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B-lymphoblastoid cell-lines may develop spontaneously in mononuclear cells
from patients with multiple sclerosis, an observation rarely seen in healthy
individuals. Examination of such spontaneously established B-cell lines reveal
the presence of Epstein-Barr virus and retrovirus particles. We have speculated
that in predisposed individuals, a dual infection with retrovirus and late
acquired Epstein-Barr virus plays an aetiological role in the development of
multiple sclerosis. This hypothesis is supported by a number of observations,
including the ®nding that infection with Epstein-Barr virus may be a
prerequisite for developing multiple sclerosis. The association between
multiple sclerosis and infection with Epstein-Barr virus and retrovirus is
evaluated in this study. Journal of NeuroVirology (2000) 6, S76 ± S79.
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An infectious aetiology of multiple sclerosis (MS)
has been suggested (MarieÂ, 1887) since as early as
the ®rst scienti®c description of the disease which
was presented more than 130 years ago (Charcot,
1868). Since this suggestion, a number of environ-
mental agents, most often virus, have been associa-
tion with MS, but only inconclusive and
uncon®rmed ®ndings exist for such an association.
The initial, and still the most convincing sugges-
tion, that infectious agents are involved in MS
originates from epidemiological studies (Martyn,
1991; Kurtzke, 1993; Gale and Martyn, 1995). These
studies, and recent studies in monozygotic twins,
point toward (an) environmental agent(s) which
play an essential role in development of MS
(Sawcer et al, 1997).

In 1985 the human retrovirus HTLV-I was
associated with the chronic progressive myelopathy
called HAM/TSP (Gessain et al, 1985), which in
many ways resembles MS. At the same time, claims
of an association between MS and retrovirus were
published (Koprowski et al, 1985). Subsequent
studies, however, were unable to con®rm such an
association (Bangham et al, 1989; Richardson et al,
1989).

In further studies on the possible association
between MS and retrovirus, retrovirus-like struc-
tures were observed by transmission electron
microscopy on two occasions in T-cell clones from
an MS patient (Haahr et al, 1991a). Later our group
established spontaneously developing B-lympho-
blastoid cell lines from a patient with an MS-like
disease (Sommerlund et al, 1993). It was subse-
quently con®rmed that these cell lines were more
likely to develop from MS patients than from
healthy controls (Munch et al, 1995; Fraser et al,
1979). These cell lines demonstrated co-expression
of Epstein-Barr virus (EBV) and a C-type like
retrovirus (Sommerlund et al, 1993; Munch et al,
1995).

A hypothesis was put forward by our group that
MS is caused by a dual infection with retrovirus and
late infection with EBV (Haahr et al, 1992). In
particular this hypothesis is attractive because a
mutual transactivation between viruses from the
herpes group and the retrovirus group is known
(Evermann et al, 1991).

A French group had previously described pro-
duction of retrovirus in a leptomeningeal cell line
obtained from a patient with MS (Perron et al,
1989), later in macrophages from MS patients
(Perron et al, 1991) and subsequently in EBV-
immortalized B cells from MS patients (Perron et
al, 1997). However, based on epidemiological*Correspondence: S Haahr
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studies, it had been argued that MS is not caused by
a C-type-like retrovirus (Haahr et al, 1991b; Martyn,
1991), a view previously expressed (Operskalski et
al, 1989).

Because the relapsing-remitting phase of MS in
many ways is analogous to the recurrence of herpes
virus infections, a virus from this group has been an
attractive aetiologic candidate to MS. An associa-
tion between MS and infection with EBV had
previously been suggested (Warner and Carp, 1988).

Most studies have shown a 100% seropositivity in
MS patients, in contrast to healthy controls who
express a signi®cantly lower seropositivity (Sumaya
et al, 1980, 1985; Bray et al, 1983; Larsen et al, 1985).
A single study however indicated the same seropo-
sitivity in MS patients and controls, most likely
because of a low sensitivity of the serologic test used
(Compston et al, 1986). Indeed using sensitive and
speci®c tests, only one MS patient out of 478 has
been found seronegative (Larsen et al, 1985; Sumaya
et al, 1985; Munch et al, 1998a; Myhr et al, 1998).
This serum sample originated from a deceased
person. Therefore it was not possible to verify
whether a careless handling of the specimen can
explain the negative test result or whether negative
EBV serology can occur in an MS patient (Munch et
al, 1998). In one study, a signi®cantly higher number
of healthy controls with primary EBV infections
were observed, suggesting a lack of primary infec-
tions in MS patients (Munch et al, 1998a). However,
demyelinating disease after neurologically compli-
cated primary EBV infections has been reported
(Shaw et al, 1987; Bray et al, 1992).

A case-control study has demonstrated a signi®-
cantly higher previous occurrence of infectious
mononucleosis among MS patients. This suggests
an older age at exposure to EBV in MS patients
compared with healthy controls (Operskalski et al,
1989). We therefore performed an historical pro-
spective study. We searched nearly 7000 diagnosed
infectious mononucleosis (IM) patients in the
nationwide Danish MS Registry and compared them
with nearly 13 000 patients with an IM-like disease
with a negative IM diagnosis. The patients with a
positive IM diagnosis had a 2.8 times higher risk of
developing MS than those with a negative IM
diagnosis. Importantly, none of the patients with a
positive IM diagnosis had developed MS before the
diagnostic test. In contrast, ten patients had
developed MS among those with a negative test
(Haahr et al, 1995).

Occurrence of clusters of MS patients has often
been considered an indication of an infectious
aetiology of MS, although none of these studies
have searched for speci®c etiologic agents (Riise,
1997). Recently, we reported clusters of MS patients
in Denmark (Haahr et al, 1998). EBV subtyping was
performed on members of two clusters comprising
three and eight patients. The same subtype of EBV
was observed in members of these two clusters out

of six various subtypes observed in the study.
Although a preponderance of this subtype was
found both in MS patients and healthy controls,
the presence of this subtype in all studied cluster
members is signi®cantly different from the ®nding
in the healthy control group (n=16), which included
eight schoolmates to the cluster members and eight
randomly selected healthy persons. The observa-
tion of only one subtype in the MS-clusters is also
signi®cantly different from that observed in all non-
clustered individuals studied (n=44) (Munch et al,
1998b). An involvement of EBV in MS may explain
why MS patients within the same birth cohort have
lived in closer proximity between 13 and 20 years of
age than would be expected (Riise et al, 1991). The
migration studies, which are the most substantiated
epidemiological investigations, clearly show that
the risk of MS may change after migration between
places with variable prevalence of the disease.
Importantly, this may imply that MS is preventable
(Norrby, 1978). An agent which, in predisposed
persons, may initiate MS when infecting after
puberty, but protecting against MS, when infecting
before puberty, would be able to explain the
migration studies in MS. EBV is suggested to be a
serious candidate agent (Gale and Martyn, 1995).

The retroviruses observed by the French and the
Danish research groups (Perron et al, 1989; Som-
merlund et al, 1993; Munch et al, 1995) have now
been further characterized. Partial molecular char-
acterization by the French group in collaboration
with an English research group revealed that the
retrovirus was related (about 75% homology) to the
endogenous retrovirus ERV9 (Perron et al, 1997).
They detected virus RNA in circulating virions from
serum obtained from MS patients (nine of 17) ±
especially in serum from untreated MS patients (six
of six) and only exceptionally in non-MS controls
(three of 44) (Garson et al, 1998). A Danish research
group (Christensen et al, 1998) in collaboration with
the Institute of Biotechnology, Cophenhagen, has
characterized virus from four spontaneously devel-
oped B-lymphoblastoid cell-lines (Sommerlund et
al, 1993; Munch et al, 1995). In several gag and env
fragments, homology to the human endogenous
retrovirus RGH-2 has been identi®ed. Expression
of RGH-2 sequences at particle levels was detected
in plasma from 22 of 31 MS patients. Sequences
from the endogenous RGH-2 retrovirus were ex-
pressed in plasma from all MS patients with active
disease (n=9) at the time of sampling, where all
healthy controls (n=18) and all patients with non-
neurological diseases (n=29) were negative (Chris-
tensen et al, 1998).

Although it has not been rigorously demonstrated
that infection with EBV is a prerequisite for
developing MS, circumstantial evidence points
toward this possibility. Additional studies support
the notion that persons with late EBV infection have
a higher risk for developing MS (Lindberg et al,
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1991; Martyn et al, 1993). If EBV can be shown to be
involved in the pathogenesis of MS, the possibility
for developing a drug in¯uencing the multiplication
of EBV may be within reach, and in this way it may
be possible to in¯uence progression of MS. More-
over, prevention of MS may be possible through
development of a safe and ef®cient vaccine against
EBV. The consequence(s) of the expression of the
endogenous retrovirus are still unknown. Are they
expressed because of the disease or are they
contributing to the disease process? Studies on the
transmissibility of these endogenous retroviruses in
vivo need to be known before any speculation about
their possible role in the epidemiology of MS.
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