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INTROOucrION 

The causes of many human degenerative and inflammatory diseases of 
the retina are unknown. Sane are genetic in origin; others are preceded 
by viral infections (Ryan and Mamnenee, 1972; Annesley et al., 1973; 
Fitzpatrick and Robertson, 1973; Bos and Deubnan, 1975; Wright et al., 
1978). These diseases are difficult to study since eye tissue from patients 
is rarely available. Thus, animal models are considered useful for under
standing their pathogenesis. 

The neurotropic coronavirus nouse hepatitis virus (MHV) strain JHM 
causes both acute and chronic CNS disease in rodents (Cheever et al., 1949; 
Baileyet al., 1949; Weiner, 1973; Herndon et al., 1975; Gato et al., 1977; 
Nagashima et al., 1978; Stohlman and Weiner, 1981). Prior to our studies, 
it had also been shown to cause abnormalities in the posterior pole of the 
eye. In the earliest studies of JHM-induced disease in mice, Bailey and 
colleagues detected small retinal lesions confined to the nerve fiber layer 
(Bailey et al., 1949); this was also mentioned by Barthold and Smith (1987). 
Furthernore, it was shown that the virus caused demyelination of the optic 
nerve in rats after intracranial inoculation (Sorensen et al., 1980, 1981). 
That JHM was associated with retinal necrosis and optic neuritis suggested 
it could be a good candidate for studying virus-induced retinal degenera
tion. To study its effects on the retina, we chose to inoculate the virus 
directly onto the retina, i.e., intravitreally. 

MATERIALS AND MErr'HODS 

The canplete materials and methods have been described (Robbins et al., 
subnitted). To sl.1lllIlarize, twelve-week-old BAli3/c mice were inoculated with 
MHV strain JHM (ATCC) grown in 17 Clone 1 cells (sturman et al., 1980). 
Mice were anesthetized and sedated, then injected behind the lens. Extreme
ly thin 33-gauge needles were used, and the eye punct'!ied just behind the 
ciliary body. Left eyes were inoculated with 1.5 x 10 PEU of JHM in 5 ul, 
whereas right eyes were inoculated with nock-infected cell supernatant. 
Eyes were removed on specific days p.i. and either embedded for freezing or 
fixed with glutaraldehyde for methacrylate embedding and hematoxylin and 
eosin staining. Frozen sections were stained by an inmunoperoxidase tech
nique (Hsu et al., 1981), using a polyclonal rabbit serum (a gift fran 
Dr. Kathryn V. Holmes) raised against NP40-disrupted MHV strain A59 virions. 
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MHV-specific serum IgG titers were determined by indirect ELISA. 

RESULTS 

Before describing the pathologic effects of the virus on the retina, 
we will describe the microanatomy of this organ, moving from its outer to 
inner layers (Fig. 1A). Exterior to the neural retina and adjacent to the 
choroid, lies the retinal pigment epithelium (RPE), which nourishes the 
photoreceptors, engulfs used outer segments and absorbs excess light. In
terior to this layer lie the photoreceptor outer (OS), then inner (IS), 
segments. Next to these structures in the outer nuclear layer (ONL), lie 
the photoreceptor cell bodies. The cell bodies of the secondary neurons 
(bipolar, horizontal and amacrine) and supporting Muller (glial) cells are 
located in the inner nuclear layer (INL). Visual information is transmitted 
from them to the ganglion cells (GCL) and passed along the nerve fibers to 
the optic nerve. 

Following intravitreal injection of JHM, histopathologic changes were 
evident by day 3, consisting of a few focal retinal lesions (Fig. 1B). 
Lesions were characterized by disorganization of the retinal layers, nuclear 
pyknosis, loss of inner and outer segments, abnormal RPE cells, and infil
tration of macrophages to the subretinal space. From days 3-15, cells de
rived from the RPE were found accumulated at the periphery of the retina 
(Fig. 1C). The disease progressed to five or more lesions (containing 
macrophages) by day 6 (Fig. 10). Enlarged RPE cell nuclei were apparent on 
day 10 (Fig. 1E). Long-term effects at one month included breaks in the 
RPE, reduction in the thickness of the photoreceptor layer, and abnormal 
ganglion cells (Fig. 1F). Because of the degenerative effects of the virus 
on the retina, we have termed this disorder "JHM retinopathy. II 

JHM antigens were detected in frozen sections of eyes by immunoperoxi
dase staining using both polyclonal and monoclonal antibodies, with similar 
results. The results from staining with polyclonal antiserum specific for 
viral structural proteins are shown in Figure 2. Sections of mock-injected 
eyes showed no reactivity (Fig. 2A). In virus-inj ected eyes on day 1, the 
iris and ciliary body contained viral antigen; by day 2, infection had 
spread to include the RPE and optic nerve. The RPE was stained very strong
lyon days 3 and 4 (Fig. 2B). In the neural retina, small areas of the 
ganglion cell and nerve fi~ layers were antigen-positive and the other 
layers were beginning to express antigen. On day 6, radial staining pat
terns strongly resembling Muller cells lay across the neural retina (Fig. 
2C) • The photoreceptor inner and outer segments and optic nerve (Fig. 2E) 
also reacted with the virus-specific antiserum. On day 7, little antigen 
was detected in the inner and outer nuclear layers, and none was detectable 
by immunoperoxidase staining on subsequent days. Virus-specific serum IgG 
was first detected on day 5 and reached the maximum which could be measured, 
on day 8. 

DISCUSSION 

We have shown that mice inoculated intravitreally with MHV-JHM develop 
an acute infection of the retina (as well as anterior structures) which 
peaks at about 6 days. Infection of the retina appears to begin in both 
the RPE and ganglion cells, from which it spreads to the photoreceptors, 
Milller cells, inner layers of the retina and optic nerve. Thus, the reti
nal aspect of this disease is probably a primary pigmentary retinopathy, 
such as congenital rubella retinopathy (Zimmerman, 1968) and measles reti
nitis (Nelson et al., 1970). OUr model of virus-induced retinopathy is in
teresting and distinct from other viral diseases of the retina in that it 
is more degenerative than inflammatory, it occurs in adult animals, and the 
retinal disease is prolonged after the apparent disappearance of viral 
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Fig. 1. Retinal changes after intravitreal inoculation with JHM. (A) Ret
ina of mock-injected eye, day 3, showing normal architecture (RPE, 
retinal pigment epithelium; OS, photoreceptor outer segments; IS, 
photoreceptor inner segments; ONL, outer nuclear layer; OPL, outer 
plexiform layer; INL, inner nuclear layer; IPL, inner plexiform 
layer; GCL, ganglion cell layer). (B-F) Retinas of virus-injected 
eyes. (B) Day 3. There are abnormalities in RPE cells (arrowheads), 
loss of outer segments (open arrow), red blood cells (* ), an oc
casional macrophage in the subretinal space (white arrow), nuclear 
pyknosis (large arrow), and abnormal ganglion cells (small arrow). 
(C) Periphery of the retina, day 3. Cells derived from the RPE had 
accumulated (arrowheads). (D) Day 6. A lesion is shown (arrow). 
RPE abnormalities continued to be present (arrowhead). (E) Day 1 O. 
Pathologic changes, by then diffuse, included enlarged RPE nuclei 
(arrowheads), loss of many outer segments (open arrow) and sub
retinal macrophages (white arrow). (F) Day 30. The photoreceptor 
layer had narrowed significantly. In a few places the RPE had 
thinned (arrowhead) and breaks in the RPE and Bruch I s membrane 
had occurred (arrow). Abnormal ganglion cells were still present 
(small arrows). Hematoxylin and eosin stains. Bar = 5 microns. 
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Fig. 2. Localization of viral antigens in JHM-infected eyes by immunoper
oxidase staining. (A) Retina of rrock-injected eye, day 4, reveal
ing no reactivity with virus-specific antiserum. (B) Retina of 
virus-injected eye, day 4. The RPE and two areas in the ganglion 
cell layer stained with anti-viral antibody. (C) Retina of virus
injected eye, day'5. The fibers spanning the layers of the neural 
retina, which are I!K)st likely Miiller cells, were stained with 
virus-specific antiserum. (D) Iris and ciliary body of virus-in
jected eye, day 4. The iris endothelium (arrowhead) and stroma, as 
well as the ciliary body (arrow) contained viral antigen. 
(E) Optic nerve in cross section, extending from virus-injected 
eye, day 6. Antibody staining occurred in septal (glial) cells of 
nerve bundles (open arrow). Bars = 5 microns. 

antigen. We plan to investigate the possibility of viral RNA persistence 
using in situ hybridization. 

Coronaviruses clearly cause very different ocular diseases in different 
species. JHM retinopathy in mice involves a mild uveitis (ocular inflamma
tion) which resembles slightly the "non-effusive" uveitis seen in sane 
feline infectious peritonitis virus (FIPV) infections (Doherty, 1971). The 
two diseases have very different causes, however; the former primarily re
sults from the direct effects of the virus, whereas the latter is immune
mediated (August, 1984). FIPV causes a variety of symptoms in the central 
nervous system, of which the eye is a direct extension developmentally 
(Slauson and Finn, 1972). The major ocular symptom is a necrotizing and 
pyogranulomatous uveitis involving blood vessels, brought on by an Arthus
type reaction (Krebiel et al., 1974). Ocular symptoms sanetimes occur in 
the absence of systemic disease symptoms (Kern, 1984). 

Superficially, JHM retinopathy and sialodacryoadenitis virus (SDAV) in
fection share the characteristic of retinal atrophy, but they probably occur 
by different means. SDAV classically causes inflammation of the salivary 
and harderian glands in rats. Also, keratoconjunctivitis has been observed, 
lasting 3-5 weeks (Lai et al., 1976; Weisbroth and Peress, 1977). Retinal 
atrophy may occur in rats with enlarged eyes; the retinal lesions are either 
focal or diffuse. Paradoxically, no viral antigen was detected in retinas 
by immunofluorescence staining, although it was found in harderian glands. 
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Therefore, the retinal changes may be only secondary to the glaucoma-like 
disease (Lai et al., 1976). 

Infectious bronchitis virus may be transmitted to birds by aerosol/ 
droplet inoculation of the eye (Cowen et al., 1971), from which the virus 
drains into the respiratory tract. However, replication of the virus in the 
eye or its supporting tissues has not been reported. 

There is one study of eye infection in piglets infected with hemagglu
tinating encephalomyelitis virus (HEV) (Andries and Pensaert, 1980). Eye 
tissue from one of two piglets infected with HEV strain VW572 was positive 
for viral antigen in immunofluorescence tests. This was attributed to cen
trifugal spread of the virus from the CNS. HEV causes early gastrointesti
nal effects, followed by encephalitis. One of its numerous CNS effects is 
blindness (Andries and Pensaert, 1981). The existing data suggest that 
blindness could be due to lesions in the CNS and/or eye. 

Unfortunately, there are no data as yet indicating whether coronavi
ruses infect human eyes. Because they are neurotropic for human cells in 
tissue culture (Pearson and Mims, 1985), one can speculate that, given the 
right circumstances (e.g., damage to the choroid coupled with viremia), 
introduction of a coronavirus into the retina could lead to retinal disease 
and optic neuritis. 
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