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On 8 May 1980, the 33rd World Health Assembly, in a specially con-

vened plenary session, passed unanimously a resclution which:

o "Declares solemnly that the world and all its peoples have won

freedom from smallpox ...."

and recommended that:

° 'l"Sma]lpox vaccination should be discontinued in every country,
except for investigators at special risk"
| v
o "No country should now require vaccination certificates from inter-

national travelers."

Ei#€ years have_ps® elapsed since October, 1977, whet®/a 23-vear-old
hoszital cook in Merxka, Somalia, became ill with smallpox. He
recrzsented the last known case in the continuing human-to-human

chain of.infection extending back perhaps 10,000 years. =Fwe=fuxiher

TrsesStourred I8 asaresiE O -aétEQM'ﬁﬁ—:’ﬁdﬁﬁi—.,- Se
concluded a chapter in medical history - the first successful deliberate

extimction of a species - smallpox.



1 welcome the oppoartunity today to reflect upon the program and on
some of the lessons learned from this experience. Before doing so, I
believe it would be helpful to recall briefly for you the history of
smallpox and its impact on history and to recapitulate briefly the

highlights of the eradication program.

Smallpox had no animal reservoir and, in man, there was no human
carrier state. Therefore the virus, to persist, had to infect person
after person in a continuing chain of transmission. Its origins are thus
assumed to date back no more than 10,000 years, to the time of the
first agricultural settlements - to a time where there was a sufficient
concentration of population to permit the chain of infection to be sus-
tained. DMost likely it began as a mutant of one of the large family of
animal poxviruses. The earliest definitive evidence of its presence
dates back more than 3,000 years@ The mummy of Ramses V, who died

in 1160 B.C. bears unmistakable, characteristic lesions of smallpox.

Throughout history, few diseases have proved so devastating. Twenty
to forty percent of those who develeped smallpox died., Most who sur-
vived were permanenily scarrec@and some were b]ind.é‘ The disease
could spread in any climate -~ in any area. Like measles, essentially
evervone eventually contracted the disease. There was r‘/p&éﬂ}‘ - no
treatment. So feared was smallpox that deities consecrated to this
discase are known in many cultures.@/ Throughout India, there were
temples to Shitala mata. In other cultures, there were other cieities7

such as Shapona in Western Africal.
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From India, or perhaps Egypt, smallpox spread across Asia and Africa,
becoming endemic over an ever-wider area, as population densities

increased.

In the Middle Ages, it became established in increasingly populated

Europe. In the 17th century Lord Macauley wrote:8 "That disease was
then the most terrible of the ministers of death ... smallpox was always
present, filling the churchyard with corpses ... and making the eyes

and cheeks of the betrothed maiden objects of horror to the lover.*
Nor was royalty exempt. During the 18th century alone, smallpox
killed five reigning monarchs, ended the Royal House of Stuart, and
shifted the Hapsburg line of succession four times in as many genera-

tions.

In the New World, smallpox is estimated to have kilied 5 million Incan
and Acztec Indians, precip;ztating the collapse of both civilizations. &+
Nosth-Ameriea—George Catlin_iurate: —F-would-venture-the -
#ssertion—.—that of the numerous tribes ...—each one-had had-this
exotic-disease {smallpox) in-their-turn; and in-a few menths-have lost
one=neif or-more-of their-numbers:” Smallpox thus played an important
rolz in colonizing the Americas.

gk 6. tor-the—founding—of-the-Harvard-Medical-Schoot,
Edward Jenner demonstrated tkat an infection induced with cowpox
virus could prevent smallpox. This was hailed as one of history'’s most
important advances. ndeed—in-1803,only b years--after-the-event,
Harvard-eonferred-on—Jdenner his first honorary degree. Folklore of the
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time attributed the celebrated unblemished complexion of dairymaids to
their acquisition of cowpox. Jenner took material from!'_(}> a cowpox
lesion on the hand of a dajrymaid, Sarah Nelms, and inoculated it into
the arm of one James Phipps. He later showed that Phipps was
protected from smallpox, and that material could be taken from the
pustule on his arm and successfully transferred to the arm of another
person. In less than five years, Jenner's cowpox had been carried
around the u..'rorlt.i. da—-the-United-Stztes,  Benjamin-Waterhouse,-tha first
m&moﬁ%ﬂ% d-the-first vaccmationin
Jaly.1800.and-subsegquently-played & leading,if -centroversial;—role-in
PopLlaRZRE-its-Uss.

Propagation of cowpox, or vaccinia as it was later called, by arm to arm

transfer permitted only small numbers to be inoculated. Extensive

W ggg P
vaccination was not possible untill\late i =y when large
AL

amounts of virus were Kgrown on the flank of a calf. Howevers—sueh-—

With increasing

refrigeration, countries in the more temperate areas bezan to control

smallpox.

During the 1949s, wazeinstioe=pregrams-4n Europe and Nor:h America
succeeded in eliminating smallpox. But for the tropical arcas, heszt
stablie vaccines were essential. ‘@Hv:;ﬁ the 1950s, a freseze-dried
vaccine was developed which remained potent for a month or lenger at

37°¢
temperatures of $§°F.
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Meanwhile, imported cases of smallpox continued to occur and spread in
the smallpox-free countries. The cases were as severe and fatal as in
the developing nations. All countries protected themselves by national
vaccination programs, and required vaccination certificates of

international travelers.

In 1959, the World Health Organization began a global eradication cam-
paign. Mass vaccination programs were started in many countries, but
few were successful. Countries which succeeded in stopping
transmission experienced reinfection from their neighbors. Hoped for
contributions of money and vaccine were not forthcoming. DMost
discouraging was that the strategy of mass vaccination did not seem to
be working. In some areas of India, a larger number of vaccinaticns

were reported than there were people - but still smallpox persisted.

Increasingly frustrated by failure, the 1866 World Health Assembly
decided to make one further attempt, and voted to allocate $2.5 million
for an intensified campaign. This may seem to be a substantial sum
but, in perspective, provided an average of only $50,000 each for the
5C countries where preograins were needed. Publicly, the celegates were
eirtnusiastic, and proposed a 10-year goal for achievement. Privatalv,
fex: believed eradication to be possible. The skepticism was justified,
considering that the program would have to be undertaken in some of
the most inhospitable parts of the world, and in some of the least
developed countries. DMoreover, no other disease had ever beiore beexn

eradicated.



f11) Poan: .
The program commenced on January 1, 1267.°-/ Thirty-four countries

were then endemic, 9 others experienced importations. There were

estimated to be 10 to 15 million cases that year.

The belief that eradication of smallpox was theoritically possible was
based, in part, on the practical demonstration that transmission had
been interrupted in Europe and North America and in some developing
countries as well, #Mﬂ%trﬁ%@ﬁm&ﬁmﬁfw@
Scientifically, the goal seemed reasonable. Man was the only known
host for the virus. A person with smallpox could transmit infection
only from the time when the rash first appeared, until the last scabs
separated. Following recovery he was immune. —~Fhusz—t-twas possible
10 kpowwhether or-nol-smallpex-was présent. inan—areasby—searehing
Jggﬁaﬁgﬂﬁ?@%f%@h. The disease spread through
face-to-face contact in a continuing chain of infection. By tracing the
source of infection of the wvictim, and by identifying his contacts, other
cases in the chain could be identified and outbreaks contained.
Mioreover, smallpox, when introduced into remote villages, soon depleted
the susceptible popuiation, and often died out even if nothing was
donz. This occurred even over extensive, sparsely populated areas.
Inn Brazi!, for exampls, the smallpox program began in the heavily
populated coastal areas. When teams moved through the Amazon, no
cases were fouad. Finally, the heat-stable vaccine conferred-

lang-lasting protection.

For the intensified campaign, we needed each yegar more than 250 million

f
doses of the heat stable, freeze-dried 'vazccine. Donations from the
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Soviet Union and the United States provided most of this need during
the early years, but donations were eventually received from 26
countries. Meanwhile, we helped the developing countries to produce
vaccine, and within six years, they were able to produce 80% of the

needed vaccine and they, in turn, contributed wvaccine to others.

len 1968, we tested a remarkable invention of Wyeth Laboratories -
the bifurcated needle. The needle could be dipped into the vaccine.
By capillarity, vaccine was held between: the tines, and fifteen rapid
strokes implanted enough vaccine to obtain a take. Only one-fourth as
much vaccine was required as had been needed with older techniques.
Vaccinators could be gquickly trained. The needles were inexpensive,
and could be reused many times. Vaccination was further simplified
when it was shown that an alcohol saturated cotton sponge did little
movre than rearrange bacteria on the skin surface. Vaccinators were
thus instructed only to wipe away caked dirt if presen@ With heat
stable vaccine, a vaccinator could carry in his pocket all the equipment

he needed for a month's work.

Between 1267 and 1353 programs began in most infected countries, and
by 1971, all were in operation. The strategy initially called for
nationwice svstematic vaccination programs to be completed over two to
three years. It was expected that by then an effective repqrting
system could be developed which would detect the remaining outbreaks.

These then would be eliminated by isolating the patient, and vaccinating

his contacts. We quickly found that mmﬁﬂ?pﬂmzm&_ﬂs

T

leastvageh-imd=gzay, case detection systems could usually be rapidly
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developed and outbreaks eliminated. Accordingly, the program strategy
was altered to give greater priority to "surveillance and containment,”
rather than to mass vaccination. In most countries of Africa, a
surveillance team of only 2 to 3 persons could control smallpox in an
area inhabited by a population of 2 to 5 million. Each health center
and hospital was visited and asked to send a report each week as to
the number of smallpox cases seen. Schools and weekly markets were
visited, to ask if any had seen smallpox cases. When cases were
detected, the surveillance teams, with local health workers, contained

the outbreak.

% By 1970,

Progress in most of Africa and in the Americas was rapid.1
the number of endemic countries had decreased from 33 to 1’&15 By
1973, smallpox was confined to the Indian subcontinent, to Ethiopia,

whose program did not begin until 1371, and to Botswana.

The Indian subcontinent, however, proved to be a more formidable
challenge. Efforts such as we had made in Africa had little impact. In
the endemic Asian areas, nearly 700 million people lived in one of the
most densely populated regions on earth. Train and bus service
facilitated extensive travel. Many smallpox patients, infected in cities,
returned to their villages to recover or to die and, in so doing, to
spread smallpox. The disease spread rapidly and widely. There were
many then who knowingly asserted that in Asia, the traditional, ancient
home of smallpox, eradication could not be achieved. We wondered if

they might not be right.



During the summer of 1973, a new strategy was planned. It was
decided that all health workers, during one week each month, would
visit every village in India - later every house - in search of cases.
When cases were discovered, special teams contained the outbreaks.
The logistics were formidable - 120,000 workers were assigned to visit
over 100 million households. Assessment teams visited a 10% sample to
verify the work. Additional teams searched for cases at markets and
schools. DMore than 8 tons of forms were needed for each search, and
thousands of wvehicles, as well as tens of thousands of bicycles, boats

and rickshaws.

The first search took place in October. The results were depressing.
In the northern Indian State of Uttar Pradesh, two years of intensive
work had already been devoted to improwve the reperting system.

~
ESSeveral hundred cases were then being reported each week. During

the first one-week search, nearly 7,000 unreported cases were found.
Hewever, with the search program, more outbreaks were being found
and more rapidly. @nce found, they could be contained. The quality
of the searches steadilv improved. DMNore rigid control measures were

ased. House guards were posted at each infected house on a 24-hour

schedule to prevent patients from leaving, and to vaccinate all visitors.

17

;’z;&»ﬁﬁaﬁg-m.&:m& As cases decreased, a reward
was offered to the villager who reported each new case. Techniques
eraployed in India iwwere soon adapted fo:* use in Pakistan, Nepal and

Bangladesh.
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Only one year after the new strategy was implemented, in October 1874,
the last case occurred in Pakistan; in May 1975, in Nepal; in June 1975,
V-
in India; and, finally, on 16 October, 1975, in Bangladesh@ This
three-year-old girl, Rahima Banu, became the last victim of smallpox in
Asia.
19@)’n1y Ethiopia remained to be conquered. Ethiopia, however, was a
challenge of yet another type. It is a country of 25 million people
scattered across desert and highland plateau in an area larger in size
than France, Germany and Denmark.20 It is a country where half the
population lives more than a day's walk from any accessible road.
Insurrection and fighting were widespread. Health staff were few in
number and less than 100 could be employed for the program. The
staff were periodically kidnapped and fired upon. Several were killed.
A helicopter provided to the program was destroyed by a hand
grenade, and others damaged by bullets. In 1971, during the program's
first year, 26,000 cases were recorded, probably one-tenth the actual
number. Gradually an intrepid team iwhich included volunteers from the
United States, Japan s«nd Austria, eliminated the disease from the
northern highland areas. Smallpox remainad only among nomads of the
ve.st Ogaden desert. Here, it was difficult even to find the nomads.
To seive that probliem, nemads themselves were hired and trained as

vaccinators. In August 1976, the last outbreak was contained.

However, there was ene last chapter. Somali guerrillas, then fighting
Ethiopian forces, brought the disease back to Somalia. The first cases

vicre reported in September 1S76. For yet another year a smallpox



campaign was waged throughout Somalia. But, at last, the final chains
of transmission were severed. Ali Maalin, the 23-year-old cook in
Merka, Somalia, prox\/ed to be the last case. The 10 year time target
had meen missed, but only by 9 months and 26 days.

/

// To confirm that eradication had been achieved, village by village and

house by house searches continued over a two-year period. A reward
was offered to anyone who reported a case which could be confirmed as
smallpox. The announcement of the reward brought a flood of reports
of persons with rash. All were checked and specimens examined. No

cases were found.

Finally, to provide assurance that eradication had been achieved,
international commissions were appointed to visit each previously
infected country after at least two years had elapsed since the last
case. The commission reviewed detailed reports of each program and
then spent two to three weeks in the field to verify the work. In all,
10 different International Commissions visited 48 different countries.
Special visits were made by WHO staff and consultants to an additional

238 countries.

Finally, a WHO Global Commission comprised of persens from 19
countries personally oversaw a two-year program of evaluation to satisfy
themselves that global eradication had been achieved.

We noiw believe that wvariola virus is now confined to just theee

experumental laboratories.
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icati 5 i ent and
The achievenient of smallpox eradication was a dramatic ev

i ici ' re some
inevitably the subject of extensive publicity - although there we

who observed M that the program's earlier disastrous setbacks in

India received more press attention than did the declaration that

eradication had been achieved. Bad news simply makKes better press.
For those in the field of public health, whose work is often little Xnown
and rarely publicized - who do not have the personal satisfaction of
grateful patients as do their clinical colleagues - it was a triumph which

for once, the world could understand and appreciate.

Inevitably, health planners and politicians sought to identify lessons to
be learned from the program. The most obvious and naive has been
the assumption that if one disease could be. eradicated so rapidly and so
inexpensively, other candidates should be identified and, one by one,
eradicated in a similar fashion. Measles and poliomyelitis are touted as
the two prime candidates. Feo-thosessho-doubl, IE=ppsshbty-of-~
ergdieating -titea=aisEuses=HETE 15 The—Tolore-tRAt 1 1957, N0l Mmore
then—s headfed Selered Ihut=the=eragicaliaz=0t SmallpeX a5 _possibies
dti3-petrseey-te—ansnm=thrat=oree— H=z==iFrert: however, H%no
discase has the epidemiclogical characteristics which, taken together,
are anyvsvhere near so favorable for eradication as those of smallpox.
That man is the only host, that essentially permanent immunity is
induced by infection and that there is no carrier state are important
characteristics, but these are shared by severcg/i%f importance,
however, was the fact that smallpox usuzlly spread slowly, an

individual ill with smallpox rarely infected, on average, more than two

to three others.
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#nd-its_eharartrisscs-of-tramemission. There was one additional
factor. UnltkEndEt-exantiremotens-diseases’, Ythe smallpox pap'ent did
not transmit infection until after the rash first appeared The rash
itself developed only after two to four days of oresiFgUnE illness which
usually caused the patient to take to bed. Thus, when the rash
erupted, his contacts were customarily few in number and commonly
family members or friends. Once a case was discovered, it was
possible, through vaccination, to create a barrier of immunity among
contacts and those in the community and thus stop further spread. In
the case of measles, however, the patient is most infectious one to
several days before he becomes ill. Many are exposed in classrooms,
markets and other areas to patients who are not yet ill. Thus, a
comparatively simple intensive vaccination program, as was employed for

smallpox, has proved far less effective in controlling measles and=even

Programs of mass vaccination played an important role in the smallpox
program in diminishing" the number of susceptible persons and thus the
sp.read of disease. Vaccination alone, however, would never have
succeeded. For example, in densely populated Central Java, smallpox
continued to spread at a time when surveys showed that 95% of the
population were immune through previous illness or vaccination.
Conversely, smallpox transmission was successfully interrupted over

extensivW%@jﬂﬁfareas, when less than 50% were protected.

The essential added component was the rapid identification of outbreaks

- and their interruption by patient



isolation and vaccination of contacts. For the rapidly spreading
measles, this approach does not work. Poliomyelitis poses a different
problem becuase only one in perhaps 1,000 infected persons exhibits
symptoms. The discovery of outbreaks and chains of transmission is al}l
but impossible. Extensive vaccination programs will control these

a move diteadt
diseases, as was the case in smallpox, but eradication is }

rmv{a» 3
matter.

The successful eradication of one disease, smgllpox, does not imply that
the application of the strategy which was used will be effective with
another. .Earls=ditease-has drferert—inritteashes- myiawgste dealt

=Wt or e 8= Y@ e To infer, as a lesson from this program, that
now is the time to embark on other disease eradication programs is

precisely the wrong lesson to learn.

In reflectins—op -iﬁ?&zztant{épp]icable lesson$ to—be-dorived Irom this
ITAA 5

,@W&T\I identify three/of fundamental importance. One relates to

research, the second to management and health resources, and the

third to the role of an international organization.

In May of 1966, when the World Health Assembly made the commitment
0 under-take the program, no funds were identified for research. The
prevalent view was that eradication was simply an administrative -
problem. A good vaccine was available. The problem was one of
vaccinzating the 1.2 billion people then residing in endemic areas and -
"voila" - no smallpox. When we began the program, I can say that we,

in all candor, had ne definitive reszarch agenda in mind, only the
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conviction that however straightforward the problem seemed to be, an

ongoing research program was vital.

i’

The=prozran-tfere=s®Ch proved decisive. Before the eradication

campaign concluded, we had extensively revised our understanding not
only of the epidemiology and virology of smallpox but of other
poxviruses as well. Even as the last cases were occurring, new
questions were arising which today are unexplained - and indeed, we
hope, may remain unanswered. Research proceeded at several levels.
Initially, an international group of cell biologists, epidemiologists and
mammologists was convened to decide what studies should be undertaken
to determine whether there was or was not an animal reservoir - a
crucial issue. If indeed, there was an animal reservoir, eradication
would be impossible. The group met formally every two years and
csveloped a research plan to be followed as a cooperative activity.
Beitween meetings, research findings were communicated between
scientists and by a newsletter. zheu.paccepnaef-aegvi%{,h%esembléd
~Br=—.~bueasLlacef»ﬁae}&-waical—D«isease-Researchw;itmw‘

oy AE

<supparr pEeviaed by WHO wWas™ mmﬁm—/

—— \_/.
<Ilaborstesie=. In the end, convincing evidence was accumulated which

indicated there was no animal reservoir. In the process, analytic
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studies using restriction endonucleases revealed new understandings
about the relationships among the family of poxviruses; a new human
disease, monkeypox, was discovered and characterized; the belief that
cows were the reservoir of cowpox was shattered; and previously

unknown poxviruses were discovered.

A separate panel dealing with vaccine and vaccine production stan-
dardized a more effective production technology; modified methods for
vaccine testing; developed a stable tissue culture vaccine; and stan-
dardized strains for use in production. Field staff participated in a
range of collaborative and independent studies with the result that the
technique of vaccination was changed. Revaccination was deemphasized
/%pﬁ@@ when it was discovered that primary vaccination conferred
high levels of protection during more than 20 years, rather than the
conventionally accepted three years. Most important was the discovery
that smallpox spread slowly, that an effective reporting and containment

system could rapidly stop transmission.

The findings from wvarious countries and different laboratories were
communicated from WHO in Geneva to all program staff in papers and
publications every two weeks thus permitting their appeepriste—
IedEsiEiay-inmts=fiZld—use with the least possible delay. The bifurcated
needle, for example, was in universal use little more than a year after
we first conceived of its use in a new technique of multiple puncture

vaccinatisn.
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The cvident lesson,

however, is that however much we thought we kncw about this
long-studied disease, there was yet another world of basic and practical
knowledge which was essential to the ultimate achicvement of

eradication.

The second lesson pertains to the management and the availability of
resources. When the program began, many believed that a principal
constraint would be the lack of clinics, health posts and hospitals which
could report cases and of health personnel to undertake vaccination and
containment activities. In—seme—copmtries;—this—was—inieed & CONSIraHl.
&5 e npz
However, in the majori Wound that there were surprisingly lavge
numbers of trained, well-motivated health personne! who had few or no
supplies with which to work, no supervision and no defined program of
activities. Health units were surprisingly numerous in most countirics
but few had more than the most rudimentary resources. A small
number of smallpox eradication program staff with transport to move
from place to place could distribute vaccines and ncoedles, trzin health
staff in reporting and containment activities and provide continuing
superiision of activities. In many countries, they were the only hed I
staif gﬁy providing training and supervision in=His ERer, e
%_M'W'm*mﬁfmy heulth personnel
responded with interast and enthusiasm and performed both CO?‘I?Q["““-\'

WL'@ [l;-f{l [r g_ﬁ / . A oy S
and conscientiously. %mnnﬁ.maw&wa&glﬁ‘aw

* v
jectives ard

potential for the delivary of ot 'r health services if ol

upr_-r\'i;;in‘.l
J were

Caccines And drugs’/
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Lastly, and perhaps most important, the potential of an international
organization - in this case, the World Health Organization must be
noted. o the. mm@nmwﬁﬁﬁ 10 be that whieh=details—the
bette esa=tipE FEnd e Ws——Swallpessrmgitgtion=howevers;

—

<epitomizes=the best ol Wwint-the-dN=canbe- —Ihdeed; Mo bilateral effort

or combination of bilateral efforts, however substantiai, could have
succeeded in this campaign. To persuade nearly 50 countries of
disparate political belief and structure to undertake at the same time
any sort of program with a common goal is no easy matter. But, within
the WHO framework, this could be done. In the World Health
Assembly, it was agreed that all vaccine, from whatever source, would

be tested by independent international laboratories. And within the

WHO framework this was done. “At different-times;—seas balchas of

W:ma&bpfoégews “were-found- mﬂ@lmg@l‘é@:

_aZEnly was-able—toaoctaneT - ProSionSSaEg 10 Work-out 5oiatisns,
Through WHO it was possible to mobiliza collaborating scientists to work
cut problems. Scientists from principal research laboratories in the
USA, USSR, U.K., dapan, the Netherlands, India and Bangladash

axhanged yet unpublished data and observations, usually by mail, some-

Te—this, ~ Natiors

cateassE===yet, Niftr countries openly and willing'ly coeperated in
identifying laboratories which retained variola virus, in persuading mast
te destroy or transfer their stocks and, finally, to permit independent
WHO inspection teams every two years to inspect laboratoriss still
rotaining variola virus.  Fipally, at ene time or another, more than 700
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international staff from 69 different countries served together in the
field. This, of itself, was a memorable experience for many who, in
the turmoil and stress of field operations in some of the most

inhospitable areas, grew to respect and admire as friends those from

diverse cultural and political backgrounds.—No-bHarc=ipoesiam o

mmatic mandate.

WHO is continuing to demonstrate its potential in the Tropical Disease
Program and the Expanded Program on Immunization among othzrs,
many of which are less newsworthy, but no less important. Far more
could be done given even modestly more generous resources, a
commitment to good science - both basic and applied - and more

effective management of the extensive health manpower resourcss even

now available.

e

Kﬂ@é}%@éﬁﬂjﬁfméﬁ{n@ His-ret-the-qusstion-of-

possible-eradieation of another disease—omrwhich we shoutd focrs—but-on

aBroaderrange of colaberativeinitiatives under the WHQ umbrelle .~
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