Figure. Refinement of the SCA20 critical region. The critical regions defined by recombination events in the SCA20
family are represented. (A) Original SCA20 candidate interval. (B) Refined SCA20 critical region. The positions of
published and newly developed markers as well as the
SPTBN2 gene responsible for SCA5 within the SCA20
critical regions are indicated. Black regions are definitively shared by all affected individuals; gray regions may
be shared or unshared and represent the interval in which
a recombination event occurred; white depicts regions of
the chromosome that have been excluded. Not drawn at
scale.

ously reported single-nucleotide polymorphism (SNP) (c.T3173C)
and two likely SNPs (c.C657T in exon 6 and c.C5742T in exon 27),
neither of which changes the amino acid sequence of the protein
and neither of which is located in a position likely to affect splicing. All of the intron/exon boundaries of the SPTBN2 were sequenced to look for possible alterations that could lead to changes
in alternative splicing, but no changes were found. Additionally,
no changes were found in 460 bp of genomic DNA upstream of the
initiator ATG, covering the entire 5= UTR and an additional 285
bp of the 3= UTR. Although it is possible that we have missed a
mutation in a more distant regulatory or intronic region, this
possibility seems unlikely given the dominant inheritance pattern
found in the SCA20 family and the previous finding for SCA5 that
dominant mutations affect the protein coding region of SPTBN2.
Consistent with the clinical distinctions between these disorders,
these data suggest that SCA20 is not caused by a mutation in
SPTBN2 and that SCA20 is a genetically distinct form of SCA.
Future experiments should be focused on refining the SCA20 critical region and screening the family for mutations in candidate
genes.
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sibility that these phenotypic differences result from distinct mutations located within the same gene.
To determine if SCA20 and SCA5 are genetically distinct disorders, we first refined the distal portion of the SCA20 critical
region that overlapped the SCA5 locus by designing and analyzing
a panel of polymorphic short tandem repeat markers that spanned
the overlapping region.6 Analysis of affected recombinant chromosomes refined the maximal SCA20 critical region as a 23.6-Mb
interval from D11S903 to KAD199 (figure).
The recent identification that mutations in the ␤-III spectrin
gene (SPTBN2) cause SCA56 allowed us to directly determine
whether SCA5 and SCA20 are allelic or genetically distinct diseases. Using genomic DNA from an affected SCA20 family member along with previously reported PCR primers and conditions,6
we amplified and subsequently sequenced the 37 exons of
SPTBN2. Analysis of the sequence data did not reveal any
changes in the SPTBN2 sequence, with the exception of a previ-
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Multiple sclerosis and the hygiene hypothesis

this regard, many observers have noted that the prevalence of MS
in the developed world far exceeds that of regions characterized by
widespread childhood infection or poor sanitation. Nevertheless,
to the best of our knowledge, to date the global relationship between MS incidence and parasitic exposure has only been addressed in qualitative terms.
To address this issue quantitatively, we first noted the global
prevalence of Trichuris trichiura, a common human helminth
with world-wide distribution and a surrogate marker for 1) infection with other macroparasites as well a marker for 2) low levels
of community sanitation. Initial data were obtained from the definitive review5 of T trichiura prevalence by country or region,
supplemented by primary scientific reports. After this information
was complied, corresponding estimates of MS prevalences were
obtained from a comprehensive survey,6 which was supplemented
by data from primary references when necessary. A detailed account of the methods and published surveys used in our analysis
may be found on the Neurology Web site (www.neurology.org).
As shown in the figure, the prevalence of MS appears to fall
steeply once a critical threshold of T trichiura prevalence (about
10%) is exceeded; surprisingly, there is a virtually dichotomous
relationship (Kendall tau test, correlation ⫺0.53, p value ⫽

John O. Fleming, MD; and Thomas D. Cook, PhD
In 1966 Leibowitz et al.1 first suggested that the prevalence of MS
was correlated with a childhood environment characterized by a
high level of sanitation. Similar observations have led to the formulation of the hygiene hypothesis, which holds that a relative
lack of “evolutionarily normal” childhood infectious exposures may
predispose susceptible individuals to allergic and autoimmune diseases later in life. Recent findings that are consistent with the
hygiene hypothesis have come from studies in epidemiology, immunology, and animal models, as well as successful clinical trials
of probiotic treatment for allergic and autoimmune diseases.2-4 In

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology.org and scroll down the Table of Contents for the December 12 issue to find the title link for this article.
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Figure. The prevalence of MS (patients per 100,000 general population) and T trichiura (percentage of surveyed
population infected) by country or region. North America:
northern United States (1), southern United States (2),
Canada (3). Latin America: Brazil (4), Mexico (5), Paraguay (6), Honduras (7), Cuba (8), Jamaica (9), Panama
(10), Argentina (11), Chile (12). Oceania: Australia (13).
Africa: Ethiopia (14), Kenya (15), Cameroon (16), Nigeria/
Ghana (17), Ivory Coast/Senegal (18). Middle East: Iran/
Iraq (19), Lebanon/Jordan (20), Jerusalem–Jewish (21),
Jerusalem–Arab (22). Europe: Italy (23), Poland (24), Belgium (25), East Germany (26), United Kingdom (27). Asia:
Indonesia (28), Japan (29), Korea (30), Malaysia (31), Taiwan (32), Philippines (33), China (34), Central India (35).
0.00001) between MS prevalence and prevalence of T trichiura,
with almost no regions of intermediate prevalence for both parameters. Note that the T trichiura data cited reflect the prevalence of
a single parasite at one time point or survey date. Thus, it is
possible that a “spot” prevalence of T trichiura in the order of 10%
corresponds to a state of affairs in which exposure to multiple
parasitic infections over the entire period of childhood will be
almost universal in a given population. In this instance, according
to the hygiene hypothesis, most children will experience a strong
protective effect, possibly favoring a modified Th2-type immune
response or an increase in T regulatory cell activity,2 such that
subsequent allergy and autoimmunity in adulthood will be
uncommon.
Prior studies have demonstrated a direct relationship between
absolute latitude and MS; however, in our survey, there were
several exceptions to this relationship. For example, MS was relatively infrequent in countries such as Korea (data point 30), Argentina (data point 11), and Chile (data point 12) characterized by
substantial latitude and high T trichiura prevalence. Also, in a
survey conducted in Jerusalem, the prevalences of MS were in-
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versely linked to differing prevalences of T trichiura in Jewish
(data point 21) and Arabic (data point 22) populations, despite
residence at the same latitude. Further studies are necessary to
evaluate variables that may have confounded our analysis, such
as race, migration, medical surveillance, sunlight exposure, diet,
or other factors. Also, it is obvious that association does not prove
causality. Possibly, both excellent sanitation and increased latitude may simply be markers for more fundamental social, genetic,
or environmental factors in developed countries that are directly
linked to MS etiology and pathogenesis.
There are many methodologic differences and limitations in
the epidemiologic studies we have relied upon for our comparisons
(table E-1). However, the striking and consistent findings shown
in the figure are intriguing and indicate the need for further,
rigorous investigations assessing the possible relevance of the hygiene hypothesis to MS. Longitudinal studies, including those
tracking the prevalence of MS in response to changing sanitation
and levels of parasite infection, would be very informative tests of
the hypothesis. In this regard, the increase in MS prevalence in
the French West Indies (FWI) from 1978 to 1994 was recently
correlated with a significant reduction in intestinal parasitism
during the same period.7 They also found that the prevalence of
MS was twice as high in returning migrants (islanders who returned to FWI after childhood emigration to France) in comparison with nonmigrants (persons remaining in the FWI throughout
childhood). The authors discounted genetic variation to explain
their findings, as no significant differences in ABO groups and
HLA-1 allelic frequencies were observed between the two populations; instead, it was suggested that environmental factors, possibly including childhood infectious exposures, may be crucial in
determining relative MS risk, either in terms of a MS-promoting
influence in France or a MS-protective factor in FWI.
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Table (E) T-1. Primary Sources for Comparison of Prevalences for T. trichiura and Multiple
Sclerosis (please see notes and bibliography that follow)
Country/Region

Datapoint
in Figure

T. trichiura Prevalence

Multiple Sclerosis
Prevalence

Comments

Citation

Date of
Survey

Citation

Date of
Survey

1

8

1978

3

1976

States above 37th parallel

2

8

1978

3

1976

States below 37th parallel

3

9

1979

27

1975

Latin America
Brazil
Mexico
Paraguay
Honduras
Cuba
Jamaica
Panama
Argentina
Chile

4
5
6
7
8
9
10
11
12

6
6
6
30
26
31
26
4
6

1971
1966-76
1975
1998
1993
1987
1999-00
1972

27
27
25
16
27
29
25
27
19*

1999
1985
1990?
1960
1984
1973
1990?
1996
1990?

*E

Oceania
Australia

13

11

1993

27

1981

*E

Africa
Ethiopia

14

12*

16

1957

Kenya

15

10, 22*

29**

1952-1969

Cameroon
Nigeria/Ghana

16
17

6
1,6*

2000
1998
1998
1998
1982
1981
1992

29*
29

1970?
1960-1970

Ivory Coast/Senegal

18

20

1979

29

1970?

*mean of two surveys
available
*mean of two surveys;
**E
*E
Nigeria for TT, *mean of
two surveys; Ghana for
MS
Ivory Coast TT;
Senegal MS

Middle East
Iran/Iraq
Lebanon/Jordan
Jerusalem-Jewish

19
20
21

6
6
13

1980
1955
1957

27
27
14

1969
1977
1995

Jerusalem-Arab

22

13

1957

14

1995

Europe
Italy
Poland
Belgium
East Germany
United Kingdom

23
24
25
26
27

28*
24*
6
5
17

2000
1999
1961
1980
1972

27
27
27
27
27

1975/1995
1966/1981
1992
1984-1992
1980-1996

North America
Northern United
States
Southern United
States
Canada

Iran TT; Iraq MS
Lebanon TT; Jordan MS
representative studies
from complex literature

*CM
* average two regions
*CM
*CM
*CM UK mainland,
excluding N Ireland &
islands

Asia
Indonesia
Japan
Korea
Malaysia/Thailand*
Taiwan
Philippines
China

28
29
30
31
32
33
34

6
18
6
6
6
6
7

1968-78
1950?
1971
1980
1977
1968-78
1993

15*
27
2
15*
15*
15*
27*

1975
1973-85
1950’s
1965
1960-70
< 1975
1986

Central India

35

6

1967-83

27*

1988

*E
*CM
*E, Thailand used for MS
*E
*E
* representative study
from complex literature
* representative study
from complex literature

E = estimated prevalence; CM = mean prevalence for a country, combining results for regions. Please see explanations below.

Note: The starting point for the analysis above was the review of T. trichiura prevalences
provided by Bundy and Cooper (6); this source was chosen because it was one of the most
authoritative and comprehensive quantitative surveys of the world-wide distribution of a common
human macroparasite. We next attempted to find corresponding estimates for MS prevalences in
the review of Rosati (27); this source was chosen because of the relatively recent date of
publication, the objective summary of prior surveys, and attention to all world regions. After this
initial comparison, we searched the Medline database for any publication relating to T. trichiura
prevalence, and, for these papers, any corresponding publication relating to MS prevalence, if this
data was not already available in our primary source, Rosati. As indicated in the table, in some
cases our analysis was supplemented by reference to neurological texts or from personal
communications of experts in neuroepidemiology of a given country or region.
Specific methodological points of our analysis are as follows:
1. Choice of surveys: Our general approach is described above. In the case of multiple surveys for
a region or country, to be as consistent as possible, we used the data in our two primary sources
(Bundy and Cooper for T. trichiura; Rosati for MS) when available, or, when necessary, the
published report that most closely corresponded to the dates and methodology of our primary
sources. Unfortunately, in some countries (e.g. South Africa) which would be very informative
and for which extensive research existed for the prevalence of either MS or T. trichiura, it was
not possible to find reliable, published reports for both prevalences. In some countries (e.g.,
Israel, China, and India, as noted) the relevant epidemiological literature is very extensive and
complex; in these cases, we chose the reference or references that most closely corresponded to
the dates and methods of Bundy-Cooper and Rosati, acknowledging that the choice of citations is
to some extent arbitrary and over-simplified.
2. Date of surveys. Most of the data for T. trichiura prevalences in Bundy and Cooper were based
on surveys prevalences conducted in the decades from 1970-1980, and most of the MS
prevalences cited by Rosati were obtained approximately a decade later. According to the “time
lag” implied by the hygiene hypothesis, as indicated in the text of the note, these survey times are
appropriate. Unfortunately, as indicated in the specific entries for survey date in the table, in some
cases it was not possible to group surveys by these ideal or target dates. In some citations the date
of the survey was not stated explicitly; in these cases we have estimated the date of the survey,
based on publication date, and indicated the uncertainty by means of a question mark (?) after the
date.

3. Estimated prevalences. Insofar as possible, we based our analysis on epidemiological surveys
for a specified region or country. In some cases, indicated by the letter “E” and explained in the
table comments, an estimated prevalence was employed; usually this corresponded to
circumstances in which published medical reports reliably indicated that the prevalence of
parasite or MS was extremely low in that area. In other cases, indicated by the letter “CM”, a
mean estimate for a country was given; for example, in the case of Italy, a country-wide estimate
for MS prevalence was determined by taking a mean of individual Italian regions cited in Rosati.
While the CM determination does not take into account population structure and therefore does
not provide an exact country-wide determination of MS prevalence, for the purposes of our
survey, this procedure provided a reasonable estimate of MS in a given country, such that an
exact determination, even if available, would not appreciably change either the appearance of the
figure or the conclusions in the text.
4. Neighbor country determinations. In some cases, excellent correspondence, usually from our
two primary sources (Bundy and Cooper; Rosati) was only available for one parameter (i.e., T.
trichiura prevalence or MS prevalence for one country, but not both for one country). However,
as noted, valid corresponding data, appropriately matching geography and socio-environmental
characteristics, were available for a neighboring country (e.g. Malaysia/Thailand paring). In these
cases, we have indicated the countries which were coupled, as well as the published studies on
which the comparison was based.
5. Measures of Prevalences. Please see Rosati and individual citations for epidemiological
methods used to determine MS prevalences; in virtually all cases the prevalences were
determined in the general population. T. trichiura prevalences were usually determined by
microscopic analysis of fecal specimens, though in the report of Sablich for Italy (28), endoscopy
was employed. We made no attempt to list intensity of infection or co-infection with other
parasites, though biologically these variables may be important. In some cases, the prevalence of
T. trichiura was determined in the general population or extrapolated from hospital-based studies;
however, in the majority of surveys, subjects were school aged children, and this age group is
appropriate for the current analysis, since the hygiene hypothesis posits that childhood exposure
to infectious agents is a critical influence for the risk of subsequent autoimmunity.
6. Other limitations of Cited Studies. There are other several limitations to our meta-analysis,
including: 1) The most rigorous investigations of MS occurrence have been performed in
developed countries where this disease is common; by contrast, the best epidemiological
investigations of T. trichiura have been conducted in the developing world, where parasitism is
frequent. 2) There were minor, and occasionally major, variations in epidemiological methods
which were used in the different surveys (please see table and primary references for details) , 3)
Since the prevalences of MS and parasitic infection are known to vary within countries and
subregions, more informative analyses would be expected from studies conducted on a finer
scale, for example, during investigations of rural versus urban areas within a given country, 4)
To simplify our analysis we limited our comparisons to the prevalences of MS and a single
parasite; ideally, a more complete assessment in future surveys would consider multiple
infections (e.g. Ethiopia, data point 14, has an unexpectedly low prevalence of T. trichiura, but a
much higher prevalence of other macroparasites (12); this country represents an exception where
T. trichiura prevalence is not a good surrogate measure for sanitation and all-over childhood
infection). 4) As the hygiene hypothesis posits that childhood infections influence subsequent
autoimmunity in adulthood, in an ideal comparison, the date of a MS prevalence survey should
be offset by 1-2 decades relative to the corresponding survey of parasitism or sanitation in the
country or region under study. To the extent possible, we have attempted base our analysis on
available, published reports which minimize these methodological difficulties.

In summary, we acknowledge the methodological limitations and variations in the studies cited in
our review and have tried to present these forthrightly in the text and electronic supplement.
Certainly, there is a need for more rigorous epidemiological studies to be performed which will
employ uniform methodology in order to compare the prevalences of parasitism and MS in
carefully-defined populations and regions. Nevertheless, the compilation above represents the
best available published data, the majority peer-reviewed, bearing on the relative prevalences of
T. trichiura and MS in the countries or regions cited. These observations form an informative
dataset bearing on the hygiene hypothesis of autoimmunity, and hopefully, this first quantitative
analysis, with its limitations, will be a basis and an impetus for definitive future studies.
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