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Summary

Infection of mice with the neurotropic JHM strain
of murine hepatitis virus causes demyelinating
lesions resulting from an infection of the oligo-
dendroglia. This was most evident in mice inocu-
lated intraperitoneally with JHM. Such CNS le-
sions were not observed in mice inoculated intra-
peritoneally with the MHV; strain. An in vitro sys-
tem is described in which the rat glial RN2 cell line
functions as a discriminating host for the JHM
virus. Shortly after inoculation, this virus estab-
lishes a persistent infection in which there is a
cyclical rise and fall in titer with an accompanying
cytopathology. Furthermore, this host cell confers
a thermal lability which the virus does not demon-
strate in the fully permissive host cell, L-2. By
comparison, infection of RN2 cells with the proto-
type MHV; is aborted immediately. in the persist-
ent infection of RN2 cells with measles virus,
Hallé strain, the cell again confers a temperature
sensitivity which the virus does not possess when
replicating in Vero cells.

This appears to be the first instance in which a
cloned cell line of glial origin determines the out-
come of the infectious process, discriminating in
favor of a neurotropic variant which possesses a
tropism for the glia in vivo. Systems such as the
one described here may now offer a specific
screening procedure for selecting, identifying and
characterizing the nature of neurotropic viruses.

Introduction

One of the most attractive systems available for
studying phenomena pertinent to human demyeli-
nating disease such as multiple sclerosis (MS) in-
volves infection of the central nervous system
(CNS) by the JHM variant of the murine coronavi-
rus, mouse hepatitis virus, MHV (Bailey et al., 1949;
Cheever et al., 1949; Weiner, 1973). This agent
causes pathological effects, including zones of de-
myelination, similar in some aspects to the plaques
of human MS. While the JHM virus was initially
isolated from a mouse showing paralytic symptoms
{Cheever et al., 1949), another variant producing a
similar CNS pathology was subsequently derived

from mice injected with murine hepatitis virus,
MHV; (Dick, Niven and Gledhill, 1956). These two
independent isolates have maintained their neuro-
tropsim and, after numerous passages, continue to
produce CNS demyelination in both mice (Bailey et
al., 1949; Weiner, 1973; Herndon et al., 1975) and
rats (Bailey et al., 1949). As a further analogy to the
human disease, demyelination with JHM may occur
intermittently, particularly when older mice are in-
oculated with JHM (Herndon et al., 1975).

Examination of the CNS by immunofluorescence
(Weiner, 1973) and electron microscopy (Lambert,
Sims and Kniazeff, 1973) has revealed that JHM-
specified products are in cells of the white matter,
specifically in the cytoplasm of oligodendrocytes.
Since immunosuppression of JHM-infected mice
does not alter either the intensity or pattern of CNS
lesions (Weiner, 1973), the mechanism of demyeli-
nation is presumed to involve a more direct effect
of the virus on its target cells, the oligodendroglia.

This murine system acquires an even greater sig-
nificance as a model for MS because JHM is sero-
logically related to human coronavirus 229E, asso-
ciated with upper respiratory disease especially in
children (Mclntosh, 1974). In this regard, it is worth
mentioning that electron microscopic examination
of a single biopsy from a terminal MS patient by
Tanaka, lwasaki and Koprowski (1976) revealed the
presence of numerous intracisternal particles re-
sembling, morphologically, a coronavirus.

In undertaking further studies using the murine
model with a view to advancing our understanding
of JHM tropism for glial cells, we deemed it logical
and desirable to develop an in vitro system that
might be a counterpart to the in vivo events. We
now report the chance discovery of a selection
process demonstrated by a rat glial tumor cell line
which discriminates between the parental and neu-
rotropic variants of JHM. In this cell-virus interac-
tion, the host becomes persistently infected, caus-
ing cyclicai manifestations of cytopathology and
virus production.

Results

Growth in Mouse L-2 Cells

Since we wished to compare the growth of the
MHV; and JHM virus strains in various cell lines, it
was necessary to use a cell type that was fully
permissive for both agents. The cell selected for
this purpose was the mouse L-2, a subline of
mouse L-929 (Rothfels et al., 1959).

Following infection of L-2 monolayers with either
virus at 32.5°C, using a multiplicity of infection
(moi) of 0.01, multinucleate giant cells first became
apparent at 16 hr. Maximum titers of 10 PFU/m| of
celi-free virus in the medium were recorded 30 hr
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postinfection, at the time monolayers had become
virtually one continuous syncytium.

The capability of MHV; and JHM to grow to high
titer in L-2 cells allowed the use of these cells as
host for routine virus propagation and assay by the
plague technique (see Experimental Procedures).

Growth in Rat Glial Cells

The presence of JHM antigen and virus in the oligo-
dendrocytes of infected mice (Weiner, 1973; Lam-
bert et al., 1973) led us to investigate whether this
neurotropic variant and its prototype, MHV;, were
able to replicate in vitro in cells of glial origin. For
this purpose, we tested several rodent cell lines,
including RN2-2 rat glial cells. Monolayers were
inoculated at 32.5°C with MHV; or JHM at an moi of
0.01. Following adsorption for 1 hr, unadsorbed
virus was removed, and the cultures were overlaid
with nutrient medium. We examined the monolay-
ers for development of virus-induced cytopathol-
ogy, and following daily replacement of the me-
dium, we used aliquots for assay of infectious non-
cell-associated virus.

After inoculation of RN2-2 glial cells with MHVj,
there was no evidence whatsoever of any virus-
induced cytopathic effects (CPE). Within 1 day after
inoculation, the titer declined sharply, and within 3
days, infectious virus disappeared completely, as
illustrated in Figure 1. An infectious center assay,
summarized in Table 1 revealed that if present at
all, MHV,; must have been harbored by <1:10*-10°%
cells.

By contrast, foliowing inoculation with JHM, a
CPE, similar to that formed with fully permissive L-
2 cells, occurred within 2 days postinfection. The
CPE was characterized by the formation of large
flat polykaryocytes, illustrated in Figures 2A and
2B. Unlike the infectious process with L-2 cells,
however, where continuous unremitting cell-cell
fusion occurs, ultimately involving the entire mono-
layer, with RN2-2 cells, the syncytia developed only
to a limited extent and remained discrete in size —
at least during the initial period of 2 weeks after
infection —even though virus was being continually
shed into the medium (indicated in Figure 1). It thus
became apparent that JHM virus could readily es-
tablish a persistent infection in RN2-2 glial cells.
Judging by PFU/mI in the medium, virus was pro-
duced in a cyclical manner over a period of at least
5 weeks and five cell passages. During the time
period of the experiments, as indicated in Table 1,
the proportion of cells harboring infectious JHM
also fluctuated. It should be noted that occasion-
ally after releasing relatively large amounts of in-
fectious JHM, virus production decreased to vir-
tually undetectable levels (see experiment 2 in Fig-
ure 1), but upon continued maintenance of the

cuiture, virus titer rose once more.

During prolonged maintenance of individual,
persistently infected cuitures, the monolayers un-
derwent so-called ‘‘crisis”’ phenomena. These be-
came manifested as dramatic increases in the num-
ber and size of syncytia, the quantity of PFU re-
leased and the proportion of cells scored as infec-
tious centers. Although on occasion virus titers in
RN2-2 cultures reached levels comparable to those
in cultures of L-2 cells, the infection never pro-
gressed to the stage that RN2-2 monolayers were
completely destroyed. Rather, the infectious proc-
ess apparently became self-regulating, whereby
the cultures recovered following the repopulation
by daughter cells of the survivors. The number and
size of the syncytia were reduced, and the released
virus in proportion to cells scoring as infectious
centers was drastically curtailed. To date several
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Figure 1. Infection of Rat Glial Cells with Murine Hepatitis Virus
Monolayers of RN2-2 cells were infected as described in the text.
Virus present in the medium was assayed using the plaque assay
on L-2 cells as described in Experimental Procedures. Circles,
solid line-experiment 1; friangles, dashed line-experiment 2. Open
symbols-MHV; infection; closed symbols-JHM infection. Arrows
indicate when the cells were subcultured.
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Table 1. Infectious Center Assay of MHV;- and JHM-Infected
RN2-2 Cells

Infectious Centers

Experiment 1 Experiment 2

Passage

Number MHV; JHM MHV, JHM

1 <6 x 1078 1.3 x 1073 <6 x 108 2 x 10~
2 <6 x10"% 7.0 X 107 <1 x10™ 1 x 1072
3 <1 x107* 3.5 x107° NDe NDe

4 <1 x10™ 1.0x 10" <1 x 107 1 x 10
5 <1 X 10™* 4.7 x 1072 NDe ND«

“ Not done.

independently inoculated RN2-2 cultures con-
formed to the same pattern and have undergone a
number of crises and recovery cycles.

Although to perpetuate each of the above cul-
tures, we passaged them at approximately weekly
intervals by releasing the attached cells with tryp-
sin, this manipulation did not affect either the na-
ture of the carrier state or the amount of infectious
virus released within 24 hr after subculture.

Properties of Virus Released from the Carrier
Culture

To determine whether the JHM virus had been
genetically altered in any obvious manner as a con-
sequence of being propagated in the glial cells,
virus released from carrier cells was tested for its
ability to reestablish a persistent infection in RN2-2
cells, and for its capacity to form plaques on L-2
cells at 32.5 and 39.5°C. JHM released from the
carrier culture could once again readily establish a
persistent infection in the rat glial celis in the same
way as the L-2 cell-grown virus. JHM derived from
the carrier culture was not temperature-sensitive
for growth on L-2 cells, since the number and size
of plaques formed at 39.5 and 32.5°C were the
same. Furthermore, the appearance of plaques
formed on L-2 cell monolayers by JHM grown on
RN2-2 cells is indistinguishable from that of JHM
propagated in L-2 cells. It may be of significance,
however, that JHM virus, when propagated in RN2-
2 cells, is highly temperature-sensitive. This be-
came evident upon shift of RN2-2 carrier cultures
from 32.5 to 39.5°C, which resulted in a complete
suppression of CPE and the release of PFU into the
medium. The fact that freshly inoculated JHM virus
failed to replicate but became eciipsed in RN2-2
cells at 39.5°C is consistent with this observation. It
is interesting that measles virus, Hallé strain, simi-
larly acquires thermal lability when propagated per-
sistently in RN2-2 cells (manuscript in preparation).
These results imply that expression of temperature

Figure 2. Cytopathology of JHM Infection in RN2-2 Cells

(A) Representative area of a persistently infected RN2-2 culture
ilustrating the appearance of a polykaryocyte among cells of
normal size. Note the presence of a multitude of nuclei at the cell
center, and elongated and rounded cells on the surface of the
cell syncytium (arrows). (B) Selected area from the center, of the
polykaryocyte in (A) illustrates the presence of closely packed
nuclei.

restriction on JHM and measles virus was somehow
conferred by a property of the host cell rather than
by the virus itself.

Heterologous Viral Challenge

To determine whether the JHM persistently in-
fected RN2-2 cultures were resistant to superinfec-
tion by an unrelated virus, vesicular stomatis virus
(VSV) was inoculated onto either uninfected or per-
sistently infected RN2-2 celis (passage 5 or 6) at an
moi of 0.1. Foilowing incubation for 24 hr at 32.5°C,
the yield of PFU of VSV in the supernatant of each
culture was assayed on monolayers of both L-2 and
RN2-2 cells. In two separate experiments, we found
that yields of VSV from the JHM persistently in-
fected RN2-2 culture, whether determined on L-2
cells or RN2-2 monolayers, were only about 10% of
those from uninfected RN2-2 celis.

Biological Properties of the Viruses

Although the virus produced by the persistently
infected cells showed no apparent genetic altera-
tion in vitro, it was of interest to determine whether
any of its in vivo biological properties may have
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been altered. For testing this possibility, Swiss
mice of various ages were injected with graded
doses of JHM that had been propagated in L-2 or
RN2-2 cells.

Mice inoculated with the JHM strain, grown
either on L cells or on RN2-2 cells, exhibited clini-
cal evidence of neurological involvement (ataxia,
incoordination and paresis) as early as 36-48 hr
post-inoculation. In general, mice that succumbed
to the infection died from 2-5 days post-inocula-
tion. Those that showed no clinical evidence of
disease during this period usually remained healthy
throughout the observation period of 14-28 days.

Histopathological examination of the CNS from
mice infected with the JHM strain revealed lesions
that were relatively disseminated in the gray and
white matter of the prosencephalon and metence-
phalon. Necrotic and reactive lesions were fre-
quently observed in the hippocampus and brain
stem regions. Lesions were frequently destructive
in nature, accompanied by mononuclear and poly-
morphonuclear cell response. Leptomeningitis and
ventriculitis were observed in humerous animals.
Occasionally, vacuolated areas were observed in
the white matter of the areas in the ventricular
regions, brain substance and leptomeninges. We
interpreted those syncytial cells in the brain sub-
stance to be comprised of astroglial cells and in-
flammatory cells. Multinucieated cells present in
the region of the lateral ventricles appeared to be
formed from ependymal cells, as indicated in Fig-
ure 3.

By contrast, when mice were inoculated intracer-
ebrally with the MHV; strain, there was a striking
leptomeningitis, with polymorphonuclear and
mononuclear cell infiltration. In some animals, his-
tological changes were exclusively confined to the
meninges. Destructive and reactive lesions, when
evident, occurred within a variety of areas of the
brain substance. Cell syncytia, reminiscent of
those occurring after in vitro infection, were fre-
quent and indistinguishable in appearance or loca-
tion from those found in the CNS of mice inocu-
lated with the JHM strain. In the liver, disseminated
foci of hepatic necrosis were frequent, emphasiz-
ing the viscerotropic properties of MHV;.

A comparison of the histological findings of the
MHV - and JHM-inoculated mice reveals the follow-
ing general differences. First, those mice with CNS
lesions due to MHV; inoculation had a more strik-
ing necrotizing meningitis than animals inoculated
with the JHM strain. Second, the invoivement of
white matter and histological evidence of demyeli-
nation were more striking in JHM-infected mice
than in MHVs-inoculated mice. The destructive le-
sions of the white matter were characterized by
vacuolation, disruption of the normal architecture

aghate .
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Figure 3. Histopathology of Lesions in the Brain of a Mouse
Infected with JHM

(A) Region of lateral ventricle from mouse L5-2, killed at 14 days
of age and 2 days post-inoculation with 2.3 x 10® PFU of JHM
virus. The multinucleated giant cell (arrows) is comprised of
ependymal cells. Inflammatory cells are present in the ventricular
lumen and periventricular regions. Haematoxylin and eosin (H
and E) staining. (B) Higher magnification of another multinucle-
ated cell in the region of lateral ventricle from animal L5-2. Note
the orientation of nuclei at the periphery of the polykaryocyte.

and relative sparing of neurons in affected areas,
and were most evident in mice inoculated with JHM
at 16 or more days of age. Third, hepatic lesions
were observed more frequently in MHV-infected
animals than in those inoculated with JHM. Fourth,
histological evidence of oligodendrocyte damage
and demyelination was observed in mice surviving
JHM infection. Similar observations have been pre-
viously described by Weiner (1973) and Herndon et
al. (1975). Conversely, CNS lesions were not ob-
served in mice surviving infection with MHV;. Fifth,
intraperitoneal inoculation of JHM frequently pro-
duced striking white matter involvement, while
CNS lesions were not observed in mice inoculated
intraperitoneally with MHV,;. Death in these MHV-
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inoculated mice was attributed to the extensive
liver damage that occurred.

Discussion

An in vitro system has been described in which a
glial cell line supports the growth of a neurotropic
virus. Infection of the glial cells with JHM virus
readily establishes a persistent cyclical infection in
which virus is shed at a low level into the medium
and in which a small percentage of the cells is
infected. Preliminary immunofiuorescence experi-
ments indicate that only a very small fraction of the
cells contain viral antigen (unpublished observa-
tions). At the time of writing, the persistent infec-
tion was maintained for 8 weeks with no apparent
alterations in the cyclic pattern of CPE and virus
release. The infection appeared to be self-limiting,
since at no time was there a complete destruction
of the cell monolayer. Infection of the glial cells by
the prototype virus MHV;, on the other hand, was
neither productive nor persistent, since there was
no detectable virus replication, and the fraction of
cells scoring as infectious centers was at best very
small indeed. Infection with either JHM or MHV; in
the glial cells is clearly quite different from that
associated with L-2 cells. In the latter case, both
viruses undergo fully productive replication cycles,
culminating in a complete destruction of the cul-
ture.

The tropism of the JHM strain for the rat RN2-2
glial cells uncovered in the present study indicates
that a host cell can exert a selective pressure on a
virus and determine the outcome of an infection.
The ability to discriminate between the JHM and
MHV; viruses, however, is hot a general property of
all cultured rodent glial cells examined by us to
date. As indicated in Tabie 2, the C6 line, an astro-
cytoma-derived line of rat cells (Benda et al., 1968),
failed to become infected altogether by JHM or
MHV;. By contrast, inoculation of glial lines G26-20
and G26-24 of murine origin (Sundarraj, Schachner
and Pfeiffer, 1975) resulted in the establishment of
persistent infections with both JHM and MHV;. In
these latter cases, the carrier state is associated
with restricted CPE and cyclical production of low
guantities of infectious virus. To date, the ability to
discriminate between JHM and MHV, therefore ap-
pears to be a rather unique property of the RN2-2
cells.

As indicated in Table 2, the Hallé strain of SSPE
measles virus (Horta-Barbosa et al., 1971) readily
establishes a persistent infection in both the rat
RN2-2 cells and C6 cells. The RN2-2 cells are not a
strain that is generally nonpermissive or suscepti-
ble to the indiscriminate establishment of the car-
rier state, because, as summarized in Table 2,

these cells can fully support the replication of rep-
resentative agents from several virus groups

~ tested, including V8V, vaccinia virus and mengo

virus.

The molecular events by which JHM establishes
and maintains its persistent infection and by which
MHYV, is suppressed in the RN2-2 cells remain to be
elucidated. In other similar carrier systems, several
mechanisms have been proposed. These include
competition at the synthetic level by defective inter-
fering (DI) particies (Holland et al., 1976; Kawai and
Matsumoto, 1977), cyclical suppression of virus
production by interferon (Wiktor and Clark, 1972)
and genotypic alterations of the virus (Thacore and
Younger, 1969; Kawai, Matsumoto, and Tanabe,
1975; Younger et al., 1976; Truant and Hallum,
1977).

in the JHM persistent infection, the role of DI
particles may be improbable since the initial moi
used was low, and by changing the medium daily,
and DI particles that may have accumulated would
have been removed unless they somehow had re-
mained cell-associated. Nevertheless, this argu-
ment is based on circumstantial evidence, so that
proof against the presence of DI particles must
await direct determination.

Partial resistance of RN2-2 cells, persistently in-
fected with JHM, to superinfection with VSV sug-
gests that interferon or an interferon-like mecha-
nism may be functioning. Clearly, additional work
is also required to ascertain whether interferon may
be a factor in the observed persistence. By analogy
to the present system under study, reference
should be made to a persistent infection of BHK-21
cells by rabies virus (Wiktor and Clark, 1972). In this
system, the virus yield and interferon levels are pro-
duced in a cyclical sequence whereby the times
when high levels of interferon are present coincide
with periods of low yields of virus, and vice versa.

A common feature of other viral carrier systems
is the outgrowth of, or selection for, a variant prog-
eny virus that is temperature-sensitive for growth.
Thus temperature-sensitive mutants have been iso-
lated in persistent infections of measles virus (Has-
pel et al., 1973; Gould and Linton, 1975; Armen et
al., 1977), Newcastle disease virus (Preble and
Younger, 1973; Younger and Quagliana, 1975),
V8V (Younger et al., 1976), Sindbis virus (Shenk,
Koshelmyk and Stollar, 1974), mumps virus (Truant
and Hallum, 1977) and Sendai virus (Kimura et al.,
1975). The JHM restriction at elevated temperature
is not associated with growth in the fully permissive
L-2 cells, however, but only in RN2-2 cells. The
JHM strain fails to establish persistence when inoc-
ulation is carried out at 39.5°C and is not replicated
when carrier cultures are shifted from 32.5 to
39.5°C. Similarly, temperature sensitivity is con-
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Table 2. Comparison of Interactions of Several Viruses with Cells of Glial Origin

Cell Type Infection Outcome of
Cell Strain and Species with® Infection®
L-2 Murine fibroblast MHV; (coronavirus) Fully permissive
JHM (coronavirus) Fully permissive
VSV (rhabdovirus) Fully permisive
Vaccinia (poxvirus) Fully permissive
Mengo (picornavirus) Fully permissive
RN2-2 Rat glioblastoma MHV; Abortive
JHM Persistent
V8V Fully permissive
Vaccinia Fully permissive
Mengo Fully permissive
Measles (Hallé SSPE strain, paramyxovirus) Persistent
Ccé6 Rat astrocytoma MHV; Abortive
JHM Abortive
Measles (Hallé SSPE strain) Persistent
G26-20 and G26-24 Murine glioblastoma MHYV, Persistent
JHM Persistent

2 Monolayers of the cell strains were infected with the various viruses at an moi of <0.1 and usually 0.01. After 1 hr for viral adsorption at

32.5°C, the infected cultures were overlayed with MEM medium.

> Fully permissive = release of infectious virus into the medium and destruction of the monolayer; abortive = no infectious virus released,
no cell destruction and no detectable cells scoring as infectious centers; persistent = low levels of infectious virus released over a period
of weeks, cell monolayer never completely destroyed and varying number of cells scoring as infectious centers.

ferred on replicating measles virus in RN2-2 cells
(manuscript in preparation). When taken together,
these results imply that the determination of the
outcome of the infection, whether fully productive,
persistent or aborted, is controlied at least in some
measure by the host cell.

Nevertheless, the biological properties of either
MHV; grown on L-2 cells or JHM grown on L-2 cells
or RN2-2 are not host-modified as a result of pas-
saging through the different hosts. Thus the patho-
logical manifestations produced by MHV; grown in
mice or on L-2 cells are like those previously de-
scribed for MHV, (Piazza, 1969), while the CNS
lesions resulting from inoculation by JHM, whether
derived from brain passage, L-2 cells or RN2-2
cells, are similar to those previously reported by
Bailey et al. (1949), Pappenheimer (1958), Waks-
man and Adams (1962) and Weiner (1973).

Further investigations currently in progress on
the mechanisms of restriction and the persistence
of coronaviruses in the rat glial cells may provide
significant new information concerning the basis of
the tropism for glial cells, and may elucidate the
factors involved in the establishment and mainte-
nance of persistence in a system having biological
significance.

Experimental Procedures

Celis and Cell Culture

The rat glial RN2 cells were obtained from Dr. S. E. Pfeiffer
(University of Connecticut). They are classified as glial because of
their origin from a carcinogen-induced glioblastoma, their ability
to synthesize the nervous system-specific protein S-100 (recently
confirmed for us by A. Marks, Banting and Best Institute, Toronto)
and a high specific activity of 2’,3'-cyclic nucleotide -3'-phos-
phohydrolase (Pfeiffer and Wechsler, 1972). We have subse-
quently shown that these cells also contain a sulfolipid, presum-
ably cerebroside sulfate, a diagnostic feature of glial cells. The
sulfolipid was labeled after growth of the cells in ¥S-sulfate-
containing medium, was stable to mild alkali and co-chromato-
graphed with authentic cerebroside sulfate used as a standard on
silica gel H thin-layer plates developed in chloroform-methanol-
water (65:25:4, V/V). The data from repeated experiments showed
that 35S was indeed incorporated into sulfolipid at an average of
7200 dpm per 107 cells. These observations are at variance with
the recent results of Dawson, Sundarraj and Pfeiffer (1977), who
were unable to show any incorporation of *S into sulfolipid,
perhaps due to different culture conditions.

The cells were routinely propagated as monolayers in Eagle’s
minimal essential medium (MEM) supplemented with 10% heat-
inactivated fetal bovine serum (FBS) (Microbiological Associates),
sodium bicarbonate (2 g/1), penicillin (100 U/mli) and streptomy-
cin (100 mg/ml) at 37°C in a humidified atmosphere containing 5%
CO;.

Prior to use, the cells were cloned by limit dilution in 96-well
Microtest Il trays (Falcon Plastics). One clone, RN2-2, was used in
this particular study.

Mouse L-2 cells, a subline of L-929 cells (Rothfels et al., 1959),
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were maintained either as monolayer cultures in the same me-
dium used for RN2-2 cells, or as suspension cultures in this
medium supplemented with methyl cellulose 15 cps (0.1%).

Viruses

The murine hepatitis viruses, MHV; and JHM strains, were ob-
tained from the American Type Culture Collection (Rockville, Mar-
yland). The MHV, virus was obtained as a 10% mouse liver-spleen
suspension with a passage level of SM (VSBS/10-20). The JHM
strain was obtained as the third passage in NCTC 1469 cells and
had a titer of 10° TCD4/0.2 ml. Both viruses were routinely main-
tained by daily passage on L-2 cell monolayers at an moi of 0.01.
The virus was allowed to adsorb at 32.5°C for 1 hr before medium
was added. Various L-2 cell passage viruses have been used for
both infection of the glial cells and injection of animals.

Plaque Assay

Virus production was monitored by a plaque assay on L-2 cell
monolayers. L-2 cells were grown in 6-well multidishes (Costar) at
37°C in a humidified atmosphere of 5% CO,. Confluent monolay-
ers were inoculated with 0.2 ml of virus dilution in phosphate-
buffered saline (PBS). After adsorption at 32.5°C for 1 hr, the
infected celis were overiaid with 3 ml of MEM containing 10% FBS
and 0.5% methyl cellulose, 4000 cps. The plates were incubated at
32.5°C for 2 days in the humidified atmosphere, after which the
medium was removed and the cells were fixed with neutral
buffered formalin. The plates were then stained with 0.1% crystal
violet. The virus titer is represented as the plaque-forming units
per mi (PFU/mt). There is no apparent difference in the morphol-
ogy or the size of the plaques formed by the two virus strains on L-
2 cells.

Infectious Center Assay

To determine the percentage of glial cells releasing infectious
virus, infected monolayers of RN2-2 cells were washed and tryp-
sinized. After trypsinization, various dilutions of the cells were
plated on L-2 cell monolayers. After 3-5 hr at 32.5°C, the plates
were overlaid with the methyl celiulose-MEM mixture, as de-
scribed for the plaque assay, and processed in a similar manner.

Light Microscopy

Persistently infected RN2-2 cells grown to confiuency on cover-
glass slips were fixed in situ for 30 min in 0.05 M phosphate-
buffered 2% glutaraldehyde solution (pH 7.4), washed with PBS,
postfixed in 0.05 M phosphate-buffered 1% osmium tetroxide,
washed again with PBS and mounted in PBS for examination by
phase-contrast microscopy.

Animal Injection and Histological Preparation

Swiss mice (Bio Breeding Laboratories, Ottawa, Ontario), ranging
in age from 3 days to 4 weeks, were inoculated intracerebrally or
intraperitoneally with either the MHV; or JHM viral strain grown in
cell culture. Approximately 0.01 mi of virus in culture medium was
injected into each animal by means of a syringe. Control litter-
mates received the same volume of culture medium free of virus.

Animals were observed for at least 2-4 weeks post-inoculation
for evidence of neurological involvement.

All mice that died or were euthanized in extremis or kiiled at the
termination of the observation period were necropsied for histo-
logical and virological evaluation. Tissues collected routinely for
microscopic studies included brain and spinai cord. Other tissues
examined in selected cases included the liver and the large and
small intestine. Tissues destined for histology were fixed by im-
mersion in, or perfusion with, 4% glutaraidehyde or Bouin’s fluid.
Both sagitally and transversly cut pieces of the CNS were embed-
ded in paraffin, sectioned at 6 mu, and stained with hematoxylin
and eosin (H and E). Randomly selected sections were stained
with the Kliver-Barara stain to demonstrate myelin, or with Bod-
ian stain to demonstrate axons.
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