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INTRODUCTION 

As has been described in Chapter 5, by the 
end of the 19th century variola major was 
endemic in most countries of the world and in 
every inhabited continent except Australia; 
and a new mild variety of smallpox, variola 
minor, was endemic in.South ~ f ; i c a  and the 
USA. 

The present chapter explores the situation 
between 1900 and 1958 in greater detail than 

U 

was given in the survey of the global inci- 
dence of smallpox in Chapter 4, drawing for 
the earlier data on Low ( l  91 8), Simmons et al. 
(1 944-1 954), Hopkins (1 983a), various pa- 
pers published in scientific journals, and 
records produced by national health authori- 
ties in several countries. It also traces in some 
detail the elimination of endemic smallpox in 
several countries in each continent in the 
years before 1958, which provided the ratio- 
nale for the decision by the World Health 
Assembly to embark on a global smallpox 
eradication programme in 1959. Inevitably, 
because of the absence of reliable data from 
many countries and the inadequacy of the 
record even in those with the best data, the 
treatment of the subject is far from complete. 

VARIATIONS I N  THE INCIDENCE 
OF VARIOLA MAJOR A N D  VARIOLA 

MINOR 

As Fig. 5.8 (Chapter 5) illustrates, the 
American strain of variola minor (alastrim) 
virus spread from the USA to Canada, South 
America, Europe, Australia and New Zea- 

land. Viruses that differed from alastrim virus 
in several biological properties (see Chapter 2) 
caused variola minor in Africa, and their 
spread is more difficult to trace. African 
variola minor was endemic in southern Africa 
until 1973, and a similar disease was reported 
from time to time in many countries of 
eastern and central Africa, usually coexisting 
with endemic variola major. It is not clear 
whether its extension in Africa was due solely 
to spread from the southern African focus or 
whether there were other places in Africa in 
which a similar mutant form of the virus 
emerged, or indeed whether some outbreaks 
followed importations of alastrim from the 
homelands of the European colonial powers. 

One of the most interesting epidemiologi- 
cal features of smallpox during the period 
1920-1958 was the relation between variola 
major and variola minor in countries in which 
both varieties occurred. An important factor 
affecting their relative incidence was the 
attitude of the public at large and public 
health workers to smallpox control; in gen- 
eral, both were much more tolerant of variola 
minor than of variola major. This was evident 
in many countries-for example, Switzer- 
land, in which variola minor was endemic 
between 1921 and 1926. When variola major 
occurred in Basle in 1921 (44 cases ; 7 deaths) 
it was promptly controlled, whereas it took 6 
years to eliminate variola minor from Swit- 
zerland (Sobernheim, 1929), leading to a 
pronouncement by the Swiss delegate to the 
1926 International Sanitary Conference of 
the Office international d'Hygi6ne publique: 

"[Smallpox] has, in reality, no place in an 
international convention. It is not a pestilential 
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disease in the proper sense of the term: it is, in 
effect, a disease that exists everywhere. There is 
probably not a single country of which it can be 
said that there are no cases of smallpox." (Cited by 
Howard-Jones, 19?5.) 

Three other factors were operative: the 
infectiousness of individual patients; the 
number of contacts with susceptible subjects; 
and the degree of protection afforded by 
vaccination, if it had been carried out many 
years earlier. Patients with variola major 
usually excreted more virus and were thus 
more infectious than patients with variola 
minor, and variola major was more likely 
to overcome the effects of slight residual 
immunity due to vaccination. On the other 
hand, the severity of systemic symptoms from 
the prodromal stage onwards was so great in 
variola major that most patients were con- 
fined to bed and thus their contacts were 
greatly limited. Patients with variola minor 
usually had such a mild systemic illness that 
they were often ambulant throughout the 
course of the disease, and therefore made 
many more close contacts. 

These four factors, and the element of 
chance, in relation to viral mutation or impor- 
tation, interacted to produce four patterns 
of endemicity: 

(1) In very well vaccinated communities, 
such as in many countries of continental 
Europe in the 1930s, the level of immunity of 
the population was so high that variola minor 
could not become established. Any smallpox 
that did occur was variola maior- associated 
with importations. 

(2) In countries such as the United King- 
dom and the USA, with highly organized 
health services but without properly enforced 
compulsory vaccination, outbreaks of variola 
major were rapidly brought under control by 
isolation and selective vaccination, whereas 
variola minor evoked no such reaction from 
the health authorities. For example, in De- 
troit, Michigan, in 1923, at a time when 
variola minor was epidemic (710 cases in 6 
months), the Health Department conducted 
vigorous propaganda for vaccination, but 
achieved only about 6000 vaccinations per 
month. Soon afterwards variola major was 
im~or ted  from Canada: the vaccination rate 
increased very greatly, half a million persons 
being vaccinated within 1 month and 800 000 
(about 7O0I0 of the population) within 5 
months. 

(3) In populous countries in which vacci- 

nation was poor and the health services 
ineffective, such as India and Mexico, variola 
major predominated because of its greater 
capacity to infect and spread. 

(4) In some African countries such as 
Ethiopia, in which at that time there was 
virtually no vaccination, endemic variola 
minor replaced variola major, probably dur- 
ing the 1950s. In this country of sparse 
population and very poor communications, 
the major factor favouring variola minor was 
probably its capacity to  persist in small 
nomadic groups, among whom the transmis- 
sion of variola major would have been inter- 
rupted spontaneously (see Chapters 4 and 21). 
Its persistence was probably helped by the 
widespread practice of variolation (see 
Chapter 21). For much of the period under 
review variola major and variola minor co- 
existed in many central, eastern and southern 
African countries. 

Brazil does not fit readily into this classifi- 
cation. Although its health services were 
probably no better than those of Mexico 
during the 1920s and 1930s, alastrim replaced 
variola major in Brazil during the 1920s but 
never became endemic in Mexico. 

THE ELIMINATION OF SMALLPOX 
FROM EUROPE BY 1953 

One of the factors which led to the decision 
by the Twelfth World Health Assembly, in 
1959, to adopt global eradication of smallpox 
as a major goal of the World Health Organiza- 
tion (see Chapter 9) was the fact that by this 
time eradication had been achieved in all the 
countries of Europe and of Central and North 
America. Tables 8.1 and 8.2 set out the 
incidence of reported cases of smallpox 
between 1920 and 1958, in selected countries 
of western and eastern Europe respectively. 

The gradual elimination of endemic small- 
pox from the countries of Europe is illustra- 
ted in Fig. 8.1-8.3. In the following pages the 
overall position in Europe between 1900 and 
1958 is described first, drawing on Low 
(1918) for data before the First World War. 
Stowman (1 945), Fabre (1 948), Murray 
(1 95 1) and the Epidemiological and vital statistics 
report (1953) provide useful summaries of the 
incidence during both the First and the 
Second World Wars and the inter-war period. 
Following this summary, the situation in 
selected European countries for which more 



Table 8. l .  Western Europe: numbers o f  reported cases o f  smallpox in selected countries, 1920- 1958a 
W 
+ 
m 

~ e r m a n ~ b  United 
Kingdom 

France ItalyC Spainc Belgium Netherlandsc, Austria Portugalc Switzerland 

1920 population (millions) 62 44 39 37 2 1 8 7 6 6 4 
1950 population (millions) 68 5 1 42 47 28 9 10 7 8 5 

1920 2 115 1 007 392 26 453 3 285 9 1 50 253 1 209 2 
1921 689 442 34 1 4 644 2 097 2 1 I 18 267 596 

a A horizontal line beneath a figure indicates that this represents the last probable occurrence o f  endemlc smallpox. 
After 1945, consolidated figures for the German Democratic Republic and the Federal Republic o f  Germany. 

C Figures in italics denote the number o f  reported deaths from smallpox. 
d~ndemic smallpox was eliminated before 1900, but importations occurred during most years up t o  1926, and occasionally after that date. 



Table 8.2. Eastern Europe: numbers of reported cases of smallpox in selected countries, 1920- 1958a~b 

USSR Poland ~~~~~~; Yugoslavia Romania HungaryC Bulgaria ~ r e e c e ~ d  FinlandC 

1920 population (millions) 158 27 13 I2  I 2  8 5 5 3 
1950 population (millions) 180 25 I 2  16 16 9 7 8 4 

1920 126 423 3 948 4 529 4 156 3 467 . . 527 . . 77 
1921 100 004 5 078 1 642 2 119 2 744 131 22 250 27 

a A horizontal line beneath a figure indicates that this represents the last probable occurrence of endemic smallpox. 
b .  . = data not recorded; + = smallpox present, but number of cases unknown. 
C Figures in italics denote the number of reported deaths from smallpox. 
d~ndemic  smallpox was eliminated in 1934, but was re-established in 1943 and eliminated again in 1944. 
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Notes on the  Statistical Tables 

In order to illustrate the discussion vresented in this chavter. a number of statistical 
L 

tables are included to show the incidence of reported cases (rarely of reported deaths) in 
selected countries in various regions. The tables also show estimates of the populations of 
the countries listed near the beginning and end of the period for which the smallpox 
incidence is recorded. in order- to pi;e some indication of the sizes of the ex~dsed " 
populations. (The source of these population estimates is the United Nations Demographic 
Yearbook, 1960 (United Nations, 1961) for the years 1920-1 949 and Population Prospects : 
Estimates and Prcjections as Assessed in 1982 (United Nations, 1985) for 1950 and subsequent 
years.) 

Except in Portugal, Spain, the USSR and Mexico, most outbreaks of variola major in 
Eurove and North America after about 1930 were due to imvortations and the numbers 
were reported reasonably accurately. However, experience in the Intensified Smallpox 
Eradication Programme showed that for countries of Africa, South America and Asia, the 
reported figures greatly underestimated the incidence, often representing no more than 1- 
2% of the true totals. In all countries in which variola minor was endemic, also, many cases 
were misdiagnosed or not reported. Nevertheless, the waxing and waning of the numbers 
of cases reported by various countries, as presented in these tables, reflect changes in the 
incidence of smallpox and provide evidence of its elimination from an increasing number 
of countries during the first half of the 20th century. 

In each table the year considered by the authors to be the probable one in which endemic 
small~ox was eliminated from various countries is indicated bv a horizontal line in the 
appropriate place; cases reported after this date are regarded as having been due to 
importations. As will be described in Chapter 23, such importations continued to occur in 
many countries until the mid-1 970s. After endemic smallpox had been eliminated, 
outbreaks associated with importations rarely persisted for more than a few months. 

It should be emphasized that just as the data on incidence given in the tables are often 
only an approximate indicator of the true incidence, it is also often impossible to  determine 
in exactly which year smallpox ceased to be endemic in a particular country. After the 
Intensified Smallpox Eradication Programme had commenced operations, intensive 
surveillance made it possible to recognize the exact date of onset of the last case of endemic 
smallpox. In the with whichthis chapter deals, however, smallpox sometimes just 
faded away; even the year in which the last endemic case occurred, let alone the precise date 
of its onset, is hard to determine. Where variola minor was prevalent, as in the USA, 
"smallpox" continued to be reported on the basis of faulty diagnoses after it had ceased to 
be endemic. The dates given for the elimination of endemic smallpox before 1958 are 
therefore sometimes a matter of judgement rather than of precise knowledge. 

detailed data are available is described at 
greater length. The same procedure is used for 
the other continents. 

The latter part of the 19th century had seen 
a great decline in smallpox in most countries 
of Europe, as glycerolated calf-derived vac- 
cine became available, health services im- 
proved and vaccination and revaccination 
were practised more extensively (see Chapter 
6). The decline continued during the early 
years of the 20th century, the incidence of 
smallpox being particularly low in the well- 

vaccinated populations of Austria, Germany 
and the Scandinavian countries. In contrast, 
the Iberian peninsula continued to suffer 
from endemic smallpox with periodic severe 
outbreaks. 

Low (1918) has summarized published 
information on the world-wide incidence of 
smallpox during the period before any inter- 
national statistical organization existed; his 
report provides an invaluable source of data 
for the early part of the 20th century. Table 
8.3 summarizes some of Low's figures on the 
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numbers of reported deaths from smallpox in 
various countries of Europe between 1900 
and 1914. Because of the persistently high 
incidence of smallpox in Russia, travellers 
from that country were a particularly import- 
ant source of importations of smallpox into its 

Fig. 8.1. N u m b e r  o f  countr ies in  Europe in  which 
smallpox was endemic at various times between 1920 
and its continental elimination in  1953 based o n  t h e  
3 0  pol i t ical divisions operative in 1982-i.e., those 
shown in Fig. 8.2 together  w i t h  Cyprus, Malta and 
Luxembourg (all non-endemic) and Turkey  (see Fig. 
8.11). 

European neighbours, especially the Scandi- 
navian countries and Germany. Fortunately, 
in view of the strong antivaccinationist 
movement prevailing there at that time, the 
British Isles were shielded to some extent 
from importations from mainland Europe, 
because of the small number of travellers from 
Russia. Importations from the colonies were 
also infrequent, because the long voyage by 
ship ensured that infected persons who had 
embarked during the incubation period be- 
came ill before arrival and could therefore be 
recognized and isolated. The last large out- 
breaks of variola major in the United King- 
dom occurred in 1902-1903. 

The disruption and mass movements asso- 
ciated with the First World War exacerbated 
the disease in Russia-it was particularly 
severe in Russian Poland-and from Russia it 
spread to Germany, Austria and Sweden. 
Smallpox remained endemic in Italy, Ro- 
mania and Yugoslavia, and in the area that 
later formed the new state of Czechoslovakia, 
as well as in Portugal and Spain. In the 
aftermath of the First World War the situa- 
tion became even worse. During 191 8-1 920 
severe epidemics killed 28 000 persons in 
Italy, 14 000 in Portugal and 1500 in Ger- 
many; in the USSR 186 000 cases were 

Table 8.3. Europe: numbers of r e p o r t e d  deaths from smallpox in selected countr ies, 1900- 1919, by 
quinquenniuma7b 

Country 19 10 population 
Number of deaths from smallpox 

(millions) 1900- 1904 1905- 1909 1910-1914 1915-1919 

Russia 
Germany 
France 
England and Wales 
Italy 
Austrla 
Hungary 
Spaln 
Belgium 
Romanla 
Portugal 
Netherlands 
Sweden 
Scotland 
Ireland 
Switzerland 
Finland 
Denmark 
Norway 

a Based on Low ( 19 18) and Henneberg ( 1956). 
b.  . = no data recorded. 
C Approximate. 
d Number of reported cases. 
e Up to 19 12 only. 

~efers to 1902, 1903 and 1904 only. 
gRefers to 1910, 1913 and 1914 only. 
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USSR 
1936 

UNITED KINGDO 

Fig. 8.2. Europe: year in which smallpox ceased to be endemic in each country (national boundaries as of 1982). 
Dates in parentheses (for Greece and Italy) indicate the initial elimination of endemic smallpox, after which 
endemicity was again established before final elimination in the year shown. 

reported in 1919. For political reasons, Swit- As countries recovered from the ravages of 
zerland had sealed its borders throughout the the war and as effective public health meas- 
First World War and this saved it from ures were reinstated, variola major became 
imported smallpox, which had been a major much less common. However, in the early 
problem in the Franco-Prussian War of 1870- 1920s alastrim was imported into the United 
1871. Kingdom from the USA and became estab- 
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i i i i i i :  Endemic variola major Endemic variola minor Cases due to importations 

Fig. 8.3.' Europe: countries with endemic variola major, endemic variola minor or with importations, and the 
number of reported cases of smallpox for the years 1920. 1930, 1940 and 1950. (Based on Jezek et al., 1982.) 

lished there as an endemic disease, producing 
over 10 000 reported cases each year between 
1926 and 1930. It  was finally eliminated in 
1934. It occurred in a few other European 
countries: ". . . in 1922 the mild non-fatal type 
was the rule in Finland, Germany, Switzer- 
land, Egypt, Cuba, Jamaica, South Africa and 
parts of Canada and the United States, as well 
as the United Kingdom (England and Wales, 
Ministry of Health, 1923). Alastrim broke out 
in the Netherlands in 1929, and it occurred 
concurrently with variola major in Spain and 
Portugal in 1936. However, the only other 

prolonged outbreak of variola minor in 
Europe was in Switzerland, in which over 
5000 cases occurred between 1921 and 1926. 

By the late 1930s endemic smallpox had 
been eliminated from most countries of 
Europe except Portugal, Spain (which exper- 
ienced a resurgence after the Spanish Civil 
War, with over 1500 deaths in 1939-1940) 
and Turkey. 

In contrast to the severe and widespread 
epidemics of smallpox in Europe after the 
First World War, only isolated incidents 
occurred during and after the Second World 
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War. Variola minor was imported into Italy 
from North Africa in 1944 and produced over 
6000 reported cases before it was eliminated 
in 1947, while variola major occurred in 
Turkey during the war (over 12 000 reported 
cases in 1943 ; see Table 8.18) and extended 
from there to Greece. 

From 1953 onwards Europe was free of 
endemic smallpox, but countries with colo- 
nial possessions in tropical regions-France, 
Portugal, the United Kingdom, and to some 
extent Belgium and the Netherlands-were 
especially liable to importations, rapid aerial 
transit of infected persons from endemic 
regions to Europe greatly increasing the 
hazard. Small outbreaks, often largely hospi- 
tal-associated, occurred in all these countries 
(see Chapter 23). 

United Kingdom 

Statistical data for the United Kingdom are 
provided separately for England and Wales, 
Scotland and Northern Ireland. Endemic 

became fewer and were more rapidly con- 
trolled. The vears 1939-1 945 were character- 
ized by an almost complete absence of small- 
pox, but there was an upsurge in 1946 and 
1947, with many small outbreaks (Table 8.4). 
Variola major continued to be .imported into 
England more frequently than into any other 
country of Europe for the whole of the period 
under review. The overall annual figures 
given in Table 8.4 do not accurately reflect the 
frequency of these importations. In 1946, for 
example, as British soldiers were being re- 
patriated from distant parts of the world 
and with the post-war entry of students from 
Africa and ~ i i a .  no fewer than 15 seDarate 
introductions accounted for the 56 cases 
reported. 

There were two reasons for the freauencv 
with which smallpox was imported iAo  thk 
United Kingdom. The first was the extensive 
movement to and from endemic areas in 
Africa and Asia, associated with the country's 
imperial role and the traditions of movement 
that remained in the post-colonial period. 
The second was the fact, trenchantlv criti- 

smallpox was eliminated from Ireland in 1907 cized in the medical press (see, for example, 
and subsequent importations were rare and British medicaljournal, 1962), that alone of the 
quickly contained. Variola major was preva- advanced industrial nations the United King- 
lent in Scotland from 1900 to 1905, with 6628 dom had no requirement that overseas trav- 
cases and 641 deaths, over half the cases ellers should carry a valid international vacci- 
occurring in Glasgow. From then on in only 
one outbreak did the number of cases exceed 
80, but there were importations into the east 
coast ports from northern Europe and into 
Glasgow from Spain and the USA. Some cases 
of variola minor occurred in Scotland in 
1927-1 930 (maximum numbers reported : 
154 in 1927 and 146 in 1928) as an extension 
of the much greater prevalence of the disease 
in England at that time. However, as is not 
surprising in view of the relative sizes of the 
populations of the constituent parts of the 
United Kingdom, the major brunt of small- 
pox was borne by England and the data for 
England and Wales are therefore discussed 
separately, and in greater detail, below. 

England and Wales 

Variola major. The last large epidemic of 
variola major in London occurred in 1901- 
1902, with 9496 reported cases and 1543 
deaths, and there was an outbreak in Liver- 
pool in 1902-1 903, with 2280 reported cases 
and 161 deaths. Importations of variola major 
continued to cause small outbreaks in most 
years until about 1929, after which they 

nation certificate. The latter situation was 
changed in 1963, when all persons seeking 
entry to  the United Kingdom from an 
infected local area-in no matter what 
country-and from all countries of Africa, 
the Americas (except Canada and the USA) 
and Asia were required to produce a valid 
international certificate of vaccination. Espe- 
cially in the period just after the Second 
World War, many of the importations were 
due to mild attacks of modified-type variola 
major in vaccinated servicemen (Murray, 
1951). The low community acceptance of 
vaccination in infancy, even when it had been 
nominally compulsory (up to 1946), and the 
failure to vaccinate hospital workers regularly 
allowed such cases to infect others (especially 
hospital personnel) and thus to initiate 
outbreaks. 

Variola minor. There were apparently a few 
small outbreaks of variola minor in England 
early in the 20th century (Lancet, 1903), one 
in Nottingham in 1901 being attributed to 
contaminated fomites sent from Salt Lake 
City, USA, to  a Mormon convention (Boob- 
byer, 1901), after which it spread to several 
other cities and then apparently died out. 
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Table 8.4. England and Wales: numbers of reported cases of and deaths from variola major and variola minor, 
1911-1958a 

Variola major Varlola mlnor 

Year 
Number of Number of Case-fatality Number of Number of Case-fatallty 

cases deaths rate (O/o) cases deaths rate (R) 

a Based on Dlxon (1962). Differences for some years from the numbers glven In Table 8. I are due to the use of different sources. 

Interestingly, the only 2 importations of 
variola minor into Oceania-separate epi- 
sodes in Australia and New Zealand in 
191 3-were attributed to Mormon visitors. 
Variola minor first appears to have become 
well established in England in 1919 (Cope- 
man, 1920). Once again, it is difficult to trace 
its first occurrence, since it was often con- 
fused with chickenpox, but initially it seems 
to have been commonest in the north of 
England, with small pockets in the south. 
London was first affected in 1928. 

Table 8.4 illustrates the remarkable differ- 
ence in the incidence of variola major and 
variola minor in England and Wales during 
the period between the wars. Variola major 
was eliminated as an endemic disease early in 
the century, but subsequently often occurred 
as small outbreaks resulting from importa- 
tions, which were always rapidly controlled. 
There were 35 such circumscribed outbreaks, 
with a total of 268 cases, in 14 out of the 24 
years between 1935 and 1958. On the other 
hand, variola minor was a common endemic 
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disease from 191 9 until 1934. When importa- 
tions of variola minor did subsequently occur, 
as in 1952 and 1966 (the latter probably 
laboratory-associated; see Chapter 23), they 
caused many more cases (135 and 72 respec- 
tively) than did the outbreaks of variola 
major, the largest of which, in 1947, produced 
48 cases before being brought under control. 

Unquestionably, in the United Kingdom, 
as in the USA at about this time, the health 
authorities took variola major seriously and 
reacted effectively, with surveillance, the 
isolation of cases and the vaccination of 
contacts, but they paid relatively little atten- 
tion to variola minor. It is perhaps not 
surprising that in the 1970s WHO officials 
experienced great difficulty in persuading the 
health authorities in Ethiopia to look upon 
variola minor as a disease of sufficient impor- 
tance to make a call on their limited resources 
(see Chapter 21). 

Russia and the Union of Soviet 
Socialist Republics 

Smallpox ravaged European Russia during 
the early part of the 20th century and was 
even worse during the misery that accom- 
panied and followed the First World War. 
Russia was feared by its neighbours as a source 
of smallpox ; ships from Russian ports were a 
recognized hazard in Scandinavia and most of 
the cases of smallpox in Germany were in 
areas near the eastern borders. Indeed in 191 0 
almost 30°/, of all cases of smallpox reported 
in Germany occurred in travellers from 
Russia (Jones, 191 4). 

With the establishment of the USSR in 
1917, the new government took steps to 
control smallpox, and vaccination was made 
mandatory in a decree signed by V. I. Lenin in 
April 191 9. In 1924, the Soviet vaccination 
law was modified to require vaccination in 
infancy and the revaccination of teenagers 
(Kravchenko, 1970). Nevertheless, smallpox 
continued, with severe epidemics in Euro- 
pean Russia in 1931-1933 that led to intensi- 
fied vaccination campaigns and the elimina- 
tion of endemic smallpox in 1936 (Vasil'ev & 
Vasil'ev, 1982). Subsequently, outbreaks fol- 
lowing importations were reported in 1950- 
1952, 1955, 1956 and 1958 (see Table 8.2). 
The last outbreak occurred in 1960, when an 
importation from India caused 46 reported 
cases and 3 deaths in Moscow (Barojan & 
Serenko, 1961 ; see Chapter 23). 

Germany 

The German states had been among the 
first in Europe to adopt compulsory vaccina- 
tion and revaccination and the com~arative 
freedom of the Prussian armies from smallpox 
in the Franco-Prussian War of 1870-1 871 
testified to the effectiveness of these measures 
(see Chapter 6). By 1900 vaccination of the 
civilian population had reached a high level 
and variola major had ceased to be endemic. 
However, for economic reasons large num- 
bers of foreign agricultural workers and 
skilled tradesmen were recruited from Russia, 
in which vaccination was Door and variola 
major still common. In consequence, there 
were many small outbreaks initiated by im- 
ported cases. 

In the aftermath of the First World War 
there were outbreaks totalling several thou- 
sand cases between 1916 and 1922. when 
endemic smallpox was again eliminated. In 
spite of the devastation, there was almost no 
smallpox in Germany during and immediate- 
ly after the Second World War, but importa- 
tions, with limited spread, occurred in 18 of 
the 36 years between 1922 and 1958. 

France 

During the early years of the 20th century 
smallpox was much commoner in France than 
it was in Germany. Vaccination in infancy 
was made compulsory in 1902, with provision 
for revaccination at 1 l and again at 21 years of 
age, but the law was not enforced. Paris and 
Marseilles were the principal centres of infec- 
tion, especially Marseilles, the main port of 
entry for passengers and merchandise from 
endemic countries of North Africa and wes- 
tern Asia. One noteworthy advance was in the 
French army, in which smallpox had been so 
severe during the Franco-Prussian War. From 
191 4 to 191 7 the army did not report a single 
case of smallpox. 

A few hundred cases were notified almost 
annually between 1920 and 1936, and minor 
outbreaks associated with importations oc- 
curred in most of the following years (see 
Table 8.1). There was little smallpox in France 
during the Second World War, but subse- 
quently local outbreaks occurred almost every 
year until 1956, though they were usually 
quickly contained. Many were very mild, the 
original cases usually being diagnosed as 
chickenpox (Fabre, 1948). 



8. INCIDENCE AND CONTROL, 1900-1958 327 

Portugal and Spain 

During the first quarter of the 20th century 
Portugal, for long one of the most economi- 
cally depressed countries of Europe, sustained 
endemic variola major at a level rivalling that 
of countries in Africa and Asia at that time 
(Amaral, 1960). Its larger neighbour, Spain, 
was not much better off, although the inci- 
dence was briefly reduced twice (in 1929 and 
again in 1937) only to rise again, notably in 
the aftermath of the Spanish Civil War. 
Classical variola major occurred throughout 
this period, but from 1944 to  1948 the overall 
case-fatality rate was only 3.1% and the 
reports indicated that both variola major and 

Sweden, also remained free of endemic small- 
pox for the whole of the 20th century, but 
both countries occasionally reported single 
cases or very small outbreaks associated with 
importations. 

The Scandinavian countries provided an 
example for the rest of the world. Subject to 
severe endemic and epidemic smallpox before 
vaccination became available, they eliminated 
smallpox by the end of the 19th century, and 
for the most part successfully excluded impor- 
tations thereafter. When importations did 
occur, they were usually rapidly controlled. 

vaiiola minor were present. Only "ariola 
minor occurred after that, until endemic THE OF 
smallpox was eliminated from both countries CENTRAL 
by the early 1950s. AMERICA AND PANAMA BY 1951 

Scandinavia 

Smallpox had been a severe disease in 
Sweden during the latter half of the 18th 
century, killing an estimated 10% of the 
population (see Chapter 6, Fig. 6.1). Compul- 
sory vaccination was introduced in 1816 and 
greatly reduced the incidence but endemic 
smallpox was not eliminated until the end of 
the 19th century. There were small outbreaks 
almost every year during the first two decades 
of the 20th century (Table 8.5), due to 
importations. In 1917 a substantial outbreak 
occurred, associated with the passage of war 
invalids from Russia to Germany, but after 
1920 there were cases in only 9 of the 43 years 
up to 1963, when an outbreak of variola major 
with 27 cases occurred, which was reported in 
great detail (Strom & Zetterberg, 1966). 

Denmark and Norwav. smaller countries 

The incidence of reported cases of smallpox 
in the USA, Mexico and Canada from 1920 to 
1952 is shown in Table 8.6, and in the 
countries of Central America and Panama in 
Table 8.7. Two patterns are apparent in North 
America. The high incidence of smallpox in 
the USA from the beginning of the century 
was due mainly to variola minor with oc- 
casional outbreaks of variola major due to 
importations, and the situation was similar, 
on a smaller scale, in Canada. In Mexico, 
however, variola major occurred as a wide- 
spread disease from the beginning of the 
century, as it had during previous centuries 
(see Chapter 5). Variola minor was periodical- 
Iv introduced into Mexico from the USA but 
seems never to have become established there. 
Endemic smallpox was eliminated from all 3 
countries by 1952. 

, , 
with less international trade and travel than 

Central America and Panama 

Table 8.5. Sweden: status of smallpox, 1900- 1962a 

Perlod 
Number of Number of Number of 
outbreaks cases deaths 

a Based on Zetterberg et al. ( 1966). 

Earlv records are sDarse for the 7 small 
states constituting Central America and Pana- 
ma, located between Mexico in the north and 
Colombia in the south (see Fig. 8.6), but 
variola major appears to have been present in 
most of them during the early years of the 
20th century (Low, 191 8). However, from 
1920 onwards most of these countries were 
free of endemic smallpox, although there 
were importations and outbreaks extending 
over several years in the more populous 
countries until the mid-1950s (Table 8.7). 
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Table 8.6. North America: numbers of reported cases of smallpox, 1920- 1952a1b1c 

United States of America ~ e x i c o ~  Canada 

1920 population (millions) 
1950 population (millions) 

a N o  cases were reported from any of these countries after 195 1, except for I imported case in Canada in 1962. 
b A horizontal line beneath a figure indicates that this represents the last probable occurrence of endemic smallpox. 
C .  . = data not recorded. 
dOnly deaths (figures in italics) were reported between 1922 and 1943. 

United States of America 

The history of smallpox in the USA in the 
period under review is dominated by the 
appearance of variola minor in Florida in 
about 1896 and its subsequent spread 
throughout the country and into Canada. 
This has been discussed at length by Chapin 
(1 91 3,1926) and Chapin & Smith (1 932) ; the 
decline of smallpox after 1930 has been 
described by Dauer (1 940). Table 8.8 sets out 
the numbers of reported cases of and deaths 
from smallpox from 1900 until the last cases 
occurred in 1949. The subdivision of annual 
totals of cases and deaths into variola major 
and variola minor derives in the main from 
Chapin & Smith (1932), who explored many 
sources in order to make their judgements 
about the variety of smallpox ("mild" or 
"severe") responsible for various outbreaks. 

Variola major prevailed throughout the 
USA until the summer of 1897 but by then 
had disappeared from the country except 
for about 100 cases, with 30 deaths, which 
occurred in 16 different states. These local 
outbreaks were efficiently controlled and 
endemic smallpox appeared to have been 
eliminated (Chapin, 191 3). However, during 
the first half of 1897 there were 54 cases of 
smallpox in Pensacola, Florida, and many 
more in the county in which Pensacola is 
situated, without a single death. From here 
the mild variety of smallpox, variola minor, 
spread through Florida, and in the year 
ending 31 March 1898, 3638 cases were 
reported, with only 51 deaths (case-fatality 
rate, 1.4%). Within a period of 4 years variola 
minor extended gradually over the whole of 
the continent north of the Mexican border 
(Fig. 8.4). 
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Table 8.7. Central America (excluding Belize) and Panama: numbers o f  reported cases o f  smallpox, 
1920- 1958arbPc 

Guatemala El Salvador Honduras Nicaragua Costa Rica Panama 

1920 population (millions) 1.3 l .2 0.9 (1926) 0.7 (1933) 0.4 0.4 
1950 populatlon (millions) 3.0 1.9 1.4 1.1 0.9 0.9 

1920 . . . . . . . . . . 25 
1921 . . . . . . . . . . 215 
1922 . . . . . . . . . . 14 
1923 . . . . . . . . . . 0 
1924 . . . . . . . . . . 0 
1925 . . 0 . . . . 0 0 
1926 . . 0 0 . . 0 0 
1927 96 0 0 . . 0 0 
1928 . . 0 0 . . 5 2 
1929 . . 0 0 . . 0 396 
1930 10 0 0 . . 36 0 
1931 2 9  6 0 . . 0 2 
1932 23 I 8  124 . . 0 0 
1933 9 37 38 . . 2 0 
1934 38 . . 15 . . I 0 
1935 40 484 8 . . 0 0 
1936 52 246 . . . . 0 0 
1937 21 10 . . I I 4 
1938 60 19 3 6 0 0 
1939 I I 3 3 4 I 0 
1940 8 I . . 43 0 0 
1941 6 0 6 5 I 15 
1942 I I 0 0 I 2 
1943 6 I 2 6 0 I 
1944 9 I 9 I 0 2 
1945 5 I 8 148 I 0 
1946 9 I I 6 0 0 
1947 l I 0 0 I 9 12 
1948 12 0 0 0 l 0 
1949 10 0 0 0 0 0 
1950 10 0 82 5 0 0 

= A  horizontal line beneath a figure indicates that this represents the last probable occurrence o f  endemic smallpox. 
b .  . = data not recorded. 
CFigures in italics denote the number o f  reported deaths from smallpox. 

The substrain of variola minor that was 
later called "alastrim" (see Chapter 2) re- 
mained the dominant form of smallpox in the 
USA thereafter. The number of cases notified 
each year represents at most 20% of those that 
actually occurred ; many patients did not see a 
physician and many others who did were not 
reported as having- smallpox. From the USA 
alastrim was exported to the United Kingdom 
(in 1902 and again in 1919), and to Brazil 
(1 91 O), Australia ( l  91 3), New Zealand ( l  91 3) 
and the Philippines (about 1920). Against the 
background of endemic alastrim, repeated 
introductions of variola major occurred, 
mostly from Mexico (14 out of 23 outbreaks 
between 191 5 and 1929) but also from Canada 
and overseas countries, especially Europe, 
during the early years of the century. 

Chapin & Smith (1932) examined the 
detailed reports of as many outbreaks of 
variola major (the "severe type" of smallpox) 
as they could, in order to determine whether 
variola minor (the "mild type") ever gave rise 
to variola major. Their conclusion was that 
each variety of smallpox was due to a different 
subspecies of variola virus and that these 
"bred true". Subsequent experience in many 
parts of the world has confirmed this 
conclusion. 

Although some cases of variola major were 
reported every year from 1900 until 1927, 
there were only 2 major outbreaks during this 
period. The first, in 1902-1903, affected 
particularly Boston, New York, Philadelphia, 
New Jersey and Ohio; variola minor was then 
prevalent in the Mid-West. The last large 
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Table 8.8. United States o f  America: numbers of reported cases o f  and deaths from variola major and variola 
minor, 1900- 1950a 

Variola major Variola minor 

Tear Number o f  Number o f  Case-fatality Number o f  Number o f  Case-fatality 
cases deaths rate (%) cases deaths rate (%) 

Smallpox (variety not determlned) 

Number o f  Number o f  Case-fatality 
cases deaths rate (S) 

1944 398 9 2.3 
1945 346 12 3.5 
1946 357 24 6.7 
1947 176 ? ? 
1948 57 ? ? 

a Based on Chapin & Smlth (1932) and relevant issues o f  Public health reports. 
The last probable occurrence o f  endemic smallpox. 

epidemic of variola major in the USA oc- Vaccination played an important role in 
curred in 1924-1925, when some 7400 cases both the progressive fall in the incidence of 
were reported, over one-third of them in 4 smallpox and in the replacement of variola 
cities: Cleveland and Toledo (Ohio), Detroit major by variola minor. The virtual disap- 
(Michigan) and Pittsburgh (Pennsylvania). pearance of variola major and the mild nature 
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Fig. 8.4. The spread of variola minor in the USA. It was first observed in Pensacola, Florida, in 1896. Figures in 
circles indicate the number of years elapsed between 1896 and the detection of cases in various cities in the 
USA including Alaska and in Canada. Arrows indicate directions of spread, when this could be determined, 
except for towns along the Mississippi, where the river was the route of spread. (Based on Chapin. 19 13.) 

Plate 8.1. Charles Value Chapin (1856 - 1941) was 
Superintendent of Health of Providence, Rhode Island 
(USA). from 1884 to  1932. A nationally renowned 
figure, he imaginatively translated newly emerging 
concepts of the epidemiology o f  infectious diseases 
and methods for their prevention into public health 
administrative practice. 

of variola minor led to the emergence of 
D 

antivaccinationist sentiments, although in 
1922 the United States Supreme Court had 
ruled that school authorities had the right to 

(7 

require vaccination for admission to school 
(Vaughan, 1923). By the 1930s, 4 states of the 
USA had laws prohibiting compulsory vacci- 
nation. 28 states had no vaccination laws. 6 

for local option and 10 had cornp&- 
sory vaccination laws. The relation between 
the-legal situation and the incidence of variola 
minor is illustrated in Fig. 8.5. 

In the year 1927, for the first time, no case 
of variola major was reported in the USA, and 
apart from an outbreak in 1929 no further 
cases were notified until 1946. In that year a 
soldier returning from Japan introduced 
smallpox into Seattle, Washington, which 
resulted in an outbreak of 51 cases, with 16 
deaths (Palmquist, 1947). In 1947 a man with 
undiagnosed haemorrhagic smallpox died in a 
Manhattan, New York, hospital. Twelve 
other persons were infected and in the panic 
occasioned by this outbreak over 6 million 
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VACCINATION Compulsory Local None Compulsory 
LAWS option vaccination 

prohibited 

NUMBER OF 10 6 28 4 
STATES 

POPULATION 32 434 954 17 930 882 59 923 117 4 002 888 

CASES OF 
SMALLPOX 

Fig. 8 .5 .  The effect of vaccination laws on the incidence of smallpox in various states of the USA. 19 l 9  - 1928. 
(Based on Woodward & Feemster. 1933.) 

New Yorkers were vaccinated (Weinstein, 
1947). The last outbreak of smallpox in the 
USA occurred in Texas in 1949 (8 cases with 
1 death), probably after importation from 
Mexico. 

Although variola major was eliminated as 
an endemic disease in 1927, variola minor 
continued to be common in states without 
compulsory vaccination laws. Reporting me- 
thods changed in 1944, and it is impossible 
to get an accurate picture of the elimination 
of variola minor from the USA. Although 

grossly underreported when it was common, 
it was probably incorrectly diagnosed and 
reported during the few years just before and 
after its elimination from the USA, during the 
latter half of the 1940s. 

Canada 

The situation in Canada reflected that in 
the USA, with variola minor as the common- 
est form of smallpox after it became estab- 
lished there early in the century. However, 
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control by vaccination was more easily 
achieved in this less populous country and 
endemic smallpox was eliminated by 1944. 

Mexico 

The situation in Mexico in the earlier part 
of the 20th century contrasted starkly with 
that in Canada and the USA. Mexico had a 
population of about 14 million in 1920 and 
between 5000 and 13 000 smallpox deaths 
were reported every year in the 1920s (see 
Table 8.6), at that time the highest reported 
incidence in any country in the world (He- 
drich, 1936). Variola minor appeared in 
Mexico in 1932, probably after importation 
from the USA, but it did not displace variola 
major, which caused a major epidemic with 
over 8000 deaths in 1942-1 943. This led to an 
increased emphasis on vaccination, which 
became possible in many rural areas because of 
the development of roads. There was a rapid 
fall in the number of reported cases of 
smallpox, which continued to be of the 
variola major variety, and a change was made 
in reporting, from "deaths" to "cases" (see 
Table 8.6). The last case of smallpox in Mexico 
occurred in 1951, just after the Pan American 
Health Organization had launched its pro- 
gramme to eradicate smallpox from the Wes- 
tern Hemisphere (Rodrigues, 1975). 

SMALLPOX I N  SOUTH AMERICA, 
1900-1958 

Variola major was endemic in all the larger 
countries of South America during the first 
decade of the 20th century (Fig. 8.6), with the 
highest incidence in Brazil and Chile (Table 
8.9). Reporting was very poor ; indeed, many 
countries concealed the existence of smallpox 
for fear of the imposition of quarantine 
restrictions by their neighbours (Low, 191 8). 

In 1910 variola minor was reported from 
South America for the first time, in Brazil, 
where eventually it displaced variola major, 
which remained common in Argentina and 
Chile in the 1920s. Epidemics of variola major 
were reported in Colombia in 1943 and 1947, 
in Bolivia in the 1940s, and in Ecuador up to  
1962. The last large outbreak of variola major 
in South America caused nearly l 0  000 deaths 
in Peru in 1941-1943. Within a few years of 
the decision by the Pan American Sanitary 
Organization in 1950 to eradicate smallpox 

from the Western Hemisphere, Peru, Uru- 
guay and Venezuela had eliminated the dis- 
ease. Bolivia, Colombia, Ecuador and Para- 
guay followed in the early 1960s. By 1967, 
smallpox was still endemic only in Brazil, 
although there were importations from Brazil 
into Argentina, French Guiana and Uruguay 
after that date (Fig. 8.7). 

Brazil 

By far the largest and most populous 
country in South America, Brazil experienced 
severe epidemics of variola major early in the 
20th century. Following a major epidemic in 
1904-1905 (3800 deaths in Recife; 3600 
deaths in Rio de Janeiro) the Brazilian 
government passed a bill requiring compul- 
sory vaccination, but an antivaccination cam- 
paign led to open revolt with riots. Large 
epidemics with many deaths occurred in 
1907-1 91 0. 

1 .  GUATEMALA. 1951 
2. EL SALVADOR. 1938 
3 .  COSTA RICA. - 1920 

Fig. 8.6. Mexico, Central and South America: year in 
which smallpox ceased to be endemic in each country 
(national boundaries as of 1982). Dates in parentheses 
(for Honduras and Peru) indicate the initial elimination 
of endemic smallpox, after which endemicity was again 
established before final elimination in the year shown. 
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.g "1 SMALLPOX IN ASIA, 1900-1958 
U 

Fig. 8.7. Number of countries of the 13 in South 
America in which smallpox was endemic at various 
times between 1920 and 197 I .  National boundaries 
as of 1982. 

Variola minor was introduced into Bahia 
from the USA in about 191 0, whence it spread 
to the southern states of Brazil and eventually 
throughout the country, producing an esti- 
mated 250 000 cases in 1910-1 91 1 (Araggo, 
191 1). During the outbreak in Paran6 in 1910, 
some 6000 persons were infected but the case- 
fatality rate was only 2.3% (Carini, 1911). 
Mortality data over the next 20 years show 
that variola minor gradually replaced variola 
major as the commoner form of smallpox in 
Brazil, but as late as 1926 an epidemic of 
variola major in Rio de Janeiro caused 2200 
deaths. 

Although there were very few notifications 
over a period of several years in the late 1920s 
and early 1930s, variola minor had become 
established as an endemic disease and several 
thousand cases were notified every year from 
1955 onwards. Further, Brazil became a major 
source of transmission of the disease to 
neighbouring countries, especially Argen- 
tina, a risk which continued until smallpox 
was finally eradicated from Brazil and thus 
from the whole Western Hemisphere in 1971. 

Other Countries 

In most of the other countries of South 
America variola major was common and 
severe during the first two or three decades of 
the 20th century and was then replaced by 
variola minor. The latter declined in inci- 
dence and was finally controlled in the 1950s 
and 1960s (Fig. 8.6), although importations 
from Brazil continued to occur. Ecuador was 
unusual in that variola major persisted at a 
relatively high level until the early 1960s. 

Asia is by far the most heavily populated 
continent, and China and India, vast coun- 
tries with weak national public health ser- 
vices during the early part of this century, 
have long been regarded as the traditional 
homes of smallpox. The decline in the number 
of endemic countries in Asia since 1920 is 
shown in Fig. 8.8. Asia was the major focus of 
variola major throughout the first half of the 
20th century, and until about 1950 smallpox 
was endemic in all of the more populous 
countries of the continent. In order to sim- 
plify discussion of this vast region, the data on 
eastern Asia, the Indian subcontinent and 
Afghanistan, and south-western Asia have 
been summarized separately. 

Though the records of smallpox in many 
countries of Europe during the first half of 
this century are incomplete and seriously 
underestimate the incidence, they are very 
much better than those of any other countries 
except Australia, Canada, Japan, New Zealand 
and the USA. Data for China and the coun- 
tries between China and India are very 
incomplete and reports by public health 
workers have been used to supplement the 
information provided by the official figures. 

EASTERN ASIA 

In contrast to the situation on the Indian 
subcontinent, endemic smallpox was elimin- 
ated from most of the countries of eastern 
Asia before the initiation of the Intensified 
Smallpox Eradication Programme in 1967 
(Table 8.10; Fig. 8.9). 

Fig. 8.8. Number of countries of the 38 in Asia in 
which smallpox was endemic at various times be- 
tween 1920 and 1975. National boundaries as of 
1982. 



Table 8.10. Eastern Asia: numbers of reported cases of smallpox in selected countries, 1920- 1966a~b W 
W m 

Federated 
Netherlands Malay 

ChinaC lapan East lndies lndochlnad Koreae Burmac Phlllppines Thailand 5tatesf 
(Indonesla) (Malaysia) 

1920 populatlon (millions) ca. 400 55 52 19 17 13 10 9 3 
1950 population (millions) 554 84 80 34 30 18 2 1 20 7 

1920 . . 3 167 2 400 . . 1 1  532 2 853 . . 85 105 
1921 204 889 1 445 . . 8 316 987 . . 404 232 
1922 230 679 1 236 . . 3 676 1439 . . 472 346 
1923 60 1 922 4 922 . . 3 722 2 846 . . 1451 73 
1924 262 1 703 6717 . . 439 2 501 . . 588 49 
1925 554 430 4681 4 753 699 3 852 20 287 66 
1926 5 13 1 256 855 2 658 1010 2 339 30 1113 45 
1927 l l 0  352 766 745 626 1 704 I 418 39 1 
1928 853 723 298 1 432 290 7 654 5 125 27 t 

r 
1929 927 114 6 14 4 954 523 8 205 367 405 57 
1930 547 7 419 4919 1418 3 668 192 56 202 
1931 617 2 1 176 2 058 1 376 2 022 4 33 193 

E 
X 

1932 2 974 305 562 3 968 2 787 1 1  767 0 20 19 > 
1933 2 969 375 57 2 969 4 928 7 701 0 42 5 z 
1934 2 050 320 9 4 598 450 6 555 0 152 8 

U 

1935 502 113 43 3 655 1 273 4 974 0 34 177 r! 



Table 8.10 (cont.) 
Netherlands 

Federated 

Chinac East lndies lndochinad Koreae BurmaC Philippines Thailand 
Malay 

Japan 
(Indonesia) 

~ ta tes f  
(Malaysia) 

1964 35 0 17213 0 0 I I 2  0 0 0 
1965 4 0 56 359 0 0 53 0 0 0 
1966 0 0 35 283 0 0 6 0 0 5 

a A horizontal line beneath a figure indicates that this represents the last probable occurrence o f  endemic smallpox. 00 
b .  . = data not recorded. W 

CFigures in italics denote the number o f  reported deaths from smallpox. 
dcomprising present-day Democratic Kampuchea, Lao People's Democratic Republic, and Viet Narn. 2 

From 195 1 onwards, the figures refer only to the Republic of Korea. 
including Singapore. 8 

g In Annex I o f  the FinalReport o f  the Global Commission for the Certification ofSmallpox Eradication (World Health Organization, 1980), the figure given for 1949 is 490 348. This seems an unlikely figure G 
for the number of reported cases at that time (see Chapter 13). It derives from Henneberg (1 96 I )  and Is not supported by data in the Epldemlologicaland vitalstatistics report, from which the figures in this table > 
were derived. Z 

U 

Table 8.1 I. China: locations of smallpox vaccine production institutes and other particulars of vaccine production in 1950, when the national smallpox eradication 2 
campaign commenced, and in 1979. (The central assay and research laboratory was located in another institute in Beijing.) o o 

1950 1979 a 
(II m 

City 
Province or Typea City 

Province or 
municipality municipality Typea 

Supply zone 

Beijlng ~ e i j i n ~ ~  
Shanghai shanghaib 
Dallan (Dairen) Liaoning 
Kunming Yunnan 
Lanzhou Gansu 

CL Beijing 
CL Changchun 
CL Lanzhou 
CL Chengdu 
CL Wuhan 

ji'an 
Guangzhou 

(Canton) 
Zhengzhou 

~ e i j i n g ~  
jilin 
Gansu 
Sichuan 
Hubei 
Jianxi 
Guandong 

State 
State 
State 
State 
State 
Province 
Province 

Province 

TC, some F-D 
CL and TC 
TC 
TC 
CL and TC, some F-D 
CL 
CL 

North China 
North-east China 
North-west China 
South-west China 
South-Central and border areas 
East China 
Guandong 

a CL = calf lymph; TC = tissue culture; F-D = freeze-dried. 
Municipality. 
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Fig. 8.9. East and South-East Asia: year in which smallpox ceased to be endemic in each country (national 
boundaries as of 1982). Dates in parentheses (for Indonesia. Malaysia and the Philippines) indicate the initial 
elimination of endemic smallpox, after which endemicity was again established before final elimination in the 
year shown. 

For the first 3 decades of the 20th centurv 
smallpox was endemic throughout the main- 
land countries of eastern and south-eastern 
Asia, in Japan and in the larger island groups. 
Tibet, in which vaccination was not practised 
at all until 1940, suffered very severely, lead- 
ing to the depopulation of some areas, and 
inchina smallp& was regarded as something 
that every child had to get sooner or later. 
However, although there were still some 
severe epidemics, the incidence of smallpox 
declined in Japan, and notable early successes 
in eradication were recorded in the Philip- 
pines in 1931 and in the Netherlands East 
Indies (Indonesia) and the Federated Malay 
States (Malaysia) later that decade. 

The disruption of services that ac- 
com~anied and followed the Second World 
War led to a reappearance or resurgence of 
smallpox in several countries of eastern as well 
as of southern Asia. In Thailand, in which the 

annual number of reported cases had been less 
than 1000 for many years, there was a major 
epidemic in 1945-1946, with more than 
62 000 reported cases. Smallpox was reintro- 
duced into Malaysia in the early 1940s and 
was not eliminated until 1949, and into the 
Philippines in 1948, but was eliminated again 
in 1949. Over 20 000 cases were notified in 
Korea in 1946, and a major epidemic, with 
upwards of 43 000 cases, occurred in 1951, 
during the hostilities in that country. The 
incidence in Japan rose to 17 800 in 1946, and 
smallpox was reintroduced into Indonesia in 
1947, reaching epidemic proportions in 1949. 

The fact that smallpox had been eliminated 
in Europe and North America was a powerful 
stimulus for the declaration by the World 
Health Assembly in 1959 that global eradica- 
tion was a goal that could be achieved. 
Although it was not fully appreciated, even 
more impressive achievements-and more 
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relevant to the eradication of smallpox from 
the impoverished countries of Africa and the 
Indian subcontinent-were then in progress 
in China, the Korean peninsula and the 
countries of Indochina. The elimination of 
the disease in China will be described in some 
detail, since it ranks with eradication from 
India as one of the most significant achieve- 
ments in the struggle against smallpox. 
Aspects of importance in the certification of 
smallpox eradication in China are described in 
Chapter 27. 

China 

Smallpox was highly endemic throughout 
China for the first 4 decades of the 20th 
century, but no data were recorded except for 
the Treaty ports, from which most of the early 
figures in Table 8.1 0 were derived. Even here, 
they were gross underestimates. In Shanghai, 
as in the rest of China, smallpox was a seasonal 
disease, with a high incidence in winter and 
spring (from December to the end of May) 
and a low incidence during summer (Dold, 
1915; Xu & Jiang, 1981). The disease was 
endemic, with epidemics in 1902,1904,1907, 
1910 and 1913 (Dold, 1915) and between 
1930 and 1951 there were epidemics in 1930- 
1934,1936-1 939,1946-1 948 and 1950-1 951. 
Anecdotal data (Korns, 1921) reveal that 
smallpox wasstill wellnigh universal through- 
out China in the early 1920s; of 3020 adult 
males whom Korns questioned in an out- 
patient clinic, only 40 of 822 who had not 
been vaccinated had escaped the disease. 
Chinese with obvious pockmarks were very 
common in the streets of every city. 

Variolation was practised on a small scale 
from about the 10th century (Needham, 
1980) until the 1960s; outbreaks of smallpox 
in northeastern Yunnan Province in 1958 
and in Nei Monggol Autonomous Region 
(Inner Mongolia) and Shanxi Province in 
1963-1 965 were attributed to variolation (see 
Chapter 27). From 1803 vaccination was 
occasionally available for those who could 
afford it. There were attempts to promote 
vaccination, notably after the establishment 
of the First Republic in 1913, but it was not 
practised at all extensively until the national 
smallpox eradication programme was insti- 
tuted by the People's Republic of China in 
1950. 

Immediately after Liberation in 1949 a 
national campaign was launched to eradicate 
smallpox from China. The data published in 

European languages are very limited 
(SMEl79.10; SMEl79.11, Fenner & Breman ; 
WHOlSEl79.142 Rev.1; WHO/SE/79.151; 
Xu & Jiang, 1981), but give some impression 
of the nature and progress of this campaign. A 
particularly interesting feature was that eradi- 
cation was achieved in all the cities and larger 
towns within 5 years, and throughout the 
country in 11 years, by the vigorous prosecu- 
tion of mass vaccination, using liquid vaccine. 

China has extensive areas of agricultural 
land supporting over 100 persons her square 
kilometre (Fig. 8.10) and many large cities. 
The population in 1950 was about 600 
million. In contrast to the eastern part of the 
country, population densities throughout the 
whole of western China were very low and 
these parts were thus areas in which the 
endemic transmission of smallpox was un- 
likely to persist. 

In October 1950. the State Council of the 
Central Government issued a "Notice on the 
Campaigns for Smallpox Vaccination of Au- 
tumn 1950" which expressed the formal 
decision to carry out a mass vaccination 
campaign for the whole population of main- 
land China. At the same time, the Ministry of 
Health announced "Temporary Regulations 
for Smallpox Vaccination", ruling that all 
children should be vaccinated 6 months after 
birth and revaccinated at the ages of 6,12 and 
18 years. The scheme of operation was de- 
veloped by the Ministry of Health and 
comprised a massive propaganda campaign to 
enlist the support of the population (a "Mass 
Patriotic Health Movement"), the organiza- 
tion of the ~roduct ion and distribution of 
vaccine from 5 vaccine institutes located in 
various parts of the country, the mobilization 
and training of vaccinators and an intensive 
effort to achieve universal vaccination, most- 
ly during the year 1951. The scheme also 
involved measures to control the possible 
spread of smallpox by travellers within China, 
by rail, sea and river (see below). 

The 5 vaccine institutes, which produced 
liquid calf vaccine of the Temple of Heaven 
strain (see Chapter l l ) ,  were located in 
Beijing, Shanghai, Dalian (Dairen), Kun- 
ming ~ n d  Lanzhou. There were initially some 
difficulties in producing enough vaccine for 
the campaign. Later some of these institutes 
ceased production, and new production 
centres were established (Table 8.11). Meet- 
ings were held to improve various aspects of 
vaccine ~roduct ion and eventuallv (after 
eradicatidn had been achieved) freeze-dried 
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MONGOLIA 

Fig. 8.10. China. showing the neighbouring countries and the provinces, autonomous regions and municipalities 
(internal boundaries as of 1985). The stippled area indicates regions where the population density is over 100 
persons per square kilometre. 

vaccine was produced for use in border and 
tropical areas. Vaccination was carried out by 
multiple pressure or the scratch technique, in 
2 sites.   he annual numbers of vaccinations 
performed throughout China during and 
immediately after the eradication campaign 
are suggested by the numbers of doses %f 
vaccine issued (Table 8.12). 

In 1955, following the endorsement by the 
State Council of the Central People's Govern- 
ment, the Ministry of Health produced a 
booklet, Methods of Control of Communicable 
Diseases, which for ;he compulsory 
notification of 24 diseases including small- 
pox. Between 1955 and 1958 a second 
country-wide mass vaccination campaign was 
undertaken, with technical aid provided by 
the USSR under the Socialist Pact of Friend- 
ship of 15 February 1950. This highly organ- 
ized campaign operated airlifts in remote 
regions and was assisted by large numbers of 
personnel from Czechoslovakia and Hungary. 

However, relations with the USSR gradually 
deteriorated with disagreements on borders 
and ideology, and by 1961 the assistance 
agreements had been cancelled. 

The number of administrative divisions 
reporting cases dropped from 21 in 1953 to 
only 1, Yunnan, in 1959 (Table 8.13), al- 
though cases occurred in 2 localities in 

Table 8.12. China: numbers of doses of smallpox 
vaccine issued, 1950- 1963a 

Number of Number of 
Year doses Year doses 

(millions) (millions) 

a From WHO/SE/79.142 Rev. I. 



Tab le  8.13. China: n u m b e r s  of s m a l l p o x  cases repo r ted ,  1950- 1965, by admin i s t ra t i ve  divisionalb+ 

1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 

Provinces 
Anhui 1 266 705 91 19 2 0 0 0 0 0 0 0 0 0 0 0 
Fujian 2 292 455 22 I 0 0 0 0 0 0 0 0 0 0 0 0 
Gansu 473 969 135 14 7 5 2 I 0 0 0 0 0 0 0 0 
Guangdong 1 395 8066 1 045 16 4 0 0 0 0 0 0 0 0 0 0 0 
Guizhou 2428 5713 1788 52 2 0 0 0 0 0 0 0 0 0 0 0 
Hebei 6410 262 13 I 0 0 0 0 0 0 0 0 0 0 0 0 
Heilongjiang 1 043 75 115 8 8 0 0 0 0 0 0 0 0 0 0 0 
Henan 7461 780 241 29 406 0 6 0 I 0 0 0 0 0 0 0 
Hubei 4783 2734 133 22 0 0 0 0 0 0 0 0 0 0 0 0 
Hunan 2848 3155 110 3 0 1 0 0 0 0 0 0 0 0 0 0 
Jiangsu 729 3613 553 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jiangxi 1 597 624 58 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jilin 206 186 18 14 6 2 0 0 0 0 0 0 0 0 0 0 
Liaoning 2081 113 48 7 3 0 0 0 0 0 0 0 0 0 0 0 
Qinghai 76 20 49 67 0 0 0 0 0 0 0 0 0 0 0 0 
Shaanxi 1336 431 211 14 9 4 0 0 0 0 0 0 0 0 0 0 
Shandong 0 923 454 67 0 0 0 0 0 0 0 0 0 0 0 0 
Shanxi 241 162 76 0 0 0 0 0 0 0 0 0 0 28 0 4 
Sichuan 6100 11584 1196 226 181 18 138 108 0 0 0 0 0 0 0 0 
Taiwan 78 7 39 14 9 0 0 0 0 0 0 0 0 0 0 0 
Yunnan 1 698 6 255 2 667 709 100 32 3 92 661 476 7 28 0 0 0 0 
Zhejiang 417 664 26 0 0 0 0 0 0 0 0 0 0 0 0 0 

Autonomous regions 
Guangxi Zhuang 3569 10662 1085 13 0 0 0 0 0 0 0 0 0 0 0 0 
Nei Monggol 1 103 340 151 19 7 7 I 0 0 0 0 0 1 255 30 0 
Ningxia Hui . . . . . . . . . . 0 0 0 0 0 0 0 0 0 0 0 
Xinjiang Uygur . .  321 64 2010 112 2484 433 114 9 0 0 0 0 0 0 0 
Xizang . . . . . . . . . . 23 3 0 0 0 16 0 l d  0 5d 0 

Municipalities 
Beijing I l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Shanghai 927 2734 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tianjin 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total (including Taiwan) 50 575 61 553 10 388 3 325 856 2 576 587 315 671 476 23 28 35 4 2 283 

WO cases reported after 1965. 
Data from Jiang ( 1  985; and personal communication, 1987). 

C . .  = data not recorded. 
Importations. 
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Xizang Autonomous Region (Tibet) in 1960 
and there were importations from Nepal in 
1962 and 1964. Smallpox remained endemic 
in the south-west part of Yunnan, where 
there was a common border with Burma, until 
1961 (see Chapter 27). 

Information that only became available 
very recently (Jiang Yutu, 1985 ; and personal 
communications. 1984, 1987) reveals that 
smallpox continued to occur in China until 
1965. In 1962, 6 years after the last reported 
case in the Nei Monggol ~ u t o n o m o ; ~  Re- 
gion, 1 case was reported there, and in 1963 an 
outbreak of 283 cases occurred in Nei Mong- 
go1 and nearby counties of Shanxi Province, 
with a further 30 cases in 1964. Another small 
outbreak (4 cases) occurred in Shanxi in 1965. 
Both the 1962-1 964 and the 1965 outbreaks 
were attributed to the activities of variolators 
(see Chapter 27). 

In 1959, because several outbreaks of small- 
pox had occurred following the importation 
of cases from neighbouring countries into 
China, it was decided to implement another 
general mass vaccination campaign. This 
began in 1960 and aimed to reinforce the 
achievement of the virtual elimination of 
small~ox and to raise the level of herd 
immunity and thus prevent the transmission 
of smallpox in the event of its importation 
into the country. Border areas were given first 
priority. 
-  heme et hod of implementation of the mass 
vaccination campaigns, in 1949-1 952, 1955- 
1958 and in 1960, was unique. A directing 
committee of leaders was oiganized by th; 
joint efforts of the health authorities and 
epidemic prevention departments in every 
province, municipality, and autonomous re- 
gion. The committee was responsible for the 
organization of local health personnel and the 
training of medical and paramedical workers 
to form vaccination teams and perform the 
vaccinations. The teams went to each village 
or courtyard to vaccinate all persons, using 
the lists of names of members of the brigade or 
courtyard. Children in kindergartens and 
schools were vaccinated at these locations. 
During the first visit it was possible to 
vaccinate nearly 90% of the people. Others 
were vaccinated in the health centres or 
polyclinics. Members of governmental bodies, 
institutions, factories, etc., were vaccinated in 

were linked to evidence of vaccination of the 
family head and family members. 

No general account of the country-wide 
smallpox eradication campaign in China 
has been published, but operations in the 
country's largest city and centre of commu- 
nications, Shanghai, have been described 
(SMEl79.11, Fenner & Breman; Xu & Jiang, 
1981) and provide an idea of how the 
programme operated there and elsewhere. 
Details of special surveys made in Yunnan 
Province and in Xizang (Tibet) for certifica- 
tion purposes are described in Chapter 27. 

Shanghai municipalit3/ 

Smallpox had always been endemic in 
Shanghai, with frequent epidemics, and be- 
fore the eradication campaign was launched 
the overall vaccination rates were low (Table 
8.14). A severe epidemic began in December 
1950,2 months after the promulgation of the 
eradication campaign. Although deaths and 
especially cases were underreported, 3167 
cases and 1482 deaths were recorded for the 5 
months December 1950 to April 1951. 

The aim of the campaign in Shanghai was 
to vaccinate at least 95% of the population in 
the shortest possible time. In order to accom- 
plish this, 6944 medical and paramedical 
personnel were organized into 1319 perma- 
nent stations and 1836 mobile vaccination 
teams. The personnel, comprising 3173 doc- 
tors of Chinese traditional medicine, 2067 
doctors of western medicine, 455 nurses and 
midwives, 11 26 medical students, and 123 
others, were given a short training course in 
order to standardize the vaccination tech- 
nique. The mass vaccination campaign began 
in March 1951. As the number of vaccinations 
rose (Table 8.15) and the weather became 

Table 8.14. Shanghai: smallpox vaccination, 1946- 
1951a 

Number o f  Ratio: 
Year Population persons Vaccinations 

vaccinated Population X 100 

. . 

health service facilities located at their place 
a From Xu 8 Jiang (1981). of work. After the communes were estab- Includes visitors, travellers, and persons vaccinated more 

lished in 1958, monthly payments by the State than once. 
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Table 8.15. Shanghai: cumulative proportion of 
vaccinations relative to population and 
the incidence of smallpox in 195 1 a 

Month 
Cumulative Number of reported 

vaccination rate ( V O ) ~  smallpox cases 

January 
February 
March 
April 
May 
June 
JuC 
Au~ust 

a From Xu & Jiang (1981). 
Includes visitors, travellers and persons vaccinated more 

than once. 

hotter, the incidence of smallpox fell. The last 
case in Shanghai was reported on 26 July 
1951. 

During the early 1950s there was little 
international travel through Shanghai, but it 
was a major national communications centre, 
by sea, river, road and rail. The Quarantine 
Service was organized to cope with travellers 
by boat and train to other parts of China, as 
well as with boat-dwellers on the Huangpu 
and adjacent rivers. In the case of travellers by 
boat, ships' crews were mobilized to assist the 
campaign by propaganda and by forming 
"health groups" among them. Crew members 
were urged to report all cases of smallpox, 
among passengers or crew. An elaborate 
system was developed for supervising the 
issue of internal vaccination certificates for 
both boat and train travellers within China, 
with facilities for immediate vaccination if 
necessary. 

Among the boat-dwellers on the Huangpu, 
in all 76 221 vaccinations were performed in 
1951. Nine cases of smallpox were discovered 
on 5 boats; all case contacts were vaccinated 
and no other cases occurred. Among travellers 
and boat crews, 785 321 persons were vacci- 
nated. On the 3576 boats that left Shanghai 
in 1951, 7 cases of smallpox were detected 
among passengers before boarding and 28 
after boarding. In the first 4 months of 1951, 
72 cases of smallpox were detected among 
intending train travellers. The effectiveness 
of this system of surveillance of travellers 
within China was demonstrated bv the fact 

Smallpox was endemic in Japan during the 
latter part of the 19th century, and during the 
early 20th century the country was constantly 
exposed to the risk of imported cases, owing 
t~ its large maritime trade and its proximity to 
China. Korea. Manchuria and Siberia, in all of 
which smallpox was a common disease at that 
time. Table 8.16 sets out the numbers of 
reported cases of and deaths from smallpox in 
Japan between 1892 and 191 5. 

Institutes for the production of vaccine in 
calves had been operating in Japan since 1874, 
and in 1891 arm-to-arm vaccination was 
prohibited. In 1896 celebrations were held in 
Ueno Park in Tokyo to mark the centenary of 
Jenner's discovery, and at about this time the 
famous bacteriologist Kitasato made impor- 
tant contributions to the preparation of 
bacteriologically sterile vaccine and helped to 
promote its use (Soekawa, 1984). In conse- 
quence of the gradual extension of vaccina- 
tion the incidence of the disease fell. There 
was a severe epidemic in 1908, but thereafter 
smallpox continued to decline. In 1918 vacci- 
nation was made mandatory for all l -year-old 
children and revaccination was carried out at 
school entry. The incidence fell further, and 
between 1927 and 1944 only 541 2 cases were 

Table 8.16. Japan: numbers of reported cases of and 
deaths from smallpox, 1892- 19 1 5 4 b  

Year 
Number of Number of Case-fatality 

cases deaths rate (%) 

that although there was a major eiidemic in 1915 17 3 17.6 

Shanghai at the time, there was little apparent a Based on Low (1918,. 
spread to other parts of China. b Population of japan in 19 13: 53 million. 
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reported (see Table 8.10). With the ending of 
the Second World War and the repatriation of 
Japanese soldiers, smallpox broke out again, 
with 161 4 reported cases in 1945 and 17 800 
in 1946. Shortly after this, control measures 
were further strengthened and smallpox 
ceased to be endemic in Japan in 1951. 

Korea 

Korea was for several centuries an indepen- 
dent state within the Chinese cultural orbit, 
and its history of smallpox parallels that of 
China. In 1910 it was formally annexed by 
Japan, having for the 5 preceding years been a 
virtual protectorate of that country, but after 
the defeat of Japan in the Second World War, 
Korea was divided at the 38th parallel of 
latitude and separate governments have oper- 
ated in the north and the south since 1953. 
During the period in which it was under 
Japanese control (1 905-1 945) the enforce- 
ment of country-wide vaccination reduced 
the prevalence of smallpox, but variola major 
remained endemic, with case-fatality rates in 
different outbreaks varying between 20% 
and 27%. There was a more severe epidemic 
than usual in 1940-1 941, and the disruption 
after the Second World War led to a major 
exacerbation in southern Korea, with over 
20 000 reported cases in 1946 and over 43 000 
cases in 1951, during the hostilities (see Table 
8.10). The situation was rapidly brought 
under control after the conclusion of the 
conflict, and endemic smallpox was elimin- 
ated in 1954. 

Indonesia 

Severe outbreaks of smallpox occurred in 
various parts of the Netherlands East Indies 
in the early part of the century, an outbreak in 
Borneo claiming 3000 lives in 1905 and 
another, in Java, in 1913, causing more than 
18 000 cases, with 5000 deaths. A severe 
outbreak occurred in Java in 191 8-1 919 and 
during 1922 and 1924 it spread to the outer 
islands, the south-eastern part of Borneo and 
the east coast of Sumatra. 

In the early 1920s several thousand cases 
were reported annually, mostly in Java, but 
the incidence declined steadily after 1926 (see 
Table 8.1 0). Polak (1 968) attributes the fall to 
more complete and effective vaccination cov- 
erage of the population, which was achieved 
by a combination of administrative and tech- 
nical factors. Administratively, a system of 

concurrent primary vaccination and revac- 
cination, which had led to repeated revacci- 
nation of readily accessible subjects and in- 
adequate primary vaccination coverage of 
infants, was replaced by a dual system with an 
allocated time for each. Primary vaccination 
of children aged 3-6 months was carried out 
by locally based vaccinators during the first 8 
weeks of each quarter. and revaccination of 
the older population was performed during 
the last 5 weeks. Arrangements for supervi- 
sion were also greatly rmproved.  he-main 
technical advance was the production by 
Otten (1927) of a stable air-dried vaccine for 
use in remote areas (see Chapter 7, Plate 7.3A). 
The control of smallpox did not depend just 
on mass vaccination, however, because it was 
the practice of the Dutch at that time 
vigo~ously to contain such outbreaks of 
smallpox as were found. 

After 1933, about 10% of the population 
were vaccinated or revaccinated each year and 
by 1937 endemic smallpox had disappeared. 
Seven of the 21 cases reported between 1937 
and 1940 (see Table 8.1 0) were documented as 
importations; the others were suspected to be 
importations or mistaken diagnoses (Polak, 
1968). The disruption of the Second World 
War, during which the Netherlands East 
Indies and neighbouring areas of south- 
eastern Asia had been captured by the Japa- 
nese and then liberated in 1945, led to major 
epidemics of smallpox in neighbouring 
countries, especially Thailand and Malaysia. 
Smallpox was reintroduced into Sumatra 
from Thailand in 1947. This outbreak was 
controlled, but another importation from 
Malaysia led to a major epidemic in Java in 
1949, with over 13  000 cases. This time the 
disease became firmly entrenched in the larger 
islands. but did not s ~ r e a d  to the numerous but 
more sparsely populated islands to the east 
(see Chapter 13, Fig. 13.3). There was a 
sustained high incidence in 1950 and 1951, 
and although the number of reported cases 
fell after 1951, variola major remained ende- 
mic for some vears after the Intensified 
Smallpox Eradication Programme was estab- 
lished in 1967. Eradication was finally 
achieved, for the second time, in 1972 (see 
Chapter 13). 

Philippines 

There were as many as 40 000 smallpox 
deaths annually in the Philippines at the turn 
of the century, and smallpox was implicated 
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in about one-third of the cases of blindness 
(Low, 191 8). Intensive vaccination efforts 
were launched by the United States authori- 
ties and resulted in a dramatic reduction in 
the incidence of smallpox to some 700 cases in 
1914. Because of its contacts with the USA, 
which had succeeded Spain as the occupying 
power between 1898 and 1918, the Philip- 
pines experienced what was probably variola 
minor (described locally as "varioloid") dur- 
ing the second decade of the 20th century 
(McVail, 1923), but it was always rare, 
according to reported figures, compared with 
variola major. 

Control efforts were relaxed after the 
transfer of responsibility for health matters 
from the United States to the Philippine 
authorities in 1916, and a very severe epidem- 
ic occurred in 191 8-1 91 9, with over 64 000 
deaths (McVail, 1923). Various inefficiencies 
and deceitful practices were exposed by in- 
quiries into this disaster. Subsequently, vacci- 
nation efforts were greatly strengthened, 
with the result that the last cases of endemic 
smallpox occurred in the Philippines in 1931. 
Apart from a few outbreaks associated with 
importations-notably 282 reported cases in 
1948 which persisted into 1949-the Philip- 
pines has remained free of smallpox ever since 
(see Table 8.10). 

Malaysia 

The smallpox situation in the Federated 
Malay States (Malaysia) before the Second 
World War was rather similar to that in 
Indonesia, the endemic disease being elimin- 
ated in the late 1930s (see Table 8.10). No 
figures are available for the war years (1942- 
1945) but by 1946 smallpox was well estab- 
lished again, with 3364 reported cases that 
year and over 4500 (1008 deaths) in 1947. The 
disease was rapidly curbed by control meas- 
ures, and no endemic cases were reported 
after 1949, except for an outbreak of 338 cases 
in 1959 which extended into 1960, following 
an importation. 

Burma 

Burma was administered as part of British 
India until 1937, and gained its independence 
in 1948. As in India, smallpox was a tradi- 
tionally important endemic disease, usually 
causing between 1000 and 8000 reported 
deaths per year, during the period 1905-1 927 

(Low, 1918; see Table 8.10) in a population 
that rose over this period from 8.5 to  more 
than 13 million. The incidence continued to 
be high, especially in the provinces, but the 
seaports remained reasonably free of the 
disease, although there was a major epidemic 
in Rangoon in 1950 (Murray, 1951). By 1958 
the annual incidence of reported cases was 
still over 1000. Control measures were gradu- 
ally improved and the incidence fell to  some 
hundreds of reported cases annually by 1960; 
the endemic disease was eliminated in 1965. 
The Chinese experience of importations 
across the border into Yunnan Province in 
1960 (see Chapter 27) suggests that there was 
a good deal of unreported smallpox in the 
remote border regions of Burma. 

Thailand 

Thailand was one of the few Asian coun- 
tries never to be colonized bv a European 
power. In the early years of the century even 
the registration of deaths was limited to 
Bangkok, in which there was a very severe 
epidemic of smallpox in 191 1-1912, with 
2368 deaths in a population of about 600 000. 
In 191 4, following this outbreak, vaccination 
was made compulsory, first in Bangkok and 
ultimately in the country as a whole. Prior to 
the outbreak of the Second World War 
smallpox appeared to be coming under con- 
trol (see Table 8.1 O), but a rising incidence in 
1944 was followed by severe epidemics in 
1945 and 1946, with over 62 000 reported 
cases and 15 000 reported deaths. An inten- 
sive vaccination campaign brought the dis- 
ease under control by the early 1950s, but 
there was a further outbreak, with over 1500 
reported cases, in 1959, before the disease 
was eliminated in 1962. 

Indochina 

The present-day states of Democratic 
Kampuchea, Lao People's Democratic Re- 
public and Viet Nam, which before 1954 
constituted French Indochina, had long suf- 
fered from endemic variola major. Reporting 
was very incomplete, but there was an in- 
creased prevalence during the latter years of 
the First World War, said to have been due to 
the discontinuance of official vaccination 
tours by government medical officers. Small- 
pox continued to be endemic between the 
wars, increasing somewhat (but not as much 
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as in Thailand) just after the Second World 
War. Major efforts at control instituted by the 
newly independent countries achieved elimi- 
nation in the late 1950s (Lao People's Demo- 
cratic Republic, 1953 ; Democratic Kampu- 
chea, 1959; and Viet Nam, 1959), which was 
fortunate, otherwise there might have been 
further outbreaks during the Viet Nam con- 
flict of 1965-1975. However, no cases were 
reported then by either of the warring sides. 

THE INDIAN SUBCONTINENT 
AND AFGHANISTAN 

During the early years of the 20th century 
smallpox was endemic in all countries of 
southern Asia, and India had already emerged 
as the major focus of smallpox in the world, a 
position it retained until the disease was 
eradicated there in 1975. Smallpox remained 
endemic in all the countries of the Indian 
subcontinent except Sri Lanka (in which 
eradication was achieved in 1951) throughout 
the period under review (Table 8.17). 

India 

As vaccination coverage improved in Bri- 
tish India the rate of reported deaths from 
smallpox gradually fell from over 2000 per 
million population in 1870 to less than 300 
per million in 1930 (see Chapter 5, Fig. 5.2). A 
pattern of epidemics every 5-7 years was 
maintained, and even in ndn-epidemic "ears 
the disease caused many deaths and sometimes 
great- disruption. For example, in 1930 small- 
pox afflicted all the port cities of India and in 
consequence other countries imposed severe 
restrictions on Indian shipping. 

Although a Vaccination Act required that 
all children should be vaccinated within 6 
months of birth. this was not enforced: 
indeed, it was not considered practicable to 
enforce compulsory vaccination in India. 
Since most older Dersons were immune on 
account of vaccination or a previous attack, 
smallpox was primarily a disease of children, 
with a very high mortality among those aged 
less than 1 year. By 1941 primary vaccination 
was legally compulsory in some 80% of towns 
and 60% of the villages in British India, 
but revaccination was compulsory only in 
Madras. However, by 1944 some 60 million 
vaccinations were being given annually in a 
population of about 332 million, using liquid 
vaccine produced in 14 laboratories situated 
in the different states. 

In 1947 India obtained independence and 
the partition of British India into Pakistan 
(East and West) and India occurred, with the 
consequent readjustment of populations and 
reporting arrangements (Table 8.17). Large- 
scale vaccination continued, but many of the 
vaccinations were probably ineffective owing 
to the lack of potency and heat stability of the 
vaccine. However, because vaccination was 
readily available and variolation was legally 
forbidden, the latter practice ceased and was 
never a problem in India during the Intensi- 
fied Smallpox Eradication Programme. There 
was little change in the situation until after 
1962, when a national smallpox eradication 
programme was launched (see Chapter 15). 
Smallpox was not finally eliminated from 
India until May 1975. 

Pakistan and Bangladesh 

The situation was little different in India's 
neighbours, Pakistan and Bangladesh (East 
Pakistan until December 1971). Prior to 
partition in 1947 they had been part of British 
India, and a gradual increase in vaccination 
coverage had lowered the incidence of small- 
pox. In  West Pakistan (Pakistan after Decem- 
ber 1971) variolation was widely accepted as a 
control measure practised by Muslim relig- 
ious leaders, and it continued to be used long 
after vaccination was introduced as a public 
health measure in 1875. After 1947 the 
Vaccine Institute in Lahore continued to 
prepare glycerolated liquid vaccine, but in 
spite of some 15 million reported vaccinations 
a year in West Pakistan (population in 1950, 
40 million) endemic smallpox continued, 
especially in the cities and mainly in unvacci- 
nated children. A variety of factors contribut- 
ed to the failure of vaccination: substandard 
vaccine, inadequate motivation of the public, 
defective legislation, and lack of supervision 
of vaccinators. Eventually, after intensifica- 
tion of the national eradication programmes 
and help from the World Health Organiza- 
tion, the last case of smallpox was reported in 
October 1974. 

There were large outbreaks in East Paki- 
stan (Bangladesh) after partition, with 70 000 
reported cases in 1950-1 952 and over l00  000 
cases in 1957-1 958. In 1953 vaccine began to 
be produced by the Institute of Public Health 
in Dhaka. After 1958 only freeze-dried vac- 
cine was produced, but until l966 its quality 
was inferior. Smallpox was finally eliminated 
in October 1975. 
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Table 8.17. Indian subcontinent and Afghanistan: numbers o f  reported cases o f  smallpox in  selected countries, 
1920- 19662 

Bangladesh Pakistan 
lndiabpc (East Pakistan, (West Pakistan, Afghanistan 

Ceylon 

1947-1971) 1947-1971) 
(Sri Lanka) 

1920 population (millions) 250 - - 6 5 
1950 population (millions) 350 42 40 8 8 
1960 population (milllons) 43 1 52 50 10 10 

1920 98 476 . . 126 
1921 39 459 . . 18 
1922 39 397 . . 337 
1923 41 238 . . 175 
1924 52 879 40 
1925 175 490 28 
1926 220 22 1 65 
1927 222615 27 
1928 165 458 18 
1929 148 827 8 
1930 232 33 1 4 1 
1931 89 249 9 
1932 115 967 106 
1933 252 748 337 
1934 263 276 72 
1935 282 346 . . 115 
1936 218 323 . . 3 
1937 105 209 . . 2 
1938 89 34 1 . . 0 
1939 133616 . . I 
1940 188 192 . . 0 
1941 143 515 . . 167 
1942 76 882 . . I 
1943 136 826 . . 135 
1944 328 466 . . 124 
1945 289 074 . . 71 1 
1946 146 43 1 . . 409 
1947 69 039 . . 4 282 . . I 
1948 73 422 . . 12 524 . . 8 
1949 74 930 . . 4 807 393 2 
1950 157 487 21 273 1013 612 4 

P- P 

1959 47 693 1 5 048 3 373 442 0 
1960 31 091 1 905 8 15 109 0 
1961 45 380 660 2 408 178 44 
1962 55 595 610 3 484 288 66 
1963 83 423 3 735 1 929 577 l 
1964 40 265 69 935 178 0 
1965 33 402 316 1 285 72 I 
1966 32616 3 207 2 936 66 0 

a .  . = data not recorded. 
Excluding Burma; see Table 8.10. 

<Figures in italics denote the number o f  reported deaths from smallpox. 
d ~ h e  last probable occurrence o f  endemic smallpox. 

Afghanistan 
extensively practised (see Chapter 14). In the 

Afghanistan was internationally recog- 1930s, Berke (1956) set up the first modern- 
nized as an independent state in 1921. In this type vaccination service, and it was reported 
rugged and sparsely populated country, small- that about 3 million persons were vaccinated 
pox remained endemic throughout the first in the period 1936-1939. Vaccination was 
half of the 20th century and variolation was made compulsory in Afghanistan in 1959. 
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No information is available on the small- 
pox incidence prior to 1949. Thereafter, the 
number of reported cases varied between a 
few hundred and about 2000 annually, mostly 
in the towns. The incidence of smallpox in the 
large population of nomads and semi-nomads 
was unknown. Endemic transmission ceased 
in 1972. 

Sri Lanka 

Smallpox was much more readily con- 
trolled on the island of Ceylon (Sri Lanka) 
than on the adjoining mainland of India. 
Vigorous vaccination campaigns in the 1920s 
reduced smallpox to occasional outbreaks 
following importations from India ; only 103 
cases were reported between 1927 and 1931 
(Table 8.1 7). Following another importation 
from India in November 1932 there was a 
larger outbreak, which extended into 1933, 
but this was followed by 5 years of virtual 
absence of the disease (1936-1940). As oc- 
curred elsewhere in Asia, there was a resur- 
gence during the Second World War but 
control was re-established in 1947 and the 
elimination of endemic smallpox was claimed 
in 1951. Thereafter, importations from India 
caused small, readily controlled outbreaks in 
most years. 

SOUTH-WESTERN ASIA 

Prior to the First World War this region 
consisted of the Ottoman Empire and Persia. 
Smallpox was endemic and largely unreported 
in both areas. The holy cities of Mecca and 
Medina provided major foci for importations 
and subsequent exportations of smallpox to all 
parts of the Muslim world. With regard to 
Persia the statement was made at a meeting of 
the Teheran International Sanitary Council 
in 1907 that between 50 000 and 100 000 
persons died annually from smallpox (Low, 
l 91 8). 

Between the First and Second World Wars 
the reported incidence of smallpox fluctuated 
in Persia and the new states that arose out of 
the Ottoman Empire (Fig. 8.11), but had 
fallen to a low level in most countries of the 
area by the late 1930s (Table 8.18). An 
epidemic focus developed in Iraq in 1940- 
1941, with over 3000 reported cases, and in 
1942 spread westwards into Syria, Lebanon, 
Turkey, Palestine and Jordan and eastwards 
into Iran. In 1943 there was a major outbreak 
in Turkey which extended into Greece (see 
Table 8.2). Intensive vaccination campaigns 
were instituted in Turkey and the endemic 
disease was eliminated by 1951, but substan- 
tial numbers of cases continued to be reported 
from Iran and Iraq until the late 1950s 

I The Incidence of Smallpox on Islands 

Island countries with sparse populations were spared endemic smallpox because their 
populations were too small to sustain continuous transmission, and they were much less 
frequently subject to importations than were countries of a similar size and population 
located on the continental mainland. The outstanding examples are Australia and New 
Zealand, both of which were colonized by British settlers after the concept of quarantine 
was established, and were so distant from smallpox-endemic countries that persons 
incubating the disease on embarkation were sick on arrival and were discovered during 
quarantine inspections. Other examples mentioned in this chapter are Sri Lanka and 
Madagascar, in each of which importations were less frequent and more easily controlled 
than in countries with comparable populations on the adjacent continents, such as Nepal 
and Mozambique. Locally produced liquid vaccine was more likely to be potent when 
administered than in continental countries, because of the short distances and, therefore, 
speedier delivery from production centres to villages. Very remote islands were either 
spared the disease entirely or subject to widely spaced devastating epidemics such as 
occurred in Iceland before 1870. If the population of the island was dense enough, 
however, as in Java, endemic smallpox could be firmly established and proved difficult to 
eliminate. 



8. INCIDENCE AND CONTROL, 1900-1958 349 

JAMAHIRIYA EGYPT 
(1928) 1948 (1936) 1948 

MAURITANIA 

Fig. 8.1 1. Nor th Africa and south-western Asia: year in which smallpox ceased to be endemic in each country 
(national boundaries as of 1982). Dates in parentheses (for Algeria. Egypt, Iraq, Islamic Republic of Iran, Libyan 
Arab jamahiriya and Sudan) indicate the initial elimination of endemic smallpox, after which endemicity was 
again established before final elimination in the year shown. 

and early 1960s. Endemic smallpox was re- 
established in Iran, Iraq and the Syrian Arab 
Republic in 1971-1972, but then brought 
under control (see Chapter 23). 

SMALLPOX I N  AFRICA, 1900-1958 

Although smallpox arrived in some coun- 
tries in central Africa as late as the 19th 
century (see Chapter 5), the disease was firmly 
entrenched throughout the continent during 

the first quarter of the 20th century. Variola 
major predominated in most places, but 
variola minor occurred concurrently in many 
countries in southern and eastern Africa. 
Vaccination was practised less than variola- 
tion, but both were uncommon. Tulloch 
(1 980) reviewed the incidence of smallpox in 
different countries in Africa over the half- 
century between 1928 and 1977 ; the changes 
in incidence over the 3 decades 1938-1 967 are 
illustrated in Fig. 8.12. The continued endem- 
icity of smallpox in all countries of Africa 

Reported smallpox cases per l00000 ~nhab~tants 

v&g2 SO 0 1 0 - 4 9 9  o<lO go 

Fig. 8.12. Africa: maximum reported annual incidence rates of smallpox during each decade. 1938 - 1967. 
N o  data available for Equatorial Guinea, 1938 - 1947. (From Tulloch, 1980.) 
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Table 8.18. South-western Asia: numbers of reported cases of smallpox in selected countries, 1920- 1963a.b 

Turkey Saudl Arabla 
Syrian Arab 

Republic 

Population (millions) 16 (1937) 14 (1927) 3 (1950) 4 (1934) 2 (1937) 
1960 populatlon (millions) 20 28 4 7 5 

~ -- 

a A  horizontal line beneath a flgure lndlcates that this represents the last probable occurrence of endemlc smallpox. 
b .  . = data not recorded. 
CNumber of reported deaths. 

during the period under review (Fig. 8.13), 
except those of the Mediterranean littoral 
(Fig. 8.11), is evident. 

There is no  generally accepted way of 
subdividing this large and varied continent. 
The descriptions of the eradication pro- 
grammes in Africa follow one pattern (Chap- 
ters 17-22) and those of certification by the 
international commissions follow another 
(Chapters 25-27). The countries of the Medi- 
terranean littoral constitute a well-defined 
North Africa (Fig. 8.1 l ) ;  while the countries 
south of and including Angola, Zambia, 

Malawi and Mozambique clearly delimit 
southern Africa (Fig. 8.15). The  countries 
between these two regions have been desig- 
nated as western, central and eastern Africa 
(Fig. 8.14). 

NORTH AFRICA 

The countries of the Mediterranean littoral 
of Africa (see Fig. 8.1 1) have long had more 
extensive contacts with other Mediterranean 
countries than with Africa south of the 
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50- countries. Most of these were due to variola 
major, but the outbreaks in Morocco were 

", 
W apparently caused by variola minor (case- 
'C 40- 
W fatality rates, 2-3 %). However, after 1948, c 
z improved health services brought about a 

.g 30- 
great reduction and the eventual elimination 

k of smallpox throughout North Africa-more 
D 
C slowly in Algeria, which was engaged in 
W 

20- internal conflict, than elsewhere. This was 
L 
W accomplished by vaccination campaigns utili- 
n zing liquid vaccines. S 10- 
z 

WESTERN, CENTRAL A N D  
0 
1920 1930 1940 1950 1960 1970 EASTERN AFRICA 

Fig. 8.13. Number of countries of the 47 in Africa in These regions comprise a large area lying 
which smallpox was endemic at various times between between latitudes 22"N and 12"S, and include 
1920 and 1977. National boundaries as of 1982. some 30 countries (Fig. 8.14). During the first 

part of the 20th century most of these 
countries were administered as colonies, by 

Sahara. Smallpox was endemic in all these 
countries in the first 4 decades of the century 
(Table 8.19). In Egypt, the most populous 
country of the region, smallpox was endemic 
but epidemics in which 2 or 3 times the usual 
incidence was reported occurred in 1904- 
1905, 1909, 191 4-1 91 5 and 191 9-1 920 (Ta- 
ble 8.20). General vaccination of the whole 
population was carried out in 191 9 and again 
in 1926 in response to an epidemic that took 
place during that year (Ahmad, 1933). Small- 
pox was also reported to be very common in 
Algeria, Morocco, and Tunisia ; Low (1 91 8) 
quotes Clemow as stating that variolation by 
insufflation was practised in Tunisia, "often 
with disastrous results". 

By the mid-1930s vaccination campaigns 
organized by the various colonial powers in 
the region-France, Italy, Spain and the 
United Kingdom-had reduced smallpox to 
low levels (Table 8.19). There was a severe 
epidemic in Egypt in 1932-1934, which did 
not affect the other North African countries. 
At the end of the 1930s endemic smallpox had 
been virtually eliminated in all these coun- 
tries except Morocco, but the fighting and 
unrest associated with the Second World War 
led to severe outbreaks in all 5 countries, 
including the sparsely populated Libya. The 
contrast with Europe is striking (compare 
Tables 8.1 and 8.19); the only outbreak of 
smallpox in Europe associated with the Sec- 
ond World War (Italy, 1944-1947) was due to 
an importation from North Africa, whereas 
major epidemics occurred over a period of 
several years in each of the North African 

- , 

several European powers-Belgium, France, 
Germany (until the First World War) and the 
United Kingdom. They became independent 
countries mostly during the late 1950s and 
early 1960s. Smallpox was endemic in the 
majority of them throughout the 1960s and in 
Ethiopia and Somalia until the mid-1970s. 

Western Africa 

The reported incidence of smallpox in 
selected countries of this region is shown in 
Table 8.21. Reporting was unsatisfactory 
except in the major towns, but there did not 
seem to have been much diminution in the 
incidence of smallpox during the 20th cen- 
tury up to the time of independence, except in 
some of the French colonies. 

More detailed accounts exist of the severity 
of smallpox in particular colonies and CO&- 

tries. Kiilz (1905) suggested that at the 
beginning of the 20th century the annual 
mortality from smallpox in Togoland (then a 
German colony) amounted to as much as 1 % 
of the population. 

The situation in French West Africa has 
been described by Breman et al. (1977a). The 
Federation of French West Africa was formed 
in 1904, and shortly after this the French 
authorities reported smallpox in several terri- 
tories of the Federation. A vaccine production 
centre was established at Kindia in Guinea in 
1905, and from 1909 onwards a more stable 
dried vaccine was used (Fasquelle & Fasquelle, 
1971). As surveillance improved the com- 
pleteness of reporting increased ; case-fatality 
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Table 8.19. North Africa: numbers of reported cases of smallpox, 1920- 1964a.b 

Morocco Tunlsia Libyan Arab 
Jamahiriya 

Population (millions) 13 (1920) 8 (1939) 6 (1921) 3 ( 1946) l (1954) 
1960 population (mllllons) 26 12 I I 4 I 

a A horizontal line beneath a flgure lndlcates that this represents the last probable occurrence of endemic smallpox. 
b .  . = data not recorded. 

rates in French West Africa as a whole varied 
between 6% and 20%. Variola minor appears 
to have occurred without concurrent variola 
major in Guinea in 1939 and 1940, and again 
in 1959-1961. Otherwise the data suggest 
that both variola major and variola minor 
occurred at some time each year in some part 
of the Federation. 

Fasquelle & Fasquelle (1971) have de- 
scribed the eradication programme that was 
mounted in C6te d'Ivoire in 1961, the year 

after it became independent. The objective 
was achieved by mass vaccination, using 
French-type freeze-dried vaccine. In a popu- 
lation of 3.8 million, 2.4 million vaccinations 
were carried out in 1961 and 3.7 million by 
1963. The routine was established of primary 
vaccination during the first year of life and 
revaccination at school age and again at the 
age of about 18 years. The incidence of 
smallpox fell rapidly, elimination being 
achieved in 1966. 
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Table 8.20. Egypt: numbers of reported cases of being semi-desert, while Zaire includes the 
and deaths from smallpox, 1886- 193 1 a lareest area of t ro~ical  rain forest in Africa. 

U 

Number of Number of 
The Sudan was under Anglo-Egyptian con- 

Year 
cases deaths trol until 1955 and became completely inde- 

a Based on Ahmad (1933). 
In 1890 a law was introduced requiring the vaccination of every 

newborn infant before the age of 3 months. It was amended in 1897 
and 19 17, but not enforced. 

cGeneral vaccination of the whole population (i.e., vaccination 
and revaccination) was carried out in these years. 

Central Africa 

The countries included in this somewhat 
arbitrary grouping are Burundi, the Central 
African Republic, Chad, Rwanda, the Sudan, 
Uganda and Zaire. The incidence of smallpox 
in the most heavily populated of these coun- 
tries during the period 1920-1 966 is shown in 
Table 8.22. The Sudan and Zaire are the two 
largest countries in Africa and have strongly 
contrasting climates, much of the Sudan 

pendent in 1956. Zaire was a ~ e i ~ i a n c o l o n ~  
from 1908 until 1960, when it gained inde- 
pendence and became the Democratic Repub- 
lic of the Congo, changing its name to Zaire in 
1971. 

Sudan 

The smallpox situation in the Sudan has 
been described in some detail by Bayoumi 
(1974) and Hartwig (1981). The largest 
country in Africa, the Sudan was located at a 
major crossroads for smallpox transmission, 
being continually exposed to the introduction 
of smallpox from Egypt by way of the traffic 
on the Nile, from West Africa through groups 
of pilgrims crossing the country to and from 
Mecca (Bayoumi, 1972), and from Ethiopia in 
the east. 

Records of reported cases of smallpox go 
back to 1925 (Bayoumi, 1974; see Table 8.22), 
all parts of the country being affected. Variola 
minor was endemic in the south and east, 
where the Sudan borders on Zaire, Uganda 
and Ethiopia, and there were repeated impor- 
tations of variola major from the west, 
brought in by the large numbers of pilgrims 
and immigrants from western Africa and " 
other central African countries. From time to 
time these produced sporadic outbreaks, 
mainly during the dry season, when maxi- 
mum population movement usually occurred. 

There was a severe epidemic of variola 
major extending from 1927 until 1931, appar- 
ently introduced by Ethiopian migrants. An 
extensive outbreak of variola minor occurred 
in the south between 1932 and 1934. but this 
did not cause nearly as much concern to 
medical administrators as did the periodic 
outbreaks of variola major along the pilgrim 
route and in the Gezira irrigation scheme 
(Bayoumi, 1974). Extensive vaccination cam- 
paigns, performed almost yearly in one or 
more provinces, reduced the incidence, and 
from 1941 to 1946 the reported incidence was 
under 250 cases a year. In 1947, scattered 
epidemics developed and continued until the 
end of the 1940s along the major lines of 
communication in Kordofan, Blue Nile and 
Kassala provinces, predominantly of variola 
minor, but with sporadic outbreaks of variola 
major. The incidence declined substantially in 
the mid-1950s, although there was a serious 
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Fig. 8.14. Western. central and eastern Africa: year in which smallpox ceased to be endemic in each country 
(national boundaries as of 1982). Dates in parentheses (for Somalia and Sudan) indicate the initial elimination of 
endemic smallpox, after which endemicity was again established before final elimination in the year shown. 

outbreak in Equatoria Province in 1954, and Zaire 
outbreaks which were probably still occurring 
among nomads and pilgrims were rarely Data on cases and deaths in the former 
reported. Endemic smallpox was eliminated Belgian Congo from about 1940 onwards 
in 1962, but was re-established in 1967 and suggest that during the 1940s variola minor 
eventually eliminated again in 1972 (see was the predominant variety of smallpox in 
Chapter 18). that country, and the same situation obtained 

The Sudan and the Pilgrimage to Mecca \ 

The Mecca Pilgrimage is probably the largest of all pilgrimages to a sacred place, and 
currently involves over a million pilgrims assembling at the holy places in Saudi Arabia 
over a period of a few days, at a fixed date in the Hegira year. The Sudan, of which the 
northern and central parts are inhabited by Muslims, is at the crossroads of the passage of 
pilgrims from the large Islamic populations in western Africa to Mecca. They came, and 
come, by all kinds of transportation from western Africa through Chad to cross the ill- 
defined border of some 900 kilometres into the provinces of Darfur and Kordofan. Within 
the Sudan, they often stop to work in the Gezira, and then go on by road or railway to Port 
Sudan, whence they cross the Red Sea by boat to Saudi Arabia. In the 1920s a quarantine 
station was established at Geneina, on the Sudan-Chad border, but many pilgrims evaded 
it. Outbreaks of variola major in nothern Sudan in 1927,1929,1949,1951-1 952 and 1952- 
1953 were attributed to entries by this route, and the disease subsequently moved 
westwards along the pilgrim route (Bayoumi, 1972). Later, more elaborate precautions 
were taken in Saudi Arabia to control the entry and dissemination of disease by pilgrims 
coming from all parts of the world (see Chapter 27). 

l' 
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Table 8.2 1 .  Western Africa: numbers of reported cases of smallpox in selected countries, 1920- 1966a 

French West Cameroon Ghana Liberia Togo Nigeria ~ f ~ ~ ~ ~ b  

Population (millions) 3 3  (1950) 19 (1950) 3  (1939) 2 (1920) 2 (1946) 1 (1950) 0.7 (1922) 
1960 population (millions) 42 25 6 7 2 I 1.5 

a .  . = data not recorded. 
Comprising present-day Benin (formerly Dahomey), Burkina Faso (formerly Upper Volta), Cbte d'lvoire, Guinea, Mali, Mauritania, Niger 

and Senegal. 

in the former trust territory of Ruanda- 
Urundi (now Rwanda and Burundi). How- 
ever, in most years outbreaks of variola major 
and variola minor occurred, usually in differ- 
ent parts of the area. After 1960 variola major 
appeared to predominate (see Chapter 1'8). 
Liquid glycerolated vaccine was prepared in 
the colony's own laboratories, but the Belgian 
authorities reported great difficulties i n d i s -  

tributing potent vaccine. The take rate in 
primary vaccinations during 1938-1 946 var- 
ied between 8.8':6 and 74.3OlO, with an 
average for the 9 years of 37.6% (Tulloch, 
1980). Many cases of smallpox, including 
variola minor, were reported in subjects who 
were supposed to have been vaccinated 
(Fabre, 1948). Endemic smallpox was not 
eliminated until 1971. 
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Table 8.22. Central Africa: numbers of reported cases of smallpox in selected countries, 1920-1966apb 

Belgian Congo 
(Zaire) Sudan 

Ruanda- 
UrundiC Uganda Chad 

Population (millions) 7 (1921) 9 (1950) 3 (1935) 5 ( 1946) 3 (1950) 
1960 population (millions) 18 I l 6 7 3 

a A horizontal line beneath a figure indicates that this represents the last probable occurrence of endemic smallpox. 
b .  . = data not recorded. 
C From 1962, the two separate states of Rwanda and Burundi. 

Uganda 

Prior to the First World War, the main 
sources of smallpox were the caravans of Arab 
and other traders. Between 1914 and 1920 
over 20 000 deaths from smallpox were re- 
ported in Uganda, the overall case-fatality 
rate among cases treated in government 
hospitals between 191 1 and 1923 being over 

23O/,. Following extensive vaccination, only 
a few outbreaks were reported between 1920 
and 1944, when the outbreak of variola minor 
that had started in Kenya in 1943 spread to 
Uganda, producing 4737 reported cases in 
1944, and then gradually declined. Small 
outbreaks, one of which, in 1956, was due to 
variola major, continued every year until 
endemic transmission ceased in 1968. 
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Eastern Africa 

This grouping of countries includes Ethio- 
pia, Kenya, Somalia and the United Republic 
of Tanzania, former colonies of European 
powers which became independent in the 
1950s and early 1960s. Smallpox appears to 
have been common in the early part of the 
20th century and case-fatality rates were 
usually between 20% and 30% (Low, 191 8). 
Table 8.23 sets out the reported annual 

incidence of smallpox in these countries from 
1920 to 1966. As elsewhere in Africa, the 
figures provide an index of the incidence but 
it is certain that there was gross under- 
reporting. 

Ethiopia and Somalia 

It  is difficult to obtain reliable information 
on smallpox in Ethiopia before the Intensi- 

Table 8.23. Eastern Africa: numbers of reported cases of smallpox in selected countries, 1920- 1966a 

Ethiopia ~ a n ~ a n y i k a ~  Kenya Somalia 

1946 population (millions) 
1960 population (millions) 

a . .  = data not recorded; + = smallpox present, but number of cases unknown. 
1964, combined with Zanzibar and Pemba to form the United Republic of Tanzania. 

C The last probable occurrences of endemic smallpox. 
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tied Smallpox Eradication Programme began Keiya and the United Republic of Tanzania 
work there in 1971, when only variola minor 
was present and was very reported (see 
Chapter 21). Early in the century smallpox 
caused devastating outbreaks, and just before 
the First World War about 20% of the 
population of the province of Shewa (in 
which Addis Abeba is situated) were said to be 
pockmarked (Pankhurst, 1965). Extensive 
vaccination campaigns were undertaken by 
Italian health officials after the Italian occu- 
pation of the country in 1936, vaccine being 
produced in Addis Abeba. Murray (1951) was 
unable to comment on smallpox in Ethiopia, 
except to say that "a small but steady inci- 
dence" occurred in Shewa Province. Tecle- 
mariam (1965) reported that an epidemic of 
smallpox with a high case-fatality rate took 
place in the Shewa area in 1960 and a 
smaller outbreak occurred in 1964, but Herr- 
lich et al. (1963) reported experiments with a 
strain of "alastrim virus" recovered during an 
epidemic in Ethiopia in 1958. Variola minor 
appears to have completely replaced variola 
major throughout Ethiopia before 1971, and 
was finally eliminated in 1976. 

In the colonies that eventually became 
Somalia, Low (1918) reported that epidemics 
of variola major occurred in the early years of 
the century, mainly in the larger towns when 
fairs were held. By the late 1940s endemic 
smallpox had been eliminated from the Sorna- 

Prior to the First World War the preva- 
lence of smallpox in the two colonies of 
Kenya and Tanganyika was lower than in the 
19th century. Vaccination was introduced in 
the larger towns, but outbreaks of variola 
major, with case-fatality rates of 25-30%, 
occurred sporadically. From the mid-1930s 
onwards variola minor occurred from time to 
time and because it was so much milder than 
variola major proved considerably more diffi- 
.cult to control (Conacher, 1957). 

The situation in Kenya has been docu- 
mented somewhat more fully than in many 
other African countries, but is characteristic 
of the situation in a large number of them. 
There was a severe famine in central Kenya in 
1897-1900, due to a combination of drought, 
pleuropneumonia and rinderpest among the 
cattle, and a locust plague. Dawson (1979) has 
drawn attention to the way in which exten- 
sive movements of the population in quest of 
food created the conditions for the severe 
outbreak of smallpox that occurred in 1899. 
Subsequently, the social changes accompany- 
ing European colonization changed the pat- 
tern of smallpox in Kenya, as in other African 
colonies. 

The production of smallpox vaccine, using 
seed virus obtained from India, began in 
Nairobi in the first decade of the century. 

liland Protectorates, but outbreaks occurred Trade expanded with the introduction of cash 
following importations during the mid- crops, labour migration caused larger and 
1950s. This pattern continued, and the last more frequent population movements and 
major outbreak of smallpox in the world urbanization created larger and denser popu- 
occurred in Somalia in 1976-1977, following lations-all of which increased the opportun- 
importations from Ethiopia. ities for the transmission of smallpox. O n  the 

l 
Special Relations between Eastern Africa and India 

Throughout history, Arab dhows and ships from India have traded with the ports on the 
east coast of Africa. During the early days of British colonization in Africa indentured 
labourers were brought from India to assist in large-scale agricultural production in Natal 
(South Africa), Kenya, Uganda and Tanganyika. The Indian indentured labourers soon 
established themselves as shopkeepers throughout these colonies and active communica- 
tions were maintained between them and their relatives in India. This traffic had a 
significant influence on the incidence of smallpox in eastern Africa, especially in Kenya 
and Tanganyika, and to a lesser extent in Natal, variola major ("Asiatic smallpox") 
being repeatedly imported into all three areas from India. 



8. INCIDENCE AND CONTROL, 1900-1958 359 

other hand, vaccination, though ineffective as 
a general public health measure because of 
poor vaccine and inadequate funding, was 
used effectively to control outbreaks of vari- 
ola major, so that smallpox appeared in 
frequent local outbreaks with very occasional 
widespread epidemics. A notable example of 
the latter occurred in 191 6, when survivors of 
the Carrier Corps (a contingent of Kenyan 
Africans who acted as army porters during the 
British invasion and conquest of German East 
Africa (Tanganyika)) were returned from 
Nairobi to their home districts regardless of 
their medical condition. The result in one 
province, repeated in many others, was 100 
separate outbreaks of smallpox, as well as 
other diseases (Dawson, 1979). 

The production of vaccine in Nairobi was 
greatly expanded in the 1930s to supply most 
of the British colonies in eastern Africa. 
Variola major was imported into Mombasa 
from India on several occasions during the 
1920s and 1930s, but endemic smallpox was 
eliminated from Kenya in 1930. In 1934 
variola major was introduced again from the 
north, by nomadic Somalis (Seymour-Price et 
al., 1960). A widespread epidemic occurred 
but the disease was eliminated in 1936, only to 
be reintroduced by refugees from ~ t h i o ~ i a  in 
1937. No cases were reported in 1938-1 942. 
In 1943 an epidemic of variola minor oc- 
curred, to be followed by an explosive epi- 
demic of variola major in 1945. Subsequently, 
variola minor continued at a low level 
throughout the early 1950s, but it spread 
widely during the disturbances associated 
with Kenya's struggle for independence in 
1956-1 958. 

Smallpox was eventually eliminated from 
Kenya in 1969 and from the United Republic 
of Tanzania in 1970. 

SOUTHERN AFRICA 

The countries included in this region are 
shown in Fig. 8.15. Table 8.24 sets out the 
reported incidence of smallpox in each of 
them between 1920 and 1966. 

Fig. 8.15. Southern Africa: year in which smallpox 
ceased to be endemic in each country (national 
boundaries as of 1982.) The dates in parentheses 
(for Botswana, Lesotho and South Africa) indicate the 
initial elimination of endemic smallpox, after which 
endemicity was again established before final elimin- 
ation in the year shown. 

had more in common with each other than 
with neighbouring British colonies. Both 
variola major and variola minor were present 
during the 1940s, but the latter eventually 
predominated. The Portuguese promoted vig- 
orous vaccination campaigns, using locally 
produced vaccines, and had eliminated small- 
pox from Angola by 1959, and from Mozam- 
bique by 1969. 

Malawi, Zambia and Zimbabwe 

These three former British colonies had 
rather similar histories, typified by Zambia, in 
which the picture between 1920 and 1950 was 
one of a reduction in the incidence of variola 
major in the late 1930s, followed by sporadic 
cases of variola minor in 1940-1 943, rising to 
a major epidemic of 6354 cases with 28 deaths 
in 1945. The incidence of variola minor then 
declined, but there was an outbreak of variola 
major in the Zambesi valley in 1948, with 671 
reported cases and 212 deaths. Very few cases 
were recorded in 1949-1951, but the inci- 
dence then increased, and there was an 
epidemic with over 3500 reported cases in 
1955. Both varieties of smallpox persisted 
until the disease was eliminated in 1968. 

Angola and Mozambique 
South Africa and Adjacent Countries 

These former Portuguese territories, on the 
Atlantic and Indian Ocean shores of southern South Africa, the two small enclaves of 
Africa, became independent in 1975. In Lesotho and Swaziland, and neighbouring 
relation to their experience of smallpox, they Botswana and Namibia (formerly (German) 
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Table 8.24. Southern Africa: numbers of reported cases of smallpox in selected countries, 1920- 19662,b 

Southern Northern 
Mozambique Angola MadagascarC Rhodesia Rhodesia 

(Zimbabwe) (Zambia) 

1920 population (millions) 7 4 (1932) 3 3 l .2 0.9 0.9 
1960 population (millions) 18 7 5 5 4 4 3 

- - 

a .  . = data not recorded. 
b A horizontal line beneath a figure indicates that this represents the last probable occurrence of endemic smallpox. 
CEndemic smallpox was eliminated during the First World War. 

South West Africa) had similar experiences of 
smallpox, modified in each by population 
density, as well as the volume of international 
traffic-and thus the risk of importations- 
from other parts of Africa and from the 
Indian subcontinent. 

The situation can be exemplified by South 
Africa, through which severe epidemics of 
variola major swept in the 18th and 19th 
centuries, usually after importations from 

India into Cape Town. After the last large 
epidemic in 1881, vaccination was made 
compulsory in the Cape Colony, a law which 
was extended throughout the Union of South 
Africa in 1919. Since the latter part of the 
19th century it had been recognized that in 
addition to this severe disease, against which 
vigorous action was taken by the public 
health authorities, there was endemic among 
the black population a very mild form of 
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smallpox, "amaas", which today is classified as 
variola minor. From the turn of the century 
onwards, variola minor persisted in South 
Africa as an endemic disease. which was 
greatly underreported. Superimposed on this 
background, outbreaks of variola major oc- 
curred from time to time, especially during 
the First and Second World Wars. 

Immediately after the First World War, an 
epidemic of variola minor occurred (over 
l000 reoorted cases in both 1920 and 1921 : , , 
then the reported morbidity fell to very low 
levels between 1927 and 1936. After that 
smallpox became more frequent, especially in 
the Transvaal, and in 1940 and 1941 epi- 
demics of variola minor occurred in several 
places, probably because of the movement of 
the black population in connection with 
wartime activities. In 1943, variola major 
occurred in Natal, probably after an importa- 
tion via a mule ship returning from India, and 
spread throughout that province and into the 
Transvaal. Whites as well as blacks were 
affected and the case-fatality rate was high 
(30% in 1945), although the case-fatality rate 
pertaining to both forms of smallpox for that 
year was only 5%. Vaccination was made 
compulsory, a vigorous vaccination campaign 
was launched and the epidemic came to an 
end in 1947. The annual case-fatality rates 
observed thereafter in different provinces, 
which were often between 4"/, and 
were usually calculated from a combination of 
cases and deaths due to both varieties of 
smallpox; sometimes there were "pure" epi- 
demics of variola major, with case-fatality 
rates of 3994 (Natal, 1951), 23% (Transvaal, 
1952) and 2096 (Cape Province, 1964). Only 2 
deaths were recorded among the 948 cases of 
smallpox reported between 1965 and 1971, 
when the last endemic case was notified. 

Madagascar 

The main point in including Madagascar in 
this historical survey is to emphasize the 
relative ease with which smallpox was con- 
trolled on an island off the coast of Africa, 
compared with the problem in countries of 
similar size and with comparable health 
services on the mainland. According to Cou- 
langes (1 977) variola major was once endemic 
in Madagascar and periodically there were 
severe epidemics from infection introduced 
from Africa or India, as in 1901, when 262 
cases (with 98 deaths) were reported. Vaccine 

production was begun in Antananarivo in 
1899 and compulsory vaccination and revac- 
cination were instituted in 1909. Favoured by 
its geographical isolation, Madagascar was the 
first country in Africa to eliminate smallpox. 
This was achieved during the First World 
War, after which there were no further cases 
of smallpox in Madagascar, except for a few 
imported cases each year between 1925 and 
1931. 

SMALLPOX I N  OCEANIA DURING 
THE 20TH CENTURY 

Apart from some widespread outbreaks 
among the aborigines of Australia during the 
19th century, all of which died out after a few 
years (see Chapter 5), smallpox never became 
established as an endemic disease in Australia, 
New Zealand or the islands of the Pacific 
Ocean. From the beginning of the 20th 
century they were well protected from impor- 
tations by their geographical remoteness and 
the effective quarantine measures imposed on 
visiting shipping. This situation led to a 
disregard for infantile vaccination, which by 
the early years of the 20th century had 
reached a very low level in Australia and New 
Zealand. 

Nevertheless, a long-standing requirement 
for valid vaccination certificates for all trav- 
ellers, combined with vigilant seaport and, 
later, airport medical inspections and quaran- 
tine, kept both Australia and New Zealand 
free of serious outbreaks of small~ox, excevt 

L .  

for separate importations of alastrim into each 
country in 1913. 

Australia 

The Australian epidemic of alastrim was 
initiated in April 1913 by a ship's steward 
who was infected in Vancouver, Canada, and 
slipped through the medical inspection in 
Sydney (Cumpston & McCallum, 1925). The 
outbreak which followed lasted until Decem- 
ber 1917 and produced 2400 cases in various 
parts of Sydney and in country towns in New 
South Wales, but only a minor extension into 
one other state-Queensland. It was of very 
low virulence, with only 2 deaths attributable 
to smallpox, and of low infectivity, spreading 
slowly in a largely unvaccinated population of 
1.8 million. Control was achieved by vacci- 
nation and the segregation of cases and con- 
tacts. Subsequently a few very small outbreaks 
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of both variola major and variola minor cases, with no deaths, but among the 
occurred, but the effectiveness of the quaran- Maoris-the indigenous Polynesian people- 
tine arrangements was indicated by the fact there were 1778 reported cases and 55 deaths. 
that, between 1909 and 1923, 40 ships were Although cases among the Maoris were prob- 
quarantined for smallpox or suspected ably underreported, Dixon (1962) noted that 
smallpox. some cases of variola minor were very severe 

in this population group, which had never 
New Zealand before been exposed to smallpox. 

The New Zealand epidemic was intro- Hawaii 
duced by a Mormon missionary in April 191 3 
and lasted about a year. Among people of Situated at the crossroads of the Pacific, 
European origin, there were 114 reported Hawaii was frequently visited by ships with 

Fig. 8.16. Countries in which smallpox was endemic in 1900 and in 1958. 
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smallpox patients on board, especially during 
the early years of the century. For example, 
there were 5 cases on 4 ships in 1903, 3 cases 
on 1 ship in 1906,8 cases on 1 ship in 1907,5 
cases on 3 ships in 1908 and l 6  cases on 8 ships 
in 1910. Most of these ships came from ports 
in eastern Asia, but occasionally a ship from 
San Francisco carried a patient with variola 
minor, which, however, never became estab- 
lished on the islands. The only outbreak to 
occur on land during the 20th century was in 
the detention camp to which illegal immi- 
grants from the Philippines were taken, and 
in which there were 52 cases of variola major 
in 1911. 

SUMMARY: THE GLOBAL 
INCIDENCE OF SMALLPOX, 

1900-1958 

At the beginning of the 20th century- 
about a hundred years after the introduction 
of vaccination-smallpox was still endemic in 
almost every country of the world (Fig. 8.16). 
A few countries in Europe with small popula- 
tions had eliminated the disease by vaccina- 
tion, and the isolated and sparsely populated 
countries of Australia, New Zealand and 
many small islands were protected by distance 
and effective seaport medical inspections and 
quarantine. 

The only variety of smallpox found in Asia 
was variola major, but for the first two or 
three decades of the 20th century endemic 
variola major and variola minor coexisted in 
many countries of Africa and North and 
South America, as well as in a few countries of 

Europe. By the 1930s variola major had been 
completely replaced by variola minor as an 
endemic disease in the USA, Canada, the 
United Kingdom and in several Latin Ameri- 
can countries. but curiouslv not in Mexico. 

In Europe, the reductions in the incidence 
of smallpox achieved early in the 20th century 
were reversed by the First World War (1914- 
1918), which led to a great resurgence of the 
disease in Russia and its spread from there to 
many other countries. Between the First and 
Second World Wars it was gradually brought 
under control in Europe and North America 
and in a few countries elsewhere but contin- 
ued almost unchecked in Africa and most of 
Asia, where any gains made were lost during 
and just after the Second World War. This 
lattei conflict had virtuallv no influence on 
the incidence of smallpox in Europe and 
North America. 

After the Second World War data collec- 
tion by the World Health Organization gave a 
better picture of the global scene. Both 
Europe and North America were free of 
endemic smallpox in 1958 (Fig. 8.1 6). Signifi- 
cant advances were also made in some coun- 
tries of Asia and in Central and South 
America. During the 1950s smallpox was 
eliminated from most countries of the Medi- 
terranean littoral of Africa. Elsewhere in 
Africa it remained endemic-variola maior in 
some places, variola minor in others, and both 
concurrently in many countries. Smallpox 
was eliminated from China and several other 
countries of eastern Asia during the 1960s, 
but on the Indian subcontinent variola major 
remained a wides~read and severe endemic 
disease. 


