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Abstract. Male 8 to 20-week-old NMRI mice (an
outbred strain) infected with the encephalomyocarditis
virus (EMCYV) plaque variant (PV) 7 consistently devel-
op a distinct myocarditis with a relatively low mortality
(21%). Myocarditis occurs in essence independent of the
virus dose applied, and other internal organs are not
affected. Nevertheless, 3.5-week-old NMRI mice per-
ished within 5 days of virus inoculation and exhibited
disseminated myofibrillar degeneration (MFD); this ob-
viously virus-induced myocardial damage was accompa-
nied by scanty inflammatory infiltrates. EMCV PV7 in-
fection of adult male C57Bl/6 and DBA/2 mice causes
myocarditis comparable to that seen in NMRI mice.
In DBA/2 mice, however, the virus-induced myocardial
necrosis is complicated by subtotal calcification. This
strain has a genetically determined ‘“ spontaneous’ calci-
fication of the myocardium, as shown by the study of
uninfected controls. EMCV PV7-infected NMRI mice
appear a promising model for study of long-term effects
of viral myocarditis, possibly including cardiomyopathy.
Furthermore, this outbred mouse strain offers the possi-
bility of examining the pathogenesis of direct viral cyto-
lysis and its relation to MFD as well as immunologically
mediated cell damage.
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Introduction

Enteroviruses are suspected to be a frequent cause of
myocarditis in men. The pathogenesis of myocarditis,
however, is poorly understood, and hence, simple animal
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models appear to be of importance for investigation.
Yet in mice most of the myocarditis inducing picornavi-
ruses are highly lethal; encephalomyocarditis virus
(EMCV) M strain killed 43% of infected BALB/c mice
(Matsumori and Kawai 1982a), 33-67% of Swiss mice
(Craighead 19664, b) and collectively 92% of BALB/c,
C3H/He, or DBA/2 mice (Kishimoto et al. 1983). Infec-
tion with coxsackie B3 virus (CBV3) caused death in
60% (Woodruff and Woodruft 1974) or 80% (Huber
et al. 1982) of BALB/c mice. Several inbred, apparently
uninfected mouse strains are affected by ““spontaneous”
myocardial calcification (DiPaolo etal. 1964; Eaton
et al. 1978 ; Brownstein 1983) resulting from calcium de-
position in necrotic myocytes (Ball and Williams 1965).
The underlying genetic defect and the pathogenetic
mechanisms leading to myocardial necrosis and calcifi-
cation are unknown. However, viral myocarditis per se
may also be followed by calcification of necrotic myo-
cytes. Therefore, study and quantitation of the patho-
genetic pathways of virus-induced myocardial damage
meet with difficulties in these inbred strains.

Since, high lethality and “spontaneous” calcification
hamper the study of virus-induced myocarditis in var-
ious inbred mice strains, we looked for an experimental
model in which picornaviruses induce myocarditis relia-
bly with low lethality, and in which the mouse strain
is not burdened by a genetic defect resulting in ““sponta-
neous” calcifications. In this way long-term effects of
viral myocarditis might be investigated as well as the
consequences of successive picornavirus infections on
heart disease.

Materials and methods

Breeding pairs of NMRI mice were purchased from the Central
Institute for Experimental Animals (Zentralinstitut fiir Versuchs-
tiere) in Hannover, Germany. Colonies derived from these mice
were maintained in our departmental animal facilities. DBA/2 and
C57Bl/6 mice were provided by Zentralinstitut fiir Versuchstiere
and Charles River Wiga, Sulzfeld, Germany. Some DBA/2 mice,
which served as controls, were also obtained from SAVO-Ivanovas,
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Kisselegg, Germany, and Bomholtgerd, Denmark, respectively. All
mice had access to water and laboratory mouse chow ad libitum.
The experiments were conducted with 8- to 12-week-old male mice
housed in individual cages. In order to evaluate the influence of
age on the pattern of virus myocarditis, experiments were also
done with 3.5-, 16-, and 20-week-old NMRI mice.

EMCV plaque variant (PV) 7 was isolated from EMCV D
(Yoon et al. 1980) as described previously (Kruppenbacher et al.
1985).

EMCV PV7 stocks were prepared and quantitated in L cell
monolayers, a continuous mouse fibroblast cell line obtained from
Rolly, Hoechst, Frankfurt, Germany. Cells were maintained in
minimum essential medium (MEM) containing 0.1 mg/m! neomy-
cinsulphate and supplemented with 5% fetal calf serum (FCS).

Confluent cell monolayers were inoculated with virus. After
adsorption for 1 h at room temperature, MEM supplemented with
2% FCS was added, and cells were incubated at 37° C. When
75-100% of the cells showed cytopathic changes virus was released
from cells by freezing-thawing followed by ultrasonication in ice-
cooled medium (50 W, 15 s, three times with interruptions of 5s
each). Cell debris were removed by centrifugation at 1,700 g for
20 min, and the supernatant was stored in small aliquots at
—20° C. For determination of infectivity, plaque assays were per-
formed as previously published (Schiirmann and Eggers 1983).

Eight to 12-week-old male mice were inoculated intraperitone-
ally (i.p.) with 10° plaque forming units (pfu) of virus in 0.5 ml
and observed daily (standard conditions). In order to evaluate the
influence of virus dose on the severity of myocarditis, 8-week-old
NMRI mice were also inoculated i.p. with 10, 102, 10%, 107 pfu,
respectively. Seven, 14 and 21 days following infection mice were
sacrificed by thoracotomy under ether anaesthesia (standard condi-
tions). Animals found moribund were killed and examined, whereas
cadavers were discarded. Moribund mice were counted as dead
animals. Mortality is indicated as number of deaths/number of
infected animals regardless of whether animals were withdrawn
and killed for histological examination. Calculation of mortality
(%) was performed by the method of Kaplan and Meier (1958).

Hearts were removed quickly, immersed immediately into
isotonic potassium chloride solution for 1 min, cut into halves (by
turns) transversely or longitudinally, then fixed in a 6% formalin
solution for 24 h, dehydrated in a graded series of alcohols and
xylene, and embedded in paraffin. Sections 5 pm thick were stained
with haematoxylin and eosin. Additional sections were stained with
van Gieson’s, Ladewig’s, or von Kossa’s stains, respectively. For
detection of myofibrillar degeneration or contraction band necrosis
(a rapidly developing form of elective myocyte necrosis), a modified
Luxol-fast blue (LFB) stain (Arnold et al. 1985) was used. For
assessment of extracardiac pathological changes sections of the
brain, lung, liver, spleen, pancreas, kidney, and the small intestine
were examined routinely.

All hearts were coded and examined in a blinded fashion. At
least three or more adjacent sections of both halves of the heart
were examined microscopically for the presence of myocardial le-
sions (inflammatory infiltration, focal myocytic degeneration and/
or necrosis, calcification of necrotic myocytes, and fibrosis). The
severity of myocardial damage was graded as slight when only
a few small lesions were scattered throughout the myocardium.
Myocarditis was regarded as medium, when several larger lesions
were found in the sections, consisting of dense infiltrates or small
groups of necrotic myocytes or patchy replacement fibrosis. Severe
alterations consisted of many lesions, each of them representing
a large focus of inflammatory infiltrates and/or necrosis or fibrosis;
confluent foci were often detected.

Results

Inoculation with EMCV PV7 reliably provoked a signifi-
cant myocarditis in the left and right ventricular myocar-
dium in all mice of the tested strains. It should be empha-

sized that irrespective of the severity of myocarditis the
course of morphological alterations showed a consistent
pattern during the observation time of 21 days exemplar-
ily described in the following for 8-to 20-week-old
NMRI mice.

Seven days post-infection (p.i.) the myocardium con-
tained at least some, and most often multiple, foci of
myocytic necrosis interspersed with inflammatory infil-
trates. In some foci the necrotic myocytes were complete-
ly preserved as hypereosinophilic cells with loss of nuclei.
Occasionally, eosinophilic cytoplasmatic remnants of
myocytes, sometimes with tiny granular calcifications,
were discernible between the surrounding dense cellular
infiltrates. Most often, the myocytes had already disap-
peared due to resorption and were predominantly re-
placed by compact collections of lymphocytes and histio-
cytes. Granulocytes and granulocytic nuclear debris were
always present in small amounts (Fig. 1). In foci with
discernible eosinophilic myocardial necrosis, however,
granulocytes made up a major component of the infil-
trates.

Fourteen days p.i. remnants of myocytes were visible
only in those relatively rare cases in which calcification
of necrotic myocytes had occurred. Granulocytes had
nearly disappeared. At this time lymphocytes and histio-
cytes were intermingled with fibroblasts. Small foci were
spindle shaped. The density of the infiltrate had signifi-
cantly decreased in most foci 21 days p.i. At the margins
of the spindie-shaped lesions fibroblasts predominated.
Usually, a reticular fibrosis had developed and pro-
truded between adjacent viable myocytes (Fig. 2). Small
foci were completely collagenized and nearly free of
mononuclear infiltrate. Calcified myocytes surrounded
by histiocytes and collagenized stroma were present only
in a few cases. In control mice calcification of the myo-
cardium was never detected.

The vast majority of male adult NMRI mice suffered
from a notable and impressive myocarditis (Table 1):
its degree was severe (Fig. 3) in 16 of 34 (47%) and
medium (Fig. 4) in 12 of 34 (35%) animals, respectively.
Slight myocarditis (Fig. 5) occurred in only 6 of 34
(18%). The mortality in males was 35% (8 of 38, Ta-
ble 1; product limit estimate). It appeared lower in a
separate experiment (15% ; 4 of 48) when mice had been
infected with different virus doses. In each dose group
one mouse died (Table 2). In a further experiment with
29 infected animals mortality was 14% (8-week-old,
10° pfu/animal; data not shown). In adult female mice
myocarditis was less severe and no mouse (0 of 15) died
(Table 1).

All other organs (brain, lung, liver, spleen, pancreas,
kidney, and the small intestine; except for striated mus-
cles — see below) of the EMCV PV7-infected male and
female NMRI mice showed no pathological alterations
in any age group.

Virus dose affected the severity of myocardial damage
only slightly (Table 2). However, the higher the virus
dose, the more consistent became the development and
distribution of the foci of myocardial damage. The le-
sions produced by 10*-107 pfu tended to progress some-
what more rapidly than lesions induced by smaller virus



doses. In the groups inoculated with 10107 pfu all ani-
mals displayed myocarditis, more than 80% (34 of 42)
exhibiting medium or severe myocarditis. Even 10 pfu
induced medium (25%) or severe (25%) myocarditis in
half of the animals.

The effect of age of the infected mice on the outcome
of infection became obvious in 3.5-week-old weanling
mice (male and female). They all (22 of 22) died 3-5
days p.i. with signs of myocardial damage, irrespective
of the route of infection (i.p. or subcutaneous; Table 1).
Nevertheless, only 12 of the 86 infected male (8- to 20-
week-old; animals in Tables 1 and 2 taken together) and
none of the female (9- to 16-week-old) mice (0 to 15)
died within 21 days. In adult mice of different age
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Fig. 1. Myocarditis 7 days after intraperi-
toneal inoculation of 10° plaque forming
units of encephalomyocarditis virus plaque
variant 7 into an 8-week-old NMRI
mouse; dense collection of mononuclear
cells interspersed with tiny granular debris
of granulocytes in sites of destroyed myo-
cytes; only a few residual necrotic myo-
cytes with loss of nuclei (arrows). H&E,

x 510

Fig. 2. Myocardium of encephalomyocar-
ditis virus plaque variant 7-infected
NMRI mouse 21 days after intraperiton-
eal inoculation; patchy residual aggregates
of histiocytes; occasionally in contact to
foci of replacement fibrosis (arrow); note
reticular fibrosis surrounding individual
myocytes (arrowheads). van Gieson, x 510

groups, the amount and distribution of myocarditis did
not exhibit essential variations.

In weanling mice, the mortality and the pattern of
myocardial damage differed completely from that of
adults. Myocardial lesions in weanling mice consisted
of disseminated myofibrillar degeneration (MFD), a spe-
cial form of elective heart muscle necrosis (also called
contraction band necrosis). The extent of this lesion in
the left and right ventricular myocardium was best dem-
onstrated in a modified LFB stain (Arnold et al. 1985)
(Fig. 6). The nuclei of the damaged myocytes were pyk-
notic or lost. Many of the necrotic cells exhibited slight
granular calcification; severe calcification was rarely en-
countered. These extended myocytic changes — in con-
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Table 1. Encephalomyocarditis virus, plaque variant 7-infected NMRI and C57Bl/6 mice: age and sex dependence of myocarditis and

mortality
Strain Age Sex Mortality Myocardial damage*® Number
(weeks) not
n slight medium severe examined
Infected groups
NMRI 35 Male 22/22° 0 2 8 4 ®)
8-9 Male 4/15 0 4 4 6 @)
12 Male 1/12 0 2 4 6
20 Male 3/11 0 0 4 4 3)
Total of 8-20 Male 8/38° 0 6 12 16 @
NMRI 35 Female 10/10 0 3 4 3)
9 Female 0/5 0 2 3 0
16 Female 0/10 0 2 8 0
Total of 9-16 Female 0/15 0 4 11 0
C57Bl/6 10 Male 1/8 0 2 2 3 1)
Control groups
NMRI 3.5 Male 0/10 10 0 0 0
NMRI 8-20 Male 1/38 38 0 0 0
NMRI 3.5 Female 0/10 10 0 0 0
NMRI 9-16 Female 1/15 14 0 0 0
C57Bl/6 10-12 Male 0/14 14 0 0 0

2 For definition, see Methods

b Moribund animals were added to the perished ones and hearts were examined histologically; six animals were inoculated subcutaneously
¢ Two, 11, 9 and 8 apparently healthy mice were examined on days 5, 7, 14 and 21 respectively; additionally 2 moribund (on days

8 and 15) and 2 dead animals (on days 6 and 9) were examined

>
" A

Y g% -
oM ge il e ok

trast to adult mice — were not usually accompanied by
inflammatory infiltrates: lymphocytes, histiocytes and
granulocytes were encountered only rarely and focally,
mostly in the vicinity of calcified myocytes. Skeletal and
diaphragmatic muscles also exhibited severe necrosis
which, however, was accompanied by a more pro-
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Fig. 3. Severe myocarditis in encephalo-
myocarditis virus plaque variant 7-infected
NMRI mouse with areas of confluent foci
of dense mononuclear infiltrates replacing
necrotic myocytes; focal calcification at
the lower right (black in the reproduc-
tion). H&E, x 318

nounced inflammatory infiltrate (muscular tissue other
than myocardium was examined in 3.5-week-old mice
only). The lack of other organ lesions suggests that the
extensive amount of disseminated myocardial necrosis
is responsible for death (see Discussion).

C57Bl/6 mice exhibited the same morphological de-
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Fig. 4. Medium myocarditis in encephalo-
myocarditis virus plaque variant 7-infected

7% o o g . . 5 NMRI mouse with several neighbouring
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Table 2. Effec§ of.v1rus dosc on myoca'r(.h- Virus dose Mortality Myocardial damage Number
tis and mortality in encephalomyocarditis . .

. . - (plaque forming units/ not
virus plaque variant 7-infected NMRI . . . .
mice animal) n slight medium severe examined

10* 1/12 2 4 3 3

10? 1712 0 3 6 2 63
10* 1/12 0 2 6 3 )
10° 1/10* 0 3 3 3 (1)
107 1/12 0 0 7 4 )

® Animals included in group of 8- to 9-week-old males in Table 1



velopment of EMCV PV7-induced myocarditis as de-
scribed for NMRI mice. The severity of myocarditis
ranged from slight to severe (Table 1). No calcification
was seen in infected or in control animals.

EMCYV PV7-infected DBA/2 mice have been used as
a model for virus-induced myocardial damage (Matsu-
mori and Kawai 1982b), although “genetically pre-
disposed” mineralization — mainly of the epicardium —
1s well known (DiPaolo et al. 1964; Ball and Williams
1965; Nabors and Ball 1969; Rings and Wagner 1972;
Eaton et al. 1978; Brownstein 1983), and has also been
observed in our laboratory. To examine whether ““spon-
taneous” calcification may interfere with the course of
virus-induced myocarditis ten male and ten female 8-
week-old DBA/2 mice were infected with EMCV PV7.

Fig. 6. Myocardial damage in a 3.5-week-
old NMRI mouse dying 4 days after in-
traperitoneal inoculation of 10° plaque
forming units of encephalomyocarditis vi-
rus plaque variant 7; disseminated myofi-
brillar degeneration (black), sometimes ex-
hibiting prominent cross bands (arrow);
note absence of mononuclear infiltrates;
fine granulation of damaged myocytes (ar-
rowheads) is due to calcification. Modified
Luxol-fast blue stain, x 318

Fig. 7. Encephalomyocarditis virus plaque
variant 7-induced myocarditis in an 8-
week-old DBA/2 mouse, 7 days after in-
traperitoneal inoculation; scanty to mod-
erate mononuclear infiltration; extensive
granular and patchy calcification of ne-
crotic myocytes (black in the reproduc-
tion). H&E, %255

Three of the ten male animals perished before day 17.
EMCYV PV7 infection resulted in severe myocardial dam-
age characterized by a subtotal calcification of clusters
of necrotic myocytes (Fig. 7). The moderate to severe
inflammatory infiltrate at the sites of necrosis consisted
predominantly of lymphocytes and histiocytes, as seen
in NMRI mice. The calcifications persisted after subsid-
ing of the myocarditis and made up large confluent in-
tramyocardial deposits subdivided and surrounded by
fibrosis in animals of either sex examined on day 108
p.i.
In addition to calcification, apparently directly relat-
ed to EMCV PV7 infection we found subepicardial min-
cralization of the right ventricular myocardium which
was embedded in a fibrous stroma and lacked pro-
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Fig. 8. Subepicardial rim of right ventricular calcification in DBA/2
non-infected control mouse of 8 weeks; fibrosis and sparse mono-
nuclear infiltrates between the foci of calcification. H&E, x 382

nounced cellular infiltrates. This change occurred to
varying degrees in noninfected control (Fig. 8) and in
infected DBA/2 mice aged 8 weeks or older; control
animals purchased from different breeding farms con-
sistently showed the same degree of myocardial calcino-
sis. Most of the uninfected controls also exhibited calcifi-
cation in the inner layers of the left myocardium but
these were restricted to scattered singie cell calcification.

Discussion

A significant result of our work is that EMCV PV7-
infected adult (= 8-week-old) male NMRI mice con-
sistently develop a distinct myocarditis. Well-defined
stages of myocarditis are seen up to 21 days post virus
inoculation. An exceptionally important fact is that in
this model no other organs are damaged as determined
by histopathological examination. Additional data are
evident from the results on virus replication, which con-
firm the histological observations. Five days p.i. virus
titres in the heart (10°* pfu/ml 10% organ suspension)
exceed those in the pancreas (10%-°) and brain (10%°)
significantly (data not shown).
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Relatively low mortality (21%; 16 of 115) in adult
male NMRI mice is a further advantage of the EMCV
PV7-induced myocarditis model, since EMCV-M caused
death in 33-67% of 12-week-old Swiss mice (Craighead
1966a, b), in 58-100% of 4-week-old DBA/2 mice (Mat-
sumori and Kawai 1982b; Matsumori et al. 1985) and,
taken together, in 92% of BALB/c, C3H/He and DBA/2
mice (Kishimoto et al. 1983). Other inbred mouse mod-
els used for studies of entero- and cardiovirus-induced
myocarditis are also burdened by high mortality (43%,
Matsumori and Kawai 1982a; 60%, Woodruff and
Woodruff 1974; 80%, Huber et al. 1982), or low inci-
dence of myocarditic damage (7 of 40 animals examined
up to 22 days p.i.; Wilson et al. 1969).

In C57Bl/6 mice EMCV PV7 infection caused a simi-
lar low mortality to that in NMRI mice. Because of
the general advantages of outbred mouse strains over
inbred ones, all further experiments to study factors
which might influence the incidence and severity of myo-
carditis were done with NMRI mice.

EMCV PV7 infection in female mice causes a less
severe disease than in males: no mouse exhibited severe
myocarditis and all mice survived (Table 1). Less severe
infection in females has also been reported with other
virus and mouse strains (Huber et al. 1981). According
to Huber et al. (1982) mortality, cardiac necrosis score,
and virus titre in the heart of CBV3-infected 6- to 8-
week-old BALB/c mice account for 95%, score 2.6, and
10%3 TCDse/organ in males, and 9%, score 0.5, and
1038 TCDs5, in females, respectively.

Myocardial lesions are present regardless of virus
dose (Table 2), but with increasing doses myocarditis
was more evenly distributed in each individual mouse.
This observation was also reported for EMCV M-in-
fected Swiss mice (Craighead 1966a).

In contrast to the reproducible, but non-lethal myo-
carditis in adults, EMCV PV7 was lethal in younger
animals. This fact corresponds with the observation that
in enterovirus-infected human newborns myocarditis has
been most severe and accompanied by high death rate
(Nagington et al. 1978). In our experiments all 3.5-week-
old EMCV PV7-infected NMRI mice perished within
5 days (Table 1). The only damage demonstrable in these
animals (except for necrosis of striated muscles, which
may not be responsible for death) consists of disseminat-
ed MFD, a special, but pluricausal form of elective heart
muscle cell necrosis (Fig. 6). This type of myocardial
necrosis is well known, for instance, to be caused by
endo- or exogenous catecholamine excess (Karch and
Billingham 1986), cardiovascular shock (Reichenbach
and Benditt 1968; Arnold et al. 1985), or different hyp-
oxic or ischaemic myocardial conditions (Reichenbach
and Benditt 1970; Arnold et al. 1985). In all these patho-
physiological settings MFD is mediated by cellular calci-
um overload due to cell membrane damage (Fleckenstein
et al. 1971 ; Karch and Billingham 1986). If disseminated
MPFD is extensive, it may cause death due to heart fail-
ure.
In 3.5-week-old EMCV PV7-infected mice as well as
in all other age groups no lesions in organs were found
apart from striated muscles (see above). Other possible
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causes of death or the development of MFD-like cardio-
vascular shock due to severe organ necrosis (Kruppen-
bacher et al., in preparation) — were excluded. Our find-
ings strongly suggest that the occurrence of MFD in
EMCV PV7-infected weanling mice, with little inflam-
matory infiltrate, may be the consequence of a direct
cytolytic virus effect. The mechanism by which virus-
induced cell damage is connected with the calcium-
linked pathophysiological pathway of MFD is un-
known. The detection of calcium deposits in mitochon-
dria of 3-week-old NMRI mice 24 h after EMCYV infec-
tion (Meessen et al. 1975) may also point to a possible
role of calcium disturbances in virus-induced cell death.
This view is further supported by the tiny granular calci-
fications in cells with MFD in the infected weanling
NMRI. EMCV PV7 infection in weanling NMRI mice
could be an important model to examine the molecular
biological pathomechanism of virus-induced cytolysis
and its relationship to MFD.

The extensive calcification of EMCV PV7-induced
myocardial necrosis in DBA/2 mice may indicate a possi-
ble connection of the cytolytic effects to calcium-mediat-
ed necrosis. DBA/2 mice consistently developed a pro-
nounced myocarditis with low mortality comparable to
that observed in NMRI mice. In contrast with NMRI
mice, which only rarely exhibited patchy calcification
of necrotic myocytes, DBA/2 mice constantly developed
a subtotal calcification of the necrotic myocytes. Unin-
fected DBA/2 controls often exhibit globular calcium
depositions in a band-like distribution in the subepicar-
dial region of the right ventricular myocardium (Fig. §)
and calcified myocytes scattered in the left ventricle,
whereas NMRI controls were free of any calcification.
The extensive calcification of myocytes in EMCV PV7-
infected DBA/2 mice appears to depend, at least partial-
ly, on a genetic defect of the DBA/2 strain, but it is
uncertain how this genetically determined lesion may
interfere with or aggravate virus-determined alterations.
In contrast to Matsumori and Kawai (1982b) we do
not believe that DBA/2 mice are suitable for study of
the pathomechanisms of direct picornavirus-induced
myocarditis and its long-term effects.

To our knowledge experimental myocarditis with
consistent and considerable histologically verified le-
sions, no damage to other organs, and low mortality
such as EMCV PV7 in adult NMRI mice has not been
reported. Our present examinations indicate that the in-
cidence, degree and nature of myocardial damage de-
pend on properties of the murine host such as the H-2
haplotype (Reyes and Lerner 1985), age and sex, and
on the infecting virus, since other EMCV mutants show
quite a different pathological picture such as EMCV
PV2 (Kruppenbacher et al. 1985) and EMCV B (Yoon
et al. 1980) which are highly diabetogenic; EMCV PV21
(Kruppenbacher, unpublished data) and EMCV E
(Craighead 1966a) which are lethal due to generalized
infection. Even subtle changes of the picornaviral RNA
may alter pathogenicity in a dramatic way, as has been
shown for polioviruses (Evans et al. 1985; Eggers and
Mertens 1987; Eggers 1991). This apparently is also true
of EMCV (Kruppenbacher et al. 1985; Duke et al. 1990).

The possible role of intraserotypic variants of picorna-
viruses for human myocarditis has not previously been
studied.

In conclusion, we have established a picornavirus-
outbred mouse strain (NMRI) model which achieves vir-
al myocarditis reproducibly and with low mortality in
adult animals. NMRI mice are not burdened by a genetic
background which predisposes to spontaneous calcifica-
tion, which occur in certain inbred mouse strains. The
histological type of myocarditis and mortality are age-
dependent; this offers the opportunity to study the basic
determinants for virus-induced direct cytolysis as well
as immunologically mediated cell damage. Further inves-
tigation of morphological and molecular biological fea-
tures is feasible, for example the effects of sequential
virus infections (Beck et al. 1990; Okada et al. 1992).
Long-term changes analogous to those observed in hu-
man cardiomyopathy may also be explored.
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