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Autoimmune diseases affect approximately 5% of the population in the United States and are the third most common
disease category after cancer and heart disease. At least 15
diseases are known to be the direct result of an autoimmune
response, while circumstantial evidence implicates autoimmunity in more than 80 conditions. Multiple sclerosis (MS),
autoimmune skin and thyroid diseases, systemic lupus erythematosus (SLE), and rheumatoid arthritis (RA) are among
the most prevalent disorders in this category.
Diseases of autoimmune origin are generally believed to
arise from unfortunate combinations of genetic susceptibility and environmental insults. HLA-DR and -DQ alleles
within the HLA class II region on chromosome 6 are by far
the strongest risk-conferring genes for most of the aforementioned entities. Viral and bacterial infections are logical
candidates as environmental triggers. However, for the numerous agents that have been linked with specific autoimmune diseases based on serology, pathology, or virus isolation, none of the postulated associations has been
conclusive. The difficulty in identifying a causative single
microorganism might indicate that Koch’s paradigm, “one
organism, one disease,” does not apply to such complex
diseases and suggests that several different agents can induce or exacerbate autoimmune diseases and that these are
most likely ubiquitous pathogens of a high prevalence in the
population (37, 69).
Epstein-Barr virus (EBV) has been a leading candidate trigger for several autoimmune diseases since the initial description of raised EBV-specific antibody titers in patients with SLE
in 1971 (23). EBV is a biologically plausible candidate since it
is ubiquitous in nature, establishes a lifelong dormant infection
with continuous virus production due to reactivation, and modulates the human immune system. In its immune-modifying
function, EBV rescues infected B cells via latent antigen expression and assists their differentiation into memory B cells, in
which it persists. In addition, the virus continuously stimulates
strong T-cell responses via chronic antigen presence, and this

immune control is crucial to prevent EBV-associated malignancies.
Recent studies indicate that EBV-specific cellular and humoral immune responses and the regulation of viral persistence in EBV-infected memory B cells are altered in patients
with autoimmune diseases (3, 29, 38, 52, 54, 79, 80). In MS
patients, longitudinal analyses of serum samples collected
more than 10 years before the onset of clinical symptoms
consistently showed that the risk of developing the disease
increased significantly with the level of EBV antibody titers,
and the strongest association was found for immunoglobulin G
(IgG) antibodies binding to a EBV latent antigen, nuclear
antigen 1 (EBNA1) (3, 21, 46). The mechanisms responsible
for the association of EBV infection and the evolution of MS
have so far not been clarified. In this review, we will discuss
new evidence and hypotheses for a potential linkage between
host-EBV interactions and the initiation as well as maintenance of autoimmune diseases. Since the existing literature
suggests that different mechanisms lead to EBV association
with the various autoimmune diseases, we will focus our discussion primarily on MS and refer to SLE and RA only when
similarities or differences between these diseases and MS have
been clearly defined.
MULTIPLE SCLEROSIS
MS is a chronic inflammatory disease of the central nervous
system (CNS) which 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 and at
least 350,000 individuals in the United States alone are affected
by MS, which is second only to trauma as a cause of acquired
disability in young adults in most Caucasian populations (69).
Numerous studies on the genetic epidemiology of MS provide
compelling evidence that the susceptibility to the disease is
inherited, although additional environmental factors might be
necessary to trigger the disease. 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-tosouth 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.
The heterogeneous nature of MS is reflected by its variable
clinical phenotype, its nonuniform neuropathology, and its het-
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erogenous molecular pathogenesis. Autoreactive T cells are
considered to play a key role in mediating the disease process.
Evidence for the latter stems from the composition of inflammatory infiltrates, which consist mainly of lymphocytes and
monocytes, in the CNS and from data from its animal model,
experimental allergic (autoimmune) encephalomyelitis. In this
model, the injection of myelin components into susceptible
animals leads to a CD4⫹ T-cell-mediated autoimmune disease
resembling MS, which can be adoptively transferred from sick
to naı̈ve animals via encephalitogenic CD4⫹ T cells. A role for
autoaggressive T cells in MS pathology is further supported by
the fact that certain major histocompatibility complex (MHC)
class II alleles, in particular the HLA-DR2 haplotype, represent the strongest genetic risk factor, presumably as restriction
elements of pathogenic CD4⫹ T cells and by the therapeutic,
though limited, efficacy of immunosuppressive and immunomodulatory agents.
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 (2). Once inflammation has started, however,
B cells, antibodies, and complement can enter the CNS compartment and B cells, plasma cells, and myelin-specific antibodies are detected in late chronic MS plaques as well as in
areas of active demyelination in MS patients (59). Autoreactive antibodies can cause demyelination by opsonization of
myelin for phagocytosis and via complement activation, leading to membrane attack complex deposition and complementmediated cytolysis (70). 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 (CD27⫹) (16).
A receptor analysis of T cells 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 diseaserelevant antigens that are yet incompletely defined (30).
In addition to genetic predisposition for MS via distinct
MHC class II alleles, inflammatory events are considered to
initiate and drive the disease process during early stages. The
myelin damage and axonal injury that accounts for the permanent neurological deficit seen during later phases of MS likely
result from a complex sequence of events, including processes
intrinsic to the CNS, such as increased vulnerability to tissue
injury and/or poor repair, which might progress independently
of immune pathology. MS is therefore not solely a disease of
the immune system; rather, CNS-specific components, though
largely overlooked in their potential disease-promoting role
during the past decades, are presumably equally important for
its pathogenesis (26, 69).
For many years, an infectious etiology of MS has been suspected, as it fits with a number of epidemiological observations
about, and immunopathological characteristics of, the disease.
Migration studies showed that individuals who migrate from
high-risk to low-risk areas after the age of 15 tend to take their
risk of MS with them, whereas individuals who migrate from
high-risk to low-risk areas before the age of 15 acquire a lower
risk, indicating that childhood exposure to an environmental
factor increases disease susceptibility. These observations suggest that an environmental factor is relevant for the initiation
of the disease process (41). In addition, viral infections are
closely associated with clinical disease exacerbation (67).
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As for the other major autoimmune diseases, no specific
transmissible agent has so far been linked convincingly to MS.
The most consistent data for a potential role in the disease
exist for EBV and neurotropic human herpesvirus 6 (HHV-6)
based on the detection of viral DNA in some brain specimens
derived from MS lesions (in the case of HHV-6) and on consistent seroepidemiological studies (46, 68). Both are ubiquitous viruses that act at the population level and produce latent,
recurrent infections. The mechanisms by which these viruses
and other potential candidates might initiate, exacerbate, and
perpetuate the disease are, however, far from understood.
However, the immunobiology of EBV might suggest mechanisms by which this persistent oncogenic virus might be involved in the initiation and exacerbation of the autoimmune
disease MS.
EPSTEIN-BARR VIRUS: HOST-PATHOGEN
INTERACTIONS
EBV manipulates the human B-cell compartment to achieve
persistence in memory B cells (4). The virus preferentially
infects B lymphocytes through binding to the CD21 receptor
and MHC class II as its coreceptor (24, 49). EBV-infected B
cells in vivo can express four different programs of gene usage,
depending on the location and the differentiation state of the
infected B cell (5, 42). The lytic program is used to produce
infectious virus. The other three programs are all associated
with latent infection, in which no infectious virus is produced,
and are known as follows: the growth program, in which all
eight known latent proteins are expressed and stimulate proliferation of the infected host cell; the default program, in
which a restricted set of three latent proteins are expressed and
help infected B cells to survive the germinal center reaction by
mimicking B-cell receptor signaling and T-cell help; and the
latency program, in which the virus persists in memory B cells
without EBV protein expression. All of these confer resistance
to apoptosis induction to various degrees, increasing with the
number of expressed latent EBV antigens, as suggested by a
recent study of Burkitt’s lymphoma variants (39). This result
suggests that EBV might be able to sustain autoreactive B
cells, as discussed in more detail below.
In healthy virus carriers, EBV persists in a lifelong manner
in a transcriptionally quiescent state within the resting memory
B-cell compartment (4). Lytic EBV infection can be activated
from the memory B-cell pool, presumably after an encounter
with the cognate B-cell receptor antigen (42). Among more
than 80 lytic and 8 latent EBV gene products, the latencyassociated EBNA1 is the only protein consistently expressed in
infected proliferating memory B cells in healthy virus carriers
(33). During homeostatic B-cell division, EBNA1 initiates viral
replication by binding to the EBV circular DNA or episome
with its C-terminal domain and cross-links the episome to
mitotic chromosomes as a protein anchor, thereby accomplishing the transmission of the episome into progeny cells (36).
Persistent infection is characterized by stable numbers of latently infected B cells in the blood (0.5 to 50 per million) and
the steady shedding of infectious virus into saliva (40).
EBNA1, the crucial EBV antigen for persistence of the virus,
constitutes a dominant antigen for both humoral and cellmediated immune responses to the virus, and the deregulation
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of EBV-specific immunity in MS has been characterized primarily for this antigen.
In humoral immunity to EBV, most antibody responses,
such as the IgM, IgA, and IgG responses to virus-encoded
nucleocapsid antigens (VCA) and the IgG responses to the
EBV latent antigen EBNA2 peak during acute infection, are
against latent and lytic antigens (18, 64). The expansion of
these antibody responses probably follows the availability of
their respective antigens. In contrast, antibody responses
against EBNA1 and the most abundant viral envelope protein,
gp350, do not follow this pattern. Both reach their highest titer
during convalescence from infectious mononucleosis (IM) (31,
77). IgG responses against gp350 have proven to be neutralizing (34, 76) and might contribute to the resolution of IM.
EBNA1-specific antibodies are, however, most probably useless for protective humoral immunity to EBV, since the EBNA
antigens are expressed only intracellularly. Nevertheless, most
healthy virus carriers maintain anti-EBNA1 as well as antigp350 and anti-VCA IgG responses during persistent EBV
infection (64), and these responses are used diagnostically to
assess if individuals have been infected with EBV. Deregulation of these EBV-specific antibodies was found to be associated with autoimmune diseases, including MS, and has spurred
investigations into a possible contribution of this virus for disease progression.
The initiation of EBV-specific immune control is probably
mediated by dendritic cells cross-presenting EBV antigens
from infected B cells, and then it centers around strong memory CD4⫹ and CD8⫹ T-cell responses, whereby the CD4⫹ T
cells maintain EBV-specific Th1 immunity, and both CD4⫹
and CD8⫹ T cells target EBV-infected cells directly. CD8⫹ T
cells expand dramatically during acute infection, with up to 25
to 50% of all CD8⫹ T cells being directed against individual
EBV lytic antigens in certain patients with the symptomatic
primary EBV infection IM (13, 14). During persistent EBV
infection, both lytic and latent EBV antigen-specific CD8⫹ T
cells can be maintained at frequencies of up to 1 to 5% of
peripheral blood CD8⫹ T cells (73). CD4⫹ T cells are thought
to orchestrate virus-specific immune responses and are crucial
for the priming and maintenance of CD8⫹ T cells (7, 15, 65, 66,
87). The functional differentiation of virus-specific CD4⫹ T
cells is crucial for efficient humoral or cell-mediated immune
responses. Th1 responses, which are characterized by the secretion of the antiviral cytokine gamma interferon, are more
protective against viral infections and support the generation
of virus-specific CD8⫹ T cells, which are the effectors of cellmediated adaptive immunity (53) (63). Even during primary
infection in IM patients, EBV-specific CD4⫹ T cells never
reach the high frequencies of EBV-specific CD8⫹ T cells in
peripheral blood. Virus-specific CD4⫹ T cells reach only onetenth of the frequency of their EBV-specific CD8⫹ T-cell
counterparts during primary and persistent infection, and it
has become evident that CD4⫹ T cells target a different set of
latent EBV antigens than CD8⫹ T cells.
EBNA1 was shown to be consistently recognized by CD4⫹ T
cells of healthy EBV carriers and evoked responses more frequently than any other latent EBV antigen. EBNA1-specifc
CD4⫹ T cells are Th1 in function (45, 55) (8), recognize autologous EBV-transformed B-cell lines (B-LCL) (51, 82), and
have the capacity to kill EBNA1-expressing targets via CD95/
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CD95L (60) as well as the ability to inhibit the outgrowth of
B-LCL in vitro (57) and of EBNA1-positive Burkitt’s lymphoma cells in vivo (27). Thus, T cells specific for EBNA1 are
considered to be a crucial component of EBV-specific immune
control. The characteristic glycine-alanine repeat of the protein inhibits its proteasomal degradation (9, 44, 47, 48) but
does allow MHC class II loading via autophagy-mediated pathways and the recognition of EBNA1-expressing targets (61).
EBNA1 is therefore the only EBV antigen consistently expressed in proliferating cells with latent EBV infection in
healthy virus carriers and represents a key target antigen for
CD4⫹ T cell-mediated immune control mechanisms of EBV
infection in healthy individuals.
ALTERED IMMUNE RESPONSES TO EBV IN
MULTIPLE SCLEROSIS
Epidemiological studies first reported a positive association
between a history of IM and the occurrence of MS (50, 56, 58).
A recent cohort study consisting of more than 25,000 Scandinavian patients with IM who were followed up for the occurrence of MS (56) and a meta-analysis of smaller previous
studies on the association of IM and MS pointed out that
individuals with a history of IM have a more-than-twofoldincreased risk of developing MS compared to subjects who
acquired the virus without symptoms (74). By comparison, a
history of IM is associated with a not-higher-than-fourfoldincreased risk for EBV-associated Hodgkin’s lymphoma (32).
Large prospective seroepidemiological studies analyzing antibody responses to standard diagnostic enzyme-linked immunosorbent assay antigens consistently demonstrated that MS
patients are universally, i.e., close to 100%, seropositive for
EBV, supporting the argument that infection with EBV was a
possible requirement for the development of MS (3, 10, 46, 71,
81, 83). The differences in EBV seroprevalence between subjects with MS and age-matched, healthy individuals became
even more evident in a pediatric MS cohort (83% versus 42%,
respectively) (1). Similar results were also reported for pediatric lupus patients (54). A recent German study even found
near-complete seropositivity for EBV antibodies in children
with MS (98.6% versus 72.1% for age-matched healthy controls tested for VCA-IgG) (62).
Further indicating an association between EBV infection
and the development of MS, several independent longitudinal
investigations of serum samples collected before the onset of
disease in an healthy adult population showed that the risk of
developing the disease increased significantly with elevated
EBV-antibody titers more than 10 years before occurrence of
the first symptoms, and the strongest association was found for
EBNA1-specific IgG (3, 21, 46). Findings of increased antibody
titers in patients with MS have to be interpreted with some
caution, since elevated levels of various infectious agents have
been reported in patients with autoimmune diseases and only
a small number of studies included the appropriate controls,
such as immune responses to other and closely related viruses.
The quality of these studies has been substantially improved
over the last years, and all of the above-mentioned investigations were prospective and well-controlled investigations.
However, another prospective European study also reported
increased titers to HHV-6 and measles virus to be associated
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with the development of MS (71). Therefore, although current
data consistently show that symptomatic primary EBV infection predisposes individuals for MS, it is less clear whether and
to what degree the increase in virus-specific antibody responses
prior to the onset of clinical symptoms is specific for EBV or
whether it is merely a sign of a less specific immune dysregulation.
The CSF of patients with MS is enriched with clonally expanded memory B cells (16, 19, 20), and the presence of
oligoclonal IgG is a long-known hallmark immunological finding with MS. Despite this fact, memory B-cell and oligoclonal
IgG specificities are largely unknown. By using a cDNA library
derived from fetal brain tissue and epitope-mapping techniques to analyze the specificities of oligoclonal IgG antibodies
in the patients’ CSF compared to that for other neuroinflammatory diseases, the two most frequent MS-specific and highaffinity epitopes were identified. Both of them, EBNA1 and
another, less-characterized structural EBV protein (BRRF2)
(17), derived from EBV. This study is in accordance with
previous reports on a higher frequency of CSF-derived
EBNA1-specific IgG antibodies in patients with MS (11), suggesting that EBV-specific antibodies not only are systemically
elevated in MS but also are enriched in the CSF of affected
patients, possibly contributing to MS pathology.
Other, albeit indirect evidence for a putative role of EBV in
MS came from studies of individual receptors of pathogenic
T-cell clones. In an attempt to characterize molecular mimics
to immunodominant myelin-derived T-cell epitopes, Wucherpfennig and Strominger identified several virus-derived peptide sequences that were stimulatory for a myelin basic protein
(MBP) (peptides 83 to 99)-specific CD4⫹ T-cell clones (85).
One of the mimics with strong agonistic activity was derived
from the DNA-polymerase protein of EBV, and Lang and
coworkers showed that one of the cross-reactive T-cell clones
recognized the MBP peptide with DR2b (DRB1*1501) and the
EBV peptide in the context of DR2a (DRB5*0101), notably
the two HLA-class II molecules with the strongest genetic
association with MS (43). While these elegant experiments
demonstrated molecular mimicry between EBV- and CNSderived epitopes in the context of the most important genetic
risk factors for MS, the relevance of these studies for MS is,
however, less clear since it is not known whether EBV DNA
polymerase-specific immune responses are part of EBV-specific immune control in humans and whether they qualitatively
or quantitatively differ in patients with MS.
At the level of EBV-specific T-cell responses, we recently
could determine that patients with MS showed enhanced Th1polarized responses to EBNA1, which could be attributed primarily to CD4⫹ memory T cells. In addition, patients with MS
showed a substantially broadened epitope recognition by
EBNA1-specifc CD4⫹ T cells compared to healthy virus carriers matched for age and gender and, notably, also for the
expression of MS-associated MHC class II alleles (52). In
healthy individuals, the vast majority of positive responses
were directed toward the central part of the immunogenic
C-terminal domain of EBNA1 (amino acids 452 to 548). Interestingly, no clear immunodominance was detected in patients with MS. The frequency of EBV-specific CD8⫹ T cells
targeting selected lytic and latent EBV antigens did not differ
between patients and controls (28, 52). Quantification of EBV
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FIG. 1. Potential mechanisms responsible for the association of
EBV infection with MS. (1) EBV-specific T cells or antibodies could
cross-react with autoantigens expressed in the CNS and attack the
myelin sheath of axons. (2) Latent EBV antigens could sustain the
survival of autoreactive B cells. (3) EBV infection transactivates retroviral elements such as HERVs, which in turn mediate cell death of
oligodendrocytes. (4) Autoreactive B-cell activation could initiate EBV
replication and in turn augment EBV-specific T- and B-cell responses.

viral loads in peripheral blood mononuclear cells by real-time
PCR showed higher levels of EBV copy numbers in some
patients with MS, although the overall difference in viral loads
was not statistically significant compared with that for healthy
virus carriers (52). Viral loads increased up to 40-fold have
been described for patients with SLE (38), and viral loads
increased up to 10-fold have been described for patients with
RA (6). These findings suggested that, although the virus is
efficiently controlled, the EBNA1-specific CD4⫹ T-cell response is selectively deregulated in MS, and T-cell specificities,
which were preferentially detected in MS patients, might promote disease progression.
Altogether, the volume of data linking EBV with MS is
substantial. However, most studies demonstrate only descriptive epidemiological and serological evidence that EBV is a
critical factor for the development and progression of the disease and lack mechanistic insights. Despite an increasing
knowledge of cell-mediated EBV-specific immune control
mechanisms in healthy virus carriers and their failure in patients with EBV-associated malignancies, our understanding of
the mechanism responsible for the altered immune recognition
of EBV in patient with MS and for the impact on the immunopathogenesis of MS is still sparse.
POTENTIAL MECHANISMS FOR EBV INFECTION IN
MS PATHOGENESIS
We propose four main possible scenarios that could explain
the altered humoral and cell-mediated immune responses to
EBV in patients with MS and the potential contribution of
EBV to the pathogenesis of the disease (Fig. 1). The scenarios
are based on the assumption that host factors predisposing for
MS, such as allelic variants of susceptibility genes, influence
the immune response to EBV, and all scenarios could apply to
other autoimmune diseases.
(i) Protective T-cell responses to EBV initiate and sustain
autoimmunity in MS. EBV continuously stimulates strong Tcell responses during persistent infection. In regression assays,
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the in vitro outgrowth and Ig production of EBV-infected B
cells is usually suppressed by cocultured autologous, in vivoprimed EBV-specific T cells. Patients with SLE and RA were
reported to have defective EBV-specific immune control in
such assays (78, 80). More recently, Kang et al. found that
lupus patients have a tenfold-increased frequency of EBV lysate-stimulated gamma interferon-producing CD4⫹ T cells
(38). The up-to-40-fold EBV viral load increases in SLE patients were positively correlated with the frequency of CD4⫹
and inversely correlated with the frequencies of CD8⫹ T cells,
indicating a role for CD4⫹ T cells in controlling, and a possible
defect in CD8⫹ T cells in regulating, increased viral loads in
lupus patients. Patients with MS show increased frequencies of
EBNA1-specific CD4⫹ T cells (52). It is currently, however,
not clear whether the increased EBV-specific CD4⫹ T-cell
responses reflect enhanced stimulation via cross-recognition of
myelin specific autoantigens (“molecular mimicry”). EBV viral
loads are not substantially elevated in MS, and EBV-specific
CD8⫹ T-cell responses do not seem to differ from those of
healthy virus carriers. This result supports the argument
against enhanced EBV-specific CD4⫹ T-cell reactivity being a
result of increased EBV reactivation from auto-aggressive B
cells, compensation for diminished EBV-specific CD8⫹ T-cell
responses, or of “bystander activation” due to the inflammatory environment of MS. However, until cross-reactive specificities of EBV-specific CD4⫹ T-cell responses have been identified, the involvement of “molecular mimicry” in the
pathogenesis of MS remains hypothetical.
(ii) EBV assists in the maintenance of autoreactive B cells.
EBV gene products might stimulate cross-reactive autoimmune B cells directly or increase their survival after infection.
Autoreactive B-cell species are normally neutralized or controlled by several tolerance checkpoints during B-cell development and differentiation. EBV-transformed B cells could be
less susceptible to mechanisms of peripheral B-cell tolerance.
Indeed, in mice transgenic for the EBV latent membrane protein 2 (LMP2) with targeted expression in their B-cell compartment, B cells which had escaped deletion in germinal centers despite faulty B-cell receptor expression could be found in
the periphery (12). In addition to providing constitutive B-cell
receptor signaling via LMP2, EBV mimics T-cell help for Bcell differentiation via LMP1 (75), possibly sustaining autoreactive B cells in the absence of autoreactive T cells. This might
add to the already reported defects in B-cell tolerance checkpoints in patients with SLE (84, 86). Chronic stimulation of
autoreactive B cells by autoantigens could, in turn, drive the
replication of the virus and trigger enhanced EBV-specific
T-cell immunity.
In addition, other viruses associated with MS, such as
HHV-6, were reported to be capable of transactivating EBV in
latently infected cell lines (25). Superinfection with and reciprocal effects between different pathogens could, hypothetically,
stimulate autoreactive B cells in MS patients.
(iii) EBV transactivates the expression of HERV elements,
which are cytotoxic for oligodendrocytes. Human endogenous
retroviruses (HERVs) constitute 8% of the human genome
and have been implicated in various disease states. Increased
HERV gene activity occurs in immunologically activated glia
and also in MS brain lesions. Oligodendrocytes which produce
the insulating myelin sheath in the CNS were shown to be
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sensitive for HERV type W-encoded glycoprotein syncytinmediated release of redox reactants from astrocytes in a mouse
model of MS (2). EBV and other herpesviruses are capable of
transactivating the expression of HERV elements in various in
vitro models. It has been documented that EBV transactivates
HERV-K18 from B cells after binding to CD21 (35, 72).
Therefore, EBV-mediated transactivation of endogenous retroviruses, which can establish lytic replication or toxic defense
mechanisms in oligodendrocytes, might potentially contribute
to MS pathogenesis. However, EBV has never been documented in MS lesions or anywhere within the CNS compartment in patients with MS.
(iv) Altered immune responses to EBV as a nonpathogenic
epiphenomenon. Altered EBV responses might be the result of
certain host factors predisposing for autoimmune diseases, but
they might not be directly involved in MS pathogenesis. The
immune system is intimately involved in the regulation of
EBV. The virus usurps the biology of mature B cells for its
persistence in vivo and requires a strong cell-mediated immunity in order to limit its replication. A dysfunctional B-cell
compartment, such as that in patients with SLE, likely affects
the biology of EBV persistence with subsequent consequences
for virus-specific cellular and humoral immune responses.
Gross et al. showed that lupus patients have abnormally high
frequencies of EBV-infected B cells in their blood with aberrant expression of viral lytic (BZLF1) and latent (latency membrane proteins 1 and 2a) genes (29). As suggested by the
authors, these observations can be attributed simply to defects
in the immune functions in SLE patients without the need to
invoke or deny a causative role of EBV in the pathogenesis of
SLE. Increased stimulation of the B-cell compartment by autoantigens could, for example, stimulate enhanced EBV replication, thereby increasing the viral load and antiviral immune
responses. Alternatively, autoimmunity resulting from dysregulated regulatory T cells might also lead to enhanced EBVspecific immune responses, without them being responsible for
MS pathogenesis. The sensitivity of the virus to perturbations
of the immune system causes a dilemma in defining an experimental paradigm to test a causative role of EBV in human
autoimmune diseases. Until now, although the concepts outlined above are highly intriguing, no data unequivocally support a direct etiologic role of the virus in the evolution of MS
and other autoaggressive diseases.
CONCLUDING REMARKS
EBV has been a leading candidate trigger for several autoimmune diseases since the initial description of raised EBVspecific antibody titers in patients with SLE in 1971 (22). Although numerous studies have found increased seroprevalence
rates, antibody titers, and T-cell reactivity to EBV in patients
with major autoimmune diseases, unequivocal evidence for a
causative role of the virus in the evolution of MS, SLE, or RA
is still lacking.
In principle, the long coevolution and the intertwined relationship of EBV with the human immune system, in particular
the virus’s influence on B-cell biology and the requirement for
a strong protective T-cell response, are compatible with both a
pathogenic and an epiphenomenal function of EBV in autoimmune diseases. At the same time, the intimate involvement
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of the immune system in the regulation of EBV makes it
extremely difficult to constitute or to exclude a causative role
for the virus in promoting autoimmunity.
The lack of seronegativity to EBV in adult patients and the
substantially increased seroprevalence in children with MS,
together with the consistent observation that the risk for developing the disease years before occurrence of the first symptoms increases significantly with the level of EBV antibody
titers, suggest a possible involvement of EBV early in the
pathogenesis. An interdisciplinary approach will be necessary
to better understand the pathways by which EBV might trigger
and sustain autoimmunity in a complex and heterogeneous
disease like MS. Experimental mechanistic studies of immune
functions in relation to the biology of EBV and in comparison
to other infectious agents need to be combined with careful
and detailed phenotypic patient characterizations. Since the
absence of seronegativity and the increase in EBV-specifc IgG
responses are universally present across patients with various
and phenotypically different autoimmune diseases, it will be
interesting to directly compare findings on the regulation of
EBV infection in patients with MS, RA, and SLE, since the
mechanisms responsible for aberrant humoral and cellular responses to EBV might be disease specific. The integration of
these data might eventually allow us to better define the role of
EBV in the etiology and pathogenesis of MS and other autoimmune diseases and might also generate exciting insights into
the immunobiology of host-EBV interactions.
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