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ABSTRACT

Purpose of Review: There is still controversy whether EBV could be a causative agent as
opposed to an innocent bystander in the pathogenesis of multiple sclerosis (MS). We aimed to
review main studies which were investigated the subject to reveal whether the presence of a
possible latent or active infection with Epstein-Barr Virus (EBV) of people with MS could actually
play a role in the development of the disease. This review summarizes current knowledge on the
association of EBV and MS.

Summary and Results: Multiple sclerosis (MS) is a demyelinating condition affecting the central
nervous system. The etiology and pathogenesis of MS are unknown, but environmental agents and
genetic susceptibility are likely to be involved. From the very early days of MS discovery, infections
have been proposed to be the underlying causes of disease initiation. This assumption led to the
development of the first FDA-approved immune-modulatory treatment for MS, Interferon-beta (IFN-
b), known with its antiviral activities. It has been pointed out that a link between delayed infection
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with EBV and the development of MS is compatible with many unusual epidemiological features of
the disease EBV infects more than 90% of all humans, most of whom remain healthy. In contrast,
99% of MS patients have evidence of prior infection with EBV. EBV infects resting B-lymphocytes,
immortalizing them into long-lived memory B-cells that survive largely undetected by the immune
system in the peripheral circulation. MS patients show elevated titers to EBV years before
developing any neurologic symptoms. Postmortem pathologic analysis of brains of patients with
MS has revealed diffuse EBV-associated B-cell dysregulation in all forms of MS. Theories of
pathogenesis of EBV in MS include antigenic mimicry, immortalization of B-cell clones, and
cytotoxic T-cell dysfunction against virally infected B cells. This article reviews the existing
evidence of the relationship between EBV and MS.

Keywords: Multiple sclerosis; epstein-barr virus; autoimmunity.

1. INTRODUCTION

An autoimmune disorder is a condition that
occurs when by mistake the immune system
attacks and destroys healthy body tissue [1]. In
patients with an autoimmune disorder, the
immune system can't tell the difference between
healthy body tissue and antigens. The result is
an immune response that destroys normal own
body tissues [1]. Auto immune diseases are the
third leading reason of morbidity and mortality
after heart diseases and cancer in the
industrialized world. Researchers are looking into
the role of different factors in the development of
autoimmune disorders. It seems that some
microorganisms and drugs may trigger some of
the changes, especially in people who possess
genes that make them more likely to develop

autoimmune disorders. One theory is that,
a combination of  genetic, epigenetic,
immunological, hormonal and environmental

factors, comprising what is known as ‘the mosaic
of autoimmunity’, is required for autoimmune
disorders to develop [2]. Among these key
elements, the impact of infections on the
development of autoimmunity is substantial, and
various mechanisms have been suggested to
explain this association [2,3].

Post-infection autoimmunity can be induced by
multiple mechanisms, such as molecular
mimicry, epitope spreading, bystander activation,
viral persistence and polyclonal antibody
activation. Triggering of autoimmunity is not
always a hit and run event, but rather a
cumulative process. The immune system is
affected by repeated infections from childhood,
and in immune-sensitive individuals, a
breakthrough point might occur when the
infection burden crosses a crucial level. This
breakthrough point might be reached when a
specific pathogen load, immune load (i.e.

antibody titer) or an unique combination of
pathogens is established [4].

Multiple sclerosis is an inflammatory disease
leading to disseminated lesions of the central
nervous system (CNS) resulting in both somato-
motor and autonomic disturbances which occur
with similar frequency. MS is the most common
demyelinating disease of the human central
nervous system, which principally affects adults
aged 18-50 vyears. Women are generally
affected earlier and more frequently than men.
Most patients present with a relapsing disease,
progressing over 10—15 years to a chronic phase
with increasing difficulty in movement and co-
ordination [5].

MS usually begins in early adulthood and is
characterized by demyelination and gliosis, with
various degrees of axonal pathology and
episodic or progressive neurological disability.
More than 1 million people worldwide are
affected by MS. It is second only to trauma as a
cause of acquired disability in young adults in
most Caucasian populations [6]. Numerous
studies on the genetic epidemiology of MS
provide compelling evidence that the
susceptibility to the disease is mostly non-
genetic, and additional environmental factors
might be necessary to trigger it. The disease
prevalence of MS varies between 60 and 200 per
100,000 people in North America and Northern
Europe and generally follows a north-to-south
gradient in the Northern hemisphere and the
opposite in the Southern hemisphere, with very
low rates or a virtual absence of the disease near
the equator [5].

A persistent synthesis of IgG antibodies in the
cerebrospinal fluid (CSF) is an immunological
hallmark in MS. In the steady state, only a very
low number of B-cells are trafficking through the
human brain [7]. Once inflammation has started,
however, B-cells, antibodies, and complement



Moghadam and Honarmand; BMRJ, 6(1): 1-12, 2015; Article no.BMRJ.2015.053

can enter the CNS compartment and B-
lymphocytes, plasma cells, and myelin-specific
antibodies are detected in late chronic MS
plaqgues as well as in areas of active
demyelination in MS patients [8]. Auto-reactive
antibodies can cause demyelination by
opsonization of myelin for phagocytosis and via
complement activation, leading to membrane
attack complex deposition and complement-
mediated cytolysis [9]. In contrast to the
phenotypic composition of B cells in the blood,
most of the B-cells in the CSF of patients with
MS display a memory phenotype (CD277) [10]. A
receptor analysis of T- and B-cells in the CSF
and brain tissue of patients with MS showed
clonal expansions in both populations, indicating
clonal reactivity to just a few disease-relevant
antigens that are yet incompletely defined [11].

2. MS AND INFECTIONS

The cause of multiple sclerosis (MS) is not
known, but the environment and the immune
responses are accepted as key players in the
disease process. Environmental studies suggest
that some factor — probably infectious — must be
encountered before the age of 15 in order MS
develop later in life. Also, epidemiological data
and the inflammatory nature of the lesions have
driven the research enterprise in search of a
pathogen in MS. Several viruses and bacteria,
including Epstein-Barr, Chlamydia, pneumonia,
measles, canine distemper, and human herpes
virus-6 have been or are being studied to
determine if they may trigger MS, but none have
been definitively proven to do so as of yet. Some
data suggest that a common virus may play a
role in the etiology of MS. Whether it is a
persistent viral infection or an immune reaction
caused by a temporary viral infection in the CNS
or elsewhere in the body is not clearly known. To
satisfy a causal association between MS and an
infectious agent, the pathogen should ideally (a)
cause a chronic inflammatory disorder of the
CNS, (b) preferentially reside within the CNS and
undergo periods of activation and quiescence,
and (c) cause demyelination.

Current opinion favors the notion that MS is an
autoimmune disease directed against self-neural
antigens [12]. The auto-antigens that may be
responsible for the auto-immunity have remained
elusive [13]. Much of the speculation that has
driven the notion of autoimmunity in MS is due
the similarities between MS in human and the
mouse model of experimental auto-immune
encephalitis [13].

Several mechanisms by which infections can
cause demyelination, have been proposed: direct
and indirect [14]. A virus can infect
oligodendrocytes leading to its lysis or apoptosis,
with consequent demyelination. This is seen in
PML, where the infection by the JC virus leads to
caspase activation in oligodendrocytes, leading
to their apoptosis, and in the TMEV model,
where productive viral infection leads to lysis of
oligodendrocytes, by activation of cytotoxic T-
cells [15,16]. Viral infection can also lead to
induction of an autoimmune response by
molecular mimicry or bystander activation [4]. In
the molecular mimicry model, shared antigenic
determinants  between putative infectious
pathogens and myelin antigens in a genetically
susceptible individual lead to the development of
autoreactivity and ultimately autoimmune
demyelination. In the bystander activation model,
microbial infections lead to significant activation
of antigen-presenting cells (APCs) such as
dendritic cells. These activated APCs could
potentially activate pre-pri-medauto-reactive T-
cells, which can then initiate autoimmune
disease [17].

3. MS AND EBV

From the very early days of MS discovery,
infections have been proposed to be one of the
underlying causes of disease initiation. This
assumption led to the development of the first
FDA-approved immuno-modulatory treatment for
MS, by application of Interferon-beta (IFN-b),
known with its antiviral activities. Epstein-Barr
virus (belongs to the herpes virus family) was
identified in 1964 by Epstein and colleagues from
a lymphoma of the jaw, which had been
recognized in Central African children by Burkitt
lymphoma. Several years later it was recognized
that EBV was the etiologic agent of heterophil-
positive infectious mononucleosis(IM). In addition
to being the cause of infectious mononucleosis,
EBV has also been associated with rheumatoid
arthritis and several neoplastic conditions
including Burkitt lymphoma, nasopharyngeal
carcinoma, hairy cell leuco-plakia, and primary
CNS lymphoma [18]. EBV infects naive human
B-cells, causing their clonal expansion and
subsequent life-long latent infection in mature
memory B-cells. In the resting memory B-cell, no
proteins are actively expressed, and, hence,
antigen cannot be detected on their surface [19].

EBV has also been associated with a variety of
CNS  complications, including meningo-
encephalitis, encephalitis, cerebritis, transverse
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myelitis, neuro-psychiatric syndromes, cranial
nerve palsies, Guillain-Barré syndrome, and
mono-neuropathies. These usually occur 1 to 3
weeks after the onset of IM,but they may also
occur at the outset of the disease. The
pathogenesis of these complications has not
been clarified. Studies suggest that some
complications are due to direct viral infection,
whereas the reasons for others are due to auto-
immune reactions [20].

It has been pointed out that a link between
delayed infection with EBV and the development
of MS is compatible with many unusual
epidemiological features of the disease [20]. In
developing countries, where MS is rare, early
infection with EBV is almost universal. By
contrast, in those areas of the world, in which IM
is common and where, by implication, first
exposure to EBV is often delayed beyond the
early years of childhood (Australia, Canada,
many European countries, New Zealand,
Scandinavian countries and the United States),
the prevalence of MS is high. Furthermore, the
age-specific incidence curves for IM and MS are
similar; the peak of the curve for IM precedes the
peak of the curve for MS by a few years.

Researchers don’t yet understand how the EBV
causes the body to attack its own central nervous
system, as it does in MS. “The mounting
evidence that relates EBV infection with other
auto-immune diseases, particularly systemic
lupus erythematosus (lupus), suggests that EBV
may have a broad role in predisposing to auto-
immunity or failure of the immune system to
recognize the own tissues of the body. A fine
understanding of the mechanisms that connect
EBV infection to MS is important because as it
would provide possibilities about finding of new
ways for treatment and control of MS.

Since the early 1980s, remarkable similarities
between the epidemiology of MS and IM have
been noted [21]. Several epidemiological
features of MS, such as the association with
higher socio-economic status, occurrence of
clusters and epidemics, changes in the
prevalence with latitude and changes in the risk
of the disease with migration, could possibly be
explained by a role for EBV in the
pathophysiology of MS [22].

Although the epidemiological evidence linking
EBV infection to MS risk is rather compelling, the
mechanisms underlying this link remain unclear.
One possibility is that EBV-infected B-cells

infiltrate the MS brain and elicit a cytotoxic T-
lymphocyte  response with damage to
surrounding tissue. Alternatively, EBV could
contribute to MS onset acting outside of the
central nervous system. One hypothesis is that of
molecular mimicry between EBV and myelin
antigens, which could involve antibodies.

4. EBV SERO-PREVALENCE IN
PATIENTS WITH MS

A multitude of epidemiological studies,
conducted in the past 30 years, revealed that MS
patients are almost universally, 99.5%, sero-
positive for EBV infection, compared to matched
healthy controls that have EBV sero-prevalence
of 94.2%. This difference in sero-positivity is
even more pronounced in pediatric MS cases
which have been shown to carry 83% sero-
prevalence compared to only 42% in matched
healthy controls, while no significant difference
was observed for other viruses such as
cytomegalovirus (CMV), parvovirus B19 and
Varicella zoster virus (VZV).

Earlier studies reported that 100% of the MS
patients have serological signs of a previous
EBV infection [22] and that a disproportionally
high percentage of MS patients have elevated
titers of anti-EA antibodies. The presence of
these anti-EA antibodies indicates acute or
chronic active EBV infection and onset of viral
replication [16,17]. There are indications that the
primary EBV infection in MS patients has
occurred years before the onset of neurological
symptoms [22], with a possible risk enhanced
role for primary infections occurring relatively
later in life (adolescence) [25]. Normally, EA
titers decline within weeks or months after a
primary infection or a reactivation of EBV.

Many researchers have demonstrated higher
titers of EBV antibodies in MS cases compared
to controls [23]. Alter et al. [24] compared the
data on positive serologic titers to childhood
infections in high and low MS frequency areas
and generally found a much lower percentage of
sero-positives in the areas at high MS risk. EBV
sero-positives aged 416 years in northern
Europe were 41 to 50% whereas at the same
age they were 76 to 95% in some developing
countries [25]. In a case-control study recall of
infectious mononucleosis was associated to a
significant relative risk of 1.9 which increased to
2.9 in subjects seropositive for EBV and people
reporting IM before age of 18 years had a
relative risk of 7.9 [26]. Many studies lend
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support to the notion that IM usually indicating a
late EBV infection is usually associated with an
increased risk for the individual to develop MS.
This suggestion confirms previously proposed
evidence on an epidemiological relationship
between late exposure to childhood diseases
and subsequent MS.

A strong positive association for a history of IM
was found among MS patients in another case-
control study [27]. A combined analysis of case-
control studies on this specific topic showed that
EBV clinical infection almost doubles the risk of
MS. Most epidemiological studies are
retrospective: the history of earlier diseases is
recalled for cases and controls. Prospective
studies, in which exposed people are followed to
the possible occurrence of the disease, are
relatively rare because of the low population risk
of MS and the long follow-up period required. In
addition, reliable population MS statistics and
follow-up of a large number of unexposed
matched controls are necessary. By cross-
referencing a cohort of IM cases with a MS
register in Sweden, three MS cases were
recruited, corresponding to a relative risk of 3.7
for MS to occur after IM [28].

The Danish historical prospective study
compared data from the National State Serum
Institute with the National MS Registry. Among
the people with positive antibodies 16 cases of
MS were found. The expected number was 5.7,
and the risk ratio - 2.81. Among the negative
subjects the expected number of MS cases was
found [29].

In 1990s, interesting findings have been reported
by many groups, and higher titers have been
reported for EBV nuclear antigen (EBNA)
antibodies as well [30-46]. During or after
puberty, EBV is transmitted to a major proportion
of the population in an MS high prevalence area.
Haahr et al. [36] demonstrated that recall of
diagnosed IM, but not recall of common
childhood diseases, is significantly more frequent
among MS patients than healthy controls. All MS
patients, including those  without prior
immunosuppressive  treatment, were EBV
seropositive.

An increase in EBNA antibodies may precede
the clinical onset of MS by 5-20 years
[34,36,38,41]. DelLorenze et al. [40] who
investigated serum samples of MS patients up to
30 years before disease onset and determined a
significant increase in EBNA 1-specific IgG titers

compared to the matched controls, which
occurred 15-20 years prior to disease onset.

MS-associated differences of the humoral
immune response to EBV appear to be even
more pronounced in pediatric than in adult
patients, presumably because the rate of sero-
negative individuals is higher in that age group,
and potentially also because of the closer
proximity to the true onset of the disease [43-45].

In 2000, Ascherio and Munch have performeda
systematic review of the case-control studies of
EBV infection and MS. Eight published
investigations were identified, including a total of
1,005 cases and 1,060 controls. The summary
odds ratio of MS comparing EBV seropositive
individuals with EBV sero-negative individuals
was 13.5 (95% CIl = 6.3-31.4) [46]. The strength
and consistency of this association, as well as of
the high sensitivity and specificity of EBV
serology suggest that these results are not
readily explained by anon-specific immune
activation among MS patients. The consistency
of association across the studies supported the
likelihood that EBV plays a part in the etiology of
MS [47].

A recently done meta-analysis of all published
studies on the association of MS and infectious
mononucleosis revealed a combined relative MS
risk of 2.3 for individuals with IM as compared to
EBV positive individuals with a clinically silent
primary infection [48]. A longitudinal study
including 25,234 Danish patients with IM exactly
confirmed these data: 104 patients (4.1%o)
developed MS, representing a 2.3-fold increase
in MS incidence as compared to the general
population. The MS risk increased within 5 years
of the IM, and remained elevated for more than 3
decades [49]. Combining the results of the meta
analysis with those from other investigations on
EBV, a model for the relation between EBV
infection and MS has been proposed: the risk for
MS is close to zero among EBV-negative
individuals, intermediate among those infected
with EBV in early childhood and the highest
among persons infected in adolescence or later
in life [48].

Actually, many studies advocate the role of EBV
in MS. Ramagopalan et al. [49] reported that
EBV sero-prevalence was higher in MS patients
compared to controls (99% versus 90-95%) and
MS showed to have a clear and reproducible
clinical relation with IM. Serum and intra-
thecallgG levels to the latency-associated EBNA-
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1 are elevated before the onset of MS and they
alsocorrelates  with  disease activity and
prognosis [38,48-51]. Contrastingly, I1gG to lytic
EBV proteins including the viral capsid antigen
(VCA) are not changed or they are only
marginally increased, suggesting that EBV
abnormalities in MS are associated with B-cell
responses to latent EBV antigens [48,50].
Serafini et al. [51] reported the presence of EBV-
infected B-cells in meninges and perivascular
regions of MS lesions. However, these
observations as well as the involvement of a
local EBV-specific B- and T-cell response are still
under debate [48,52-54].

Another meta-analysis of 14 case—control and
cohort studies of IM and MS calculated the
combined relative risk of MS after IM was 2.3
(95% Cl, 1.7-3.0; p<10™®) [55]. Based on a
recent updated meta-analysis evaluating a total
of 18 clinical studies, the combined relative risk
for development of MS after IM was estimated at
2.17 (95% ClI 1.97-2.39; P < 10" [56]. Apart
from indicating a potential role of EBV in the
pathogenesis of MS, these findings also suggest
that the timing of primary EBV infection is an
important factor in developing MS. Those who
are infected in adolescence or young adulthood
have a higher risk of developing MS than those
infected during childhood [48]. It has been shown
that in high prevalence regions for MS, sero-
conversion for EBV occurs during or after
puberty in a large proportion of the population
[57].

A correlation between MS and delayed exposure
to EBV could also account for the observation
that migrants from areas where multiple sclerosis
is uncommon tend to retain a low risk of disease
while those moving in early life from areas where
the prevalence of multiple sclerosis is high,
experience a reduction in risk [25].

5. INTRA-THECALSYNTHESIS OF EBV-
SPECIFIC ANTIBODY

There are several reports pointing towards a
possibly increased EBV-targeted humoral
immune response in the CNS of MS patients.
The first of these studies analyzed the CSF-to-
serum antibody ratios of EBV and adenovirus in
MS patients: 32 of 39 MS patients (82%) showed
an increased CSF-to-serum EBV-VCA antibody
ratio, whereas only 4 of 20 MS patients (20%)
showed an increased adenovirus antibody ratio
[31]. An intra-thecal antibody response to the
EBV protein BRRF2, and also an oligo-clonal

binding pattern of CSF IgG to EBNA-1 and
BRRF-2 proteins in MS patients, have been
reported. Partoftheir CSF oligo-clonal bands
were absorbed by pre-incubation of CSF with
EBNA-1 [46]. In a Danish study, more than
25,000 patients with IM observed and more than
two-fold increased risk of MS in the IM cohort
was seen that is further confirming of the
association between IM and MS [57]. The
authors also found that the risk of MS
development was increased for more than 30
years after IM. These findings can be interpreted
as an indication for a raised CNS antibody
production against EBV in patients with MS.
Similar conclusions were drawn from another
survey, in which 10 of 15 MS patients showed
intra-thecal IgG antibody synthesis against
EBNA-1 protein [57].

EBNA-1 is the only EBV-encoded antigen that is
consistently expressed in proliferating EBV-
infected memory B-cells, and cD4" T-
lymphocytes are thought to play an important
role in the immune control of persistent EBV
infection. While healthy EBV-carriers
preferentially recognize multiple epitopes within
the central part of the immunogenic domain of
EBNA-1, MS patients have been shown to have
significantly elevated EBNA-1-specific CD4" T
cell frequencies targeting a much larger number
of epitopes within this region [58].

Jafari et al. [59] observed no difference in the
overall anti-EBV antibody diversity, but in the
EBNA-1 reactivity, it was significantly increased
in MS patients versus control, according to
immune-blot and ELISA (p < 0.0001). Epitope
analysis on EBNA- 1 revealed one immuno-
domlnantreglon covering residues  394—
451(EBNA™*") Anti-EBNA"*****"|gG levels in
serum and CSF were significantly higher in MS
patients compared to controls [59]. However,
normalization for total IgG content of paired
serum and CSF samples abrogated this disease
association. The same authors reported that MS
patients have normal overall anti-EBV antibody
responses with increased reactivity to EBNA-1°%"

and not found evidence for intrathecal
EBNA1-specific IgG synthesis in MS [59]. They
also suggest that antibodies to EBNA-1-specific
domains and HLA DRB1*1501 interact as risk
factors [59].

Results from another study showed no evidence
for intra-thecal anti-EBV IgG  synthesis
[60].However, whether peripheral infection or
immune response plays a pathogenic role, still
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remains to be determined. Notably, the MS-
associated EBNA-13%*% region identified
encompasses several immuno-dominant HLA

DR-, including potential HLA DRB1*1501-
restricted CD4+ T-cell epitopes [61,62].
Moreover, MS patients have elevated

frequencies and broader epitope reactivity of
EBNA-1-specific CD4+ T-cells [62], including
specific T-cells that cross-reacted with MS-
associated myelin proteins [60-67]. According
Lunemann et al. [63] EBNA 1-specific CD4" T-
lymphocytes, but not T-cells, specific for other
Iytic or latent EBV and CMV peptides, were
observed to have a higher proliferative capacity
and enhanced IFN-y secretion.

It is tempting to hypothesize that molecular
mimicry enables EBNA-1-specific T-cells to
cross-recognize self-auto-antigens that would
eventually lead to the initiation and maintenance
of autoimmune pathologies. In genetically
predisposed individuals, it should be noted
thatEBNA-1 expression evokes a neuro-antigen
cross-reactive anti-EBNA-1 T-cell response that
upon entry into the CNS recognizes and target
cells expressing the cognate neuro-antigen
[68,69].

In addition, intra-thecal B-cell follicles, which are
closely associated with thesub-pial gray matter
lesions, have been described in post-mortem
brain tissue of subjects with MS [70]. Rand et al.
[54] have reported high levels of EBV-infected B-
cells in such follicles in 21 of 22 post-mortem MS
brain specimens, a finding not seen in neurologic
control cases. Fifty percent of these subjects also
showed anti-EBV 1gG in CSF collected post-
mortem. These results corroborate the findings of
elevated EBNA-1 IgG in subjects with more
active disease. A pool of EBV-infected memory
cells may exist both peripherally and centrally
that generate or sustain a population of auto-
reactive  T-cells, thereby mediating the
inflammatory response in MS.

Otto et al. [71] found that Intra-thecally produced
anti-EBV antibodies are part of the poly-
specificintra-thecal immune response in MS and
only rarely detectable in patients with MS, both
arguing against a direct CNS infection with EBV
in patients with MS. According Bray et al. [72] in
healthy EBV-sero-positive persons, the EBV-
specific, MHC-restricted T-lymphocytes keep the

EBV-containing B-lymphocytes locked in the
transformed state. However, in the host
genetically susceptible to MS, the same

population of lymphocytes might recognize and

interact with either of the two identified penta-
peptides. Nociti et al. [73] found that increased
titers of anti-EBV-IgG in serum and cerebro-
spinal fluid (CSF)of MS subjects as compared to
Chronic  Inflammatory Demyelinating  Poly-
radiculo-neuropathy (CIDP) and Amyotrophic
Lateral Sclerosis (ALS) patients thus providing
additional evidence for a possible involvement of
EBV in MS. Castellazzi et al. [74] found that an
intra-thecallgG production of anti-VCA and anti-
EBNA-1 1gG, was present only in a limited
number of multiple sclerosis patients and
controls (range from 1.3 to 6.3%) which do not
support a direct pathogenetic role of EBV-
targeted humoral immune response in multiple
sclerosis. Villegas et al. [75] found that intra-
thecal EBNA-1 specific IgG synthesis was
detected in 6.6% MS patients and in 17.3%
controls. No EBV DNA was found in plasma or
CSF, and our findings showed no evidence of
high intra-thecal EBNA-1 specific IgG synthesis
or of significant EBV DNA in CSF in MS patients.

It should be noted that technical limits to detect
EBV in CNS may strongly interact with the
results of these studies, and this is one of the
main reasons about the controversial results.

6. OTHER EXPERIMENTS

Several independent groups have analyzed the
presence of EBV genome sequencesn in the
CSF of MS patients by PCR. The authors have
either not detected any EBV DNA at all [76] or
demonstrated EBV DNA in only a small
percentage of MS patients without significant
difference as compared to controls [77,78]. One
study of post-mortem brain samples detected
EBV in 27% of MS cases as opposed to 38% of
controls [78]. A recent study investigating the
expression of markers of EBV latent and lytic
infection in post-mortem brain specimens
showed evidence of EBV infection in brain-
infiltrating B cells and plasma cells in 21 of 22
MS patients and none of 11 controls [54].

In other attempts, cell mediated immune
mechanisms, involving T and NK cells which
have pivotal importance in controlling the
proliferation of EBV-infected B cells is
investigated. The frequency of EBNA-1 specific
CD4+ memory T cells was found to be strikingly
elevated in MS patients as compared to healthy
EBV carriers. Furthermore, the same T-cells
showed increased proliferative capacity and
enhanced interferon-gamma production [76]. A
strong EBV-specific CD8+ T- cell response in
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patients with clinically isolated syndrome has
recently been reported [18]. T- cell cross
recognition between EBV peptides and myelin
proteins including myelin basic protein (MBP)
has been demonstrated, supporting a concept of
possible autoimmune mechanisms by cross-
reactivity towards EBV and auto antigens
(molecular mimicry) [79-80]. It should also be
noted that EBV-MBP cross-reactive T- cells
have been found in similar frequencies in MS
patients and healthy controls [80].

7. CONCLUSION

There is strong epidemiological evidence linking
symptomatic EBV infection with MS development
rendering the virus a major candidate for MS
initiation and there is a growing body of evidence
pointing to EBV as a culprit. The role of this virus
is probably as an initiator of the disease process
of MS, or as a contributor to its early
development, rather than as an activator of
latent, existing disease. Further investigations
should be designed with adequate controls to
better define the role of EBV in MS
pathogenesis, but it is also necessary more
researches aimed at understanding how EBV
interacts with the immune system in MS.
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