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Ever since multiple sclerosis (MS) pathol-
ogy was defined at the end of the 19th cen-
tury, it has been debated whether the
primary event in the CNS affects myelin
or axons. Even though the characteristic
pattern of tissue damage was noticed to
be demyelination, it was proposed early on
that axonal damage may in fact be responsi-
ble for permanent disability in MS patients
(Charcot, 1880). Interestingly, axonal injury
in MS is not limited to the demyelinated le-
sions, but occurs even in so-called normal
appearing brain tissue (Bitsch et al., 2000),
supporting the notion that damaged neu-
rons in non-demyelinated areas contribute
to the functional deficits in MS.

Numerous investigations have extended
our knowledge of MS pathology using virus-
induced models of chronic demyelination.
Probably the most extensively studied
model is the Theiler’s murine encephalo-
myelitis virus (TMEV), which induces a
chronic progressive demyelinating disease
in susceptible mice. Although TMEV is
cleared from neurons, it persists in glial cells
and macrophages subsequently leading to
demyelination and axonal injury (for re-
view, see Oleszak et al., 2004). Neurotropic
strains of mouse hepatitis virus (MHV) can
induce chronic inflammatory demyelina-

tion bearing similar histological features to
those observed in MS: lesions associated
with lipid-laden macrophages, infiltrating T
lymphocytes and naked axons scattered
throughout the CNS. Similarly to TMEV,
MHV antigens are detected in astrocytes, oli-
godendrocytes, and neurons early on, and at
later timepointscanonlybefoundinglialcells
(for review, see Matthews et al., 2002).

Das Sarma et al. (2009) addressed the
question whether axonal damage occurs
as a consequence of direct viral attack or
secondary to demyelination in the MHV
model. They compared the neuropatho-
logical features induced upon infection of
C57BL/6 mice with two distinct MHV strains.
The demyelinating strain RSA59 (DM) led
to demyelination with concomitant axonal
injury while the non-demyelinating strain
RSMHV2 (NDM) caused focal axonal de-
generation without demyelination. The
two strains carry the same genomic back-
bone except for the spike glycoprotein, a
structural protein responsible for virus-
host attachment.

Histopathologically, DM mice displayed
large demyelinating plaques on day 7 after
infection; on the contrary, infection with
NDM left the myelin sheath relatively pre-
served [Das Sarma et al. (2009), their Figure
2]. Light microscopic and electron micro-
graphic analyses revealed intact naked axons
with preserved axolemmas and axoplasm in
DM infection but early axonal degeneration
with collapse of the myelin sheath in NDM
infected animals [Das Sarma et al. (2009),
their Figure 3C–D and Figure 4]. One week
after intracranial infection with either
strain, the majority of inflammatory cells
identified in CNS tissue were CD11b� cells

(macrophages/microglia) [Das Sarma et al.
(2009), their Figure 1 and Figure 6E–F].
Macrophage-mediated myelin stripping
was seen in DM infection underscoring the
role of CD11b� cells in MHV-induced de-
myelination [Das Sarma et al. (2009), their
Figure 5]. Remarkably, although the viral
particles were injected directly into the
brain, cell infiltrations, primary axonal loss
(NDM), and substantial damage to the my-
elin sheath (DM) were evident in spinal
cord sections as early as day 7 postinfection.

Das Sarma et al. (2009) demonstrated
that MHV infection can induce inflamma-
tion, demyelination, and neurodegeneration
resembling MS pathology. Macrophages
and activated microglia, abundantly found
in MS lesions, have been shown to play key
roles in MS pathogenesis. In fact, the
number of injured axons in MS lesions
correlates with the number of macro-
phages/microglia present onsite (Trapp et
al., 1998). One has to mention that vari-
ous other inflammatory cells are thought
to play crucial roles in myelin and axonal
loss. Aberrant activation of auto-reactive
CD4 and CD8 T lymphocytes targeting
epitopes of the CNS are observed in MS
(Sospedra and Martin, 2005). CD4 and
CD8 T lymphocytes and their secreted
mediators are found in MS lesions, and
published evidence suggests that CD8 T
lymphocytes have the capacity to cause
axonal damage in MS (Bitsch et al., 2000).
Das Sarma et al. (2009) did not provide
quantification of infiltrating CD4 or CD8
T lymphocytes in DM or NDM infected
animals, thus we cannot estimate nor
compare their contribution to tissue in-
jury in these two distinct MHV models.
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Das Sarma et al. (2009) observed dif-
ferent patterns of leukocyte distribution
in the brain and spinal cord depending on
the viral strain used for induction and the
time point studied. At day 7 postinfection,
NDM-infected animals displayed leuko-
cytes predominately in the gray matter. In
contrast, DM infection led to infiltrated
leukocytes restricted to the white matter
[Das Sarma et al. (2009), their Figure
6C,D]. On day 30 postinfection only a
small population of leukocytes was ob-
served in NDM infection, whereas the
DM infected mice still showed cell enrich-
ment in demyelinated lesions [Das Sarma
et al. (2009), their Figure 7C,D]. These
differences in cell location led to the hy-
pothesis that the infiltrating immune cells
parallel viral antigen distribution within
the CNS. Fluorescence microscopic anal-
ysis on day 7 postinfection revealed viral
antigen of DM-infected mice predomi-
nantly in the white matter, but restriction
of viral antigen to the gray matter in
NDM-infected animals [Das Sarma et al.
(2009), their Figure 8A,C]. It would have
been relevant to assess leukocyte infiltra-
tion and viral antigen on the same sections
to demonstrate that infiltrating immune
cells are indeed migrating toward infected
cells. Finally, DM or NDM infection of
primary neuronal cultures showed viral
antigen spreading in DM-infected cul-
tures, whereas in NDM-infected cultures
viral particles seemed to be limited to pre-
viously infected neurons [Das Sarma et al.
(2009), their Figure 8H, I]. These experi-
ments demonstrate antigen distribution
shortly after infection; unfortunately, a
quantification of viral spread has not been
provided and thus no investigation of vi-
ral replication in neurons of the two
strains could be made to further comple-
ment their findings.

Das Sarma et al. (2009) concluded that
DM and NDM strains translocate differ-
ently along axons, consequently leading to

characteristic patterns of leukocyte distri-
bution in either infection. Plausible expla-
nations mentioned by the authors are
NDM transport failure or impaired ca-
pacity to infect oligodendrocytes via di-
rect cell– cell contact, accounting for the
limited spread of viral particles. As men-
tioned above, the two viral strains have a
different spike glycoprotein, which is re-
sponsible for the virus-host attachment
and therefore can drastically influence the
viral spread and tropism. No analyses over
longer time periods were shown; some-
thing which might have provided clues as
to where the different viral strains can per-
sist. Moreover, the authors also did not
report any clinical symptoms despite the
observed CNS pathology. The reason for
this omission could, however, be that it is
difficult to assess the consequences of gray
matter involvement in animal models of
MS as these insults poorly correlate with
physical findings but rather manifest as
cognitive dysfunction. One might specu-
late that DM-infected animals displayed
physical disability due to massive demyeli-
nation and concomitant axonal damage of
ascending and descending fiber tracts,
whereas local axonal injury without demy-
elination as observed in NDM-infection did
probably not affect the animals to a measur-
able extent. Nevertheless, to determine the
clinical impact of axonal loss and also possi-
ble late-onset findings, it would have been
worthwhile to extend the observation pe-
riod to several months.

In conclusion, Das Sarma et al. (2009)
describe a model of non-demyelinating
MHV infection (RSMHV2) useful for
further study of primary axonal damage
in a mouse model of MS. Axonal degen-
eration was even observed with minor
cell infiltration; therefore, NDM-infection
of RAG knock-out mice lacking both B
and T lymphocytes could provide further
insight into non-immune-mediated axonal
injury.

Extensive axonal damage has been re-
ported in the early phase of MS, and even
outside demyelinated areas, questioning
the widely accepted concept that injury to
myelin precedes axonal damage (Filippi et
al., 2003).

Whether the demyelination and the
neurodegeneration observed in MS are
timely distinct or concurrent and colocal-
ized events remains to be determined. As
axonal loss is associated with permanent
functional impairment in MS, neuro-
protective treatment strategies are needed.
A precondition for their design, however,
is thorough studies of neuropathological
mechanisms in animal models such as the
one described here.
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