
Laurie J. Zoecklein2; Kevin D. Pavelko2; Jeff Gamez2;
Louisa Papke2; Dorian B. McGavern4; Daren R. Ure2;
M. Kariuki Njenga5; Aaron J. Johnson2; Shunya
Nakane1; Moses Rodriguez1,2,3

Department of 1Neurology and 2Immunology, 3Program for
Molecular Neuroscience, Mayo Medical and Graduate
Schools, Rochester, Minn. 

4 Scripps Research Institute, La Jolla, Calif. 
5 Department of Veterinary Pathobiology at University of Min-

nesota, Minneapolis.

We compared CNS disease following intracere-
bral injection of SJL mice with Daniel’s (DA) and
BeAn 8386 (BeAn) strains of Theiler’s murine
encephalomyelitis virus (TMEV). In tissue culture,
DA was more virulent then BeAn. There was a high-
er incidence of demyelination in the spinal cords of
SJL/J mice infected with DA as compared to BeAn.
However, the extent of demyelination was similar
between virus strains when comparing those mice
that developed demyelination. Even though BeAn
infection resulted in lower incidence of demyelination
in the spinal cord, these mice showed significant
brain disease similar to that observed with DA.
There was approximately 100 times more virus spe-
cific RNA in the CNS of DA infected mice as compared
to BeAn infected mice. This was reflected by more
virus antigen positive cells (macrophages/microglia
and oligodendrocytes) in the spinal cord white mat-
ter of DA infected mice as compared to BeAn. There
was no difference in the brain infiltrating immune
cells of DA or BeAn infected mice. However, BeAn
infected mice showed higher titers of TMEV specif-
ic antibody. Functional deficits as measured by
Rotarod were more severe in DA infected versus
BeAn infected mice. These findings indicate that the
diseases induced by DA or BeAn are distinct.
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Introduction
Multiple sclerosis (MS) is a common disorder of the

central nervous system, which is characterized by
pathologic heterogeneity (35). The most often used
models of MS are experimental autoimmune encephali-
tis (EAE) and Theiler’s murine encephalomyelitis virus
(TMEV). EAE and TMEV are both characterized by

infiltrates of immune cells into the CNS as well as
immune mediated demyelination. However, the target of
the immune system is unique in both models, and con-
sequently the pathologies of the 2 models are also dis-
tinct (8). The EAE model has been favored as an
autoimmune model of MS and is often used by those sup-
porting the autoimmune hypothesis of MS. The TMEV
model has been used primarily as support for the
hypothesis that immune injury to CNS cells is second-
ary to a persistent infectious antigen. More recently,
TMEV has been shown to have an autoimmune compo-
nent late in the course of disease mediated by myelin spe-
cific CD4+ T-cells (54), in contrast there is also evidence
that neurologic deficits and axonal injury in the spinal
cord are caused by a CD8+ T-cell driven response to virus
antigen. Therefore as in MS both CD4+ and CD8+ T-cells
contribute to demyelination and neurologic deficits.

Theiler’s murine encephalomyelitis viruses are a
group of picornaviruses that persist in the central nerv-
ous system of susceptible mice and cause a white mat-
ter inflammatory disease similar to MS (7, 46). Theiler’s
viruses can be subdivided into the neurovirulent subgroup
GDVII, that causes lethal encephalitis after intracranial
infection or the less virulent subgroup TO, which caus-
es sub-lethal encephalitis, which is consequently
cleared and develops into a persistent infection in the
spinal cord white matter (24). The Daniel’s (DA) (16) and
BeAn (22) strains of TMEV are both members of the TO
subgroup. Both strains of virus have been used as mod-
els of inflammatory demyelination in the spinal cord
and as models of multiple sclerosis (26, 31). Molecular
characterization of these viruses has determined that
these strains share identity in 92% of nucleotides and 94%
of amino acids (36). This homology is further demon-
strated in the CNS disease produced by each of these
viruses. These similarities include clearance of the
early neuronal disease in the brain (33, 52), development
of inflammatory demyelination in the spinal cord (20),
persistence of virus antigen and RNA in the white mat-
ter (47, 51, 55) progressive neurologic deficits beginning
months after infection (27, 31), and susceptibility or
resistance to chronic demyelinating disease in various
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strains of mice (3, 22, 29). In both DA and BeAn infec-
tions, the Class I MHC H-2D region plays the major role
in genetically determining susceptibility or resistance (7,
46). However, there have been a number of differences
noted. These include development of strong DTH
responses to virus in mice infected with BeAn (5), per-
sistence of virus antigen primarily in macrophages fol-
lowing BeAn infection (23) in contrast to oligodendro-
cytes and macrophages following DA infection (47,
50), evidence that BeAn infection mediates an autoim-
mune response directed against myelin antigens (54) in
contrast to DA infection where direct glial cell injury and
a cytotoxic responses against infected cells have been pro-
posed to contribute to demyelination and neurologic
deficits (14, 19).

Another complexity has been the strains of mice
used by various laboratories. Previous results in the
BALB/c strain have shown that the disease induced by
TMEV in different substrains can be quite different
(32). We considered this an important finding that need-
ed to be investigated further in the two SJL substrains
infected with either DA or BeAn substrains of TMEV.
Early work using TMEV focused on infection of SJL/J
mice from the Jackson Laboratories (21). However,
more recently investigators have used SJL mice from Har-
lan Laboratories (SJL/JCrHsd) as the host for BeAn
infection (37). 

Most of the focus in understanding the pathogenesis
of TMEV-induced demyelination has been focused on the
pathologic studies in the spinal cord. In contrast, to the
many studies investigating the pathology in the spinal
cord after infection, pathologic disease in the brain has
been ignored by most investigations (10, 39, 48). It has
been assumed that the neurologic deficits observed in
chronically infected mice are secondary to demyelination
and/or axonal injury in the spinal cord (5, 26), howev-
er, there is strong evidence that pathology also occurs in
the brain stem following Theiler’s virus infection,
which could be a major cause of functional deficits
(10). Our goal was to contrast the contribution of brain
pathology following infection with either DA or BeAn.

Because of the differences observed in the literature
between BeAn and DA demyelinating diseases we car-
ried out a comprehensive analysis of the CNS patholo-
gy induced by these 2 models. Our goal was to replicate
the models as described in the literature rather than to
evaluate the potency of these viruses. We also felt that
the differences may go beyond the viruses themselves,
therefore we also performed a detailed comparison of the
pathologic disease in the CNS of SJL mice obtained

from Jackson Laboratories or from Harlan Laborato-
ries.

Materials and Methods

Virus. The Daniel’s strain of TMEV (DA) was orig-
inally obtained from Dr Raymond Roos, University of
Chicago, Ill. The virus was propagated in BHK-21 cells
as described previously (47). Briefly, supernatants from
BHK infected cells were sonicated, clarified by cen-
trifugation and stored at -70°C until the time of assay. The
BeAn 8386 virus used for injection into mice was
obtained from Dr Stephen Miller at Northwestern Uni-
versity. Plaque assays were performed on L2 cells for both
viruses to confirm titer. All dilutions were done in trip-
licate. The titer of the DA virus used for infection was
2 �108 plaque-forming units/ml (pfu/ml) and the titer of
BeAn 8386 was 5 �107 pfu/ml. Viruses were injected at
a dosage that was within the range of previously pub-
lished results (33, 54). We used intracerebral inoculation
of 1.5 �106 pfu of BeAn 8386 in 30 �l of DMEM and 2
�106 pfu of DA in 10 �l of DMEM. 

Purified DA used for delayed-type hypersensitivity
(DTH) was prepared from BHK-21 infected cells by
ultracentrifugation on sucrose and cesium chloride gra-
dients as described previously (47). Purified BeAn was
prepared from BHK-21 infected cells and purified by
sucrose gradient ultracentrifugation. Both viruses were
inactivated by exposure to ultraviolet (UV) light for 10
minutes.

Mice. Female SJL/J mice and C57BL6J mice were
obtained from the Jackson Laboratory (Bar Harbor,
Me). Female SJL/JCrHsd mice were obtained from
Harlan Laboratories (Indianapolis, Ind). Mice were 6 to
10 weeks of age at time of intracerebral infection. Mice
were provided food and water ad libitum and all proce-
dures conformed to National Institutes of Health and
Mayo Institutional guidelines for animal welfare.

Harvesting, and morphology of the CNS. At various
time points after infection (21, 45, 90, 180 days), mice
were perfused with Trump’s fixative via intracardiac
puncture (6, 11, 38). Spinal cords were dissected and cut
into one mm blocks. Every third block was embedded in
glycol methacrylate and stained with a modified
erichrome stain with a cresyl violet counterstain (43) to
detect inflammation and demyelination. The rest of the
spinal cord blocks were embedded in paraffin for
immunoperoxidase staining specific for virus antigen.
Detailed morphologic analysis was performed on 10 to
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15 coronal spinal cord sections from each animal. A
total of 2366 spinal cord quadrants from a total of 182
mice were studied. All slides were coded. Each quadrant
from every third spinal cord block from each animal
was scored for the presence or absence of gray matter dis-
ease, white matter inflammation and demyelination
without knowledge of mouse strain or virus strain. The
score was expressed as a percent of the total number of
quadrants with a particular abnormality. A maximum
pathologic score of 100 indicated that there was disease
in every quadrant of every spinal cord block from a par-
ticular mouse (40). 

Brain pathology. Brain pathology was assessed at days
21, 45, 90, and 180 p.i. Following perfusion with
Trump’s fixative, 2 coronal cuts were made in the intact
brain at the time of removal from the skull (one section
through the optic chiasm and a second section through
the infundibulum) (10). The resulting slides were then
stained with hematoxylin and eosin. Pathologic scores
were assigned without knowledge of experimental
group to the following areas of the brain: cortex, corpus
callosum, hippocampus, brainstem, striatum, and cere-
bellum. Each area of the brain was graded on a scale of
0 to 4 as follows: 0 = no pathology; 1 = no tissue
destruction but only minimal inflammation; 2 = early
tissue destruction (loss of architecture) and moderate
inflammation; 3 = definite tissue destruction (demyeli-
nation, parenchymal damage, cell death, neurophagia,
neuronal vacuolation); 4 = necrosis (complete loss of all
tissue elements with associated cellular debris).
Meningeal inflammation was assessed and graded as
follows: 0 = no inflammation; 1 = one cell layer of
inflammation; 2 = two cell layers of inflammation; 3 =
three cell layers of inflammation; 4=four or more cell lay-
ers of inflammation. The area with maximal extent of tis-
sue damage was used for assessment of each brain
region.

Assessment of functional disease using an acceler-
ated rotarod assay. The Rotamex rotarod (Columbus
Instruments, Columbus, Ohio) measures balance, coor-
dination, and motor control and was used to assess neu-
rologic function in this study. The rotarod consists of a
suspended rod powered by a variable speed motor capa-
ble of running at a fixed speed or accelerating a constant
rate. Mice were trained and tested according to the pro-
tocol established previously (27). Prior to injection with
TMEV each mouse received 3 days of training using a
constant speed protocol. This consisted of three 3-
minute trials over 3 days (12 rpm on day 1, 13 rpm on

day 2, and 14 rpm on day 3). Mice were then tested
using an accelerated assay (initial speed of 10 rpm
accelerating at 10 rpm per minute until the mouse fell off).
The maximum speed was 70 rpm at 6 minutes. Rotarod
performance was measured at 24 to 29, 46, 99, and 191
days following virus infection. All subsequent trials
consisted of one day of accelerated speed testing (3 tri-
als consisting of initial speed of 10 rpm and accelerat-
ing at 10 rpm per minute until the mouse fell off). The
speed (rpm) at the time of fall was recorded for each
mouse, and data were expressed as the percent decrease
from baseline. For baseline we used the speed of fall at
the 24-29 day time point. This allowed for the evaluation
of motor performance as a result of demyelination and
thus excluded any contributing deficits due to the early
encephalitis. Ratios of 46, 99, and 191 day infected to 24
to 29 day infected measurements were calculated by
dividing the means of the 46, 99, and 191 day perform-
ances by the mean of the 24 to 29 day performance. 

Delayed type hypersensitivity (DTH) responses to
virus. Mice were challenged with an intradermal injec-
tion in the pinna of the ear with purified, UV-inactivat-
ed DA in a 10 uL volume or with purified, UV-inactivated,
BeAn in a 10 uL volume. Pre-challenge ear thickness
measurements were taken with a Peacock dial gauge G-
50 micrometer (Ozaki Manufacturing Co.) and
expressed in mm-2. Post-challenge measurements were
taken at 24 and 48 hours post-injection.

TMEV Specific IgG enzyme linked immunosorbent
assay (ELISA). Whole blood was collected from mice
at time of sacrifice, and sera were isolated and stored at
-80°C. Total serum IgGs against TMEV were assessed
by ELISA as described (34). DA or BeAn virus was
adsorbed to 96-well plates (Immulon II; Dynatech Lab-
oratories Inc., Chantilly, Va) and then blocked with 1%
bovine serum albumin (BSA; Sigma Chemical Co., St.
Louis, Miss) in PBS. Serial serum dilutions were made
in 0.2% BSA/PBS and were added in triplicate.
Biotinylated anti-mouse IgG secondary antibody was
used for detection (Jackson Immunoresearch Laborato-
ries, Westbury, NY). Signals were amplified with strep-
tavidin–alkaline phosphatase (Jackson Immunore-
search Laboratories) and detected using p-nitrophenyl
phosphate substrate. Absorbances were read at 405 nm
and plotted against serum dilution factors.

RNA isolation. The brain and spinal cords were
removed from animals at 45 days after TMEV infection
in SJL/J and SJL/JCrHsd mice. Total RNA was extract-
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ed from brain and spinal cord. Briefly, the tissues were
frozen and stored in liquid nitrogen. Tissues samples
were homogenized in the RNA STAT-60 (1 ml / 100 mg
tissue) (TEL-TEST, Inc., Friendswood, Tex) with a
homogenizer, and total RNA was isolated according to
the manufacturer’s recommendations. The RNA con-
centrations were determined by spectrophotometer. The
RNA samples were equilibrated to a concentration of 0.25
�g/�l and stored at -80ºC. 

RT-PCR and real-time analysis. The VP2 fragment
of Theiler’s murine encephalomyelitis viruses (TMEV),
a viral capsid region of DA or BeAn virus was amplified
by RT-PCR using gene-specific primers. The primer
pair sequences for VP2 of DA virus were as follows: for-
ward (5�-TGGTC GACTC TGTGG TTACG-3�) and
reverse (5�-GCCGG TCTTG CAAAG ATAGT-3�). The
primer pair sequences for VP2 of BeAn were as fol-
lows: forward (5�-TGGTC GACTC TGTGG TTACG-3�)
and reverse (5�-TGCCA TTGGT TCTGG TGGTT C-3�).
Gluceraldehyde-3-phosphate dehydrogenase (GAPDH)
was used as a control for inter sample variability. The
sequences used for assaying the presence of GAPDH
were: forward (5�-ACCAC CATGG AGAAG GC-3�)
and reverse (5�-GGCAT GGACT GTGGT CATGA-3�).
Sizes of PCR products amplified with primers for
analysis were: VP2 of DA virus, 238 base pairs (bp); VP2
of BeAn virus, 573 bp; GAPDH, 236 bp.

Gene copy standards were generated with each set of
samples. Standards were generated by serial 10-fold
dilutions of plasmid cDNA. Standards were amplified in
parallel with unknown samples by real-time quantitative
RT-PCR using the LightCycler (Roche, Indianapolis,
Ind). Analysis to generate standard curves was per-
formed using LightCycler 3 software. Negative con-
trols (omitting input cDNA) were also used in each
PCR run to confirm the specificity of the PCR products.
PCR products curves were linear across serial 10-fold
dilutions, and the melting curve analysis indicated syn-
thesis of a single homogenous product of the expected
melting temperature. The reactions were done in 20 �l
capillaries 7.0 mM Mg2+, 10 pM concentrations of each
forward and reverse primer, 4.0 �l of LightCycler-RT-
PCR Reaction Mix SYBR Green I (LightCycler-RNA
Amplification Kit SYBR Green I; Roche), 2 �l of reso-
lution solution, 0.4 �l of LightCycler-RT-PCR Enzyme
Mix, sterile H2O, and 0.5 �g total RNA. Reaction con-
ditions for RT-PCR for VP2 and GAPDH were as follows:
reverse transcription at 55°C for 10 minutes, followed by
denaturation at 95°C for 2 minutes, followed by 40
cycles of amplification. Amplification conditions were;

denaturing at 95°C at 20°C per second without plateau
phase, annealing at 57°C for 7 seconds, and extension
72°C for 15 seconds. The accumulation of products was
monitored by SYBR Green fluorescence at the comple-
tion of each cycle. There was a direct relationship
between the cycle number at which accumulation of
PCR products became exponential and the log concen-
tration of RNA molecules initially present in the RT-PCR
reaction. The reaction conditions for melting curve
analysis were as follows: denaturation to 95°C at 20°C
per second without plateau phase, annealing at 60°C for
5 seconds, and denaturation to 95°C at 0.1°C per second,
with continuous monitoring of SYBR Green fluores-
cence. RNA samples (n = 76) from DA virus infected
SJL/J and SJL/JCrHsd mice, and BeAn virus infected
SJL/J and SJL/JCrHsd mice were analyzed for GAPDH
mRNA levels to determine the levels of mRNA per
sample and the technical reproducibility. The GAPDH
mRNA level per sample was log10 7.11 ± 0.019 (mean ±
the SEM), with range from 7.58 to 6.81. Therefore, the
marked variations in viral RNA levels in individual
specimens could not be attributed to differences in
amplifiable material. The amount of viral RNA was
expressed as log10 virus copy number per 0.5 �g RNA
total. 

Immunochemistry for viral antigen. For immuno-
histochemical staining of TMEV antigen, brain and
spinal cord sections were embedded and cut in paraffin.
Slides were deparaffinized in xylol, then rehydrated
through a series of ethanol rinses (absolute, 95%, 70%
and 50%) prior to the addition of primary antibody.
Slides with brain or spinal cord slices (5-�m thick)
were incubated with a polyclonal rabbit-antiserum to
purified Daniel’s strain TMEV that specifically reacts with
all structural proteins of TMEV (47). Slides were then
incubated with a biotinylated secondary antibody and
detection was performed using the avidin biotin
immunoperoxidase system (Vector Laboratories,
Burlingame, Calif). Quantitative analysis was per-
formed using a Zeiss microscope attached to a camera
lucida on a ZIDAS (Carl Zeiss Inc., Oberkochen, Ger-
many) digitizing tablet. Spinal cord areas were traced to
determine total gray matter area (mm2) and total white
matter area (mm2). The number of virus antigen-positive
cells for each mouse was counted and expressed per
mm2 of white matter area.

Co-localization of TMEV and CNS antigens by
double-immunofluoresence staining. Brains and
spinal cords were removed from 45 and 90 day TMEV
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infected SJL/J mice and were snap frozen in OCT com-
pound on brass chucks. Brain and spinal cord sections
were cut at 6 microns and placed on Superfrost Plus
slides (Fisher Scientific, Pittsburgh, Pa). Sections were
fixed in cold filtered 95% ethanol for 5 minutes and
then rinsed in phosphate buffered saline (PBS). Slides
were then incubated with a polyclonal rabbit-antiserum
to purified DA (47) for one hour at ambient temperature.
They were then rinsed in PBS and incubated with primary
antibodies to macrophage, oligodendrocyte and astrocyte
markers. Rat anti-mouse F40/80 (Serotec, Oxford,
United Kingdom) was used to identify macrophages, a
mouse monoclonal to CNPase (Sigma, St. Louis, Miss)
was used to identify oligodendrocytes and a directly
labeled mouse anti-GFAP-Cy3 antibody (Sigma, St.
Louis, Miss) was used to identify astrocytes. Colocal-
ization of macrophages to virus was obtained by incu-
bating sections with a biotinylated anti-rabbit secondary
(Vector Laboratories, Burlingame, Calif) and an incu-
bation with streptavidin-alexa fluor 594 conjugate
(Molecular Probes, Eugene, Ore) for virus and
macrophages were identified by incubation with an
anti-Rat FITC conjugated secondary (Vector Laborato-
ries, Burlingame, Calif). Oligodendrocytes were identi-
fied by incubating sections with a goat anti-mouse IgG-
FITC conjugated secondary and virus within those cells
was identified by labeling with goat anti-rabbit IgG
Texas Red labeled secondary (Jackson ImmunoRe-
search, West Grove, Pa). Colocalization to astrocytes was
obtained by incubating with an anti-rabbit-FITC conju-
gated secondary. Slides were post-fixed in 4%
paraformaldehyde and mounted in Vectashield mounting
medium (Vector Laboratories, Burlingame, Calif).

Flow cytometric analysis. A percol gradient was
used for isolating lymphocytes from the CNS for use in
flow cytometric analysis (18). 106 cells were isolated from
3 pooled C57BL/6 mouse brains infected with either
DA or BeAn strain of TMEV. Cells were stained with R-
phycoerythrin Db/VP2121-130 tetramer for one hour,
adding anti CD8 PerCp, anti-CD4 APC during the final
20 minutes. In parallel experiments with the same sam-
ples, cells were stained for 20 minutes with anti-CD11b
(Mac1) FITC, anti-B220 R-phycoerythrin, anti-Pan NK
R-phycoerythrin and anti-CD4 APC. Anti-CD4 APC
was included in all samples as a standard that all other
cell types were normalized to. We thus determined the
relative frequencies of various immune cells to one
another. This assay, excluding Db/VP2121-130 tetramer
staining, was also performed on 7-day infected SJL/J
mice. All antibodies were purchased from BD Pharmin-

gen (San Diego, Calif). Samples were then washed
twice with FACS buffer (1% bovine serum albumin and
2% sodium azide), resuspended in cold PBS and fixed in
1% paraformaldehyde. Samples were analyzed on a
Becton Dickinson FACScan instrument (Mountain
View, Calif). All staining with Db/VP2 tetramer was
corrected by subtracting the background staining of the
irrelevant Db/E7 tetramer staining. Db/E7 tetramer usu-
ally stained less than 3% of CNS infiltrating CD8+ T-cells,
yet bound greater than 99% of Db/E7 epitope specific
CD8+ T-cells (28). To calculate relative frequencies of
lymphocyte subsets, the total number of a particular
lymphocyte subset was divided by the sum of the total
numbers observed in all lymphocyte subsets.

Statistics. Multi-group comparisons for normally
distributed data were analyzed using one way ANOVA,
with pairwise comparisons done by either the Student-
Newman-Keuls method for inter-group comparison or by
Tukey’s method for comparison to control group.
Multi-group comparisons with two variables were ana-
lyzed by two way ANOVA. A repeated measures
ANOVA was used to compare serial or temporal data.
Comparisons between 2 individual groups were ana-
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Figure 1. Area of plaques following infection of L2 cells with BeAn
or DA for 72 and 96 hours. Asterisk denotes significant difference
in plaque size when comparing plaques from DA and BeAn
infected cells (P<0.05 by Mann-Whitney Rank Sum test).



lyzed using either the Student’s t-test for normally dis-
tributed data, or the Mann-Whitney Rank Sum test for
data that were not normally distributed. Comparisons of
incidence of demyelination were analyzed by the Fish-
er Exact test. Statistical significance is reported at
P<0.05.

Results

DA infection generates larger plaques than BeAn in
L2 cells. A comparison of the amino acid sequences of
each viral protein from BeAn and DA shows that there
is approximately 88 to 100% identity and 94 to 100%
homology in the various regions (L, VP 4, VP 2, VP 3,
VP 1, 2A, 2B, 2C, 3A, 3B, 3C, 3D) of the viruses (36).
Homology was determined by hydrophobic and structural
similarities between amino acids. Differences were
scattered among the various regions of the viral
genome. To assure that we were comparing the models
accurately and that the viruses were replicating in a
similar manner, we plaqued DA and BeAn to confirm the
titer. BeAn was titered at 5 � 107 pfu/mL and this aliquot
was used for all subsequent BeAn experiments. DA
virus was titered at 5 � 108 pfu/mL. DA consistently

made larger plaques than BeAn virus when placed on L2
cells. Plaques were 5-fold larger in area in DA infected
cells as compared to BeAn (Figure 1) infected cells at
both the 72 and 96 hour time point after infection
(P<0.05 by Mann-Whitney Rank Sum test). 

C57/BL6 mice are resistant to both DA and BeAn
induced demyelination in the spinal cord. One very
consistent feature of TMEV infection is the resistance to
spinal cord demyelination in mice of H-2b haplotype.
Immunogenetic experiments have demonstrated that
resistance maps to the class I-H-2Db locus. In addition
transgenic expression of Db or Dd molecules confers
resistance to mice of susceptible haplotype (2, 45). Pre-
vious work by our laboratory has demonstrated immun-
odominance of a VP2121-130 peptide response in infiltrat-
ing in CD8+ T-cells in the CNS of C57BL/6J mice
following DA infection (4, 9, 13). The present experi-
ments showed similar immunodominant response pres-
ent in the CNS of C57BL/6J mice after BeAn or DA
infection. Seven days following infection of H-2b mice,
CNS infiltrating cells were isolated by percol gradient and
stained by FACS using a CD8 antibody and Db-VP2
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Mouse Strain Virus Strain Day N Mice + White Matter Demyelination
for Demyelination Inflammation

SJL/J DA 21 10 7/10 6.8 ± 2.2 4.7 ± 2.0
SJL/J BeAn 21 10 2/10 1.6 ± 0.6 1.2 ± 0.9

SJL/JCrHsd DA 21 14 14/14 10.8 ± 2.0 14.9 ± 2.1
SJL/JCrHsd BeAn 21 9 1/9 4.1 ± 2.3 0.9 ± 0.9

SJL/J DA 45 17 17/17 23.6 ± 3.7 24.9 ± 4.1
SJL/J BeAn 45 31 21/31 15.5 ± 3.2 18.1 ± 4.1

SJL/JCrHsd DA 45 7 7/7 23.9 ± 5.3 31.8 ± 5.2
SJL/JCrHsd BeAn 45 10 6/10 16.6 ± 5.3 19.7 ± 7.2

SJL/J DA 90 10 10/10 34.7 ± 7.2 48.1 ± 8.0
SJL/J BeAn 90 11 5/11 8.3 ± 5.0 12.6 ± 7.2

SJL/JCrHsd DA 180 5 5/5 28.0 ± 4.4 71.7 ± 7.5
SJL/JCrHsd BeAn 180 7 4/7 13.2 ± 6.5 32.2 ± 15.2

C57 BL/6J DA 45 9 0/9 0.0 ± 0.0 0.0 ± 0.0
C57 BL/6J BeAn 45 8 1/8 0.4 ± 0.4 0.4 ± 0.4

C57 BL/6J DA 90 12 0/12 0.0 ± 0.0 0.0 ± 0.0
C57 BL/6J BeAn 90 12 0/12 0.0 ± 0.0 0.0 ± 0.0

a

a

a

b

b

c

c

b

b

c

c

Table 1. Spinal cord pathology in SJL/J, SJL/JCrHsd or C57/BL6 mice infected with either DA or BeAn strains of TMEV.
N = number of mice; a = Significant by Fisher Exact Test (p < 0.05); b = Significant by Student’s T-test (p< 0.05); c = Significant by Mann-
Whitney Rank Sum Test (p< 0.05).



tetramer (Figure 2). No significant difference in the
number of VP2 + CD8+ T-cells was observed when
comparing DA infection with BeAn infection.

We then analyzed the number of CD4, CD8, NK,
macrophages and B cells infiltrating the brain 7 days after
infection of C57BL/6J mice with DA versus BeAn. No
differences were seen when comparing the 2 virus
strains. We also analyzed the inflammatory cells infil-
trating the CNS of SJL/J mice infected for 7 days with
DA versus BeAn (Figure 2). No differences were
observed when comparing the virus strains. However,
C57BL/6J consistently had a greater percentage of
CD8+ T-cells in the CNS than SJL/J after infection with
either of the viruses. In contrast, a higher percentage of
brain infiltrating cells were CD4+ T-cells in the CNS of
SJL/J mice. We also analyzed the spinal cord of
C57BL/6J mice infected with DA and BeAn at 45 days
and 90 days after infection. No demyelination was
observed following infection with either virus strain
(Table 1).

Delayed type hypersensitivity (DTH) responses
against viruses following DA and BeAn infection.
There is strong evidence that TMEV infected SJL/J
mice mount a strong DTH response directed against

virus antigen (5). We compared the DTH response in
SJL/J and C57BL/6J mice infected for 56 days with
either BeAn or DA (Figure 3). Because different
sources and quantities of virus antigen (DA or BeAn)
were used in these experiments it is not possible to
directly compare the DTH response in BeAn infected ver-
sus DA infected mice. In general, greater DTH respons-
es were observed in C57BL/6J mice as compared to
SJL mice when infected with BeAn (P = 0.034, 24-hour
challenge and P = 0.008 at the 48-hour challenge, Stu-
dent’s t-test). There was a trend towards a greater DTH
response in DA infected C57BL/6J mice as compared to
DA infected SJL/J mice (P=0.109 24-hour challenge and
P = 0.202 48-hour challenge), however this was not sig-
nificant. Because of the lack of differences in CNS
pathology and inflammation in DA and BeAn infected
C57BL/6 mice further experiments focused on the
pathology in DA and BeAn infected SJL mice.

Greater frequency of demyelinating disease in the
spinal cords of SJL/J mice infected with DA as com-
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Figure 2. FACS analysis of brain infiltrating mononuclear cells
(CD4, CD8, NK, macrophages and B cells) isolated at 7 days
following infection of C57BL/6J mice and SJL/J mice infected with
DA or BeAn virus. Cells in C57BL/6J mice were also double
stained with an antibody to CD8 and VP2-tetramer. 

Figure 3. Delayed type hypersensitivity (DTH) responses
directed against BeAn or DA antigen at 56 days following infec-
tion. Each bar represents one mouse. Data show change in ear
thickness at 24- or 48-hour post antigen challenge.



298 Demyelinating Disease Induced by Daniel’s Strain and BeAn Strain of TMEV—Zoecklein et al

Figure 4. Spinal Cord Pathology in TMEV infected SJL/J and SJL/JCrHsd Mice A. SJL/J mouse infected with DA for 21 days. B.
SJL/JCrHsd mouse infected with DA for 21 days demonstrating an increase in spinal cord demyelination. C. Spinal cord pathology
in 45 day DA infected SJL/J mouse demonstrating extensive demyelination. D. BeAn infected SJL/J mouse at 45 days p.i. demon-
strating similar levels of demyelination. E. BeAn infected SJL/J mouse at 45 days p.i. demonstrating no demyelination or inflammation
in the spinal cord. F. Presence of brain stem and cerebellum pathology in a BeAn infected SJL/J mouse at 45 days p.i.that did not
show pathology in the spinal cord.



pared to SJL/J mice infected with BeAn. We assessed
the frequency of demyelination at 21, 45, 90, and 180
days post intracranial infection (Table 1). We chose
these time points based on the fact that 21 days is the
beginning of demyelination in the spinal cord, by 45
days demyelination is well-established, by 90 days
demyelination is reaching a plateau, and by 180 days mice
are showing demyelination as well as secondary axon-
al injury (26). At 21 days post infection, 7 of 10 DA
infected SJL/J mice as compared to 2 of 10 BeAn
infected SJL/J mice showed demyelination. By 45 days
and 90 days, all SJL/J mice (17/17 and 10/10) infected
with DA showed demyelination in the spinal cord in
contrast to 21 (67.8%) of 31 and 5 (45%) of 11 SJL/J mice
infected with BeAn at these time points (P<0.05 by
Fisher-Exact test).

We then examined the extent of demyelination in the
spinal cord of SJL/J mice following infection with these
2 strains of virus. This was done by examining 10 to 15
spinal cord blocks from each mouse and determining the
number of quadrants positive for white matter inflam-
mation and demyelination. The extent of demyelination
at 21 days post infection was not statistically different
between DA and BeAn infected SJL/J mice. However by
45 days there was approximately 1.3-fold increase in the
number of quadrants showing demyelination in DA ver-
sus BeAn infected SJL/J mice (P = 0.038 Mann-Whitney
Rank Sum test). The difference was greater at 90 days
when there was approximately a 4-fold increase in the
number of quadrants with demyelination in DA infect-
ed SJL/J mice versus BeAn infected SJL/J mice (P =
0.006 Mann-Whitney Rank Sum test). The extent of
white matter inflammation closely mirrored the extent of
demyelination. No examples of gray matter inflamma-
tion or neuronal injury were observed in the spinal cord
of these mice at these time points.

We then did the analysis and excluded all SJL/J mice
infected with DA or BeAn, which did not show
demyelination. When this was done there was no statis-
tical difference between the extent of demyelination
between DA or BeAn infected SJL/J mice at 21, 45, or
90 days following infection.

SJL/JCrHsd a show greater extent of demyelination
than SJL/J mice when infected with DA. Many of the
recent experiments using BeAn have used Harlan Lab-
oratories as a source of SJL mice. We tested the possi-
bility that one difference observed in the models was not
only related to differences in the viruses but also in the
hosts (Table 1, Figure 4). At 21 days there was signifi-
cantly more demyelination in SJL/JCrHsd mice as com-

pared to SJL/J mice infected with DA (3.2-fold increase
in demyelination, P = 0.003 statistics by Student’s t-
test). No increase in demyelination was observed in
SJL/JCrHsd mice as compared to SJL/J mice infected
with BeAn at 21 days. Forty-five days after infection there
was no increase in demyelination observed in
SJL/JCrHsd mice as compared to SJL/J mice infected
with DA (P=0.345 Student’s t-test). Mice infected with
BeAn virus consistently showed less demyelination as
compared to mice infected with DA irrespective of the
source of SJL mice. When mice which showed no
demyelination were excluded from the analysis, the
only significant finding was the presence of more
demyelination at day 21 using DA in SJL/JCrHsd mice
(14.9 ± 2.1) as compared to SJL/J mice (6.7 ± 2.5) (P =
0.030 Student’s t-test). At the 45, 90, and 180 day time
points no statistical difference was observed between
demyelination in SJL/JCrHsd versus SJL/J mice infect-
ed with DA or BeAn.

Development of brain disease is similar between
DA and BeAn infected mice. Having shown that there
was a decreased incidence of spinal cord demyelination
in BeAn infected SJL/J and SJL/JCrHsd mice, we asked
whether the extent and degree of neuropathology in the
brain was different between SJL/J or SJL/JCrHsd mice
infected with these 2 viruses. Brain from every mouse was
cut into coronal sections to allow visualization of the cere-
bellum, brain stem, cortex, hippocampus, striatum, cor-
pus callosum, and meninges. The extent of neu-
ropathology was graded on a 0 to 4 point scale as
outlined in the methods. Each point in the graphs (Fig-
ure 5) represents one animal. There were no significant
differences in the region of the brain showing neu-
ropathology or in the severity of neuropathology when
comparing BeAn and DA infected mice at the various
time points. At 21 days following infection, severe neu-
ropathology was frequently observed in the hippocam-
pus and striatum. In addition, prominent meningeal
infiltration was observed at 21 and 45 days following
infection with either BeAn or DA. No major changes
were observed when comparing SJL/J versus
SJL/JCrHsd infected mice with either of these 2 virus-
es. Of importance, all mice infected with BeAn that
showed no spinal cord demyelination still showed neu-
ropathology in the brain (Figure 4F). Therefore, the
absence of demyelination in the spinal cord was not
related to early or complete clearance of virus infection
from the CNS. By 45 days, clear evidence of demyeli-
nation and inflammation was observed in the cerebellum
and brain stem of SJL/J and SJL/JCrHsd mice infected
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with either of these 2 viruses. By 90 and 180 days fol-
lowing infection, most of the pathology in the hip-
pocampus and striatum had subsided, however the
pathology in brain stem progressed. Again no differ-
ence in brain neuropathology was observed in the late

time points when comparing either BeAn or DA infec-
tion of either SJL/J or SJL/JCrHsd mice.

More VP2-specific viral RNA persists in the CNS of
DA infected mice as compared to BeAn infected mice.
Recent reports indicate that viral RNA persists follow-
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Figure 5. Pathologic scores in the brain of SJL/J or SJL/JCrHsd mice infected with DA or BeAn for 21, 45, 90, and 180 days.



ing TMEV infection during chronic disease even
though it is often difficult to detect infectious virus by
plaque assay (56). We developed a sensitive and quan-
titative RT-PCR assay that allows us to measure the
copy number of VP2-specific RNA in the brain and
spinal cord of DA and BeAn infected mice (Figure 6A
and 6B). At 45 days following infection there was
approximately 2 logs more virus-specific RNA tran-
scripts in the spinal cord as compared to the brain of DA
or BeAn infected SJL/J mice (P<0.05 Student’s t-test).
A significant difference in copy number was observed
between BeAn and DA infected SJL/J or SJL/JCrHsd
mice. Approximately 2 logs more VP2 copy number
was observed in DA infected mice compared to BeAn
(P<0.05 Student’s t-test).

Virus antigen staining in the spinal cord of mice
infected with DA and BeAn. We have shown previous-
ly that persistent virus antigen in the spinal cord corre-
lates well with the degree of demyelination in the animal
(48). We therefore counted the number of virus antigen
positive cells per area of white matter (Figure 6C). No
virus antigen positive cells were observed in the gray mat-
ter of any mouse infected with either DA or BeAn at 45,
90, and 180 days following infection. For the 45 and the
90 day time point we utilized SJL/J mice. For the 180 day
time point we utilized SJL/JCrHsd mice. There was no
significant difference in the number of virus antigen
positive cells per area of white matter between DA (8.7
±1.1) and BeAn (5.4±1.3) infected SJL/J mice at 45 days
after infection (NS by Student’s t-test). Similarly, at 90
days following infection there was a trend for greater
number of virus antigen positive cells in DA infected mice
(9.8 ± 1.0) as compared to BeAn infected mice (3.9 ±
2.0) (NS by Student’s t-test). However 180 days after
infection of SJL/JCrHsd mice, there was 4 times more
antigen positive cells observed in mice infected with
DA (16.0 ± 3.4) as compared to BeAn (3.9 ± 2.0) which
was statistically significant (P = 0.02 by Student’s t-
test).

Virus antigen localization in the spinal cord and
brain stem of DA and BeAn infected mice. We identi-
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Figure 6. A. Log10 virus RNA copy number (VP2) in brain or
spinal cord from SJL/J mice infected with DA or BeAn for 45 days.
B. Log10 virus RNA copy number (VP2) in the brain or spinal
cord from SJL/JCrHsd mice infected with DA or BeAn for 45 days.
C. Number of virus antigen positive cells in the spinal cord
expressed per area of white matter in SJL/J mice infected with
DA or BeAn for 45 or 90 days, and SJL/JCrHsd mice infected
with DA or BeAn for 180 days.
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Figure 7. Double-labeling immunoflourescence of virus infected cells in the CNS of mice infected with TMEV for 45 or 90 days. GFAP
positive cells (red) do not localize to virus antigen (green) in 45 day infected (A) DA or (B) BeAn spinal cord sections (40X). F4/80
labeled cells (green) demonstrate colocalization with virus (yellow) in 45 day infected (C) DA and (D) BeAn brainstem sections (40�).
Oligodendrocytes positive for CNPase (green) are positive for TMEV antigen (yellow) in both 45 day infected E)DA and 90 day infect-
ed F) BeAn brainstem sections (60�).



fied the cells expressing virus antigen in the spinal cord
and brain stem of mice infected with DA or BeAn using
a double labeling immunoflourescence technique (Fig-
ure 7). For these experiments, frozen sections were cut
from SJL/J mice infected for 45 and 90 days with either
DA or BeAn and used for staining. We used an antibody
to glial-fibrillary acidic protein (GFAP) to identify
astrocytes, the antibody F4/80 to identify
microglia/macrophages and an antibody to CNPase to
identify oligodendrocytes. No virus infected astrocytes
were observed following infection with either BeAn or
DA. In contrast a number of F4/80+ macrophage/
microglial cells contained virus antigen following
infection with either BeAn or DA, demonstrating that
these cells were actively infected or had phagocytosed
viral antigen debris. In addition, we saw cells positive for
CNPase that colocalized with virus antigen after infec-
tion with either DA or BeAn.

TMEV specific IgG ELISA for DA and BeAn
infected SJL mice. DA and BeAn specific IgG ELISA
for DA and BeAn infected SJL/J mice were performed
on mice that were chronically infected with TMEV for
58 and 90 days (Figure 8). Both the DA and the BeAn
specific ELISA demonstrated a difference in IgG’s
when comparing the two different viral infections. The
BeAn infected animals showed an increased titer to
both DA and BeAn (P<0.05 Repeated Measures
ANOVA with pairwise comparison by Student-New-
man-Keuls). 

Functional deficits following DA versus BeAn
infection of SJL/JCrHsd mice. We have shown previ-
ously that it is possible to objectively measure neuro-
logical deficits in DA infected SJL/J mice using rotarod
assay, footprint analysis, or spontaneous activity moni-
tors (14, 27, 44). We performed a time course experiment
following DA and BeAn infected SJL/JCrHsd mice. We
chose to study functional deficits in SJL/JCrHsd mice
because of the higher incidence and severity of spinal cord
demyelination observed in these mice following early
infection. For these experiments SJL/JCrHsd mice
infected for 24 to 29 days were compared to mice
infected for 46, 99, and 191 days (Figure 9). Both DA and
BeAn infected mice showed progressive motor deficits
as a function of time (P<0.05 by One Way ANOVA).
However, as the disease progressed, more severe func-
tional deficits were observed in DA infected
SJL/JCrHsd mice as compared to the BeAn infected
SJL/JCrHsd mice (P<0.05 by Two Way ANOVA, pair-
wise comparisons using Tukey’s test). We compared the

function of these mice to the 24-day data to evaluate the
functional deficits secondary to the demyelinating dis-
ease and therefore exclude any functional deficits from
the early encephalitic phase of the disease. However, there
was no difference in the function of DA infected versus
BeAn infected SJL/JCrHsd mice at 24 days following
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Figure 8. DA and BeAn specific IgG ELISA of sera from chron-
ically infected SJL/J mice. A. BeAn infected SJL/J mice show
an increased IgG titer to DA antigen when compared to DA infect-
ed SJL/J mice (P<0.05 Mann-Whitney Rank Sum test). B.
BeAn infected SJL/J mice demonstrate increased IgG titer to
BeAn antigen when compared to DA infected SJL/J mice. 

Figure 9. Functional deficits as measured by ROTAROD assay
of SJL/JCrHsd mice infected with DA versus BeAn for 46, 99,
and 191 days. Asterisk shows statistically significant decrease
in function P<0.05.



infection. The average speed (RPM) of rotarod at the time
of fall was 21.7 ± 1.6 in DA infected mice and 20.8 ± 2.6
in BeAn infected mice (NS by Student’s t-test). As
shown previously neurological deficits continued to
worsen after 99 days of infection in spite of the fact that
the incidence of demyelination in the spinal cord and
extent of demyelination was similar between the 90 and
180 day time point. This is consistent with the hypoth-
esis that secondary injury to axons may contribute to neu-
rological deficits in both DA and BeAn infected
SJL/JCrHsd mice, as has been shown previously in DA
infected SJL/J mice(26).

Discussion
This is the first manuscript to report a direct com-

parison of the CNS pathology of the 2 most commonly
used models of TMEV-induced demyelination. Investi-
gators have used both the Daniel’s strain and the BeAn
8386 strain in SJL mice. Furthermore, SJL mice have
been obtained from different sources. In this study, our
goal was to compare the models as have been used pre-
viously by the investigators in the field. Therefore we
chose to infect with 2 � 106 pfu of DA and 1.5 � 106 pfu
of BeAn. We suspect that this minor difference in input
virus is likely within the standard error of plaque assay
and does not account for the difference in the incidence
of demyelination in the spinal cord observed with these
viruses. However, qualitatively the plaque assays
demonstrated that DA was clearly more lytic to L2 cells
than BeAn by producing larger plaques. This would
suggest that there might be an important difference in the
replication of these viruses and their ability to lyse
cells. 

The data support the conclusion that DA is more vir-
ulent than BeAn virus. This is supported by a higher fre-

quency and extent of demyelination in the spinal cord,
more virus antigen positive cells during chronic stages
of disease, and higher level of virus-specific RNA
(VP2) in the CNS in DA versus BeAn infected mice. Thus
DA has a greater propensity to infect the spinal cord white
matter and result in subsequent inflammatory demyeli-
nation. However, virulence likely is not the only expla-
nation since the extent of brain pathology and distribu-
tion of brain lesions were similar between DA and
BeAn infected mice. Of particular interest were mice that
showed no demyelination in the spinal cord even after
analysis of 15 to 20 sequential sections encompassing the
entire cord. All of these mice showed brain pathology.
This would argue that the mechanism for induction of
brain pathology versus spinal cord demyelination may be
distinct in BeAn infected mice. This contrasts with DA
infected mice where there was a stronger relationship
between brain and spinal cord pathology.

One unexpected but very interesting finding was the
observation of greater demyelination in SJL/JCrHsd
mice as compared to SJL/J mice. SJL/JCrHsd mice
showed much earlier demyelination in the spinal cord
only after infection with DA. It has been previously
assumed that these mouse strains are genetically identi-
cal. However, the increased incidence and severity of
early demyelination in SJL/JCrHsd mice following DA
infection and the reported greater development of
autoimmunity to myelin antigens in these mice (37)
suggest that there are important genetic differences as
relates to demyelination in these mice. This parallels
previously published data by Nicholson et al (32) that
shows differences between BALB/c substrains in their
susceptibility to TMEV induced demyelination. Further
evidence in the 129 strain (53) has demonstrated that
genetic variability should be considered when compar-
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Virus Amino Acid Position Demyelination Reference
98 99 100 101 102 102a 102b 103 104 105

GDVII S G G A N G A N F P - (15, 41)
DA S G G T T - - N F P + (36)
BeAn S G G V N G A N F P + (42)
WW S G G T T - - N F P + (30)
Yale S G G A N G A N F P + (30)
DA9 S G G T T G A N F P - (58)
DA8 S G G A N G A N F P + (58)
Osm101 S G G I T - - N F P - (60)
DA3304 S G G A T - - N F P + (59)
DA-VP1-99(Ser) S S G T T - - N F P - (17, 49)
DA-VP1-100(Asp) S G D T T - - N F P - (17, 49)
DA-VP1-103(Lys) S G G T T - - K F P + (17, 49)

Table 2. VP1 Loop II mutants of DA or BeAn cited in the literature.



ing substrains of mice. Since these SJL strains are very
closely related and their genes highly conserved, this may
provide a unique opportunity to determine those genes
important in controlling earlier and increased incidence
of demyelination following TMEV infection. 

Unknown are the genes of TMEV that determine the
difference in the pathologic and clinical phenotype fol-
lowing infection with DA versus BeAn. Much is known
regarding the differences between the highly neurovir-
ulent (GDVII) strain and either DA or BeAn. Multiple
recombinant viruses encompassing GDVII and DA (12,
25, 46) and GDVII and BeAn (1, 59) have been
described. The data suggest that neurovirulence from
GDVII virus infection maps primarily to the viral cap-
sid antigens and in particular VP1. It is possible that sim-
ilar differences in demyelination between DA and
BeAn may also map to the viral capsid antigens. Previ-
ous work has shown that the areas of least homology
appear to reside in the leader (L) peptide and VP1 of DA
and BeAn (36). Future recombinant viruses between
DA and BeAn could help answer this important question.

One possibility for the attenuated phenotype seen in
the BeAn strain of virus compared to DA could be the dif-
ferences in amino acid composition around the VP1
loop II region. This region comprises amino acids 98
through 105 of the VP1 capsid and is thought to be a crit-
ical receptor binding region. Several mutant TMEV
viruses have been generated with changes in this region
that have affected the incidence of demyelination
(Table 2). Of interest is the vulnerability of amino acid
101 to change and the induction of attenuated phenotypes
seen in vivo as well as in vitro. For example, a change
from threonine to alanine or isoleucine at position 101
in VP1 results in attenuated phenotypes in infected SJL
mice (58). Furthermore when 2 amino acids were
inserted (G and A) after the threonine at position 102, thus
making the DA more “BeAn-like,” this also generated a
disease phenotype that failed to induce clinical symptoms
when compared to wild type DA (57). Evidence from
other studies shows that changes at residues 99, 100
and 103 can change the course of infection in SJL mice
(17). Although these are not direct changes to the 101 site,
changes at these sites may generate viruses that are
morphologically different due to side chain interactions
of the amino acids and overall changes in folding at this
potential receptor binding site. In vitro evidence in L2
cells also supports the attenuation of phenotype in VP1
loop II mutants. Infection of L2 cells with mutations at
VP1-99, VP1-100 and VP1-103 resulted in a reduction
of plaque sizes in L2 monolayers (17). This decrease in
plaque size was similar to those observed in the present

study when comparing DA and BeAn. The data support
the hypothesis that the differences observed in the VP1
loop II region between DA and BeAn could be con-
tributing to a reduced ability to interact with the cellu-
lar receptor in spinal cord white matter and generate a less
productive infection with decreased incidence of
demyelination and neurologic deficits.

Of particular interest were the functional assays
using the rotarod to determine chronic neurologic
deficits in TMEV infected mice. In this study we inves-
tigated SJL/JCrHsd mice infected with DA or BeAn
because of the earlier development of demyelination
especially after DA infection. The data showed that par-
ticularly during the later stages of disease (90-180
days), DA infected SJL/JCrHsd mice showed more
severe functional deficits as compared to BeAn infect-
ed SJL/JCrHsd mice. We have performed similar exper-
iments previously using DA infection in SJL/J mice
(26). When comparing the previous published results with
those of the present study it is clear that both BeAn
infected and DA infected SJL/JCrHsd mice have more
functional deficits than DA infected SJL/J mice.

The data suggest that DA and BeAn induced CNS dis-
eases are distinct. DA being the more lytic virus appears
to result in greater frequency of spinal cord demyelina-
tion and greater extent of demyelination especially as the
disease progresses. This may be due to direct viral
injury of glial cells or an immune response against
these cells. In contrast, BeAn appears to be less virulent.
This may predispose this virus toward development of
CD4+ T-cell mediated delayed-type hypersensitivity
responses directed against virus antigen which later
spreads to myelin antigen to contribute to demyelination
(31). In addition, there may be unique genetic contribu-
tions of the SJL/JCrHsd strain that predisposes this
mouse strain to autoimmunity. Finally, the detailed
analysis of brain pathology induced following infection
with these viruses raises the hypothesis that demyelina-
tion in the spinal cord as well as lesions in the brain stem
may contribute to the neurological deficits observed in
these mice. 
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