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Mouse hepatitis virus (MHV) is a singular name for a group
of murine coronaviruses that cause a wide spectrum of clinical
outcomes ranging from subclinical infection to enteritis, hepati-
tis, and encephalitis. Enterotropic MHV strains, such as MHV-
Y, initially replicate in epithelial cells of the gastrointestinal
(GI) tract after infection of adult immunocompetent mice. Dis-
ease is acute and mild with minimal pathologic changes, and
virus rarely disseminates to other organs (1-3). In contrast, mor-
bidity and mortality are high in neonatal immunocompetent
mice, and infection of immunocompromised mice can cause
multisystemic, persistent infection with extended viral shed-
ding (4) and high mortality (5). Polytropic MHV strains, such as
MHV-A59 or MHV-JHM, initially replicate in the proximal res-
piratory tract epithelium after infection, then disseminate to
many organs via viremia, lymphatic spread, or olfactory path-
ways from the nose to the brain. Infection of adult immunocom-
petent mice results in subclinical infection, hepatitis, and/or
encephalitis (6), whereas infection of immunocompromised mice
can cause severe disseminated disease with high mortality.

Mouse hepatitis virus is the most prevalent viral pathogen in
laboratory mouse colonies, and infections with enterotropic
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Gamma interferon-deficient (IFN-γ KO) mice developed a wasting syndrome and were found to be co-infected
with Helicobacter sp., and a new isolate of mouse hepatitis virus (MHV) designated MHV-G. The disease was charac-
terized by pleuritis, peritonitis, hepatitis, pneumonia, and meningitis. Initial experiments used a cecal homogenate
inoculum from the clinical cases that contained H. hepaticus and MHV-G to reproduce the development of peritoni-
tis and pleuritis in IFN-γ KO mice. In contrast, immunocompetent mice given the same inoculum developed an
acute, self-limiting infection and remained clinically normal. This result confirmed the importance of IFN-γ in pre-
venting chronic infection and limiting viral dissemination. To understand the role of both agents in the develop-
ment of peritonitis and pleuritis, IFN-γ KO mice were infected with either agent or were co-infected with H. hepaticus
and MHV-G. Infection with MHV-G induced a multisystemic infection similar to that described in the original cases,
with multifocal hepatic necrosis, acute necrotizing and inflammatory lesions of the gastrointestinal tract, and acute
peritonitis and pleuritis with adhesions on the serosal surfaces of the viscera. However, mice given H. hepaticus
alone had minimal pathologic changes even though the organism was consistently detected in the cecum or feces.
Although co-infection with H. hepaticus and MHV-G induced lesions similar to those associated with MHV-G alone,
the pathogenesis of the MHV infection was modified. Helicobacter hepaticus appeared to reduce the severity of
MHV-induced lesions during the acute phase of infection, and exacerbated hepatitis and meningitis at the later
time point. We conclude that infection of IFN-γ KO mice with MHV-G results in multisystemic infection with perito-
nitis, pleuritis, and adhesions due to the aberrant immune response in these mice. In addition, co-infection of these
mice with H. hepaticus results in alterations in the pathogenesis of MHV-G infection.

strains outnumber those with polytropic strains (7, 8). In-
creased incidence of MHV in mouse populations may be due, in
part, to widespread use and exchange of unique, genetically al-
tered mouse strains among universities and commercial estab-
lishments. In addition, many of these mouse strains are
immunocompromised and MHV infection in these mice may be
more severe or chronic, or may be associated with unexpected
pathologic changes.

One genetically engineered mouse strain, in which viral and
bacterial infections are more severe, is the gamma interferon
(IFN-γ)-deficient mouse. Gamma interferon is an important
cytokine in defense against microbial infections and an impor-
tant regulator of the immune response (9). Gamma interferon
knockout (KO) mice inoculated with Klebsiella pneumoniae or
Legionella pneumophila had increased pulmonary bacterial
load and increased mortality, as compared with immunocompe-
tent mice (10, 11). Herpes simplex virus type-1 infection of mice
deficient in IFN-γ progressed to skin and brain lesions, the se-
verity of which exceeded those seen in immunocompetent mice
(12). After infection with lymphocytic choriomeningitis virus,
IFN-γ KO mice became chronically infected, although immuno-
competent mice rapidly cleared the infection (13). Mouse hepa-
titis virus infection also has been reported in IFN-γ KO mice. A
recent case report indicated that natural infection of C57BL/6
IFN-γ KO mice with MHV resulted in unexpected pathologic
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changes, including extensive pleuritis and peritonitis (14). Addi-
tional evidence from experimental studies suggests that poly-
tropic MHV infection also is altered in IFN-γ KO mice. Infection
of C57BL/6 mice deficient in IFN-γ with MHV-JHM resulted in
fatal peritonitis (15), while infection of BALB/c mice deficient in
IFN-γ with MHV-JHM resulted in acute hepatic failure (16). In-
fection with MHV-A59 of 129 mice deficient in the IFN-γ receptor
resulted in more severe hepatitis than did MHV-A59 infection in
129 wild-type mice (17). However, to the authors’ knowledge, the
pathogenesis of experimentally induced enterotropic MHV infec-
tion in IFN-γ KO mice has not been evaluated.

Helicobacters are the most prevalent bacterial pathogens in
laboratory mice (7), and until recently, most academic and com-
mercial mouse colonies were enzootically infected with them.
Helicobacters are gram-negative, helical, microaerophilic bacte-
ria. Helicobacter hepaticus, a urease-positive species, colonizes
the cecum and colon and spreads to the liver of mice during
chronic infection. Helicobacter hepaticus has been reported to
cause enterocolitis and chronic proliferative hepatitis in immu-
nocompetent mice (18), and causes inflammatory bowel disease
in scid, nude, and several genetically altered mouse strains (19-
22). Susceptibility to H. hepaticus-induced hepatitis has a genetic
component. For example, A/J mice infected with H. hepaticus de-
velop hepatitis, whereas C57BL/6 mice do not develop hepatitis
(23). Conversely, A/J mice infected with H. hepaticus have lower
long-term cecal colonization levels, compared with C57BL/6
mice (24). A Th1-type cytokine response, including induction of
IFN-γ, has been associated with development of H. hepaticus-
induced hepatitis (25) and inflammatory bowel disease (26-28).
Additionally, production of IFN-γ is a factor in induction of gastric
inflammation by H. pylori in immunocompetent mice; C57BL/6
IFN-γ KO mice did not manifest signs of inflammation (29).

We report findings from a clinical case in which C3H IFN-γ
KO mice presented with diarrhea, dehydration, hunched pos-
ture, and dyspnea; histologic examination indicated that mice
had peritonitis, pleuritis, and hepatic necrosis. Serologic and
molecular analyses indicated that mice were co-infected with
MHV and Helicobacter sp.. Because MHV and Helicobacter spe-
cies replicate in and colonize a similar region of the GI tract,
each may influence the infectivity and severity of disease
caused by the other agent. Although, the impact of co-infections
of Helicobacter sp. and enterotropic MHV is unknown, initial
MHV-Y pathogenesis studies used intestinal virus stocks that
were Helicobacter DNA positive based on polymerase chain re-
action (PCR) analysis (2, 3). Infections were experimentally in-
duced to confirm and elucidate the role(s) of MHV, Helicobacter
hepaticus, and mouse genotype in the disease associated with
the clinical cases.

Materials and Methods
Animals. The C3H IFN-γ KO (C3H-Ifng) mice were imported

from a non-commercial academic source and were seronegative
for ectromelia virus, lymphocytic choriomeningitis virus, minute
virus of mice, mouse parvovirus, murine rotavirus, pneumonia
virus of mice, reovirus, Sendai virus, and Mycoplasma pulmonis.
Experimental studies used four- to six-week-old female BALB/cJ,
Cby.Cg-Foxn1nu (nude),and C.129S7(B6)-Ifngtm1Ts (IFN-γ KO)
mice (Jackson Laboratories, Bar Harbor, Maine) that were serone-
gative for mouse hepatitis virus, ectromelia virus, lymphocytic
choriomeningitis virus, minute virus of mice, mouse parvovirus,

murine rotavirus, pneumonia virus of mice, reovirus, Sendai vi-
rus, and Mycoplasma pulmonis , and were free of bacterial and
parasitic infections on arrival. Colony sentinel mice were rou-
tinely tested for the parasites and were found free of endopara-
sitic and exoparasitic infections. All animal procedures were
approved by the Yale Animal Care and Use Committee and ani-
mal care was in accordance with the NIH Guide for the Care
and Use of Laboratory Animals.

Mice were housed in a quarantine facility, and room condi-
tions included a 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, Allentown Caging
Equipment Co., Allentown, Pa.) equipped with stainless steel
wire bar tops and filtered cage tops containing Reemay filter
media (No. 2295, Allentown Caging Equipment Co.). Mice were
fed sterilized standard rodent chow (Purina Mills, 5010, PMI,
St. Louis, Mo.) and hyperchlorinated water ad libitum, using a
water bottle. Cages were husbanded every seven days in a class-
II biosafety cabinet in the animal room. The surfaces of the for-
ceps and biosafety cabinet were decontaminated for a minimum
of 60 sec between cages, using a 1:18:1 dilution of chlorine diox-
ide (Clidox, Pharmacal, Naugatuck, Conn.) prepared daily.

Viral and bacterial stocks. A 5% cecal homogenate from a
C3H-Ifng clinically ill mouse 47 days after arrival that contained
MHV-G (a new strain of MHV) and H. hepaticus, was used as in-
oculum in the first experimental infection. A 5% liver homoge-
nate from an experimentally infected nude mouse 22 days after
inoculation was collected during the first experimental infection
and was used as inoculum for the second experiment. Anaylsis by
PCR confirmed that the homogenate contained MHV-G, but not
Helicobacter sp. Helicobacter hepaticus (a gift from Dr. Nirah
Shomer) was cultured in Brucella broth supplemented with 5%
fetal bovine serum, or on blood agar plates for three to five days
in an 80% N2, 10% CO2, and 10% H2 environment at 37°C. Bacte-
ria were centrifuged for 15 min at 12,000 ×g, resuspended in
Brucella broth to yield a dose equivalent to 107 colony-forming
units /20 µl, and visualized by use of phase microscopy and Gram
staining for purity, morphology, and motility.

Experimental infection. Mice were inoculated orally with
20 µl of viral and/or bacterial stocks, were co-housed in groups
of five mice, and were observed daily for clinical signs of infec-
tion. Fecal specimens were collected from mice prior to inocula-
tion and at postinoculation days (PID) 7 and 28 for MHV
reverse transcriptase-PCR (RT-PCR) analysis and Helicobacter
PCR. On PID 7 and 28 or when wasting became evident, mice
were euthanized by CO2 inhalation, sera were obtained, and
necropsies were performed. All organs were examined for gross
lesions, and portions of liver, lung, intestine, brain, and spleen
were frozen at –70°C for PCR analysis or were fixed in neutral-
buffered 10% formalin and embedded in paraffin. Sections were
stained with hematoxylin and eosin (H&E) for histologic exami-
nation or were prepared for in situ hybridization (ISH) to detect
MHV or Helicobacter nucleic acids. Sera were tested for MHV
antibodies use of immunofluorescence, as described (30), and by
enzyme-linked immunosorbent assay (ELISA), using 75 ng of
bacterial expressed MHV-1 N protein/well.

In situ hybridization to detect MHV RNA or Helico-
bacter DNA. In situ hybridization to detect MHV RNA used a
gel-purified cDNA of the complete MHV-JHM N gene to gener-
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ate a random-primed [32P]-labeled DNA probe. In situ hybrid-
ization to detect Helicobacter DNA used a [32P]-labeled random-
primed PCR product specific for the Helicobacter 16S rRNA
gene. Hybridization, washing, and visualization conditions were
used as described previously (31). The MHV-JHM N gene cDNA
also was used to prepare a biotinylated random-primed probe to
detect virus by use of immunoperoxidase staining augmented
by tyramide amplification (NEN Life Sciences Products, Boston,
Mass.) (32)

Molecular diagnostics. The RNeasy kit (Qiagen, Chatsworth,
Calif.) was used to extract RNA from liver, brain, lung, spleen,
large intestine, or small intestine homogenates or feces. The MHV
RT-PCR analysis was performed, using the Superscript One-Step
RT-PCR System (Invitrogen, Carlsbad, Calif.). Diagnostic primers
used were MN512:GTCATGAGGCTATTCCTACTA and MN1027:
ATACACATCTTTGGTGGG . The reaction cycles used for all RT-
PCR reactions were as follows: 30 min at 50°C; two min at 94°C; 40
cycles of 15 sec at 94°C, 30 sec at 50°C, and 90 sec at 90°C; and
10 min at 72°C. The RT-PCR products were electrophoresed on
a 1% agarose gel, stained with ethidium bromide, and visualized
by UV illumination. The specificity of PCR products was con-
firmed, using restriction enzyme digest analysis.

The primer pairs used for RT-PCR amplification of the MHV-G S
gene were MH2146:GACGGATAGCGGTGTTAG and MS1409:
GCTTCAGCATATGCAACGTC; MS744: TACTACTTCAGGTGTC
and MS2163: CTCACGGGATATGTTG; MS1661:GCGTAGG-
TGATCATTG and MS3182:GCACTAATTGCACCAAACCT; and
MS2182:GGCTTTGTCGAGGCTTATAA and MS4159:TCTGTC-
TTTCCAGGAGAGGC. The primers used for RT-PCR amplifica-
tion of the 3' end of the MHV-G M gene, intervening sequence,
and 5' end of the N gene were MM36:AATCCAAACATTAT-
GAGTAG and MN1027:ATACACATCTTTGGTGGG. The prim-
ers used for RT-PCR amplification of the 3' end of the MHV-G N
gene were MN65:TGGAATCCTCAAGAAGACCAC and RN1476:
CGCCCGACATAGGATTCATTCT. Sequencing was performed
directly on PCR products at the DNA sequencing facility of the
W. M. Keck Foundation Biotechnology Laboratory at the Yale
University School of Medicine. The MHV-G S gene PCR products
were sequenced, using primers MH2146, MS744, MS1409,
MS1661, MS 2163, MS 2812, MS 3182, MS4159 (listed previ-
ously), MS445: ATGGCATCCATTTGCC, MS1021: GTACTGT-
CTTAGCAGT, MS1026: TCCTCTCAATTGGGAACGCA, and
MS1278: GCTCTATTATAGTCTTGCAC. The MHV-G M and N
gene PCR products were sequenced, using primers MM36,
MN65, MN1027, and RN1476 (listed previously). Sequence com-
parisons were performed, using tblastx at http://www.ncbi.
nlm.nih.gov/BLAST/. Sequences were submitted to Genbank and
assigned accession numbers AY102932 (S), AY102933(N), and
AY102934(M).

Using the DNeasy Tissue kit (Qiagen, Chatsworth, Calif.),
DNA was extracted from liver, brain, lung, spleen, large intes-
tine, or small intestine homogenates or feces. Polymerase chain
reaction analysis was performed, using Taq polymerase (Roche
Molecular Biochemicals, Indianapolis, Ind.) and published prim-
ers for Helicobacter species 16S rRNA gene (33), Pneumocystis
carinii 18S mt rRNA gene (34), and Citrobacter rodentium at-
taching and effacing (eae) gene (35). The reaction cycles for all
PCR reactions were as follows: 2 min at 94°C; 35 cycles of 30 sec
at 94°C, 30 sec at 50°C, and 60 sec at 72°C; and 5 min at 72°C.
The PCR products were electrophoresed on 1% agarose gels,

stained with ethidium bromide, and visualized by UV illumina-
tion. Helicobacter PCR products were digested with DpnII and
HhaI restriction enzymes to differentiate Helicobacter species.

Results
Clinical case findings. Within 24 h of importation, 15 C3H- Ifng

mice developed diarrhea (pasty feces), dehydration (skin turgor
assessment), hunched posture, dyspnea, and ruffled pelage.
Treatment with moistened rodent chow ameliorated the clinical
signs of disease. At postarrival day (PAD) 10, two mice were
found dead, and two mice, including one mouse with head
tremor, were sent to necropsy for diagnostic assessment. The
remaining 11 mice developed a progressive wasting syndrome
and were necropsied at PAD 47 (n = 4) and 57 (n = 7).

Mice were tested for the presence of bacterial or viral agents
to determine whether the clinical signs of disease were caused
by infectious agents. On PAD 10, all mice were culture negative
for aerobic bacteria on the liver surface or in the nasopharnyx,
cecal contents, and heart blood. On PAD 47, several lung, perito-
neal, nasopharyngeal, and cecal specimens were tested and
found negative for aerobic bacteria. Mice were screened for an-
tibodies to common murine viruses and were seropositive for
MHV only. To ascertain whether mice were actively infected
with MHV, RT-PCR analysis for MHV RNA was performed on
specimens from animals necropsied on PAD 10 and 47. Mouse
hepatitis virus RNA was detected in brain tissue from both mice
on PAD 10 and from one of four mice on PAD 47. In addition,
MHV RNA was detected in lung, liver, cecum, and colon, con-
firming active infection in all four mice at PAD 47. Liver, colon,
brain, and lung specimens were used to inoculate 17Cl-1,
CMT93, J774A.1, L2p176, and NCTC 1469 cells in an attempt
to isolate and cultivate the new MHV strain, but cytopathic ef-
fects were not observed and inoculated cells were negative for
MHV antigens by immunofluorescence and for MHV-RNA by
RT-PCR analysis.

Analysis by PCR for Helicobacter sp. at PAD 47 detected co-in-
fection of these animals with two Helicobacter species, with re-
striction enzyme digestion patterns consistent with H. hepaticus
and H. muridarum or H. typhlonicus. All colons, but no lungs or
livers, were Helicobacter DNA positive. Pneumocystis carinii
DNA also was detected in all lung specimens obtained on PAD
47. Citrobacter rodentium DNA was not detected in colon or feces
at any time point. Microscopic examination of pelt and cecal con-
tents from all mice did not reveal evidence of acariasis or ox-
yuriasis, respectively.

Gross pathologic findings on PAD 10 included splenomegaly
(2/2) and multiple cream-colored foci and exudate on the liver
surface (2/2). At PAD 47, lung consolidation was evident in one
of four mice. Glistening and granular pleural and peritoneal
surfaces, indicators of pleuritis and peritonitis, were present in
one of four mice and two of four mice, respectively. Similar pleu-
ral (1/7) and peritoneal findings (7/7) were observed on PAD 57.
On PAD 47 and 57, mice with peritonitis had extensive adhe-
sions in the peritoneal and pleural cavities.

Histologic examination on PAD 10 revealed mild hepatic le-
sions that consisted of several areas of acute necrosis with mini-
mal accompanying lymphohistiocytic inflammation. Lesions
often were perivascular, adjacent to larger portal veins. Perito-
neal, pleural, and pericardial surfaces had variably severe and
multifocal inflammation. The inflammatory infiltrate was pre-

Modulation of mouse hepatitis virus infection by Helicobacter hepaticus
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dominantly lymphohistiocytic; lymphocytes, macrophages, and
newly forming blood vessels were present in the deeper layers
adjacent to the organ surface, and neutrophils, reactive mesothe-
lial cells, and fibrin exudate were localized superficially (Fig. 1A).
On PAD 47 and 57, hepatic lesions had resolved, except for scat-
tered residual inflammation, and enteric lesions were not
present. The deeper layers of the peritonitis and pleuritis (Fig.
1B). In the brain, parenchymal lesions were not apparent; how-
ever, moderate to severe, predominantly lymphohistiocytic men-
ingitis was present in one mouse. In the kidney of one mouse,
there was locally extensive necrosis involving one renal pole that
appeared to extend from the surface into the parenchyma, and
was accompanied by lymphohistiocytic inflammation.

Use of ISH confirmed that infection included widespread dis-
semination of MHV to multiple tissues in these mice. At all
times, MHV RNA was localized to liver parenchyma surround-
ing necrotic areas, adjacent to liver vessels, and in serosal in-
flammation. Mouse hepatitis virus RNA was rarely detected in
the enteric lumen or epithelia, or in vessels of the submucosa
and muscularis. In the stomach, MHV RNA was localized to the
junction of squamous and glandular epithelia in two animals at
PAD 47 and 57. At PAD 57, one or more mice had MHV RNA in
splenic white pulp, in the left ventricle of the heart, the trachea,
pleura, and peribronchia, and in the parenchyma of one lung. To
examine cell types infected at PAD 57, a biotinylated probe de-
tected MHV RNA in macrophages in the spleen, kidney, liver; on
serosal surfaces; in renal tubular epithelial cells; and in me-
sothelial cells associated with the serosal inflammation.

In situ hybridization also was performed to detect sites of
Helicobacter infection because mice were co-infected with
Helicobacter sp. On PAD 10, Helicobacter DNA was detected in
the intestinal lumen, principally in intestinal contents, and less
commonly on the surface of superficial enterocytes. On PAD 57,
Helicobacter DNA was detected principally in intestinal con-
tents and sporadically in the liver parenchyma; it was not de-
tected in the inflammatory lesions associated with liver or

serosal surfaces.
Molecular characterization of MHV-G. To determine

whether the MHV strain infecting these mice was a new or pre-
viously identified strain of MHV, sequence analysis was per-
formed. The RT- PCR products from the following regions of
MHV-G—the entire 4,086 bp of the S gene, 669 bp of the M gene
(all but the 13 nucleotides at the 5' end of the M gene), and 1,077
bp of the N gene (comparable to nucleotides 244 to 1320 of the
MHV-Y N gene)—were sequenced. The predicted S, M, and N
protein sequences for MHV-G were compared with those of other
MHV strains; MHV-G was determined to be a new MHV strain,
and its S, M, and N proteins had the highest degree of identity
with those of MHV-Y, a naturally occurring enterotropic MHV
strain (Table 1).

Experimental reproduction of peritonitis and pleuritis
in mice. An experiment was performed to reproduce the clini-
cal disease and initiate analysis of the infectious agent(s) caus-
ing the unusual peritonitis and pleuritis. Cecal homogenate
from a clinically ill mouse at PAD 47, containing MHV-G and
Helicobacter species, but not Pneumocystis carinii, was used to
inoculate 10 IFN-γ KO mice. Host background was changed
from C3H to BALB/c because C3H IFN-γ KO mice were not

Figure 1. Photomicrographs of liver sections taken from gamma interferon-deficient knockout (IFN-γ KO) mice with clinical infections. (A) Liver
from mouse at 10 days after arrival stained with hematoxylin and by in situ hybridization (ISH) for the mouse hepatitis virus N gene. Notice
marked fibrinous and predominantly lymphohistiocytic peritonitis, accompanied by abundant viral signal (arrow). Magnification, 100×. (B) Liver
from mouse 56 days after arrival stained with hematoxylin and eosin. Peritonitis has assumed chronic-active characteristics—deeper layers
adjacent to the liver parenchyma are organizing and contain fibrous tissue and blood vessels (arrowhead), while superficial layers consist of
fibrin and neutrophils (arrow). Magnification, 440×.

110%

Table 1. Amino acid comparisons among mouse hepatitis virus strain G
(MHV-G) and other rodent coronaviruses

Coronavirus S proteina M proteinb N proteinc

MHV-Y 98.3 98.7 97.5
MHV-TY 96.2 97.3 96.1
MHV-DVIM 95.0 97.3 95.0
MHV-2 92.7 97.3 92.2
RCV-SDA 92.1 95.6 91.9
MHV-RI 83.2 94.6 97.2
MHV-4 83.1 96.4 92.8
MHV-A59 80.6 98.2 96.6

Identity percentages were determined, using tblastx, and identities > 95%
are indicated in boldface type.
aComparison of 1,361 amino acids of S.
bComparison of 223 amino acids of M.
cComparison of 359 amino acids of N.
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commercially available. Ten BALB/c mice were inoculated to
determine whether peritonitis and pleuritis develops in immu-
nocompetent mice. In addition, five nude mice were inoculated
to amplify the viral stock and determine whether the absence of
an adaptive immune response contributes to the development of
peritonitis, pleuritis, and adhesions.

All inoculated IFN-γ KO mice had ruffled pelage and loose fe-
ces at postinoculation day (PID) 14. All 10 mice were shedding
MHV in the feces, two of 10 were shedding H. hepaticus, and
three of five were MHV seropositive (Table 2). Pale liver, with or
without white foci, was observed in four of five mice at necropsy.
Microscopically, mice had necrosuppurative hepatitis, multifocal
suppurative peritonitis, and focal suppurative pleuritis (Table 2).
Also, four of five mice had gut-associated lymphoid tissue (GALT)
hyperplasia. By PID 28, all IFN-γ KO mice were seropositive for
MHV. One of five mice was shedding MHV, and all were shedding
H. hepaticus. Pleural and peritoneal adhesions were evident at
necropsy in two of five mice. Microscopically, all mice had multi-
focal subacute suppurative peritonitis and pleuritis (Table 2),
two mice had GALT hyperplasia, and one mouse had mild men-
ingitis. The peritoneal and pleural lesions observed in the experi-
mentally infected IFN-γ KO mice were similar to those observed
in the naturally infected C3H-Ifng mice.

Clinical signs of disease were not seen in inoculated immuno-
competent BALB/c mice at PID 14 or 28. At PID 14, all BALB/c
mice were MHV seropositive and shedding MHV-G, but not
H. hepaticus in the feces (Table 2). Microscopically, two of five
mice had mild focal subacute suppurative hepatitis, but there
was no evidence of peritonitis or pleuritis. At PID 28, three of
five BALB/c mice were shedding MHV-G and two of five were
shedding H. hepaticus in the feces. Microscopically, there was no
evidence of hepatitis, peritonitis, or pleuritis. Thus, MHV-G and
H. hepaticus caused only mild acute disease in BALB/c mice.

Clinical signs of infection were not evident in nude mice at
PID 14, but all mice were shedding MHV-G and H. hepaticus in
the feces. Between PID 18 and 22, nude mice developed hunched
posture, lethargy, and dehydration, and three of five mice died
between PID 21 and 22. On PID 22, the remaining two mice con-
tinued to shed MHV-G and H. hepaticus in the feces, and small
and large intestines, lung, liver, and brain were RT-PCR positive
for MHV. Microscopically, both mice had moderate to severe
multifocal necrotizing hepatitis, splenic necrosis, and necrotiz-
ing multifocal encephalitis. Unlike IFN- γ KO mice, lesions in all
organs of nude mice had syncytia, and there was no evidence of
peritonitis, pleuritis, or adhesions (data not shown). The disease
in these mice was similar to the “chronic wasting syndrome” de-
scribed in a clinical study by Sebesteny in which nude mice
were infected with MHV (36).

Experimentally induced infections to determine indi-
vidual roles of MHV-G and H. hepaticus in the formation of
pleural and peritoneal lesions. The previous experiment con-
firmed that the cecal inoculum from the clinical infections con-
tained the infectious agent(s) necessary to reproduce the disease in
IFN-γ KO mice, but the roles of MHV-G and Helicobacter species in
the clinical syndrome still needed to be delineated. Therefore,
infection of IFN-γ KO mice with MHV-G and Helicobacter sp.
separately or together was examined in greater detail. Liver
homogenates obtained from infected nude mice at PID 22 were
analyzed by PCR analysis and were found to contain MHV RNA,
but not Helicobacter DNA. This liver homogenate and/or cultured
H. hepaticus were used as inocula to compare pathogenesis and
infection in four groups of IFN-γ KO mice inoculated with: MHV-G
alone, H. hepaticus alone, MHV-G and H. hepaticus simulta-
neously, and H. hepaticus 28 days before inoculation with MHV-G.

Clinical disease, including ruffled pelage, was evident in all IFN-γ
KO mice inoculated with MHV-G, with or without H. hepaticus, on
PID 6 to 8. Mortality was evident between PID 7 and 12, and was
highest in mice inoculated with MHV-G alone (Table 3). Clinical
disease or mortality was not observed in mice inoculated with H.
hepaticus only (data not shown). All mice inoculated with MHV
were seronegative at PID 7, but all were seropositive at PID 28.

MHV-G Infection. On PID 7 and 28, microscopic findings
from IFN-γ KO mice inoculated with MHV-G alone were similar
to those seen in the clinical cases (Table 3). On PID 7, pathologic
changes included multifocal hepatic necrosis accompanied by
predominantly suppurative inflammation. Foci of necrosis were
most commonly located adjacent to portal veins (Fig. 2A). Al-
though qualitatively similar, the severity of lesions varied
among mice. In small intestine, cecum, and colon, acute necro-
tizing and inflammatory lesions were present. These were char-
acterized by epithelial necrosis at all levels of the intestinal
glands and crypts (Fig. 2B). Necrotic debris, accompanied by an
inflammatory infiltrate composed of macrophages, lymphocytes,
and neutrophils, was present in the lamina propria and submu-
cosa (Fig. 2B). In locations where inflammation extended
through the muscularis mucosae to reach the serosa, acute peri-
tonitis involved the serosal surface of the intestine. Additionally,
GALT was greatly expanded by lymphoid hyperplasia and
mixed histiocytic/neutrophilic inflammation accompanied by
necrosis (Fig. 2C). In some mice, mild lymphohistiocytic menin-
gitis with rare parenchymal necrosis was present in the brain
and splenic necrosis was observed in the white pulp.

Table 2. Summary of the experimentally induced infections

BALB/c IFN-γ

Day after co-inoculation 14 28 14 28

MHV Serology 5/5* 5/5 3/5 5/5
Fecal MHV RT-PCR 10/10 3/5 10/10 1/5
Fecal Helicobacter PCR 0/10 2/5 2/10 5/5
Hepatitis 2/5 0/5 2/5 0/5
Peritonitis 0/5 0/5 4/5 5/5
Pleuritis 0/5 0/5 2/5 5/5
Encephalitis 0/5 0/5 0/5 0/5

*Number of positive mice/ total number of mice.
MHV = mouse hepatitis virus; PCR = polymerase chain reaction (analysis);
RT = reverse transcriptase.

Table 3. Experimentally induced infections in interferon gamma-deficient
knockout (IFN-γ KO) mice with MHV-G alone or along with H. hepaticus

MHV Helicobacter Helicobacter
and MHVa then MHVb

Day after MHV inoculation 7 28 7 28 7 28

Mortality 5/16* 0/6 2/15 0/8 0/15 0/10
Hepatitis 5/5 1/6 2/5 4/8 4/5 5/10
Peritonitis 5/5 6/6 0/5 7/8 3/5 10/10
Pleuritis 0/5 5/6 0/5 4/7 0/5 6/10
Adhesions 0/5 6/6 0/5 7/8 0/5 9/10
Meningitis 2/5 4/6 1/5 8/8 1/5 6/10
Enteritis 5/5 0/6 3/5 0/8 5/5 0/10
Cecal MHV RT-PCR 5/5 5/6 3/5 3/8 5/5 0/10
Liver MHV RT-PCR 5/5 0/6 3/5 3/8 5/5 1/10
Cecal Helicobacter PCR 0/5 0/6 2/5 8/8 5/5 9/10

*Number of positive mice/ total mice.
aHelicobacter and MHV simultaneous inoculation.
bHelicobacter inoculation 28 days prior to MHV inoculation.
See Table 2 for key.
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Figure 2. Photomicrographs of sections of tissues taken from IFN-γ KO mice with experimentally induced infections. (A) Liver from mouse
infected with mouse hepatitis virus alone at postinoculation day 7, stained with hematoxylin and by in situ hybridization for the mouse hepatitis
virus N gene. Necrotic foci are typically located adjacent to portal veins. Necrosis is accompanied by minimal inflammation, and mouse hepatitis
virus signal is present at necrotic borders (arrows). (B) Small intestine from mouse infected with mouse hepatitis virus alone at postinoculation
day 7, and stained with hematoxylin and eosin . Single-cell enterocyte necrosis is present at all levels of the glands (arrow), and is accompanied
by infiltration of predominantly neutrophils into the lamina propria and submucosa (lower right hand corner). (C) Small intestine from mouse
infected with mouse hepatitis virus alone at postinoculation day 7, and stained with hematoxylin and by in situ hybridization for the mouse
hepatitis virus N gene. Notice marked expansion of gut-associated lymphoid tissue by a mixed neutrophilic and lymphohistiocytic population.
This is accompanied by viral signal (arrow). Virus is also apparent in enterocytes (asterisk). (D) Liver from mouse infected with mouse hepatitis
virus alone at postinoculation day 28, and stained with hematoxylin and by in situ hybridization for the mouse hepatitis virus N gene. Hepatic
lesions have resolved, but organizing peritonitis and pleuritis have resulted in adhesions between diaphragm and liver. Viral signal is present in
inflammatory infiltrates (arrows). (E) Liver from mouse infected with mouse hepatitis virus and Helicobacter hepaticus simultaneously at post-
inoculation 28, and stained with hematoxylin and eosin. Notice residual inflammation characterized by plasma cells, lymphocytes, and macro-
phages, typically around blood vessels (asterisk). Large macrophages engorged with intracytoplasmic debris and mineral remain at sites of
necrosis (arrow). (F) Brain from mouse infected with mouse hepatitis virus and H. hepaticus simultaneously at postinoculation 28, and stained
with hematoxylin and eosin. Notice marked suppurative meningitis (asterisk). Magnification: A, C, D, E, and F, 190×; B, 380×.

95%
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In situ hybridization and RT-PCR analysis were used to cor-
relate viral infection with necrotic and inflammatory lesions in
tissues. At PID 7, hepatic lesions contained many MHV RNA-
positive cells, particularly at the periphery of necrotic foci (Fig.
2A), and all liver specimens were positive for MHV RNA by RT-
PCR analysis. In the small intestine, cecum, and colon, MHV
RNA was detected on serosal surfaces and in epithelial cells,
lamina propria, muscularis mucosae, and GALT (Fig. 2C), and
all cecal specimens were MHV RNA positive by use of RT-PCR
analysis. A biotinylated probe detected MHV RNA in intestinal
epithelial cells, macrophages, and smooth muscle cells of the
muscularis mucosae. In the spleen, MHV RNA was detected in
red and white pulp of all mice. In the brain parenchyma, neu-
ronal and glial cells contained MHV RNA.

By PID 28, parenchymal lesions in the liver had resolved and
ISH detected low numbers of cells contained MHV RNA. Enteric
lesions had nearly resolved, there was no detectable epithelial
necrosis, and inflammation was minimal. Mouse hepatitis virus
RNA was detected by ISH in the gut lumen, and occasionally, on
the luminal surface of epithelial cells, and RT-PCR analysis de-
tected MHV-RNA in five of six cecal specimens. Mild to moderate
chronic active organizing peritonitis and pleuritis resulted in ad-
hesions among the viscera (Fig. 2D). Mouse hepatitis virus RNA
was consistently present in inflammatory infiltrates, particu-
larly at serosal surfaces where inflammation was most acute
(Fig. 2D). In the spleen, marked white pulp hyperplasia was
present, but MHV RNA was not detected. In the brain of several
mice, MHV RNA and mild to moderate meningitis persisted.
Scattered pockets of infection were infrequently observed at other
sites. This group remained Helicobacter free as Helicobacter DNA
was not detected in the cecum or liver of these mice.

Helicobacter hepaticus infection. In contrast to results
obtained after MHV infection, IFN-γ KO mice inoculated with
H. hepaticus alone had minimal pathologic changes (data not
shown). At PID 56, relevant histologic lesions, including perito-
nitis or hepatitis, were not present in any examined tissue. The
absence of hepatitis was not unexpected as H. hepaticus-induced
hepatic lesions are generally not evident until postinoculation
months 3 to 6. Use of ISH detected Helicobacter DNA in hepatic
parenchyma without inflammation, in gut contents, and on the
surface of enterocytes. Cecal, but not liver specimens were PCR
positive for Helicobacter DNA. The negative Helicobacter PCR
results, compared with the positive Helicobacter ISH results for
liver, may have been due to specimen location in the liver or to
PCR inhibitors. Thus, chronic-active peritonitis and/or pleuritis
and formation of adhesions were specific to MHV infection.

Inoculation of MHV-G and H. hepaticus on the same
day. At seven days after simultaneous inoculation with MHV-G
and H. hepaticus, lesions were less severe and less frequently
observed in co-infected mice and were principally present in the
liver and gastrointestinal tract (Table 3). Two mice had hepati-
tis with lymphohistiocytic infiltrates surrounding areas of ne-
crosis; in one case, lesions were mild to moderate, and in the
other, lesions were severe with syncytia. Analysis by RT-PCR ,
however, demonstrated that three of five liver specimens con-
tained MHV RNA. Enteric lesions qualitatively resembled those
in mice infected with MHV alone, but were less severe and
present in fewer mice.

Lesions were characterized by scattered single-enterocyte ne-
crosis accompanied by modest accumulation of mixed inflam-

matory cells in the lamina propria. Inflammatory lesions were
most prominent in the small intestine and were characterized
by edema of the lamina propria, dilatation of lacteals, and
marked expansion of GALT by histiocytes, neutrophils, and ne-
crotic debris. Enteric necrosis was most evident in the cecum;
however, inflammation was less severe in this location than in
the small intestine. Syncytia were seen only in the cecum, and
three of five specimens were MHV RNA positive by RT-PCR
analysis. Mild to moderate meningitis was present in a few ani-
mals, and the spleen was minimally affected in this group.

By PID 28, the incidence of hepatitis was higher in co-in-
fected mice than in mice infected with MHV-G alone (Table 3).
Hepatic lesions were mild to moderate, and consisted princi-
pally of multifocal hepatitis with histiolymphocytic infiltrate
and scattered foci of syncytial cells (Fig. 2E). Mouse hepatitis
virus RNA was detected by RT-PCR analysis in three of eight
liver specimens, but Helicobacter DNA was not detected by PCR
analysis. Intestinal lesions had resolved entirely, although three
of eight cecal specimens were MHV RNA positive by RT-PCR
analysis, and all cecal specimens were Helicobacter DNA posi-
tive by PCR analysis. There was marked peritonitis and pleuri-
tis, with adhesions among abdominal and thoracic organs, and
lesions varied from organized fibrous tissue with minimal
lymphohistiocytic infiltrate to a chronic-active process, with
mixed inflammatory cells. In contrast to mice inoculated with
MHV-G alone, most had mild to moderate meningitis, and two
had severe, suppurative meningitis (Fig. 2F).

Inoculation with H. hepaticus 28 days prior to inocula-
tion with MHV-G. The IFN-γ KO mice were inoculated with
H. hepaticus followed by inoculation with MHV 28 days later to
examine the impact of established Helicobacter infection on
MHV-G infection. Lesions at post MHV inoculation day (PMID)
7 (post Helicobacter hepaticus inoculation day (PHID) 35) re-
sembled those associated with the acute stages of MHV infec-
tion alone (Table 3). Liver lesions were intermediate in severity,
compared with those of the other groups, being less severe than
those in mice of the MHV-G alone group and being more severe
than those in simultaneously infected mice. Hepatitis was
characterized by acute multifocal necrosis with suppurative in-
flammation. Enteric lesions were characterized by scattered
enterocyte necrosis and syncytia, particularly in the cecum. This
was accompanied by variable mixed inflammation of the sub-
mucosa and lamina propria, with scattered necrosis. Inflamma-
tion tended to be more severe in the small intestine, with
marked expansion of GALT and occasional herniation of glands
into the GALT. Lesions were not detected in most of the brains,
although one mouse had focal lymphohistiocytic ventriculitis. In
the spleen, there was marked white pulp hyperplasia in all
mice. Using ISH, MHV RNA was localized to areas of hepatic
necrosis in a few mice, and all mice were MHV RNA positive by
RT-PCR analysis. In the GI tract, ISH localized MHV RNA to
enterocytes, submucosa, muscularis mucosae, serosa, and GALT,
and all cecal specimens were MHV RNA positive by RT-PCR
analysis. Use of ISH detected MHV RNA in the meninges and
brain parenchyma of several mice; Helicobacter DNA was de-
tected by ISH predominantly in gut contents and rarely on the
surface of enterocytes throughout the GI tract, and all cecal
specimens were DNA positive by PCR analysis.

At PMID 28 (PHID 56), mice had mild to moderate multifocal
hepatitis with lymphohistiocytic infiltrate (Table 3) although only
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one liver specimen was MHV positive by RT-PCR analysis. Enteric
lesions had resolved except for residual lymphohistiocytic infil-
trate of the lamina propria. Chronic-active peritonitis and pleuritis
with adhesions were present in most mice. Splenic hyperplasia
was present in all mice. In the brain, mild to moderate meningitis
was present in half of the mice. Use of ISH detected MHV RNA in
hepatocytes, mucosa of cecum, and serosal inflammatory infil-
trates and vasculature. In a few mice, MHV RNA also was de-
tected in the parenchyma of the lung, pyloric epithelium,
parenchyma and meninges of the brain, and renal tubular epi-
thelial cells. Using ISH, Helicobacter DNA was localized to gut
contents and the surface of intestinal and cecal mucosa.

Discussion
Results of our experiments confirmed that the initial clinical

disease was due to infection of IFN-γ KO mice with an
enterotropic strain of MHV. Experimental inoculation of cecal
homogenate, containing MHV and H. hepaticus, from a clinically
infected mouse into IFN-γ KO mice resulted in development of
chronic-active peritonitis and/or pleuritis with adhesions,
necrosuppurative hepatitis, and GALT hyperplasia. Immuno-
competent BALB/c mice did not develop a similar disease after
infection, indicating a role for IFN-γ deficiency in the disease
process and the necessity for an intact immune system in viral
clearance. In the case of the clinical infection, time of infection
with either MHV or H. hepaticus is unknown. Imported mice
presumably had established Helicobacter infection prior to vi-
rus infection, as most mouse colonies were enzootically infected
at that time. However, the hepatitis with inflammation ob-
served in the clinical cases at PAD 10 correlates with the dis-
ease in the IFN-γ KO mice 14 days after inoculation with the
cecal homogenate. Given these similarities, mice probably were
exposed to MHV a short time before or during shipment. By use
of sequence analysis, we confirmed that the cecal homogenate
contained a previously uncharacterized strain of MHV that was
most closely related to MHV-Y, an enterotropic strain also iso-
lated from a clinical outbreak. Infection of BALB/c mice con-
firmed the enterotropic phenotype of MHV-G because it was
restricted to the GI tract of immunocompetent mice.

Clinically infected mice were positive for MHV RNA and H.
hepaticus DNA; therefore, experiments were designed to deter-
mine which agent(s) was responsible for development of peritoni-
tis and pleuritis. Mice experimentally infected with H. hepaticus
alone did not manifest clinical signs of infection or microscopic
lesions at PID 56. As was seen in the clinical cases, most MHV-
infected mice at PID 7 had hepatic necrosis with inflammation
and without syncytia, GALT hyperplasia, enteritis, and cecal
necrosis with syncytia formation. All MHV-infected groups at
PMID 28 had chronic-active, organizing peritonitis and pleuri-
tis with adhesions. Mouse hepatitis virus RNA was present in
the peritonitis and pleuritis lesions and adhesions, indicating
that the serosal surfaces are sites of persistent virus infection. As
a result of this study, we can conclude that MHV infection of
IFN-γ KO mice in the presence or absence of H. hepaticus results
in peritonitis and pleuritis progressing to the formation of ab-
dominal and thoracic adhesions.

Although MHV and H. hepaticus are enterotropic, previous
reports of MHV infection in IFN-γ KO mice did not address the
possibility of Helicobacter co-infection or its potential for modu-
lating MHV pathogenesis. One example of virus-Helicobacter

interference was reported by Jiang and co-workers (37). They
found that infection with a replication-deficient adenovirus de-
creased numbers of H. felis in the stomach of C57BL/6 but not
IFN-γ- or interleukin 12 -deficient mice, and concluded that Th1
responses associated with a systemic viral infection can influ-
ence established Helicobacter infection.

Our results indicated that co-infection of IFN-γ KO mice with
MHV-G and H. hepaticus modified the pathogenesis of MHV in-
fection, and time of H. hepaticus infection further affected the
results. Inoculation with H. hepaticus and MHV reduced mor-
tality, compared with that associated with inoculation with
MHV-G alone. Acute disease in groups infected with both agents
was qualitatively similar to that associated with MHV alone,
but numbers of mice with lesions and the severity of lesions
were lower in both co-infected groups at PMID 7. Therefore, in-
fection with H. hepaticus and the resultant immune response to
H. hepaticus appears to reduce the severity of lesions during the
acute phase of the disease.

In contrast, the later phase of the disease appears more se-
vere in mice infected with both agents. At PMID 28, all mice si-
multaneously infected with MHV-G and H. hepaticus had
moderate to severe meningitis, compared with lower incidences
of mild meningitis in the two other groups. The increased inci-
dence of meningitis could be caused by higher levels of viremia
resulting from the impact of co-infection on gut epithelia and
the host immune response. Hepatitis persisted in half of the
mice from both co-infected groups, whereas one mouse infected
with MHV-G alone had hepatic lesions. Presence of MHV RNA
and syncytia in the liver of simultaneously co-infected mice sug-
gests ongoing viral infection in this group. In contrast, there
were no syncytia, and only one liver from the group infected
with H. hepaticus before MHV contained MHV RNA, suggesting
that MHV-G had been cleared from lesions. Less severe disease
at PMID 7 and more severe disease at PMID 28 in MHV-G and
H. hepaticus co-infected mice may result from altered replica-
tion kinetics due to interference between two intestinal patho-
gens that co-localize to a similar intestinal region during
infection. In addition, increased immune cell infiltration or
cytokine levels during dual infection may affect the kinetics of
MHV replication. Future experiments using intermediate time
points will be necessary to define the kinetics of disease pro-
gression in the different groups.

Although granulomatous peritonitis and pleuritis are not typi-
cal MHV lesions in immunocompetent or immunocompromised
mice, they also have been reported after natural or experimen-
tally (intraperitoneal route) induced MHV infection in C57BL/6
IFN-γ KO mice (14, 15). In those reports in contrast to our report,
peritonitis also included ascites generation and formation of
pseudomembraneous “cocoons”, and mice infrequently developed
meningitis. Although our results were similar after oral inocula-
tion of MHV-G into C3H IFN-γ KO and BALB/c IFN-γ KO mice,
Kyuwa and co-workers (15, 16) found that MHV-JHM pathogen-
esis in IFN-γ KO mice can be influenced by host genotype. After
intraperitoneal inoculation of MHV, C57BL/6 IFN-γ KO mice de-
velop granulomatous peritonitis and pleuritis while BALB/c
IFN-γ KO mice develop acute hepatic failure with 100% mortal-
ity by one week. An additional group described intraperitoneal
inoculation of MHV-A59 in 129 IFN-γ receptor KO mice, and the
outcome was early, severe hepatitis and mortality in the ab-
sence of peritoneal or pleural lesions (17, 38). Although those
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results differ from ours, use of different strains of coronavirus,
mouse genotype, and route of inoculation could explain these
disparities.

The role of IFN-γ in resolution of enterotropic MHV infection
is unknown. Gamma interferon is synthesized by natural killer
cells and T lymphocytes following their activation by IL-12 or
IL-18. It activates macrophages, natural killer cells, and endot-
helial cells; increases class-I and class-II MHC expression; and
promotes B- and T-lymphocyte differentiation. The resultant
Th1 cellular response and macrophage-rich inflammatory reac-
tion contribute to protection against viral and intracellular bac-
terial infections (9). Although IFN-γ KO mice would not be
expected to mount an adequate Th1 response, this was not the
case after experimentally induced influenza. An effective Th1
response was mounted that included virus-specific CD4+ and
CD8+ T lymphocytes that were cytolytic in vitro and protective
in vivo (39). In the case of polytropic MHV infection of C57BL/6
IFN-γ KO mice, neither cytotoxic T lymphocyte responses nor
antiviral antibody were diminished in the absence of IFN-γ (40).
As described in the results for MHV-G infected mice, resolution
of hepatitis and enteritis indicates a functional cellular re-
sponse to the virus. However, development of peritonitis and
pleuritis with adhesions may result from impaired function of
and continued viral infection in macrophages. Mouse hepatitis
virus replicates in monocytes and macrophages, and cytolytic
infection of these cells in IFN-γ KO mice may result in increased
recruitment of granulocytes and macrophages to the sites of
peritonitis. This could result in increased targets for continued
virus replication, unchecked expansion of lesions, and establish-
ment of adhesions within the peritoneal and pleural cavities. It
is important to note that induction of peritonitis requires the
combination of IFN-γ deficiency and MHV infection, as other vi-
ral or bacterial infections in IFN-γ-deficient mice and MHV in-
fection of other immunodeficient or immunocompetent mouse
strains do not result in peritonitis or pleuritis. From these stud-
ies, it is unclear whether infection of IFN-γ KO mice with other
enterotropic MHV strains would result in pleuritis and peritoni-
tis, but given that two other MHV strains have been reported to
cause peritonitis in IFN-γ KO mice (14, 15), it is likely that
natural infection of IFN-γ KO mice with other enterotropic
MHV strains would also result in peritonitis and pleuritis.

This study confirmed that enterotropic MHV infection of IFN-γ
KO mice resulted in peritonitis and pleuritis with adhesions. Ad-
ditionally, it indicated that infection of these mice with H. hepaticus
altered the pathogenesis of MHV. Since coronaviruses and
Helicobacter species are a significant cause of gastrointestinal
tract disease in humans and animals, understanding the mecha-
nism of viral modulation in bacterial co-infection will help eluci-
date factors that impact gastrointestinal tract disease. In future
experiments, we will advance this model of H. hepaticus and MHV
co-infection in immunocompetent and immunocompromised mice
to determine the mechanisms and impact of co-infection on induc-
tion and exacerbation of gastrointestinal tract disease, including
inflammatory bowel disease.
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