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Mouse hepatitis virus (MHV), the singular name for a diverse
group of murine coronaviruses, causes a spectrum of disease
that ranges from subclinical infection to enteritis, hepatitis, and
encephalitis. Strains of MHV are classified into enterotropic or
polytropic biotypes on the basis of their predominant sites of rep-
lication (17). Enterotropic strains such as MHV-Y cause acute
subclinical infection in adult immunocompetent mice and rarely
disseminate to other organs (3). In contrast, polytropic MHV
strains cause acute or chronic infection in adult immunocompe-
tent mice, with dissemination to multiple organs. In contempo-
rary mouse colonies, natural infections with enterotropic MHV
strains greatly outnumber those with polytropic MHV strains
(17). Infection with MHV is still one of the most prevalent viral in-
fections of laboratory mice (18). It is a major concern in laboratory
animal colonies because it can disrupt mouse-based research
through clinical disease or alteration of immunologic responses.

The principal site of replication for enterotropic MHV-Y is
enterocytes of the distal portion of the small intestine and the
cecum and ascending colon (3). Infection of juvenile and adult
immunocompetent mice results in localized intestinal infection
with subclinical disease. However, infection of neonatal mice re-
sults in severe enteritis and mortality (3), whereas infection of
immunodeficient mice can result in multisystemic, chronic infec-
tion, with persistent viral shedding and mortality (4, 11).

Previous pathogenesis studies of enterotropic MHV were per-
formed when many academic and commercial mouse colonies
were endemically infected with Helicobacter hepaticus or other
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Mouse hepatitis virus (MHV) is one of the most prevalent viruses infecting laboratory mice. Most natural infec-
tions are caused by enterotropic strains. Experiments were done to compare the pathogenesis of enterotropic strain
MHV-Y in immunocompetent BALB/c and C57BL/6 mice with that in B and T cell-deficient mice. In situ hybridization
was used to identify sites of virus replication, and reverse transcriptase-polymerase chain reaction analysis was
used to detect viral RNA in feces and blood. MHV-Y caused acute subclinical infections restricted to the gastrointes-
tinal tract in BALB/c and C57BL/6 mice. Viral RNA was detected in small intestine and associated lymphoid tissues of
immunocompetent mice for 1 week and in cecum and colon for 2 weeks. Infected B cell-deficient mice developed
chronic subclinical infection also restricted to the gastrointestinal tract. Viral RNA was detected in the small intes-
tine, cecum, colon, and feces for 7 to 8 weeks. In contrast, infected T cell-deficient mice developed multisystemic
lethal infection. During the first week, viral RNA was restricted to the gastrointestinal tract. However, by 2 weeks,
mice developed peritonitis, and viral RNA was detected in mesentery and visceral peritoneum. Three to four weeks
after virus inoculation, T cell-deficient mice became moribund and viral RNA was detected in multiple organ systems.
These results suggest that B cells promote clearance of MHV-Y from intestinal mucosa and that T cells are required to
prevent dissemination of MHV-Y from the gastrointestinal tract and associated lymphoid tissues.

Helicobacter species (37). We confirmed, by use of polymerase
chain reaction (PCR) analysis, that initial MHV-Y intestinal
stocks used for experimentally induced infections were positive
for H. hepaticus DNA (3, 10), suggesting that relevant MHV-Y
studies may have been confounded by co-infection with
Helicobacter sp. Recently, we reported that the pathogenesis of
enterotropic MHV-G in mice deficient in interferon-γ was altered
by H. hepaticus co-infection (11), supporting concerns about the
potential impact of Helicobacter infection on the pathogenesis of
MHV-Y in previously published studies of BALB/c mice. To our
knowledge, the pathogenesis of enterotropic MHV has not been
examined in C57BL/6 mice, the most common parental strain of
genetically engineered mice. Therefore, we performed pathogen-
esis studies in Helicobacter-free BALB/c and C57BL/6 mice to
confirm the sites of MHV-Y infection.

Although enterotropic MHV outbreaks indicate that infection
(4) of athymic mice causes disseminated and lethal infection and
subclinical persistent infection in mice with a rearranged T-cell
receptor β-chain, the pathogenesis of enterotropic MHV strains
in immunologically dysfunctional mice is not clear (35). To better
understand the impact of specific immunologic deficiencies on
enterotropic MHV infection, we performed a pathogenesis study
of MHV-Y infection in B and T cell-deficient mice.

Materials and Methods
Mice. Four- to six-week-old female inbred BALB/cJ, C57BL/

6J, B6.129S2-Igh-6tm1Cgn (µMT), and B6.129P2-Tcrbtm1Mom

Tcrdtm1Mom (Tcrβδ-) mice were obtained from The Jackson Labo-
ratories (Bar Harbor, Maine). Mice were seronegative for MHV,
ectromelia virus, lymphocytic choriomeningitis virus, mouse
minute virus, mouse parvovirus, murine rotavirus, pneumonia
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virus of mice, reovirus, Sendai virus, and Mycoplasma pulmonis,
and were free of opportunistic and pathogenic bacteria and para-
sites on arrival. All animal procedures were approved by the Yale
Animal Care and Use Committee, and animal care was in accor-
dance with the NIH Guide for the Care and Use of Laboratory
Animals. Mice were housed in a quarantine facility, and room
conditions included negative pressure differential relative to the
corridor, a 12:12-h light:dark cycle, and 10 to 15 air changes/h.
Mice were housed on sterilized corncob bedding in sterilized
cages (Polysulfone Standard Mouse Cage, ACE, Allentown, Pa.)
equipped with stainless steel wire bar tops and filtered cage
tops. Mice were fed sterilized standard rodent chow (Purina
Mills, 5010, PMI, St. Louis, Mo.) and hyperchlorinated water ad
libitum, using a water bottle.

Experimentally induced infection. A Helicobacter-free
MHV-Y stock was produced and confirmed to be Helicobacter-free
based on results of PCR analysis, as described (10). Mice were in-
oculated orally with 20 µl of MHV-Y (300 median mouse infectious
doses) and were observed daily for clinical signs of infection.

Sample collection. Fecal samples were collected from mice
prior to virus inoculation, on postinoculation day (PID) 15, and
on PID 29 for MHV reverse transcriptase (RT)-PCR and
Helicobacter PCR analyses. Helicobacter DNA was not detected
at any time point. Additionally, at the times indicated (see Re-
sults), feces were collected from mice, which were then
euthanized by CO2 inhalation. After euthanasia, whole blood was
collected and necropsy was performed. Feces and whole blood
were tested for MHV RNA by RT-PCR analysis, and sera were
obtained and stored. Small intestine, cecum, colon, Peyer’s
patches, mesenteric lymph nodes (MLN), liver, brain, nasal epi-
thelia, cervical lymph nodes, salivary glands, spleen, kidneys,
pancreas, lungs, heart, and uterus were examined for gross le-
sions, and a portion of each tissue was fixed in neutral-buffered
10% formalin and embedded in paraffin.

Histologic examination and in situ hybridization. Five-
micron-thick paraffin sections of the aforementioned tissues
were stained with hematoxylin and eosin (H&E) for histologic
examination or were subjected to in situ hybridization (ISH) to
detect MHV RNA. The ISH procedure, using a random-primed
32P-labeled DNA probe transcribed from a gel-purified MHV-
JHM N gene fragment, was performed as described (1). Biotin-
labeled probes were prepared using the same MHV fragment as
template, and selected tissues were hybridized with tyramide
signal amplification (12). The ISH signal was scored on a semi-
quantitative scale under 100-fold magnification as follows: in 0.2
cm of cecal or colonic mucosa, confluent signal = 4, > 20 foci = 3,
11 to 20 foci = 2, and 1 to 10 foci = 1; in 0.2 cm of small intestine,
3 to 5 foci = 2, and 1 to 2 foci = 1; and in MLN or Peyer’s patches,
> 2 foci = 2 and 1 to 2 foci = 1. Because the frequency of signal
varied, the results are reported as the average score for each tis-
sue among all mice examined at a given time point.

Serologic testing. Sera were tested for MHV antibodies by
immunofluorescence assay, as described (38), and for IgG, IgM,
IgA, IgG2a and IgG1 by use of an ELISA at dilutions of 1:50 or
1:100 in 0.5% bovine serum albumin (BSA) in phosphate-buff-
ered saline (PBS). Immunoplate wells (Nalge Nunc, Rochester,
N.Y.) were coated overnight with 150 ng of purified, bacterially
expressed MHV-1 N protein diluted in PBS. Wells were blocked
with 1% BSA in PBS for 1 h prior to addition of sera. Plates con-
taining diluted sera were incubated for 1 to 2 h, washed, then

incubated for 1 h with horseradish peroxidase-conjugated goat
anti-mouse immunoglobulin diluted 1:6,000, anti-IgA, IgG1, and
IgG2a at a dilution of 1:2,000, and anti-IgM diluted 1:4,000
(Serotec, Raleigh, N.C.). Plates were developed using a 3,3',5,5'-
tetramethylbenzidine substrate, and were scanned with an MRX
Microplate Reader (Thermo Labsystems, Chantilly, Va.).

PCR and RT-PCR analyses. RNA was extracted from whole
blood or feces using the RNeasy kit (Qiagen, Chatsworth, Calif.).
MHV RT-PCR was performed using the Superscript One-Step
RT-PCR System (Invitrogen, Carlsbad, Calif.), as described with
MHV N gene primers (10). RT-PCR products were electrophore-
sed on 1% agarose gels, stained with ethidium bromide, and vi-
sualized by UV illumination.

DNA was extracted from feces using the DNeasy Tissue kit
(Qiagen), and PCR analysis was performed using Taq polymerase
(Roche Molecular Biochemicals, Indianapolis, Ind.) and primers
for the Helicobacter 16S rRNA gene as described (10). PCR prod-
ucts were electrophoresed on 1% agarose gels, stained with
ethidium bromide, and visualized by UV illumination.

Results
Pathogenesis of MHV-Y in adult BALB/c mice. Forty

BALB/c mice were inoculated orally with MHV-Y, and five in-
fected mice were necropsied on PID 2, 3, 5, 8, 11, 15, 22, and 29.
Two uninoculated control mice were necropsied on PID 2, 5, 8,
15, and 29. Inoculated and uninoculated mice remained clini-
cally normal and free of lesions. Infected mice seroconverted to
MHV by PID 8 (Table 1), and isotyping indicated that the anti-
MHV immunoglobulin response was predominantly IgG2a.
MHV RNA was detected in feces, but not blood of all inoculated
mice at all time points. Control mice were seronegative for anti-
bodies to MHV, and blood and feces were negative for MHV RNA
(data not shown). Results of ISH indicated that the mice devel-
oped acute infection limited to the gastrointestinal tract and as-
sociated lymphoid tissue, including the MLN (Table 1), and that
viral replication ceased between PID 15 and 22. In a few mice,
MHV RNA was detected at the squamoglandular junction of gas-
tric mucosal epithelium on PID 2 and 3 by use of ISH. MHV rep-
lication was heaviest at PID 2, particularly in mucosa at the
ileocecal junction, and signal decreased substantially by PID 5.
Peyer’s patches in the ileum and jejunum contained virus-posi-
tive cells on PID 2 and 3, usually in perifollicular areas or in
overlying epithelial cells (M cells). Small foci of infected cells
were seen sporadically in the small intestine through PID 11
and in Peyer’s patches of one mouse on PID 15. Infection of cecal
and colonic mucosal epithelium persisted through day 15 (Fig. 1,
Table 1). Signal was particularly heavy in epithelium overlying
lymphoid aggregates in the proximal portion of the colon. Viral
RNA was not detected in the gastrointestinal tract at PID 22 or
29 by ISH, although MHV RNA was detected in feces by RT-PCR
analysis at both time points. MHV RNA was not detected by ISH
in other tissues. Despite extensive viral replication in the mu-
cosal epithelium, little to no inflammation was evident in re-
sponse to infection.

Pathogenesis of MHV-Y in adult C57BL/6 mice. Twenty-
two adult C57BL/6 mice were inoculated orally with MHV-Y.
Four mice were necropsied on PID 3, 5, 8, 15, and 22, and two
mice were necropsied on PID 29. All inoculated mice had
seroconverted by PID 8 (Table 2), and isotyping indicated that
the anti-MHV immunoglobulin response was IgG2a specific.
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MHV RNA was detected in feces, but not blood of all inoculated
mice through PID 22. Inoculated and uninoculated mice re-
mained clinically normal and free of gross lesions.

The pathogenesis of MHV-Y infection in C57BL/6 mice closely
resembled that in BALB/c mice in that signal intensity and tissue
distribution were similar to those seen in BALB/c mice through
PID 15 (Table 2). Infected cells were no longer detected in the
small intestine or MLN after PID 8 or in the cecum after PID15.
However, MHV RNA was still present in colonic mucosal epithe-
lium at PID 22. MHV RNA was detected in feces at PID 22, but not
at PID 29. Two uninoculated control mice necropsied on PID 3
were seronegative for antibodies to MHV, and feces and blood were
negative for MHV RNA by RT-PCR analysis (data not shown).

Pathogenesis of MHV-Y in B cell-deficient mice. Twenty-
two B cell-deficient µMT mice were inoculated orally with MHV-
Y to investigate the role of B cells in virus clearance. Four mice
were necropsied on PID 3, 5, 8, 15, and 22, and two mice were
necropsied on PID 29. As expected, inoculated mice did not de-
velop antibodies against MHV (Table 3). RT-PCR analysis de-
tected MHV-RNA in feces, but not in blood from all inoculated
mice necropsied on PID 3–29. Virus was not found in blood or fe-
ces of control mice necropsied on PID 3, and all mice remained
clinically normal and free of gross lesions.

MHV-Y RNA was restricted to the gastrointestinal tract and
MLN of infected mice (Table 3). Virus-positive cells in gastric mu-
cosa were localized to the squamoglandular junction at PID 5 (Fig.
2), and were found in duodenal Brunner’s glands of one mouse on
PID 8. Small intestine had consistent evidence of low-level infec-
tion for the duration of the experiment. It had scattered foci of in-
fected cells, which were more concentrated in epithelium
overlaying small, infrequently observed Peyer’s patches. The ileo-
cecal junction was more heavily infected than small intestine at all
time points examined. Colonic epithelium also was heavily in-
fected; many areas had confluent mucosal signal by PID 3. Addi-
tionally, signal was most intense in the proximal portion of the
colon at all time points, with two to three times the number of in-
fected cells in this area compared with the remainder of the colon.
Although B cell-deficient mice remained clinically normal, they
had delayed virus clearance from the gastrointestinal tract.

Because an end point for viral clearance from µMT mice was
not reached by PID 29, a second experiment extended ISH ex-
amination to PID 50 and RT-PCR analysis through PID 120
(Table 3). Infection on PID 8–29 was similar to that seen previ-
ously (data not shown). Mice sustained low-level infection in
mucosal epithelium of the small intestine, cecum, and colon
through PID 50 (Fig. 3). Gut-associated lymphoid tissue (GALT)
was rarely seen and did not contain viral signal. Results of fecal
RT-PCR analysis were positive through PID 57.

Pathogenesis of MHV-Y in T cell-deficient mice. Twenty-
two T cell-deficient Tcrβδ- mice were inoculated orally with
MHV-Y to investigate the role of T cells in virus clearance. Four
mice were necropsied on PID 3, 5, 8, 15, and 22, and two mice
were necropsied on PID 29. Uninoculated control mice did not
seroconvert to MHV, and MHV RNA was not detected in blood or
feces. Of 14 inoculated mice necropsied on PID 8 or later, 10 de-
veloped antibodies to MHV (Table 4). However, sera from these
mice were weakly reactive against MHV antigens compared

Table 1. Pathogenesis of mouse hepatitis virus strain Y (MHV-Y) in adult BALB/c mice

In situ hybridizationa MHV-RT-PCRb Serologyc

PID SI Stom Ceca Colon MLN PP Feces Blood

2 1.80 0.20 2.80 2.25 1.00 1.00 5/5 0/5 0/5
3 1.10 0.20 1.60 2.20 1.60 1.00 5/5 0/5 0/5
5 0.25 0.00 1.00 1.80 0.35 0.75 5/5 0/5 0/5
8 0.00 0.00 0.00 1.00 0.00 0.00 5/5 0/5 5/5

11 0.10 0.00 0.00 1.20 0.00 0.00 5/5 0/5 5/5
15 0.00 0.00 1.00 1.60 0.00 0.60 5/5 0/5 5/5
22 0.00 0.00 0.00 0.00 0.00 0.00 5/5 0/5 5/5
29 0.00 0.00 0.00 0.00 0.00 0.00 5/5 0/5 5/5

aAverage of hybridization scores. Scores for ceca/colon were determined per 1/5 cm at 100-fold magnification: confluent signal = 4, > 20 foci = 3, 11 to 20 foci = 2, 1 to
10 foci = 1, and 0 foci = 0. Scores for stomach and small intestine were determined per 1/5 cm at 100-fold magnification: 3 to 5 foci = 2, and 1 to 2 foci = 1. Scores for PP
and MLN were determined by the number of positive foci per 100-fold magnification: > 2 foci = 2, 1-2 foci =1.
bNumber of MHV-RT-PCR-positive samples/number of samples tested.
cNumber of MHV seropositive samples/number of samples tested.
PID = postinoculation day; RT-PCR = reverse transcriptase-polymerase chain reaction analysis; SI = small intestine; Stom = Stomach; MLN = mesenteric lymph
nodes; PP = Peyer’s patches.

Figure 1. In situ hybridization using radioactively labeled mouse hepa-
titis virus (MHV) probe of the proximal portion of the colon in a MHV-Y-
infected BALB/c mouse on postinoculation day (PID) 3. Signal is associ-
ated with surface and crypt epithelium. H&E stain; bar = 50 µm.

Pathogenesis of enterotropic mouse hepatitis virus
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with sera from immunocompetent mice. Isotyping detected low
concentration of anti-MHV IgM between PID 8 and 29 in 5 of 12
of the T cell-deficient mice (data not shown). MHV RNA was de-
tected in feces of all inoculated mice throughout the experiment
and in blood from half of the mice necropsied on PID 8 and all
mice necropsied at later time points, indicating development of
chronic viremia.

Inoculated mice began to manifest signs of clinical illness, in-
cluding hunching and dehydration, on PID 22, and had severe
disease by PID 29. Results of ISH indicated that, although infec-
tion was confined to the gastrointestinal tract through PID 8, it
became disseminated by PID 15. On PID 8, heaviest signal was
associated with perifollicular areas of colonic lymphoid aggre-

gates (Table 4), predominantly among large cells that were mor-
phologically consistent with macrophages. Signal in MLN also
was localized to perifollicular regions. On day 15, viral dissemi-
nation was associated with peritonitis, accompanied by promi-
nent ISH signal, especially in the capsule and subjacent
parenchymal of visceral organs and in the mesentery (Fig. 4).
Signal also was present in the mediastinal lymph nodes of two
mice and in the spleen of a third mouse, suggesting that virus

Table 2. Pathogenesis of MHV-Y in adult C57BL/6 mice

 In situ hybridization MHV-RT-PCR Serology

PID SI Stom Ceca Colon MLN PP Feces Blood

3 1.75 0.0 2.75 3.00 0.75 0.0 4/4 0/4 0/4
5 1.50 0.0 1.50 2.50 0.75 0.37 4/4 0/4 0/4
8 0.25 0.0 0.25 2.25 0.16 0.0 4/4 0/4 4/4

15 0.0 0.0 0.37 1.00 0.0 0.0 4/4 0/4 4/4
22 0.0 0.0 0.0 0.37 0.0 0.0 4/4 0/4 4/4
29 0.0 0.0 0.0 0.0 0.0 0.0 0/2 0/2 2/2

See Table 1 for explanation of abbreviations and data presentation.

Table 3. Pathogenesis of MHV-Y in adult µMT mice

In situ hybridization MHV-RT-PCR Serology

PID SI Stom Ceca Colon MLN PP Feces Blood

3a 1.00 0.0 2.62 4.00 0.75 ND 4/4 0/4 0/4
5a 0.75 0.25 1.25 2.37 1.25 ND 4/4 0/4 0/4
8a 0.50 0.25 1.75 2.62 0.0 0.0 4/4 0/4 0/4

15a 0.50 0.0 1.00 1.00 0.25 ND 4/4 0/4 0/4
22a 0.75 0.0 0.82 1.50 0.0 0.0 4/4 0/4 0/4
29a 0.50 0.0 0.50 1.00 ND 0.0 2/2 0/2 0/2
36b 0.625 0.0 0.875 0.25 0.0 0.0 4/4 0/4 0/4
43b 0.75 0.0 0.75 0.625 0.0 0.0 4/4 0/4 0/4
50b 0.6 0.0 0.75 0.8 0.0 0.0 5/5 0/5 0/5

aData from experiment 1.
bData from experiment 2.
ND = Not determined.
See Table 1 for explanation of abbreviations and data presentation.

Figure 2. In situ hybridization using radioactively labeled MHV
probe of the stomach in an MHV-Y-infected, B cell-deficient µMT mouse
on PID 5. Signal is prominent in mucosal epithelium at the squamo-
glandular junction. H&E stain; magnification, ×75.

Figure 3. In situ hybridization using radioactively labeled MHV probe
of the colon in an MHV-Y-infected, B cell-deficient µMT mouse on PID 50.
Signal is shown in surface epithelium. H&E stain; magnification, ×15.
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may have spread via the lymphatic network. Although virus was
most evident in the gastrointestinal tract and associated lym-
phoid tissue through PID 22, it was detected in all organs exam-
ined, including brain, liver, spleen, kidneys, lungs, bladder,
pancreas, uterus, heart, and salivary glands, by PID 29 (Fig. 5).

To attempt to identify specific cell types infected by MHV, se-
lected tissues from a T cell-deficient mouse at PID 29 were hy-
bridized with a biotinylated probe. Results confirmed infection in
gastrointestinal tract epithelium, with signal evident in indi-
vidual epithelial cells and in multinucleated syncytia (Fig. 6A).
Necrotic infected cells and syncytia were shed into the luminal
space of the colon, and labeled plaques of residual MHV RNA
were located along the apical surfaces of the mucosa (Fig. 6B).
Positive cells were also located within lymphoid aggregates in
colon and Peyer’s patches of the small intestine. Foci of infection
appeared to consist of aggregates of infected cells or syncytia
(Fig. 6C). The MHV RNA-positive cells in the mesentery often co-
localized with lymphocytic infiltrates. (Fig. 6D).

Discussion
Previous pathogenesis studies of enterotropic MHV strains

analyzed infection by histologic examination and infant mouse
bioassay for infectious virus. Given the minimal cytopathic ef-
fects caused by these agents and the inability of infant mouse
bioassay to localize virus, these methods were unable to deter-
mine the specific cell tropisms in the gastrointestinal tract. Sen-
sitive molecular hybridization techniques were used in the
experiments of this study to determine the distribution and

course of enterotropic infection. Using these technologies, high
levels of viral RNA were detected at PID 2 and 3, indicating
early infection of all tissues in the gastrointestinal tract. Also,
viral RNA was frequently detected when cytopathic effects were
not evident microscopically.

Host genotype affects the outcome of some polytropic MHV
infections. The most pronounced example is the resistance of
SJL mice to central nervous system infection by polytropic MHV-
JHM (19, 41), which has been attributed to absence of an MHV
receptor allele, murine carcinoembryonic antigen-related adhe-
sion molecule 1a, in SJL mice (8, 48, 49). Additionally, resistance
of A/J mice to liver necrosis caused by polytropic MHV-3 is due to
their inability to produce a unique monocyte procoagulant activ-
ity in response to MHV-3 infection (23, 24). However, genetic in-
fluences on polytropic MHV infection in BALB/c and C57BL/6
mice appear to be minor (19-21, 39, 41, 44).

The role of host genotype on the outcome of enterotropic MHV
infection is not well established. In studies comparing MHV-Y
infection of BALB/c and SJL mice, the infection was similar in
extent and duration (3). Nevertheless, differences in antibody re-
sponses during enterotropic MHV infection and duration of virus
transmission in C57BL/6 and BALB/c mice have been noted. In-
tranasal infection with MHV-NuU resulted in higher titer of
MHV-specific antisera in C57BL/6 than BALB/c mice (33). After
oral MHV-Y inoculation, C57BL/6 mice transmitted virus for 2
weeks, whereas BALB/c mice transmitted virus for 4 weeks (10).
In the study reported here, viral RNA was detected in the colon
and feces of C57BL/6 mice through 3 weeks, although results of
a previous transmission study indicated transmission to contact
sentinels for only 2 weeks (10). This suggests that viral RNA de-
tected at later time points was noninfectious or that the concen-
tration of infectious virus excreted after 2 weeks in the
previously reported study was below the threshold required to
initiate infection. Viral RNA was detected in the gastrointestinal
tract of BALB/c mice by ISH and RT-PCR analysis through PID
15, yet fecal samples were MHV RNA positive through PID 29.
This finding supports documentation that MHV-Y-inoculated
BALB/c mice can transmit infection through soiled bedding for 4
weeks (10). Thus, BALB/c mice may shed infectious virus for
longer periods than do C57BL/6 mice, even though infection of
cecal or colonic mucosa was not detected beyond 3 weeks by
ISH. Small sample size and non-uniform distribution of in-
fected cells may have contributed to negative ISH results at the
later time points. Although BALB/c and C57BL/6 mice had
similar patterns of seroconversion to MHV, we cannot rule out
the possibility that differences in neutralizing antibody secre-
tion in the intestine contributes to differences in virus detection
and transmission (i.e., neutralizing antibody responses in
C57BL/6 mice were stronger than those in BALB/c mice).

In B cell-deficient µMT mice, strain MHV-Y caused chronic in-

Table 4. Pathogenesis of MHV-Y in adult Tcrβδ- mice

In situ hybridization MHV-RT-PCR Serology

PID SI Stom Ceca Colon MLN PP Feces Blood

3 1.25 0.00 2.50 3.25 1.00 0.16 4/4 0/4 0/4
5 1.25 0.25 1.25 1.87 1.50 0.25 4/4 0/4 0/4
8 1.00 0.50 1.25 1.60 1.50 1.30 4/4 2/4 2/4

15 1.66 1.00 1.25 2.25 1.50 0.66 4/4 4/4 4/4
22 1.33 0.62 1.50 2.75 2.00 0.66 4/4 4/4 3/4
29 2.00 0.50 1.50 3.50 2.00 1.00 2/2 2/2 1/2

See Table1 for explanation of abbreviations and data presentation.

Figure 4. In situ hybridization using radioactively labeled MHV probe
of the liver in an MHV Y-infected, T cell-deficient Tcrβδ- mouse on PID
22. Signal is shown on the capsule of the liver and in associated mesen-
tery. H&E stain; bar = 50 µm.

Pathogenesis of enterotropic mouse hepatitis virus

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-27



Vol 54, No 6
Comparative Medicine
December 2004

686

fection that was localized to the gastrointestinal tract. We at-
tribute delayed clearance of MHV from the intestine principally
to the absence of an anti-MHV humoral response, although other
immune defects may have contributed to this effect. For ex-
ample, µMT mice have decreased Th2 cytokines (interleukin 4,
interleukin 10, and interferon-γ) and T-cell growth factor β in
GALT (16). Previous studies indicate that interferon-γ plays an
important role in MHV clearance (11). Also, these mice lack B
cell-mediated cytolysis, an antibody-independent, natural killer
cell-like process, in which B cells lyse MHV-infected cells follow-
ing interaction of the MHV receptor on B cells with MHV S pro-
tein expressed on infected cells (32, 47). In addition, µMT mice
are unable to produce mucosal antibodies, have decreased size

and number of Peyer’s patches with abnormal follicle-associ-
ated epithelium overlying the Peyer’s patches, and decreased
follicular dendritic cell networks within Peyer’s patches (15).
Despite these deficiencies, remaining immune components (T
cells, macrophages, natural killer cells) were sufficient to pre-
vent viral dissemination and disease, and eventually resulted
in MHV-Y clearance.

The inability of µMT mice to control infections has been re-
ported for several viral systems (6, 9, 31, 43), including neurotro-
pic MHV-JHM and hepatotropic MHV-A59 (26, 30). Compared
with that in control mice, infection with MHV-JHM in µMT mice
results in chronic, fatal encephalitis accompanied by reduced T-
cell responses in brain (5, 26). Intracerebral or intrahepatic inocu-

Figure 5. In situ hybridization using radioactively labeled MHV probe in an MHV-Y-infected T cell-deficient Tcrβδ- mouse on PID 29. (A) Brain, (B)
liver, and (C) lung. H&E stain; bar = 50 µm.
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lation of MHV-A59 in µMT mice results in acute infection of the
liver and chronic infection of the central nervous system, with high
amounts of virus replication in the spinal cord and brain through
PID 148 (30). A similar pattern of liver and central nervous sys-
tem infection also was seen in antibody-deficient JhD and mIgM
transgenic mice, indicating that antibodies, in contrast to other B-
cell functions, are essential for viral clearance from the central
nervous system (30). The rapid clearance of MHV from the liver
was not restricted to a single genetic background and was attrib-
uted to the regenerative capacity of the liver (30). Although the
intestine also has high regenerative capacity, we did not observe
rapid clearance of MHV-Y from the intestine of µMT mice. In
fact, the high regenerative capacity of the intestine may have
provided a renewable substrate for MHV replication.

In T cell-deficient Tcrβδ- mice, MHV-Y caused chronic, dis-
seminated, fatal infection. In contrast to immunocompetent and
µMT mice, where viral RNA levels in tissues peaked at PID 8,
viral levels in the gastrointestinal tract of Tcrβδ- mice continued
to increase through PID 29. This increase in viral RNA also oc-
curred in MLN, where immune cells appeared to be ineffective at
eliminating infection and may have served as a means of virus
dissemination to multiple organs. Virus-infected cells in lym-

phoid tissues and mesenteric infiltrates preceded widespread
dissemination, suggesting that lymphocytes may be important
for viral spread. The Tcrβδ- mice were viremic on PID 8 and later
times, and it is unclear whether virus was present in the fluid
and cellular compartments of blood, including B lymphocytes
and monocytes. Previous reports suggest that infection of B lym-
phocytes may be virus strain dependent. Strains MHV-3 and
MHV-N have been reported to readily infect B lymphocytes (22),
whereas B lymphocytes appear to be resistant to MHV-JHM in-
fection (27, 34, 40). In contrast, infection of macrophages with
polytropic and enterotropic MHV strains has been widely docu-
mented (2, 20, 22, 39, 45). The distribution of viral signal in
GALT was consistent with infection of macrophages and lym-
phocytes, and the peritonitis/serositis observed at PID 15 was
similar to that previously seen in interferon-γ-deficient mice (11).
Thus, as suggested previously for mucosal epithelium, recruit-
ment of virus-susceptible (lymphoid) cells to the gastrointestinal
tract and mesentery may have provided an additional substrate
for viral replication. Recruitment of immune cell populations to
the intestine and associated lymphoid tissues has been docu-
mented for other intestinal infections in Tcrβδ- mice. For ex-
ample, murine rotavirus infection of Tcrβδ- mice induces

Figure 6. In situ hybridization using biotinylated MHV probe (brown substrate) of an MHV-Y- infected, T cell-deficient Tcrβδ- mouse on PID 29. (A)
Infected colonic epithelium. (B) Colonic syncytia and sloughed MHV-infected cells in the lumen of the colon. (C) Colonic lymphoid tissue with labeled
cells in the perifollicular region. (D) Severe peritonitis accompanied by virus infection. H&E stain; bar = 50 µm.
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hyperproliferation and activation of B lymphocytes in the MLN
and Peyer’s patches (7).

Our experiments in Tcrβδ- mice confirm that T-cell deficiency
results in an inability to control the dissemination of MHV. In-
fected mice were unable to generate a strong humoral immune
response against MHV because they lacked Th1 lymphocyte-
mediated B-cell help and had impaired antibody class switching.
Altered humoral immune responses to other viruses in Tcrβδ-

mice have been documented. For example, they do not produce a
neutralizing IgG response against vesicular stomatitis virus
(28). In contrast, polyomavirus infection induces a protective T
cell-independent IgM and IgG response in Tcrβδ- mice (42), and
murine rotavirus infection of Tcrβδ- mice, which is rapidly re-
solved and induces production of low concentration of anti-
rotaviral fecal IgA and excretion of low concentration of
anti-rotaviral IgM in cultured Peyer’s patches (13). Further,
chronic wasting disease has been repeatedly reported (11, 14, 25,
29, 36, 46, 50) during infections of athymic nude mice with
enterotropic MHV strains. Finally, mice deficient in interferon-γ,
a Th1 cell-induced cytokine, develop severe disseminated disease
with extensive peritonitis and adhesions (11). Although this
study in Tcrβδ- mice indicated viral dissemination and formation
of peritonitis, these mice succumbed quickly to the infection
without development of diarrhea, ascites, or adhesions.

In conclusion, these experiments support the concept that B
cells promote clearance of enterotropic MHV strains from intes-
tinal mucosa and that T cells are required to prevent dissemina-
tion of enterotropic MHV strains from the gastrointestinal tract
and GALT. Outbreaks of MHV in contemporary mouse colonies,
which include many immunodeficient, genetically engineered
mice, can lead to multiple clinical outcomes. Our results suggest
that mice with deficiencies in T cell-mediated immunity will
likely develop lethal MHV infection in response to strains of
enterotropic MHV that may be non-pathogenic for immunocom-
petent adult mice. Furthermore, mice with deficiencies in hu-
moral immunity may chronically transmit virus. Additional
studies will be needed to more accurately determine the role of
infection of immune cell populations in the pathogenesis of
enterotropic MHV infections.
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