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I ImoWCTIoN 

SmalLpox is a d isease  of po ten t i a l ly  worldwide d i s t r i b u t i o n  there 

are no na tu ra l ly  r e s i s t a n t  human populations and no c l imat ic  b a r r i e r s  

t o  its spread I n  pas t  rnillenia, i ts  absence from c e r t a l n  areas was due 

so le ly  t o  geographic f a c t o r s  whlch i so la ted  l a rge  groups of people from 

its o r i g i n a l  homeland, perhaps eas te rn  and southern Asia. Increasing 

human t r a v e l  led t o  its dsseminailon even t o  the  d i s t a n t  Americas and t h e  

i s lands  of t h e  Paci f ic .  During t h e  th ree  o r  four  centur ies  preceding our  

own, smallpox w a s  one of the  pr incipal  causes of death, k i l l i n g  perhaps 

mi l l ions  of people every year  throughout t h e  world, and d i s f igur ing  and 

blinding mil l ions more 

From t h e  l a t t e r  pa r t  of the  nineteenth century and wlth increasing 

rap id i ty  during t h e  past  two o r  th ree  decdes, the  endemic areas  f o r  smallpox 

have dramatical ly contracted. A t  t h e  present time only th ree  remain - 

Southern Asia, Africa South of the Sahara, and p a r t s  of South America - 
and t h e  t o t a l  number of cases reported during the  pas t  t e n  years& been 

only about s i x t y  t o  one hundred thousand pe r  year. 

This decl ine  has been due i n  l a rge  pa r t  t o  t h e  u t i l i z a t i o n  of 

p ropmlac t i c  vaccination, i n  organized Inass campaigns a s  well. as i n  a random, 

unorganiled fashion. ----  However, the epidemiologic c h a r a c t e r i s t i c s  of th i s  

d isease  have permitted vaccination t o  be t h e  e f f e c t i v e  t o o l  that it is, 

and have provided o p p o r t u n i t ~ e s  f o r  o the r  measures, both de l ibe ra te  and 

incidenla l ,  t o  contribute t o  t h i s  achievement. Ey v i r t u e  of these  f a c t o r s ,  

smallpox, among a l l  of t h e  se r ious  human diseases of worldwide d i s t r ibu t ion ,  

is t h e  most promising candidate f o r  eradicat ion.  
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A br ie f  review of these  charac te r i s t i c s ,  together  wlth some addi t ional  

notes and a comment on t h e  epidemiology of smallpox vaccination, should 

cons t i tu te  nbasic which can serve as t h e  framework f o r  our f u r t h e r  

discu.ssions t h i s  week. 

I1 EPIDE24IOMGIC CHARACTERISTICS OF SiWlLPOX SIGNIFICANT FOR ERADICATION 

1. Man is the  only known host  ------------ 
Despite some poorly documented repor t s  of t h e  na tu ra l  concurrence 

of smallpox i n  non-human primates, and t h e  confirmed in fec t ion  of 

monkeys under laboratory conditions, the re  is no v a l i d  evidence t h a t  

animals o the r  than man a c t  a s  hos ts  i n  nature 

On the  o the r  hand, monkeypox is now known as a f a t a l  d isease  of 

various primate species,  similar i n  appearance and caused by a poxvirus 

r e l a t e d  t o  but d i s t i n c t  from var io la  v i rus .  Some pas t  records of 

epidemics i n  monkeys occurring concurrently with smallpox i n  man may 

have been caused by t h i s  agent, a s  well as by o the r  unrelated disease 

agents. No cases have occurred among t h e  human contacts  of monkeypox. 

C'ynomolgous monkeys, more suscept ib le  than the  Indian monkeys 

M. mulat ta  o r  M. rad ia ta  t o  v a r i o l a  v i r u s  i n  t h e  laboratory,  abouAd i n  - ---- - -- 
t h e  f o r e s t s  of South-East Asia. There is no record of "smallpox" i n  

monkeys s ince  el imination of the  humari d isease  from t h i s  area, nor has 

the re  been any unexplained reappearance of t h e  d isease  t h a t  could be 

a t t r i b u t e d  t o  t h i s  source. 

2. Transmission is man-to-man ---- 
There a re  no arthropod vectors of va r io la  v i r u s  such as those 

which compound the  d i f f i c u l t i e s  i n  t h e  attempt t o  eradicate  malaria. 



Environmental cn ntarnination does occur, both i n  the imnediate 

surroundings froin droplets of o r a l  secretion and more distant ly by 

means of shed d e d  scabs, and indirect  man-to-man transmission i s  

possible. T h i s  i s  of relat ively minor importance, however, and 

instances of distant  transmission have been suff icient ly infrequent 

as to a t t r a c t  individual. attention, 

3, Cmunicabi l i ty  is  of a ].ow or cia 

Despite i t s  reprltation .Lo the contrary, smallpox i s  not him 

infectious. Close p r m n a l  contact can almost always be documented 

between cases and each infected person usually transnits the disease 

to no more than one to fi iro othsr persons, Furthermore, wiW 

households con%ainine; cases;, fully susceptible, unvaccinated contacts 
, 

frequentJy escape infection, Even more dramatically, household epidemics 

have been described, i n  which as many as five generations of transmission 

have been required 'to infec t  a l l  of the susceptibles, despite the i r  

continuous presence, 

Spread within commurAties i s  s l o w l y  p m p s s i v e .  An epidemic of 

eighty-seven cases i n  a population of 897 i n  a village i n  Pkiki lasted 

fmm February through May 1967, and the epidesnic of 1964-1965 i n  the 

metropolis of Bombay, with over 3000 cases lasted a t  l e a s t  nine months. 

Epidemics i n  ml. areas, spreading from one mal l .  village to another, 

sinilarly exbend over maw months; they are connected by tenuous l ines  

of  virus transmission, and no more than a m a l l  proportion of villages 

is  infected a t  any one time, 

4. Cases axe usually readily detected 

Eighty t o  ninety percent of cases are llclassicalm and are readily 

identified by laymen acquainted with s ~ p o x ,  The major diff icul ty 



WHO m o  

is with those cases which a r e  most mild (o r  modified by previous 

vaccination) o r  most severe, but only a very small proportion of these  

should be missed by t h e  reasonably a l e r t  physician. 

T"ne unusually mild o r  severe case i s  the  r e s u l t  of personal 

f a c t o r s  of s u s c e p t i b i l i t y  i n  t h a t  individual  host ,  and t h e  d isease  he 

transmits  t o  contacts  covers the  usual spectrum of host  react ions,  

i . e .  i n  which eighty t o  ninety percent a r e  c l a s s i c a l .  It is thus  

unl ikely  t h a t  more than one passage generation of cases would not be 

c l i n i c a l l y  recognizable. 

Subcl in ica l  infec t ions  a r e  r a r e  5 ' - - -  -- 
Even i f  they e x i s t ,  such cases a r e  probably of no epidemiologic 

importance s ince  it is most unlikely t h a t  they would shed vi rus .  

6. Smallpox is always an acute disease,  with a l i m i t e d j e r i o d  of -- ----- ------ ---- 
infect iousness 

There is no chronic s t a t e ,  and no recrudescence. A case is not  

infect ious  during the  incubation period. 

Transnission is  pr inc ipa l ly  through t h e  resp i ra to ry  mute ,  by means 

of v i rus  shed from ruptured l e s ions  of the  f r a g i l e  o r a l  enanthem. 

Virus has been detected i n  t h e  mouth by laboratory cul ture  only during 

&he period th ree  t o  t h i r t e e n  days a f t e r  onset  of i l l n e s s  Eighty 

percent of transmissions occur during t h e  f i r s t  week of i l l n e s s ,  even 

t.hough unvaccinated suscept ib les  remain i n  contact t h e r e a f t e r ,  

The shed scabs contain v i rus  t h a t  may remain viable  f o r  years. 

Infect ions  have ce r t a in ly  resulte?. f m n  exposure t o  scabs, probably 

by inha la t ion  of dust,  but f o r  reasons t h a t  remain obscure they seem 

t o  be i d r e q u e n t  ... The demonstration t h a t  vaccination scabs contain 

in te r fe ron  may provide a clue.  
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7. The incubation period is 11 t o  1 4  days i n  the  g rea t  majority 
.--- --- 

of instances ---.- 

There is probably an epidemiologic idea l  - not so  shor t  t h a t  

many generations of cases can occur before detec t ion (as i n  influenza) 

and not  s o  long a s  t o  complicate t h e  t r ac ing  of contacts  (as  i n  

infect ious  h e p a t i t i s ) .  

The extreme L i m i t s  of documented incubation periods a re  8 and 17 

days, but these  extremes a r e  r a r i t i e s .  

8. Immunity following smallpox is s o l i d  ------------------- 
Reinfection with recurrence of d isease  is rare ,  and each recovered 

pa t i en t  becomes yet  another block t o  subsequent transmission. 

There is, ant igenical ly ,  only one snallpox v i rus  9" - -- - - - - - -  - -- - --  -- - - - 
The th ree  "types" - V, major, V. minor, and V. intermedius d i f f e r  

s ign i f i can t ly  only i n  pathogenicity and i n  t h e  spectrum of d isease  

sever i ty  t h a t  they produce. The unvaccinated case f a t a l i t y  r a t e  of 

d isease  caused by V. major is about 4@, t h a t  by V. minor is 1% and 

t h a t  by V. intermedius is 5 t o  10%. 

Individual  cases cannot be distinguished, and cross protec t ion 

is v i r t u a l l y  complete. 

10. There is no d i r e a t  socio-economic associa t ion with small= -------------- 
transmission ------ 
This is not a disease  of poor n u t r i t i o n  o r  of unhygienic l i v i n g  

per  se .  It is r e l a t e d  only t o  t h e  degree of person-to-person intimacy, 

a n d , b  the &nt that housoho]d crowding is c h a r a c t e r i s t i c  of poverty, 

t h e  inaidence is often,  though not  always, higher among the  poor. The 

royal  f ami l i e s  of Europe and of Indla  suffered cruel ly  from smallpox 

and a t  l e a s t  one ancient  Egyptian pharoah is believed t o  haved died 

from it. 



The most s t r i k i n g  socio-economic associa t ion with smallpox is 

r e l a t e d  t o  d i f ferences  i n  vaccination his tory .  

11. Smallpox "burns i t s e l f  out" i n  small communities ---- ------------ 
The accumulation of s p e c i f i c  immune~ combined with the  need 

f o r  close contact prevent t h e  long-continued presence of t h e  disease 

i n  small population groups. The perpetuation of t ransmission is 

dependent upon t h e  continuei! movement of cases -to new c o m i t i e s .  

12. Incidence of t h e  disease is markedly af fec ted  by seasonal changes ----- -- ------------ --- --- 
I n  both India  a n d  Nigeria, f o r  example, peak incidence is during 

t h e  f i r s t  few months of t h e  year, and it decl ines  t o  very low l e v e l s  

j u s t  before the  onset of t h e  dry season. The d i r e c t  e f f e c t  of t h e  

weather, p a r t i c u l a r l y  r e l a t i v e  and absolute humidity, has been 

suggested as t h e  reason f o r  t h i s ,  but t h e  ind i rec t  e f f e c t  of weather 

on s o c i a l  a c t i v i t i e s  and population movement is probably more important. 

From t n e  point  of view of epidemiologic survei l lance  and disease  

control ,  t h e  great  s igni f icance  of t h i s  phenomenon l i e s  i n  t h e  

existence of a period of t i m e  during which the  reservoir  of in fec t ion  

i s  markedly l imi ted .  

l Smallpox occurs i n  a c y c g c  p a t t e r n  in endemic areas -- --..----- 

Epidemics usually have recurred at 5 to 10 year  in te rva l s ,  

suggesting t h a t  the re  is an epidemic threshold,  

I11 SOME ADDITIONAL FEATURES OF SIWLPOX EPIDDTIOLOGY WHICH AFFECT THE 
PATIZRN OF DISEASE 

1. Age - 
There a r e  no i n t r i n s i c  d i f ferences  i n  s u s c e p t i b i l i t y  t o  smallpox 

in fec t ion  on t h e  bas i s  of age. The only p a r t i a l  exception is t h e  

passive protec t ion conferred on an in fan t  born of a mother who had been 
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vaccinated o r  who had had smallpox, and it l a s t s  f o r  up t o  about 

s i x  months. 

Exposure, however, does vary with age Young children a r e  o f t en  

more int imately exposed within t h e  household than  a re  o the r  age groups, 

and consequently may have higher secondary a t t ack  r a t e s .  

Af ter  infect ion,  t h e  sever l ty  of d isease  va r ies  markedly with age. 

Infanis  o f t en  s u f f e r  from t h e  more severe forms and have high case 

f a t a l i t y  r a tes ,  but t h i s  is pa r t i cu la r ly  notable among e lde r ly  adul ts ,  

and over hal f  of the  unvaccine-ced cases may be expected t o  d ie .  

The most important determinant of d i f ferences  i n  age -speci f ic  

a t t ack  rates is prevlous h i s to ry  of vaccination o r  of smallpox i-cself.  

When t h e  disease is introduced i n t o  communities which have never been 

vaccinated, o r  not f o r  many years,  a l l  ages are  at tacked about equally - 

o r  up t o  a maximum age which def ines  t h e  l a s t  major vaccination campaign 

o r  t h e  l as t  epidemic. Where smallpox is regular ly  endemic and vaccination 

has been only a casual pract ice ,  smallpox is a ped ia t r i c  disease.  Where 

vaccination has long been a generai but incomplete programme, smallpox 

qidmnics involve p r inc ipa l ly  unvaccinated children and vaccinated 

adu l t s  with waning i m n i t y  

2. Sex - 
A s  with age, the re  a r e  no i n t r i n s i c  sex differences i n  suscept ib i -  

l i t y  t o  infect ion,  and di f ferences  i n  exposure are re la ted  t o  t h e  

intimacy of personal associa t ion within t h e  household. Among adults ,  

unvaccinated women usual ly  have higher secondary a t t ack  r a t e s  than do 

men because they a re  more l i k e l y  t o  a t tend those f i r s t  attacked. 
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After infection, pregnancy greatly increases the probability 

of severe disease and the hazard of death. Over 50 percent of 

unvaccinated pregnant women with smallpox w i l l  die. 

Again as with age, variations from the expected 1 : 1 ra t io  of 

male t o  female cases are due principally t o  differences in vaccination 

history. In  societ ies  where women and g i r l s  are unwilling or 

unable t o  present themselves f o r  vaccination, outbreaks of disease are 

characterized by an excees of female cases. Conversely, when men and 

boys mny be missed by vaccination teams because they are inaccessible 

f o r  occupational reasons, male cases w i l l  predominate. 

3.  Transmission patterns 

Smallpox is transmitted from household t o  household and from 

community t o  c o m i t y  by the movement of infectious cases o r  of infected, 

incubating contacts of cases. Patterns of t rave l  thus play a large 

role  in shaping patterns of dissemination, and these vary among 

different  societies.  Children of school-going age are a very mobile 

group and are often responsible f o r  transmission within a community. 

Between communities, group movements - as of nomads, seasonal migrants, 

and pilgrims - may be of great importance. The ebb and flow of rural  

people t o  urban centers f o r  tanporw work o r  f o r  marketing and trade 

may serve t o  perpetuate endemic smallpox o r  t o  introduce the disease 

t o  usually untouched areas. The i t ineran t  tradesman o r  the customary 

pattern of family reunion f o r  religious o r  social  purposes may be 

all-important. Closely integrated minority groups, par t icular ly  i f  

they re jec t  o r  otherwise m i d  vaccination, may be involved in a narrow 

but remarkably effect ive stream of transmission. 



The hospital. has been prominent a s  a focus of in fec t ion  f o r  

introduced smallpox, and it a l so  plays an important r o l e  i n  endemic 

areas.  The undiagnosed o r  ca re less ly  i so la ted  pa t i en t ,  and h i s  

clothing and bedding, is a f e r t i l e  source of infect ion.  For obvious 

reasons, t h e  case hidden at home is even more dangerous. I f  the  

pa t i en t  d ies ,  the  dj.sposal of h i s  body and h i s  c lose  personal e f f e c t s  

may be an occasion f o r  wider exposure t o  suscept ib les  than he was 

while sti l l  a l i v e  

N 30KlE 1EPIDEMIOIX)GIC EFFECTS OF SIVULPOX VACCINATION 

A s  a climax t o  the  epidemiologic vulnerabi l i ty  of smallpox, we have a 

highly e f f e c t i v e  vaccine. Its effec t iveness  i n  protec t ing t h e  vaccinee 

from acquiring disease  w i l l  be discussed i n  another session,  and wj.11 not  

be de ta i l ed  f u r t h e r  here. It has o the r  e f f e c t s  i n  addit ion,  howevert 

and despi te  thefact  th& cases ce r t a in ly  do occur anong vaccinees, it is 

probable -- t h a t  the  transmission of smallpox cannot be sustained i n  a vaccinated 
---.-- -------- 

population without an cnvaccinated rese rvo i r  of s u s c e p t i b l e ~ .  ------ --- --- 
1. Effect  of p r i o r  vaccination on c l i n i c a l  sever i ty  of disease - --- 

That vaccinated cases of smallpox a r e  general ly milder than 

unvaccinated cases has long been recognized. I n  a study involving 

almost 7 000 conseoutive cases of smallpox i n  Madras, Dr .  A.R. Rao has 

now demonstrated t h i s  quant i ta t ive ly .  The case f a t a l i t y  r a t e  among 

a l l  those with a h i s to ry  of vaccination at some time i n  the  past  was 

s i x  percent; among the  unvaccinated it was t h i r t y - f i v e  percent .  O f  

g rea te r  importance epidemiologicallj- (see Part  I V  para. 2) was the  

f inding t h a t  t h e  propol-tion of the  mildest o r  "modified" cases was 

only one percent among unvaccinated cases, whereas it was twenty-five 

percent among those  vaccinated once, and f o r t y  percent among those who 
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had been revaccinated. 

2. Effect of c l in ica l  severity of case on-contact -- r a t e  

I n  a related study of intrafamilial  transmission of smallpox 

i n  households with a primary case, D r .  Rao was also able t o  show 

the  re la t ive  infectiousness of vaccinated and unvaccinated cases of 

differ ing c l in ica l  type. The secondary attack ra te  of "ordinary" 

( i . e .  "classical") cases was 4 .5  percent among "modified" cases it 

was 1.7%. Even within the same c l in ica l  variety ("ordinary"), previous 

vaccination affected the percentage of contacts who contracted disease 

from unvaccinated index cases the secondary attack r a t e  was 6.1% 

but from vaccinated cases it was only 2.&. It thus appears t ha t  the 

case of smallpox who had previously been vaccinated is a relat ively 

poor source of infection, as  a resul t  of the smaller number of lesions 

present i n  the mouth. 

On the other hand, it should be noted tha t  the not-very-sick, 

ambulatory case represents an especial danger as  a transmitting agent 

of smallpox. Although an ineff ic ient  vector, he may not real ize  

tha t  he has smallpox, nor be recognized by others as  having it, and 

he may t rave l  f a r ,  t o  introduce the disease into a non-infected area. 


