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Minute virus of mice (MVM) is a mem-
ber of the single-stranded DNA Parvovirus
group. In infected animals, MVM, like
Kilham’s rat virus (KRV), Toolan’s H-1
virus, and feline panleucopenia virus (other
Parvoviruses), has the capacity of produc-
ing lethal teratogenic diseases (1-6). Dur-
ing the viremic phase of infections with KRV
and H-1 viruses (2, 5), these viruses are
found in association with the erythrocyte
fraction of the blood; a factor which, as
suggested by Mims (6), may be important
in enhancing their teratogenic potential. It
is not known whether MVM is also associ-
ated with erythrocytes in the infected
animal. '

Another aspect of the teratogenic poten-
tial of MVM is that this virus induces lethal
teratogenic disease in hamsters, but only
mild fetal infections in rats and mice (3, 4).
The mechanism responsible for the differ-
ences in disease severity between these
species is unknown. Induction of interferon
in the pregnant mouse during MVM infec-
tion could be a possible mechanism limit-
ing the severity of the disease. There are
no published reports on the interaction of
MVM and interferon. Indeed, the role of
interferon in Parvovirus infections has not
been studied extensively (7).

The present studies were undertaken to
determine (a) if MVM is found in asso-
ciation with erythrocytes in infected mice,
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(b) if the virus induces interferon in mice,
and (c) if the virus is sensitive to interferon.

Materials and Methods. Viruses. MVM
(strain C. R. 10 X CP, Lot 7331/16, cour-
tesy of Dr. John C. Parker, Microbiological
Associates, Rockville, MD) was grown in
secondary rat embryo cell culture mono-
layers. After 7 days incubation at 36°C, the
virus was harvested, and a pool of seed
virus prepared according to the methods of
Schell (8) and Rowe (9). The TCID;,
(50% tissue culture infectivity dose) was
10%7/ml in rat embryo cells and the hemag-
glutinin (HA) titer was 1:512.

For interferon assays the following vi-
ruses were used: The GD-7 strain of mouse
polio was grown in BHK-21 cells, and the
Indiana strain of vesicular stomatitis virus
(VSV) was grown in 1929 cells. These
viruses titered 5 X 10°* HA units and 107
TCIDs,/ml, respectively. As a reference for
mouse interferon production, the Minnesota
strain of encephalomycarditis virus (EMC)
was used. EMC was grown in 1929 cells
and titered 2.8 X 10® plaque-forming units
(PFU)/ml.

Animals. Male, nonpregnant and preg-
nant female mice (DUB/ICR), and preg-
nant rats (DUB/SDS) were purchased from
Flow Laboratories, Dublin, VA.

Cell cultures. Rat embryo cells (REC)
were prepared from 15- to 18-day, decapi-
tated and eviscerated embryos and stored as
a 10% suspension in liquid nitrogen, Pri-
mary REC monolayers were grown in 32-o0z
bottles in growth media consisting of Eagle’s
minimal essential medium (MEM), 10%
fetal calf serum (FCS), 200 U/ml penicil-
lin, 100 ug/ml streptomycin, and 10 ug/ml
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Fungizone. When primary cultures were
confluent, secondary cultures were prepared
in plastic 24-well trays (Linbro, FB 16-24-
TC) seeded with 7 X 10° cells/ml and
grown in 2% CO,.

For interferon assays, L.929 cells (Micro-
biological Associates, Rockville, MD) were
grown in MEM with Hanks’ balanced salt
solution (HBSS), 10% FCS and antibiotics;
and primary Swiss mouse embryo cells
(Flow Laboratories Inc., Rockville, MD)
were grown in MEM, with Earle’s balanced
salt solution (EMEM), 10% FCS, and
antibiotics.

Animal inoculations and sample collec-
tions. For MVM viremia and interferon
production studies, 10 adult male, 10 non-
pregnant, and 10 pregnant female mice,
known to be free of MVM antibodies, were
inoculated intraperitoneally with 10°5
TCID;, of MVM. Uninoculated mice served
as controls. Five mice in each group were
bled daily via the retroorbital plexus using
sterile heparinized capillary pipets. Their
blood was pooled and centrifuged at 4°C
for 10 min at 300g. The plasma was col-
lected aseptically for viral assays and inter-
feron studies and stored in liquid nitrogen.
The buffy coat was discarded. The erythro-
cyte fraction was washed three times by
centrifugation in 100% FCS. To further
remove any virus which might be associated
with white blood cells, after each wash the
upper 10% of the erythrocyte fraction was
discarded. After the third wash, the bottom
fraction of erythrocytes was stored in liquid
nitrogen for viral studies.

As a positive control in the mouse inter-
feron production studies, and in order to
insure that the assay system employed was
sufficiently sensitive to detect interferon, a
known interferon-producing virus (EMC)
was studied. Thirty male mice were inocu-
lated intraperitoneally with 56 PFU of EMC
virus. Groups of five mice were bled daily
by cardiac puncture; the serum was col-
lected and frozen at —70°C for subsequent
interferon assays.

Viral assays. For viral assays, growth
medium was removed from 75-85% con-
fluent monolayers of secondary REC, 10-
fold dilutions of MVM were made in growth
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medium. Cell cultures were inoculated in
quadruplicate with 0.1 ml each of the ap-
propriate dilution. After adsorption for 2 hr
at 36°C, the cells were washed twice with
1 ml of HBSS. Finally, 1 ml of Wistar
EMEM (10) containing 2% FCS and anti-
biotics was added. Cells were observed
microscopically for cytopathic effects
(CPE) daily for 12 days. Cultures showing
2 + CPE or greater were used to calculate
the TCID;, by the method of Reed and
Muench (11).

Interferon assays. Blood samples from
MVM- or EMC-infected mice were assayed
for interferon. Because plasmas from MVM-
infected mice were free of detectable virus,
these samples were not treated prior to
assay. Sera from EMC-infected mice were
acidified at pH 2.0 for 2 days in order to
inactivate the virus. The interferon assay
method was essentially as described by Oie
et al. (2) measuring the yield reduction of
GD-7 virus HA in L1929 cells. Duplicate
tube cultures were each incubated with 0.5
or 1 ml of the sample interferon dilution.
The titer of interferon was determined
graphically as the reciprocal of the inter-
feron dilution producing 0.5 log,, reduction
in HA yield. A laboratory standard murine
interferon was titered simultaneously in
each assay.

In other studies the sensitivity of MVM
to the laboratory standard murine interferon
was determined. Dilutions of interferon
were added to quadruplicate cultures of -
rapidly growing secondary mouse embryo
cells (MEC). After incubation overnight at
36°C, the cultures were washed twice with
HBSS and challenged with 10* TCID;, of
MVM. Becauss MVM did not produce
characteristic CPE in the MEC cultures,
infected MEC cultures were incubated for
7 days and then frozen and thawed three
times. The yield of MVM in pools of each
interferon dilution was determined by titra-
tion of the virus in secondary REC. The
titer of interferon against MVM was cal-
culated as the reciprocal of the interferon
dilution producing 0.5 log,, reduction of
the MVM yield from the noninterferon-
treated virus-infected cells. As a control
for the sensitivity of the assay, a duplicate
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set of interferon-treated cultures were inoc-
ulated with 102 TCID;, of VSV. After 2
hr of viral adsorption, cultures were washed
twice with HBSS and then fed with Wistar
EMEM maintenance media. After 3 days,
the titer of interferon against VSV was cal-
culated as the reciprocal of the interferon
dilution which resulted in a 50% reduction
in CPE from that in noninterferon-treated
controls.

Results. In the viremic mouse, MVM was
closely associated with the erythrocyte frac-
tion of the blood (Fig. 1). The peak
erythrocyte viremia in infected animals was
noted on day 5 or 6 after MVM inocula-
tion. There was no detectable virus (<1015
TCID;o/ml) found in the plasma fraction
of the blood. The peak erythrocyte MVM
viremia titer (107°/ml) for male mice was
statistically higher (P < 0.01) than those
corresponding titers obtained with either
pregnant or nonpregnant female mice.

MVM did induce interferon in the plasma
of infected mice; however, the levels of
interferon induced were relatively low
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FiG. 1. Viremia levels of MVM after intra-
peritoneal inoculation of mice with 10°° TCIDs,
of virus. Each point represents titers in pooled
samples of five mice: O—QO—QO, Erythrocyte
fraction of male mice; [J—[]—[J erythrocyte
fraction of nonpregnant female mice; A—A—A
erythrocyte fraction of pregnant female mice;
©®—@—@. plasma fraction of male and non-
pregnant and pregnant female mice.

MVM—RBC ASSOCIATION AND INTERFERON

(Table I). In the nonpregnant female mice,
plasma interferon titers ranged from less
than 20 units on all days except for titers of
38 and 45 units on days 2 and 3 after in-
fection. In pregnant mice, plasma inter-
feron titers ranged from less than 20 units
on all days except for titers of 42, 56, and
42 units on days 7-9 after infection. In
male mice, all plasma samples were free of
detectable interferon in the lowest dilution
tested (1:40). The low levels of inter-
feron seen with this single-stranded DNA
virus are in contrast to the results obtained
with the single-stranded RNA virus, EMC.
Infection of male mice with EMC led to
the production of 1500 units of interferon
on day 2 after inoculation, when the virus
titer was 3.7 X 10* PFU/ml (Table I).

Although MVM was a poor inducer of
interferon, the virus was very sensitive to
the inhibiting action of interferon (Fig. 2).
The titer of the laboratory standard murine
interferon against VSV was 4000 units as
assayed by the CPE method. Interferon
assayed simultaneously against MVM re-
sulted in an interferon titer of 20,000 units
as determined by the yield reduction
method.

Discussion. Four members of the single-
stranded DNA Parvovirus group (Toolan’s
H-1 virus, Kilham’s rat virus, feline pan-
leucopenia virus, and minute virus of mice)
have the propensity to attack animal fetuses
in utero (1-6). The teratogenic action of
these viruses is probably based upon their
affinity for replicating cells and for the
proliferating vascular bed of the developing
fetus (2, 3, 5).

Mims (6) has stated that viruses circulat-
ing free in the plasma are rapidly cleared
from the blood stream, but that whenever
viruses are associated with erythrocytes, the
viremia may persist for longer periods of
time. The form in which a virus arrives at
placental villi, whether free in the plasma or
closely bound to erythrocytes, may deter-
mine whether a high or low level or viremia
is requisite for transplacental infection (6).
Viruses that have been found to be asso-
ciated with or localized intracellularly within
erythrocytes include Toolan’s H-1 virus,
KRV virus, Colorado tick fever virus, Friend
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TABLE 1. Blood Interferon Titers Obtained from Mice After Inoculation with Minute Virus
of Mice (MVM) or Encephalomycarditis Virus (EMC).
Interferon titers®

MVM EMC

Day® Nonpregnant Pregnant Male Male

1 <20 <20 <40 <20

2 38 <20 <40 1500

3 45 <20 <40 60

4 <20 <20 <40 <20

5 <20 <20 <40 ND¢

6 <20 <20 <40 ND

7 <20 42 <40 ND

8 <20 56 <40 ND

9 <20 42 <40 ND

10 <20 <20 <40 ND
Laboratory standard 45,000 40,000 35,000 75,000

mouse interferon

¢ Interferon titer = reciprocal of greatest dilution resulting in 0.5 log, reduction of GD-7

virus hemagglutinin yield.

® Days after inoculation of mice with 10%% TCID,, of MVM or 56 PFU of EMC virus.
° ND indicates not done since there were no survivors.

leukemia virus, Rauscher leukemia virus,
mammary tumor virus, and various viruses
of lower vertebrates (2, 5, 13—18). Colo-
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RECIPROCAL OF INTERFERON DILUTION

Fic. 2. Sensitivity of MVM and VSV to
murine interferon. Mouse embryo cells were incu-
bated with dilutions of murine interferon, washed,
and either MVM or VSV adsorbed. The titer of
interferon against VSV was calculated as the
reciprocal of the dilution of interferon resulting
in 50% reduction of cytopathic effect (CPE) as
compared to virus control cultures. The titer of
interferon against MVM was calculated as the
reciprocal of the interferon dilution that reduced
the yield of MVM (TCIDs/ml) by 0.5 logi, from
the yield in noninterferon-treated, virus-infected
cells.

rado tick fever virus, reovirus, and blue-
tongue virus, members of the Diplornavirus
group, have all been shown to be teratogenic
in animals (Harris and Coleman, Abstr.
Ann. Meeting A.S.M.—1973, p. 226, 19,
20). Toolan’s H-1 virus and KRV are
teratogenic viruses which are members of
the Parvovirus group. The present studies
clearly show that MVM, another teratogenic
Parvovirus, is also closely associated with
the erythrocyte fraction of the blood.

In our studies evaluating the viremia of
MVM in mice, it was interesting to note that
the virus was a poor inducer of interferon.
Interferon levels ranging only from 38-56
units were detected. These results are con-
sistent with the study of Kilham et al. (7)
in which KRV induced only 5-70 units of
interferon in serum specimens from infected
rats. The fact that little interferon was pro-
duced is consistent with the knowledge that
MVM and KRV possess single-stranded
DNA of small molecular size, and thus,
would not be expected to be potent inter-
feron inducers (21). Further evidence that
these results are valid is shown by the fact
that EMC virus, a RNA virus, was a potent
interferon inducer using similar conditions
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of production and assay in our laboratory.

Although MVM appears to be a poor
inducer of interferon in mice, the virus was
sensitive to the action of interferon when
compared to VSV, which is known to be
sensitive to interferon (22). These results
correlate well with the study of Kilham
et al. (7) in which KRV was also shown to
be very sensitive to interferon when com-
pared to VSV. Thus, two members of the
Parvovirus group have been shown to have
similar characteristics in relationship to in-
terferon induction and sensitivity to inter-
feron.

Summary. Minute virus of mice was found
to be closely associated with the erythrocyte
fraction of the blood of infected mice, with
peak viremia occurring on day 5 or 6 after
intraperitoneal inoculation. The association
with erythrocytes suggests a common
mechanism of transplacental transport for
the teratogenic Parvoviruses. In addition,
MVM was found to be a relatively poor
inducer of interferon and to be very sensi-
tive to the inhibiting action of interferon.
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