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INTRODUCTION 

Mouse hepatitis virus, strain JHM, has proven to be a useful model 
for the study of viral persistence and latency. Several different 
clinical diseases are caused by this virus, dependent upon the age and 
route of inoculation as well as the type of rodent infected. Thus, 
suckling mice inoculated with small amounts of virus succomb within a 
few days to a fatal, acute encephalomyelitis (Cheever et al, 1949, 
Weiner, 1973). Older mice, when inoculated with the same dose, usually 
remain asymptomatic, although viral antigen and evidence of de
myelination can be detected on microscopic examination (Herndon et al, 
1975, Stohlman and Weiner, 1981). The infection can be modified by the 
use of certain temperature-sensitive mutants, in which case no mice 
succumb to the acute encephalomyelitis, but the majority develop acute 
demyelination (Haspel et al, 1978). 

Suckling or weanling rats inoculated with MHV-JHti) intracerebrally 
have a more variable response, with a fraction succombing to an acute 
encephalomyelitis, another group remaining asymptomatic and a third 
portion developing either acute or subacute demyelination (Nagashima et 
al, 1978, Nagashima et al, 1979, Sorenson, et al, 1980). Treatment of 
suckling mice with neutralizing monoclonal antibody will similarly 
prevent the development of the acute encephalomyelitis and facilitate 
the development of a demyelinating disease (Buchmeier et al, 1984). 
Treatment of MHV-JHM stocks with monoclonal antibody prior to 
inoculation will select for variants that cause only demyelination and 
not the acute disease (Fleming et al, 1986, Dalziel et al, 1986). 

Pickel et al have shown that immunization of C3H dams with MHV-JHM 
prior to mating will protect the offspring from the acute 
encephalomyeltis and death, and that the offspring in these experiments 
develop neutralizing antibodies (Pickel et al, 1985). In this report, we 
describe a model in which maternal immunization prevents the development 
of acute encephalomyelitis in both BALB/c and C57BL/6 suckling mice 
inoculated with MHV-JHM in agreement with the observations of Pickel et 
al (1985). However, the clinical, virological and immunological 
consequences of infection in the presence of maternal antibody differed 
between the two strains. Of particular interGst, approximately 40% of 
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the C57BL/6 suckling mice developed a delayed onset neurological disease 
characterized by hindlimb paralysis, and virus could be cultured from 
these mice when clinical disease became evident. 

MATERIALS AND METHODS 

Animals, virus, and cells. C57BL/6 mice were obtained from Jackson 
Laboratories (Bar Harbor, Maine) and BALB/C mice from Friedrichs 
Laboratory (Fredricksburg, Maryland). All mice were tested for antibody 
to ~'HV-JH~l prior to experimental manipulation; such antibody could not 
be detected prior to the beginning of the experiments. MHV-JHM was 
kindly provided by Dr. S. Weiss and was plaque-purified twice before use 
in the mice. 17CL-1 and L-2 cells, grown in Dulbecco's minimal 
essential medium with 10% fetal calf serum, were used respectively for 
the propagation, and determination of titer, of the virus. 
Determination of viral antigen. Polyclonal antisera to MHV-JHM was 
prepared in rabbits by repeated immunizations with concentrated stocks 
of virus. Organs from infected mice were prepared for antigen detection 
in one of two ways. For frozen sections, mice were perfused with 
phosphate-buffered saline via intracardiac puncture and isolated organs 
were embedded in Tissue-Tek II O.C.T. medium (Miles Laboratory) prior to 
freezing in liquid nitrogen. In other cases, mice were perfused as 
above and then isolated organs fixed in a solution containing 60% 
methanol, 30% chloroform and 10% acetic acid prior to embedding in 
paraffin. Frozen sections were used for the studies involving the 
antibody-protected mice whereas acutely infected mice, with their 
greater antigen loads, could be studied using the paraffin sections. 

RESULTS 

Clinical disease in C57BL/6 and BALB/c mice. In both types of suckling 
mice, intranasal inoculation at 10 days of age with 5 x 104 PFU of 
~·lHV-JHt., in the absence of maternal immunization caused a rapidly fatal 
encephalomyelitis. ~lice developed clinical disease characterized by 
lethargy, irritability and convulsions 3-5 days after inoculation and 
all mice died by 7 days after inoculation. 

To study the protective effect of maternal antibody on the outcome 
of infection in suckling mice, female mice were immunized five times 
with concentrated stocks of MHV-JHM resulting in median antibody titers 
of 1:2700 and 1:4600 in the C57BL/6 and BALB/c dams respectively. None 
of the C57BL/6 and 12 % of the BALB/c mice succombed to an acute 
encephalitis confirming the protective capability of the maternal 
antibody. 

At 10-20 days after inoculation, all of the C57BL/6 mice remained 
completely asymptomatic, whereas 25 % of the surviving BALB/c mice 
showed signs of mild encephalomyelitis characterized by hunched posture 
and ruffled hair. These mice never appeared normal and all of them died 
over the following 40 days. All BALB/c mice which appeared unaffected 
two weeks after inoculation did not develop clinical disease over the 
following five months of observation. 

The C57BL/6 mice remained asymptomatic until 3-8 weeks after 
inoculation, at which time approximately forty percent developed 
hindlimb paralysis. These mice showed no clinical evidence of 
encephalitis. No mice which remained asymptomatic at two months after 
inoculation developed hindlimb paralysis over the following nine months. 
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Figure 1 - A focal inflammatory nodule is present in the cerebrum 
of an asymp~omatic 17 day old C57BL/6 mouse inoculated on day 10 
with 5 x 10 PFU MHV-JHM. This mouse was the offspring of an 
immunized dam. Stained with hematoxylin and eosin. Magnification 
x 190. 

Histologicdl examination of brains and spinal cords (hematoxylin-eosin) 
and Luxol Fast Blue stains 

The brains from C57BL/6 and BALB/c mice dying of the acute 
encephalomyelitis showed grey and to a lesser extent, white matter 
destruction, with parenchymal, perivascular and meningeal infiltrates. 
Neurons were clearly infected, and many were surrounded by infiltrates 
consisting of macrophages, proliferating astrocytes and microglia. 
Initial identification of inflammatory cells was on paraffin sections 
stained with hematoxylin and eosin. In subsequent experiments, 
identification of inflammatory cells was confirmed using either 
anti-glial fibrillary acidic protein (astrocytes) (provided by Dr. 
Lawrence Eng, Stanford University) or Griffonia simplicifolia I-B4 
isolectin (macrophages) (purchased from Sigma Chemical Co.). 

The brains of asymptomatic maternal antibody-protected mice at seven 
days p.i., a time at which the offspring of unimmunized dams were all 
dead or moribund, showed histological evidence of acute encephalitis, in 
both C57BL/6 and BALB/c mice (Figure 1). Parenchymal and meningeal 
infiltrates were apparent, and neurons surrounded by inflammatory 
infiltrates were evident. The BALB/c mice showed more evidence of 
necrosis and inflammatory response than did the C57BL/6 mice, with the 
differences being most obvious in the hippocampus, which appeared 
relatively unaffected in C57BL/6 mice at this stage, but heavily 
involved in the BALB/c brains. 
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The brains of asymptomatic antibody-prot:cted C~7BL/6 mi~e a~ later 
times after infection were nearly normal on hlstologlcal :xamlnatlon~ 
with a small amount of lymphocytic infiltration apparent ln each braln 
examined. 

Figure 2-This section is from the pons of a C57BL/6 mouse which 
developed hindlimb paralysis at weeks p.i. This mouse was the 
offspring of an immunized dam. A focal area of demyelination 
is present on the left side of the micrograph with normal 
adjacent grey and white matter apparent. Stained with Fast 
Luxol Blue. Magnification x 76. 

The brains and spinal cords of the C57BL/6 mice which developed 
hindlimb paralysis showed focal white matter destruction, with a large 
inflammatory response present in both the gray and white matter but 
greater in the latter (figure 2). Macrophages containing Luxol Fast 
Blue-positive vacuoles, suggestive of myelin destruction, were evident 
in the white matter. Inflammation and necrosis were most pronounced in 
the brainstem and spinal cord. 

The brain of one of the BALB/c mice which developed a mild 
encephalitis 10-14 days after inoculation was also examined for 
histological evidence of encephalomyelitis. As in the C57BL/6 mice, 
focal white matter destruction was apparent, although adjacent grey 
matter inflammation was also present. As was true for the mice examined 
at seven days p.i., the brain of the symptomatic BALB/c mice showed more 
severe histological changes than did those of the symptomatic C57BL/6 
mice. 
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Viral antigen studies 

We used a rabbit- polyclonal antiviral antibody to detect cells in 
C57BL/6 brains and spinal cords containing viral antigen. As expected, 
the brains of mice dying of the acute encephalomyelitis showed large 
amounts of viral antigen throughout the grey and white matter, 
consistent with the histological observations discussed above. 

Viral antigen could be detected in the majority of the brains and 
spinal cords of the maternal antibody-protected C57BL/6 mice at all 
times after infection. Antigen could be detected as early as three days 
p.i. (3/3 mice examined), a time when few histological abnormalities 
were apparent and at seven days p.i. (8/8 mice), when histological 
evidence of encephalomyelitis was present. Antigen could be detected in 
mice which remained asymptomatic (10/12 mice) as well as in the mice 
which developed hindlimb paralysis (8/8 mice). Antigen in the 
asymptomatic mice was located in scattered cells thoughout the central 
nervous system, including cells that appeared to be neurons by 
morphology. The cells for the most part, did not have an associated 
inflammatory response. Viral antigen was present in much larger 
quantities in mice which developed hindlimb paralysis and was most 
readily detected in the white matter of the spinal cords of these mice. 

Isolation of infectious MHV-JHM from infected C57BL/6 mice 

Table 1-MHV-JHM titers in brains of C57BL/6 mice 

days p.i. No.positive/ average titer* 
total PFU/gm 

no maternal immunization 3 3/3 4 x 103 
5 4/4 2 x 104 

maternal immunization 3 4/7 1.5 x 103 
(asymptomatic) 7 1/6 7 x 102 

14 )/6 7 x 101 
30 0/4 

>60 0/3 

(symptomatic) 3-9 weeks 6/7 4 x 103 

*average titer for positive samples is shown 

Virus could be isolated from the brains of C57BL/6 mice with the 
acute encephalomyelitis, with the titer increasing as the mice became 
sicker. Virus could also be cultured from many of the maternal 
antibody-protected mice at three days after inoculation, and from 1/6 
mice assayed at 7 d and from 1/6 assayed at 14 d p.i. Virus could not 
be cultured after 14 days p.i. from antibody-protected mice which never 
developed clinical disease, but could be isolated from mice that 
developed hindlimb paralysis at titers approaching that observed in mice 
with acute encephalomyelitis. These results with the antibody-protected 
asymptomatic mice are in marked contrast to the antigen studies, in 
which antigen was detected in the majority of the mice examined, albeit 
in only a few cells in each animal. 
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Antibody response 

Immunization of C57BL/6 and BALB/c dams resulted in median 
neutralization antibody titers of 1:2700 in the C57BL/6 and 1:4600 in 
the BALB/c mice. Neutralization antibody titers were also measured in 
the offspring of both types of immunized mice. As shown in table 2, 
antibody titers rapidly declined in the C57BL/6 mice and could not be 
detected in the mice with hindlimb paralysis. Asymptomatic mice also 
had low neutralization titers, with only 50% having titers >1:100, even 
though viral antigen could be detected in the brains of most of these 
mice. Thus, in these mice there was not an obvious correlation between 
neutralization antibody titer and development of clinical disease. 

Antibody response was somewhat greater in the BALB/c mice than in 
the C57BL/6 mice, so that 4/5 of the older, asymptomatic mice had 
measurable antibody titers, with a median value of 1:321. 

Table 2-Neutralization titers 

days p.i. No. measureable 
titer/total 

C57BL/6 Immunized dams 6/6 

Unimmunized dams 0/2 

Unimmunized offspring 0/4 

Immunized offspring 3 8/9 
(asymptomatic) 7 5/5 

14 1/2 
30 0/2 
>60 6/12 

(symptomatic) 3-9 weeks 0/10 

BALB/c Immunized dams 8/8 

Immunized offspring 7 2/2 
>60 4/5 

Discussion 

Median 
titer* 

1:2700 

1:450 
1:400 
1:500 

1:190 

1:3700 

1:2235 
1:321 

Maternal immunization protected the offspring of both BALB/c and 
C57BL/6 mice from the acute encephalomyelitis caused by MHV-JHM. In both 
cases, however, infected mice developed encephalitis evident on 
histological examination of the brain at 7 days p.i., even though the 
mice, for the most part, remained asymptomatic. In both cases, an 
inflammatory response was evident in the brain parenchyma and in the 
leptomeninges, although there was greater inflammation evident in the 
BALB/c mice. 

Maternal immunization was not fully protective however. 
Approximately 30% of the surviving BALB/c mice developed signs of mild 
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encephalitis at 10-20 days post inoculation, and these mice all died in 
the following few weeks. Similarly, 40% of the C57BL/6 mice developed 
hindlimb paralysis in the 3-9 weeks following inoculation. In both, the 
white matter was preferentially affected in the late onset diseases, 
although inflammatory response was present in the grey matter as well. 

MHV-JHr~ could be cultured from the C57BL/6 mice with hindlimb 
paralysis but not from mice which were asymptomatic. Viral antigen, on 
the other hand, could be detected in most of these mice, whether 
asymptomatic or not. Neutralizing antibody was not detected in the sera 
of C57BL/6 mice with hindlimb paralysis and was present in only 50% of 
the long-term asymptomatic survivors of the infection. The presence or 
absence of neutralizing antibody did not seem to determine whether or 
not an animal would develop hindlimb paralysis. Antibody response was 
greater in the BALB/c mice, so that 4/5 long term survivors had 
significant antibody titers. 

Several models of MHV-induced demyelination have been described over 
the past few years. The infusion of neutralizing monoclonal antibodies 
will prevent the acute encephalomyelitis but not the development of 
demyelination (Buchmeier et al, 1984). Infection with either certain 
temperature-sensitive mutants of MHV-JHM (Haspel et al, 1978) or with 
variants selected by incubation with neutralizing monoclonal antibodies 
(Fleming et al, 1986, Dalziel et al, 1986) will achieve the same 
purpose. Infection with a related strain of MHV, strain A59, will cause 
demyelination selectively (Lavi, et al, 1984). Suckling or weanling rats 
inoculated with ~IHV-JHN develop either an acute encephalomyel itis or a 
subacute or late demyelinating disease (Nagashima et al, 1978, Sorenson, 
et al, 1980). Virus can be isolated from rats with either the subacute 
or late demylinating disease, but has not been further characterized. 

The virus isolated from the C57BL/6 mice with hindlimb paralysis 
has not been further characterized by biochemical techniques yet. In 
preliminary experiments, the virus has been shown to possess the same 
virulence as does the original "isolate of MHV-JHM, when inoculated into 
the offpsring of unimmunized suckling BALB/c mice (Perlman, unpublished 
data). MHV-JHM isolated from rats with acute encephalomyelitis has been 
shown to differ from wild type MHV-JHM in both the size of the RNA 
coding for the surface glycoprotein E2 and in the size of the 
glycoprotein itself (Taguchi et al, 1985). We are in the process of 
characterizing the intracellular viral RNA and protein present in tissue 
culture cells infected with MHV-JHM isolated from symptomatic C57BL/6 
mice, to determine if a similar type of variation in the RNA or protein 
is responsible for the ability of the virus to persist for several weeks 
in mice before reappearing as infectious virus. 

Summary 

1. Maternal antibody protected C57BL/6 and BALB/c suckling mice 
from the acute, fatal encephalomyelitis caused by MHV-JHM. 

2. 40% of the C57BL/6 mice and 25% of the BALB/c mice which were 
protected by maternal antibody developed neurological disease days 
to weeks later. Although the clinical syndromes developed by the 
two different strains were different, in both cases the mice 
developed a demyelinating encephalomyelitis with fewer inflammatory 
changes present in the grey matter. 
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3. Presence or absence of neutralizing antibody in the sera of maternal 
antibody-protected C57BL/6 mice did not correlate with the 
development of clinically evident neurological disease. 

4. Infectious virus could only be isolated from C57BL/6 mice with 
neurological disease, although viral antigen could be detected in 
most mice whether symptomatic or not. 

5. This model should be useful for the study of the viral and immune 
factors important in MHV-induced viral demyelination. 
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