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Abstract

Infection of mice by low-neurovirulence Theiler’s murine encephalomyelitis virus (TMEV), such as BeAn and DA
viruses, provides a relevant experimental animal model for multiple sclerosis (MS). As a step toward determining the
kinetics of a persistent central nervous system (CNS) infection that leads to chronic demyelination, we adapted a
rapid, accurate and highly specific real-time reverse transcriptase-polymerase chain reaction (RT-PCR) assay for
detection and quantitation of BeAn virus RNA copy equivalents in mouse tissues. The assay enabled detection of as
few as 20–30 copies of BeAn virus RNA per �g of total RNA from infected mouse tissues and results for spinal cord
revealed the same high levels of BeAn RNA as detected by Northern hybridization during the first 4 months of the
persistent infection, but also was able to detect virus RNA copies as late as 1 year post-infection. Real-time RT-PCR
analysis of BeAn virus RNA copy equivalents in different parts of the CNS, analyses not possible by Northern
hybridization, revealed the following cline of virus persistence: spinal cord�brainstem/cerebellum�cerebrospinal
fluid (CSF)�cerebral hemispheres. Systemic organs, including heart, intestine and mesenteric lymph nodes of
infected mice, showed no evidence of viral persistence at 4 months post-infection. © 2002 Elsevier Science B.V. All
rights reserved.
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1. Introduction

Theiler’s murine encephalomyelitis virus
(TMEV) is an enteric pathogen of mice that be-
longs to the Picorna�iridae family (Pevear et al.,
1987). Low-neurovirulence TMEV, such as the
BeAn and DA viruses, cause a persistent infection

in the central nervous system (CNS) of susceptible
mice that results in immune-mediated and viral
damage to oligodendrocytes, and hence, demyeli-
nation (Blakemore et al., 1988; Gerety et al., 1994;
Rodriguez et al., 1983; Clatch et al., 1986). Thus,
infection of mice with the low-neurovirulence
TMEV provides an experimental animal model
that might be useful in understanding how a
persistent CNS infection leads to chronic demyeli-
nation, such as might be the case in multiple
sclerosis (MS).
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During the acute phase of viral growth, low-
neurovirulence TMEV strains infect neurons in
the gray matter of the brain and spinal cord
(Aubert and Brahic, 1995; Simas and Fazakerley,
1996; Jarousse et al., 1998), followed by virus
persistence in macrophages and glial cells in the
spinal cord white matter. Persistence of TMEV in
the mouse CNS has traditionally been demon-
strated by the recovery of infectious virus from
the spinal cord. Results of infectivity assays have
led to the notion that TMEV persists only at low
levels (�104 PFU detected per spinal cord) due
to restricted infection and failure of viral clear-
ance from the spinal cord (Lipton and Melvold,
1984; Chamorro et al., 1986). Northern hybridiza-
tion has also been used for analysis of TMEV
persistence (Bureau et al., 1992) and relative
abundance of TMEV RNA in spinal cords from
infected mice (Larsson-Sciard et al., 1997). Our
own recent Northern dot blot analysis revealed
large numbers of TMEV genomes in the spinal
cord of persistently infected mice, with a mean
level of 3.0×109 in tissues examined between pi
days 30 and 223 (Trottier et al., 2001). However,
Northern hybridization is labor-intensive and has
a high detection threshold, i.e. at least 9×106

TMEV RNA genomes must be present, thus re-
quiring large amounts of spinal cord total RNA
(10 �g) per reaction.

Here, we report the detection and quantitation
of BeAn virus RNA copy equivalents in host
tissues using a rapid, accurate and highly specific
real-time reverse transcriptase-polymerase chain
reaction (RT-PCR) assay. This method was stan-
dardized using in vitro transcribed BeAn virus
RNA, and results of RT-PCR quantitation of
virus RNA copy numbers were consistent with
values determined by our previous Northern anal-
ysis (Trottier et al., 2001). The sensitivity of real-
time RT-PCR, i.e. detection of as few as 20–30
copies of BeAn virus RNA per �g of total RNA
from infected mouse tissues, enabled quantitation
of BeAn virus RNA copy equivalents in different
parts of the CNS early in persistence and at late
times pi, when virus RNA titers were expected to
be below the detection limits of Northern hy-
bridization. A hierarchy of sites of BeAn virus
persistence in the CNS was revealed, whereas no

evidence of persistence was found in several extra-
neural sites examined.

2. Materials and methods

2.1. Virus stock

The maintenance of BHK-21 used to grow
virus has been described (Jelachich et al., 1999).
The titer of the plaque-purified stock of BeAn
8386 virus grown in BHK-21 cells monolayers
was 6.6×106 PFU per ml. The passage history of
BeAn 8386 virus has been described (Pevear et al.,
1987).

2.2. Mice and �irus inoculations

SJL female mice, purchased from The Jackson
Laboratory (Bar Harbor, ME), were caged and
maintained in accordance with American Associa-
tion for Accreditation of Laboratory Animal Care
standards, and received autoclaved standard
mouse chow and water ad libitum. Mice (5–6
weeks old) were anesthetized by intraperitoneal
(ip) injection of 1 mg pentobarbital and inocu-
lated in the right cerebral hemisphere with 1×106

PFU of virus in 30 �l. Age-matched control SJL
mice were uninoculated.

2.3. Total RNA isolation

Mouse spinal cord [flushed from spinal canals
with chilled PBS deficient in Ca++ and Mg++

without loss of cerebrospinal (CSF)], cerebrum
(separated from brainstem and cerebellum by sec-
tioning between the anterior cerebellum and colli-
culi dorsally to the interpeduncular fossa
ventrally), cerebellum/brain-stem, and extraneural
organs obtained at necropsy were snap-frozen in
LN2, placed between two clean plastic weight
boats, broken into small pieces with a hammer
that were transferred to a polypropylene tube and
Trizol reagent (Gibco) was added (w/v). Tissue
was homogenized with a Polytron homogenizer
(Beckman Instruments), and total RNA was iso-
lated according to the manufacturer’s recommen-
dations. The integrity of RNA from tissues of
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individual mice was determined by visualization
of 18- and 28S ribosomal RNA following agarose
gel electrophoresis. On average, 700 �g of total
RNA was extracted from the cerebrum (n=9),
200 �g from the brainstem/cerebellum (n=14)
and 75 �g from the spinal cord (n=9).

2.4. Northern hybridization

Total RNA from mouse tissues or cell cultures
was ethanol-precipitated, resuspended in RNA
loading buffer [50% formamide, 7% formalde-
hyde, 0.04% bromophenol blue in 200 mM 3-(N
morpholino)propanesulfonic acid, pH 7.0, 50 mM
sodium acetate, 10 mM EDTA (MOPS buffer)],
heated for 5 min at 95 °C, and electrophoresed in
a 1% agarose gel at 80–90 V for 1 h, and hy-
bridized to a random-primed DNA [�-32P]dCTP-
labeled probe specific for BeAn virus as described
(Trottier et al., 2001).

2.5. Real-time RT-PCR

The TaqMan system (Applied Biosystems) is a
fluorogenic probed-based PCR assay that exploits
the 5� to 3� endonuclease activity of Taq poly-
merase. An oligonucleotide probe labeled with
both reporter [6-carboxyfluorescein (6-FAM)] and
quencher [6-carboxythetramethylrhodamine
(TAMRA)] dyes anneals to an internal region of
PCR amplicons and is digested as Taq polymerase
extends the PCR primer. The separation of re-
porter from quencher dyes leads to increased
fluorescence.

Reverse transcription reaction mixtures con-
tained differing amounts of total RNA (usually in
the range of 0.05–2 �g plus carrier total brain
RNA), with 1× Taqman buffer, 5.5 mM MgCl2,
0.5 mM dNTPs, 3.5 �M random hexamers, 0.4 U
RNasin, and 1.25 U of Multiscribe reverse tran-
scriptase (Applied Biosystems) in 10 �l. Mixtures
were incubated at 24 °C for 10 min, 48 °C for 30
min and 95 °C for 5 min. Each 50-�l PCR reac-
tion contained 3 �l of cDNA, and the final con-
centration of each component was: 0.5× Taqman
Gold Universal PCR master mix containing Am-
pliTaq Gold DNA polymerase, AmpErase uracil-
N-glycosylase (UNG), and dUTP instead of

dTTP (Applied Biosystems); 2.5 pmol of forward
and reverse primers; 1.5 pmol of TaqMan probe
(see Fig. 1A). PCR was carried out in 96-well
optical reaction plates heated to 50 °C for 2 min
to digest any dUTP-containing contaminants and
to 95 °C for 10 min to deactivate UNG and
activate AmpliTaq Gold DNA polymerase, fol-
lowed by 40 cycles of denaturation at 95 °C for
15 s and annealing and extension at 60 °C for 1
min. Data were analyzed using Applied Biosys-
tems 5700 SEQUENCE DETECTION SYSTEM

software.

3. Results and discussion

3.1. Standardization of real-time RT-PCR for
detection of BeAn �irus RNA

Real-time RT-PCR has supplanted other meth-
ods for quantitating RNAs, particularly those of
virus RNAs, due to its dynamic range, sensitivity,
reproducibility and high throughput (Heid et al.,
1996; Morris et al., 1996; McGoldrick et al., 1998;
Martell et al., 1999; Lewin et al., 2001; Leuteneg-
ger et al., 2001; Oleksiewicz et al., 2001). This
assay was standardized and used to detect and
quantify TMEV RNA copy equivalents in differ-
ent parts of the CNS, and to search for potential
cryptic extraneural sites of viral persistence in
infected mice. To quantify viral RNA copy equiv-
alents in the CNS of TMEV-infected mice, a
known quantity of in vitro-transcribed BeAn
virus RNA was serially diluted in uninfected
mouse brain total RNA, reverse-transcribed and
amplified by PCR. All reactions contained equiva-
lent amounts of total RNA to control for primer
competition. Mouse brain total RNA alone from
uninfected animals served as a negative control.
Fig. 1A shows the primer and probe sites on the
BeAn virus genome; the majority of the data was
acquired with the primers and probe located in
the sequences encoding proteins 3B and 3C. The
conditions for these primers and probe were opti-
mized for BeAn (see Section 2); the 19-mer probe
containing a single nucleotide mismatch with DA
virus sequence failed to detect DA virus RNA in
infected BHK-21 cells (not shown). Fig. 1B shows
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Fig. 1. (A) Location and nucleotide sequence of primers 1 and 2 and probe in sequences encoding proteins 3B and 3C that were
specific for BeAn virus and used to obtain most of the data reported below. Another set of primers, 3 and 4, and probe in highly
conserved sequences of the internal ribosome entry site in the 5� untranslated region gave similar results and can be used for all
TMEV strains. (B) Standardization of real-time RT-PCR for detection of BeAn virus RNA. Plot of relative fluorescence vs. cycle
number for RT-PCR reactions of 5-fold dilutions of in vitro-transcribed BeAn RNA from 10 pg to 25.6 ag. Uninfected CNS total
RNA served as negative control. The quantity of input BeAn virus RNA in RNA copies is indicated for each plot (1 pg of BeAn
RNA 3×105 BeAn virus RNA copies). (C) Standard curve generated from real-time RT-PCR of BeAn RNA. The cycle number
at which relative fluorescence crossed the threshold for each sample is the Ct value, which is inversely proportional to the amount
of BeAn RNA in a reaction. Ct is plotted vs. the amount of BeAn virus RNA in pg. Five-fold dilutions of BeAn virus RNA were
analyzed in triplicate and used to construct the standard curve.
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Fig. 1. (Continued)

amplification plots of normalized fluorescence
versus cycle number from a representative experi-
ment. A threshold level above background was
arbitrarily assigned based on the intersection with
the logarithmic phase of amplification. The cycle
number at which relative fluorescence crossed the
threshold is referred to as Ct. Thus, the lower the
number of BeAn transcripts per reaction, the
higher the Ct value. Note that as few as 25 ag of
BeAn transcript per reaction was detected, an
amount equivalent to approximately eight BeAn
virus RNA copies. A standard curve constructed
based on the Ct values for each dilution of BeAn

transcript (Fig. 1C) was used to determine virus
RNA copy equivalents in mouse tissues. A similar
curve was obtained with a different set of primers
and probe located in the 5� noncoding region (Fig.
1A) (data not shown).

The sensitivity of this method routinely enabled
detection of as few as 20–30 TMEV genomes per
�g of total RNA from mouse tissues; thus, real-
time RT-PCR is five orders of magnitude more
sensitive than the Northern dot blot hybridization
we previously used to analyze viral load in spinal
cords of TMEV-infected mice (Trottier et al.,
2001).
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Fig. 2. Comparison of real-time RT-PCR and Northern hybridization in detection of BeAn virus RNA in 14 infected spinal cord
total RNA samples containing between 4.3×107 and 2×109 virus RNA copy equivalents. The x- and y- axes represent the number
of virus RNA copies per spinal cord detected by the respective techniques. The correlation was statistically significant (r=0.9052;
P�0.001).

3.2. Correlation between real-time RT-PCR and
Northern hybridization detection of BeAn �iral
RNA copy equi�alents in infected mouse spinal
cords

The number of virus RNA copies was deter-
mined by real-time RT-PCR in a subset of spinal
cord total RNA samples previously assayed by
Northern hybridization and shown to contain ex-
tremely high numbers of virus RNA copy equiva-
lents (Trottier et al., 2001). Real-time RT-PCR
was performed using 0.05 or 0.1 �g of infected
spinal cord total RNA in reactions with 2.5 �g of
uninfected brain total RNA, and compared with a
standard curve generated from triplicate samples
of in vitro-transcribed BeAn transcripts (Fig. 1C).
The TMEV RNA titer for 14 spinal cord samples

ranged between 4.3×107 and 2×109 copy equiv-
alents. Comparison of the results of real-time
RT-PCR with those obtained by Northern hy-
bridization revealed a significant correlation (r=
0.9052; P�0.001) (Fig. 2).

3.3. Hierarchy of BeAn �irus persistence in the
CNS

To assess BeAn virus persistence in the CNS at
sites other than the spinal cord, real-time RT-
PCR was used to measure BeAn virus RNA copy
equivalents in cerebrum, brainstem/cerebellum,
spinal cord and CSF. Northern hybridization did
not detect virus RNA in the brains of infected
mice after the acute phase of infection (not
shown). Although, there are virtually no patho-
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logical changes in the cerebrum and only minimal
changes in the brainstem during demyelinating
disease in SJL mice infected with low-neuroviru-
lence TMEV (Lipton, 1975), both sites revealed
persisting BeAn virus (Fig. 3). Virus RNA was
also detected in the brainstem/cerebellum, pre-
sumably representing infection of the brainstem,
since no pathological changes have been reported
in the cerebellum of persistently infected mice. On
average, the number of virus RNA copy equiva-
lents in the spinal cord was 10- and 100-fold
higher than in the brainstem/cerebellum and cere-
brum, respectively. While virus levels remained
relatively constant between 46 and 125 days pi in
the brainstem/cerebellum and spinal cord, copy
equivalents declined in the cerebrum.

Thus, real-time RT-PCR revealed the primary
viral load in the spinal cord, as expected. In spinal
cords of persistently infected mice, TMEV RNA
and antigens have been found mainly in
macrophages (Lipton et al., 1995; Pena Rossi et
al., 1997), and to a lesser extent, in oligodendro-
cytes and astrocytes (Rodriguez et al., 1983;
Aubert et al., 1987; Blakemore et al., 1988). The
lower BeAn virus RNA copy numbers and lack of
continued persistence in the cerebrum, where
oligodendrocytes, astrocytes and microglia are
plentiful but foamy macrophages are not ob-
served, suggests a fundamental role of foamy

macrophages in perpetuating the infection in the
spinal cord, as indicated by experimental deple-
tion of macrophages in infected mice (Pena Rossi
et al., 1997). Most foamy macrophages are proba-
bly recruited from the periphery rather than aris-
ing from resident microglia. The reason for the
difference in the recruitment of foamy
macrophages into the cerebrum compared with
the spinal cord in TMEV infection remains to be
elucidated. In order to further define the sites and
kinetics of TMEV persistence in the mouse CNS,
we have developed methods to isolate relatively
pure populations of macrophages and oligoden-
drocytes from spinal cords of persistently infected
mice for viral assays (Trottier et al., 2001). In
addition, it is also feasible to use laser capture
microdissection of immunostained frozen sections
to obtain individual infected cells from a mouse
spinal cord (Fend et al., 1999). Since TMEV-in-
fected macrophages and oligodendrocytes in in-
fected spinal cords synthesize on the order of 105

viral genomes (Trottier et al., 2001), use of real-
time RT-PCR should enable measurement of
TMEV RNA copy equivalents in small numbers
or even individual cells isolated from the CNS.

Total RNA was also isolated from meningeal
and CSF cells, which were present in the effluent
after extrusion of cords by forcing PBS into spinal
canals, and assayed for the presence of virus RNA

Fig. 3. Persistence of BeAn virus in CNS tissues of infected mice. BeAn virus RNA copy equivalents per �g of total RNA extracted
from cerebrum, spinal cord/cerebellum and spinal cord from infected SJL mice was assayed by real-time RT-PCR at different times
during the persistent phase of infection. Mean and S.D. values are shown for three to six animals at each time point. Asterisks
indicate that samples were not obtained.
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copies. Mean copy numbers (�S.D.) calculated
for the total number of cells collected were 1.07�
0.75×107 (n=3) at day 60 pi and 6.19�8.62×
106 (n=4) at day 92 pi, whereas values for tissues
in Fig. 3 are expressed per �g total RNA. Thus,
virus RNA copy equivalents were at least 50-fold
less abundant in the CSF than in the spinal cord
on these 2 days. Nevertheless, BeAn virus RNA
copy numbers were higher than expected in the
CSF-cell mix. However, quantitative studies of
HIV-1 and SIV infections have revealed the pres-
ence of high viral RNA loads in CSF. In these
retroviral infections, the viral load was 1–2 log10

lower than in plasma, the primary site of viral
persistence. In HIV-1 infection, virus RNA copy
numbers in CSF correlated well with neurological
disease (Cinque et al., 1998; Gisslen et al., 1998;
Shepard et al., 2000). In SIV infection of
macaques, high levels of CSF virus RNA copies
were maintained only in animals developing en-
cephalitis, and antiretroviral compounds that low-
ered the viral load in CSF delayed the onset of
neurological disease (Rausch et al., 1995; Zink et
al., 1999). Therefore, it will be important to corre-
late CSF and spinal cord BeAn virus RNA copy
numbers with clinical demyelinating disease in
BeAn virus-infected SJL mice.

Real-time RT-PCR was also used to quantitate
TMEV genomes in spinal cords of nine infected
SJL mice surviving for 9–14 months pi (Table 1).
Virus RNA levels declined as the infection pro-
gressed; however, 105 virus RNA copies per �g of
total RNA were detected in spinal cords at ap-
proximately 1 year pi. Northern hybridization
analysis of virus RNA in four of the nine speci-
mens revealed no virus RNA in the two samples
with �106 copy equivalents per �g of tissue as
detected by the real-time PCR method. This result
was expected, because of the lower level of sensi-
tivity of Northern hybridization. Overall, these
results suggest that TMEV persists in the spinal
cord (and probably the brainstem) of experimen-
tally infected mice for their lifetime, as previously
hypothesized (Theiler, 1937; Lipton, 1975),
whereas virus is probably eventually cleared from
the cerebrum.

Table 1
BeAn virus RNA copy equivalents in the spinal cords of
infected

SJL mice at 9–12 months post-infection

Real-Time RT-PCRDay pi Northern hybridization

2.4×107267 2.4×107

280�1 9.8×104 –a

9.4×102 –280�2
3.0×1061.4×106310

5.0×106314 ndb

322�1 3.0×106 nd
nd2.6×105322�2
nd5.4×105359

3.2×105413 nd

BeAn virus copy equivalents per �g of total RNA extracted
from the spinal cord.

a Not detected using 10 �g of total RNA for Northern
hybridization dot blots.

b Not done.

3.4. Inability to detect BeAn �irus RNA in
non-neural tissues during the persistent phase of
infection

Information about the sites of viral persistence
in a host is crucial for understanding the underly-
ing mechanisms, such as the ability of a virus to
evade host immune responses and anti-viral
agents. Recent studies of HIV-1 in patients under-
going highly active anti-retroviral therapy have
revealed the presence of a second latent viral
reservoir harboring replication-competent virus in
monocytes, in addition to the known reservoir in
resting CD4+ T cells (Lambotte et al., 2000).
Moreover, other investigations have suggested the
presence of another, as yet undiscovered, reservoir
of replication-competent virus in HIV-1 infected
individuals (Chun et al., 2000; Zhang et al., 2000),
underlining the need to identify all sites of HIV-1
persistence. In TMEV persistence, the fact that as
much as 5–10% of serum IgG is virus-specific has
suggested the existence of an extraneural site of
virus replication (Peterson et al., 1992). During
acute infections of adult mice, TMEV has a
predilection for heart, skeletal muscle and intes-
tine (Olitsky, 1939; Gomez et al., 1996). TMEV
has been isolated from the intestinal contents of
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mice as late as 2–3 months pi, which may repre-
sent delayed viral clearance (Theiler and Gard,
1940). We have been unable to isolate BeAn virus
by standard plaque assay or to detect virus anti-
gens by immunofluorescent staining in extraneural
organs of infected mice (unpublished data). Shaw-
Jackson and Michiel (1999) were unable to detect
TMEV in extraneural organs at 6 weeks pi using
RT-PCR followed by Southern blotting. Similarly
the highly sensitive real-time RT-PCR of total
RNA extracted from lung, heart, liver, kidneys,
spleen, mesenteric lymph nodes, small intestine,
colon, and spinal cord of four BeAn virus-infected
SJL mice sacrificed at day 124 pi revealed no
BeAn virus RNA in any of the extraneural or-
gans, even when 15 �g of total RNA from tissues
was used as template; in these same mice, �107

virus RNA copies per �g spinal cord total RNA
were detected (not shown). Thus, TMEV persis-
tence appears to be confined to the CNS, at least
at 4 months pi. The sequestration of TMEV
within the CNS might help it evade host immune
responses, with egress of infected CNS
macrophages or virions into the peripheral circu-
lation accounting for the abundance of TMEV-
specific IgG in serum. Although, not well
appreciated, it is theoretically possible for cells
and virions to pass from the CSF into venous
blood through 7-�m wide fenestra in the arach-
noid villi (Tripathi, 1977). It is also believed that
lymphocytes and monocytes (possibly infected
ones) may possibly exit as they have entered the
CNS, through the tight junctions of endothelial
cells.

3.5. TMEV infection as a model for a persistent
�irus infection in MS

TMEV and mouse hepatitis virus infections in
mice and Visna virus infection in Icelandic sheep
provide relevant experimental animal models for
MS (Narayan and Clements, 1989; Lane and
Buchmeier, 1997). These animal models represent
persistent infections in their natural hosts. Al-
though, experimental infection is induced by ic
inoculation, demyelinating disease presumably oc-
curs in nature by the natural route of infection.
However, MS is widely believed to be an autoim-

mune disease, triggered by any of several common
viruses after an acute or ‘hit-and-run’ infection
(Martin and McFarland, 1997). The failure to
detect a single MS virus as the cause of this
disease in the past half century has in part fueled
the belief in an autoimmune basis. Nonetheless,
the possibility remains that Multiple Sclerosis
(MS) is caused by a single unknown virus with
persistent infection driving the immunopathology
via CD4+ Th1 T lymphocyte responses to virus
and not self antigens.

Molecular cloning provides an approach to
identifying a virus in MS without prior knowledge
of its nature. For example, sera from patients can
be used to detect expression of novel viral
proteins in a cDNA library. Molecular cloning
served in the discovery of hepatitis C virus in
humans with non-A, non-B hepatitis virus infec-
tion (Choo et al., 1989). It has been assumed that
virus RNA replication is restricted during persis-
tent infections of immunocompetent hosts with
RNA viruses. This clearly is not the case for
persistence of TMEV in mice. Our data on BeAn
virus RNA copies in an infected mouse spinal
cord might provide a framework for the molecu-
lar identification of a persistent virus in MS.
Assuming an adult mouse spinal cord contains 5
�g of mRNA (total RNA in cord=100 �g) and
an average mRNA size of 3-kb, the frequency of
viral RNA copies in spinal cord lesions during the
initial 6 months of infection would be in the range
of 1 in 3000 (Fig. 3; Trottier et al., 2001), or on
the order of a moderately abundant mRNA.
Davidson and Britten (1979) originally described
three classess of mRNA abundance for an indi-
vidual cell; here the classes are applied to multiple
cells in an organ system, e.g. CNS. By 1 year of
infection and a decline in virus RNA copies, the
frequency would be 1 in 300 000 (Table 1) or on
the order of a low abundance mRNA. Although,
Bureau et al. (1990) reported a comparable low
frequency for DA virus clones in a cDNA �-li-
brary made from mouse spinal cord mRNA at 4
months pi, the temporal difference from our pred-
ications may reflect the use of a different TMEV
strain in that study and an inoculum ten-fold
lower than that in our study. Nevertheless, if the
frequency of a virus in an acute MS plaque were
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similar to that of a moderately abundant mRNA,
as predicted by our study, it would easily fall
within the limits of detection by molecular
cloning.
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