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ABSTRACT 

Mouse hepatitis virus JHM (JHMV or MHV-4) induces subacute and chronic de
myelination in rodents and has been studied as a model of human demyelinating diseases, 
such as multiple sclerosis. However, despite intensive investigation, the state of JHMV 
during chronic disease is poorly understood. Using reverse transcription-polymerase chain 
reaction amplification (RT-PCR) to "rescue" viral RNA, we have found that JHMV-specific 
sequences persist for at least 787 days after intracerebral inoculation of experimental mice. 
Analysis of persisting viral RNA reveals that it is extensively mutated, and we hypothesize 
that the mutations observed reflect adaptation of the viral quasispecies to low-level intracel
lular replication during chronic disease. 

INTRODUCTION 

Central nervous system (CNS) disease induced by JHMV in rodents typically is 
biphasic (Figure I). During the acute phase of infection, abundant infectious virus is present 
in brain and spinal cord, and there may be clinical signs of encephalitis. After the acute phase, 
infectious virus declines to low or non-detectible levels; however, during this phase, 
inflammatory infiltrates and multifocal plaques of primary demyelination resembling the 
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Figure 1. Pathogenesis of coronavirus JHMV in the murine central nervous system. 

lesions of multiple sclerosis are found1• At very late times, there may be fluctuations or 
relapses of disease, as represented by the wavy line in Figure 1. 

Recent evidence suggests that this pattern - of rapid viral clearance, followed by 
prolonged persistence of low-levels of viral nucleic acid - may characterize many or most 
viral infections. In this regard, semiquantitative studies of JHMV persistence by ourselves 
or other viruses such as Sindbis by Diane Griffin's laboratory2 have indicated that the level 
of persisting viral nucleic acid is approximately 10,000-100,000 less than the level during 
acute viral replication. Thus it is likely that the biology of the virus during persistence will 
be different in kind from that during acute, productive infection. 

As indicated, the pathology of the JHMV infection in the CNS mimics that of multiple 
sclerosis. Additionally, in a more general context, JHMV infection of the CNS may be an 
instance in which a virus serves as the initiator or trigger for chronic degenerative or 
autoimmune disease, as been hypothesized for many human diseases. Nonetheless, the 
relationship of persistence of viral nucleic acid to chronic disease is poorly understood. 
JHMV infections of rodents may be one system in which this important phenomenon can be 
studied experimentally. In a first attempt to understand JHMV persistence in the murine 
CNS, we have used RT-PCR to probe for mutations in RNA found in the brains of 
experimental mice. 

MATERIALS AND METHODS 

Male C57BLl6J mice, 6 weeks of age, were obtained from the Jackson Laboratory 
(Bar Harbor, ME); selected mice were screened by enzyme-linked immunosorbent assay and 
found to be seronegative for murine coronaviruses. Mice were kept in microisolator cages 
and were inoculated with 103 plaque forming units of JHMV, variant 2.2-V-13 intracerebrally 
72 hours after arrival. At the indicated times, mice were sacrificed, and total brain RNA was 
extracted and subjected to RT-PCR as previously described4. Random hexamers were used 
to prime the RT step, and oligonucleotide primers recognizing either the S 1 region of the 
spike gene (nucleotides 1084-1916) or the 3' half of the nucleocapsid gene (nucleotides 
672-1237) were used in the PCR reaction, which consisted of 35 cycles of amplification, 
with each cycle consisting of 94°C for I min, 60°C for I min, and 72°C for 1 min, with an 
additional 72°C extension step at the end of the procedure. PCR was performed with Taq 
polymerase (Promega, Madison, WI), utilizing conditions to minimize nucleotide incorpo
ration errors by this enzyme.5 Amplified PCR products were ligated into pGEM-T vectors 
(Promega, Madison, WI), and the ligation products were used to transform competent E. 
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coli. Bacterial cultures were grown from individual colonies, and the plasmid DNA was 
purified from these cultures and sequenced by the dideoxy chain termination method 
(Sequenase 2.0, U.S. Biochemical, Cleveland, Ohio). In a pilot study, stock virus was added 
to uninfected mouse brain, and RNA was extracted and subjected to RT-PCR and sequencing 
as indicated above. Analysis of8 clones corresponding to the S 1 region showed the consensus 
or "wild type" sequence in 7 clones and one point mutation in the eighth clone, indicating 
that the error rate of the procedure and/or the mutation rate in individual viral genomes is in 
the order of 116,000 nucleotides analyzed. 

RESULTS 

The frequencies with which mutations were found in S 1 and N regions are shown in 
Figure 2. (Please note that the oligonucleotide primers used in RT-PCR recognize these 
sequences in either JHMV genome or mRNA.) The numbers of clones analyzed at the S I 
region were as follows: 8 at day 0 PI (input virus, pilot experiment above), 20 at day 4 PI, 
4 at day 8 PI, 4 at day 13 PI, 4 at day 20 PI, and 20 at day 42 PI; for N region analysis, 20 
clones were analyzed at day 4 PI, 4 at day 20 PI, and 20 at day 42 PI. Since the majority of 
our studies focussed on day 4 PI and 42 PI, the frequency of mutations is known with most 
precision at these timepoints. 
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Figure 2. Mutations detected in (A) the S-l region of the spike protein gene or (B) nucleocapsid gene during 
persistent infection of murine brain by coronavirus JHMY. The frequency of mutations observed are expressed 
as mutations per thousand nucleotides sequenced. 
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Analysis of individual mutations showed that they were approximately evenly 
distributed over the regions studied; that is, there were no apparent "hot spots" of clustered 
mutations in either the S 1 or N regions analyzed. Of 144 mutations observed, 137 were point 
mutations, and the majority (74%) of these mutations were non-synonymous or amino 
acid-changing. Five mutations resulted in termination codons, and 2 mutations were dele
tions. Surprisingly, 63% of the mutations were U to C or A to G transitions, reminiscent of 
the biased hypermutational patterns observed during persistent CNS infections by measles 
virus. In parallel experiments, infectious virus could not be isolated from the brains of mice 
beyond day 13 PI, although RNA corresponding to JHMV could be detected at day 787 PI, 
the latest timepoint studied (data not shown). 

DISCUSSION 

Our present conception of JHMV persistence in the CNS is shown in Figure 3. In this 
hypothesis, persistence of viral RNA depends on both host and virus. We think it unlikely 
that persistence depends on a unique viral mutation, that is, an altered viral genome which 
would cause persistence in a naive animal; rather, the viral RNA we observed is the product 
of a process in which microbe and host mutually adapt to each other after the clearance of 
acute, productive infection. 

Furthermore, we think that our findings may best be understood in the context of 
concepts such as those introduced by Eigen6, Doming07, Holland8, and others to characterize 
the evolution of viral populations. Thus, RNA viral popUlations have been shown to consist 
of quasi species, or a distribution of mutants centered around a hypothetical consensus or 
"master sequence" not actually present in any existing virion. Under natural conditions, these 
quasispecies frequently undergo drastic constrictions or bottlenecks, for example during 
transmission or immune pressure. 

In these circumstances, founder effects or the properties of individual mutant 
genomes may become important or even dominate the viral population. 

The application of evolutionary concepts to JHMV persistence in the CNS is shown 
in Figure 3. Initially the virus population expands geometrically; soon, however, an active 
immune response to JHMV is generated and clears most virus. Nevertheless, a small fraction 
of the JHMV population escapes immune clearance, possibly because of altered antigenic 
determinants or, more likely, restricted and altered replication. Possibly, selection favors 
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Figure 3. Evolution of coronavirus JHMV RNA during persistent infection of murine brain. 
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JHMV genomes which are adapted to intracellular replication rather than to the production 
of infectious, extracellular virions. Such RNA genomes are well-known in plant virology 
and have been described under the provocative term "RNA plasmids,,9,lo. 

In pilot experiments, we have performed strand-specific RT-PCR assays for negative 
sense JHMV RNA and have detected these species as late as 90 days PI (the latest timepoint 
assayed), providing evidence for the continued replication of JHMV RN A during persistence 
(data not shown). In addition, we have eVidence that JHMV RNA which persists in the CNS 
of mice predisposes such mice to recurrent paralysis, mimickmg one of the most prominent 
clinical features of multiple scleroSIS, the tendency to relapses and remissions II. Thus, 
persisting JHMV RNA is not an inconsequential remnant of acute infection but has important 
biological consequences for the host. We anticipate that further study of this experimental 
model will Yield msights into the mechamsms by which RNA viruses persist, and these 
insights hopefully will be relevant to the study of viruses as possible etiologic agents of 
chronic diseases in humans. 
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