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INTRODUCTION

Coronaviruses produce both acute and chronic diseases in
various animal species. A recent review summarizes the biology
and pathogenesis of coronaviruses.+ Of special interest is the
chronic demyelinating disease produced by mouse hepatitis virus
(MHV) in rodents. This model has been used to study the mechanisms
of virus-induced demyelination. Information acquired from such an
experimental system may shed light on the pathogenesis of human
demyelinating disease.

Experimental infection of weanling mice with wild-type MHV-JHM
produces an acute panencephalitis with 20-50% mortality; demyelin-
ating disease is found in the survivors.Z In older mice (12 weeks
old) there is no mortality and 46% develop chronic demyelinating
disease.3 Experimental inoculation of 4-5 week old mice with a
temperature-sensitive mutant of JHM (ts-8) results in decreased
mortality and increased demyelination.4,5 Why JHM-ts8 preferentially
produces chronic demyelination is not known. This may be due to
the predilection of ts-8 for _growth in non-neuronal central nervous
system (CNS) cells in vitro.6” In the same study another strain of
MHV (A59) was also shown to replicate better in non-neuronal cells
than in neurons.

MHV-A59 was first discovered in 1961 when mice, 1nocu1at§d
with mouse leukemia virus, developed an unexpected hepatitis.
MHV-A59 that was isolated from the liver of these mice produced
hepatitis in various mouse strains of different ages. When
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inoculated intracerebrally (i.c.) into suckling rats, MHV-A59
produced acute necrotizing encephalitis and hydrocepha]us.8 Only
recently has the ability of thig h8patotropic strain to produce
demyelination been appreciated. 10" We describe here a detailed
study of MHV-A59 pathogenesis in 4-6 week old C57BL/6 mice.

MATERIALS AND METHODS

Virus and Animals

MHV-A59, originally supplied by Dr. J. Leibowitz, was plaque-
purified three times in mouse 17CL-1 cells. Stock virus contained
2x10/ plaque-forming units (pfu)/ml. Certified MHV-free 4-6-week-
old C57BL/6 mice (Jackson Taboratories) were used. The absence of
antibodies against MHV was confirmed by an indirect immunofluore-
scence (IF) assay of randomly sampled sera (see below). Mice
were inoculated (i.c.) with 0.03ml of different amounts of the
stock virus diluted in PBS containing 0.75% BSA. For intraperitoneal
(i.p.) inoculation, 0.5 ml of diluted virus was used. For intra-
nasal inoculation (i.n.), 0.2 ml of the virus was applied to the
nostril of 1lightly anesthetized mice which were observed until the
virus was inhaled. Intragastric (i.g.) inoculation was performed
by injection of 0.2 ml of the virus through an oral-gastric tube.
Clinical, virological, histological and IF studies were performed
as previously described.11,12 "In addition, some mice were perfused
with 0.1M PBS (pH 7.4) containing 1% each of glutaraldehyde and
formaldehyde. Spinal cords were post-fixed in osmium tetroxide,
dehydrated and embedded in Epon. One um sections were stained
with toluidine blue for light microscopy.l3 Thin sections for EM
were stained with uranyl acetate and lead citrate.

Growth of MHV-A59 in Infected Tissue and Blood

Serial ten-fold dilutions of homogenized brain, spinal cord,
Tiver or heparinized blood were prepared in Dulbeccos modified
Eagle medium supplemented with 2% fetal Cilf serum and were
titrated by plaque assay in 17CL-1 cells.

Immunofluorescence

The indirect IF antibody methodl5 was used, as previously
described for infected mouse tissuel? with a 1:10 dilution of
mouse anti-A59 hyperimmune serum and a 1:10 dilution of fluorescein
isothiocyanate-conjugated goat anti-mouse immunoglobulin G (Cappel,
Downingtown, PA). Controls were provided by the substitution of
normal mouse serum for hyperimmune serum; uninfected mouse cells
and tissue were also stained with hyperimmune anti-MHV-A59 serum.
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Serology

Anti-MHV-A59 antibodies in sera of infected mice were deter-
mined by indirect IF on MHV-A59 infected 17CL-1 cells. Uninfected
cells were stained with the same sera. Sera from infected mice
were also tested for neutralization by the constant-virus-varying-
serum method for plaque reduction.l6

RESULTS

Intracerebral Inoculation

Mice that were inoculated with 1.2x103 pfu developed mild hind
1imb paralysis and ataxia 2-6 weeks post infection (PI); peak
disease occurred at 3-4 weeks. None of the mice died. Histological
examination revealed acute mild meningoencephalitis during the

second week PI but no evidence of acute hepatitis. However, all
the mice had chronic demyelinating lesions in the brain and spinal

cord 25-60 days PI (Table 1).

Inoculation with 3x103 pfu produced a biphasic disease (Table
1). During the second week PI, all the mice developed a hunched
position, ruffled fur and became lethargic. The clinical condition
of the mice improved during the third week PI. A second phase
started during the fourth week PI with neurological signs of hind
limb or four 1imb spastic paralysis and ataxic gait. The peak of
the second phase was during the second month PI and most of the mice
had continued mild hind Timb paralysis for the remainder of the
ten month observation period. Mice died both during the acute
phase (35%) and also at the beginning of the second phase (15%).
During the acute phase histological examination revealed mild
meningoencephalitis and acute massive hepatitis with multiple
necrotic foci in the Tiver. Occasionally acute myelitis was seen.
Late disease was characterized by lesions confined to the white
matter in the brain and spinal cord (Fig. 1). Primary demyelina-
tion was revealed by ballooning and stripping of myelin sheaths
from otherwise preserved axons and by phagocytosis of myelin by
macrophages. This resulted in numerous demyelinated bare axons
(Fig. 2). A short period of viremia developed during the second
and third days PI. Virus could be recovered from the brain 2-25
days PI, from the spinal cord 3-11. days PI and from the Tiver on
day 5 PI. MHV-A59 antigen was initially detected by IF in the
meninges and ependyma 2-3 days PI, and in the parenchyma from 3
days to 3 months PI. Serum IF and neutralizing antibodies against
MHV-A59 were first detected 7 days PI and reached peak titers
(1:80-1:160) 2-8 weeks PI. Antibodies were still detected at 1:40
5 months PI.

A dose of 3x10% pfu produced severe acute disease with
ruffled fur, hunched position and lethargy. A1l the mice died by
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Fig. 1. Transverse section of mouse sp1na] cord 60 days after intra-
cerebral inoculation with 3x103 pfu MHV-A59. Note primary
damage to white matter. Hematoxylin and Eosin. x200

Fig. 2. Electron micrograph of spinal cord white matter from a mouse
60 days after intracerebral inoculation with 3x103 pfu of MHV-
A59. This field contains normal myelinated fibers, a single ba-
are axon (arrow) and a verticallyoriented glial fiber. x7000
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the end of the second week PI. Histological examination showed
severe acute hepatitis and moderate meningoencephalitis (Table 1).

Intraperitoneal Inoculation

A dose of 3x103 pfu did not kill or produce any clinical
disease or pathological changes during the two month PI observation
period.

A dose of 3x10% pfu also did not kill or produce clinical
signs; however, discrete foci of hepatic necrosis were found in
the absence of CNS involvement. IF antibodies against MHV-A59
were found at a titer of 1:80 in the serum of mice 30 days PI.

A dose of 3x10° pfu produced moderate to severe acute disease.
The majority of the mice developed hunched position and ruffled fur;
20% died. 1IF antibodies against MHV-A59 were detected at a titer
of 1:160 in the serum of mice 30 days PI. Virus was recovered from
the Tiver of mice (1.2x10% pfu/gr) at day 5 PI, but could not be
recovered from the blood.

A dose of 3x10° pfu led to severe acute disease with 100%
mortality. Histological examination showed severe hepatitis with
massive diffuse necrotic lesions in the Tiver. There was no CNS
involvement.

Intranasal Inoculation

A dose of 3x100 produced mild clinical disease during the
second week PI characterized by mildly hunched position and ruffled
fur in some of the mice; 1/20 died (Table 1). Histological examin-
ation revealed inflammatory infiltration in the livers, Tungs and
meninges 4 days PI. By 7 days PI all the mice developed mild
hepatitis and severe meningoencephalitis. Mononuclear infiltration
and perivascuiar cuffing were seen in the meninges, choroid plexus
and in the brain. Microglial proliferation was also observed
diffusely. Necrotic lesions were pronounced in cortical and
thalamic areas. By 30 days PI, lesions were found only in the
cerebral (50%) and spinal cord (70%) white matter. The white
matter lesions were similar to those produced by the i:c. inocula-
tion. By 60 days PI only one mouse out of ten showed white matter
lesions in the spinal cord. IF anti-MHV-A59 antibodies were
detected from 7-60 days PI (1:20-1:40).

Intragastric Inoculation

Mice did not get sick or die, however 50% of the mice developed
a few circumscribed areas of inflammation in the liver adjacent to
portal veins. 1In one of 6 mice, acute meningoencephalitis was
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found. None of the mice developed chronic white matter lesions
2Tab1e 1).) IF anti-MHV-A59 antibodies were detected 10-30 days PI
1:20-1:40).

DISCUSSION

The relevance of coronaviruses to human demyelinating diseases
has been investigated because of the following findings: the
detection of coronavirus-like particles by EM in the brain of one
MS patientl7; the isolation of two coronaviruses_in mice and from
mouse cell Tines inoculated with MS brain tissuel8; and the
detection of intrathecal synthesis of antibodies against corona-
viruses in MS patientl9. We present here a model system of MHV-A59
infection in mice in which to study the relationship between corona-
viruses and demyelination

MHV-A59 is considered mainly hepatotropic and only weakly
neurotropic’/,9. We show here for the first time that by i.c.
inoculation of 4-6-week-o0ld C57BL/6 mice with 1.2x10° pfu of MHV-A59
it is possible to produce disease that is exclusively in the CNS.
Moreover, by the i.n. route of inoculation, which may mimic natural
infection, we produced a nonfatal disease mainly in the CNS, with
only mild Tiver involvement.

The clinical and pathological findings after i.¢. inoculation
with MHV-A59 were dose dependent. An amount of 3x10™ pfu caused
acute pgnencepha]itis and hepatitis that killed 100% mice. A dose
of 3x10° pfu caused biphasic disease. Mice that survived the acgte
phase developed chronic demyelinating disease. A dose of 1.2x10
pfu led to subacute demyelinating disease without involvement of
the Tiver.

I.P. inoculation of MHV-A59 produced only hepatitis without
involvement of the CNS. It is of interest that the dose required
for production of severe liver disease by i.c. inoculation (3x103
pfu) did not produce any pathological changes when inoculated 1i.p.
The amounts that were used for the production of liver disease by
i.p. inoculation were markedly higher than the doses that were used
for the induction of liver disease by i.c. inoculation. A possible
explanation for this phenomenon Tlies in the fact that peritoneal
macrophages from different mouse strains (including C57BL/6) are
capable of suppressing MHV replication20. These cells provide
the first defense mechanism against the invasion of MHV into the
peritoneal cavity. Because the brain is a lymphoid-free organ,
macrophages are not present to suppress MHV replication after it

is inoculated intracerebrally.
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The i.n. inoculation resulted in invasion of MHV-A59 not only
into the lung and Tiver but also into the CNS, indicating that
MHV-A59 1is neurotropic as well as hepatotropic. Whether virus
enters the brain via the olfactory nerves or via the blood is not
yet clear. The weak response to intragastric inoculation suggests
that it may be less important than intranasal-acquired infection
of MHV-A59 in mouse colonies.

In conclusion, we demonstrated that the ability of the A59
strain of MHV to produce demyelination is dependent both on dose
and route of inoculation. These biological properties of MHV-A59
provide a useful model system for further study of the mechanism
of virus-induced demyelination.
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