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A polymerase chain reaction (PCR) method was developed for the detection of rodent coronaviruses in
biological material by using reverse transcriptase and two primers which flanked an M gene sequence of 375
bp. PCR detected ail of Il different strains of mouse hepatitis virus (MHV) as well as rat sialodacryoadenitis
virus but not bovine coronavirus or human coronavirus strains OC43 and 229E. The M gene sequences of
bovine coronavirus and human coronavirus OC43 are homologous to that ofMHV, but minor differences exist
in the primer regions, preventing annealing of the primers. For detecting MHV-Y in tissue samples, PCR was

faster than and at least as sensitive as either of the two bioassays (infant mouse bioassay and mouse antibody
production test) currently used for MHV diagnostic purposes.

The coronavirus mouse hepatitis virus (MHV) is a com-
mon and highly contagious natural pathogen of the labora-
tory mouse. It can be distinguished antigenically into many
strains with different biologies and tissue tropisms (3). Be-
cause of its ubiquity, infectivity, and varied effects, MHV
has great potential to interfere with biomedical research in a
number of ways (4). Epizootic MHV infections can cause
overt disease with a wide variety of signs (19). Enzootically
infected mice may show no apparent disease but have
significantly modified immune and macrophage functions (3,
4). Biological material, such as hybridomas, transplantable
tumors, and cell lines, can be contaminated with MHV. The
biological properties of infected cells, the transplantability of
tumors (1), or the susceptibility of cell fines to other viruses
(22) can be modified by MHV contamination. Furthermore,
MHV-contaminated biological material can serve as a source
of infection for naive mouse colonies.
Due to the wide range of tissue tropism of different MHV

strains, the detection ofMHV in tissues and cell cultures has
always been a problem. Some strains, particularly entero-
tropic strains, grow almost exclusively in only one cell type
(5, 8). Cell culture is inefficient for the isolation of MHV
from suspected tissues. Currently, the most sensitive meth-
ods to detect MHV are the expensive, labor-intensive, and
time-consuming mouse bioassay or mouse antibody produc-
tion (MAP) test (11).
The goal of this work was to develop a simple, rapid, and

accurate method that could detect all strains of MHV in
biological material. The polymerase chain reaction (PCR)
seemed to be a likely candidate. Even though MHV strains
vary greatly antigenically in the spike protein S, the other
two structural proteins are moderately (nucleoprotein N) or
highly (membrane protein M) conserved (12). By choosing
primers in the encoding region of protein M, which exhibits
high sequence homology among different MHV strains, we
hoped to be able to detect a wide range of MHV strains.

MATERIALS AND METHODS
Mice. Inbred BALB/cByJ mice were obtained from Jack-

son Laboratory (Bar Harbor, Maine), pregnant outbred

* Corresponding author.

CR1:CDlBR (CD1) mice were obtained from Charles River
Breeding Laboratories (Portage, Mich.), and pregnant or
weanling outbred Cr:ORL Sencar mice were obtained from
the Animal Genetics and Production Branch (National Can-
cer Institute, Bethesda, Md.). Mice were shipped in filtered
containers and were MHV antibody negative upon arrival.
They were housed in microisolator cages containing pine
shavings and given food and water ad libitum. Adult mice
were euthanized with carbon dioxide gas, and pups were
euthanized by decapitation.

Viruses. MHV strain 1 (MHV-1), MHV-3, MHV-A59,
MHV-JHM, and MHV-S were obtained from the American
Type Culture Collection (Rockville, Md.). MHV-1, MHV-
A59, and MHV-S were in the form of infected 17CIl cell
lysates. MHV-3 and MHV-JHM were in the form of 10%
infant mouse liver and 5% infant mouse brain homogenates,
respectively. Enterotropic strain MHV-Y was isolated from
a natural outbreak by passage in NCTC 1469 cells (7), and
MHV-RI was isolated from a nude mouse by passage in
CMT-93 cells (8). Both virus strains were maintained by
infant mouse passage and were in the form of 10% infant
mouse intestinal homogenates. MHV-wtl (5) and MHV-wt3
were field isolates of MHV. MHV-wtl was isolated from the
liver of an athymic mouse and was used as a first-passage
NCTC 1469 cell lysate. MHV-wt3 was also from an athymic
mouse liver and was used without passage (10% adult mouse
liver homogenate). Koln 63 was one of three Tettnang virus
isolates (27) and was used as a third-passage NCTC 1469 cell
lysate. Sialodacryoadenitis virus (SDAV) strain 681 was
isolated from a rat and had undergone multiple passages in
infant mouse brain (9). Bovine coronavirus (BCV) strain
Mebus was obtained from Kathryn V. Holmes (Uniformed
Services University of the Health Sciences, Bethesda, Md.)
and was passaged in human rectal carcinoma cell line HRT
18 (15). Human coronaviruses (HCV) OC43 and 229E were
obtained from the American Type Culture Collection in the
form of 20% infant mouse brain homogenate and W138 cell
lysate, respectively, and were used without passage.

Psoralen inactivation of MHV-JHM was accomplished by
adding 4'-aminomethyl-4,5',8-trimethylpsoralen hydrochlo-
ride (HRI Associates Inc, Emeryville, Calif.) at a final
concentration of 10 ,ug/ml to a 5% infected mouse brain
suspension. The mixture was exposed for 3 min (minimum
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FIG. 1. Position and length of clone g344 and the sequence amplified by PCR in relation to the MHV genome (gene 6, membrane protein
gene). nt, nucleotide.

time for complete inactivation) with constant agitation on a
UV transilluminator (model TL33; UVP Inc, San Gabriel,
Calif.) to long-wave UV light (365 nm, average intensity of
7,000 puW/cm2), as described previously (14). Inactivation of
infectivity was confirmed by intracerebral inoculation of
treated material, without dilution, into neonatal Sencar
mice.
PCR. Primers for PCR were chosen from the region of the

MHV genome that encodes the membrane (M) protein, the
most conserved structural protein among antigenically dis-
tinct strains (12). The two primers 5'-AATGGAACTTC
TCGTTGGG-3' and 5'-TAGTGGCTGTTAGTGTATGG-3'
flanked a genome fragment 375 bp in length (including the
primers) (Fig. 1), containing among others a HaeIII and a
KplI restriction site. A comparison of the sequenced genes
for protein M of MHV-A59 (2) and MHV-JHM (23) showed
that only 8 nucleotides within the target fragment and none
within the primer regions were different.

Cell culture lysates and tissue homogenates were first
treated with an RNase inhibitor (40 U of RNasin [Promega,
Madison, Wis.] per 100 ,ul). RNA was then extracted by
sodium dodecyl sulfate (SDS) treatment followed by phenol
extraction and ethanol precipitation (24). Single-stranded
cDNA was synthesized with avian reverse transcriptase
(Promega) at pH 8.4 and 42°C (25) with oligo(dT)12_18 (Phar-
macia LKB Biotechnology Inc., Piscataway, N.J.) as a
primer. PCR was performed using Taq polymerase (Boehr-
inger Mannheim Biochemicals, Indianapolis, Ind.) for 30
cycles in a thermal cycler (TCX15; Ericomp Inc., San Diego,
Calif.). Each cycle consisted of 30 s at 95°C, 30 s at 55°C, and
1 min at 72°C. The last cycle was followed by a 5-min
extension period at 72°C and refrigeration at 6°C. PCR
products were electrophoresed on a 0.8% agarose minigel,
stained with ethidium bromide, and visualized under UV
light. Selected samples were also evaluated by dot blot
hybridization.
Dot blot hybridization. RNA was phenol extracted and

ethanol precipitated from pulverized, frozen tissues as de-
scribed elsewhere (20) except that 5 ,ul of diethyl pyrocar-

bonate per ml was added to the buffer (0.3 M sodium acetate,
pH 5.0, 5 mM EDTA, 0.5% SDS). Extracted RNA was

denatured with formamide-formaldehyde (25) and dotted on

a dry nitrocellulose filter by using a Bio-Dot microfiltration
apparatus (Bio-Rad Laboratories, Richmond, Calif.). DNA
from PCR was dotted onto nitrocellulose and then denatured
with sodium hydroxide. Filters were air dried and baked for
2 h at 80°C.
MHV-A59 cDNA clone g344 (10), provided by Susan R.

Weiss, University of Pennsylvania, was [32P]dCTP labeled
(5 x 105 cpm/ml of hybridization buffer) with a random
primer kit (Bethesda Research Laboratories, Gaithersburg,

Md.) and used as probe to detect MHV RNA or cDNA.
Nitrocellulose filters were hybridized and washed under high
stringency at 65°C (16) and exposed to X-ray film (Kodak
XAR-5; Eastman Kodak Co., Rochester, N.Y.) with an
intensifying screen at -70°C.

Infant mouse bioassay. For the infant mouse bioassay, four
neonatal CD1 mice per sample were inoculated orally with
tissue homogenates derived from MHV-Y-infected mice.
Mice were sacrificed 48 h after inoculation, and the ascend-
ing colon was collected and fixed in 10% neutral-buffered
formalin (pH 7.2). Tissues were embedded in paraffin, sec-
tioned at 5 ,um, stained with hematoxylin and eosin, and
examined microscopically for pathognomonic MHV syncy-
tia and colitis.
MAP test. For the MAP test, 4-week-old female Sencar

mice were inoculated by the combined oral, intranasal, and
intraperitoneal routes with tissue homogenates (three ani-
mals per sample) (11). Sentinel animals from the same
shipment were housed in separate cages at the bottom of the
animal holding rack. All mice were sacrificed for blood
collection 2 weeks after inoculation. The resulting sera were
diluted 1:10 and screened for MHV antibody by an indirect
immunofluorescence assay (26).

RESULTS

To test the ability of the chosen primers to detect different
strains of MHV and other coronaviruses in a variety of
biological materials, PCR was performed on stocks ofMHV
prototype strains 1, 3, A59, JHM, and S; enterotropic strains
MHV-Y and MHV-RI; MHV wild-type isolates wtl, wt3,
and Koln 63; and SDAV, BCV, and HCV OC43 and 229E.
Psoralen-inactivated MHV-JHM and saline were used as
controls and were always handled last throughout RNA
extraction, cDNA synthesis, and PCR amplification. All
MHV prototype strains and wild-type isolates tested could
be detected by amplification with PCR (Fig. 2). In addition,
the sample containing SDAV was positive (Fig. 2, lane 13).
HCV OC43 and 229E (Fig. 2, lanes 14 and 15) and BCV (data
not shown) were not amplified with the MHV primers. The
psoralen-inactivated MHV-JHM and the saline control were
both negative (Fig. 2, lanes 3 and 16). These findings were
confirmed by dot blot hybridization (Fig. 3).
PCR was compared with dot blot hybridization and bioas-

say methods, including the infant mouse bioassay and MAP
test. Twenty-one BALB/c mice were inoculated orally with
10 ,li of 10-fold dilutions of enterotropic MHV-Y stock virus
(three animals per dilution) or mock inoculated (three ani-
mals) and necropsied 48 h later. The ascending colon was
collected, and half of it was placed in an RNase-free tube,
snap frozen in liquid nitrogen, and stored at -70°C to be
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FIG. 2. Ethidium bromide-stained 8% agarose minigel with

PCR amplification products of different coronavirus preparations.
Lane 1 markers in base pairs; lane 2 MHVJHM lane 3, psoralen-

inactivated MHV-JHM; lane 4, MHV-S; lane 5, MHV-3; lane 6,

MHV-1; lane 7, MHV-A59; lane 8, MHV-Y; lane 9, MHV-RI; lane

10, MHV-wtl; lane 11, MHV-wt3; lane 12, MHV Koîn 63; lane 13,

SDAV; lane 14, HCV 0C43; lane 15, HCV 229E; lane 16, negative

control (saline).

used for dot blot hybridization. The other half was homog-
enized in medium as described previously (6) and was used
for PCR, mouse bioassay, and the MAP test. In all mice
inoculated with 104 to 106 50% infective doses of MHV-Y
and in two of three mice inoculated with 10' 50% infective
doses, MHV RNA could be detected in the ascending colon
by PCR. Tissue samples from the other animals, including
the controls, were negative. Dot blot hybridization and the
MAP test yielded the same results, but infant mouse bioas-
say detected MHV in only nine samples (Table 1).
To compare the sensitivities of the different methods, four

positive samples were selected from the groups inoculated
with 10' and 106 50% infective doses of MHV-Y (samples 1,
2, 4, and 5). Tenfold dilutions of the homogenized ascending
colons were made in saline, and each dilution was tested by
PCR, infant mouse bioassay, and the MAP test. Dot blot
hybridization was not used in this comparison. All four
samples were PCR positive up to the dilution 10-4 and infant
mouse bioassay positive up to the dilution 10-' (Table 2).
The highest dilution positive in the MAP test was identical to
that in PCR for two samples (1 and 4) and 1 loglo lower for
the other two samples (2 and 5) (Table 2).

DISCUSSION

MHV can be differentiated into a number of antigenically
distinct strains by serum neutralization testing, but all strains

2
23

3
4
5

6
FIG. 3. Dot blot of PCR amplification products hybridized with

'2P-labeled clone g344. 1, MHV-JHM; 2, SDAV; 3, BCV; 4, HCV
OC43; 5, HCV 229E; 6, negative control (saline).

TABLE 1. Comparison of four different assays to detect MHV in
ascending colon of adult BALB/c mice experimentally

infected with different doses of MHV-Y

Result of:
Sampl Virse Dot blot Infant MAP
no. dorsue" PCR hybrid- mouse te

ization bioassay es

1-3 106 + + + +
4-6 105 + + + +
7-8 104 + + + +
9 104 + + _ +
10 103 + + - +
il 103 + + + +
12 103 - - - -
13-15 102 - - - -
16-18 10' - - - -
19-21 0 - - - -

a Neonatal mouse 50% infective dose; samples 19 to 21 were mock-
infected.

share common antigens and have high sequence homology in
parts of their genome. By choosing PCR primers in the
encoding region of structural protein M, a highly conserved
section of the viral RNA, we were able to recognize all of 11
different strains of MHV, both prototype and wild-type
isolates. Coronaviruses can be differentiated into several
antigenic groups. MHV, SDAV, BCV, and HCV OC43
belong to one, while HCV 229E belongs to a separate group.
That the MHV primers were able to detect SDAV under-
scores the close relationship between coronaviruses of
mouse and rat origin. BCV and HCV OC43 could not be
amplified even though they belong to the antigenic group
containing MHV. These viruses share a high degree of
homology with MHV, but comparison of the BCV genome
sequence (21) with the MHV primers showed two and five
mismatches. With five mismatches, the second primer was
sufficiently different to prevent annealing. The M gene of

TABLE 2. Sensitivity of PCR relative to that of two bioassays
for detection of MHV in serial 10-fold dilutions of intestinal

homogenate from adult BALB/c mice inoculated wtih MHV-Y

Result of:

no. Dilution PCR Infant mouse MAP
bioassay test

1 10-2 + + +
0-3 + + +
10-4 + - +
10-5 - -

2 10-2 + + +
10-3 + + +
10-4 + _

10-5 -

4 10-2 + + +
1-3 + + +
0-4 + _ +
i0-5 - -

5 10-2 + + +
1-3 + + +

1(-4 + _

1-5---
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HCV OC43 has not been sequenced yet, but since OC43 and
BCV show few sequential differences within the more het-
erologous encoding region of protein N (18), the M gene
sequences of the two viruses can be expected to be very
similar. It is not surprising that the target sequence in HCV
229E could not be amplified, since this virus shares little
antigenic homology with MHV. Sequence comparison (17)
revealed that primer 1 had five mismatches and the second
primer did not match at all. The PCR method described in
the present study seems therefore to be specific for the
rodent coronaviruses, MHV and SDAV. It could potentially
be used to help differentiate human and murine coronavi-
ruses when the origin of an isolate is in question (10, 13, 28).
A number of different assays have been described for the

detection of MHV in biological materials. An in vitro system
using cell culture has proven to be highly insensitive and
strain specific because of the strict tissue tropism of some
strains of MHV (8, 11). Therefore, in vivo assays have been
generally used. In experimental settings, when the exact
strain of MHV is known, infant mouse bioassay with intra-
cerebral, intranasal, or oral inoculation of neonatal mice has
been utilized successfully. For diagnostic purposes, when no
information about an isolate is available, the MAP test with
its broad range of specificity has been used. This study
showed that in detecting MHV in infected tissue, PCR was
more sensitive than the infant mouse bioassay and at least as
sensitive as the MAP test. In addition, PCR results could be
generated in less time, generally within a 24-h period. The
bioassay requires at least 1 week and the MAP test requires
almost 1 month for completion. The actual labor time
necessary to process one sample was about the same for all
three methods, as were the costs of PCR and infant mouse
bioassay. The MAP test was somewhat more expensive.
PCR does not need animal holding facilities, histology, or a
trained pathologist but can be performed in any lab that has
access to a thermal cycler. Finally, general application of
PCR will contribute to reduced animal use in biomedical
research.
By using enterotropic MHV-Y, we chose the most difficult

system for this comparison. Enterotropic MHV strains do
not grow well in cell culture, and no sensitive in vitro assay
has been described for enterotropic MHV. MHV-Y repli-
cates in the intestine, which contains high levels of RNase
(24), rendering extraction of single-stranded RNA very dif-
ficult. Successful PCR amplification from this tissue suggests
that other organs, tumors, or even cell cultures treated with
appropriate care should not pose insurmountable technical
problems.
The present study demonstrated that PCR combines the

sensitivity of the strain-specific bioassay with the ability of
the MAP test to detect all strains of MHV, without the long
turnaround time of either method. It appears to be viable as
an alternative to the MAP test for detecting MHV contami-
nation of biological material.
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