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INTRODUCTION 

The study of smallpox outbreaks i n  non-endemic areas  is productive f o r  two 

reasons: t h e  outbreaks a r e  usual ly  inves t iga t ed  i n  d e t a i l ;  they a f fo rd  opportunity 

t o  examine b a s i c  a spec t s  of smallpox transmission.  This paper dea l s  wi th  t h e  sub jec t  

of introduced smallpox i n  two p a r t s ,  a d e f i n i t i o n  of genera l  p r i n c i p l e s ,  and examina- 

t i o n  of case  h i s t o r i e s .  

BAGXGROUND 

Smallpox i n  non-endemic areas  depends on importat ion of t h e  d isease .  U n t i l  

r ecen t ly ,  such importations have occurred p r inc ipa l ly  i n t o  t h e  United S t a t e s  and 

Europe. However, wi th  t h e  inc reas ing  freedom from smallpox.many previously endeplic 

count r ies  a r e  exposed t o  smallpox importat ion a s  a new and important t h r e a t .  

Once imported, spread of smnllpox depends on f a c t o r s  a f f e c t i n g  t h e  a v a i l a b i l i t y  

of suscep t ib l e s .  I f  suscep t ib l e s  e x i s t ,  and have e f f e c t i v e  contac t  with the  smallpox 

p a t i e n t ,  spread m y  be  expected. While smallpox p a t i e n t s  remain i n  t h e  genera l  popu- 

l a t i o n  capable of i n f e c t i n g  suscep t ib l e  i nd iv idua l s ,  t ransmission w i l l  continue.  I f  

unchecked, i n  a s o c i e t y  wt th  s u f f i c i e n t  suscep t ib l e s ,  imported smallpox w i l l  eventua l ly  

become "rees tabl i shed"  endemic smallpox. 

The epidemiological environment i n  non-endemic a reas  i s  genera l ly  d i f f e r e n t  from 

t h a t  i n  endemic a reas .  

1. Health s e r v i c e s  a r e  usual ly more highly developed; hosp i t a l s ,  medical care ,  

and preventive medical s e rv i ces  a r e  genera l ly  more a v a i l a b l e  (The very freedom from 

smallpox implies  such development). 

2.  The sociology of n ick  people may d i f f e r  g rea t ly  between endemic and non- 

endemic' a r eas .  I n  t h e  i n d u s t r i a l l y  developed areas, people f a l l i n g  ill a r e  inc l ined  

t o  remain a t  home, t o  seek medical care. and t o  be admitted t o  h o s p i t a l s .  This  gives 

r i s e  t o  a " se l ec t ive  pa t t e rn  of contact"  which is  q u i t e  d i f f e r e n t  from t h e  c o ~ u n a l  

contac t  p a t t e r n  which may cha rac t e r i ze  spread i n  endemic areas .  
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3. Un t i l  recent ly ,  pa t te rn8  of l i v i n g  have been q u i t e  d i f f e r e n t  i n  non-endemic 

areas than i n  endemic areas .  I n  Western Europe and t h e  United S t a t e s  f o r  ins tance ,  

people l i ve  i n  sepa ra t e  dwelling u n i t s ,  i n  small, non-extended fami l ies ;  l i f e  is o r i en ted  

t o  t h e  family r a t h e r  than the  v i l l a g e .  Under such circumstances, t h e  number of e f f e c t i v e  

contac ts  with paople outs ide  the  family is much less than is the  case  i n  vi l lage-oriented 

s o c i e t i e s .  e spec ia l ly  market-oriented s o c i e t i e s .  The r e s u l t  of these  f a c t o r s  is t h a t  t h e  

emallpox p a t i e n t  i n  non-endemic areas  is l i k e l y  t o  have r e l a t i v e l y  few contac ts  outs ide  

h i s  (a)  family a d  (b) indiv iduals  who a r e  responsible fo r  h i s  hea l th .  

It is ale0 genera l ly  t r u e  at the  present  time t h a t  t h e  immunity l e v e l s  are higher 

i n  non-endemic arars as a r e s u l t  of  t he  past  vaccination e f f o r t s  which f reed  them of 

mmallpox; t h e  a v a i l a b i l i t y  of s l u c e p t i b l e s  is l e s s  than i n  m a t  endemic areas. There 

u e  wide v a r i a t i o n s  i n  t h i s ,  hamver .  a d  some presently non-endemic countr ies  have 

r e l a t i v e l y  low l e v e l s  of mxisting i-icy. I n  most non-endemic areas, medical and 

public hea l th  a u t h o r i t i e a  ere unfamiliar  with  mallp pox, and are d i s inc l ined  t o  diagnose 

t h e  d isease  c l i n i c a l l y  u n t i l  t h e  diagnosis  Is InescapaBle. n u s ,  t h e r e  i s  a tendency 

t o  "miss" a t y p i u l  cases,  p a r t i c u l a r l y  of  very did disease. 

f i e  s e v e r i t y  of t h e  i l l n e s s  i n  the  imported pa t i en t  is profoundly important. I n  

t eve ra  c u e 8  t he  pa t i en t  is  pros t ra ted ,  has l imi ted  mobil i ty,  demands in t ense  medical 

care, and i n  usually hod'pitalized. I n  mild cases,  the  pa t i en t  r e t a i n s  i ts  mobil i ty,  

m y  not seek medical care ,  and has a g rea te r  p o t a n t i a l  f o r  spreading t h e  d i sease  i n  

the  population a t  l a rge .  

These f ac to r s  determine two predominant pa t t e rns  of t ransmission of smallpox in  

non-endemic areas: (a) spread i n  hospitals, and (b) spread i n  f a m i l i t i e s .  The seve r i ty  

of the i l l n e s s  i n  t h e  index case  is frequently t h e  most important f a c t o r  i n  determining 

which pa t t e rn  w i l l  predominate. 

EPIDEMIOLOGY OF SHALLPOX TRANSHISSION I N  NON-ENDEMIC AREAS 

The transmission of smallpox proceeds i n  accordance with i ts  b a s i c  epidemiological 

characteristics. Transmission of t h e  d i n w e  w i l l  occur i n  generat ions from person t o  

person, but t he  pa t t e rn  w i l l  be d i c t a t e d  by t h e  a v a i l a b i l i t y  of suscep t ib l e s  and t h e  

l imi t a t ions  of contac t  between t h e  pa t i en t  and h i s  environment. The age and sex  

d i s t r i b u t i o n  of cases  occurring i n  outbreaks i n  non-endemic a reas  w i l l  prec ise ly  r e f l e c t  
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t h e  p a r t i c u l a r  universe of contac ts  of t h e  imported p a t i e n t .  Rather than t h e  

c l a s s i c a l  age d i s t r i b u t i o n  of p a t t e r n s  seen i n  endemic a reas ,  t h e  age d i s t r i b u t i o n  of 

cases i n  outbreaks due t o  importat ion may be skewed b i z a r r e l y  t o  t h e  e l d e r l y ,  t he  

young, t o  s p e c i f i c  age and sex sub-groups, o r  may i n s c r i b e  a  usual population d i s t r i -  

but ion;  t h e  pa t t e rn  depends e n t i r e l y  on the contact  environment. 

Most important ly,  a  concept of t he  "high r i s k  group" emerges from ana lys i s  of 

t ransmission pa t t e rns  of  non-endemic a reas .  High r i s k  groups a r e  those  ind iv idua l s  

who, f o r  one reason o r  another, a r e  more l i k e l y  than the genera l  populat ion t o  come 

i n  contact  with imported smallpox. Chief amng  the "high r i s k  groups" is  t h e  h o s p i t a l  

and h e a l t h  worker whose chances of coming i n  contac t  with t h e  smallpox pa t i en t  a r e  

s u b s t a n t i a l l y  g r e a t e r  than those of any o the r  s i n g l e  segment of t h e  population. 

CHARACTERISTICS OF SMALLPOX IMPORTATION 

A l l  smallpox i n  non-endemic a reas  begins with importat ion of t h e  d i sease  from 

endemic a reas .  In 1965, Mack analyzed over 75 in t roduc t ions  i n t o  Western Europe and 

the United S t a t e s  during t h e  period 1946-64 (see handout).  Of these ,  29 o r ig ina t ed  

i n  India .  During t h e  period 1946 and 1950, 25 of 37 imported cases occurred i n  return-  

i n g  m i l i t a r y  personnel.  During t h e  period 1951 t o  1964, a  wide v a r i e t y  of profess ions  

were represented among those importing smallpox; t h e  l a r g e s t  number, 7 ,  were involved 

i n  t echn ica l  a i d  o r  employment abroad. 

A t o t a l  of 47 of i nd iv idua l s  importing smallpox were na t iona l s  of t he  country t o  

which smrrllpox was introduced.  Before 1950, t h e  p r i n c i p a l  mode of in t roduct ion  w a s  by 

sea ;  s i n c e  1951, a i r  t r anspor t  has  cons t i t u t ed  t h e  bulk of cases .  The vas t  major i ty  

of importat ions occurred during t h e  period December t o  May. 

F i r s t  generat ion indigenous cases  have general ly occurred a t  t he  u l t imate  

des t ina t ions  of the imported p a t i e n t  which were evenly divided between the  po r t  of 

a r r i v a l ,  a ~ d  areas elsewhere. Data were ava i l ab le  fo r  516 of t h e  685 indigenous 

cases  i n  30 outbreaks of va r io l a  major. More than I la l f ,  280, acquired d isease  by 

h o s p i t a l  exposure. No indigenous spread from imported cases occurred aboard common 

c a r r i e r s .  I n  s h o r t ,  t he  t y p i c a l  pa t i en t  incroducing smallpox i n t o  t:.e non-endemic 

a rea  is a  business o r  t echn ica l  t r a v e l e r  re turn ing  t o  h i s  own country,  b y  a i r ,  during 
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t he  period December t o  Hap, who then spreads t h e  d isease  p r i n c i p a l l y  t o  h o s p i t a l  

con tac t s ,  i n  h i e  c i t y  of des t ina t ion .  

ILLUSTRATIVE CASE HISTORIES OF EPIDEMICS I N  NON-ENDEMIC AREAS 

A. United Kingdom, 1961-1962 

Five importat ions of smallpox from Pakis tan  gave r i s e  t o  two l a r g e  epidemics with 

62 indigenous case8 and 25 deaths.  

I n  Bradford, a four-year o ld  Pakis tan i  g i r l  was admitted t o  a h o s p i t a l  s h o r t l y  

before  Chriatpas with fever  and waa thoguht t o  have malar ia .  She improved on therapy,  

and then developed a hemorrhagic rash,  and died on December 30. A post mortem examina- 

t i o n  was performed; t h e  diagnosis  waa "septicemia." Two weeks l a t e r  a woman and a man 

f e l l  ill (almost s imultaneously) ,  were admitted t o  two o ther  Bradford h o s p i t a l s ,  and 

d ied  with hemorrhagic diseaae.  Both were thought t o  have died of i d iopa th i c  thrombo- 

cytopenic purpura. Post-mortem pathology specimens looked suspic ious ly  s i m i l a r .  An 

i n v e s t i g a t i o n  revealed t h a t  t h e  woman vas  a cook a t  t h e  Bradford Children 's  Hospi ta l ;  

t he  man had been a v i s i t o r  t he re .  Both could have had contact  with t h e  young Pak i s t an i  

girl before  h e r  death.  Inves t iga t ion  of ch i ldren  who had been p a t i e n t s  on t h e  ward 

revealed s i x  t h a t  had e rup t ive  d i sease .  I n  addi t ion ,  the ward nurse developed small- 

pox, as d id  t h e  pa thologis t  ( f a t a l l y )  who performed t h e  post-mortem examination. A 

c h i l d  p a t i e n t  who had been on t h e  ward, had been t r ans i e r r ed  elsewhere, r e s u l t i n g  i n  

t h r e e  a d d i t i o n a l  cases v i a  h o s p i t a l  epread. 

I n  w, a youag P&.istaai man a r r ived  i n  Card i f f ,  was recognized a s  having 

smallpox, hosp i t a l i zed ,  and i s o l a t e d .  A young pregnant woman l ived  near  t he  h o s p i t a l ;  

she t r ave led  t o  v i s i t  her  mother, and on February 6 i n  her  mother's home, had onset 

of labor .  She de l ivered  a s t i l l - b o r n  c h i l d ,  was at tended by h e r  mother and a f r i e n d ,  

subsequently hosp i t a l i zed ,  and died desp i t e  h e r o i c  r e s u s c i t a t i o n  e f f o r t s .  A post- 

mortem examination was perfomad end a diagnosis  of hypofibrinogenemia w a s  made. 

Smallpox appeared i n  a c h i l d  vho followed t h e  woman t o  t h e  s u r g i c a l  opera t ing  room, 

and family and f r i ends  who kissed o r  o the rv i se  handled h e r  corpse a t  t h e  tvo-day wake. 

A t h i r d  generat ion of cases occurred among h o s p i t a l  contac ts  of t h e  young boy i n  the 

second generat ion.  and among family contact4 of t h e  dead woman. What appeared t o  be 



t he  last case  i n  t h e  outbreak, i n  f a c t  t r i gge red  a new 20-case outbreak on the  ward of 

an o ld  l a d i e s  damic i l ia ry  r e s u l t i n g  i n  12 deaths.  

The UK experience dramatizes f i v e  aspec ts  of non-endemic smallpox transmission: 

(1) t h e  r o l e  of  t h e  h o s p i t a l  i n  smallpox transmission,  (2) t h e  r o l e  of t h e  undiagnosed 

a typ ica l  care  i n  i n i t i a t i n g  epidemics, (3) t h a t  smallpox can car ry  except ional ly  high 

mor t a l i t y  even under condit ions of optimal  medical care. (4) t h a t  int i lhate contac t  is 

the  usual  mode of spread,  (5) t h a t  even i n  non-endemic a reas ,  smallpox is a d i sease  of 

unvaccinated ind iv idua l s  (43 of  62 cases occurred i n  the t o t a l l y  unvaccinated persons; 

no case occurred i n  persons vaccinated wi th in  seven yea r s ) .  

B. Ivory Coast. 1967 

A 25  yea r  o ld  male farmer from t h e  v i l l a g e  of Dimba had been i n  t h e  Ivory Coaet 

two years .  He had come from Upper Volta and claimed vaccinat ion i n  1964 i n  Upper 

Volta. H e  was not  i n  h i s  v i l l a g e  i n  1965 when Ivory Coaet smallpox vaccinat ion team 

v i s i t e d .  On January 20, he was exposed i n  a veh ic l e  t o  a case of e rup t ive  smallpox. 

On January 24, he returned t o  h i s  home, and 8 t o  10 days l a t e r  su f f e red  t h e  onset  of 

smallpox. H e  was admitted t o  a h o s p i t a l  i n  Agni Bel ic rou  on February 4. On February 12 

another  Upper Voltan was adn i t t ad  t o  t h e  same h o s p i t a l  with another  d isease .  There he 

cont rac ted  smallpox from the  index case  p a t i e n t  and died QTI March 3. Two r e l a t i v e s  

v i s i t e d  him and returned ,to t h e  v i l l age .  Both hecame ill and went t o  Goua f o r  

h o s p i t a l i z a t i o n .  I n  Goua, an add i t i ona l  14 cases occurred as a r e s u l t .  

This  African exalpple aga in  i l l u s t r a t e s  t he  r o l e  of t h e  h o s p i t a l  i n  smallpox 

t r a n s l i s s i o n  i n  non-endemic areas .  

C. United Kingdom. 1966 (Variola Minor) 

In  the  years  s i n c e  1947, t h e r e  i s  one outbreak which i s  s u b s t a n t i a l l y  d i f f e r e n t  

from t h a t  presented above. This  outbreak produced 73 indigenous cases  of smallpox with 

no deaths. I l l n e s s  i n  t h e  i n i t i a l  p a t i e n t s  was s u f f i c i e n t l y  mild t h a t  no p a t i e n t  was 

hosp i t a l i zed  u n t i l  t h e  f i f t h  generat ion of the epidemic. 

Of the  cases  de tec ted ,  t h e  f i r s t  occurred i n  a photographer who spread t h e  d i sease  

t o  h i s  g i r l f r i e n d  and another  f r i end  working together  i n  a drugs tore .  Subsequently 

seve ra l  chains of transmission developed involving a youth club,  a schoolboy p icnic ,  



face-to-face contac ts  i n  a pub l i c  house, and i n t r a f a m i l i a l  spread.  P r i o r  t o  discovery 

of t h e  outbreak, and diagnosis of  emallpox, one p a t i e n t  was hosp i t a l i zed ,  g iv ing  r i s e  

t o  one hospital-acquired c m e .  The b a s i c  un i t  of spread i n  t h i s  outbreak was t h e  

family wi th  61  of 73 pa t i en t9  acqui r ing  t h e i r  i l l n e s s  a s  a r e s u l t  from spread from 

another  homehold member. 

This outbreak dramatizes t he  r o l e  of the type of c l i n i c a l  i l l n e s s  i n  the i n i t i a l  

cases. When t h e  i l l n e s s  is mild and h o s p i t a l i z a t i o n  does not occur,  smallpox i n  non- 

endemic areaa spreads M i t  does i n  endemic a reas ,  t h a t  is p r i n c i p a l l y  i n  f ami l i e s  and 

between s o c i a l  urd collmunal groups. 

SUMMARY 

The spread of introduced smallpox is dependent upon s e v e r a l  f ac to r s .  The s e v e r i t y  

of t h e  i l l n e s s  i n  t h e  in t roducer  plays a s i g n i f i c a n t  r o l e  and predetermines whether t h e  

p a t t e r n  of spread w i l l  be p r i n c i p a l l y  v i a  h o s p i t a l  contac t ,  o r  family contac t .  Spread 

occurs t o  suscep t ib l e  i nd iv idua l s  who h a w  c lose  contact  with t h e  smallpox-infected 

p a t i e n t ;  spread t o  chance contac ts ,  when i t  occurs,  is inf requent .  The h o s p i t a l  plays 

a major and ominous r o l e  i n  t h e  t ransmission of non-endemic smallpox, and spread  of the 

d isease ,  as i n  endemic smpllpox, i s  p r inc ipa l ly  among t h e  unvaccinated. The experience 

i n  non-endemic a reas  i nd ica t e s  t h a t  s p e c i a l  a t t e n t i o n  must be given t o  c e r t a i n  groups 

t o  a s su re  high l e v e l s  of immunity among them, and p r i n c i p a l  among these  a r e  h o s p i t a l  

and hea l th  workers. There is a naed f o r  a high l e v e l  of suspic ion  in  any p a t i e n t  with 

an e rup t ive  f e b r i l e  i l l n e a s  t o  assure  accuraQe and e a r l y  d iagnos is .  While high l e v e l s  

of general  iarmunity i n  a populat ion form an e f f e c t i v e  b a r r i e r  t o  family spread of 

smallpox, t h e  g rea t e s t  defense aga ins t  introduced d isease  is a s t rong surve i l lance-  

containment capab i l i t y  . 
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