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SUMMARY

Multiple sclerosis (MS) is a chronic, demyelinating disease of the CNS in which autoimmunity to myelin plays a
role in pathogenesis. The epidemiology of MS indicates that it may be triggered by a virus infection before the
age of adolescence, but attempts to associate a speci®c virus with MS have produced equivocal results. Many
studies of the aetiology of MS have postulated that a persistent virus infection is involved, but transient virus
infection may provide a plausible alternative mechanism that could explain many of the inconsistencies in MS
research. The most studied animal model of MS is chronic relapsing experimental autoimmune encephalomyelitis
(CREAE), which is induced in susceptible animals following injection of myelin components. While CREAE
cannot provide information on the initiating factor for MS, it may mimic disease processes occurring after an
initial trigger that may involve transient virus infection. The disease process may comprise separate triggering
and relapse phases. The triggering phase may involve sensitisation to myelin antigens as a result of damage to
oligodendrocytes or molecular mimicry. The relapse phase could be similar to CREAE, or alternatively relapses
may be induced by further transient virus infections which may not involve infection of the CNS, but which may
involve the recrudescence of anti-myelin autoimmunity. Although current vaccines have a high degree of
biosafety, it is suggested that the measles-mumps-rubella vaccine in particular could be modi®ed to obviate any
possibility of triggering anti-myelin autoimmunity. Copyright # 2000 John Wiley & Sons, Ltd.
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INTRODUCTION
The possible involvement of viruses in the
aetiology of multiple sclerosis (MS) is a subject
that has created much controversy. From epi-
demiological studies based on immigration data
and the occurrence of clusters, it has been
suggested that an environmental factor(s) triggers

MS before the age of adolescence, while symptoms
of the disease are not observed until years later. It
is also apparent that there is a genetic suscep-
tibility to MS, so a hypothesis for the aetiology of
MS formulated on this evidence is that it is a
disease triggered by an environmental factor in
genetically susceptible individuals during child-
hood [1±8].

Circumstantial evidence suggests that the en-
vironmental factor in MS could be a virus [7±14].
Several human and animal virus infections are
characterised by the CNS demyelination that
is also characteristic of MS (Table 1). These inc-
lude subacute sclerosing panencephalitis (SSPE),
caused by a persistent measles virus infection, and
human T cell lymphotropic virus-I (HTLV-I)-
associated myelopathy, which is a slowly pro-
gressive neurological disease characterised by
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in¯ammatory in®ltrates and demyelination in the
CNS, and is caused by an exogenous retrovirus.
Many viruses have been implicated in MS itself
[13,14] (Table 2), including measles virus and
more recently EBV, [15] human herpesvirus 6
(HHV6) [16] and human endogenous retroviruses
[17]. There is also evidence to suggest that some of
the relapses which are characteristic of most MS
cases are preceded by virus infections [18±20]. For
example, a recent report demonstrated a signi®-
cantly higher exacerbation rate in MS patients

following in¯uenza virus infection, suggesting
that in¯uenza infection may trigger relapses [21].
Evidence for the involvement of virus infection in
MS also comes from several animal diseases in
which persistent virus infection gives rise to
demyelination [10,11,22±24]. While these studies
point to a viral aetiology of MS, no virus has yet
been de®nitely associated with this disease despite
intensive effort.

One possible explanation for the equivocal
results obtained for identi®cation of viruses

Table 1. Some viruses associated with demyelinating disease in man and animals

Virus family Species Host Type of infection Disease induced

Paramyxovirus Measles Man Transient Encephalitis
Persistent Subacute sclerosing

panencephalitis
Rat Persistent Encephalomyelitis

Canine distemper Dog Persistent Encephalitis
Togavirus Rubella Man Persistent Progressive rubella

panencephalitis
Semliki Forest Mouse Transient Encephalitis

Picornavirus Theiler's Mouse Persistent Encephalomyelitis
Coronavirus Mouse hepatitis Mouse Persistnt Encephalomyelitis

JHM Rat Persistent Encephalomyelitis
Retrovirus HTLV-1 Man Persistent Myelopathy

Visna Sheep Persistent Encephalomyelitis
Papovavirus JC Man Persistent Progressive multifocal

leukoencephalopathy

Table 2. Some viruses which have been associated with the triggering or exacerbation of
multiple sclerosis

Virus family Species Type of infection implicated

Paramyxovirus Measles Persistent
Canine distemper Persistent
SV5 Persistent

Togavirus Rubella Persistent
Retrovirus Human T-cell lymphotropic Persistent

Endogenous Persistent (as provirus)
Papovavirus JC Persistent
Herpesvirus HHV6 Persistent

EBV Latent/superinfection
Rhabdovirus Rabies vaccine Antigen
Myxovirus In¯uenza (including vaccine) Transient/antigen
Hepadnavirus Hepatitis B vaccine Antigen
Unknown Common uncharacterised infections Transient
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associated with MS is that, while the disease is
triggered by a virus infection, the subsequent
course of the disease may not require virus
persistence. It is probable that virus persistence
does occur in some cases, but it may or may not be
relevant to the progression of the disease. It is also
possible that a number of different viruses, rather
than one speci®c type, may act as a trigger for MS
in susceptible individuals.

Another important factor that requires consid-
eration is the heterogeneity in the detailed
neuropathology and clinical disease progression
in MS, suggesting that the disease may not have a
single aetiology. It is possible that primarily
progressive MS and relapsing remitting MS are
two distinct disease entities [25]. MS may in fact
be divided into at least ®ve disease subtypes on
the basis of detailed analysis of neuropathology
[26,27], and it is possible that only some of these
may have viral involvement.

The main assumption that has been made in
considering the possible viral aetiology of MS is
that a persistent infection by one virus is involved.
Here we review the evidence for transient virus
infection, with a variety of agents, as an alternative
to persistent infection in the aetiology of MS.

ANIMAL MODELS

Autoimmune models
In an attempt to understand the aetiology of MS,
animal models have been used. The most studied
autoimmune model of MS is experimental auto-
immune encephalomyelitis (EAE), which may be
induced in a number of animal species by
immunisation with myelin antigens or transfer of
myelin-reactive class II restricted CD4+ T lym-
phocytes [10]. The type of EAE induced is
dependent on the immunisation protocol, animal
strain and antigen used. In some cases the
protocol results in an acute monophasic disease
and in others a chronic relapsing disease (CREAE)
occurs. CREAE resembles MS because animals
develop accumulating neurological de®cit follow-
ing each disease phase. EAE is characterised by
in¯ammatory in®ltration of the CNS associated
with lesions of demyelination, and the topography
of lesions within the CNS is dependent on the
nature and origin of the autoantigen [28]. The
extent of demyelination varies with the protocol
used but is more pronounced when myelin-

speci®c antibodies are injected following transfer
of MBP-speci®c T cells or at the onset of spinal
cord homogenate-induced disease [29,30]. The
possible role of anti-myelin antibodies is sup-
ported by the ®ndings of myelin reactive anti-
bodies in the blood of MS patients, and recently
autoantibodies directed to myelin basic protein
(MBP) and myelin oligodendrocyte protein
(MOG) peptides have been detected within lesions
of demyelination in the CNS of MS patients [31].
While antibodies may be involved in the devel-
opment of demyelination, many other immuno-
logical mechanisms, including the release of
in¯ammatory mediators of disease such as TNF-a
and reactive oxygen species, or the action of
cytotoxic T-lymphocytes, may play a role in the
myelin damage [32].

The chronicity of the disease both in CREAE
and possibly MS may be due to the perpetuation
of autoimmune responses by determinant spread-
ing. This process occurs as a result of myelin
damage in the initial phase of disease, when new
myelin antigens are released. The release of such
antigens may subsequently induce new T-cell
speci®cities, some of which may be pathogenic
[33].

Virus models
In contrast to EAE are the virus-induced models,
in which both natural and experimental infections
of animals result in widespread demyelination
and neurological de®cit. The naturally occurring
diseases include canine distemper virus of dogs,
and visna virus infection of sheep, both of which
have been used to study the mechanism of virus-
induced demyelination as models for MS. Labora-
tory virus infections of mice and rats have also
been used as models to understand the processes
of virus-induced demyelination. These experimen-
tal models include murine coronavirus, where
persistent virus infection induces an EAE-like
disease [22,34]. Myelin reactive T cells are also
observed following experimental infection of rats
with measles virus and some of these T cell lines
are encephalitogenic, supporting the hypothesis
that a virus trigger can lead to autoimmunity and
myelin damage [35±37].

Another virus model of MS is Theiler's murine
encephalomyelitis virus (TMEV) infection of mice,
which produces a chronic demyelinating disease
associated with virus persistence [10,11,22,23,38].
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Autoimmune responses to myelin antigens are
observed following infection with TMEV, and
while they may not play a major role in
the initiation of demyelination, autoimmunity
to myelin components probably contributes to
lesion progression in chronically diseased animals
[23].

An alternative model of virus-induced demye-
lination is Semliki Forest virus (SFV) infection of
mice [39,40]. SFV induces acute immune-mediated
demyelination in mice, which is repaired and does
not recur in most mouse strains. The initial
immune-mediated demyelination induced by
SFV infection may be due to targeting of
SFV-infected oligodendrocytes by cytotoxic T-cells.
It is clear, however, that T-cell responses to
MBP [41±43] and to a range of encephalito-
genic myelin epitopes (M. Morris-Downes and
S. Amor, unpublished data) are also induced. A
MOG peptide showing sequence similarity to
the SFV E2 envelope protein, as well as the E2
peptide itself, has been shown to induce CREAE
in mice, and it has been suggested that this
molecular mimicry may contribute to SFV-induced
demyelination [44].

In most mouse strains, for example in BALB/c
mice, myelin repair is complete by 3 months after
avirulent SFV infection. However, in SJL mice,
small lesions of demyelination persist up to a year
after infection and some of these lesions show
active in¯ammatory demyelination. Long-term
lesions do not correlate in individual mice with
persistence of the virus genome, but do correlate
with expression of the cytokines TNF-a or IFN-c
[45,46]. Expression of these cytokines in the CNS is
undetectable in BALB/c mice by 3 months after
infection, but continues in most SJL mice beyond a
year after infection [45]. SJL mice, which are
susceptible to EAE, appear to have a defect in
innate suppression of immune responses, which is
associated with secretion of lower levels of the
regulatory cytokine TGF-b [41]. Prior infection
with SFV predisposes mice to EAE, even in strains
that are normally resistant to EAE, and infection
with SFV has been shown to exacerbate EAE
[42,47,48].

It is clear that the demyelination characteristic
of SFV infection is immune-mediated and it
appears that this may be triggered by virus
infection of oligodendrocytes early in infection.
Such infection may induce damage to the infected

cells and the subsequent release of myelin anti-
gens by the induction of oligodendrocyte cell
death [49]. SFV-infected oligodendrocytes could
also be targeted by CD8+ T-lymphocytes [50,51]
or alternatively, uninfected oligodendrocytes
and/or myelin in the vicinity of aggressive
immune responses may be damaged by the
action of cytokines such as TNF-a [43,51]. Either
way, normally sequestered myelin antigens are
likely to be presented to the immune system to
induce autoimmunity to myelin.

A possible mechanism whereby recrudescence
of immunity in the CNS could be triggered by a
virus infection is suggested by a study on
in¯uenza virus infection of mice. Following an
initial CNS infection, subsequent infections led to
the long-term persistence of activated cytotoxic
T-lymphocytes in the brain parenchyma, long after
the infection was cleared [52]. Another study
that does not involve virus infection, but may
nonetheless provide information concerning the
possible viral aetiology of MS, concerns the
exacerbation of brain damage following EAE
induction. If a brain cryolesion is in¯icted on
rats after induction of EAE by injection of myelin
components, EAE lesions are enhanced [53]. This
may be consistent with the proposal that the
brain damage caused by virus infection could
enhance EAE in a manner that is not speci®c to
the virus.

CLINICAL STUDIES
Evidence for the involvement of speci®c viruses in
MS comes from serological studies and direct
virus detection. It was found many years ago
that antibody levels to several common viruses
are elevated in MS patients, but it is not clear
whether this is related to the cause of MS or
an epiphenomenon. Many viruses have been
detected in CNS autopsy tissue from MS patients
[13±17] (Table 2); many such claims have either
been retracted or have not been con®rmed by
other workers. The inconsistent detection of
viruses in CNS autopsy tissue from MS patients
is illustrated by a study in which brain samples
from 8 cases of MS and 56 controls were examined
by in situ hybridisation [54]. Samples were
examined for genomic RNA sequences of measles
virus, canine distemper virus, rubella virus and
simian virus 5, all viruses that have been
implicated in MS. Positive hybridisation was
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detected in two of the MS cases for measles
virus only, but was also detected in one of the
controls. The latter was a neurological control that
was a case of disseminated CMV infection, but
which showed demyelination that is uncharacter-
istic of CMV infection [54]. In subsequent inves-
tigation, the number of MS cases found to be
positive for measles virus RNA has increased to
4 out of 14 cases examined (S. McQuaid and
L. Cosby, unpublished data). In another study,
measles virus RNA could not be detected by RT-
PCR in peripheral blood leucocytes from MS
patients [55]. Measles, mumps and rubella virus
RNA has been shown to be absent from brain
autopsy tissue from MS patients by RT-PCR [56].
These and other studies indicate that most cases of
MS are not associated with persistent virus
infection, at least with the viruses tested, but a
minority of cases may be associated with the
persistence of measles virus in the CNS. More
recently attention has focused on HHV6 [16], EBV
[57] and the MS-associated retroviruses [17].
While causal associations have yet to be de®nitely
made with MS, it is possible that infection with a
single virus alone is insuf®cient for the develop-
ment of MS and dual infections such as retrovirus
and EBV are required [15].

Some positive evidence is available, however,
linking transient virus infection with MS or
exacerbations of MS. Common virus infections,
identi®ed by their symptoms rather than by virus
detection, have been associated with exacerbations
of MS [18,20]. Apart from post-vaccination ence-
phalitis, rabies vaccination has been associated
with a disease that is indistinguishable from MS at
autopsy [12], and it has been shown that the
Semple vaccine strain of rabies virus can induce
anti-myelin autoimmunity [58]. Recent studies
have suggested that both in¯uenza infection and
in¯uenza vaccination are associated with an
increased frequency of exacerbations of MS [21].
Like the evidence for viruses in MS, the data are
controversial, since other studies have failed to
®nd an association between exacerbations of MS
and in¯uenza vaccination [59].

POSSIBLE MECHANISMS OF
PATHOGENESIS BASED ON TRANSIENT
VIRUS INFECTION
A summary of possible mechanisms for the
involvement of transient virus infections in stim-

ulating anti-myelin autoimmunity is shown in
Figure 1. It is possible that sensitisation to myelin
antigens may follow an initial trigger involving a
virus infection. Subsequently, recrudescence of
anti-myelin autoimmunity could occur during
relapse phases induced by further transient virus
infections. The anti-myelin autoimmunity may
only produce a threshold of damage to myelin,
resulting in clinical signs and symptoms, in a
minority of patients with a genetic susceptibility
to MS. This may involve an inability to suppress
anti-myelin autoimmunity.

The initial phase could result in damage to
myelin and the release of normally sequestered
myelin antigens, which would then prime the
immune system to induce anti-myelin autoimmu-
nity. In the case of a virus infection, this initial
phase could involve damage to oligodendrocytes.
Such damage could be caused by direct infection
of oligodendrocytes and the induction of cell

Figure 1. Diagram of postulated mechanisms of generation of

anti-myelin autoimmunity, triggered and/or exacerbated by

transient virus infections. Clinical signs of MS may only occur

in individuals with an inherited genetic defect, possibly in the

suppression of immune responses to myelin. A central feature of

this hypothesis is the peripheral stimulation of anti-myelin

immunity within the CNS. This peripheral stimulation could

occur by cytokine secretion in response to a heterologous

antigen, or by molecular mimicry
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death mechanisms, by targeting of virus-infected
oligodendrocytes by cytotoxic T-cells, or by other
damage mediated by cytokines or antibody.

An alternative mechanism of priming of the
immune system to myelin antigens may be
molecular mimicry. Many bacterial and viral
proteins share sequence and structural homo-
logies with known autoantigens. Several viruses
share part of the sequence of myelin proteins in
their genome [60,61], and a number of peptides
based on these sequences activated myelin-
speci®c T cell clones [61]. Sequence similarity
between MBP and hepatitis B virus exists, and this
peptide sequence induced EAE in rabbits [62];
also, a rubella peptide shows sequence similarity
to myelin proteolipid protein [63]. A mechanism
similar to molecular mimicry may be the incor-
poration of self-antigens into the envelope of
budding viruses leading to autosensitisation. If
vesicular stomatitis virus, a model enveloped
virus, is grown in MBP-expressing cell cultures it
is highly ef®cient in triggering T-cell responses to
MBP, both in vitro and in vivo [64]. Thus, viruses
could act as presenters of host antigen to the
immune system.

This initial triggering phase could be followed
by a relapse phase in which reactivation of
myelin-speci®c T-cells already present in the
CNS occurs, or alternatively myelin-reactive
immunity is induced outside the CNS and
in®ltration of the brain parenchyma by lympho-
cytes and other components of the immune
system occurs. In either case, such activation
may be a result of a transient virus infection
which compromises the blood±brain barrier and
leads to further in¯ux of cells and soluble
components [65,66].

A possible mechanism for the recrudescence of
anti-myelin autoimmunity, as well as those men-
tioned above for the triggering phase, may be the
activation of myelin-reactive T-cells by viral
superantigens. Such activation relies on the pre-
existence of myelin reactive T cells but does
not occur via the classical T-cell receptor : pep-
tide : MHC interaction. Instead it involves the
polyclonal activation of T cells through the Vb
element of the T cell receptor. It has been
demonstrated that EAE relapses may be induced
with staphylococcal superantigens, although injec-
tion of the same superantigens into naive mice
failed to induce EAE [67]. It is feasible that viruses

may also act in this way, as has been shown for
murine mammary tumour virus [68].

If the proposed triggering mechanism is correct,
then de®nitive evidence for it could not be
obtained from MS autopsy or biopsy tissue,
because the myelin damage resulting in the
triggering event probably occurred some time
previously and only the consequences of this
would be evident. Also, if the damage were a
result of virus infections, it may not be speci®c to
any one virus, as at least in experimental infection
many infections may give rise to a similar
pathology, suggesting that any virus (including
non-neurotropic viruses) that induces myelin
sensitisation could act as a trigger.

With regard to the activity of known human
viruses in the induction of myelin damage, there
is evidence that virus infections associated with
CNS demyelination can cause damage to oligo-
dendrocytes. Measles virus has been implicated
in MS [54], and virus infection of oligodendrocytes
is seen in cases of SSPE [69], which is a rare
human demyelinating disease caused by a persis-
tent infection with measles virus (Figure 2A).
Similarly, progressive multifocal leucoencephalo-
pathy (PML) is a rare human demyelinating
disease caused by persistent infection with a
human papovavirus. This virus has also been
implicated in MS [70], and virus infection of
oligodendrocytes is seen in this disease (Fig-
ure 2B). In the SFV model, infection of oligo-
dendrocytes occurs early in infection, and is
followed by acute immune-mediated demyelina-
tion [71,72] (Figure 2E, F). Virus infection of
oligodendrocytes by SFV is also seen in rat
mixed glial cell cultures [73] (Figure 2C, D). The
damage to oligodendrocytes induced by SFV
infection may be due to induction of programmed
cell death or apoptosis, since this is induced in
cultured rat oligodendrocytes infected by SFV
[74]. However, it has also been proposed that
some mature oligodendrocytes in the animal
survive SFV infection, and are capable of carrying
out the remyelination observed later in the disease
[75]. Such virus-infected oligodendrocytes could
be targeted by CD8+ T-lymphocytes [49], which
would also result in myelin damage. Rubella
virus, a togavirus like SFV, and another virus
that has been implicated in MS [76], shows
tropism for oligodendrocytes in rat mixed glial
cell cultures [77]. In canine distemper, which is a
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Figure 2. Infection of oligodendrocytes by viruses which have been implicated in MS (JC virus and measles) or which trigger immune-

mediated demyelination in an animal model (Semliki Forest virus). (A, B) Detection of virus in cells with the morphological

characteristics of oligodendrocytes in the white matter from human CNS tissues by in situ hybridisation. (A) Measles virus RNA in

subacute sclerosing panencephalitis (original magni®cation r400). (B) JC virus DNA in progressive multifocal leucoencephalopathy

(r400). (C, D) Antibody staining (black/brown) of rat mixed glial cell cultures using the immuno-gold silver staining technique.

(C) Uninfected cells stained with anti-galactocerebroside, an oligodendrocyte marker, showing positive staining of oligodendrocytes

above a layer of astrocytes. (D) Mixed glial cell culture 24 h after infection with the M9 mutant of Semliki Forest virus, stained with

anti-SFV antibody; the upper oligodendrocyte layer only is immunostained. Counterstained with haematoxylin (r400). (E) Swollen

oligodendrocyte and intra-myelinic vacuolation in the mid-brain of a BALB/c mouse 5 days after intraperitoneal infection with the M9

mutant of Semliki Forest virus. The nucleus of the oligodendrocyte is marginated and there is widespread cytoplasmic vacuolation.

Electron micrograph (r4500). (F) Virus particles and nucleocapsids in the cytoplasm of an oligodendrocyte. BALB/c mouse, mid-brain,

5 days after intraperitoneal infection with the M9 mutant of Semliki Forest virus. Electron micrograph (r20 000)
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disease of dogs caused by a virus that has also
been implicated in MS in the past [13], damage to
oligodendrocytes also occurs, although this does
not appear to be associated with productive virus
infection, which mainly occurs in astrocytes
[78,79]. Lymphoproliferative responses to MBP
have been detected in patients with encephalitis
after measles virus, VZV or rubella virus infection,
and after rabies vaccination [80]. In the case of
measles virus, a T cell-mediated response to MBP
was induced following intracerebral infection of
rats; such sensitised T-cells showed no cross-
reactivity to measles virus, but could induce EAE
by adoptive transfer to naõÈve recipients. Also,
a normally non-encephalitogenic MBP peptide
induced EAE in measles virus-infected rats [37].
This is further evidence that virus infection of the
CNS can sensitise to subsequent autoimmune
demyelination.

The chronic immune-mediated demyelination
that occurs in MS could be maintained by either of
two mechanisms following sensitisation of the
immune system to myelin antigens after the initial
trigger. One mechanism could be similar to
CREAE. Another possibility is that the relapses
characteristic of most cases of MS could be
induced by further transient virus infections,
which may not necessarily involve infection of
the CNS.

The clinical evidence that transient virus infec-
tions could be implicated in relapses of MS is
mentioned above; there is also indirect evidence
that such a mechanism could operate. Many
virus infections lead to the production of pro-
in¯ammatory cytokines such TNF-a or IFN-c.
Infection of SJL mice with SFV results in the
expression of these cytokines in the CNS for more
than a year after the initial infection [45]. It is
known that administration of IFN-c to MS patients
results in exacerbation of the disease [81]. Also,
the demyelination in measles virus encephalitis
cannot be associated with the presence of measles
virus antigen in the CNS at time of death,
although it is not clear whether virus infection of
the CNS occurred earlier in the course of the
disease [82]. It is possible that administration of
IFN-b, which is a treatment currently used for MS
with partial success [83], could ameliorate the
effects of some transient infections that may
trigger exacerbations of MS. However, adminis-

tration of IFN-b may also have an immunomodu-
latory effect [84].

It is possible that virus infection could induce
secretion of pro-in¯ammatory cytokines that could
penetrate the CNS parenchyma from the blood
and lead to the recrudescence of anti-myelin
autoimmunity by reactivation of previously
primed T-cells. It is also possible that such
myelin-reactive T-cells could penetrate the brain
parenchyma following damage to the blood±brain
barrier caused by transient virus infection [66], or
following the secretion of pro-in¯ammatory cyto-
kines and/or chemokines by cells within the CNS
(astrocytes and microglia as well as lymphocytes)
[85]. If such a mechanism were to operate, it may
not be virus-speci®c, but may be induced by many
different transient infections.

CONCLUSIONS
Much of the evidence cited to support the idea
that MS is associated with a speci®c persistent
virus infection of the CNS has been challenged, or
shown to be incorrect. It is possible that there
are still unknown viruses which infect the CNS
and which may contribute to MS pathogenesis.
Current candidates for persistent virus infection
associated with the aetiology of MS include
HHV6, EBV and human endogenous retroviruses.
Whether these viruses are indeed involved in the
pathogenesis of at least some cases of MS is still
unknown. However, MS may comprise a group of
diseases of different aetiologies: persistent virus
infection may represent one such aetiology, and
the mechanisms triggered by transient infection
described here may represent another. Since the
circumstantial evidence that MS is associated with
a virus infection has not been refuted, it seems
reasonable to consider the possibility that most
cases of MS are not associated with a persistent
virus infection, but that other mechanisms invol-
ving transient virus infection could operate.

If MS is induced and/or exacerbated by
transient virus infection, there are several corol-
laries that may explain the equivocal results
obtained for the association of viruses with MS.
Firstly, it would not be possible in most cases to
detect virus in autopsy tissue from MS patients, or
in biopsy samples taken after the initial triggering
phase. Secondly, virus infections need not be
speci®c, and it is possible that a range of viruses
with common properties could be involved in
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either the triggering or maintenance phases.
Thirdly, it is probable that, if viruses are involved
in triggering and/or maintaining MS, that these
are common viruses that only have this effect in a
minority of genetically susceptible individuals.

If transient virus infection is involved in the
triggering or maintenance of the antimyelin
autoimmunity that is a risk factor for MS, the
role of vaccination must be considered. Of the
common diseases for which vaccines are available,
measles, mumps and rubella viruses have all been
implicated in MS [9,13,14]. There is con¯icting
evidence as to whether in¯uenza or hepatitis
B vaccination can trigger CNS in¯ammation
[21,59,86,87]. However, possible mechanisms of
induction of CNS in¯ammation may be different
for hepatitis B and in¯uenza vaccines, which
are non-replicative, compared with the measles-
mumps-rubella (MMR) vaccine, which is a cock-
tail of three replicating attenuated viruses. Wild-
type measles, mumps and rubella viruses are all
known to infect the CNS, and the Urabe Am 9
mumps vaccine strain, now no longer used as a
vaccine component, caused CNS symptoms (asep-
tic meningitis) in a small minority of recipients
[88±90], showing that it is neurotropic.

In developed countries, the MMR vaccine is
routinely given to children to prevent disease
caused by measles, mumps and rubella virus
infections [89]. Although it is clear that the
incidence of MS has not been signi®cantly affected
by the introduction of the vaccine, this could be
explained if either the wild-type infections or the
vaccine could trigger one type of MS in a minority
of individuals. The mechanism by which vaccines
may induce CNS in¯ammation could be but one
of a number of different mechanisms operating as
an MS trigger. The hypothesis that vaccination
could trigger MS is consistent with current know-
ledge of the epidemiology of MS, in particular the
hypothesis deduced from studies of the epi-
demiology of MS, that it is a disease triggered by
an environmental factor exerting its effect in a
minority of genetically susceptible individuals
before the age of adolescence. In the UK, rubella
vaccination was introduced in 1970 for girls only
but was extended to both sexes in 1988 when the
MMR vaccine was introduced [89]. Recently,
peripheral neuropathy has been associated with
rubella vaccination in which anti-MBP reactivity
was prominent [91]. However, as has been

suggested for in¯uenza [21], vaccination may be
less likely to trigger MS or MS exacerbations than
the virulent infection.

Vaccination has been the most successful
method of controlling virus diseases [92], and
current evidence indicates that the bene®ts of
vaccination outweigh any disadvantages, for
which there is no conclusive evidence at present.
Thus there is no justi®cation for the discontinua-
tion of vaccination either in the general population
or for MS patients. However, although current
vaccines have a high degree of biosafety, a small
risk associated with vaccination, which is much
less than that associated with the wild-type
infection, cannot be excluded. The evidence
available at present does not indicate that vaccina-
tion can trigger MS and/or exacerbations of MS,
but this possibility warrants further investigation
of vaccines, particularly the MMR vaccine. In
particular, the ability of vaccine strains to stimu-
late anti-myelin autoimmunity in a manner
similar to wild-type virus strains, and as a
combination vaccine, should be investigated.

It is possible that the more rational design of
vaccines, based on recombinant DNA technology,
could improve them and circumvent any possible
problems which may be associated with current
vaccines. It may be possible to replace live virus
vaccines with engineered virus vaccines expres-
sing only desired protective epitopes. The use of
new genetically manipulated vaccines will create
its own controversy, and the use of such vaccines
can only be justi®ed if they are demonstrably
more effective and have greater biosafety than
conventional vaccines currently in use. Of parti-
cular concern is a report that the plasmid back-
bone used to construct naked DNA vaccines,
which have been suggested as replacements for
current vaccines [93], has been shown to poten-
tiate EAE. The mechanism appears to be the
induction of Th1-promoting cytokines [94]. How-
ever, DNA vaccines have poor immunogenicity
and persist for long periods in the host tissue [95]
(M. M. Morris-Downes and G. J. Atkins, unpub-
lished results). Other types of prototype recombi-
nant vaccines include naked RNA vaccines and
recombinant suicide particles based on the SFV
genome [40,96]. Such vaccines stimulate immune
responses more ef®ciently than naked DNA
vaccines [97], and induce apoptosis which may
lead to the removal of the vaccine from inoculated
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tissue [98]. This may lead to a more transient
stimulation of pro-in¯ammatory cytokine synth-
esis than is possible either with conventional
attenuated vaccines or naked DNA vaccines. If
the mechanism of induction of myelin damage by
viruses were known, it may be possible to express
only protective epitopes using such vaccine
vectors. It may also be possible to omit known
encephalitogenic sequences from such vaccines,
and to circumvent any virus functions, such as
a tropism for oligodendrocytes, which lead to
myelin damage.
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