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CLINICAL REVIEW

LATITUDE OF RESIDENCE AND THE
DEVELOPMENT OF MSIn the early 1900s, a relationship between latitude of res-

idence and the risk of contracting MS was identified.1
In 1922, a second study conducted on soldiers in the

United States found that MS was more common in men from
the northern states, and in Europe, the chances of develop-
ing MS also increased with latitude.2 In addition, a higher
frequency of MS was found in countries with latitude greater
than 40 degrees, both north and south of the Equator.2 This
latitude-dependent trend could be due to genetic susceptibil-
ity or an environmental factor.3 However, the fact that most
developing countries with less-developed healthcare sys-
tems are located in the tropical regions challenges the valid-
ity of this apparent trend, as the lower prevalence observed
in these regions may be due to a dearth of diagnostic capa-
bilities.

EFFECTS OF MIGRATION ON THE
DEVELOPMENT OF MS

Migrant studies suggest that a person’s location of resi-
dence in childhood is of great importance in the develop-
ment of MS, implicating an environmental factor. Adult

immigrants from northern Europe to South Africa have a
higher risk of MS than Europeans who were born in South
Africa or migrated there in early childhood.2 The prevalence
of MS in adult immigrants to South Africa was 62.2 cases
per 100,000 people, compared to only 12.8 cases per
100,000 people in immigrants who migrated there between
the ages of 1 to 14.5 An Israeli study showed a similar
result: the prevalence of MS was three times higher in
Jewish immigrants from Europe or America than in those
from Asia or Africa.3 In another study, UK-born children
with parents who are South Asian immigrants were found to
have as high a risk as the white UK-born population.
However, their parents retained the low risk from the coun-
try of origin, which also suggests that location of residence
in childhood contributes more to the development of MS.7

A study tracking African and Asian immigrants to high-
risk regions demonstrated similar findings: if an individual
moves from a low- to a high-risk area in childhood, he or she
acquires a higher risk of developing MS than a person who
stays in the native country or who moves to a high-risk area
as an adult.2 Certain studies in Hawaii also found that the
incidence of MS was higher in adult immigrants from areas
of high risk than in childhood immigrants (one to 14 years
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of age), suggesting that the environment encountered during
an individual’s childhood plays a vital role in the pathogen-
esis of MS.3

EFFECTS OF INFECTIOUS ORGANISMS ON THE
DEVELOPMENT OF MS

The risk of developing MS can change very quickly in a
country, refuting the dominance of a genetically-based
propensity in its pathogenesis. For example, clear records
from many years prior to World War II demonstrated that
there were no cases of MS in the Faroe Islands, Denmark,
prior to the Second World War.6 After the arrival of the
British army, 24 cases were reported from 1943 to 1960.6
The introduction of an infectious agent from the British
Army is a plausible explanation.6 Furthermore, contact with
a small pet early in childhood has been associated with an
increased risk of MS, again consistent with the idea that
infectious agents may contribute in its development.
However, further studies failed to support this notion.2

ENVIRONMENTAL EXPOSURES:
VIRUSES AND BACTERIA

In 1884, Pierre Marie proposed that an infectious agent
was the cause of MS.13 Since Marie’s time, no studies have
shown direct causality between an infectious agent and
MS.13 However, it is still possible that microorganisms
play an indirect role, for example, by triggering immune-
mediated attack on auto-antigens by activated T-cells, which
can break down the blood-brain barrier.1 Heat shock pro-
teins, adhesion molecules and alpha-beta crystallin expres-
sion by oligodendrocytes and interferon (IFN) all play key
roles in the development of MS plaques.1 Many patients
with MS have T-cells reactive to myelin binding protein
(MBP), and the same T-cells are reactive to peptides on com-
mon viruses.14 The 70-kDa heat shock protein of
Mycobacterium tuberculosis and Mycobactorium leprae
could act as an auto-antigen in MS, and mycobacterial 28-
kDa surface protein can enter neuronal Schwann cells.14
Indeed, the identity of the primary auto-antigen may vary
between individuals.2

Precedents exist in other species for microbial organisms
to directly cause demyelinating conditions, as shown by
Visna virus in goats and sheep and Theiler's virus in mice.1
As for humans, researchers have found herpes virus (HHV-
6 and HHV-8 subtypes) in active MS plaques, and shown
that oligodendrocytes preferentially express the HHV pro-
tein in MS plaques.1 HHV is highly neurotrophic, and the
same stressors associated with MS exacerbation, such as
new illness, also cause HHV to reactivate.1 Exposure to
HHV in early childhood increases the chances of MS.1
However, having an HHV infection in early childhood may
be better than encountering it later in life, because, as in the
case of Hepatitis B, later infections may be more likely to

lead to overt disease rather than a chronic asymptomatic car-
rier state.7

We might even say that early exposure is protective
against developing the full disease later in life.15 Other
infectious agents show similar trends: inhabitants of devel-
oping countries, where EBV is encountered early in life,
have low rates of MS compared to people in developed
countries where EBV infection occurs later in life.7 A
Danish study showed that people with late EBV infection
had almost three times higher risk of developing MS.16
And, returning to the study of US Army recruits, young men
from the low-prevalence southern states had much higher
seropositivity to Epstein-Barr virus than those from the
north, implying that a childhood encounter with the virus
spared them from the full development of MS.17

THE “HYGIENE HYPOTHESIS”
MS has been found to be more prevalent in countries with

higher levels of sanitation, which led researchers to propose
the “hygiene hypothesis” that excessive sanitation is a pre-
disposing factor.9 For example, even though inhabitants of
northern latitudes have higher rates of multiple sclerosis, its
incidence unexpectedly decreases in the arctic regions,
which have low levels of sanitation.10 Likewise, researchers
believe that the lower prevalence seen in Japan may be due
to the widespread use of "nightsoil" (manure) instead of
inorganic fertilizers in farming.10 Contamination of the food
supply with this fertilizer may somehow deter MS from
developing.

EFFECTS OF GENETICS IN THE
DEVELOPMENT OF MS

Apart from these multiple environmental factors, the epi-
demiology of MS is to some extent influenced by genetics.
Studies show that individuals with Northern European her-
itage are more susceptible to the disease.1 MS is more com-
mon in women than men, suggesting that the presence of
two X chromosomes may somehow influence the risk of
contracting MS.8 Also, some ethnic groups have a much
lower prevalence of MS than other ethnic groups living in
similar environments. The Gypsies in Hungary, with ances-
tral roots in India, have a prevalence of 2 per 100,000 peo-
ple, whereas the native European population has a rate of 37
cases per 100,000 people.2

Genetic studies in families with MS imply a heritable
component to its pathogenesis: there is a higher risk between
monozygotic twins than dizygotic twins, and siblings have a
relative risk 20 to 40-fold higher than the general popula-
tion.11 Certain alleles of the HLA-Class II complex associ-
ate strongly with MS, in particular HLA-DR15w2 and
DQw6, which are prevalent in northern Europeans.2 Loci
on the short arm of chromosome 6 (6p21) and chromosome
5 are also receiving increasing attention, and in some fami-
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lies, incomplete penetrance of the genetic component is
required to explain variations in incidence.2 In summary, no
single gene has been found to cause MS,11 yet all these find-
ings suggest that a hereditary predisposition towards MS is
activated under certain environmental conditions and cannot
be ignored.12

CONCLUSION
MS is a complex disease with uncertain etiology. It may

result from a genetic predisposition to certain defects in
immune regulation, such as an intrinsic reaction to a self-
antigen independent of any microbial factor. Yet MS is influ-
enced by several environmental factors. A latitude-depend-
ent trend is well-established, but we must consider other fac-
tors in explaining why incidence rates in some countries,
like Japan, are such statistical outliers. Migrant studies have
shown that country of origin may play a significant role, and
certain infections in childhood may increase or decrease the
risk. Currently, the search for the etiological source for MS
continues. Recent advancements in genetics and molecular
biology have elucidated pathological mechanisms amenable
to modulation, allowing for the hope that this disease may be
ameliorated or even cured.

REFERENCES
1. Lutton, JD, Winston R, Rodman TC. (2004) Multiple sclerosis: Etiological

mechanisms and future directions. Society of Experimental Biology and
Medicine, 229: 12-20.

2. Mcdonald WI. (1984) Multiple sclerosis: Epidemiology and HLA association.
Annals of New York Academy of Sciences, 436: 109-17.

3. Kahana E, Zilber N, Abramson JH et al. (1994) Multiple sclerosis: genetics
versus environment: epidemiology in Israel updated. Journal of Neurology,
241(5): 341-46.

4. Dean G, Elian M, de Bono AG et al. (2002) Multiple sclerosis in Malta in 1999:
an update. J Neurol Neurosurg Psychiatry, 73(3):256-60.

5. Kurtzke JF, Dean G, Botha DPJ. (1970) A method for estimating the age of
immigrants of white immigrants to South America with an example of MS
importance. S. Afr. Med J., 44: 663-669.

6. Kurtzke JF, Hyllested K. (1979) Multiple Sclerosis in the Faroe Islands. I.
Clinical and epidemiological features. Annals of Neurology, 5: 6-21.

7. Gale CR, Martyn CN. (1995) Migrant studies in multiple sclerosis. Progress
in Neurobiology, 47: 425-48.

8. Leibowitz U. (1967) Does pregnancy increase the risk of multiple sclerosis?
Journal of Neurology, Neurosurgery and Psychiatry, 30: 354-57.

9. Alter M. (1968) Etiological considerations based on the epidemiology of mul-
tiple sclerosis. American Journal of Epidemiology, 88: 318-32.

10. Kraft AM, Wessman HC. (1974) Pathology and etiology in multiple sclerosis.
Physical therapy, 54(7): 716-20.

11. Chan JW. (2002) Optic neuritis in multiple sclerosis. Ocular Immunology &
Inflammation, 10(3): 161-86.

12. Schapira K. (1963) Familial and conjugal multiple sclerosis. Brain, 86: 315-
32.

13. Lamer AJ. (1986) Multiple Sclerosis: A review. Journal of the Royal Society

of Medicine , 79: 412-417.
14. Shimoji Y, Ng V, Matsumura K et al. (1999) A 21-kDa surface protein of

Mycobacterium leprae binds peripheral nerve lamin-2 and mediates Schwann
cell invasion. Proceedings of National Academy of Science USA, 96(17): 9857-
62.

15. Sullivan CB, Visscher BR, Detels R. (1984) Multiple sclerosis and age at expo-
sure to childhood disease and animals: Cases and friends. Neurology, 34, 1144-
48.

16. Haahr S, Koch-Henriksen N, Moller-Larsen A et al. (1995) Increased risk of
multiple sclerosis after late Epstein-Barr virus infection. Multiple Sclerosis,
1(2): 73-77.

17. Hallee TJ, Evans AS, Niederman JC et al. (1974) Infectious mononucleosis at
the United States Military Academy. A prospective study of a single class over
four years. Yale Journal of Biological Medicine, 3: 182-95.

18. Conner RC. (1970) Causes of disseminated sclerosis. Lancet, 1: 724-25.
19. Tajada-Simon MV, Hong J, Rivera VM et al. (2002) Skewed autoantibody

reactivity to the extracellular domain of myelin oligodendrocyte glycoprotein in
multiple sclerosis. Immunology, 107: 403-10.

20. Tourtellotte WW. (1966) MS: correlation between immunoglobin-G in CSF
and brain. Science, 154: 1044-45.

21. Bach JF. (2002) The effect of infections on susceptibility to autoimmune and
allergic diseases. New England Journal of Medicine, 374(12): 911-20.

22. Weiss ST. (2002) Eat dirt-the hygiene hypothesis and allergic diseases. New
England Journal of Medicine, 347(12): 930-31.

23. Lucchinetti C, Rodriguez M. (1997) The controversy surrounding the patho-
genesis of the MS lesions. Mayo Clinic Proceedings, 72: 665-78.

24. McCallum K, Esiri MM, Tourtellote WW et al. (1987) T cell subsets in multi-
ple sclerosis: gradient at plaque borders and difference in nonplaque regions.
Brain, 110: 1297-1308.

25. Grenier Y, Ruijs TC, Robitaille Y et al. (1989) Immunohistochemical studies
of adult human glial cells. Journal of Neuroimmunology, 21: 103-15.

26. Koh DR, Fung-Leung WP, Ho A e al. (1992) Less Mortality but more relaps-
es in experimental allergic encephalomyelitis in CD8+/- mice. Science, 256:
1210-13.

27. Rodriguez M, Sriram S. (1988) Successful theraphy of Theiler’s virus induced
demyelination: prevention by immunosuppression. Science, 192: 62-64.

28. Esiri MM, Reading MC. (1987) Macrophage populations associated with mul-
tiple sclerosis plaques. Neuropathology and Applied Neurobiology, 13: 451-65.

29. Brosnan CF, Bornstein MB, Bloom BR. (1981) The effects of macrophage
depletion on the clinical and pathologic expression of experimental allergic
encephalomyelitis. J Immunol, 126: 614-20.

30. Wu E, Raine CS. (1992) Multiple sclerosis: interactions between oligodendro-
cytes and hypertrophic astrocytes and their occurrence in other, nondemyelinat-
ing conditions. Lab Invest, 67: 88-99.

31. Renno T, Krakowski M, Piccirillo C et al. (1995) TNF-alpha expression by res-
ident microglia and infiltrating leukocytes in the central nervous system of mice
with experimental allergic encpehalomyelitis: regulation by TH1 cytokines. J
Immunol, 154: 944-53.

32. Sharief MK, Thompson EJ. (1992) In vivo relationship of tumor necrosis fac-
tor-alpha to blood-brain barrier damage in patients with active multiple sclero-
sis. J Neuroimmunology, 38: 27-33.

33. Paya CV, Leibson PJ, Patick AK et al. (1990) Inhibition of Theiler’s virus-
induced demyelination in vivo by tumor necrosis factor alpha. Int Immuno, 2:
909-13.

34. Olsson T, Zhi WW, Hojeberg B et al. Autoreactive T lymphocytes in multiple
sclerosis determined by antigen-induced secretion of interferon-gamma. J
Clinical Investigation, 86: 981-85.

35. Olivares-Villagomez D, Wensky AK, Wang Y et al. (2000) Repertoire require-
ments of CD4 cells that prevent spontaneous autoimmune encephalomyelitis. J
Immunology, 164: 5499-5507.

36. Zinkernagel RM. (2001) Maternal antibodies, childhood infections, and
autoimmune diseases. N Engl J Med, 345: 1331-35.

37. Rodriguez M, Scheirthauer BW, Forbes G et al. (1993) Oligodendrocyte injury
is an early event in lesions of multiple sclerosis. Mayo Clin Proceedings, 68:
627-36.

38. Ozawa K, Suchanek G, Breitschopf H et al. (1994) Patterns of oligodendroglia
pathology in multiple sclerosis. Brain, 117: 1311-22.

Author Biography
Sarfaraz Banglawala earned his Bachelor of Science degree from the University of Toronto and is currently a third
year medical student at McMaster University.


