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Mouse Hepatitis Virus Infection, Brain, Mouse 
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Synonyms. Mouse hepatitis virus (M HV); hepato
encephalitis virus; murine hepatitis virus; mouse 
coronavirus infection. 

Gross Appearance 

Infection of most adult mice is usually subclini
cal, with no gross lesions. In susceptible mice, 
gross lesions can occur in multiple organs, in
cluding multiple focal areas of necrosis or hem
orrhage in liver, intestinal ulceration or mucosal 
thickening, lymphoadenomegaly and splenome
galy. Gross brain lesions are not visible, but ence
phalitic signs can include tremor, incoordination, 
and convulsions (Piazza 1969). Some mice can 
manifest posterior paresis (Bailey et al. 1949; 
Sebesteny and Hill 1974), and athymic nude 
mice develop cachexia (wasting disease) due to 
chronic infections (Sebesteny and Hill 1974). 

Microscopic Features 

The features of microscopic lesions are depen
dent upon route of virus inoculation, virus strain, 
mouse genotype, mouse age, and stage of infec
tion. Only natural routes of virus inoculation 
(oral/nasal) and neurotropic virus strains pertain 
to this review. Following intranasal inoculation of 
neurotropic virus, adult immunocompetent mice 
develop acute mild necrotizing rhinitis and neuri
tis of submucosal olfactory nerves. Inflammation 
extends into the lamina fibrosa, then to the inner 
layers of the olfactory bulbs of the brain. Marked 
necrosis with malacia of olfactory bulbs can oc
cur (Fig.200, 201). Necrotizing inflammation ex
tends posteriorly along the ventral meninges, 
piriform cortex, olfactory tracts, septum pelluci
dum, anterior commissures, lateral ventricles, 
periependymal tissues and hippocampus. Initial
ly, this is accompanied by infiltrates of polymor
phonuclear leukocytes, followed by lymphocytes, 
with capillary endothelial swelling. Rarely, virus
induced giant cells (syncytia) are present in me
ningeal connective tissue, endothelium, or leuko
cytes. Necrosis of neurons, glia, and ependymal 
cells are seen in the early encephalitic stage of in
fection. 

Fig. 200. Posterior nose and olfactory bulbs of an adult 
mouse 28 days after intranasal inoculation with MHV
A59. Note necrotizing innammation and malacia of olfac
tory bulbs. H and E, x 43 

As infection progresses, necrotizing lesions wane, 
followed by mild astrocytosis. Spongiosis and 
demyelination appear in the brain stem and spi
nal cord with varying degrees of perivascular 
lymphocyte infiltration (Figs. 202, 203). Ependy
mal necrosis can occur in the cervical and tho
racic spinal cord. Focal meningitis, with exten
sion of infection into adjacent fiber tracts occurs 
in an irregular distribution (Bailey et al. 1949; 
Barthold and Smith 1987; Go to et al. 1 977). In 
mice inoculated intracerebrally, demyelination 
can occur in the pons, internal capsule, corpus 
callosum, hippocampal commissure, and subcor
tical white matter (Weiner 1973). In demyelinat
ing areas, there is preservation of axons and 
nerve cells with g lial proliferation and leukocytic 
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Fig. 201 (upper left). Olfactory bulb from mouse repre
sented in Fig.200. H and E, x 172 

Fig. 202 (upper right). Brain stem, adult mouse, 28 weeks 
after intranasal inoculation with MHV-S. Note spongio
sis, perivascular lymphocytes, and demyelination. (From 
Barthold and Smith 1983.) Hand E, x 120 

Fig. 203 (below). Section of mouse lumbar spinal cord, 
60 days after intracerebral inoculation with MHV-A59. 
Note demyelination of white matter, characterized by pal
lor and spongiosis. (From La vi et al. 1984.) x 80 
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Fig.204 {upper left). Brain, mouse infected intranasally 
with MHV-3. Mild meningitis and demyelination, selec
tively involving the olfactory tract of the anteroventral 
cerebral cortex. (From Barthold et al. 1986.) H and E, 
X 135 

Fig. 205 {lower lejt). Cerebral cortex, neonatal mouse, 
4 days after oronasal inoculation with MHV-S. Acute en
cephalitis. H and E, x 120 

Fig. 206 (upper right) . Blood vessels at the base of the 
brain of a nude mouse naturally infected with MHV. 
Note endothelial syncytia and thrombosis. H and E, 
X 172 

Fig.207 (lower right). Hippocampus of a nude mouse nat
urally infected with MHV. Note glial syncytium. Hand E, 
X 286 



infiltration (Lampert et al. 1973). In mice infect
ed intranasally with some non-neurotropic M HV 
strains, mild demyelination and meningitis occur 
only in the anterior olfactory pathways (Barthold 
et al. 1986) (Fig. 204). 
In contrast to adult mice, neonates develop pan
encephalitis involving all parts of the brain, due 
to diffuse hematogenous dissemination (Barthold 
and Smith 1984, 1987) (Fig. 205). Viral syncytia 
are more readily observed in neonates (Goto et 
al. 1979). Athymic nude mice frequently develop 
brain lesions when infected with mouse hepatitis 
virus, but published descriptions are not well de
tailed (Sebesteny and Hill 1974; Tamura et al. 
1976). Vascular lesions predominate, with sec
ondary extension into adjacent brain. Affected 
vessels have endothelial swelling, syncytium for
mation, and thrombosis (Fig.206). Vessels in the 
meninges, base of the brain, and choroid plexus 
are most frequently affected. Neural lesions con
sist of necrosis, gliosis, and formation of syncytia 
from neurons, glia, and leukocytes (Fig. 207). De
generating cells and syncytia possess prominent 
basophilic aggregates of karyorrhectic material. 
Brain stem spongiosis, demyelination, meningi
tis, and ependymitis, as seen in euthymic mice, 
can also be found. 

Ultrastructure 

Electron microscopy of spinal cord and brain of 
paralyzed mice has revealed virus particles in sat
ellite cells adjacent to neurons in the gray matter 
and astrocytes, oligodendrocytes and phagocytic 
cells in white matter. Virus particles appear with
in membrane-bound vacuoles or budding into 
endoplasmic reticulum of infected cells. Typical 
virions average 80 nm in diameter, with a central 
electron-lucent core and multiple 20 nm projec
tions (peplomers) on their surface. Infected cells 
possess excess microtubules, smooth and rough 
endoplasmic reticulum, mitochondria, and large 
aggregates of reticular electron-dense material 
near areas of virus formation. Oligodendroglia 
contain myelin figures and multiple anomalous 
connections to myelin sheaths. Infiltration of my
elin sheaths, with stripping of lamellae by leuko
cytes and phagocytosis of myelin debris, particu
larly in later stages of infection, are associated 
with demyelination. As a result, bare axons are 
found in myelinated tracts (Fig. 208). Polymor
phonuclear leukocytes, lymphocytes, macro
phages, and multinucleate giant cells occur in af
fected areas. ln late infection, proliferation of 
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astrocytes containing excess glial filaments and 
remyelination are found (Herndon et al. 1975; 
Lampert et al. 1973 ; Powell and Lampert 1975). 

Differential Diagnosis 

Clinical manifestations of central nervous system 
disease can be caused by mouse encephalomyeli
tis virus, neurotropic retrovirus, labyrinthitis, or 
neoplasia. Microscopic features of mouse ence
phalomyelitis virus infection are described else
where in this volume (p.175). Several ecotropic 
retroviruses cause progressive hindlimb paralysis 
in wild mice due to noninflaminatory spongi
form degeneration with proliferation of astroglia 
(Gardner 1978). Reovirus 3 can cause encephali
tis in neonatal mice (Kundin et al. 1966). Athym
ic nude mice can develop paralytic disease when 
infected with polyoma virus, which infects oli
godendrocytes causing demyelination. Polyoma 
virus can also induce vertebral bone tumors that 
compress the spinal cord (McCance et al. 1983). 
Cachexia, or wasting disease, in nude mice is 
most frequently due to mouse hepatitis virus, but 
can also be caused by chronic infections with 
Sendai virus (Ward et al. 1976), pneumonia virus 
of mice (Richter et al. 1986), polyoma virus 
(McCance et al. 1983), and Pneumocystis carinii 
(Weir et al. 1986), among others. Definitive diag
nosis of mouse hepatitis virus infection can be 
achieved by virus isolation, confirmation of viral 
antigens in tissues by immunohistochemistry, as 
well as seroconversion of recovered mice or gno
tobiotic mice inoculated with suspect material 
(mouse antibody production test). 

Biologic Features 

Natural History. Mouse hepatitis virus seems to 
be highly contagious and is spread by respiratory 
and orofecal routes. It can also be a contaminant 
of biologic material such as transplantable tu
mors. Vertical transmission of virus from dam to 
fetus can occur under certain circumstances. Be
cause of its highly mutable nature, there are nu
merous strains of virus which vary widely in viru
lence and organotropism. Most virus strains are 
only mildly pathogenic and tend to produce sub
clinical infections in adult, immunocompetent 
mice. More severe disease can occur in immuno
logically incompetent mice, such as neonates, 
athymic mice, and immunosuppressed mice. A 
variety of other stressors can also exacerbate dis
ease. 
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Fig. 208. White matter of spinal cord from a mouse, 60 days after intracerebral inoculation with M HV-A59. Note sever
al bare axons (arrows). as well as normal myelinated axons. (From Lavi et al. 19&4.) TEM, x 7000 



Infections are usually short term, with no carrier 
state, but persistent infections, particularly of the 
central nervous system, can occur in experimen
tally infected mice. Athymic nude mice develop 
chronic, progressive infections when infected 
with low virulence strains that do not kill them 
acutely (Barthold 1986). Recovered immuno
competent mice are immune to reinfection with 
the homologous strain of virus, but are suscepti
ble to infection with an antigenically heterolo
gous virus strain. Because of the antigenic diver
sity and large number of virus strains, there is a 
high likelihood of multiple infections of a single 
mouse, analogous to the common cold in man 
(Barthold and Beck 1987). 

Pathogenesis. The primary target for mouse hepa
titis virus is either nasal or intestinal epithelium, 
depending on virus strain. Enterotropic virus 
strains are largely restricted to the intestine, with 
limited dissemination to other organs, even in 
susceptible neonates or nude mice. The brain i s 
unlikely to be infected in most enterotropic 
mouse hepatitis virus infections. In susceptible 
mice, nonenterotropic virus strains readily dis
seminate by viremia from the primary nasal mu
cosal target to multiple organs, including lym
phoid organs and liver. Dissemination of virus is 
dependent on the virulence of the infecting virus 
as well as on host genotype, age, and immune 
status. Despite viremic dissemination to other or
gans, there appears to be an effective blood-brain 
barrier in immunocompetent adult mice. How
ever, hematogenous infection of brain occurs in 
neonatal mice and athymic nude mice (Barthold 
1986; Barthold and Smith 1984, 1987; Barthold 
et al. 1986). 
The major means of brain infection in adult, im
munocompetent mice is nasa-olfactory spread of 
virus. Infection of the brain directly along olfac
tory pathways is dependent on virus strain and 
can occur in the apparent absence of dissemina
tion to other organs. Conversely, oral inoculation 
of virus results in disseminated infection without 
brain involvement. Mouse hepatitis virus initially 
replicates in nasal respiratory and olfactory mu
cosa, then spreads a long olfactory nerve fibers 
and perineurium, through the ethmoid cribriform 
plate into the olfactory bulbs within 2 days of in
tranasal inoculation. Once in the brain, virus 
spreads along the anteroventral m eninges, olfac
tory tracts, and lateral ventricles. Thus, the cere
bral cortices and cerebellum are usually not af
fected. Virus titers peak in the brain around 
4-5 days after intranasal inoculation, when en-
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cephalitis and mortality a re most severe. Enceph
alitis resolves in surviving mice but spongiform 
demyelinating lesions persist for 30-60 days. Vi
rus is usually cleared from the brain during these 
intervals (Barthold 1987 ; Barthold and Smith 
1987; Goto et al. 1977). Persistent brain infec
tions have been reported in mice inoculated in
tracerebrally or intraperitoneally with selected 
strains of virus ( Herndon et al. 1975; Knobler et 
al. 1982; Lavi et al. 1984; Yirelizier et al. 1975). 
In mice, demyelination i s primary due to virus 
damage to oligodendroglia. 

Etiology. Mouse hepatitis virus is a coronavirus 
that has numerous constantly changing strains 
that vary in virulence, organotropism, and genet
ic/antigenic relatedness. All strains cross-react 
antigenically, but have strain-specific antigenic 
moeities as well. Effective host immunity is di
rected at strain-specific antigens. Antigenic rel
atedness does not predict biologic behavior of vi
rus strains (Barthold 1986). 

Frequency. Mouse hepatitis virus occurs among 
mice in a majority of biomedical research institu
tions throughout the world. When present within 
a population, the rate of infection is very high, as 
judged by seroconversion. Clinical disease is un
common or mild in most adult mice, and lesions 
are usually subtle. Significant disease is most 
likely to be encountered in neonatal, stressed, im
munosuppressed, or athymic mice, or when the 
virus is first introduced to a breeding colony. Un
der these circumstances, acute brain and cord le
sions are likely to be seen. Demyelinating disease 
in adult, immunocompetent mice frequently oc
curs following intracerebral inoculation with se
lected virus strains, but is otherwise rare. 

Comparison with Other Species 

Mouse hepatitis virus, like coronaviruses of other 
species, produces enteric, respiratory, and gener
alized disease in susceptible hosts (Barthold 
1986). Rats are susceptible to experimental infec
tion with mouse hepatitis virus and develop de
myelinating disease, but its pathogenesis differs 
from disease in mice. In rats, demyelination is 
immune mediated, as in experimental allergic en
cepha lomyelitis (Watanabe et al. 1983; p.6 this 
volume). Mouse hepatitis virus is genetically and 
antigenically closely related to several other co
ronaviruses, including bovine coronavirus, he
magglutinating encephalomyelitis virus of swine, 
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human coronavirus of the OC43 subgroup and 
rat coronaviruses. The significance of this close 
relationship is unknown. Nonhuman primates 
inoculated intracerebrally with mouse hepatitis 
virus develop brain lesions (Kersting and Pette 
1956), and humans have been found to develop 
antibodies to mouse hepatitis virus (Barthold 
1986). 
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