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A reverse transcriptase polymerase chain reaction (RT-PCR) to detect mouse hepatitis virus
(MHV) in hepatic tissue was developed. To circumvent possible failures in RT-PCR
amplifications, a second round of PCR with internal primers was used to confirm the
specificity and increase the sensitivity of the test. Using this method specific amplification of
MHV sequences was observed in 18 out of 20 mouse colonies examined.
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RESUMO

Desenvolveu-se a técnica de transcricdo reversa - reacdo em cadeia pela polimerase para
detectar o virus da hepatite do camundongo em tecido hepatico. Para se eliminar possiveis
falhas na reacao de amplificacdo RT-PCR usou-se um segundo ciclo de amplificacdo com
primers internos para confirmar a especificidade e aumentar a sensibilidade do teste. Apds a
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optimizacao do protocolo, descreve-se a deteccdo da amplificacdo especifica da
seqliéncia-alvo em camundongos de 18 das 20 colbnias examinadas.

Palavras-Chave: Virus da hepatite murina, RT-PCR

INTRODUCTION

Mouse hepatitis virus (MHV) is an enveloped virus which has a 31 Kb single-strand positive
RNA genome (Lai, 1990; Spaan et al., 1990). MHV belongs to the Coronaviridae family and
replicates in the cytoplasm of infected cells using a viral RNA-dependent RNA polymerase
which is translated from the genomic RNA (Adami et al., 1995).

As with other members of the coronavirus family, MHV infection varies in relation to tissue
tropism and pathogenic potential. MHV strains are classified as respiratory tropic or
enterotropic groups based on tissue distribution of primary infection although the patterns of
infection can vary (Compton et al., 1993). Strains of MHV vary considerably in virulence,
however most of them cause brief non apparent infections in mice and expression of the
disease is influenced by host age, genotype and immune status (Barthold & Smith, 1990).

MHV is well known to be the most common virus of laboratory mice (Kagiyama et al., 1986).
Natural infections with MHV remain widespread in most laboratory mouse populations despite
the efforts to detect and eradicate this agent. Current data based on serological tests

estimate that 60 to 80% of laboratory animal colonies are infected with MHV (Parker, 1979).

Since its first description by Cheever in the late 1940’s (Cheever et al., 1949), MHV has been
shown to alter the results of in vivo experiments using other infectious and non-infectious
agents (Boorman et al., 1982; Barthold & Smith, 1990). Concomitant infection with MHV has
been correlated with altered responses to tumours (Akimaru et al., 1981) and to other
viruses (Smith et al., 1987; Smith et al., 1991). Also immune system-modulation
experiments were noted to potentiate MHV infection and disease (Boorman et al., 1982;
Barthold & Smith, 1990). All these data show that inapparent MHV infection can lead to
important influences on biomedical research.

MHYV is able to spread rapidly in mouse colonies because of its high contagiousness (Yamada
et al., 1993). Therefore an early detection of MHV infection is very important. Current
methods used to detect MHV infection include enzyme-linked immunosorbent assays (ELISA)
and immunofluorescent techniques. The diagnosis of MHV infection is mainly performed by
serologic assays because of the difficulties in finding recognized histological lesions and in
isolating the virus in tissue culture (van Herk et al., 1993; Percy & Barthold, 1993; FELASA,
1994). However, the seroconversion of the animal sentinels or the newly infected ones
requires a waiting period before a serologic assay can be used. The direct detection of viral
nucleic acid using molecular biology methods in clinical or necropsy specimens would be a
quick and powerful means to detect an outbreak or sub-clinical conditions affecting the
animals.

Reverse transcription and polymerase chain reaction (RT-PCR) have been used to detect MHV
in mouse colonies and tissue culture (Homberger et al., 1991; Yamada et al., 1993). The aim
of this study was to develop a RT-PCR assay sensitive enough to search for MHV RNA in
naturally infected mice.

MATERIALS AND METHODS

Twenty animals showing no classical MHV signs originated from 20 different research colonies
having various sanitary status were used for this study. The mice were ether anesthetised
and killed by cervical dislocation according to recommendations of the Animal Welfare Act
(Holden, 1986). Livers were taken out as soon as arrival in the laboratory premises in order
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to avoid virus cross contamination.

The MHV-3 strain (kindly provided by Dr. Rovilson Gilioli, CEMIB, University of Campinas, Sao
Paulo, Brazil) was propagated on NCTC 929 cells grown in DMEM (Life Tecnologies, Inc.)
supplemented with 10% fetal calf serum, and kept under 5% CO2 at 379C. Titers of virus

stocks were determined by plaque assay on NCTC 929 cells as described previously (Taguchi
et al., 1980). Cells were infected at a multiplicity of one. Under these condictions, the
synsytia formation reached 50% on the third day post infection. The harvested culture media

showed titers of 103 to 104 TCID
50/ml.

Cells of cultures showing a synsytia formation of about 50% were lysed culture frasks

(1.5'106 cells in one ml lysis buffer containing 10mM Tris-HCIl pH 7.5, 10mM EDTA, 40mM
dithiothreitol, 1% SDS and 0.2 mg/ml proteinase K) prior to extraction of viral RNA. The
viruses in the clarified culture supernatant were collected using 40% saturation of NH4SO4

(AmS). AmS was slowly added to the mixture at 4°C. Precipitation was extended overnight
at 49C. Suspensions containing the virus were centrifuged at 2000°g for 20 min at 4°C and
the sediment was dissolved in ultrapure water, dialysed against TEN (10mM Tris-HCI, pH 8.0,
0.1mM EDTA and 10mM NaCl) overnight and kept at —=70°C until needed.

RNA from viruses produced in cell culture and concentrated with AmS or from lysed cell
culture was extracted using a method based on the protocol described by Chomczynski &
Sacchi (1987). One ml of concentrated virus or of lysed infected cells was treated in 4ml of a
guanidine isothiocyanate solution containing 25mM sodium citrate and 0.5% sarkosyl! (lysis
solution). Subsequently 0.1 volume 2M sodium acetate pH 4.0 was added. The lysate was
thoroughly mixed with 0.2 volume chloroform/isoamyl alcohool (49:1), vortexed for 10 sec,
incubated on ice for 15 min, and centrifuged at 10000 g for 20 min at 4°C. The upper
aqueous layer was transferred to a fresh tubes and an equal volume of isopropanol was
added. The mixture was centrifuged at 10000°g to pellet the RNA which was ressuspended in
30ml 0.1% (DEPEC-water) and stored at —20°C until use.

From clinical samples 100mg of hepatic tissue was homogenized in the presence of 1ml lysis
solution using a tissue homogenizer (Turrax). Samples were centrifuged at 15000°g for 20
min, and RNA was harvested under the same conditions described above.

The RNA was quantified by optical density measurements (Gene Quant, Amersham
Pharmacia Biotech).

The oligonucleotide primers were designed for cDNA synthesis and PCR amplification of the N
gene based on the published sequences of MHV-A59 (Armstrong et al., 1983) and MHV-JHM
strains (Skinner & Siddel, 1983). Primers LVC 08 (dCACATTAGAGTCATCTTCAT) and LVC 09
(dGAAGTAGAGATAATGTAAGCGT) were designed and used in RT according to Kunita et al.
(1992). Primers LVC 28 (dACGCTTACATTATCAACTTC) and LVC 29
(dGATCTAAATTAGAATTGGTC) were designed considering the conserved regions of the N
gene of MHV. The predicted fragment sizes from amplifications with primers LVC 08 and LVC
09 is a 147bp fragment, 256bp with primers LVC 28 and LVC 29 and 383bp with primers LVC
08 and 29.

Ten ml of the total RNA extraction mixture were reverse-transcribed in the presence of 200U
murine Moloney transcriptase (Life-Technologies, Inc.), 20U Rnasin (Promega Corp.), 50pM
primer complementary to the positive strand (LVC 09 or LVC 29), 2mM dithiotreitol and
200mM each dNTP. The reaction was carried out in a final volume of 20ml at 42°C for 60 min.

The non nested PCR was performed in a total volume of 100ml containing 10ml of the cDNA
transcript, 2U Taq DNA polymerase, 0.2mM each dNTP, 0.5mM each primer, 10ml 10° PCR
buffer (500mM KCI, 100mM Tris-HCI, pH 8.8, 15mM MgCI2 and 0.1% gelatin). For the
primers pair LVC 08 and 09 conditions previously described were used (Kunita et al.,1992).
For the second (LVC 28-29) and the third (LVC 08-29) set of primers two rounds of PCR cycle
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reactions were performed. The first round was carried out using five cycles of 94°C, 50°C and
720C for 60 sec each and a second round of 30 cycles of 90°C, 50°C and 729°C also for 60 sec
each. For the nested reaction two microliters of the amplification reaction with primers LVC
08-29 were used in another cycle of amplification using the internal primers LVC 08-09 or
LVC 28-29 under the same conditions and cycle parameters as described above for the
specific primers.

The sensitivity of the PCR assay was determined using as the template MHV-3 RNA extracted
from virus produced in tissue culture and purified from the cell supernatant. Tenfold serial
dilutions (5ng to 0.05fg) of the target RNA were done in sterile DEPC-water and 5.0ml of each
dilution were used in the RT-PCR amplification assay described above with primers LVC 08
and 09.

One tenth (10ml) of each reaction volume was analysed in a 2% agarose gel in TBE buffer
(Tris-borate 22mM, 0.5mM EDTA pH 8.0). The DNA molecular weight marker used was a

100bp ladder’. The gels were stained with ethidium bromide (0.5 mg/ml) and bands were
visualized and photographed under UV light.

RESULTS

Cells infected with MHV and showing approximately 50% cytopathic effect were used as
indicated before. The analysis of the amplification products in agarose gels indicated the
presence of products of 147bp with primers LVC 08 and 09, 257bp with primers LVC 28 and
29 and 383bp with primers LVC 08 and 29. These products were clearly visualized as a sharp
band on agarose gels (Fig. 1). At an annealing temperature of 500C all three sets of primers
showed a band of the expected size. The negative controls BHV-1 BH83 strain and DNA of
NTCT 929 cells yielded no visible PCR product. In Fig. 2 the results are shown for RT-PCR
using MHV-3/CEMIB cDNA with nested primers LVC 08 and 09 (147bp fragment) and LVC
28-29 (257bp fragment).

1 2 3 4 5 6

383 bp

256 bp
147 bp

Figure 1. Amplification of ¢cDNA from MHV-3/CEMIB
strain produced in cell cultures. Lane 1. 100bp DNA
marker, lane 2. Amplification product with primers LYC
08 and 09, lane 3. Product with primers LVC 28 and 29,
lane 4, Product with primers LVC 08 and 29, lane 5.
BHV-1 strain BH 83 DNA with primers LVC 08 and (9,
lane 6. Control RNA extracted from NCTC 929 cells
RT-PCR using internal primers LVC 28 and 29,
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1 2 3 4 5

383 bp
256 bp
147 bp

Figure 2. Amplification of cDNA from strain MHV-3/CEMIB
produced in cell culture.Lane 1. 100 bp DNA marker; Lane 2.
RT-PCR with external primers LVC 08 and 29. Lanes 3 and 4.
Nested RT-PCR using internal primers LVC 08 and 09, LVC
28 and 29. Lane 5. Control RNA of NCTC 929 unifected cells
using external primers LVC 08 and 29,

To assess the sensitivity of the RT-PCR the fragment of 147bp was amplified in serially RNA
extracted from viruses purified from cell supernatant. Specific bands were visible in samples
containing 100 fg of RNA in a ethidium bromide stained gel (Fig. 3).

147bp

Figure 3. RT-PCR performed on ¢DNA obtained from
serial dilutions of viral RNA produced in cell culture
using primers LVC 08 and 09. Lane 1. RNA (1.0 ng) of

uninfected cells; lane 2. 10ng of RNA of MHV-3; lane 3.
Ing: lane 4. 100fg: lane 5. 10fe; lane 6. 1fz: lane 7. 100bp

DNA marker.

The expected 383bp fragment from amplification with primers LVC 08-29 was detected as a
faint band in mice of 18 out of 20 colonies examined (fig. not shown). The use of a second
round of PCR with nested primers pair LVC 08 and 09 (results of nine colonies are shown in
Fig. 4) or with primers LVC 28 and 29 increased the sensitivity up to 100-fold. All 18 PCR
positive mice (from 18 different colonies) were healthy and had no anamnestic report of mild
clinical disease that could be tracked to persistent MHV infection. The characteristic band of
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383bp was not observed when RNA from mice of two colonies was amplified. In addition,
reamplification with nested primers failed to detect MHV RNA in these two samples.

1 2 34 5 6 7 8 9 10 11 12

14Thp

Figure 4. Nested RT-PCR amplification using mice hepatic tissue
with the internal primers (LVC 08-09) resulting in the amplification
of 147 bp band. Lane 1, DNA marker ladder; specific bands visible
in mice hepatic tissue in lanes 2, 4, 5, 6, 7, 8 and 9; negative
sample in lane 3, positive control (MHV-3 strain RNA) in lane 10,
negative controls in lanes 11 (BHV-1 strain BH 83 DNA) and lane 12
{929 cells RNA).

DISCUSSION

The increasing use of PCR methods for diagnostic purpose led us to develop a nested RT-PCR
assay for detection of MHV in persistent infected murine colonies. Thus, one of the major
aims of this study was to apply RT-PCR to detect natural infections with MHV in mice colonies
and to determine the sensitivity and specificity of the assay. Using known amounts of purified
viral RNA as little as 100fg of genomic RNA could be detected by RT-PCR. An additional
nested RT-PCR increased 100-fold the sensitivity of MHV detection of MHV RNA extracted
from in vitro infected cells up to and possibly less than 0.1 plaque forming unit of infected cell
lysate. This RT-PCR protocol can be a sensitive alternative to viral isolation. Most diagnostic
criteria for MHV isolation have emphasized hepatical and intestinal lesions (Ishida et al.,
1978; Hierholzer et al., 1979) and that was the reason for using hepatic tissue. It is
interesting to note that usually mice accepted for scientific research and for other kind of
studies, although infected with MHV, were serologically negative and usually failed to show
significant histopathologic alterations (Boorman et al., 1982).

Strain differences within MHV isolates such as base substitution at primer sites may lead to
absence of amplification. To circumvent this possibility primers for amplification of the N gene
have been used in this experiment. They were chosen from the highly conserved region near
the 3’end. The N gene code for a basic phosphoprotein that is associated with the viral
genome. In pairwise comparisons of published data, the sequences of five strains were at
least 91% identical and the differences which occurred in this region were at 12nt in strain
MHV-A59, 26nt in MHV-JHM, 38nt inmMV-2, 9nt in MHV-5 and 13nt in MHV-Nu67 (Parker &
Masters, 1990). Using the optimized protocol described here, specific amplification of the
target sequence was confirmed in 18 mice out 20 colonies examined. This suggests that MHV
is present and may circulate undetected in many Brazilian mouse colonies. Subclinical or
latent infection could be a problem for the scientific investigator utilizing mice. This is
especially true for research involving the mouse immune system (Virelizier et al., 1976). The
RT-PCR assay described here confirmed the presence of MHV infection in colonies of different
sanitary status, ranging from germ-free to conventional animals.

Finally, the nested RT-PCR principle described in this paper will be a powerful tool for the
detection of MHV in mouse colonies. In conclusion the test could prove useful in monitoring
free colonies with increased risk of contamination because of the circulation of wild-free mice
in the area. In addition, the test showed excellent specificity and sensitivity and is
considerably less time-consuming than other methods described so far for detecting MHV
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such as virus isolation, the infant mouse bioassay, and the mouse antibody production test.
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