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Exogeneous factors in the aetiology of multiple
sclerosis
Enrico Granieri*,1
1

Multiple Sclerosis Center, Department of Neurology, University of Ferrara, Ferrara, Italy
Neuroepidemiology has undoubtedly played a fundamental role in the study of
multiple sclerosis (MS) by providing some aetiologic clues, although a
de®nitive basis for the conclusive resolution of its enigma is still lacking.
Epidemiological and genetic studies have indicated that MS is probably caused
by multiple factors, both genetic and environmental, none of which is
individually suf®cient, which appear to act before adolescence ± or possibly
later ± in genetically susceptible individuals. This unifying hypothesis emphasizes, on the one hand, the role of a genetic-racial susceptibility and the
importance of environmental factors and, on the other, a possible aetiologic
heterogeneity and lack of speci®city of the unknown endogenous and
exogeneous agents. In this context, several environmental factors may be
involved in the aetiopathogenesis of MS in individuals who are susceptible to
the effect of exposure to these factors. Situations or events with biological
plausibility, such as childhood or adolescent infectious diseases, exposures to
geographic and socio-cultural factors, nutritional habits, hypersensitivity,
signi®cant head and spinal trauma, and other factors may contribute, at
different times, to the putative acquisition of MS, trigger its onset, and modify its
subsequent course. However, additional empirical evidence is needed to clarify
the complex interplay of genetic and environmental factors. Journal of
NeuroVirology (2000) 6, S141 ± S146.
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The aetiology of multiple sclerosis (MS) remains
unclear. Nevertheless, the scienti®c data which
have emerged from genetic and epidemiological
studies have provided us with some consistent
®ndings.
Evidence is emerging for the involvement of
genetic factors: differences in frequency among
races; existence of resistant groups or populations,
familial studies; concordant rates for MS twin pairs;
associations with some proposed susceptibility
genes.
The possible role of environment in MS aetiology
has been demonstrated by the different geographic
gradients of frequency, changes in incidence and
prevalence among Caucasians; changes in prevalence in migrants and effects of age at migration;
possible `epidemics' and clusters of cases in some
little communities; less than complete concordance
in twin studies (Ebers, 1995).
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Both racial ± genetic and environmental factors
are involved in the aetiopathogenesis of MS. It is
likely that each of the endogeneous genetic
factors, which induce host susceptibility, differs
in its dynamics of procedures, when environment
is favourable to this in an adequate age of host. In
the same way, several physical, biological and
socio-economic environmental factors may be
involved in the aetiopathogenesis of MS in
individuals who are susceptible to the effects of
these factors. Moreover, these factors may contribute, at different times, to the putative acquisition of MS, trigger its onset and modify the
subsequent course of the disease (Granieri, 1997;
Compston, 1998).
For many years MS has been considered a disease
which is strongly in¯uenced by infectious agents,
but this hypothesis is still bluffed by the lack of
evidence for speci®c virus and the weakness of the
results of analytical studies which test associations
between MS and previous infections (Compston,
1998; Casetta and Granieri, 2000).
The role of other environmental factors are
greatly considered in aetiologic studies (Table 1).
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Table 1 Environmental risk factors that increase susceptibility
to multiple sclerosis.
Geographic factors
Latitude
Climate
Altitude
Physical and chemical agents
Land usage
Socio-cultural factors
Socio-economic factors
Industrialization and modernization
Living in urban areas
Religious practices
Hygienic and sanitary conditions
Diet and nutritional habits
Working occupation and exposures to:
± infectious agents,
± farmed animals,
± organic solvents,
± trauma
Biological risk factors
Infectious agents, virus in particular
Vaccinations
Trauma
Surgical operations
Stress
Pregnancy

Geographical correlations
Ecologic geographic investigations offer interesting
leads. Investigators have found correlations of MS
frequency with climate (low temperature and winter
dampness), in mountainous terrains and exposure
to radiations, geochemical formations (soils rich in
heavy metals, clay and peats). Correlations have
been suggested with land usage (agriculture, grazing, coniferous forests) and with industrialized and
urbanized areas. For the ecological correlations
these could be biologically possible explanations:
Low temperature and high level of humidity may
have direct effects on the immune system or may be
conducive to frequent respiratory tract infections;
lack of winter sunlight in¯uences vitamin D levels,
but also stress level and biological clock, and
therefore there may be effects on the immune
system (Lauer, 1995, 1999). Substances in soils,
such as aromatic compounds, resins, organic
solvents, used in industry, may alter endogeneous
proteins which are recognized by the immune
system and stimulate the immune responses. Land
usage and changes in modernization and industrialization may in¯uence lifestyle, socioeconomic
status, diet, exposure to animals. These and other
associations have either been con®rmed or rejected
in studies, most of which were not independent of
the effects of latitude (Lauer, 1995, 1999).
Animal exposure, and consequently exposure to
animal infections, have been extensively studied
with ecological and retrospective case-control
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investigations. The analyses of the studies, different
in methodologies, have in general revealed no
consistent associations between MS and domestic
and/or farm animals (Hodge and Wolfson, 1997).
The putative association in northern Europe with
canine distemper virus ± possibly responsible for
acute demyelination ± could be ecologically related
to predilection of MS for cold and humid environments of countries in high latitudes (Lauer, 1999).

Working activities
Occupation, which itself has consistence with local
socio-economic factors and changes in industrialization and modernization, may also be a risk factor
for MS. In some studies in the UK and Germany a
higher than expected proportion of MS patients was
found in professional, technical, and administrative
occupational groups at onset of the disease as
compared with those in other categories of employment. However, other reports from Israel, the US
and Spain did not con®rm this ®nding (Granieri,
1999). Professional contacts of young nurses with
MS patients and employment as hairdressers have
both been suggested as working risks. However,
most studies have not provided conclusive evidence of risks involved in these or other jobs
(Weinshenker and Rodriguez, 1995).
Correlations between MS and exposures to
organic solvents have been investigated. Continuative exposures to organic solvents could promote
effects on the disease through damage to the bloodbrain-barrier, opening it to infectious or other
noxious agents (Poser, 1994). The risk ratios of
analytical studies are generally positive, but the
different methodologies among the surveys do not
permit easy comparability (Landtblom, 1997).

Diet and nutrition
Although the association between food and risk for
MS is one of the most investigated aspects of the
disease, potential correlations which have emerged
from analytical studies remain controversial. The
distribution of animal fat consumption, meat in
particular, has been found to be associated with MS
frequency in some studies (Ebers, 1995). Most casecontrol studies show a distinct increase in MS risk,
in particular when fat intake during childhood is
taken into account. Meat consumption is consistently associated with MS risk, but typically only in
countries or areas in which MS frequency is high
(Lauer, 1999). Few case-control surveys show any
link between the disease and a diet which is rich in
meat. The consumption of dairy foods associated
with MS risk seems to be well documented in
ecological studies, whereas it is less evaluable in
case-control investigations (Lauer, 1997). Eating
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smoked meat, with or without curing beforehand,
shows an association with MS. Some case-control
studies implicate consumption of nitrate-cured
meats during childhood.
The effects of non-animal vegetable fats or ®sh
fats as protective factors is not well documented.
However, it may re¯ect a real protective effect.
Omega-6 fat acids, common in ®sh oils, seems to
reduce the severity of relapses, and addition in the
diet of Omega-3 fatty acids seems to increase this
bene®cial effect. Further investigations are warranted (Lauer, 1999).
Other dietary factors, such as cereals, oats, grain
containing gluten, vitamin A, D and E levels,
calcium and selenium, are still under investigation.

Socio-cultural aspects
Changes in modernization and industralization,
living in rural/urban areas, hygienic and sanitary
conditions, social and economic status of people
and other socio-cultural differences in lifestyle,
including religious practices in some communities,
may in¯uence the epidemiology of MS and may be
determinants of risk (Ebers, 1995).
Various studies across the European and American immigrants to Israel have supported the idea
that people of higher socio-economic classes tend to
be more likely to develop MS if compared with the
average population data (Granieri, 1999). High
prevalence ratios of MS among subjects with a
higher educational level have been found in recent
reports, the latest being from Australia in 1996
(Hammond et al, 1996). Educational level can give a
measure of overall status.
The possible role of socio-economic factors has
also been investigated through case-control studies
(Granieri, 1999). Old and recent analyses of the
veteran cohort in the US continue to draw attention
to higher socio-economic status as a risk factor for
MS. Kurtzke and Page (1997) have found a positive
correlation among whites and black women. However, some investigators suggest that this complex
analysis may be exposed to confounding effects of
geographic, socio-cultural and ethnic variables
(Lowis, 1990).
MS frequency can be correlated with the levels of
sanitation and hygiene, with environments where
sanitary standards are high or improved as has been
noted in numerous studies (Ebers, 1995; Granieri,
1999). However in general, care has not been taken
to distinguish between socio-cultural and hygienic
conditions during childhood and adolescence and
MS onset. A recent case control study carried out in
Israel have shown that MS patients tended to have
higher socio-cultural status than controls during
childhood (Zilber and Kahana, 1996). Probably a
protective effect of poor sanitary conditions and low
socio-economic status against MS risk have been

present only when living conditions were well
below average, as is frequent in developing
countries, where MS is rare. Better sanitation
among socio-economic and cultural factors correlates positively with the higher frequency on MS.
The theory that MS is an immune response to
delayed occurrence of common childhood infections could explain the lower incidence of MS
among children with low socio-economic level,
who are, in general, infected earlier (Poskanzer et
al, 1980). Cleanliness seems to play an important
role in the development of experimental autoimmune diseases (Leiter et al, 1990).
The evidence of differences in MS risk for
individuals born or living in urban or rural areas
has produced con¯icting results. Residence in large
centres at birth and at the time of entry into the
Armed Forces was associated with a fourfold
increase in risk of MS in the US veteran studies
(Beebe et al, 1967). Higher frequency was also found
in Israel, and Western Australia, but not in other
countries (Compston, 1998). It is dif®cult to draw
any conclusions, because of methodological differences in the studies. However, the strong association of MS risk with urban residence found in the
last US veteran case-control study (Kurtzke and
Page, 1997) seems to have eliminated sources of
bias. MS may be associated with changes in lifestyle
paralleled with the processes of urbanization and
technological development in the area of residence
during the age at risk.
Socio-cultural changes related to modernization
and Westernization can be a useful gauge in
studying the changes in incidence rates of MS
found in previous isolated communities. Sardinia
is one such example, where a growing trend in the
incidence of MS has been detected in recent years.
Having lost their geographical isolation after the
Second World War, the Sardinian people have been
increasingly exposed to new environmental factors:
growing contact with the Continent, variations in
the way of life and diet, tendency to urbanization,
improvement in economic status, in hygiene and
sanitation ± including campaigns of vaccination and
possible delay in acquiring childhood diseases. The
incidence of MS in Sardinia is much higher than the
rest of Italy, with a dramatic increase in rates in the
last three decades (Granieri et al, 1998). Genetic and
historical data strongly suggest a role of environmental and genetic factors in determining the
notable difference in MS risk between Sardinians
and the rest of Italy. The Sardinians are an
ethnically homogeneous population, having a
genetic structure which is quite different from that
of all other Italian and European populations
(Compston, 1998). A very similar temporal pattern
to that of MS has been observed for juvenile
diabetes: incidence rates of this autoimmune
disease in Sardinia are now the second highest in
Europe (Muntoni et al, 1992). This is attributed, at
Journal of NeuroVirology
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least in part, to changes related to modernization
and Westernization that have occurred on the island
since World War II.

Vaccination
Despite a number of noti®cations of MS cases in
temporal associations with some vaccinations, such
as antidiphtheria, rabies, polio, rubella and in¯uenza, the possible risk of immunization in the
aetiopathogenesis of the disease remains unclear
(Ebers, 1998). Retrospective studies have led to
con¯icting results (Table 2). Most studies considered vaccinations as exposures which occurred
prior to the disease onset, without evaluating the
possible temporal relationship between vaccination
and MS appearance (Sibley, 1986). In addition,
given the retrospective nature of these studies,
information has been collected so long after the
event that it is no longer completely reliable
(Granieri, 1999). Vaccination can produce the
classical post vaccine encephalitis; vaccine may
stimulate the appearance of MS in genetically
predisposed subjects (Rosati, 1990; Fenichel, 1999).
In recent years concerns have also been raised
that Hepatitis B vaccine may be related to new cases
or exacerbations of MS, as well as other demyelinating diseases. Cases of demyelination involving the
Central Nervous System following immunization
with recombinant vaccine have been published
(Grotto et al, 1996). However, in the case of MS in
temporal correlation with Hepatitis B immunization, the results, at present, do not provide
de®nitive evidence of a causal link. Surveillance
data on cases of demyelinating diseases following
vaccination are compatible with the expected
incidence of MS (WHO, 1997).

Trauma
A possible relationship between traumas and MS has
been suggested from time to time by anedoctical
observations of unique cases or revisions of clinical
series. Today the presumed associations between
trauma and MS is based on nearly ten case-control
studies and the recent population-based study of a
cohort in Olmsted County (Siva et al, 1993; Compston, 1998). The studies have furnished contradictory
results, and the problem of the possible pathogenetic
role of trauma at the beginning and during the clinical
course of MS remains unsolved. An attempt to
improve the quality of studies on this putative risk
factor, by better de®nitions and selection of the
various types of traumas (head trauma, spinal trauma,
others, surgical operations, . . .) would be opportune.
In particular, it would be interesting to focalize
attention on traumas which can determinate transitory damage of the blood ± brain ± barrier (Poser,
1994). On the other hand, opening of the blood brain
barrier is necessary, but not suf®cient to establish the
cascade of events which culminate in demyelination
(Compston, 1998).
A recent statement of the relationship of MS to
physical trauma has been provided as an educational service of the American Academy of Neurology. It is based on an assessment of current
scienti®c and clinical information. `On the basis of
strong and generally consistent evidence provided
by well designed clinical studies (case-control and
cohort studies), any posited association of physical
trauma, expecially head trauma, with more than a
small effect on either MS onset or MS exacerbation
is excluded. Moreover, the preponderance of the
epidemiological studies supports no association
between physical trauma and either MS onset or
MS exacerbation' (Goodin et al, 1999).

Table 2 Results of some case-control studies on vaccinations.
Authors

Year published

Results

Alter and Speer

1968

Cendrowski et al
Currier et al

1969
1974

Andersen et al
Berr et al

1981
1989

Hopkins et al
Lauer and Firnhaber
Casetta et al
Milonas
Zilber and Kahana

1991
1994
1994
1994
1996

Kurtzke et al

1997

Lower frequency of diphtheria inoculation. Higher percentages of smallpox, in¯uenza
and BCG, and lower percentages of tetanus, pertussis, polio, typhoid vaccinations
(n.s.)
Higher frequency of hyperergic reactions
Vaccinations recorded less often by patients, including smallpox, diphtheria-pertussis,
BCG, polio, tetanus. More reactions to immunization in cases*
No associations
No differences in vaccinations against polio and tbc. Data about other vaccinations not
recorded. Age at the time of immunization signi®cantly higher in cases
Association with oral polio vaccine
No associations
No associations
No associations
Signi®cantly more patients were vaccinated against typhoid, and fewer patients against
tetanus. A signi®cant negative association was found between MS and Sabin polio
vaccination
Vaccination for smallpox, tetanus, and diphtheria less common in cases. In general MS
cases tend to be undervaccinated

*In two cases the ®rst MS symptom occurred in temporal association with vaccination
Journal of NeuroVirology
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Conclusion
The complexity and variability of the aetiological
studies, together with methodological differences
and, in some cases, weakness in the biological
plausibility of some putative risk factor investigated, make it dif®cult to draw any conclusions. On
the other hand, there is evidence for the involvement of environmental exposures in the aetiology
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and progression of MS. Moreover, the failure of an
epidemiological study to detect an association does
not mean that the link may not exist. Better
methodology and collaboration with other investigators involved in the ®elds of genetics, virology,
immunology, hygiene science, etc., must be developed if research is to continue to provide more
clues in order to unravel the complexity involved in
MS aetiology.
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