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Neutralizing and nonneutralizing monoclonal antibodies to the peplomer glycoprotein and nucleocapsid
protein of a mouse hepatitis virus (MHV), MHV-NuU, protected mice against lethal MHV-2 challenge.
Histopathologically, livers of mice receiving protective antibodies showed some focal necrotic lesions with
remarkable cellular infitration instead of fulminant hepatitis caused by MHV-2.

Mouse hepatitis virus (MHV) is a member of the
coronavirus group producing both acute and chronic dis-
eases in various species of animals (15, 17, 25). Most MHV
strains have been shown to have the nucleocapsid protein
(NP) and the minor (El) and major (E2) envelope glycopro-
teins (18, 19). El is probably of the viral matrix, whereas E2
forms the peplomers that have important roles in attachment
to host cells (18, 19).
We described previously the production of monoclonal

antibodies (MAbs) to low-virulence MHV-NuU, an isolate
from a wasted nude mouse (7), and their specificity for viral
polypeptides (10). Those MAbs were shown to be cross-
reactive in vitro with other strains of MHV including the
highly hepatitogenic strain MHV-2 (6, 11, 12).

This paper describes protective effects of MAbs against
E2 as well as NP of MHV-NuU in highly virulent MHV-2
infection in mice.
VN activity of MAbs and passive mouse protection. Ascitic

fluids containing the MAbs used in this study were prepared
as described previously (10). They were examined for virus-

ment (1:25) and anti-mouse immunoglobulin G (IgG) rabbit
IgG (1:100) (Cooper Biomedical, Inc., West Chester, Pa.).
MAbs 23-2:C2 and 14-1:C7 (Table 1), both recognizing E2,
showed VN activity against MHV-2 as well as MHV-NuU.
In contrast, no VN activity against MHV-2 was shown with
three other MAbs, 7-2:A2 recognizing E2 and 10-1:D2 and
23-1:G8 both recognizing NP, as already reported for VN
activity against MHV-NuU (10). The presence of guinea pig
complement with or without anti-mouse IgG antiserum had
no effect.

Five-week-old female BALB/c mice purchased from a
commercial breeder (Charles River Japan, Atsugi, Japan)
received intraperitoneal injections of 0.1 ml of ascitic fluid
containing each MAb, and 24 h later they were challenged
intravenously with 30 PFU of MHV-2, which killed infected
mice within 6 days. Animals were observed for mortality for
10 days postchallenge. MAb titers were not reduced during
at least 11 days in unchallenged mice.
MAb 23-2:C2, which had high VN activity, exhibited a

remarkable protective effect (Table 1). MAb-treated mice

TABLE 1. VN and passive protection in mice by Mabs

Antibody VN titerb to MHV-2
polypeptide VN titerb to Without anti-mouse With anti-mouse Mortality by

Group Clone Isotype specificitya MHV-NuU IgG and IgG and challengec
complement complement

A 23-2:C2 IgGl E2 1:8,000 1:20,000 1:20,000 0/17d
B 14-1:C7 IgG2a E2 1:100 1:100 1:100 2/10
C 7-2:A2 IgG2a E2 1:<5 1:<5 1:<5 0/10
D 10-1:D2 IgG2a NP 1:<5 1:<5 1:<5 0/19
E 23-1:G8 IgG2b NP 1:<5 1:<5 1:<5 15/15
Controle 1:<5 1:<5 1:<5 59/59

a Determined by immunoprecipitation and sodium dodecyl sulfate-polyacrylamide gel electrophoresis with infected DBT cell extracts.
bUsing DBT cells.
c An antibody sample (1:1) was given intraperitoneally, and 30 PFU of MHV-2 was inoculated intravenously 24 h later.
d Number dead/number tested on day 10 after virus challenge.
e Ascitic fluid from BALB/c mice injected with parental myeloma cells.

neutralizing (VN) activity against MHV-2 and MHV-NuU
by 50% plaque reduction assay with DBT cells as described
elsewhere (20). In some experiments, samples were assayed
for VN activity in the presence of fresh guinea pig comple-

* Corresponding author.

showed no clinical signs during 10 days postchallenge.
Similar protective effects were also observed with non-
neutralizing MAbs 7-2:A2 and 10-1:D2, which recognize E2
and NP, respectively, whereas some treated mice showed
clinical signs at 4 to 7 days postchallenge. Also, 80% of mice
treated with MAb 14-1:C7, having a lower VN titer, survived
for 10 days postchallenge. On the other hand, no protective
effect was observed with MAb 23-1:G8 recognizing NP. The
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FIG. 1. Viral growth in livers, spleens, and brains of mice treated with MAb 23-2:C2 (A), 10-1:D2 (0), or 7-2:A2 (A) and untreated controls
(0). Ascitic fluid with or without MAb was given i.p. 24 h prior to i.v. challenge with 30 PFU of MHV-2. Each point represents the mean
titer of three mice.

most protective MAb, 23-2:C2, was also effective against
30,000 PFU of MHV-2 challenge or at a dilution of 1:100.
The protective effect was lower when MAb administration

followed the virus challenge, whereas some effect was seen
with MAbs 10-1:D2, 23-2:C2, and 7-2:A2 given as late as 24
or 48 h following virus inoculation. With MAb 23-1:G8, no
protection was shown after administration at any time before
or after virus challenge.
When athymic nude mice were used instead of normal

ones, time to death was longer in those animals having
received protective MAbs, though all animals died within 14
days postchallenge. The effect of these protective MAbs was
of passive immunity, because antibody was more effective
when given prior to challenge infection and nude mice
lacking T cells also could be protected to survive longer.

Effects of protective MAbs on viral growth in tissues and
liver lesions in mice. By the same protocol as in the passive
mouse protection test, mice were killed at intervals and
tissue samples were removed. Virus titers were determined
with DBT cells as previously described (4, 5). Liver samples
were fixed with 10% phosphate-buffered Formalin and em-

bedded in paraffin. Sections (3 pLm) were stained with
hematoxylin and eosin. On day 4 postchallenge (Fig. 1),
more than 107 PFU of virus per 0.2 g was detected in livers
of control mice that received ascitic fluid without MAbs.
Those that had been treated with MAbs 23-2:C2, 7-2:A2, or
10-1:D2, showed peak virus titers of 104 to 106 PFU/0.2 g on
day 4 postchallenge, and no virus was detectable on day 6
postchallenge in those that had received MAb 23-2:C2.
Similar effects of MAbs on viral growth were seen in spleen
and brain tissues (Fig. 1). Especially MAb 23-2:C2-treated
mice showed only low virus titers in brain tissue, suggesting
that spread of the virus to the brain was prevented by
neutralizing MAb 23-2:C2 much better than by nonneutral-
izing MAbs 7-2:A2 and 10-1:D2.
Mice having received no MAb had severe liver lesions

with poor infiltration of neutrophils and mononuclear cells
on day 4 postchallenge (Table 2; Fig. 2, 3, 4). In contrast,
mice treated with MAbs 23-2:C2 or 7-2:A2 had only a few
necrotized lesions with considerable infiltration of mononu-
clear cells on day 4 postchallenge. Mice which had received
MAb 10-1:D2, showed as many hepatic lesions as control

TABLE 2. Histopathological changes in the livers of MAb-treated mice after MHV-2 infectiona

Severity of liver changesc
No. of lesionsb

Days MAb No. of mice Medium lesion Large lesion
postinfection tested Cell Cell

Small Medium Large Necrosis infiltration Necrosis infiltration

2 23-2:C2 4 0.3-1 0.3-1 0 + ++ - -
7-2:A2 4 0.3-1 <0.3 <0.3 + ++-+++ ± +++
10-1:D2 4 1-3 0.3-1 0 + + - -
Controld 3 1-3 <0.3 0 + + - -

4 23-2:C2 4 0.3-1 0.3-1 1-3 + + ++ + + +
7-2:A2 4 0.3-1 1-3 0.3-1 + + + + + +
10-1:D2 4 3-7 3-7 1-3 +-++ +-++ +-++ +-+ +
Control 3 >7 >7 3-7 ++-+++ ± +++ +

a Mice were given 0.1 ml of MAb 24 h before intravenous challenge with 30 PFU of MHV-2.
b Mean number of lesions per microscopic field at x 10 magnification by counting 10 to 28 fields.
c Intensity of necrosis or cell infiltration in the lesion: - = none, + = slight, + = mild, + + = moderate, + + + = severe.
d Ascitic fluid from BALB/c mice injected with parental myeloma cells.
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mice, but they also had more remarkable infiltration of
mononuclear cells. Thus, MAb 10-1:D2 may not be effective
in preventing initial seeding of virus into tissues but might
act at a later stage in inhibiting the spread of virus from initial
lesions.
Hasony and Macnaughton (3) reported that mice could be

immunized with E2 antigen, but not with the El or NP,
against infection with MHV-3. In the present studies, how-
ever, one of the aniti-NP MAbs as well as the MAb to E2,
with or without VN activity, protected mice from lethal
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FIG. 3. Focal hepatic necrosis accompanied by mononuclear
and polymorphonuclear cell infiltration in an MAb 10-1:D2-treated
and infected mouse on day 4 postinfection. Hematoxylin and eosin
stain; magnification, x350.
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FIG. 4. Severe destruction of hepatocytes with poor cell infiltra-
tion on day 4 postinfection in a control infected mouse treated with
ascitic fluid without MAb. Hematoxylin and eosin stain; magnifica-
tion, x350.

challenge. Such a role of anti-NP antibodies in immunity has
not yet been described with any enveloped-virus infections.
Recently, Buchmeier et al. (2, 21) and Wege et al. (24)
showed that neutralizing MAb to E2 of MHV-JHM immu-
nized animals against lethal MHV-JHM infection. In studies
with other enveloped viruses, nonneutralizing MAbs di-
rected against viral glycoprotein immunized mice against
lethal infection (1, 8, 9, 14, 16).
The MAb to MHV is assumed to bind with the surface of

infected host cells, causing cytolysis as in the case of either
antibody-dependent cellular cytotoxicity or cytotoxicity me-
diated by complement-dependent antibody as has been de-
scribed for various virus infections (13). Although there have
been no reports of NP expression on MHV-infected cell
surfaces, it might be proposed that anti-NP MAb 10-1:D2
recognizes some NP-related antigens appearing on the sur-
faces of MHV-2-infected cells, as in case of influenza A virus
infection (22, 23, 26), resulting in cytolysis. The severer
inflammatory response in the presence of effective MAbs
may be due to this type of cytolysis, whereas the inflamma-
tory cells themselves might have an inhibitory effect on virus
spreading.

LITERATURE CITED

1. Balachandran, N., S. Bacchetti, and W. E. Rawls. 1982. Protec-
tion against lethal challenge of BALB/c mice by passive transfer
of monoclonal antibodies to five glycoproteins of herpes simplex
virus type 2. Infect. Immun. 37:1132-1137.

2. Buchmeier, M. J., H. A. Lewicki, P. J. Talbot, and R. L.
Knobler. 1984. Murine hepatitis virus-4 (strain JHM)-induced
neurologic disease is modulated in vivo by monoclonal anti-
body. Virology 132:261-270.

3. Hasony, H. J., and M. R. Macnaughton. 1981. Antigenicity of
mouse hepatitis virus strain 3 subcomponents in C57 strain
mice. Arch. Virol. 69:33-41.

4. Hirano, N., K. Fujiwara, S. Hino, and M. Matsumoto. 1974.
Replication and plaque formation of mouse hepatitis virus
(MHV-2) in mouse cell line DBT cells. Arch. Gesamte Virus-

J. VIROL.



NOTES 171

forsch. 44:298-302.
5. Hirano, N., K. Fujiwara, and M. Matsumoto. 1976. Mouse

hepatitis virus (MHV-2). Plaque assay and propagation in
mouse cell line DBT cells. Jpn. J. Microbiol. 20:219-225.

6. Hirano, N., T. Murakami, F. Taguchi, K. Fujiwara, and M.
Matsumoto. 1981. Comparison of mouse hepatitis virus strains
for pathogenicity in weanling mice infected by various routes.
Arch. Virol. 70:69-73.

7. Hirano, N., T. Tamura, F. Taguchi, K. Ueda, and K. Fujiwara.
1975. Isolation of low-virulent mouse hepatitis virus from nude
mice with wasting syndrome and hepatitis. Jpn. J. Exp. Med.
45:429-432.

8. Lefrancois, L. 1984. Protection against lethal viral infection by
neutralizing and nonneutralizing monoclonal antibodies: distinct
mechanisms of action in vivo. J. Virol. 51:208-214.

9. Mathews, J. H., and J. T. Roehrig. 1982. Determination of the
protective epitopes on the glycoproteins of Venezuelan equine
encephalomyelitis virus by passive transfer of monoclonal anti-
bodies. J. Immunol. 129:2763-2767.

10. Nakanaga, K., T. Kitagawa, Y. Kiuchi, S. Makino, M. Hayami,
and K. Fujiwara. 1985. Production and characterization of
monoclonal antibodies to mouse hepatitis virus, MHV-NuU.
Jpn. J. Vet. Sci. 47:423-433.

11. Nelson, J. B. 1952. Acute hepatitis associated with mouse
leukemia. I. Pathological features and transmission of the dis-
ease. J. Exp. Med. 96:293-302.

12. Piazza, M. 1969. Experimental viral hepatitis. Charles C
Thomas, Publisher, Springfield, Ill.

13. Rawls, W. E., and W. A. F. Tompkins. 1975. Destruction of
virus-infected cells by antibody and complement, p. 99-111. In
A. L. Notkins (ed.), Viral immunology and immunopathology.
Academic Press, Inc., New York.

14. Rector, J. T., R. N. Lausch, and J. E. Oakes. 1982. Use of
monoclonal antibodies for analysis of antibody-dependent im-
munity to ocular herpes simplex virus type 1 infection. Infect.
Immun. 38:168-174.

15. Robb, j. A., and C. W. Bond. 1979. Coronaviridae, p. 193-247.

In H. Fraenkel-Conrat and R. R. Wagner (ed.), Comprehensive
virology, vol. 14. Plenum Publishing Corp., New York.

16. Schmaljohn, A. L., E. D. Johnson, J. M. Dalrymple, and G. A.
Cole. 1982. Non-neutralizing monoclonal antibodies can prevent
lethal alphavirus encephalitis. Nature (London) 297:70-72.

17. Siddell, S., R. Anderson, D. Cavanagh, K. Fujiwara, H. D.
Klenk, M. R. Macnaughton, M. Pensaert, S. A. Stohlman, L. S.
Sturman, and B. A. M. van der ZeUst. 1983. Coronaviridae.
Intervirology 20:181-189.

18. Siddell, S., H. Wege, and V. ter Meulen. 1982. The structure and
replication of coronaviruses. Curr. Top. Microbiol. Immunol.
99:131-163.

19. Sturman, L. S., and K. V. Holmes. 1983. The molecular biology
of coronaviruses. Adv. Virus Res. 28:35-112.

20. Taguchi, F., Y. Goto, M. Aiuchi, T. Hayashi, and K. Fujiwara.
1979. Pathogenesis of mouse hepatitis virus infection. The role
of nasal epithelial cells as a primary target of low-virulence
virus, MHV-S. Microbiol. Immunol. 23:246-262.

21. Talbot, P. J., A. A. Salmi, R. L. Knobler, and M. J. Buchmeier.
1984. Topographical mapping of epitopes on the glycoproteins
of murine hepatitis virus-4 (strain JHM): correlation with bio-
logical activities. Virology 132:250-260.

22. Townsend, A. R. M., J. J. Skehel, P. M. Taylor, and P. Palese.
1984. Recognition of influenza A virus nucleoprotein by an
H-2-restricted cytotoxic T-cell clone. Virology 133:456-459.

23. Virelizier, J. L., A. C. Allison, J. S. Oxford, and G. C. Schild.
1977. Early presence of ribonucleoprotein antigen on surface of
influenza virus-infected cells. Nature (London) 266:52-54.

24. Wege, H., R. Dorries, and H. Wege. 1984. Hybridoma antibodies
to the murine coronavirus JHM: characterization of epitopes on
the peplomer protein (E2). J. Gen. Virol. 65:1931-1942.

25. Wege, H., S. Siddell, and V. ter Meulen. 1982. The biology and
pathogenesis of coronaviruses. Curr. Top. Microbiol. Immunol.
99:165-200.

26. Yewdell, J. W., E. Frank, and W. Gerhard. 1981. Expression of
influenza A virus internal antigens on the surface of infected
P815 cells. J. Immunol. 126:1814-1819.

VOL. 59, 1986


