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Several models of virus-induced demyelination have been 
described (1, 2). This presentation will focus on two murine 
models, one induced by the JHM strain of mouse hepatitis virus 
(MHV), a coronavirus (3-6), the other caused by Theiler's 
murine encephalomyelitis virus (TMEV), a picornavirus (7-10). 
Different pathogenic mechanisms are responsible for demyelina
tion in these diseases. MHV-induced demyelination follows the 
lytic infection of oligodendrocytes occurring as early as 6-10 
days after infection. The acute disease is enhanced by immu
nosuppressive measures suggesting that immune responses pro
tect rather than mediate disease (5, 6). In contrast, demyel
ination following TMEV infection appears immune-mediated, 
since demyelination is first noted 18-21 days after infection, 
is associated with perivascular cellular infiltrates and can 
be prevented by immunosuppression (7-10). In both viral 
models, a persistent infection is established, with low levels 
of infectious virus noted for as long as one year after inocu
lation (2, 8, 11). In the present report, we demonstrate the 
expression of viral antigens within oligodendrocytes in both 
models, and suggest that demyelination occurs after lysis of 
the infected cells with or without participation of immune 
m·echanisms. 

MHV-Induced Demyelination 

The temperature-sensitive mutant, ts8, of the JHM strain 
of MHV selectively infects and destroys oligodendrocytes in 
focal areas of the spinal cord of BALB/c mice infected at 4-5 
weeks of age (12, 13). This occurs 6-10 days after intracere
bral inoculation, producing larg~ areas of demyelination (Fig. 
1A). Initially, abundant coronavirus particles are observed 
intracisternally in infected oligodendrocytes (Fig. 1B, C), 
which show hypertrophic changes revealing abunl:lant connections 
to their myelin sheaths (6,14,15). These reactive cells 
then undergo degeneration, resulting in the disintegration of 
their disconnected myelin sheaths. Invading macrophages strip 
the damaged myelin, penetrating the sheaths in the paranodal 
regions(6, 15), and leaving intact demyelinated axons behind 
(Fig. 1D). Surviving oligodendrocytes replicate (.16) and form 
new myelin sheaths around naked axons, evident as early as 1 
month after infection. Remyelination of large areas is 
observed (11, 15, 16, 17). Recurrent demyel in at ion in 
remyelinated regions occurs (11, 15, 17). 
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Fig. 

MHV associated antigens, localized by antibodies labeled 
with protein A-peroxidase (13), are found throughout the cyto
plasm of infected oligodendrocytes and their processes, 
including the glial loops in paranodal regions. In addition, 
clefts of Schmidt-Lanterman become apparent in the myelin 
sheaths in the proximity of infected oligodendrocytes. MHV 

32 



Fig. 1: Demyelination in Balb/c mice infected with MHV. 
A) Patchy demyelination of the spinal cord 11 days 
after infection. Paraphenylene diamine. X 250. 
B) MHV antigen localization in oligodendrocytesj (9 
days post infection). Vibratome section stained with 
peroxidase technique. X 400. 
C) Hypertrophic oligodendrocyte showing MHV particles 
(arrows) in cytoplasm (6 days post infection) X 
20,000. 
D) Demyelinated axons in spinal cord 21 days a-fter 
infection. X 10,000. 

associated antigens are found within the clefts of Schmidt
Lanterman, as well as the outer and inner glial loops in con
tinuity with the myelin lamellae. Infectious virus can be 
isolated (11), and viral antigen is demonstrated in infected 
oligodendrocytes one year after infection. 

TMEV-Induced Demyelination 

The DA strain of TMEV produces a biphasic disease in 
SJL/J mice inoculated intracerebrally at 4-6 weeks of age (7-
10). Initially, there is an acute, but mild, polioencephalo
myelitis during the first week, with viral associated antigen 
expressed primarily in neurons. Subsequently, about 3 weeks 
after infection, the animals develop signs of paralysis and 
ataxia as a result of extensive -demyelination within the white 
matter (18, Fig. 2A). Areas of demyelination are associated 
with perivascular infiltration of inflammatory cells (Fig. 
2B), including plasma cells. The degree of demyelination 
progresses over ensuing months, and may be immune-mediated 
since it is markedly diminished by immuno-suppressive agents 
(9). Furthermore, in contrast to the MHV-4 model in which 
remyelination by oligodendrocytes is extensive and occurs 
early, remyelination is delayed and incomplete (19). In some 
mice remyelination at 6 months postinfection is associated 
with Schwann cells that enter the cord at root entrance zones 
(19 ). 

Immunoperoxidase techniques (20, 21) have shown TMEV
associated antigens within macrophages, astrocytes and oligo
dendrocytes during early stages of demyelination (28 days post 

infection). During the chronic demyelinating phase of the 
disease (45, 80, 270, 360 days post infection) viral antigens 
are expressed primarily within oligodendrocytes (21, Fig. 2C). 
Viral antigens are also expressed within Schmidt Lanterman 
clefts as well as the inner and outer glial loops which con
nect with myelin lamellae (Fig. 2D, 2E). The expression of 
viral antigens within oligodendrocytes coincides with peak 
neutralizing antibody titers (8), even though low titers of 
infectious virus can be isolated for as long as on-e year after 
infection. 
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Fig. 2 

SUMMARY 

The present report, compares two murine models of virus 
induced chronic relapsing demyelination. MHV-induced 
demyelination in the BALB/c mouse results from the direct 
virus mediated cytolysis of oligodendrocytes. Extensive 
remyelination by oligodendrocytes is noted. Recurrent demyel
ination occurs in small areas. Infectious virus persists and 
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Fig. 2: Demyelination in SJL/J mice infected with TMEV. 
A) Multifocal areas of perivascular demyelination in 
the spinal cord (110 days post infection). Para
phenylene diamine stain. X 250. 
B) Perivascular inflammatory infiltration within the 
white matter of the spinal cord (22 days post infec
tion). Paraphenylene diamine stain. X600. 
C) Localization of TMEV associated antigen in the 
cytoplasm of oligodendrocytes (45 days post infec
tion). Vibratome section stained with the 
peroxidase-anti peroxidase technique. X 400. 
D) Immunoperoxidase staining of viral antigen within 
inner and outer loops of an oligodendrocyte (45 days 
post infectin) X 60,000. 
E) Longitudinal section showing viral antigen within 
Schmidt-Lanterman incisures (80 days post infection). 
X 49,000. 

viral antigens are localized within oligodendrocytes and their 
processes. TMEV-induced demyelination in SJL/J mice is asso
ciated with perivascular inflammatory infilrates and is dimin
ished by immunosuppressive measures. Remyelination by oligo
dendrocytes is delayed and incomplete. Chronic demyelination 
is widespread and associated with perivascular inflammatory 
infiltrates. The virus persists and viral antigen is local
ized within oligodendrocytes. 

The findings indicate virus persistence in oligodendro
cytes in both models. Demyelination follows the disintegra
tion of infected oligodendrocytes. Virus replication in 011-
godendrocytes is responsible for cell lysis in the MHV model 
whereas immune mediated injury of infected oligodendrocytes is 
considered to play a role in the pathogenesis of demyelination 
in the TMEV model. 
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