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JHM virus, when inoculated into neonatal rats, can cause either a rapidly fatal acute
encephalomyelitis or, after longer incubation periods, a paralytic disease. The cerebro-
spinal fluid (CSF) and serum anti-JHM virus IgG concentrations present in rats prior
to onset of clinical symptoms or during the acute and paralytic phases of disease were
compared. High CSF/serum ratios, indicative of local antibody production in the CNS,
were noted only where disease was demonstrable suggesting that local antibody
production accompanied the infection but did not prevent the neurological disease.
Among animals in which neurologic symptoms had not become manifest, only those
with elevated CSF/serum ratios were found to have histological CNS lesions. Immuno-
fluorescent microscopy indicated that viral antigens were present in both glia and
neurons. Antigen-positive cells were frequently present in histologically normal CNS
tissue, while regions of necrosis were antigen negative. Testing for the presence of viral
RNA with JHM cDNA probes revealed that the virus was rapidly disseminated
throughout the CNS, presumably establishing centers of infection prior to the development
of recognizable tissue damage. Viral RNA was also detected in the CNS following
recovery from paralysis and as late as 5 months postinfection, where no disease
occurred. These findings indicate that, although infection by JHM virus can spread
rapidly throughout the CNS, formation of lesions during chronic disease is a slower
process. The current data and previous observations suggest that JHM virus can remain
in a latent state for periods of at least several months in rats without apparent
neurologic disease despite the absence of any known provirus phase in the replicative

strategy of coronaviruses.

INTRODUCTION

Several strains of murine coronaviruses,
including MHV-A59, MHV-3, and JHM,
are neurotropic in rodents and elicit either
an acute encephalitis or a chronic para-
lytic disease (Bailey et al, 1949; Lampert
et al., 1973; Le Provost et al., 1975; Hirano
et al., 1980; Knobler et al, 1981). Intrathe-
cal inoculation of JHM virus (JHMYV) into
rats has been shown to cause an acute
necrotizing encephalomyelitis or a pro-
gressive demyelinating disease (Nagash-
ima et al, 1978, 1979; Hirano et al, 1980;
Sorensen et al., 1980, 1982).

CNS infection of mice may be caused
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by a number of murine coronaviruses
which have tropisms for various cell types
including glia and neurons (Virelizier et
al., 1975; Fleury et al., 1980; Knobler et al,
1981a). In the rat overt CNS symptoms
are associated exclusively with JHMV
(Hirano et al, 1980; Sorensen et al., 1980).
In rats JHMYV can persist in the CNS for
considerable periods without overt signs
of disease (Nagashima et al., 1979; Soren-
sen et al., 1980). However, the mechanism
of virus spread as well as the specific
regions of the CNS and the cell types
functioning as repositories there for the
virus are yet to be identified. Nor is it
clear whether JHMV persists as an infec-
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tious entity at low titers or as a truly
latent virus which may be triggered into
replication.

Local production of antibodies in the
CNS compartment is apparent in various
neurologic diseases such as multiple scle-
rosis (MS) (Arnadottis et al.,, 1982), vari-
cella zoster meningoencephalitis (Vartdal
et al, 1982), Visna virus infection of
sheep (Martin et al, 1982), and Semliki
Forest virus-induced demyelination in
mice (Parson and Webb, 1982). Although
it is clear that the rat may exercise pro-
found control over the outcome of the
infectious process initiated by JHMYV,
since susceptibility to disease is both age
related and genetically controlled (Soren-
sen et al, 1982), it remains to be estab-
lished whether the onset of resistance is
connected with the appearance of intra-
cerebral immune responses. It is also un-
certain whether such responses offer pro-
tection, in view of previous observations
that neutralizing antibodies in the serum
do not appear to influence the disease
process (Sorensen et al, 1982). However,
the presence of antibodies against OC43
and 229E, human coronaviruses serologi-
cally related to the murine strains, in the
sera of a high proportion of the human
population (Macnaughton, 1982) and in-
trathecal antibodies in some MS patients
(Salmi et al., 1982; Hovanec and Flanagan,
1983) give the rat/coronavirus model par-
ticular relevance in attempts to elucidate
the etiology of the human disease.

The present study was initiated to de-
termine whether the spread of virus dur-
ing acute paralytic and asymptomatic
phases could be traced by antigenic and
nucleic acid probes and whether the dis-
ease process is accompanied by a localized
antibody response in the CNS. A prelim-
inary account of some of this work was
presented at the 1983 EMBO Workshop
on Coronaviruses (Sorensen et al., 1984).

MATERIALS AND METHODS
Viruses

JHMYV and MHV-3 were propagated and
plaque assayed on L-2 mouse fibroblasts
as previously described (Sorensen et al,
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1980). Pooled virus lysates and uninfected
L-2 cell inocula for intracerebral (ic) or
intraperitoneal (ip) injections were pre-
pared as previously described (Sorensen
et al., 1980).

Anmimals

Wistar Lewis (WL) and Wistar Furth
(WF) rats, originating from sources de-
scribed previously (Sorensen et al., 1980),
were bred in house. The ic inocula con-
tained 5 X 10* to 1 X 10° PFU JHMV or 4
X 10* to 8 X 10* PFU MHV-3 per injection,
and the ip inocula about 38 X 10° PFU per
injection of either virus. All inoculations
were performed on suckling rats between
2 and 10 days of age.

Histology and I'mmunofluorescence

Rats were anesthetized and killed by
decapitation and the brain and spinal
cords were quickly exposed, sectioned lon-
gitudinally, and one half was quick frozen
for subsequent RNA extraction while the
contralateral half was fixed in ethanol:
acetic acid (3:1, v/v). Following fixation
and dehydration the tissues were embed-
ded in wax and sectioned at 6 um. To
correlate histopathology with the distri-
bution of viral antigen, adjacent sections
were stained with hematoxylin and eosin
(HE) or were reacted with mouse anti-
JHMYV antibodies followed by fluorescein
conjugated goat anti-mouse-IgG antibod-
ies. These sections were then examined
under bright field or uv fluoreseence optics
to determine the distribution of JHMV
antigens and overt pathological lesions.

Detection of JHMV-Specific Antibodies by
Radiotmmune Assay (RIA)

Free virus was concentrated from su-
pernatant fluids of infected L-2 cell mono-
layers by centrifugation then purified on
a 15-45% sucrose gradient. IgG antibodies
specifically against JHMV from hyper-
immune rat anti-JHMV serum were pu-
rified and then coupled to cyanogen bro-
mide-activated Sepharose 4-B. The virus-
specific antibody was eluted as described
by Lecomte and Tyrrell (1976), and the
protein concentration determined accord-
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ing to Lowry (1951). JHMV-specific anti-
body of predetermined concentration was
utilized throughout as the standard.

Affinity-purified anti-rat-IgG (Flow Lab-
oratories) was tested for specificity by
immunoelectrophoresis, then was radio-
iodinated with '*I (New England Nuclear
Radioiodination Kit) employing the lac-
toperoxidase procedure of David and
Reisfeld (1974). Free iodine was removed
and the iodinated IgG was diuted to 10°
cpm/pug protein.

To minimize contamination by blood of
the cerebrospinal fluid (CSF'), anesthetized
rats were exsanguinated by cardiac punc-
ture prior to making the cisternal tap, as
described by Griffin (1981). All CSF sam-
ples were centrifuged and the resulting
pellets examined for the presence of
erythrocytes. Samples containing red
blood cells were discarded.

As a direct test for the leakage of IgG
from the serum to the CSF, radioiodinated
rat IgG was injected intravenously into
rats with hind-leg paralysis following
JHMYV infection and the CSF/serum ratio
of '] counts determined 18 hr later. No
significant leakage of IgG into the CSF
could be detected.

JHMV- or MHV-3-specific IgG antibod-
ies in serum and CSF of rats were deter-
mined by an indirect solid-phase RIA
procedure using flexible microtiter plates
coated with 5 X 10° PFU JHMV per well
then incubated with 100 xl 10% BSA in
PBS/well followed by washing. Serum and
CSF were diluted appropriately and 25-ul
samples were delivered to each well and
the plate was incubated at 37° for 2 hr,
then washed. Finally each well received
25 ul (1 ug) radioiodinated goat anti-rat-
IgG, incubated at room temperature for
60 min, washed, air dried, and assayed
for ] content. The IgG concentration, in
micrograms per milliliter, was calculated
from the disintegrations per minute mea-
sured in the sample.

Preparation of JHMV Complimentary
DNA

(a) Isolation of template JHMV mRNA.
Total RNA was extracted from L-2 mono-
layers 9 hr postinfection with JHMV using
guanidine-HCI] as described by Strohman
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et al. (1977). Poly(A)-tailed RNA was then
isolated by oligo(dT)-cellulose column
chromatography. The poly(A)-tailed RNA
was applied to the nitrocellulose-bound
uninfected L-2 cell DNA and incubated
for 3 hr at 50° with constant agitation
removing cellular RNAs by hybridization.
L-2 cell DNA had been isolated by chlo-
roform:phenol extraction of uninfected
cells and bound onto nitrocellulose (Parnes
et al, 1981) at a concentration of about 2
ug DNA/mm? The unbound JHMV RNA
was decanted and precipitated overnight.
This JHMV template RNA was pelleted,
dissolved in 10 mM Tris-HCI, pH 7.4, and
stored at —70°,

(b) Synthesis of *P-labeled complemen-
tary DNA. Complementary DNA (cDNA)
was synthesized and isolated as described
by Coulter-Mackie et al. (1980) using the
JHMV template RNA described above.
The reaction mixture contained random
calf thymus DNA primers, AMV reverse
transcriptase (Life Sciences), [*P}JdCTP
(3200 Ci/mmol, New England Nuclear)
and 0.1 mg/ml actinomycin D. The cDNA
produced was suspended in 0.9 mg/ml
uninfected L-2 cell DNA, allowed to anneal
at 60° to a high Cot value (>500, about
20 hr) and the remaining ssDNA species
were selected by hydroxyapatite column
chromatography. The ssDNA-containing
eluates, representing about 75% of the
total 3P applied, were pooled, dialyzed
against 3 mM EDTA, and precipitated.
The ¢cDNA precipitate was centrifuged at
16,000 g and resultant pellet was resus-
pended in 1.0 ml annealing buffer (50%
v/v deionized formamide, 3X SSC, 1X
Denhardt’s buffer (Denhardt, 1966), 1 mg/
ml yeast RNA, 100 ug/ml alkaline-sheared
single-stranded salmon sperm DNA, 0.01
M HEPES, pH 7.4) and stored at —20°
until used for dot blotting. Both JHMV
genomic and mRNA were detected by this
¢DNA in Northern analysis (Alwine et al,
1977; Coulter-Mackie et al., 1980) of JHMV-
infected L-2 cell RNAs (data not shown).

Extraction of RNA from CNS Tissues

RNA extracts were made of the regions
of the CNS defined in Fig. 1. These regions
included the telencephalon, diencephalon/
mesencephalon, cerebellum, pons/mye-
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FIG. 1. A schematic representation of the rat brain according to Zeman and Innes (1963). RNA
extracted from these major segments as well as the lumbar spinal cord and the optic nerves was
probed for the presence of JHMV RNA by dot-blot analysis.

lencephalon, cervical and, occasionally,
lumbar segments of the spinal cord.
Whenever possible optic nerves were also
collected and extracted. Tissues were rap-
idly removed from the rat, as described
above, and snap-frozen by immersion in
liquid nitrogen. RNA extracts from CNS
tissues were prepared for dot blotting by
quanidine-HCl extraction (Cheley and
Anderson, 1984). Purified RNA samples
were applied to nitrocellulose either un-
diluted or at dilutions of 1:10 or 1:100.
The blots were hybridized under stringent
conditions with [*®P]eDNA (5 X 10°-10°
cpm/blot) then washed as previously de-
geribed (Coulter-Mackie et al., 1980).

Each tissue sample was evaluated with
respect to the intensity and size of the
dot produced by autoradiography. The
data were deemed valid only when an
appropriate correlation between the di-
lution applied and the size and intensity
of individual dots were obtained. The net
weight of tissue extracted varied between
tissues and among different animals, but
ranged from a minimum of about 10 mg
of the spinal cord or optic nerve to about
600 mg of the telencephalon. As controls,
CNS tissues were processed from uninoc-
ulated litter mates and hybridized with
the JHMV [32P]cDNA probe.

RESULTS
Intracerebral Antibody Responses

Determination of anti-JHMV IgG con-
centration in the CSF and serum by the

RIA technique revealed that during both
acute and paralytic diseases a significant
increase in the anti-JHMV IgG CSF/
serum ratio occurred (Table 1). Such in-
creases in the CSF/serum ratios imply
local production of IgG in the CNS
(Schliep and Felgenhauer, 1978; Fleming
et al, 1983). Production of anti-JHMV
antibody in the CNS was apparent only
in those rats in which disease occurred,
presumably contingent upon, and asso-
ciated with, viral replication. Inoculated
rats without clinical or histological indi-
cations of disease, including all those in-
oculated IC with MHV-3 and some with
JHMYV, had only slight increases in anti-
JHMV IgG CSF/serum ratios (<10) when
compared with ratios of <1 in control
rats inoculated IP with JHMV (Table 1).
The animals which developed a rapidly
fatal acute encephalomyelitis were found
to have the highest average CSF/serum
ratio (>150) while somewhat lower ratios
were found in paralyzed animals (Table
1). Elevated levels of anti-JHMV IgG in
the CSF were observed only in rats which
displayed clinical and/or histological evi-
dence of viral pathology. Indeed, rats
killed 7 days postinoculation (dpi) and
prior to any clinical indications of disease,
could be grouped according to their aver-
age CSF/gerum levels (Table 1). Elevated
CSF/serum ratios (>150) were found only
in animals which, upon histological ex-
amination, displayed obvious lesions. These
ratios were comparable to those evident
in animals undergoing acute disease. Rats
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TABLE 1

ANTI-JHMV IgG CONCENTRATIONS IN CEREBROSPINAL FLUID (CSF) AND SERUM
OF RATS AFTER VIRUS INOCULATION

Mean concentration of Anti-JHMV

I1gG (ug/m1l) Average CSF/
Virus strain and Days serum ratio
inoculation route postinoculation Serum CSF (X10%)
Controls JHMV ip no
disease”* 21 1370.0 + 383.8° 0.019 = 0.016 0.3
MHYV; ic no disease 7-21 22257 + 940.6 003 + 020 3.2
JHMYV ic no disease 7-40 2384.3 + 766.0 1.60 = 0.70 71
JHMYV ic acute disease <15 3018.0 + 1235.1 50.5 +24.2 197.0
JHMYV ic paralytic disease >21 1408.3 + 588.7 61 =+ 1.7 111.0
JHMYV ic asymptomatic
no histopathology 7 4648.0 + 433.3° 34 =x 25 6.6
JHMYV ic asymptomatic
histopathology 7 6010.0 = 180.0° 1075 + 33.0 179.5

“ Disease absent as judged by a lack of clinical and histological indications.

® Standard error of the mean.

“High serum antibody concentrations may be indicative of circulating maternal antibodies in these

neonatal rats (Griffiths et al, 1982).

without histological evidence of infection
had an average CSF/serum ratio equiva-
lent to that noted in inoculated animals
which failed to develop any disease (Table
1). A smaller group of rats, distinguished
by intermediate CSF/serum ratios (data
not shown), was also identified. This group
may be comprised of animals in which
demyelinating lesions would have even-
tually developed. The RIA method as used
here detected those subclasses of IgG able
to bind any JHMYV antigen including those
capable of neutralizing the virus. Thus
the IgG concentrations determined by the
RIA procedure probably overestimated the
IgG antibodies capable of restricting virus
spread through the CNS while detecting
only one class of the total anti-JHMV
antibody present.

Histopathology and JHMYV Antigen Distri-
bution

Surveys of CNS tissue by means of HE-
stained sections confirmed data previously
reported (Sorensen et al., 1980) showing
that the type and distribution of lesions

was related to the acuity of the disease,
age at inoculation, and the incubation
period. Examination of sections adjacent
to those stained with HE for the presence
of antigen, by means of indirect immu-
nofluorescence, revealed that the distri-
bution of viral proteins in the CNS differed
from that of the lesions. A few cells near
necrotic lesions were positive (Fig. 2), but
cells containing JHMV antigen were more
abundant in areas which appeared to be
histologically normal (Fig. 3) and those
characterized by lymphocytic infiltrates.
Neurons of the cerebrum and cerebellum
were more frequently infected than pre-
viously realized. Positive cerebral neurons
(Fig. 8) were detected in some rats 21 dpi
and even later, despite the fact that those
lesions recognizable by HE staining were
exclusively of the demyelinating type,
suggesting oligodendrocyte involvement.
JHMYV antigen-positive cells were evident
in both neurons and glia of the spinal
cord although paralyzed rats with histo-
logical lesions confined to myelinated
tracts of the rhombencephalon and spinal
cord also displayed antigen in both neu-
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FiG. 2. A sagittal section through the cerebellum of a 31-day-old rat sampled 21 days after ic
inoculation with JHMV. Hematoxylin and eosin staining (A) reveals the presence of a lesion
involving the myelinated tracks (W), granular layer (G), Purkinje cells, and the molecular layer
(M). In (B) indirect immunofluorescence staining of an adjacent section for the detection of JHMV
antigens shows that the area in the vicinity of the lesion was devoid of cells containing viral

protein. Bar = 0.03 mm.

rons and glia of the more rostral regions
of the CNS. The absence of cells with
JHMYV antigen in necrotic areas indicates
that virus infection of specific areas of
the CNS precedes the formation of lesions.

Detection of JHMV RNA

The detection of antigen-positive cells
in the CNS by immunofluorescent micros-
copy enabled us to pinpoint sites where
JHMYV proteins were being expressed but
provided no direct evidence about viral
latency. To address the question of latency,
CNS tissues were surveyed for the pres-
ence of JHMV RNA with a ¢cDNA probe.
The CNS regions which were examined,
described diagrammatically in Fig. 1, in-
cluded the telencephalon, diencephalon/
mesencephalon, cerebellum, pons/myel-
encephalon, cervical and lumbar segments
of the spinal cord and, whenever possible,
the optic nerves. Using #P-labeled cDNA
in the dot-blot procedure it was found
that RNA extracted from uninoculated

rats did not hybridize with the probe (Fig.
4D). In contrast, after infection, JHMV
RNA became widely distributed in the
CNS of animals displaying clinical and
histological signs of disease. High concen-
trations of JHMV RNA were detected in
extracts from the CNS of rats with a
generalized encephalomyelitis (Fig. 4A).
Viral RNA could be detected throughout
the CNS as early as 6 dpi. The distribution
of JHMV RNA was more extensive than
that of histological lesions associated with
the neurological disease process. Although
both the pons/myelencephalon and cervi-
cal spinal cord contained viral RNA se-
quences at 6 dpi, the histological lesions
were found to be concentrated in rostral
regions of the CNS (Fig. 5).
Hybridization of the [**P]JcDNA probe
with extracts from rats afflicted with hind-
leg paralysis, in which demelination is
usually confined to the pons/myelenceph-
alon, cerebellum, and/or spinal cord (So-
rensen et al., 1980), revealed the presence
of JHMV RNA in the pons/myelenceph-
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FIG. 8. A sagittal section through the cerebrum of a 20-day-old rat inoculated ic at 10 days of
age. Hematoxylin and eosin staining (A) illustrates an area of gray matter apparently free of
pathology. However, the adjacent section (B), examined after immunofluorescent staining for
JHMV antigens, contains several cells which are positive for viral antigen, some with the

morphology of neurons. Bar = 0.03 mm.

alon and sometimes in the cerebellum
(Fig. 4B). Viral RNA was present less
frequently in the cervical spinal cord al-
though histological lesions were readily
apparent, and in the histologically nor-
mal diencephalon/mesencephalon regions
(Figs. 4B, 5). The telencephalon region of
paralyzed animals, which, likewise, was
devoid of lesions (Fig. 5), occasionally
contained JHMV RNA (Fig. 4B).

Rats not killed during the paralytic
episode frequently regained normal coor-
dination. RNA extracts from the CNS
tissues of these animals were usually neg-
ative for the presence of JHMV RNA by
dot-blot analysis (Fig. 4C). However, small
amounts of viral RNA were detectable in
the pons/myelencephalon and cervical
spinal cord of one rat killed 7 days after
recovering from hind-leg paralysis (Fig.
4C), whereas in another rat killed 2 weeks
post recovery, JHMV RNA was not de-
tectable (Fig. 4C). With two exceptions,
animals without elinical symptoms or his-
tological evidence of disease were negative

for the presence of viral RNA (Fig. 4E).
It is, nevertheless, significant that in this
group two of the eight rats surveyed had
detectable JHMV RNA although at low
concentrations, in the telencephalon and
diencephalon/mesencephalon when killed
at 138 and 163 dpi (Fig. 4E). Thus pro-
longed, and presumably latent, infection
of the rat CNS can occur despite an ab-
sence of disease symptoms.

Our previous histopathological surveys
of rats inoculated with JHMV revealed
that CNS lesions had a bilateral distri-
bution in the CNS, although not necessariy
at directly opposite sites (Sorensen et al,
1980). This finding indicated that a his-
tological examination of one hemisphere
and dot-blot probing for the presence of
viral RNA in the contralateral hemisphere
could provide comparable data. It is,
therefore, significant that the current
survey, while demonstrating a correlation
between the presence of lesions in a par-
ticular region of the CNS and the occur-
rence of viral RNA, also revealed that
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F1c. 4. Dot-blot analysis of CNS tissue extracts prepared from samples taken from rats with
either (A) acute encephalomyelitis, or (B) hind-leg paralysis, or (C) after recovery from paralysis,
and (D) uninoeulated controls as well as (E) asymptomatic animals. Each row is composed of
RNA extracts blotted at dilutions of 1/100, 1/10, and 1/1. The numbers on the ordinate represent
the tissues sampled as follows. 1—telencephalon, 2—diencephalon/mesencephalon, 3—cerebellum,
4—pons/myelencephalon, 5—cervical spinal cord, 6—lumbar spinal cord, dpr-——days post recovery,
dpi—days post inoculation. *—This result is anomalous since other blots in this dilution series

were negative.

viral RNA was often present (Fig. 5) in
the absence of histological lesions.

DISCUSSION

Our present study indicates that rats
succumb to JHMV infection despite the
capacity to mount an IgG response local-
ized in the CNS. The concentrations of
IgG in the CSF reported here are com-
parable to those determined in other viral
infections of the CNS (Schliep and Fel-

genhauer, 1978; Martin et al, 1982). Indeed,
the production of anti-JHMV IgG in the
CNS correlated with an overt disease pro-
cess since elevated CSF/serum ratios were
recorded only in rats with clinical and/or
histological evidence of disease. Despite
the presence of virus-specific CSF IgG
there was apparently no suppression of
the continuing CNS infection. However,
since the RIA method used polyvalent
antibodies, IgG reactive with all JHMV
antigens were detected, not exclusively
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Fi1c. 5. Comparative data on ¢cDNA hybridization (R) using RNA extracts prepared from one
half the brain and the histopathological findings (H) on sections from the contralateral hemisphere.
Animals at 6, 8, 10, and 14 dpi were suffering an acute encephalomyelitis while the animal killed
21 dpi exhibited hind-leg paralysis. In each row the RNA extracts were blotted at dilutions of
1/100, 1/10, and 1/1. For histological evaluation the sections were stained with hematoxylin and

eosin. *—cervical spinal cord.

those involved with virus neutralization.
These data do not reveal the concentra-
tions of JHMV-neutralizing antibodies in
the CSF. In contrast, a survey of JHMV-
neutralizing antibodies in the serum (So-
rensen et al, 1982) indicated that after a
single ic or ip injection the titers were
not significantly greater than those of
uninoculated controls. Thus it is possible
that production of anti-JHMV antibody
in the rat model does, in fact, occur exclu-
sively or primarily in the CNS compart-
ment.

Electron microscopic examination of rat
CNS tissues indicated that during the
prolonged demyelinating disease, JHMV
infection appears to be confined to the
glia (Sorensen et al.,, 1980). In the present
analysis, however, viral antigen was fre-
quently detected in cells with neuron
morphology, although it has not been es-
tablished whether the cells involved were
producing infectious JHMV particles or
only viral protein. These and previous
observations (Sorensen et al, 1980) im-
ply that JHMV can persist and repli-
cate within neurons and oligodendrocytes
without causing cell degeneration and
death or eliciting an immune attack which
might lead to tissue necrosis and suppres-
sion of the infection. In mice Knobler et
al.(1981b) have similarly shown that neu-
rons of SJL mice are a primary target for
JHMYV infection. Furthermore, as in the
rat, SJL. mice exhibit an age-dependent

resistance to CNS infection following an
ic challenge with JHMYV. Specific tropisms
of JHMV for primary CNS cultures en-
riched in oligodendrocytes and of MHV-3
for cultures of astrocytes (Sorensen et al,
1983; Beushausen and Dales, in prepara-
tion) have also been found. Thus our pre-
vious (Sorensen et al, 1980, 1982) and
current observations indicate that both
glial and neuronal cells can serve as pri-
mary targets and repositories for corona-
viruses within the CNS.

A continuing spread of JHMV through-
out the CNS, despite the development of
a localized antibody response in the CSF,
suggests that demyelination occurs as a
consequence of oligodendrocyte infection.
However, the reported association, in the
rat, between JHMV infection of the CNS
and proliferation of cytotoxic T cells re-
active against myelin basic protein (Wa-
tanabe et al, 1983), implies that demyelin-
ation could occur as a consequence of
autoimmune phenomena analogous to
those involved with experimental allergic
encephalomyelitis (Paterson and Day,
1982).

The presence of cells containing viral
antigen in CNS regions with normal his-
tological appearance, either in the vicinity
of or unrelated to lesions, correlates with
previous electron microscopic identifica-
tion of virus structures in oligodendrocytes
distributed within normal tissue adjacent
to lesions (Sorensen et al, 1980). These
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data also correlate with detection of
JHMV RNA in samples of CNS tissue
taken from asymptomatic rats 4-5 months
after inoculation. Furthermore, our cur-
rent finding that specific CNS regions may
be positive for JHMV RNA while devoid
of histopathology, supports this interpre-
tation. One should, nevertheless, be aware
that an apparent absence of lesions could,
at least in part, be ascribed to the limi-
tations imposed by the size and numbers
of histological samples that can be ex-
amined.

During the rapidly fatal, acute disease
JHMV RNA may occur throughout the
CNS. Despite the usual absence of histo-
logical lesions in the cervical spinal cord
of acutely diseased animals (Sorensen et
al, 1980) the presence of JHMV RNA in
this tissue again implies that viral repli-
cation precedes the development of lesions.
When the disease process resulted in de-
myelination, the distribution of viral RNA
within the CNS was more restricted, so
that the more rostral tissues had either
little or no detectable JHMV RNA while
in the rhombencephalon and, to a lesser
extent, the cervical spinal cord, viral RNA
was readily detectable.

Attempts to isolate infectious virus
more than 6 dpi, from rats without clinical
or histological indications of disease, have
been unsuccessful (unpublished data) but
maintenance of JHMV in the CNS of
asymptomatic rats could be demonstrated
following immunosuppression with cyclo-
phosphamide (Sorensen et al, 1982). Thus,
it seems likely that the viral RNA and
antigen, which may linger in the absence
of disease symptoms, are associated with
the production of infectious particles be-
low levels detectable by the infectivity
assays usually employed.

In future explorations of the rat model
it should be possible to determine the
unique tropism for neural cell types of
the various coronaviruses which have or
lack the potential for causing neurologic
disease (Hirano et al, 1980; Sorensen et
al, 1983). Such studies, when coupled with
investigations of primary brain cultures,
may elucidate the mechanisms involved
in maintenance of JHMV persistence or
latency within the CNS.
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