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Mouse Hepatitis Viral Infection, Adrenal, Mouse 

Stephen W. Barthold 

Synonyms. Hepatoencephalitis virus; murine hep
atitis viral infection. 

Gross Appearance 

Mice that are ill or dying from mouse hepatitis vi
ral (MHV) infection may have gross lesions in a 
number of organs, depending upon the virus 
strain. Livers may be diffusely pale, have random 
depressed white spots and petechiae or be rough
ly nodular with depression of intervening paren
chyma. Hepatitis may be accompanied by small 
amounts of peritoneal exudate. Mice infected 
with enterotropic strains may have dilated, fluid
and gas-filled bowels with thin, translucent walls 
or segments of bowel with thickened walls. The 
spleen may be enlarged and the thymus reduced. 
Asymptomatic mice or mice infected with neuro
tropic strains may have no gross changes (Bar
thold et al. 1982; Biggers et al. 1964; Hierholzer et 
al. 1979; Piazza 1969). 

Microscopic Appearance 

Depending on the virus and the mouse strain, fo
cal necrosis, leukocytic infiltration, and syncytial 
formation may be found in a variety of organs in
cluding liver, brain, spinal cord, olfactory muco
sa, lung, lymphoid organs, pancreas, small intes
tine, cecum, and colon. Syncytia may arise from 
mesothelium, 1ymphoreticular cells, endothelium, 
glia, neurons, enterocytes, and parenchymal cells 
(Barthold et al. 1982; Biggers et al. 1964; Fujiwara 
et al. 1975; Goto et al. 1977; Piazza 1969). Adrenal 
cortical or medullary cells may form syncytia in 
multisystemic viral infections (Barthold unpub
lished). Vacuolization of adrenal parenchyma, es
pecially the zonae glomerulosa and fasciculata, 

and medullary edema and hyperemia have been 
reported in experimental MHV-3 infection (Piaz
za 1969). 

Ultrastructure 

Lytically infected cells develop a number of 
nonspecific degenerative changes. Viral particles 
are seen in dilated cisternae of endoplasmic reti
culum and, to a lesser extent, within cytoplasm 
and cytoplasmic vesicles. Virions have a nonho
mogeneous central nucleoid surrounded by a less 
dense peripheral ring and an envelope with 
spikes. The envelope is acquired by budding 
through internal cellular membranes. Virus leaves 
the cell by exocytosis or cytolysis. Tissue culture 
cells infected with MHV strain A59 develop 
round or oval reticular inclusions and tubular 
bodies measuring approximately 1-2 nm. Reticu
lar inclusions are composed of 250-400 A threads 
in a dense matrix of 35 A granules. Tubular bodies 
are composed of tubular structures 160-250A in 
diameter which may be continuous with the cyto
plasmic tubular system. Ribosomes are in the cy
toplasmic matrix between tubules. Viral particles 
bud into the cisternae of the tubules (David-Fer
reira and Manaker 1965). Tubular bodies also 
have been found in the hepatocytes of A 59-infect
ed mice and enterocytes of mice infected with 
MHV-Y (Barthold et al. 1982; Piazza 1969). 

Differential Diagnosis 

When they can be found, syncytia are characteris
tic of MHV in many organs. Adrenal syncytia 
must be differentiated from clusters of hemato
poietic elements or leukocytes. 
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Biologic Features 

Natural History. The majority of natural MHV in
fections are subclinical. MHV may manifest itself 
in a number of ways depending on route of expo
sure, virus strain, dose, mouse strain, immuno
competency, age, and or coinfection with other 
agents. Some strains are weakly pathogenic, even 
in nude mice (Hirano et al. 1975), while others are 
highly virulent in adult mice (LePrevost et al. 
1975). MHV infections may be persistent and dis
ease can be exacerbated in clinically normal ani
mals by a number of immunosuppressive regi
mens or coinfection with other infectious agents 
(Bang 1978; Piazza 1969). 
Mouse hepatitis virus is highly contagious. Some 
strains such as MHV-S have been shown to be ex
creted in the feces from asymptomatic carriers 
(Rowe et al. 1963). Enterotropic MHV strains may 
be associated with explosive outbreaks of enteritis 
in suckling mice, with high mortality when intro
duced to a naive population. Neonates may die 
within 24-48 h after infection. Mortality and clini
cal signs wane in subsequent generations as pups 
are protected by maternal antibody (Barthold et 
al. 1982; Heirholzer et al. 1979; Biggers et al. 
1964). Neurotropic MHV strains such as JHM 
may induce posterior paresis (Piazza 1969). Nude 
mice develop wasting disease with severe cachex
ia over the course of several weeks (Hirano et al. 
1975). Signs in mice clinically infected with other 
strains of MHV are nonspecific and include de
pression, runting, weight loss and ruffled fur. 
Transplantable tumors, particularly leukemia 
lines, may become contaminated with MHV. The 
virus is carried for many passages with no adverse 
effect, but may break out following immunosup
pression, chemotherapeutic regimen, or introduc
tion into a susceptible host, resulting in acute dis
ease or aberrant host-tumor biology (Braunsteiner 
and Friend 1954). 

Pathogenesis. MHV strains apparently vary con
siderably in their pathobiology. With most strains 
there is an initial target tissue which allows virus 
replication, followed by generalization of infec
tion involving multiple organs, including the liver. 
Few studies, have examined the natural portals of 
MHV entry. The neurotropic strain JHM repli
cates in olfactory mucosa following intranasal in
oculation, then extends through the olfactory 
bulb into the brain (Goto et al. 1977). MHV-S is 
also neurotropic and behaves similarly, but this is 
not a universal mechanism for all MHV strains. 
Some neurotropic strains do not replicate in 01-

factory mucosa and some enterotropic strains, 
such as MHV -Y, replicate only in intestinal muco
sa (Barthold unpublished data; Barthold et al. 
1982). The reticuloendothelial system plays a crit
ical role in many MHV infections, not only as a 
target organ during the generalized infection but 
also as the modulator of infection. Interrelation
ships of interferon, lymphokines, lymphocytes, 
macrophages, and antibody are essential for repli
cation and suppression of viral infection. The im
portance of anyone factor depends on virus 
strain, host age, and host genetic background 
(Bang 1978; Tardieu et al. 1980). MHV infection 
of cells may result in lysis, syncytia formation, or 
latency. When present, syncytia are good markers 
of MHV infection. They are especially obvious in 
nude mice. MHV becomes virtually latent in cells 
cultured in the presence of low levels of antibody 
(Stohlman et al. 1979). Such a mechanism may oc
cur in vivo, but this has not been clearly estab
lished. 

Etiology. MHV is a coronavirus with numerous 
strains that vary widely in their biological effects. 
MHV strains share common antigens but also 
have individual antigenic characteristics, making 
definitive antigenic identification of specific 
strains difficult. Although the mouse is the natural 
host, rats can support subclinical viral infections 
(Barthold et al. 1982; Taguchi et al. 1979). 

Frequency. MHV is frequent in colonies oflabora
tory mice. Its exact frequency is difficult to ascer
tain since infections are usually asymptomatic, le
sions are subtle, virus is difficult to isolate, and 
serological methods of detection are often ineffec
tive. Infection can occur and persist in mouse 
colonies without detectable seroconversion (Bar
thold et al. 1982; van der Riet and Kahn 1973). 
The frequency of adrenal lesions in MHV infec
tions is not known, since most studies overlook 
this organ and the lesions are inconsequential 
compared to lesions in other organs. In the au
thor's experience, adrenal syncytia are relatively 
common in nude mice and are occasionally en
countered in other mice during the course of gen
eralized MHV disease. 

Comparison with Other Species. Coronaviruses oc
cur in a number of species and have a wide spec
trum of lesions including peritonitis in cats, bron
chitis in chickens, and enteritis in many species 
including cattle, pigs, dogs, and turkeys. Corona
viruses are generally associated with upper respi
ratory disease in man. 
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Synonyms. None. 

Gross Appearance 

No lesion in the adrenal is visible to the naked eye 
in this infection. 

Microscopic Appearance 

Microscopic changes associated with this agent 
include inclusion body formation, necrosis, and 
inflammation in multiple organs (Heck et al. 
1972). Adrenal changes occur primarily in all 
zones of cortical epithelium, but medullary cells 
and, less often, endothelium may be involved. Vi
rus-induced inclusions are common and may be 
present in 80% of cortical epithelial cells in severe 
cases (Figures 77 and 78). Inclusions vary in mor-

phology depending upon stage of deVelopment. 
Inclusions appear first as slightly phloxinophilic 
single or paired ring forms or small spherules. 
Ring forms have sharply delineated, hematoxylin
ophilic outer and inner rims. Spherules are 
strongly phloxinophilic and vary in size up to the 
full capacity of the nucleus. Some spherules are 
surrounded by numerous tiny granules. Spherules 
later become dense and stain intensely with both 
phloxine and hematoxylin. Flower forms are very 
dense and are surrounded by radiating strands 
which divide the peripheral nucleus into septae. 
The cytoplasm of infected cells becomes eosino
philic and shrunken. Cellular disintegration inter
mixed with inclusion-bearing cells is usually seen. 
Leukocytic infiltration is frequent and most con
spicuous in the late infection (Hoenig et al. 1974; 
Margolis et al. 1974). 


