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ABSTRACT 

When reviewed some 10 years ago, available prevalence studies of 
multiple sclerosis (MS) seemed to divide the world into three frequency 
zones for MS: high prevalence at  30 to 60 per 100,000 population; 
medium at  5 to 15; and low at less than 5 per 100,000. In the last 
decade the number of the available studies has more than tripled. Their 
reassessment, including judgments of comparability, still indicates a 
high-medium-low division for MS frequency world-wide. The high risk 
areas comprise northern Europe, northern United States, much of 
southern Canada, New Zealand, and probably southern Australia. 
Prevalence rates in  these regions are mostly 30 to  80 per 100,000 
population, centering at  about 50. Medium frequency is defined as 
prevalence of 5 to 25, and is mostly 10 to 15. In  Europe, the medium 
frequency zone bounds that of high frequency to the north, east, and 
south. The European Mediterranean basin is of medium prevalence 
with a sharp division from the high zone across France and Switzer- 
land. It is likely that this division continues eastward across Austria, 
north of Hungary, and across the upper Ukraine to the Caspian Sea, 
but this is not definite. Medium risk areas of Europe thus include 
surveyed sites of Spain, Italy, Hungary, Jugoslavia, Bulgaria, and 
central Ukraine, together with southeastern France and southern 
Switzerland. Though Romania could be high, it is more likely to  be of 
medium prevalence. Turkey measures low, but from incomplete data. 
From nationwide prevalence and mortality studies, the west coast of 
Norway and all Scandinavia above latitude 65" north are of medium 
frequency. Based on hospital data, northwestern USSR is high, and 
central and southern USSR medium, in  MS risk. Other medium risk 
areas include southern United States, most of Australia, one ethnic 
group only in  South Africa, and possibIy Hawaii. Low risk areas are a11 
surveyed sites of Asia, the Pacific islands, Africa, Latin America, 
Alaska, and Greenland. 
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The geographic distribution of multiple sclerosis (MS) continues to be 
an area of intensive study and interest. The best data providing the 
distribution have arisen from community-wide surveys describing its 
frequency within given populations throughout the world. The most 
commonly used measure of frequency has been the point prevalence 
rate: that is, the number of cases present in a given community at one 
time divided by the population of the community at that time, expressed 
as a ratio of cases per unit of population. When such rates are plotted 
against geographic latitude, the distribution, particularly in western 
Europe and in North America, has been said to show a direct cor- 
relation with the disease rising from virtually zero frequency in the 
tropics to maximal rates in the most northerly communities surveyed 
(Kurland 1970).  A diferent interpretation was presented some ten 
years ago ( K u r f z k e  1964). At that time the prevalence studies available, 
of which there were over 50, seemed to be disposed into three frequency 
zones or bands of high, medium, and low prevalence. In  northern Europe 
most of the rates were between 30 and 60 per 100,000 population, and 
similar rates were found in northern United States and southern 
Canada. This then defined the high frequency or  high risk MS zone. 
In southern Europe and southern United States, the rates were between 
5 and 15 per 100,000, and this delimited the medium frequency zone. 
Rates from Asia and Africa were less than 5 per 100,000 and this was 
then considered to be the low frequency or low risk MS zone. 

In the last decade there have been many more studies published. It 
seemed appropriate to reassess these data with a view to perhaps 
resolving the conflicting interpretations of the distribution, but a more 
important aim was to see if further clues to etiology might be dis- 
covered from what should be a much more discrete delineation of this 
disorder. 

METHODS AND MATERIALS 

A l l  published studies dealing with the frequency of multiple sclerosis in defined 
populations that  could be obtained through mid-1974 were reviewed in  the original. 
Translations were obtained for a number of the east European and Asian papers. 
Special attention was paid to the methodology of case ascertainment and to the 
diagnostic criteria employed by the authors. In some instances personal communica- 
tions from the authors were sought to clarify points in question. For diagnosis, 
most authors used modifications of the criteria of AZZison & MiZZar (1954) which 
originally comprised three classes : early DS, probable DS, possible DS. Early 
disseminated sclerosis included those who showed few o r  no physical signs but had 
a recent history of remitting symptoms of the kind commonly associated with the 
onset of the disease. The probahle DS were those where there was “no reasonable 
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doubt about the diagnosis”, and who usually had remissions. The possible DS 
were those for whom “although findings suggested the diagnosis and no other 
cause had been found, history was progressive o r  static and there was insufficient 
evidence of scattered lesions at  different levels in  the nervous system”. The first 
grouping has been variously called “latent” or “early probable MS” in  other papers. 
Other workers used divisions such as “definite”, “probable”, and “possible MS”, or  
equivalent terms. In a few instances the criteria of the Schumacher Committee 
(1965) were used for probabIe MS. All rates were recalculated for  the purpose of 
this assessment, utilizing only the “best” classes of MS diagnosis. This included 
“probable”, “early probable or latent” and “definite” but excluded “possible 
MS”. Population denominators, when not noted in the original papers o r  when an 
inappropriate denominator was used, were obtained from standard published 
sourccs. For each prevalence rate, 95 per cent confidence intervals were calculated 
on the thesis that the rates would follow a Poisson distribution. In such instances 
the variance equals the mean. The mean is taken as the number of cases in  the 
study, and 1.96 times its square root (with corrections for  asymmetry) provide the 
upper and lower limit of cases about the mean. For small numbers the table of 
Fisher & Yates (1963) was used. These numbers divided by the population provide 
the 95 per cent confidence intervals on the rate (Kurtzke  1966). 

Those studies which seemed reasonably complete in  case ascertainment, and 
compatible in methodology and diagnostic criteria were classified as Class A 
studies. Reports were listed as Class B when they included some feature(s) that 
might lessen comparability even though they were otherwise we11 done. For  Class C 
studies there were generally major questions as to methodology, diagnostic criteria, 
o r  ascertainment, but they did provide some population-based data. Two additional 
estimates of frequency were utilized in selected instances. One is relative frequency 
of MS among all neurologic admissions in hospital and clinic series. This 
method was widespread early in  this century, but has properly been supplanted by 
the more appropriate population-based measures. Despite its drawbacks it can be 
used as a first approximation when there are no other data available, and when 
the nature of medical practice is such that  all known instances of the disease 
would have been seen in  hospital. Such figures are cited as percentages. Another 
approximation used is an estimate of prevalence based upon the ratio of MS to ALS 
(amyotrophic lateral sclerosis) in  hospital and clinic series, with the assignment 
of a prevalence rate of 5 per 100,000 to the ALS (Kurtzke  1964, Kurtzke & Bui 1974). 
This affords some refinement to relative admission ratios, but again should be 
used only in  suitable areas where proper prevalence studies are unavailable. 
The MS/ALS rate estimates are called Class E studies. 

The hasic data for each study are in the Appendix Table in  Part Two where each 
is identified by: number; first author and year of publication; study location with 
its approximate latitude and longitude; prevalence year; population at  that time; 
and number of probable MS cases ascertained. References to the Appendix Table are 
in Part One if cited in  the text; otherwise they are in  Part Two. These data are 
then summarized in the text tables i n  terms of: prevalence date; approximate 
prevalence rate; approximate 95 per cent confidence interval on the rate; and 
classification, as just mentioned. The numbers used to identify each study are those 
as presented in a 1973 symposium on demyelinating disease (Kurtzke  in  press). 
Additions to that  basic list are provided by letter suffixes. 
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RESULTS 
Western Europe 

The prevalence rates from western Europe are summarized in Tables 
1 and 2. There are nine studies listed in the United Kingdom, and all 
but one of these are considered to be Class A studies. The Shctland- 
Orkney study of Allison (1963) was classified as a B because that area 
was investigated as a result of the earlier survey of Sufherland (1956), 
who had found those islands to have by far the highest rates in the 
northwestern part of Scotland. Choosing an area because it is known 
to be high or low certainly limits comparability with other studies. The 
rate is based on 52 probable MS in the Shetland-Orkneys, and excludes 

Table 1. Prevalence rates per  100,000 population for probable multiple sclerosis. 
I .  Western Europe. 

# Area 95 70 Date Rate Range Class 

United Kingdom 
1 Stamford, England 
2 Northumberland-Durham 
3 Cornwall, England 
4 Carlisle, England 
5 Northwestern Scotland 
6 Shetland-Orkney, Scotland 
7 Northeastern Scotland 
8 Northern Ireland 
9 Northern Ireland 

Scand in auia 
10 Norway 
11 Bergen-Hordaland, Norway 
12 Mere I% Romsdal, Norway 
13 Vestfold, Norway 
1 4  Norway (disability) 
15 Alvsborg, Sweden 
16 Goteborg, Sweden 
17 Goteborg, Sweden 
17a Halland, Sweden 
18 Turku CIID, Finland 
19 Turku CIID, Finland 
20 Finland 
21 Denmark 
22 Faroes, Denmark 
23 Iceland 
24 Iceland (ad 1969) 
24a Iceland 

1949 
1958 
1958 
1961 
1954 
1962 
1970 
1951 
1971 

1948 
1957 
1961 
1959 
1966 
1966 
1958 
1965 
1967 
1963 
1967 
1964 
1949 
1962 
1955 
1955 
1965 

44 
42 
63 
80 
55 

143 
106 

40 
64 

37 
18 
26 
69 
38 
56 
38 
96 

(81) 
27 
35 
11 
58 
37 
37 
52 
52 

26-69 A 
39-44 A 
55-72 A 
61-104 A 
46-65 A 

107-188 B 
9F-116 A 
37-44 A 
60-69 A 

35-39 A 
14-24 A 
19-33 A 
57-84 A 
36-40 B 
48-64 A 
32-45 B 
79-1 16 B 

(68-95) C 
22-32 A 
30-42 A 
10-12 B 
56-61 A 
20-63 A 
28-47 A 
41-65 B 
43-64 A 
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10 possibles. The rate of 143 is notably greater than that published 
( l28) ,  because in recalculation the 1961 population was thought to be 
the proper denominator rather than the 1951 population used. In the 
study of Cornwall by Hargreaues (1961) the 214 cases in whom 
“diagnosis was reasonably certain” had been allocated by residence 
within seven areas. There is no significant variation among these areas. 
The survey of Northern Ireland for 1971 by Millar (1972) referred to a 
total of 1159 cases of ills, including possibles. In the previous study by 
the same workers there were 145 of 700 MS listed as possibles (Allison 
& Millar 1954). The proportion of possibles was reasonably constant 
for births from 1900 to 1940 in Millar’s presentation, and therefore the 
same ratio was used for the 1971 prevalence study to estimate 919 
probable and early probable MS. As to the Republic of Ireland, there 
are no calculated prevalence studies although Lyons (1970) infers it is 
quite frequent, and Geoffrey Dean (1973) is convinced the Republic is 
also a high frequency MS area. 

In Scandinavia the survey of Swank e t  al. (1952) is a nationwide 
ascertainment of M S  patients first diagnosed in hospitals and clinics 
of Norway over a 14-year interval, supplemented by surveys of “many 
neurologic specialists”. The regional variations found in that study 
were essentially the same as in the resurvey by Westlund (1970) based 
on Norwegians receiving disability pensions for multiple sclerosis. The 
latter is aforded a Class B rating because of questions as to complete 
ascertainment and diagnostic accuracy. 

In Sweden, the Giiteborg surveys both rank as B studies (Broman 
1960, Broman et al. 1972) because the rates as published include 
possible MS; they are limited to names beginning with A to G in the 
alphabet; and they presumably refer to residents only at time of diag- 
nosis. The major question is whether patients with MS have moved 
into this town because of Dr. Broman’s renown. The cited 1958 rate 
excludes 28 “suspect” MS and this ratio was used to approximate the 
probable MS for the 1965 study. The survey by Dahl (1971) provides 
no definitions for MS nor information as to case ascertainment. Based 
on the population of Halland and the published rate of 81, the number 
of cases should be about 150. The study of Finland by Rinne et al. 
(1968) lists a very large number of “possible MS” in a series obtained 
from national pension lists as well as hospital records. The surveys of 
Iceland are well done. The reason # 24 is classed as B is because it is 
a 1955 prevalence study with ascertainment through 1969 (Gudmunds- 
son 1971). Such a lengthy period makes it not comparable to other 
surveys. 

In Germany, the Spessart data of Bammer (1960) are limited here to 
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Table 2. Preualence rates per 100,000 population for probable multiple sclerosis. 
I .  Western Europe, continued. 

# Area Date Rate Range Class 

Other Western  Europe 
25 Spessart (random), Germany 
26 Hamburg, Gcrmany 
27 Magdeburg, Germany 
28 Berlin, Germany 
29 Cologne, Germany 
30 Sudniedersachsen, Germany 
30a Lauenburg, Germany 
31 Groningen, Netherlands 
32 Marseille, France 
33 Haute-Garonne, France 
34 Bas-Rhin, France 
35 Vienne, France 
37 Montklimar, France 
38 Orange, France 
39 Arles, France 
40 Paris, France 
40a Cataluiia, Spain 
41 Parma, Italy 
42 North-central Sardinia 
43 Varese, Italy 
44 Cagliari, Sardinia 
45 Nuoro, Sardinia 
46 Nuoro (f # 42) 
47 Sassari prov., Sardinia 
48 Ferrara prov.,Italy 
49 Terni prov., Italy 
50 Perugia prov., Italy 
51 
51a Padova prov.,Italy 
52 Switzerland 

Umbria (# 49 + 50), Italy 

1958 
1960 
1962 
1961 
1960 
1970 
1957 
1959 
1960 
1966 
1967 
1969 
1969 
1969 
1969 
1967 
1968 
1959 
1961 
1962 
1964 
1964 
1964 
1965 
1966 
1966 
1968 
1968 
1972 
1957 

81 
57 

(14) 
(75) 
74 
37 
30 
58 
14  
63 
41 
32 
37 

5 
9 

40 
6 

12  
14 
19  
12 
19 
25 
16  
10 
11 
13 
12 
16 
52 

60-107 
53-61 

(11-17) 
(estimate) 

68-81 
30-46 
21-41 
51-65 
11-17 
57-69 
37-46 
15-61 
16-73 

0-26 
3-24 

4-8 
8-1 5 

12-17 
16-24 
9-1 4 

1 6 2 4  
19-31 
12-20 

7-1 4 
7-1 6 

10-1 6 
10-1 5 

- 

13-1 9 
50-54 

A 
A 
C 
C 
A 
A 
A 
A 
A 
B 
A 
A 
A 
A 
A 
E 
A 
A 
B 
B 
A 
B 
B 
A 
A 
A 
A 
A 
A 
A 

the 37 random communities contained therein (Bummer 1973). Klein 
& Parnifzke (1963) considered only those patients in the region of 
Magdeburg who had first symptoms within the ten years to prevalence 
day. In Berlin, Iwanowski (1963) recorded 595 patients from the MS 
register, but he estimated there should be 1500 or more. In the last 
review (Kurtzke in press), the study from Cologne was rated as Class 
C because the doctoral dissertation defining the study was not then 
available. 

In France there was an attempt to survey the country under the 
aegis of the French MS Association. This was successful in two depart- 
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ments (#  33,34 in Table 2) .  The study of Bas-Rhin was well delineated 
by ThiCbaut et al. (1969). There was less detail available for the Haute- 
Garonne study described, among others, by Meunier-Raccaud ( 1967). 
(See also 1'Association Frangaise 1967, Collard & Boegly 1967). The 
most fascinating study in France refers to those communities along the 
Khone surveyed by Behrend (1969 a, b) which represent =# 35-39 in the 
table. Unfortunately Romans ( #  36) , with 14 provisional cases, could 
not be resurveyed by the team (Behrend 1973). The rate for Paris 
represents a 5-year input from neurologic clinics and hspitals, with the 
calculated prevalence based on the ratio of definite MS to definite ALS 
(Kurtzke & Bui 1974). 

Spain has been an area of unknown prevalence for MS, but Oliveras 
de la Riva et al. (1968) surveyed the province of Cataluiia. The results 
therein were supplemented by Dr. Oliveras (1974). Diagnostic criteria 
were those of the Schumacher Committee (1965), and it was thought 
there was complete ascertainment of all patients who had sought 
medical attention. Moya et al. (1966) provided a clinical series of 22 
cases from Madrid, but no measure of frequency could be inferred. 
There is a paper by Dominguez Carmona (1961) which records death 
rates in Spain due to MS. However, it  is clear that cerebral arterio- 
sclerosis was included, so that the calculated death rate of 1.9 per 
100,000 for 1951-1957 is an overestimate. 

A number of studies are available from Italy and Sardinia, and most 
of these are well performed. In north central Sardinia, Mapelli (1963) 
described 100 definite or probable MS, presumably all alive on pre- 
valence day which was probably in 1961. He estimated the population 
at risk 10 years previously at 600,000; from the growth of both Sar- 
dinia and Sassari over that interval, the likely population is some 
700,000. In the survey of Varese by Montanini e t  al. (1967) one might 
question the completeness of ascertainment since this was limited to 
hospital in-patients. Caruso e f  al. (1968) included Nuoro in their 
survey, but added to their 53 cases the 18 recorded by Mapelli in the 
aforementioned study. Accordingly both rates are provided for Nuoro 
( #  45 & 46).  

The rates for these studies from western Europe are summarized in 
Figure 1 according to the prevalence rate versus the geographic latitude 
of the survey site. Class A studies are identified by solid circles, Class 
B by open circles, Class C by open diamonds, and Class E by open 
squares. The 95 per cent confidence interval for each rate is defined 
by the vertical bars. Limiting attention first to the Class A rates, it  is 
clear that there is a definite clustering of the prevalence rates between 
30 and 80 per 100,000 population extending from latitudes 45" to 65" 
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DEGREES NORTH LATITUDE 

Figure 1 .  Correlation of prevalence rates per 100,000 population f o r  probable MS 
w i t h  geographic lati tude in western Europe. S tudy  numbers are as I'n text tables. 
Solid circles represent Class A studies, open circles Class B,  diamonds Class C, and 
squares Class E .  Vertical bars define 95 per  rent confidence interuals of the rates. 

north. There are several exceptions both on the high side ( #  7 )  and on 
the low side ( #  11, 12, 18) .  There is also a totally distinct cluster 
ranging from prevalences of 6 to 16 per 100,000 and extending from 
latitude 38" to 45" north. Inclusion of the Class B and Class E studies 
does not notably alter this interpretation; in fact even the Class C 
studies, except for # 27, fit into this general pattern. Considering 
latitude alone, there is, then, apparently a rather clear separation of 
western Europe into two risk areas for MS, and the division is at 
approximately 45" N. Rates ranging largely from 30 to 80 per 100,000 
now define the high frequency band for MS. Rates ranging from 5 to 25 
per 100,000 describe the medium frequency band. One would still limit 
low rate MS areas to less than 5 per 100,000. Therefore the previous 
interpretation of two distinct frequency bands in western Europe still 
seems a more likely interpretation than a smooth gradient with 
latitude. The upper limit for the high rate band has been somewhat 
expanded to 80 per 100,000 (with the realization that there are several 

8 ACTA NEUROL. SCAND. 51,2 
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areas with notably higher rates). The limit of the medium frequency 
band is also increased to 25, but within that zone most of the rates are 
still between 10 and 15. Accordingly, then, the “band theory” for M S  
distribution in western Europe would still seem the most tenable. 

Eastern Europe and Israel 

Table 3 provides the prevalence rates, ranges, and classes for all 
available surveys from eastern Europe and Israel. Relatively few of 
these are Class A studies. In Poland, Cendrowski ( 1964) provided rates 
for four regions based on patients seen at neurology clinics. In the 

Table 3. Prevalence rates per 100,000 population for probable multiple sclerosis. 
11. Eastern Europe and Israel. 

# Area Date Rate Range Class 

53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67a 
68 
69 
70 
71 
72 
73 
83 
84 
85 
86 
86a 
87 
87a 
87b 
87c 

Bydgoszcz, Poland 
Warsaw, Poland 
North-central Poland 
Pruszk6w, Poland 
Poznin distr., Poland 
Prague 111, IX, Czechoslovakia 
Duchcov-Bilina, Czechoslovakia 
Western Slovakia 
Bragov, Romania 
Oltenia reg., Romania 
Cluj, Romania 
Iagi, Romania 
Suceava, Romania 
BaEau, Romania 
Transylvania, Romania 
Budapest, Hungary 
Bosnia-Herzegovina, Jugoslavia 
Bulgaria 
Turkey (hospital) 
Marmara-Thrace, Turkey 
Central Anatolia, Turkey 
Estonian SSR 
Chcrkassy rcg., USSR 
Israel native (crude) 
Israel native (crude) 
Israel native (age-adj. US) 
Israel native (crude) (ad ’66) 
Israel nat. (age-adj. US) 
Israel nat. (prob. crude) 
IsraeI nat. (prob., age-adj. US) 

1964 36 
1957 (28) 
1957 (19) 
1960 24 
1965 51 
1960 (82) 
1959 52 
1962 53 
1959 (49) 
1968 20 
1968 33 
1970 (18) 
1970 (17) 
1970 (9) 
1970 22 
1960 (18) 
1956 (7) 
1959 (5) 
1952 (3) 
1958 (4) 
1958 (2) 
1959 40 
1966 24 
1960 4 
1960 4 
1960 9 
1960 7 
1960 16 
1965 5 
1965 13 

28-47 
(25-3 1 ) 
(18-20) 
11-44 
48-54 
(77-87) 
36-74 
50-57 
(37-62) 
18-23 
25-42 
(16-21) 
(1 4-20) 
(8-11) 
21-24 
(16-21) 

(6-8) 
(65) 
(3-3) 
(3-5) 
( 1-2 ) 
3 6-44 
21-27 
2-6 
2-6 
6-1 4 
5-9 
12-22 
3-6 
9-1 7 

B 
C 
C 
B 
A 
C 
A 
B 
C 
B 
B 
C 
C 
C 
A 
C 
C 
C 
C 
C 
C 
A 
B 
C 
C 
B 
C 
B 
C 
A 
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small town of Bydogszcz i t  is likely the ascertainment was reasonably 
good, but this seems unlikely to be the case for Warsaw or north 
central Poland. For none of these were diagnostic criteria stated. Data 
for Pruszkow were taken from a separate survey (Cendrowski 1965) 
and it is likely that there were 10 probable M S  patients alive in the 
42,000 population. The study of Cendrowski e t  al. (1969) dealing with 
the Poznan district of Poland was excellent. There was said to be 
significant variation within the 35 areas of the district. This entire 
survey comprises study # 57, and both this and # 53 were of high 
prevalence. The only other B survey, that from Pruszkow, had a rate 
of 24 with a range of 11 to 44 per 100,000. Accordingly then it seems 
likely that all of Poland falls within the high prevalence band for hfS. 
In Czechoslovakia, the best study ( #  59) is also high, and there is no 
reason to think this country is not also in the high frequency band. 

Romania provides an area of considerable question. The best survey 
from that country is that from Transylvania ( #  67 a )  with a rate of 
22 per 100,000. There was some variation within the districts of this 
study, with prevalence rates of 11 to 29. The rate for Cluj district was 
24.9 (Morariu e t  al. 1974). For Cluj itself, Dunla h Morariu (1970) 
found, in a well performed study, a prevalence rate of 33 per 100,000. 
When questioned as to the discrepancy, Morariu (1974) pointed out 
that the 1970 study of Cluj referred only to the city and that at least 
some patients had moved into the city because of their illness. Accord- 
ingly a more appropriate rate for Cluj is that for the Cluj district, 
which would then move it from the high to the medium frequency 
zone. I n  the other studies cited for homania there are major questions 
of case ascertainment and diagnostic criteria, as well as questions as to 
whether only living cases were counted at prevalence date. The Tirgu- 
Mure9 survey of Miskolczy et al. (1962) could not be obtained. Although 
it cannot be stated definitely, it seems likely that Romania in toto falls 
within the medium prevalence zone for MS. 

Kreindler e t  al. (1968) record that M S  comprised between 3 per cent 
and 4 per cent of neurologic admissions in Bucnrest. This would seem a 
high frequency. But in Hungary, Jugoslavia, and Bulgaria the pre- 
valence studies cited suggest that all these regions are of medium 
frequency, although all are open to major question. With the nature 
of medical care in these countries, the problem may not be so much that 
they are hospital cases, but rather the question of diagnostic criteria, 
residence, and whether all patients are alive on the date taken as 
prevalence day. Mutlu (1954,1960) himself stated that his reports were 
incomplete. A t  face value they would place Turkey in the low frequency 
zone. The cases show a notably male predominance and are limited to 

8' 



120 

Table 4 .  Percentages for  multiple sclerosis cases among neurologic patients in USSR, 
1948-1958, f rom Graschenkov 1960. 

# Area (Grashchenkov #)  Percentage Likely MS risk 

74 
75 
76 
77 
78 
79 
80 
81 
82 

Central European (1)  
Western European (2) 
Southwestern European (3)  
Archangel (4) 
Urals (5) 
Siberia (6)  
Volga (7) 
Central Asian-southeast (8) 
Transcaueasia (9) 

3.0 % 
5.1 % 
1.3 % 
3.2 % 
3.6 % 
2.4 % 
4.3 % 
2.0 % 
0.5 '70 

high 
high 
medium 
high 
high 
medium 
high 
medium 
medium? 

hospitals, including military hospitals. The rate in Marmara-Thrace 
reaches 4 per 100,000. I suspect that a proper prevalence survey would 
demonstrate that Turkey is in fact of medium prevalence, but at 
present this is conjectural. 

In the USSR there are true prevalence studies only from Estonia 
(Sam 1962) and the Cherkassy region (Briskman 1969), with rates 
that would put these regions into high and medium prevalence bands 
respectively. Grashchenkov e t  al. ( 1960) described the distribution of 
M S  in the Soviet Union, based on relative frequencies of hospital 
patients in neurologic clinics throughout the USSR (Table 4 ) .  Five of 
the regions had rates of 3 per cent or  more and may be considered 
to fall within the high frequency zone. Three of them recorded rates 
between 1 per cent and 2 per cent and are likely to be of medium 
frequency. There was one (Transcaucasia) which had a frequency of 
0.5 per cent, which may be medium or perhaps even low. One of these 
high areas ( #  75) was situated near a high prevalence rate study 
( #  83) ,  and one considered medium ( #  76) was close to a medium 
prevalence area ( #  84) .  The Transcaucasia study ( #  82) adjoins 
Turkey which itself may be medium or low. Only # 78 and # 81 are 
from the Asian part of USSR, and they are both of medium frequency. 
The most easterly part of the country has no representation. 

Israel is a fascinating country which has provided us with in- 
valuable information on MS. The prevalence rate for native Israelis, 
as of 1980, was first recorded at 4 per 100,000 (Alter et  al. 1962). 
Leibowitz e f  al. (1972) pointed out that this low rate ( #  86) is mis- 
leading because of the skewed age-distribution of native Israelis. When 
the 1960 data were age-adjusted to the population of the US in 1960, 
the prevalence rate was 9 per 100,000. This is still listed ( #  86a) as a 
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Figure 2. Correlation of prevalence rates per 100,000 population f o r  probable M S  
w i th  geographic latitude in eastern Europe and Israel, as in Figure 1 .  

B survey because it then included possible MS. By updating the survey 
with ascertainment through 1966, Leibowifz et al. calculated a crude 
prevalence for 1960 at 7 per 100,000, or  16 when age-adjusted. Kahana 
& Alter  (1973) provided the age-distribution for the 41 native-born 
probable MS in Israel as of 1965. Their crude rate of 5 per 100,000, 
when age-adjusted to the 1960 US population, provides for Israel a 
prevalence of 13 per 100,000 population. In essence then the rate for 
native-born Israelis has been within the medium prevalence band since 
first measured in 1960. 

If we plot the data for eastern Europe and Israel against latitude 
(Figure 2 ) ,  the distribution is not incompatible with the concept of a 
high and medium frequency zone as described for western Europe. 
Separation of these two bands, though, is certainly not clear. While the 
high frequency region seems to extend from about 45" northward, 
the limits of the medium frequency zone are far from defined and, as 
stated above, it is not known whether Turkey ( #  71-73) should be 
medium or low. 

The Americas 
Table 5 defines the studies within the Americas, and most are well 

done. The paper of Steiner (1952) poses major questions as to case 



122 

ascertainment, while diagnoses would be well established. I have taken 
the three communities of Marquette, Gladstone, and Ironwood combined 
as the best data ( #  95) .  It  is not clear whether these were chosen for 
study because they were thought high. The work of Stazio & Kurland 
(1962),  while done in the proper fashion with proper reviews, cannot 
be considered comparable to the others because it was limited largely 
to hospital patients in Washington, D.C., a region notorious for its 
transient population. The authors estimated that the “true” rate would 
be 34 per 100,000 for whites and 20 for Negroes if ascertainment were 
complete; but the cited rate of 21 was based on the observed numbers 
and on both colors combined. Deacon et al. (1959) reported a survey 
from Duxbury, Massachusetts, concerning 11 probable and 4 possible 
MS cases. Eight of these were residents at prevalence day in the 
population of 4,900. However, only four had been residents at onset, 
and how many of these four were possible MS remains unknown. The 
study is mentioned only because it has been cited in several reviews. 
W h i t e  & Wheelan (1959) reported on MS from the Kingston area. Of 
68 patients, 57 were used to provide a prevalence rate of 32 for the 
area, but that included possible MS. If the certain plus probable cases 
were at the same ratio as the total series there would be 44 MS for a 
prevalence of 25. In Kingston City itself, by the same ratio, their 1 7  
listed cases would be estimated at 13 for a rate of 39. 

The estimated prevalence of 0 for Greenland is provided by Hylfesfed 
(1960) who reported that Clemmesen, in two years, never saw any 
cases of MS. Cruickshank et al. (1961) ,  in a survey of neurologic dis- 
orders in Jamaica, recorded 4 possible MS in 1.6 million population. 
Kurtzke (1964) counted 10 ALS admissions during the period when 
100 M S  were seen at a hospital near Philadelphia. Taking the pre- 
valence for ALS at 5, the MS prevalence would then be estimated at 50 
per 100,000 using the method noted previously. Brody (1973) said that 
Dr. Walter Johnson of the Bureau of Indian Affairs at Anchorage had 
found no M S  in native-born Alaskans over a 10-12 year period to 1965. 
With an approximate population for the Indians, Eskimos, and Aleuts 
of some 40,000, the upper confidence limit on this rate of 0 would be 
9 per 100,000. Hreland & Currier (1967) reported 55 MS cases from 
record reviews of two hospitals and two neurologists in Hinds County, 
Wssissippi, and thought the population at risk was some 750,000. 
Presuming all were alive at prevalence day, this would be a rate of 7 
per 100,000, but the study has uncertainties as to case ascertainment, 
the denominator, and ‘the diagnostic criteria. In  Allegheny County, 
Pennsylvania, Ray et al. (1970) calculated the prevalence of MS based 
[ipon membership in the local M S  Society (with an MS diagnosis). 



Table 5. Prevalence rates per 100,000 population for probable multiple sclerosis. 
Ill. The Americas. 

- 

# Area Date Rate Range Class 

88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
119a 

Boston-Brookline, Mass., US 
Rochester, Minn., US (resid.) 
New Orleans, La., US 
Winnipeg, Canada 
Denver, Col., US 
San Francisco, Cal., US (white) 
Boston-Brookline, Mass., US 
Northwestern Michigan, US 
Winnipeg, Canada 
New Orleans, La., US 
Charleston, S.C., US 
Halifax, NS, Canada 
Washington, D.C., US (hosp.) 
Duxbury, Mass., US (resid.) 
Missoula Co., Mont., US 
Kingston area, Ont., Canada 
Kingston City, Ont., Canada 
Houston, Tex., US 
Greenland 
Winnipeg, Canada 
Winnipeg, Canada (ad ’GO) 
Jamaica, W. Indies 
New Orleans, La., US 
New Orleans, La., US (ad ’62) 
Philadelphia region, Pa., US 
Alaska (natives) 
Hinds Co., Miss., US 
Rochester, Minn., US (resid.) 
Allegheny Co., Pa., US 
Neth. Antilles (native) 
Mexico City, Mexico 
Green Bay, Wisc., US 
Mansfield, Mass., US 

1944 
1948 
1949 
1949 
1949 
1949 
1949 
1951 
1951 
1952 
1955 
1955 
1958 
1958 
1958 
1958 
1958 
1959 
1959 
1960 
1951 
1960 
1962 
1951 
1960 
1963 
1965 
1965 
1965 
1966 
1968 
1969 
1970 

43 
55 
11 
42 
37 
30 
41 

(90) 
40 

6 
9 

21 
(21) 
(81) 
59 
25 
39 

7 
0 

35 
36 

0 
10 
9 

50 
0 

( 7 )  
60 
54 
3 
1 

79 
131 

38-47 
3 2-8 6 

9-1 5 
35-50 
31-43 
2 6-3 4 
37-46 

(GO-1 28) 
33-47 

4-8 
5-1 4 

15-29 
(1 8-24) 
(22-209) 
38-87 
18-34 
21-66 

5-9 
0-1 2 

30-41 
30-43 

0-1 
8-1 2 
7-1 1 

0-9 
(6-1 0)  
40-8 7 
51-58 

1-7 

- 

0-3 
62-99 
70-224 

A 
A 
A 
A 
A 
A 
A 
C 
A 
A 
A 
A 
C 
D 
A 
B 
B 
A 
B 
A 
A 
B 
A 
A 
E 
B 
C 
A 
B 
A 
A 
A 
B 

Only cases considered “possible” were reviewed by a neurologist and 
the original screening was done by two medical students. The epidemi- 
ologic aspects of this study are beyond reproach, but the diagnostic 
review was certainly limited. Eastman et al. (1973) discovered another 
focus of MS in a small town near Boston-Mansfield, Massachusetts. 
The survey was undertaken because a neurology resident at Massachu- 
setts General Hospital thought there had been many cases from Mans- 
field. An estimated prevalence of 8 per 100,000 for MS in Alabama was 
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provided by Peacock et al .  (1969) ,  based only on a review of death 
rates. 

Koch et al. (1974) have described what is said to be a cluster of MS 
in a small northwestern community: Mossyrock, Washington, which is 
about 120 miles southeast of Seattle, had a population of 415 in 1970. 
They report 7 patients born there and thought to be MS. The sole 
neurologic description was “diagnoses were verified by physician and 
hospital medical records, and in most instances, by a neurologist’s 
examination.” Six of these patients, born between 1916 and 1921, were 
members of two families: two siblings in one; three sibs in the other; 
the last was a cousin in the second family. Lineage was traced to 
grandparents for the second family and only to the parents for the 
first. The seventh patient, born in 1942, was unrelated to the others. At no 
time were there more than two patients resident in Mossyrock after 
they had MS, so that the estimated prevalence rate of almost 1700 can- 
not be taken seriously. More important is the absence of justification 
for the diagnosis. It is not unusual for clinicians to consider a patient 
as MS until the elaboration of a similar clinical picture in other 
members of the family makes it clear that one is dealing with a 
heredofamilial ataxia. When three siblings and a first cousin are all 
said to have MS, one would virtually need an autopsy to confirm the 
diagnosis. Further, in such a small community, the possibility of these 
two families being linked in an earlier generation would seem to 
warrant more intensive geneologic search than was presented. 

Unfortunately there are no data available from South America which 
permit population-based inferences. Spofa  h Diego Brage (1951) said, in 
speaking of multiple sclerosis, that it is one of the most serious 
problems of neurupathology in the Republic of Argentina. Neme (1956) 
included multiple sclerosis in what he called “neuraxitis” and then 
recorded the distribution of neuraxitis among a number of centers 
throughout the country of Argentina. From one center in Buenos Aires 
he described 104 cases. Although these included entities ranging from 
postencephalitic parkinsonism to encephalitis, there were 21 MS. 
Speaking of MS, he said that the cases decreased as one went north and 
south from the middle of the Republic (p. 18) .  It  seems to be a clinical 
impression that MS is relatively common in Buenos Aires and not only 
in European immigrants. Obviously the appropriate studies are neces- 
sary. 

When the prevalence rates for the Americas are correlated with 
latitude, as in Figure 3, it is clear that, just as in western Europe, there 
are essentially two clusters. The high frequency band (again mostly at 
30-80 per 100,000), ranges from 38” to 50°, and the medium frequency 
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Figure 3. Correlation of preualence rates per 100,000 population f o r  probable M S  
w i t h  geographic latitude in the Americas, as in Figure I .  

hand (of around 10 per 100,000) from 30” to 33”. Outside the coterm- 
inous United States and southern Canada which contained these 
studies, the rates are low in both Latin America and in Alaska and 
Greenland. The rate from Halifax, Nova Scotia, ( #  99) of  21 per 
100,000 for probable MS arose from a well performed study. When first 
considered, the “possibles” were included, and this was then erroneous- 
ly placed in the high frequency zone. 

A ustralia-New Zealand 

The surveys from Australia-New Zealand are summarized in Table 
6. Most of these are of good quality. Sutherland et al. (1962) described 
the frequency of MS in Queensland and the Northern Territory. All the 
latter cases came from a postal survey, as did more than half of those 
from Queensland ; the remainder were ascertained from hospital files. 
Since the method of ascertainment raises at least a question of in- 
complete ascertainment, these well performed studies are downgraded 



Table 6. Prevalence rates per 100,000 population for probable multiple sclerosis. 
I V .  Australia-New Zealand. 

# Area Date Rate Range Class 

120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 

Western Australia (native) 
Queensland, Australia (native) 
Northern Terr., Austr. (white) 
Perth, W. Austr. 
Newcastle, NSW, Austr. 
Hobart, Tasmania, Austr. 
Southwest Region, W. Austr. 
South Australia (native) 
Cairns, Queensland, Austr. 
Townsville, Queensland, Austr. 
Mackay, Queensland, Austr. 
Darling Downs, Queensl., Austr. 
Queensland, Austr. 
Melbourne, Victoria, Austr. 
Wellington, New Zealand 
Christchurch, New Zealand 

1960 10 
1960 9 
1960 9 
1961 18 
1961 18 
1961 28 
1961 14 
1961 38 
1961 6 
1961 3 
1961 6 
1961 10 
1962 13 
1965 (10) 
1968 38 
1971 37 

8-1 3 
8-1 1 
1-34 

14-22 
11-26 
20-40 
10-1 9 
33-42 

2-1 3 
1-1 0 
1-19 
5-1 7 

11-1 4 
(8-11) 
31-46 
31-45 

A 
B 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
C 
A 
A 

to Class B. The somewhat later survey of Queensland by Landy (1963) 
also poses questions of case ascertainment and diagnostic criteria. 
Szego & Anderson (1965) ascertained 196 MS in Melbourne, Victoria, 
which provide a calculated prevalence of 10 per 100,000. They stated, 
however, that these 196 cases represented “only about 1/3 of the total 
. , . in Melbourne”. If the rate is truly three times that observed, then 
Victoria would fall within the high frequency zone. 

From Figure 4, it can be seen that the high zone includes the two 
studies from New Zealand as well as South Australia. The rate of 28 
for Tasmania has a confidence interval of 20 to 40, and can be con- 
sidered to be in this band also. Melbourne ( #  133) should also fall in 
that range, as just cited, if we could believe the estimate provided. The 
remaining rates are well within the medium frequency zone, except for 
Townsville, Queensland, ( #  129) which had a rate of 3 and a range of 
1 to 10. Since the surrounding communities are well within the medium 
zone, it is likely that this one, too, belongs in the medium prevalence 
range. While the studies here are described as falling within the two 
high and medium frequency zones, one must admit that a linear 
gradient with latitude could readily be drawn for the Australian-New 
Zealand data (Figure 4 ) .  The former construct is retained not only 
since i t  is compatible with what was seen for the northern hemisphere, 
but also because there is a sharp drop in frequency at 34”, as the 
figure demonstrates. 
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Figure 4. Correlation of prevalence rates p e r  100,000 population f o r  probable MS 
w i t h  geographic lati tude in Australia-New Zealand, as in Figure I .  

Asia and Africa 

Table 7 provides the prevalence rates for Asia and Africa, subdivided 
according to those from the Pacific Isles, mainland Asia, and from 
Africa. Verhaart (1951) with some 9000 neurologic patients between 
1930-1941, found only one typical MS in Djakarta on the island of 
Java. At the University Hospital in Taipei, Taiwan, Hung (1970) re- 
ported only 6 M S  alive in 1968, which would provide a rate of 1 per 
100,000 for the residents of Taipei. Between 1955-62 there were 41 
ALS vs. 8 MS cases at that hospital, which would also give a rate of 
1 per 100,000, calculated by the method used above. All the studies 
from Japan are well performed with good diagnostic criteria and case 
ascertainment. The four that are listed in Table 7 as Class B are so 
considered because they include possible MS. For Aomori and Hirosaki 
combined, there were 8 probable MS among the 12 cases, and the rate 
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Table 7. Prevalence rates per  100,000 population f o r  probable mul t ip le  sclerosis. 
V .  Asia & Africa. 

# Area Date Rate Range Class 

Pacific Isles 
136 
137 
137a 
138 
139 
140 
141 
142 
142a 
142b 
142c 
142d 
142e 
143 
143a 
144 
145 
146 
147 

Djakarta (Batavia), Java 
Taipei, Taiwan 
Taipei, Taiwan 
Kumamoto, Japan 
Sapporo, Japan 
Fnkuoka, Japan 
Niigata, Japan 
Fukuoka, Japan 
Aomori, Japan 
Hirosaki, Japan 
Aomori + Hirosaki 
Kagoshima pref., Japan 
Sendai, Japan 
Fiji Islands 
Okino Erabu, Ryukus 
Guam (native) 
Hawaii (preliminary) 
Hawaii (native) 
Hawaii (immigrants) 

Mainland As ia  
148 Baghdad, Iraq 
149 Bombay, India 
150 Delhi, India 
150a 
151 Seoul, Korea 
152 Saigon, S. Vietnam 

Africa 

Ulan Bator, Mongol. P. H. 

153 
154 
155 
156 
157 
158 
159 
160 
161 - 

South Africa (native white) 
South Africa (native white) 
South Africa (Afrikaaner) 
South Africa (English-sp.) 
South Africa (Bantu) 
Addis Ababa, Ethiopia 
Pietermaritzburg, Natal (native) 
Dakar, Senegal 
Dakar, Senegal 

1941 
1959 
1968 
1958 
1958 
1959 
1960 
1968 
1972 
1972 
1972 
1972 
1972 
1960 
1972 
1966 
1969 
1969 
1969 

(0)  
1 

(1) 
1 
0 
1 
3 
1 
3 
3 
2 
1 
1 
1 
0 
0 
6 
5 

(13) 

1954 3 
1960 2 
1960 1 
1958 0 
1962 3 
1964 2 

1948 1 
1960 6 
1960 3 
1960 11 
1960 0 
1957 0 
1964 0 
1966 0 
1971 1 

(0-1) 

( 0-1 1 
0-2 
0-1 
0-2 
2-7 
0-1 
1-7 
1-7 
1-4 
1-2 
0-3 
0-3 
0-20 
0-1 0 
4-8 
3-7 

- 

(9-19) 

1-5 
1-2 
1-2 
0-2 
- 

- 

0-1 
5-7 
2-4 
9-1 3 
0-0 
0-1 
0-4 

0-2 
- 

(: 

E 
C 
A 
A 
A 
A 
A 
B 
B 
A 
B 
B 
B 
A 
A 
B 
B 
c 

B 
B 
R 
B 
E 
E 

B 
A 
A 
A 
B 
R 
R 
E 
B 

for both the communities is then 2. Even with the possible cases, all of 
the Japanese rates were well within the low frequency zone regardless 
of latitude. In  Hawaii, Kuroiwa h OIcihiro (1969) reported a prelimi- 
nary prevalence rate of 6 per 100,000. The definitive study by Alter  et 
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Figure 5 .  Correlation of prevalence rates per  100,000 popnlation f o r  probable M S  
w i th  geographic lati tude in As ia  and Africa,  northern hemisphere, as in Figure I .  

al. (1971) provided a rate of 5 for the native-born Hawaiians; this was 
based upon the estimated 25 probable cases among the 33 cited, since 
the total of 77 cases had been subdivided into 59 probables and 18 
possibles. In similar fashion, the 44 Hawaiians with MS who had been 
born elsewhere were estimated to number 34 probables. It is because 
of the estimates for probables that the study for Hawaiian natives is 
Class B. The classification of C for the immigrants is appropriate since 
this rate is not representative of the area and therefore cannot be used 
for comparison. 

The rate for Iraq is based on the work of Shaby (1958) ; he included 
only the 13 remissive cases he reported, but excluded the 83 “acute” 
cases he thought might be demyelinating disease. Bharucha & Umarji 
(1961) described MS in Bombay and New Delhi, including both hospital 
and private cases. Questions of ascertainment downgrade these two to 
B studies. Sathe (1955) had previously found only one instance of 
demyelination at hospital in Bombay. Laha h Johri (1961) ,  as well as 
Datfa  (1960) ,  record low frequencies of M S  in hospital in Gwalior. In 
over 7500 neurology patients there were only 17 cases meeting the 
Schumacher Committee criteria for MS found in Vellore, India, accord- 
ing to Mafhew e f  al. (1971).  
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Khodos (1960) stated there were no MS cases found in the Mongolian 
Peoples' Republic between 1944-1958. Using the population of Ulan 
Bator as the denominator, this would provide an upper confidence limit 
of only 2 per 100,000. In Seoul, South Korea, Kurtzke et al .  (1968) 
estimated a prevalence of 3 per 100,000 based on the ratio of MS to 
ALS cases. In similar fashion, an estimate of 2 per 100,000 was 
provided for Saigon from the work of Thong (1965) .  According to 
Barlow's ( 1967) translation, Pernou ( 1957) stated "multiple sclerosis 
is a rare disease in the Korean Democratic Peoples' Republic", having 
encountered only 11 cases in a large number of patients over an 
18-month period. 

In South Africa, Dean's (1949) original survey provided a rate of 
1 per 100,000 from three major hospitals and most likely was in- 
complete. The full survey of the country (Dean  1967) indicated there 
were no cases among the Bantu, and among the native-born whites 
there was an overall rate of 6 per 100,000. There was, though, a 
C L I ~ ~ O U S  discrepancy between the rate of 3 for the Afrikaans-speaking 
white South Africans and 11 for the English-speaking, which still 
remains unexplained (Kur t zke  e t  al. 1970).  Bird & Kerrich (1969) 
pointed out the increasing number of new cases of MS among native- 
born whites seen in consultation in Johannesburg over the 10 years to 
1968. They felt that this represented an increasing frequency of the 
disease. The studies of Hall (1961) in Ethiopia and of Cosnett (1964) 
in Natal record no cases of MS. Population denominators used to 
estimate rates were those of the city which was the site of the work. 
Similar calculations were done for Dakar from the work of Lemercier 
et al. (1970) .  Data from Dakar by Collomb et al. (1971) over a 10-year- 
period were used to compare MS with ALS cases for the rate listed 
( #  160) .  Foster & Harries (1970) were able to find only two clinical 
cases of MS in Kenya. 

The aforementioned studies are distributed by latitude for the 
northern hemisphere in Figure 5. Hawaii ( #  145, # 146) is probably of 
medium prevalence. The rate for immigrants ( #  147) should be dis- 
counted. All other rates are low, extending from latitude 8" through 
47" north. In Figure 6 the rates for the southern hemisphere are also 
low, but range in latitude from only 30" to 6". The exception is for 
South Africa. There # 154 represents the native whites, and # 155 and 
# 156 their subdivision into Afrikaans-speaking and English-speaking 
respectively. 
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