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Summary

The pattern of tissue tropism for several prototype and uncharacterized
strains of mouse hepatitis virus (MHV) was studied by intranasal inocu-
lation of each virus strain into groups of neonatal Swiss mice under other-
wise identical conditions. Mice were killed at intervals up to 18 days after
inoculation, and their tissues were examined for the presence of MHV
antigen by indirect immunofluorescence. Two patterns of infection were
apparent. Prototype MHV strains 1, 3, A59, JHM, S and uncharacterized
MHYV strains Tettnang and wt-1 produced a respiratory pattern, in which
nose and lung were consistently involved with dissemination to other
organs in a vascular distribution. Pulmonary vascular endothelium and
alveolar septal cells, but not airway epithelium, were infected. An enteric
pattern was observed with MHV-Y and wt-2 in which MHV antigen was
largely restricted to the nose and bowel, with limited dissemination to
other abdominal organs but not lung. Intestinal lesions in these mice were
severe compared to those manifesting the respiratory pattern of infection.
These results indicate that, like coronaviruses of other species, different
strains of MHV possess different primary and secondary organotropisms
following & natural route of inoculation in a susceptible host.

Introduction

Coronaviruses are an important group of human and animal pathogens
which cause primarily respiratory and enteric disease, depending on virus
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strain and host species. Different strains of coronavirus from a single host
species, such as man, can have either respiratory or enteric tropism (25).
Laboratory mice are commonly infected with mouse hepatitis virus (MHV),
a singular name which actually represents many strains that can be
partially differentiated biologically or antigenically. MHV has served as a
model for the molecular biology of coronaviruses, viral hepatitis, encepha-
litis and demyelination, as well as a model for genetic and age-related
resistance to viral disease (2, 21, 23, 25, 31). MHV can cause significant
clinical disease in mice (4) or a number of more subtle but equally significant
effects, including modified immune responsiveness {27, 38), an effect upon
tumor kinetics (1, 7, 12, 20, 22} and effects upon macrophage function
(6, 34) which can negate the research usefulness of the infected animal.

Despite extensive sbudies on MHYV, little is known about its pathogenesis
in mice following natural routes of exposure. Selective organotropism of
certain MHV strains, such as neurotropism and hepatotropism, has been
demonstrated (23, 25, 31). However, true differences between MIV strains
are difficult to assess, since in most studies, virus has been inoculated by
artifical routes, only a few target organs have been examined and mice of
different ages, genotypes and microbial status have been used. In the
present report, we compare patterns of tissue fropism following intranasal
inoculation of pathogen-free mice with several prototype and uncharacter-
ized MHYV strains under otherwise identical conditions. Since resistance to
MHYV is age-related, neonatal mice were utilized to allow maximal ex-
pression of infection.

Materials and Methods

Mice

Late pregnant outbred CD-1 Swiss mice were purchased (Charles River Breeding
Laboratories, Portage, MI) and shipped in filtered boxes, placed in sterile flexible
film isolators and allowed to whelp. Mice from this source were seronegative to all
detectable murine viruses, including MHV and rotavirus, by serological methods
previously described (3, 28, 30). Each experimental group was established by plaeing
two dams and their combined litters into a Micro-Isolator cage (Lab Products,
Maywood, NJ) with sterile food, water and corncob bedding. Cages were kept in
separate rooms and handled with disposable gloves to prevent cross-contamination
among treatment groups.

Virus

Prototype MHYV strains 1, 3, A59, JHM and S were obtained from the American
Type Culture Collection, Bethesda, MD. Four wild-type MHV isolates were also
utilized. Tettnang virus is a recently characterized MHYV strain which is antigenically
related to JHM and MHV-1 (29). MHV-Y was isolated from infant mice with
typhlocolitis, and is antigenically related to MHV-8 and MHV-1 (4). The other two
unnamed wild type (wt) isolates herein referred to as wt-1 and wt-2, were isolated
from natural cases of MHYV infection in mice. Antigenic relationships for the MHV
straing were determined by cross neutralization with prototype and test strain
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reagents as previously described (4, 29). MHV 1, 3, A59, JHM, S, Y, and wt-1 virus
stocks consisted of tissue eulture fluid from infected, mycoplasma-free NCTC 1469
cell cultures. Tettnang and wt-2 virus stocks were in the form of 10 percent infected
mouse liver suspensions. Ten pl of incculum, containing approximately 10 median
tissue culture infectious doses of MHV, was placed on the external nares of each
mouse pup at 2—4 days of age. Virus stocks were not disclosed until completion of
the study.
Tissue Collection and Processing

Two pups from each group were killed by decapitation on each of days 3, 6, 11,
14 and 18 after inoculation. In some groups, pups were also examined on days 1 or 2
after inoculation and moribund pups were also examined. Depending on virulence of
the inoculated virus, some samples were not available at later intervals (days 11, 14
or 18). The calvarium and body cavities were opened and tissues were fixed in
10 pereent neutral buffered formalin, pH 7.2. Tissues were processed for light micro-
scopy and immunohistochemistry as described earlier (8). All immunofluorescence
tests were performed with MHV-positive and negative antiserum and tissue controls.
A control group was given sterile inoculum and processed similarly. The distribution
of MHV antigen in all major organs of each mouse at each interval was recorded.

Results

Cross neutralization tests (Table 1) indicated that both wt-1 and wt-2
were reciprocally related to JHM and unilaterally related to A59 (wt-1) or
MHV-S (wt-2).

Table 1. Antigenic comparisons of field (wild type) MHYV isolates with prototype MHYV
strains by cross neutralization

Sera,

Virus MHV1I MHV3 MHVS A59 JHM wt-1 wt-2
MHV-1 16w — b —
MHV-3 8 o —
MHV-S 16 — —

A B9 & — —
JHM i6 8 8
wt-1 — - o 8 16 8 —
wt-2 — — 8 — 16 - 8

2 Homologous neutralization reactions are in italics
b — TIndicates neutralization did not oceur with sera diluted 1:2

All MHYV isolates infected multiple tissues of suckling mice. However,
two basic patterns of organ involvement were apparent (Table 2). The
prototype MHV strains, Tettnang and wt-1 all infected upper respiratory
mucosa and lung, with generalization to other organs in a vascular distri-
bution (respiratory pattern). MHYV strains Y and wt-2 also infected upper
respiratory mucosa, but not lung or vascular endothelium. These strains
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were largely restricted to the intestine, where they induced significant
lesions (enteric pattern). In all experimental groups, organ distribution and
staining intensity of MHV antigen was greatest on days 3 and 6 after
inoculation, corresponding to necrosis detected histologically. In mice be-
yond day 6, MHV antigen was reduced or absent, suggesting recovery.
Neither MHV antigen nor lesions were found in control mice.

Table 2. Patterns of MHYV antigen distribution in neonatal mice following intranasal
wnoculation of different MHYV isolates

MHYV isolate and pattern

Respiratory Enteric
Organ Control 1 3 A5 JHM S Tett wt-1 Y wt-2
Upper respiratory mucosa  —2 + + + o+ + + + + -+
Lung - e e T
Nonpulmonary vessels - R o S —- 4+ - =
Mesothelium - -+ +  + -+ - _
Bone marrow - ++ 4+ + + e o - =
Thymus - + o+ = = - - - - -
Spleen - + 4+ + 4+ 0 4+ + - /-
Peripheral lymph node - +4 4+ + + - 4 0 0
Abdominal lymph node - S S A S S o 4+ + /-
Peyer’s patch - +/- 4+  +/- F]- -+ + 0 +/-
Olfactory bulb - +/- - -  + B - -
Brain, other - S A o R S T i s o S o S
Spinal cord - - - - - I _ - -
Dorsal root nerve, ganglia — - e A fo ) — - -
Kidney - - - = = = - - -
Liver - ++ 4+ +F A+ + -+ T
Pancreas - - - = — - - - =
Stomach - - - = - - - - -
Small intestine - -+ = - 4+ =+ 4+
Large intestine - - = = - -+ + T

& All mice negative

+/— Single mouse positive, mild involvement

+ Most mice positive, mild-moderate involvement
++ Most mice positive, marked involvement

0 Tissue not available

In mice from all groups, the upper respiratory mucosa usually had foci
of MHV antigen-positive bipolar olfactory epithelial cells or columnar nasal
epithelial cells. Apparent extension of MHV antigen into neurons of the
adjacent olfactory bulb was seen with MHV-S and JHM and a single
MHYV-1 pup. Mice inoculated with most of the strains contained MHV
antigen in neurons (Fig. 1) but not glia with scattered foci in the cerebral
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cortex, midbrain and brainstem. The cerebellar cortex was usually spared.
The pattern suggested a vascular distribution, although MV antigen was
not found in brain vessels. Random involvement of cranial and spinal
nerves or ganglia was observed in a few mice.

With the exception of groups inoculated with MHV-Y and wt-2, lung
was a frequent site of MHV antigen localization. A few pyknotic cells in
alveolar walls and hemorrhage into alveoli were evident in these mice.
Fluorescence of vascular endothelial cells and unidentified alveolar septal
cells (Fig. 2) was usually noted in a patchy distribution. Antigen in vascular
endothelium was often observed in several other organs, especially the great
vessels at the base of the heart.

»

Fig. 1 Fig. 2

Fig. 1. Indirect immunofluorescence micrograph, depicting MHV antigen in the
cytoplasm of cerebral cortical neurons of a neonatal mouse inoculated intranasally
with MHV (% 630)

Fig. 2. Indirect immunofluorescence micrograph, depicting MHY antigen in endo-

thelium (vessel in upper right) and alveolar septal cells in the lung of a neonatal

mouse inoculsted intranasally with MHYV. Grey background material represents
erythroeytes in alveolar spaces { X 630}
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Foci of hepatocellular necrosis and MHV antigen were visible in all but
MHV-Y-infected mice. Necrosis was remarkably severe in the MHV-3-
inoculated mice but with relatively weak fluorescence of MHV antigen in
involved hepatocytes. Intensity of MHV antigen staining in the liver was
usually mild compared to other organs and antigen-positive hepatocytes
were often found without necrosis. Kupffer cells only rarely contained
antigen. A single JHM-infected mouse had one focus of interstitial MHV
antigen in the renal medulla. In all other mice, kidney, pancreas and
salivary gland (when represented) did not contain detectable MHV antigen.

MHYV antigen was found in intestine (but not stomach) of all groups
except MHV-1-infected mice. Antigen was usually confined to a few
randomly distributed single and small multinucleate enterocytes in the
small or large intestine. Histopathological changes were minimal. Ex-
ceptions to this pattern were apparent in mice infected with MHV-Y and
wt-2. These mice had extensive MHV antigen in the intestinal mucosa,
especially in the colon and cecum (Fig.3). This form of infection was
associated with mucosal necrosis, hyperplasia and inflammation.

Fig. 3. Indirect immunofluorescence micrograph, depicting MHV antigen in single
and syncytial colonic enterocytes of a neonatal mouse inoculated intranasally with
enterotropic MHV. Most of the antigen is present in surface epithelium. Fluorescent
gtructures in the underlying mucosa represent autofluorescing erythrocytes (X 630)

MHYV antigen was found in one or more lymphoreticular organs in mice
of all groups and bone marrow of many mice. Foci of MHV antigen were
evident in the thymic medulla and only rarely cortex, peripheral lymph
nodes or lymph nodes draining abdominal organs (hepatic and/or mesen-
teric). The splenic white pulp and foci of red pulp generally contained few
MHYV antigen-positive cells. Lymphocytic necrosis and occasional syneytia
were seen in these organs. Bone marrow involvement was focal but present
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in many bones. MHV antigen was seen in hematopoeitic cells including
megakaryocytes. MHV antigen was not observed in bone marrow of MHV-
Y or wt-2-infected mice.

Discussion

These results help to clarify the interaction of MHYV strains with their
host species, the mouse. Hepato- and neurotropism following intraperitoneal
and intracranial inoculation of MHV have been emphasized in the literature
(21, 23, 25, 31), providing little insight into pathogenesis following natural
routes of infection. This study suggests that strains of MHV produce two
basic patterns of infection, respiratory and enteric, following intranasal
inoculation. Secondary involvement of other organs, such as liver, brain,
bone marrow and lymphoid organs, is common in a susceptible host such
as the neonate. Coronaviruses of other species also manifest these two
primary patterns, often with secondary involvement of other organs (25).

The most common pattern of infection, as seen with the prototype
MHYV strains and with two other strains, Tettnang and wt-1, is the respi-
ratory pattern. Others have shown preferential infection by the intranasal
over oral route with MHV-2 (17), MHV-S (32), and JHM (10). Lesions or
antigen have also been shown in the nasal mucosa of mice infected with
MHV-S and JHM (3, 14, 33) and lungs of mice inoculated with MHV-1,
A59, MHV-S and JHM (3, 9). Endothelial syncytia have been described
in the pulmonary vasculature of athymic nude (nu/nu) miece (13). In lungs,
MHYV antigen is restricted to vascular endothelium and unidentified alveolar
septal cells. The lung is therefore probably important in clearance or dis-
semination of virus within the host, rather than as a route of virus excretion.
Weanling Swiss mice inoculated intranasally with MHIV-S have lesions,
viral antigen and infectious virus in the nose and lung early in the course of
infection, with occasional dissemination to other organs at later intervals
(3). The findings reported here and previously (3) suggest that the bowel
plays a minimal role in virus replication and excretion with MHV strains
which cause the respiratory syndrome.

Enteric MHV syndromes have been recognized for some time (5), but
the relationship of the causative viruses to the MHV group has been
confusing. Like coronaviruses of other species, enteric MHV strains produce
significant lesions and resultant clinical signs referable to the bowel, par-
ticularly in neonates. Some of these strains appear to be highly entero-
tropic, with little dissemination to other organs, as seen with MHV-Y (4),
while others (I1..1.V.I.M., MHV-S/CDC, MHV-D) spread to liver and brain
depending on virus strain and host factors (5, 15, 18).

The data generated in this study are intended for relative comparison
between virus strains under parallel conditions, but should be interpreted
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with caution. They do not necessarily mean that a given MHYV strain
possesses or lacks tropism for a particular tissue. Tropism for any organ,
tissue or cell type depends not only on virus strain and passage history,
but on route of inoculation, host age and genotype as well. For example,
MHV A59 did not infect nervous tissue in this study or as an original
isolate (22), but others have shown A59 neurotropism (19). Temperature-
sensitive mutants of neurotropic JHM may have selective tropisms for
glia, while parental (wild type) JHM replicates in both neurons and glia
(11). Different patterns of brain lesions occur with MHV-3 in different
mouse genotypes (35). Both MHV-S and JHM were markedly neurotropic
in the present study, a feature which was obvious when both of these
strains were first isolated (10, 26). Furthermore, direct extension of MHV
from the nose to the olfactory bulbs has been described only with these
two strains (3, 14, 33), an observation which we have reproduced here.

There are clearly MHV strain-related patterns of primary target tissue
and secondary organotropism, but these patterns overlap considerably.
Based on the nine strains compared here, tropism for bone marrow and
lymphoreticular organs, as described for MHV-3 (16, 24), may be common
for most MHV strains. Even basic patterns can overlap, since an entero-
tropic MHV strain, MHV-D, has been shown to infeect nose and lung as
well as liver and brain (18). However, the current study provides useful
generalities for understanding the pathogenesis of infection with this very
common virus of laboratory mice.

Aceknowledgments

This work was supported by Public Health Service grant RR-00393 from the
Division of Research Resources.

References

1. Axmmarvu, K., Stosivinier, G. M., SereLer, H. F.: Influence of mouse hepatitis
virug on the growth of human melanoma in the peritoneal cavity of the athymic
mouse. J. Surg. Oncol. 17, 327—339 {1981).

2. Bang, F. B.: Genetics of resistance of animals to viruses: I. Introduction and
studies in nice. Adv. Virus Res. 23, 269348 (1978).

3. BarrrOLD, 8. W., Syata, A. L.: Mouse hepatitis virus 8 in weanling mice following
intranasal inoculation. Lab. Anim. 8Sci. 38, 355—360 (1983).

4. BartHOLD, S. W., SMmrra, A. L., Lorp, P. F. 8., Buarr, P. N., Jacosy, R. O.,
Main, A. J.: Epizootic coronaviral typhlocolitis in suckling mice. Lab. Anim.
Sci. 32, 376—383 (1982).

5. Bicerrs, D. C., XKrarr, L. M., Sprinz, H.: Lethal intestinal virus infection of
mice (L.I.V.I.M.). An important new model for study of the response of the
intestinal mucosa to injury. Am. J. Pathol. 45, 413—422 (1964).

6. Boormaw, G. A., Luster, M. 1., Deax, J. H., Cavmeserr, M. L., Laver, L. A.,
Tawiey, F. A.,, Wmson, R. E., Corrins, M. J.: Peritoneal and macrophage
alterations caused by naturally occurring mouse hepatitis virus. Am. J. Pathol.
106, 110—117 (1982).



10.

i1,

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Patterns of MHV Tissue Tropism 111

. BravnstEINER, H., FrRIiEND, C.: Viral hepatitis associated with transplantable

mouse leukemia. I. Acute hepatic manifestations following treatment with
urethane or methylformamide. J. Exp. Med. 100, 665—677 (1954).

. BrownstEIN, D. G., BARTHOLD, 8. W.: Mouse hepatitis virus immunofluorescence

in formalin- or Bouin’s-fixed tissues using trypsin digestion. Lab. Anim, Seci. 32,
3739 (1982).

. CarTHEW, P., SraARrROW, S.: Murine coronaviruses: the histopathology of disease

induced by intranasal inoeulation. Res. Vet. Sci. 30, 270—273 (1981).

Curever, F. 8., DaNiers, J. B., PapPENHEIMER, A. M., BarLey, O. T.: A murine
virus (JHM) causing disseminated encephalomyelitis with extensive destruction
of myelin: 1. Isolation and biological properties of the virus. J. Exp. Med. 90,
181194 (1949).

Dusois-Darcg, M. E., Dorrer, E. W., Haserr, M. V., Hormes, K. V,: Cell
tropism and expression of mouse hepatitis viruses (MHYV) in mouse spinal cord
cultures. Virology 119, 317—331 (1982).

Fox, J. G., Murery, J. C., Ieras, V. E.: Adverse effects of mouse hepatitis virus
on ascites myeloma passage in the Balb/eJ mouse. Lab. Anim. Seci. 27, 173—179
(1977},

Furvra, T., Goro, Y., Tavmura, T., Kax, C., Uepa, K.: Pulmonary vascular
lesions in nude mice persistently infected with mouse hepatitis virus. Jpn. J. Exp.
Med. 49, 423—428 (1979).

Goro, N., Hiraxno, N., Arvomi, M., Havasar, T., Fosiwara, K.: Nasoencephalo-
pathy of mice infected intranasally with a mouse hepatitis virus JHM strain.
Jpn. J. Exp. Med. 47, 59—70 (1977).

HizrzHOLZER, J. C., BrOoDERSON, J. R., Murray, F. A.: New strain of mouse
hepatitis virus as the cause of lethal enteritis in infant mice. Infect. Immun. 24,
508-—522 (1979).

Hiravo, T., RuesNer, B. H.: The effect of murine hepatitis virus infection on
lymphatic organs. Lab. Invest. 14, 488—500 (1965).

Hirawo, N., TAxENARA, 8., Funiwara, K.: Pathogenicity of mouse hepatitis virus
for mice depending upon host age and route of inoculation. Jpn. J. Exp. Med. 45,
285292 (1975).

Isuma, T., Fusrwara, K.: Pathology of diarrhea due to mouse hepatitis virus in
the infant mouse. Jpn. J. Exp. Med. 49, 33—41 (1979).

KooLeN, M. J. M., OsteErRHAUS, A. D. M. E., SteENIS, VAN, G., HorziNEK, M. C.,
Zgrst, vaN DER, B. A. M.: Temperature-sensitive mutants of mouse hepatitis
virus strain A59: isolation, characterization and neuropathogenic properties.
Virology 125, 393—402 (1983).

Kyriazis, A. P., D1 Persio, L., Micurar, J. G., PEsce, A. J.: Influence of the
mouse hepatitis virus (MHV) infection on the growth of human tumors in the
athymic mouse. Int. J. Cancer 23, 402—409 (1979).

LamperT, P. W., Stms, J. K., Kn1azerF, A, J.: Mechanism of demyelination in
JHM virus encephalomyelitis. Electron microscopic studies. Acta neuropathol.
24, 76—85 (1973).

Mawaxer, R. A., Piczax, C. V., Mizier, A. A., Stanxton, M. F.: A hepatitis
virus eomplicating studies with mouse leukemia. J. Natl. Cancer Inst. 27, 29—45
(1961).

Piazza, M.: Experimental Viral Hepatitis. Springfield, I1l.: Ch. C Thomas 1969.
Prazza, M., Prcomzvivo, F., Maraxo, F.: Haematological changes in viral (MHV-3)
murine hepatitis. Nature 205, 1034—1035 (1965).

Ross, J. A., Boxo, C. W.: Coronaviridae. Compr. Virol. 14, 193—247 (1980).



112

26.

21.

28.

29.

30.

31,

32,

33.

34.

35.

36.

S. W. BarTaOLD ¢ al.: Patterns of MHV Tissue Tropism

Rows, W., HarTLEY, J., Carps, W.: Mouse hepatitis virus infection as a highly
contagious, prevalent, enteric infection in mice. Proc. Soc. Exp. Biol. Med. 112,
161—165 (1963).

Scarvprer, L., EvcreEr, H., KirceENER, H.: Activation of natural killer cells and
induction of interferon after injection of mouse hepatitis virus type 3 in mice.
Infect. Immun. 35, 869—873 (1982).

SmrtH, A. L.: An immunofluorescence test for detection of serum antibody to
rodent coronaviruses. Lab. Anim. Sci. 33, 157—160 (1983).

SmatH, A. L., Casaxrs, J., Mamn, A. J.: Antigenic characterization of Tetitnang
virus: complications caused by passage of the virus in mice from a colony enzoo-
tically infected with mouse hepatitis virus. Am. J. Trop. med. Hyg. 32, 1172—1176
(1983},

SmrTH, A. L., Knupson, D. L., SHERIDAN, J. F., Paturzo, F. X.: Detection of
antibody to epizootic diarrhea of infant mice (E.D.I.M.) virus. Lab. Anim. Sei.
33, 442445 (1983).

StoELMAN, S. A., WEINER, L. P.: Chronic central nervous system demyelination
in mice after JHM virus infection. Neurology 31, 38—44 (1981).

Tagucss, F., Atvcai, M., Fusiwara, K.: Age-dependent response of mice to a
mouse hepatitis virus, MHV-8. Jpn. J. Exp. Med. 47, 109—115 (1977).

Taeucni, ¥., Goro, Y., AtvcHi, M., Havasar, T., Fusiwara, K.: Pathogenesis
of mouse hepatitis virus infection. The role of nasal epithelial cells as a primary
target of low-virulence virus, MHV-S. Microbiol. Immunol. 23, 249—262 (1979).
Tamura, T., Saxkacucui, A., Kar, C., Fuvsiwara, K.: Enhanced phagocytic
activity of macrophages in mouse hepatitis virus-infected nude mice. Microbiol.
Immunol. 24, 243—247 (1980).

VirELizieRr, J. L., Davaw, A. D., Arzisow, A. C.: Neuropathological effects of
persistent infection of mice by mouse hepatitis. Infect. Immun. 12, 1127—1140
(1975).

VireErizigr, J. L., Virerizigr, A. M., Ariisown, A. C.: The role of eirculating
interferon in the modification of immune responsiveness by mouse hepatitis virus
(MHV-3). J. Immunol. 117, 748753 (1976).

Authors’ address: Dr. 8. W. BarraOLD, Section of Comparative Medicine, Yale

University School of Medicine, 375 Congress Avenue, New Haven, CT 06510, U.8.A.

Received November 2, 1983



