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SMALLPOX ERADICATION 
_, 

THE GLOBAL STRATEGY 

by Dr Donald A. Henderson, Chief, WHO Smallpox Eradication Unit 

History, myth and religion bear witness 
to man's age-old struggle against smallpox. 
Soldiers, pilgrims, primitive tribes, whole 
populations of large cities, royal families 
-aJl were attacked by this terrifying and 
disfiguring disease for whjch there was, 
and still is, no cure. Until the discovery 
of vaccination, the smallpox virus knew 
no frontiers, and no amount of potions, 
incantations or magic amulets could 
stop its relentless spread. Eventually, 

� smallpox became endemic throughout 
the world. 

By the nineteen-fifties, however, it 
bad been elimjnated from Europe and 
North America through vaccination, and 
had been brought under effective control 
in a number of countries in South Ameri
ca, North Africa and Asia. Yet smallpox 
was still a major threat, not only to coun
tries where it was endemic but also to 
those freed from it; its reintroduction 
was an ever-present possibility. It was 
truly a world problem, requiring a multi
national approach. 

Jn 1958, WHO, then in existence for 
10 years, called for a global eradication 
programme against smallpox. During the 
years that followed, several countries 
began systematic vaccination programmes 
aimed at eradicating the disease, but only 
a few were successful. It soon became 
evident that technical and material assis
tance to member countries needed to be 
stepped up, and programmes streamlined 
regionally as well as on a world-wide 
basis. WHO's nineteenth yearly Assembly 

...__,, in 1966 therefore adopted a resolution 
proposing intensification of the eradica
tion programme. The new strategy came 
into effect at the beginning of 1967. 
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In that year, smallpox was considered 
to be endemic in 30 countries-in Africa, 
most countries south of the Sahara; 
in Asia, Afghanistan, India, Indonesia, 
Nepal, and Pakistan; in South America, 
only Brazil. Twelve additional countries 
reported cases believed to have been 
imported. Smallpox transmission had 
already been successfully interrupted in 
many developing countries in Asia and 
the Americas where health services were 
limited and communications difficult. This 
was an indication that the objective of 
global eradication was both technically 
and operationally feasible. 

A vital need for the success of the pro
gramme was adequate supplies of high
quality freeze-dried vaccine. Surveys 
showed that not more than I 0 to 15 per 
cent of the freeze-dried smallpox vaccine 
in use in the endemic countries in 1967 met 
standards recommended by WHO. The 
Organization assisted vaccine-producing 
countries by providing equipment, fel
lowships to train their workers abroad, 
and consultants to advise them on improv
ing quality and raising output. A detailed 
manual on vaccine production was pre
pared and two WHO Reference Centres 
for Smallpox Vaccine were designated, 
one in Utrecht, Netherlands, and the 
other in Toronto, Canada. The responsi
bilities of these Centres included the 
testing of vaccines from other laboratories, 
the training of national laboratory workers 
in vaccine production, and the evaluation 
of new techniques of vaccine production. 

Both the quality and the quantity of 
vaccines steadily improved. Several of the 
originally endemic countries-including 
Brazil, Bangladesh, Guinea, Indonesia 

and Kenya-began to produce sufficient 
vaccine of acceptable quality for their own 
needs. Other laboratories in Asia and 
South America djd the same. But in 
addition to indigenously produced vac
cine, a futher 150 million doses were 
required annually to carry out the pro
gramme; these were donated by 20 
Member States, the largest contributors 
being the USSR and the USA. By 1969, 
more than 95 per cent of all vaccine in use 
in the endemic countries was freeze-dried 
vaccine conforming to the requirements 
laid down by WHO. 

A second consideration in the develop
ment of the programme was the technique 
of vaccination. Previously, most vaccina
tions bad been administered by the easily 
performed scratch technique. Under field 
conditions, this method was found less 
effective than the more difficult multiple
pressure technique. Alternative tech
niques were sought. Newly developed jet 
injectors were introduced into programmes 
in Africa and South America, where teams 
vaccinated large numbers of people col
lecting at particular points. The proportion 
of successful vaccinations was as satis
factory as that obtained with the multiple
pressure method and less vaccine was 
required to obtain an adequate response. 
However, problems were encountered 
in maintaining and repairing the injectors 
and they were found to be unsuitable for 
house-to-house vaccination programmes 
in Asia. 

The introduction of the bifurcated or 
forked needle around this time came as a 
great boon. WHO began to experiment with 
the bifurcated needle in 1967-it soon 
proved to be as revolutionary a device as 



"'1mples of vaccine from different countries 
ight} and vaccine production in Bangladesh. 

"'-..ndequate supplies of high-quality free=e-dried 
vaccine, easily preserved in tropical areas, 
are vital to success in eradicating smallpox. 
Today, nearly all vaccine conforms to WHO 
requirements. Much of it is produced in the 
endemic countries themselves. The balance is 
provided by twenty other nations, the main do
nor being the USSR. (Photos WHO/J. Mohr} 



Vaccination techniques have been re
fined considerably during the last five 
years. Previously, vacci11e was adminis
tered by the scratch technique with o 
of a variety of vaccinostyles (right)-' 
The jet injector (below), introduced 
for routine field use in 1967, 1vas more 
rapid and effective but presented main
tenance problems. Most recenr is the 
bifurcated needle (left), first employed 
in 1968. The needle is simply dipped 
into vaccine and the skin pricked 
rapidly about 15 times. The bifurcated 
needle has proved to be as revolutionary 
a device as the safety-pin in ils time. 
With it, a single vaccinalOr can pe1form 
as many as 1500 vaccinations a day. 
(Photos WHO) 



the safety-pin in its day. With the needle, 
the rate of successful vaccination was 
found to be superior to that obtained by 
other devices, and the amount of vaccine 
required was reduced to one fifth. A 
vaccinator could learn to work with it in 
an hour or less. The needles could be 
sterilized easily and repeatedly, and there 
was no question of breakage or main
tenance. Teams using the needle i n  
Rwanda were able t o  d o  1,000 t o  1,500 
vaccinations per day per vaccinator. Once 
the vaccination technique bad been sim
plified, the programme went into full 
swmg. 

While these problems of vaccine and 
vaccination were being resolved, WHO 
co-operated with health authorities to plan 
smallpox eradication programmes in each 
of the endemic countries and in many 
countries particularly vulnerable to the 
introduction of smallpox owing to their 
geographical situation. Some programmes 
began in 1967, but most started in 1968 
and 1969. The last of the endemic coun
tries to begin was Ethiopia, in 1971. In all, 
WHO assisted programmes in more than 
50 countries. 

The strategy and operational techniques 
have been adapted i n  national program
mes to existing health structures and 
patterns of vaccination activities. Every 
programme has two principal compo
nents: 1) surveillance, including disease 
notification and field investigation and 
containment of outbreaks; and 2) syste
matic vaccination, including assessment of 
the results achieved. In the past, eradica
tion programmes consisted almost solely 
of mass vaccination; with the present 
strategy, surveillance is the keystone. 
There are several reasons for this. 

The objective of the programme is a 
zero incidence of smallpox-no cases at 
all, anywhere. When the characteristics 
of people who contract the disease are 
known, vaccination programmes can be 
aimed at high-risk groups. Analysis of 
surveillance data indicates that in most 
countries more than 85 per cent of cases 
occur among those who have never bet)n 
vaccinated, and more than 80 per cent 
among children less than 15 years old. 
In many areas a disproportionate number 
of cases occur in lower socio-economic 
groups in the cities, and frequently it is 
individuals belonging to these groups who 
introduce the disease into rural area • 

Accordingly, vaccination programmes now 
place more stress on primary vaccination 
of children and on the vaccination of 
poorer city-dweUers. 

In addition to being a highly useful 
device to define high-risk groups, surveil· 
lance plays an even more important role 

in interrupting the transmission of small
pox. In some areas, despite a high rate 
of vaccination coverage, smallpox trans
mission persists at low levels, the disease 
continuing to spread from one person 
to another among a very small number 
of susceptible individuals. Active measures 
to identify and contain outbreaks, however, 
have sometimes caused transmission to 
be interrupted even where less than half 
the population had been vaccinated. The 
remarkable efficacy of surveillance and 
containment measures can be explained 
by the epidemiological behaviour of 
smallpox, elucidated through the surveil
lance programme and in special studies. 

Smallpox is an unusual disease, as its 
presence in an area can be readily detected. 
Each person infected with the virus deve
lops the characteristic rash and can 
transmit infection until his scabs disap
pear. There are no silent or subclinical 
infections and the virus is not present in 
animals or insects. If the virus is to persist 
in an area, the infected person must 
transmit the virus to a second person and 
he to a third person in a continuous chain. 
If the infected person does not transmit 
the virus to anyone, the chain is broken 
and the outbreak stops. In remote villages 
and nomadic population groups, this 
may occur even though no specific mea
sures are taken. Furthermore, if the 
source of infection of the first case in a 
village can be determined, previously 
unrecognized or unreported foci can be 
detected and similarly contained. 

The key role in all smallpox eradication 
programmes is therefore played by two 
or three national or provincial surveil
lance teams, headed by a physician or 
health inspector. The teams consist of 
two to four people who travel constantly. 
They feed the reporting system, search for 
cases, investigate reports of any out
breaks and take measures to contain them. 
One team can normally do all that needs 
to be drme in a · 
million people. Experience bas sbown that 
all outbreaks can be investigated and 
contained by one to five teams based 
centrally or-in the case of large coun
tries-at provincial or state headquarters. 

As a supporting measure, systematic 
vaccination is being carried out i n  virtually 
aU countries. By increasing the proportion 
of immune people, vaccination creates a 
partial barrier to transmission and reduces 
the number of chains of transmission that 
require the attention of surveillance 
teams. Whether vaccination is performed 
by special teams or individual vaccinators, 
efforts are always made to obtain the 
maximum participation of the existing 
health services. Where programmes are 
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Fishermen and migrant groups (see back cover) 
Special programmes are required to assure a 
photographs were taken in Bangladesh. {Photos 

conducted by teams, an assessment unit 
evaluates the coverage and rate of success
ful vaccination in a sample of the popula
tion one to two weeks later. If 80 per cent 
or more of all age groups, particularly 
the 0-4-year-olds, show a vaccination 
scar, and if at least 95 per cent of primary 
vaccinations are successful, the perf0 
mance of the vaccination team is considt'-" 
ed satisfactory. 

Since 1967, both the incidence of small
pox and the number of countries reporting 
cases have decreased significantly. In 
1967, the number of cases reported was 
131,418. Surveys conducted since 1967 
suggest that less than 5 per cent of all 
cases were then being reported: the 
actual number of cases is thus estimated 
to have been at least 2.5 million. Despite 
increasingly complete reporting, smallpox 
incidence declined each year until 1970, 
when 33,318 cases-the fewest on record
were reported. In 1971, however, the 
reported incidence rose to more than 
52,000 cases. Half of these were accounted 
for by Ethiopia which, beginning in 1971, 
developed a highly effective eradication 
programme (see page 22). Jn the rest of 
the world, smallpox incidence decreased 
by more than 25 per cent for the fourth 
consecutive year. With all endemic coun
tries engaged in eradication programmes, 
at least one third of all cases are now 
believed to be notified. The actual 
of cases in 1971 is thus estimated to , 
less than 200,000, in contrast to the 2.) 
million cases estimated for 1967. 

The number of countries reporting 
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frequently transfer smallpox from area to area. 
high level of immunity among such people. These 
WHO/J. Mohr} 

smallpox decreased from 42 in 1967 to 
J 6 in 1971. Of the 42 countries reporting 
smallpox in the former year, 30 were 
considered to be endemic, whereas the 
remaining 12 notified imported cases. 
At present, continuing transmission is 
believed to be limited to 7 countries: 
1angladesh, Botswana, Ethiopia, India, 

'- fepal, Pakistan and Sudan. In addition, 
-9 other countries have reported indigenous 

cases within the past two years. Since 
these cases were not known to have been 
imported, the interruption of transmission 
in these countries must still be regarded 
as provisional. 

With the decrease in smallpox incidence, 
importation of the disease into Europe has 
become less frequent. During the first 
two years of the programme, 1967 and 
1968, smallpox was imported into Europe 
on six different occasions but in the four 
years subsequently, only three times
twice in 1970 and once in 1972. The last 
introduction occurred in April 1972, 
when a Yugoslav pilgrim, infected in 
Iraq, brought the disease back to his own 
country (see page 28). No cases have 
been imported into North America since 
1962. 

In 1967, the smallpox endemic coun
tries were considered to fall within four 
regions: South America, Indonesia, Africa 
and the mainland of Asia. lt was consider-

d unlikely that smallpox would be 
1 .-ansmitted between any two of these 
: '-fegions. And, indeed, during the last five 
I years, no such transmission has been 

detected. Thus, when smallpox transmiss-
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ion is interrupted in one of the regions, 
it wm probably remain free from smallpox. 
Two of the four regions, South America 
and Indonesia, now appear to be small
pox-free. 

In South America, more or less exten
sive smallpox eradication programmes 
have been conducted in various countries 
during the past 20 years. By 1967, endemic 
smallpox was being reported only in 
Brazil, which began an eradication pro
gramme in that year. During the next 
four years, 83.3 million out of a popula
tion estimated in 1971 at 94 milljon people 
were vaccinated in a well organized and 
carefully assessed programme. Surveil
lance activities were begun in July 1969 
and the smallpox incidence subsequently 
rose precipitously as the detection and 
notification of cases improved. During 
1970, a steady decline in incidence occur
red until mid-November, when zero inci
dence was first recorded. Subsequently, 
a single localized outbreak of 20 cases 
was detected in suburban Rio de Janeiro 
and lasted until April 1971, when the 
last known case of smallpox in South 
America was reported. Surveillance units 
in each of the states of Brazil and more 
than 3,800 reporting posts throughout 
the country are continuing their activities. 

Several other countries in South 
America have intensified their vaccina
tion programmes in the past five years. 
Cases were imported into three countries 
during this period and in each instance 
Brazil was shown to be the source of 
infection. Since the last case was reported 
from Brazil, an intensive search for 
possible residual endemic foci has been 
undertaken in that and in neighbouring 
countries. None has been found. Thus, 
450 years after smallpox was first intro
duced into the Americas, transmission 
appears to have been interrupted. Inten
sive surveillance, however, will be needed 
for at least two years before interruption 
can be definitely confirmed. 

In Indonesia, the second of the target 
areas, an eradication programme began 
in July 1968 in Java and Bali, and was 
subsequently extended to include the 
outer islands. Surveillance and contain
ment measures were primarily emphasized 
although routine vaccination was also 
improved. During the first three years 
of the programme, between 10,000 and 
18,000 cases were notified annually but, 
in 1971, the number decreased sharply 
to 2,000. In 1972, only 34 cases were 
reported, all of which occurred in west 
Java during January. A national search 
for cases was conducted over the succeed
ing months and special surveillance teams 
are continuing this activity. No cases, 
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however, have been detected. The results 
are encouraging but, as in South America, 
it is too early yet to be absolutely certain 
that transmission has been stopped. 

In 1967, smallpox was widely endemic 
throughout most countries of Africa 
south of the Sahara. During the past five 
years, eradication programmes have been 
undertaken by most of the African 
countries. Except in Botswana, Ethiopia 
and Sudan, reported smallpox incidence 
has now decreased to zero. 

In 20 countries of western and cen
tral Africa, with a total population of 
120 million, reported smallpox incidence 
declined to zero in October 1969. One 
additional outbreak was detected in 
Nigeria in March 1970, the last known 
case occurring in May 1970. Surveillance 
and vaccination programmes are conti
nuing throughout this sub-region. 

In the countries of eastern and southern 
Africa, outside of Ethiopia and Sudan, 
smallpox incidence declined steadily during 
the course of the programme, apparently 
reaching zero incidence fo1lowing the 
occurrence of two cases in Zaire in 
September 1971. Subsequently, it was 
discovered that Botswana, previously 
smallpox-free, became infected almost at 
the time the last cases were occurring in 
South Africa. There were 1,000 cases 
before the epidemics could be controlled. 
Introductions of smallpox from Ethiopia 
and Sudan also occurred into the French 
Territory of the Afars and Issas, as well 
as into Uganda, but were successfully 
contained. 

The two countries of main concern in 
Africa are Ethiopia and Sudan. In Ethio
pia, the programme started in January 
1971 is based on a strategy consisting 
chiefly in surveillance, vaccination in 
conjunction with containment activities, 
and systematic vaccination in the largest 
towns and aJong the main roads. During 
1971, over 25,000 cases were detected, 
compared with only 722 in 1970. Over six 
million people have been vaccinated to 
date in a population in which few had 
previously been vaccinated. Since March 
1972, the number of reported cases has 
decreased, and programme officials now 
believe that transmission in 9 of the 14 
provinces can be interrupted by the end 
of the year. 

In Sudan, more than 1,000 cases were 
reported both in 1970 and 1971-the 
highest incidence recorded in 15 years. 
A somewhat larger number of cases is 
expected to be recorded in 1972. Present 
information suggests that Sudan succeeded 
in interrupting transmission in the early 
1960's. The disease appears to have been 
reintroduced in 1968 and, in the absence 
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Countries considered endemic for smallpox 
in 1967 numbered 30: Afghanistan, Brazil, 
Burundi, Cameroon, Congo (Dem. Rep.}, 
Dahomey, Ethiopia, Ghana, Guinea, India, 
Indonesia, Kenya, Liberia, Malawi, Mali, 
Mozambique, Nepal, Niger, Nigeria, Pakis
tan (East and West), Southern Rhodesia, 
Rwanda, Sierra Leone, South Africa, Swa
ziland, Tanzania, Togo, Ugqnda, Upper 
Volta and Zambia. Cases throughout the 
world when the intensified eradication pro
gramme began are estimated at 2.5 million. 
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After 5 years, the endemic countries have 
been reduced to 7: Bangladesh, Botswana, 
Ethiopia,Jndia, Nepal, Pakistan and Sudan. 
The arrows indicate importations into non
endemic countries: from Botswana to South 
Africa, from Ethiopia to the French Terri
tory of the Afars and the Issas, from lra,,,..,. 
to Syria, from Iraq to Yugoslavia, fro 
Pakistan to Sri Lanka, from Sudan ti, 
Uganda, andji·om Yugoslavia to the Fede
ral Republic of Germany. Importations of 
unknown origin occurred in Iran and Iraq. 

... 
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of effective surveillance, spread through
out the country during the next two years. 
Since 1968, a partially effective eradica
tion programme has been in progress 
in the northern and central provinces, 
but activities have only begun in the 
three southern provinces, from which 
more than three-quarters of all cases arc 
now being reported. 

As more intensive efforts are being 
applied in Ethiopia and Sudan, other 
African countries are remaining alert to 
prevent possible importations. Vaccina
tion programmes are continuing in order 
to maintain a high level of vaccination 
immunity. 

Since 1967, the only known endemic 
countries on the mainland of Asia have 
been Afghanistan, Bangladesh, India, 
Nepal and Pakistan. China is reported 
to have become smallpox-free after inten
sive vaccination campaigns in the l 950's. 
Burma, Iraq, Iran, Syria and countries 
of the Arabian peninsula have recorded 
only infrequent importations of smallpox 
from the endemic countries in Asia. 

Jn the fourth year of a well-executed 
programme, Afghanistan experienced a 
considerable decrease in incidence during 
J 972 and since February all cases have 
been among immigrants from Pakistan 
and their contacts. The first round of a 
systematic vaccination programme was 
completed early in 1972 and a second 
round has begun to assure that high levels 
of vaccination immunity are maintained. 
Special surveillance teams are continuing 
to move systematically through the country 
searching for cases. 
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The global strategy 

+-The smallpox eradication programme in Ethiopia: a WR 0 
epidemiologist at the ivall-chart which shows weekly numbers 
of cases in each province. 

A member of a surveillance team investigates an outbreak of-+ 
smallpox in the proJ1i11ce of Sidamo. He seeks ro determine 
from whom and where the child contracted the disease. and 
to find his contacts since he became ill. {Photos WHO/ 
P. Almasy) 

Most cases reported by India during 
1971 and 1972 occurred in its northern 
states. With improving surveillance acti
vities and better notification, the number 
of reported cases increased from 12,000 
in 1970 to 16,000 in 1971. The total in 
1972 is expected to approach the 25,000 
mark. After 10 years of intensive vaccina
tion programmes throughout the country, 
immunity everywhere is comparatively 
high. However, smallpox has continued 
to spread, primarily among unvaccinated 
people, who are estimated to constitute 
no more than JO per cent of the popula
tion. Efforts are now being made to 
improve the reporting system as well as 
the efficacy of surveillance and contain
ment activities in order to interrupt the 
chains of infection. Much, however, still 
remains to be done. 

Bangladesh, which became free of 
smallpox in August 1970, experienced a 
recrudescence at the time of return of 
infected refugees from India early in 
1972. Major outbreaks occurred in 5 of 
the 19 Districts and, despite emergency 
measures, it has not yet been possible to 
control them. 

Pakistan began an eradication pro
gramme in 1968 in its largest province 
and subsequently extended it to the 
remaining three provinces in 1971. As 
in India, vaccination immunity is com
paratively high and, with the develop
ment of an effective surveillance pro
gramme, transmission should soon be 
interrupted. 

Nepal has been conducting a steadily 
expanding and effective programme over 

the past four years. Most outbreaks 
during the past year have occurred near 
the Indian border and have been shown, 
or are suspected, to have originated from 
importations from India. The problems 
of smallpox eradication in Nepal are 
inseparably linked with those of neigh
bouring India, whose principally affiic· 
ted areas are on or near the Nepales· 
border. --" 

The amazing reduction in smallpox 
cases in only five years-from 2.5 million 
to 200,000-is due to the dedication and 
perseverance of national and WHO staff 
alike, working in the field under difficult 
conditions. Their efforts have been indi
rectly recognized by the governments 
of the United States and the United 
Kingdom, who have made smallpox 
vaccination no longer a routine procedure. 
They believe that the risk of importation 
is now slight, and that an eventual out
break could easily be contained. In the 
two countries, vaccination is now reserved 
for people travelling to endemic areas 
and for health service staff in contact 
with patients. It is too soon for all other 
governments to do the same, since not all 
countries are so far from endemic areas 
nor do all have sucb advanced health 
services. But if special efforts in the WHO 
smallpox eradication campaign are made 
during the next two years, smallpox 
incidence throughout the world could 
reach zero or near-zero levels. With � 

final effort and the mobilization of re
sources, mankind's most feared killer, 
as well as smallpox vaccination itself, 
could be relegated to history. • 
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