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Many studies suggest that host lymphocytes are damaging, rather than protective, in virally induced
myocarditis. We have investigated the role of lymphocyte-based immunity in murine myocarditis by using a

myocarditic reovirus (reovirus serotype 3 8B), nonmyocarditic reoviruses, adoptive transfer experiments, and
mice with severe combined immunodeficiency (SCID mice). Prior to infection, passive transfer of monoclonal
antibodies specific for 8B capsid proteins protected neonatal mice against 8B-induced myocarditis, indicating
that humoral immunity can protect against myocarditis. Some monoclonal antibodies acted by blocking viral
spread to and/or replication in the heart. Passive transfer of reovirus-immune, but not naive, spleen cells prior
to infection protected neonatal mice from 8B-induced myocarditis. Depletion of either CD4 or CD8 T cells
resulted in increased viral titer in the heart but did not abrogate immune cell-mediated protection against
myocardial injury. This shows that both CD4 and CD8 T cells can act independently to protect myocardial
tissue from reovirus infection. In addition, reovirus 8B caused extensive myocarditis in SCID mice. This
confirms a prior report (B. Sherry, F. J. Schoen, E. Wenske, and B. N. Fields, J. Virol. 63:4840-4849, 1989)
that T cells are not required for reovirus-induced myocarditis and demonstrates for the first time that B cells
are not required for reovirus-induced myocarditis. We used SCID mice and a panel of reoviruses to assess (i)
the relationship between growth in the heart and myocardial damage and (ii) the possibility that nonmyo-

carditic reoviruses exhibit a myocarditic phenotype in the absence of functional lymphocytes. Growth in the
heart was not the sole determinant of myocarditic potential in SCID mice. Although 8B induced myocarditis
in SCID mice, no or minimal myocarditis was found in SCID mice infected with four reovirus strains previously
shown (B. Sherry and B. N. Fields, J. Virol. 63:4850-4856, 1989) to be nonmyocarditic or pooriy myocarditic
in normal neonatal mice. We conclude that (i) humoral immunity and cellular immunity are protective against,
and not required for, reovirus-induced myocarditis and (ii) the potential to induce cardiac damage is a property
of the virus independent of lymphocyte-based immunity.

Myocarditis is an important human disease, with a signif-
icant number of cases thought to occur as sequelae of viral
infection (17, 18, 30). Injury to the heart may be due to (i)
direct viral cytopathicity for myocardial cells (3, 9, 20, 21),
(ii) inflammatory responses occurring in response to viral
infection (14), or (iii) lymphocyte recognition of viral or self
antigens on myocardial cells (10, 11, 15, 18, 31). Studies
done with the coxsackievirus and murine cytomegalovirus
systems have supported a role for lymphocytes as the
predominant cause of virus-induced cardiac damage (4, 10,
11, 15, 18, 31). However, recent reports that coxsackievirus
causes myocarditis in mice with severe combined immuno-
deficiency (SCID mice) (3) and that coxsackievirus and
encephalomyocarditis virus RNA persist for prolonged pe-
riods in the heart (12, 13) raise questions about the need to
invoke autoimmunity as well as the causative role of lym-
phocyte-based immunity in viral myocarditis.
To shed further light on these questions, we chose to

investigate mechanisms of myocarditis by using a different
viral model system. We selected murine infection with a
myocarditic reovirus (reovirus serotype 3 8B) since reovirus
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infection has been extensively studied at both pathogenetic
and genetic levels (19, 22). 8B is a reassortant virus derived
from an in vivo cross between the prototypic serotype 1
Lang (TlL) and serotype 3 Dearing (T3D) reoviruses and
contains at least one mutation (20, 21). Its ability to damage
the heart is determined by the Ml gene, which encodes a
viral core protein of unknown function (20, 27, 32). Two
factors suggested to us that studies of 8B-induced myocar-
ditis might provide new information. First, 8B-induced myo-
carditis is characterized by extensive myocardial necrosis
and subsequent calcification with scant polymorphonuclear
and monocytic infiltrate (20, 21, 26). This contrasts with the
extensive cellular infiltrate seen in coxsackievirus myocar-
ditis. Second, since 8B causes myocarditis in neonatal nude
mice (21), T cells are not required for myocardial injury. This
suggested that reovirus might provide a model for analysis of
the protective effects of antibody and T cells in viral myo-
carditis.

In this paper we show that reovirus-specific antibody and
both CD4 and CD8 T cells protected against, rather than
contributed to, 8B-induced myocarditis. 8B was myocarditic
in SCID mice. Moreover, reoviruses which are nonmyo-
carditic or poorly myocarditic in neonatal immunocompetent
mice were similarly benign in adult SCID mice, indicating
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TABLE 1. Characteristics of anti-reovirus MAbs used in
this studya

Virus specificity
MAb Protein

TlL T3D 8B

G5 oi - + +
5C6 al +
8H6 ,ul + + +
1OF6 ,u1 + + +
4F2 (3 + + +
lOCi c3 + + +

a All Mabs are IgG2a kappa, except 1OF6, which is IgG2b kappa (24).

that they do not have a latent myocarditic potential masked
by the normal host immune response. These findings show
that, in the reovirus system, the genetic constitution of the
virus rather than host lymphocyte function is the primary
determinant of reovirus-induced myocarditis. Antibody and
T cells play a predominantly protective role.

MATERIALS AND METHODS

Tissue culture media. L929 fibroblasts were maintained in
spinner culture with minimal essential medium supple-
mented with 5% fetal calf serum (FCS; Hyclone, Ogden,
Utah, or Biofluids, Rockville, Md.), 2 mM L-glutamine, 1 U
of penicillin per ml, and 1 jg of streptomycin (Biofluids or
Irvine Scientific, Santa Ana, Calif.) per ml. Spleen cells were
isolated in Hanks balanced salt solution (Biofluids) contain-
ing 5% FCS, 1 U of penicillin per ml, 1 ,ug of streptomycin
per ml, and 10 mM N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid (HEPES; Biofluids), and RPMI 1640
(Biofluids) supplemented with 10% FCS, 2 mM L-glutamine,
1 U of penicillin per ml, and 1 ,ug of streptomycin per ml.

Viruses. Reoviruses 8B, T3D, and TlL were obtained
from laboratory stocks. E3 and EB121 are TlL x T3D
reassortant viruses obtained from Max Nibert (2). The
viruses were plaque purified twice, passaged twice, and then
stored at 4°C in supplemented minimal essential medium or
frozen at -70°C before being used for inoculation into mice.
Methods for virus growth, cesium chloride purification,
quantitation, storage, and plaque assay were as published
previously (20, 24). Virus titers were determined by plating
serial 10-fold dilutions of sample on L929 fibroblast mono-
layers, overlaying them with agar, and staining them with
neutral red.

Antibodies. Anti-reovirus monoclonal antibodies (MAbs)
were prepared and stored as described previously (24).
Briefly, MAbs were purified on protein A columns, concen-
trated, sterile filtered, and stored at -70°C in phosphate-
buffered saline (PBS) at 1.0 mg/ml. The isotype, protein
specificity, and viral specificity of anti-reovirus MAbs used
here are shown in Table 1 (24). Cell lines producing the rat
immunoglobulin G2b (IgG2b) anti-CD4 MAb GK1.5 (ATCC
TIB 207 [5]) and the rat IgG2a anti-CD8 MAb 53-6.72 (ATCC
TIB 105 [16]) were obtained from the American Type Cul-
ture Collection, Rockville, Md. Anti-T-cell MAbs were
protein G purified and stored as described previously (25).
Control rat IgG was purchased from Jackson Immunore-
search, West Grove, Pa., diluted to 1.0 mg/ml in PBS, and
stored at -20°C. All antibodies were injected in 100-,ul
volumes (tuberculin syringe, 30-gauge needle) intraperito-
neally (i.p.).

Mice. Mice were maintained at biosafety level 2 at Wash-

ington University School of Medicine in accordance with all
Federal and University policies. Sentinel mice screened
negative (every 2 to 4 months) for adventitious mouse
pathogens. BALB/c AnNCr female and A/JCr male mice
(National Cancer Institute, Frederick, Md.) were bred to
produce CAF1 neonatal mice. SCID mice on the CB17
background were maintained by serial brother-sister mating.
SCID lines were tested for leaky phenotype by measuring
IgG levels in serum by using the enzyme-linked immunoas-
say (results not shown), and some mice had detectable IgG
levels. Experimental SCID mice were not individually as-
sessed for leaky phenotype since infection with reovirus
elicited no anti-reovirus antibody even in leaky SCID mice
under conditions eliciting significant anti-reovirus antibody
in congenic CB17 mice (9a).

Spleen cell preparation, adoptive transfer, and T-cell deple-
tion. Adult CAF1 mice were immunized i.p. with 100 ,ug of
cesium chloride-purified T3D or T3D top component (empty
capsids) in 200 ,ul of complete Freund's adjuvant (Colorado
Serum Co., Denver, Colo.). T3D was used to generate
immune spleen cells because of the ease of preparing large
amounts of T3D antigen and the extensive antigenic related-
ness of 8B and T3D. Spleens from normal mice or mice
immunized no more than 6 weeks previously with adjuvant
with or without T3D as antigen were removed and minced in
supplemented HBSS. Erythrocytes were lysed with Tris-
buffered ammonium chloride, and cells were resuspended in
supplemented RPMI 1640. Cells were >95% viable by try-
pan blue exclusion. Immediately prior to adoptive transfer,
cells were resuspended at 2 x 108 cells per ml in RPMI 1640
without FCS, in PBS, or in PBS containing 1.0 mg of
anti-T-cell MAb or rat IgG per ml. After 30 min on ice, 107
cells in 50 ,ul were transferred i.p. to 1-day-old CAF1 mice by
using a 0.5-ml glass syringe with a 30-gauge needle.
T cells were depleted from adoptively transferred mice as

follows. On the day of birth, neonatal CAF1 mice were given
100 ,u of 1.0-mg/ml anti-T-cell MAb or control rat IgG i.p.
One day later, mice received spleen cells which had been
incubated in the appropriate anti-T-cell subset-specific MAb
or control rat IgG (1 mg/ml) for 30 min at 4'C. The efficacy of
this procedure was assessed by FACScan analysis (Becton
Dickinson, Braintree, Mass.) of spleen cells 3 and 7 days
after adoptive transfer (data not shown). Anti-CD4 MAb and
anti-CD8 MAb treatment resulted in greater than 98% deple-
tion of the appropriate T-cell subset with no diminution in
other cell populations. Rat IgG treatment did not alter T-cell
subsets in the spleen at either time point.
Mouse inoculation and tissue harvest. All experiments were

performed at least twice, and data from replicate experi-
ments were pooled. Two-day-old CAF1 mice were inocu-
lated intramuscularly (i.m.) in the left hindlimb (via a 30-
gauge needle) with 10 ,u containing 1.6 x 103 PFU of 8B.
Preliminary experiments showed that this dose was lethal by
day 9 and caused extensive myocarditis 7 days after inocu-
lation of 1- to 2-day-old CAF1 mice. Seven days after
infection, the apical one-third of the heart was removed to 1
to 2 ml of 10% buffered formalin prior to embedding and
staining with hematoxylin and eosin. The rest of the heart,
the entire brain, and the left hindlimb muscle were removed
to 1.0 ml of gel saline each and kept at -70'C prior to
freeze-thawing, sonication, and titer determination by
plaque assay (reported as PFU per milliliter). Adult SCID
mice were inoculated i.p. with 4 x 107 PFU of reovirus (in
0.2 to 1.0 ml of supplemented minimal essential medium via
a 22-gauge needle). The mice were sacrificed 15 or 20 days
postinoculation, and the heart was examined, divided, and
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processed as above. No differences in viral titer or myocar-
dial damage in SCID mice were seen between the two time
points selected.

Evaluation of cardiac injury. Neonatal CAF1 mice were
sacrificed 7 days after infection, and the heart was examined
by eye for gross myocarditis as evidenced by patches of
white myocardium (this is equivalent to the gross myocardi-
tis reported in the figures). Blinded sections from individual
CAF1 or SCID mice were scored for evidence of myocardial
injury (equivalent to myocardial injury reported in the fig-
ures). Myocardial injury ranged from a single small focus of
necrosis to multiple foci or large coalescing foci. A hema-
toxylin- and eosin-stained paraffin section was scored posi-
tive if there was evidence of any myocardial injury (cardiac
injury was not further quantitated). Myocardial injury was
characterized by necrosis of muscle fibers, pyknotic nuclear
debris, mineralization of cell debris, and proliferation of
sarcolemmal nuclei. Rare mononuclear inflammatory cells,
primarily macrophages, and rare neutrophils were present in
the necrotic foci.

Statistical analyses. Data were subjected to chi-square
analysis.

RESULTS

Antibody-mediated protection against 8B-induced myocar-
ditis. One-day-old CAF1 mice were inoculated i.p. with
control MAb or MAbs specific for the 8B cr1, cr3, or ,u1 outer
capsid proteins and then given a lethal dose of 8B i.m. 24 h
later. MAbs were selected on the basis of their capacity to
protect against TlL- and T3D-induced central nervous sys-
tem disease (23). The mice were sacrificed 7 days later, and
the effect of MAb treatment on myocarditis was assessed by
determining the number of mice with gross myocarditis (Fig.
1), evaluating cardiac sections histologically (Fig. 1), and
measuring the viral titer in the heart, muscle, and brain (Fig.
2). Control MAb 5C6, specific for the TlL but not the 8B a1
protein, had no effect compared with PBS by any of these
evaluations. In contrast, all other MAbs dramatically inhib-
ited myocarditis as evidenced by the almost complete lack of
gross myocarditis (Fig. 1), the sharply reduced incidence of
myocardial injury (Fig. 1), and the significantly decreased
viral titer in the heart (from 300- to 100,000-fold [Fig. 2]).
Notably, some protective MAbs (10F6 and 4F2 [Fig. 2])
minimally affected viral titer in muscle, the site of primary
replication, indicating that they protect by inhibiting viral
spread, growth in the heart, or both. MAb-induced de-
creases in heart viral titer were comparable to those seen in
the brain (Fig. 2), demonstrating that the heart is as sensitive
to antibody-mediated protection as are other tissues and
organs. MAb protective capacity was not determined by
capsid protein specificity (although one MAb, 4F2, was less
effective at inhibiting myocardial injury and decreasing viral
replication in the heart).
Immune cell-mediated protection against 8B-induced myo-

carditis. One-day-old CAF1 mice were inoculated i.p. with
reovirus-immune or control spleen cells and 1 day later were
given a lethal dose of 8B i.m. Seven days later the mice were
sacrificed and the extent of myocarditis was assessed as
described above (Fig. 3 and 4). Control nonimmune spleen
cells did not affect 8B-induced myocarditis by any of these
evaluations. In contrast, reovirus T3D-immune spleen cells
protected against gross myocarditis (Fig. 3) and microscopic
myocardial damage (Fig. 3) and significantly decreased the
viral titer in the heart (Fig. 4). Reovirus 8B-immune spleen
cells also protected against gross myocarditis (data not
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FIG. 1. Effect of MAbs on 8B-induced myocardial injury. One-

day-old mice received PBS or MAb (Table 1) as indicated, and 1 day
later they were challenged with 1.6 x 103 PFU of 8B i.m. Seven days
later the mice were sacrificed and scored by eye for macroscopic
external cardiac lesions (gross myocarditis) or microscopically for
myocardial injury. Data were pooled from two experiments for each
treatment (13 to 18 mice per treatment). For gross myocarditis, data
from all MAbs recognizing 8B capsid proteins were significantly
different from control MAb (5C6) data (P < 0.0005). 8H6, 10F6,
1OC1, and 4F2 data were not significantly different from G5 data (P
> 0.1). For myocardial injury, data from all MAbs recognizing 8B
capsid proteins were significantly different from control MAb (5C6)
data (8H6, 10F6, and 1OC1, P < 0.001; 4F2, P < 0.025). 8H6, 10F6,
and 1OC1 data were not significantly different from G5 data (P >
0.1); 4F2 data were significantly different from G5 data (P = 0.01).

shown). T3D immune cells decreased the viral titer in muscle
(Fig. 4) to a greater extent than MAb did (Fig. 2), confirming
that immune cells are more effective than MAbs in control-
ling viral replication at primary sites of infection (25).
T3D-immune cells decreased the viral titer comparably in
both brain and heart tissue (Fig. 4).
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FIG. 2. Effect of MAbs on 8B replication. Viral titers in samples

of heart, brain, and hindlimb muscle from individual mice described
in the legend to Fig. 1 were determined. Data are presented as the
mean log titer. Error bars denote the standard error of the mean.
Symbols: *, PBS; U, 5C6 (Tlcrl); M, G5 (T3crl); U, 8H6 (,u1); 1U,
1OF6 (p.1); 5, 4F2 (cr3); El, lOC1 (cr30).

VOL. 67, 1993



6122 SHERRY ET AL.

100 =GROSS MYOCARDITIS
90 MYOCARDIAL INJURY
80

w 70
00

u. 50
00

30
20
10
0 (0) 0

CELLS TRANSFERRED NONE NONIMM IMM IMM IMM IMM
PRETREATMENT 4 NONE NONE NONE RAT Ig aCD4 oCD8

FIG. 3. Effect of cell transfer on 8B-induced myocardial injury.
One-day-old mice received PBS, nonimmune spleen cells, immune
spleen cells, or immune spleen cells depleted of either CD4 or CD8
T cells. Mice receiving depleted cells received control antibody (rat
Ig) or anti-T-cell MAbs on the day of birth. All mice were challenged
with 1.6 x 103 PFU of 8B i.m. when they were 2 days old. Seven
days later the mice were sacrificed and scored by eye for macro-
scopic external cardiac lesions (gross myocarditis) or microscopi-
cally for myocardial injury. Data were pooled from two experiments
for each treatment (15 to 18 mice per treatment). Data from all
immune cell transfers were significantly different from data from
control (PBS or nonimmune cell transfer) treatments (P < 0.005).
Neither anti-CD4 nor anti-CD8 treatment had a significant effect
compared with rat Ig treatment of immune cells (P > 0.1).

To assess the contribution of different T-cell subsets to
protection against 8B-induced myocarditis, we depleted im-
mune spleen cells of either CD4 or CD8 T cells and assessed
their protective capacity (Fig. 3 and 4). Rat Ig was used as a
control treatment of immune spleen cells since it did not
protect against gross or microscopic myocarditis and did not
alter the viral titer in the heart (data not shown). Immune
cells depleted of either CD4 or CD8 T cells protected against
gross and microscopic myocarditis (Fig. 3). It is likely that
residual protection after single T-cell subset depletion is due
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FIG. 4. Effect of cell transfer on 8B replication. Viral titers in
samples of heart, brain, and hindlimb muscle from individual mice
described in the legend to Fig. 3 were determined. Data are

presented as the mean log titer. Error bars denote the standard error
of the mean. Symbols: *, no cells transferred, no pretreatment; U,

nonimmune spleen cells transferred, no pretreatment; X, immune
spleen cells transferred, no pretreatment; EI, immune spleen cells
transferred, pretreatment with rat Ig; 1, immune spleen cells
transferred, pretreatment with anti-CD4 MAb; E, immune spleen
cells transferred, pretreatment with anti-CD8 MAb.
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FIG. 5. Reovirus-induced myocardial injury in adult SCID mice.
Adult SCID mice were infected with the indicated reovirus strain.
Data from two experiments were pooled (seven or eight mice per
group). Hearts were divided into two portions: one portion for
histopathologic evaluation and one portion for virus titer determi-
nation. Blinded slides were scored for evidence of myocardial
injury. For myocardial injury, T1L, T3D, E3, and EB121 data are
not significantly different from each other (P > 0.1). T1L, T3D, E3,
and EB121 data are all significantly different from 8B data (T3D, E3,
and EB121 P < 0.005; TlL P < 0.05).

to T cells of the undepleted subset, with or without a
contribution from immune B cells. Depletion of either T-cell
subset increased the 8B titer in the heart significantly (Fig.
4), indicating that both CD4 and CD8 T cells independently
contribute to control of viral replication in the heart. CD4
depletion increased viral titers in the brain, whereas CD8
depletion had little effect, confirming an important protective
role for CD4 cells in the brain (25).

Reovirus myocarditis in SCID mice. The observation that
lymphocytes protected against 8B-induced myocarditis sug-
gested that reoviruses which are poorly myocarditic in
immunocompetent mice might have a latent potential to
induce myocarditis which could be unmasked in immunode-
ficient mice. We therefore evaluated the myocarditic poten-
tial of a series of reoviruses in adult SCID mice. Adult SCID
mice developed myocarditis after i.p. injection with 8B (Fig.
5), confirming that T cells are not required for 8B-induced
myocarditis (21). Moreover, since SCID mice lack functional
B cells, this provides the first demonstration that humoral
immunity is not required for 8B-induced myocarditis. SCID
mice did not develop the macroscopic external cardiac
lesions (gross myocarditis) which typified myocarditis in
neonatal mice. However, histopathologic evaluation of car-
diac sections from 8B-infected SCID mice revealed exten-
sive myocardial damage with pathologic features similar to
those seen in 8B-infected neonatal mice (Fig. 5; data not
shown).
We then assessed the myocarditic potential in SCID mice

of four viruses which were nonmyocarditic or poorly myo-
carditic in neonatal immunocompetent mice. TlL (poorly
myocarditic) and T3D (nonmyocarditic) are the parental
strains from which the reassortant 8B was derived (20, 21).
E3 and EB121 are nonmyocarditic T1L-T3D reassortant
viruses used for genetic analysis of the myocarditic capacity
of 8B (20). Only TlL and T3D generated any detectable
microscopic cardiac lesions in SCID mice (Fig. 5), and the
damage was dramatically less severe than that caused by 8B
(data not shown). Importantly, cardiac injury due to reovi-
ruses E3 and EB121 did not appear in SCID mice. 8B and
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TlL (Fig. 5) generated high viral titers in the heart (as they
did in immunocompetent neonatal mice [21]), whereas T3D,
E3, and EB121 viruses generated significantly lower titers
(as T3D did in immunocompetent neonatal mice [21]). In
SCID mice, as in immunocompetent mice (21), viral growth
in the heart did not correlate with cardiac damage (compare
titer versus myocardial injury for TlL and 8B [Fig. 5]). Thus
viral genotype, rather than host lymphocytes, is the primary
determinant of reovirus growth in the heart and reovirus-
induced myocarditis.

DISCUSSION

We addressed the role of immunity in reovirus-induced
myocarditis because of extensive data suggesting that lym-
phocytes are directly involved in damaging the heart during
infection with other viruses. We used the reovirus model
since a myocarditic reovirus has been well characterized and
the molecular basis of reovirus myocarditic potential is
under active investigation (20, 21). In addition, the fact that
8B causes myocarditis in nude mice suggested that reovirus
myocarditis might differ significantly from other model sys-
tems and thus might provide new insights into relationships
between lymphocyte function and cardiac injury (21). This
paper shows for the first time that (i) CD4 T cells, CD8 T
cells, and anti-reoviral antibody protect against both reoviral
replication in the heart and myocarditis; (ii) B cells are not
required for reovirus-induced myocarditis; and (iii) the abil-
ity to replicate in the heart and cause myocarditis is intrinsic
to the reovirus strain independent of the immune system.
The experiments confirm a previous report that T cells are
not required for reovirus-induced myocarditis (21).

Role of lymphocyte-based immunity in virus-induced myo-
carditis. We investigated the role of lymphocyte-based im-
munity in reovirus-induced myocarditis in two ways. First,
we showed that T3D-immune cells and 8B-specific MAbs
protected against myocarditis (Fig. 1 to 4). Second, we
showed that 8B caused extensive myocardial damage in
SCID mice which lack both T and B cells (Fig. 5). Immune
control of the viral titer in the heart paralleled that in the
brain, showing that there was no organ selectivity for
immune protective effects (Fig. 2 and 4). We ruled out the
possibility that 8B has unique epitopes responsible for myo-
carditis induction by demonstrating that 8B-immune spleen
cells protected against 8B-induced myocarditis. In our sys-
tem, immune cells were transferred prior to infection, and
they probably require reactivation in vivo for function.
Therefore, these experiments do not address the possibility
that preactivated T cells damage myocardial tissue express-
ing viral antigen prior to adoptive transfer. We conclude that
lymphocyte-based immunity (both humoral and cellular)
protects against and is not required for reovirus-induced
myocardial damage in the mouse strains used in these
studies.
These results contrast with some findings in other sys-

tems. Both humoral and cellular antiviral immunity and
autoimmunity are thought to exacerbate coxsackievirus-
induced (10, 11, 17, 18, 31) and murine cytomegalovirus-
induced (4, 15) myocardial damage. However, other evi-
dence argues that the reovirus and coxsackievirus system
share significant similarities. Similar to findings presented
here, coxsackievirus-induced myocarditis occurs in SCID
mice (3), and immunization with avirulent coxsackievirus or
transfer of immune antibody can protect against coxsackie-
virus-induced myocarditis (6, 28). In addition, coxsackievi-
rus and encephalomyocarditis virus RNA persists in the

mouse heart for prolonged periods (12, 13). The distribution
of chronic myocardial lesions matches the distribution of
coxsackievirus RNA (12). This suggests that the lympho-
cytic infiltrate characteristic of coxsackievirus-induced myo-
carditis may be targeting viral rather than self antigens.
We favor the hypothesis that, as in other organs, effective

lymphocyte-based antiviral immunity protects against viral
myocarditis. In the reovirus system, chronic myocarditis is
not seen because the immune system is effective at clearing
the virus. The chronic myocarditis seen in the coxsackievi-
rus system might then be due to failure of the immune
system to clear the virus, or viral nucleic acid, completely.
According to this hypothesis, lymphocytes could exacerbate
damage to the myocardium while clearing the virus but be
critical for limiting viral replication and damage (3, 12).
The finding that both CD4 and CD8 T cells play a role in

limiting reovirus replication in the heart is similar to our
previous finding that both cell subsets are involved in
protection against lethal disease mediated by a neurotropic
reovirus (25). Transferred immune cells depleted of either
CD4 or CD8 T cells protected against gross and microscopic
myocarditis and controlled viral replication in the heart (Fig.
3 and 4). Therefore both CD4 and CD8 T cells are indepen-
dently protective against reovirus infection of the heart. CD4
T cells may well act by helping B cells, resulting in antibody-
mediated control of the myocardial virus titer. This is a likely
mechanism since (i) adoptively transferred MAbs specific for
the outer capsid proteins cl, cr3, and ,ul are protective (Fig.
1 and 2) and (ii) depletion of CD4 T cells inhibits anti-reoviral
antibody responses by adoptively transferred immune spleen
cells (25).

Similar to our previous findings (25), MAb effects on
primary replication were less impressive than their effects at
secondary sites of infection (Fig. 2). This contrasts with
finding with polyclonal immune spleen cells, which effec-
tively decrease the virus titer at the primary site of infection
(Fig. 4). This is consistent with a model in which MAbs
control spread to and growth within secondarily infected
organs while immune cells are more efficient at control of
replication at the primary site.

Determinants of reovirus myocarditic capacity. We used
several reovirus strains which are poorly myocarditic in
normal neonatal mice (20, 21) to assess whether the protec-
tive capacity of the immune system plays a role in determin-
ing whether a reovirus is myocarditic. That is, do variations
in myocarditic potential between different reovirus strains
relate to differences in their relative sensitivities to immune
control? If this hypothesis were correct, reoviruses which
are poorly myocarditic in normal neonatal mice should
induce myocarditis in SCID mice. However, our experi-
ments show that the ability of several reovirus strains to
cause myocarditis in SCID mice parallels their myocarditic
potential in normal neonatal mice (Fig. 5) (20). We conclude
that the myocarditic capacity of reoviruses is intrinsic to the
virus and is independent of lymphocyte-based immunity.
Mechanism of reovirus-induced myocardial damage. We

previously reported that 8B is efficiently myocarditic in
neonatal nude mice, which lack functional T cells (21). The
results presented here, obtained with SCID mice, confirm
that T cells are not required, and provide the first evidence
that B cells are not required, for reovirus-induced myocar-
ditis. However, SCID mice have natural killer cell function
in response to viral infection (29), leaving open the possibil-
ity that these cells participate in 8B-induced myocardial
injury. We think that this is unlikely since natural killer cells
protect against coxsackievirus-induced myocarditis (7, 8).
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Another possibility is that 8B induces interleukin-1, tumor
necrosis factor, or other cytokine expression in the heart
with resultant myocardial damage. This mechanism has been
proposed in the coxsackievirus model system (14). We
cannot rule out a role for cytokines in our system since
macrophages (which secrete both interleukin-1 and tumor
necrosis factor) are present in SCID mice. However, 8B is
directly cytopathogenic for cardiac myocytes in vitro (1).
This, together with evidence that reovirus 8B directly infects
cardiac myocytes (21), suggests that reovirus 8B is myo-
carditic because of direct interactions with cardiac myo-
cytes. This direct cytopathogenicity could reflect inhibition
of cell macromolecular synthesis, induction of cardiac myo-
cyte cytokines, or other mechanisms.
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