease incidence was present only between
group 1 and the controls (p = 0.02). Clinically the

Table I. Acyclovir experiment results
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time of onset of contralateral disease was similar in
the treated and the control mice.

Histopathological examination revealed findings
similar to those described above for the ACV
experiments. There was no statistically significant
decrease in the severity of retinitis in the treated
mice which developed contralateral disease versus
affected controls (data not shown).

DISCUSSION

Reports of chorioretinitis induced by the herpes
group of virus (herpes simplex type 1 and 2 and
varicella zoster virus) have been increasing and
involve a wide spectrum of patients including
neonates,”!  immunocompromised patients 33233
patients with herpetic encephalitis!?-3435 and immu-
nocompetent healthy adults.*"° The disease fre-
quently appears in the second eye at a variable time
following the initial presentation. Treatment strat-
egies have included observation, topical and systemic
antiviral agents with or without corticosteroids, early
surgery and laser or cryotherapy to prevent detach-
ment of the necrotic retina. A standardised approach
is lacking and severe loss of vision is common.

We studied the effects of two therapeutic strategies
— systemic ACV or anti-HSV-1 antibody — both of
which have been reported to effectively decrease the
viral load following inoculation of HSV-1 in
mice 2930

Viral dissemination from the ipsilateral to the
contralateral eye in the mouse model has been
reported to occur in two waves: an early low-titre
wave within 24 hours of inoculation and a later high-
titre wave from pid 7-10."° Whittum et al.' detected
HSV-1 in the uninoculated eye on pid 5. Viral spread
to the contralateral eye occurs mostly by the
neuronal route between pid 5 and pid 7.12-14 We
instituted the late treatment with systemic ACV or
anti HSV-1 antibody therapy on pid 5 or 7, which
correlates with the ‘second wave’ of viral spread to
the uninoculated eye.

In this study, early treatment (i.e. within 24 hours
of inoculation with HSV-1) with a systemic antiviral
agent (ACV) or anti-HSV-1 antibody was effective
in preventing contralateral chorioretinitis in mice.
This is the first report describing the effect of
treatment with ACV in this mouse model. Delaying
ACV therapy until pid 5 did not confer protection to

Table II. Anti-HSV-1 antibody experiment results

Mouse Days p.i.? Chorioretinitis p value®
Mouse Days p.i*  Chorioretinitis p value®

Controls 16/18 (88%)
Controls 14/18 (77%) Group 1 1-10 8/16 (50%) 0.02
Group 1 1-13 0/18 0.0001 Group 2 5-10 13/16 (81%) 0.64
Group 2 7-13 6/10 (60%) 0.40 Group 3 7-10 718 (88%) 1.00

#Duration of drug therapy following inoculation with HSV-1.
®p value versus controls using Fisher’s exact test. Significance:
p<0.05.

?Duration of drug therapy following inoculation with HSV-1.
°p value versus controls using Fisher’s exact test. Significance:
p<0.05.
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the contralateral retina. Virus recovery studies
revealed no detectable virus in the contralateral
eyes of the treated mice. Our findings are consistent
with the findings reported in retrospective clinical
studies by Palay et al.'” and Crapotta et al.*® who
reported decreased risk of developing contralateral
acute retinal necrosis when systemic ACV therapy
was instituted at the time of initial presentation in
patients with acute retinal necrosis. The protective
effect of the treatment was stated to be most
pronounced during the first 14 weeks of therapy in
the first report.!” All patients in the latter study®
were first seen when they had limited retinal
involvement in the first eye and none of these
patients developed contralateral disease. Both these
reports concluded that decreasing viral replication
during the first few weeks following unilateral
involvement by aggressive systemic antiviral therapy
with ACV prevented virus dissemination to the
fellow eye and consequently lowered the risk of
contralateral retinal involvement. In this study both
early and late ACV treatment groups had decreased
viral load in the contralateral eyes on pid 10.

In this study we found that early treatment with
anti-HSV antibody was protective against contra-
lateral chorioretinitis. This confirms a previous
report by Atherton”® demonstrating the protective
effect of passive transfer of monoclonal antibody
specific for HSV glycoprotein D against contralateral
retinal necrosis in the von Szily mouse model when
the antibody was administered either 2 hours before
virus inoculation or 24 hours after virus inoculation.
Her findings, however, were in contrast to an earlier
report from her laboratory in which they had stated
that passive immunisation with anti-HSV antibody
does not prevent contralateral retinal necrosis in the
von Szily mouse model.’” They attributed their
earlier finding to a lower affinity or lesser neutralis-
ing capability of the polyclonal antibody used in that
study. Previously our laboratory has shown the
protective effect of anti-HSV hyperimmune serum
in the von Szily model,** and the protective effect of
early (pid 0-4) anti-glycoprotein D antibody against
HSV-2 chorioretinitis in newborn rabbits has also
been reported.”®

Unlike previous reports this study also tested the
efficacy of delayed therapy with anti-HSV-1 antibody
to determine the usefulness of this treatment
modality in a clinical setting in which patients with
acute retinal necrosis have significant retinal involve-
ment and virus replication has already occurred at
the time of initial presentation. We did not find a
significant reduction in the incidence of contralateral
retinitis following delayed therapy with anti-HSV-1
antibody.

To date there is no clear explanation for the
pathogenesis of contralateral retinitis and relative
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sparing of ipsilateral retina after HSV inoculation.
Evidence suggests that the presence of live virus in
the posterior segment of the contralateral eye is
necessary though not sufficient for the development
of chorioretinitis>® Recent work from our laboratory
has demonstrated protection of the contralateral
retina in mice following intravitreal injection of
CD11, an antibody against immune effector cells.?®
This suggests a role for immune-mediated destruc-
tion of the retina.

Because of the striking protective effect on the
fellow eye following early therapy with ACV and
anti-HSV antibody it seems prudent to extrapolate
these results to patients with acute retinal necrosis
who present early in their disease course with
unilateral involvement. However, specific immune
therapy may be more beneficial in the majority of
clinical situations where patients are likely to present
when virus replication and dissemination to the
fellow eye may already have occurred. Severity of
tissue destruction in the fellow eye may then be
curtailed by local or systemic immunomodulation of
the effector cells and their cytokines, which in fact
may be the more important culprits in causing
damage to the retinal tissue.

The authors acknowledge the assistance of Tong Zhen
Zhao, MD, and Arnd Heiligenhaus, MD.
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