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Introduction 

A t  t he  s t a r t  of 1969, 27 countries i n  the  world were coneidered 
t o  be smallpox endemic areas ,  and these  accounted f o r  aver 99 per 
cent  of the  world's smallpox. 

By d e f i n i t i o n ,  an endemic area  is one i n  which a c e r t a i n  mini- 
mum number of smallpox cases appear each year--we m y  say a r b i t r a r i l y  
an average of a t  l e a s t  50 reported cases a year, What t h i s  meam is 
t h a t  smallpox is constantly present i n  the  area concerned and is 
being transmitted,  even though the  cases may not be detected and re-  
ported month by month. 

This presentat ion w i l l  dea l  with some of the  bas ic  fea tures  of 
transmission of smallpox i n  an endemic area ,  and w i l l  be i l l u s t r a t e d  
with da.ts from studiea t h a t  have been carr ied  out i n  West Pakistan 
during the  past  four years. These were: 

a. Epidemiologic inves t igat ions  of  mallp pox i n  Sheikhupura 
D i s t r i c t ,  West Pakistan, 1966-67. I n  these s tudies ,  an 
attempt was made by in tens ive  survei l lance  t o  d e t e c t  and 
character ize  e l l  outbreaks t h a t  occurred i n  a s i n g l e  r u r a l  
d i s t r i c t  (population: 1.1 mil l ion)  over a period of  one 
year. 

b. Survey of Lahore Municipal Corporation, Weet Pakistan, 
1968-69. A survey of  vaccination s t a t u s  and past smell- 
pox experience of an urban population, 

c. Epidemiologic s tud ies  i n  s i x  d i s t r i c t s  of West Pakistan, 
1968-69. 

These inves t igat ions  were ca r r i ed  out by the  Pakistnn Medical Re- 
seprch Center (University of i+iaryland I n t e r n ~ t i o n a l  Center f o r  Medical 
Research and Training),  6 3irdwood Road, Lahore, Pakistan, and were 
supported by Grant 170. TWO0142 (ICMRT) from the  Uational I n s t i t u t e 8  of 
i3ealth, ?ethesdn, lhryland,  U.S.A. The s tud ies  of smallpox i n  Sheik- 
h u p u r ~  D i s t r i c t ,  1966-67, which provided the  major pe r t  of the  data  
re fe r red  t o  i n  t h i s  presentat ion,  were conducted by Dr .  D, B. Thamas 
2nd D r .  T. M. Mack, and a r e  now i n  preparat ion f o r  publication. Subae- 
quent a tudies  were conducted by D r .  G. G. I!einer, D r .  Nusrat aatima, 
and Mr. Asghar A l i .  
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Transmission of  Smallpox i n  Endemic Areas 

1. S u s c e p t i b i l i t y  of  t h e  populat ion.  

An nppe.rently high l e v e l  of vncc ina t ion  ( i n  terms o f  vnccina t ion  
s c a r  s t a t u s )  does not  always mean t h a t  a populat ion is adequately pro- 
t e c t e d  ega ins t  smallpox. Even n r e l a t i v e l y  well-vaccinated populat ion 
m~.y h ~ v e  s u b s t s n t i a l  numbers of unvaccinoted suscep t ib l e s  i n  t h e  
youngest age groups; nnd these  may be more than enough t o  ensure 
t ransmission of d i sease  and t o  s u s t a i n  an endemic l e v e l  o f  smallpox. 
Furthermore, an ugknown but  cons iderable  number of  persons who have 
been vaccinated have a c t u a l l y  a g ~ i n  become s u s c e p t i b l e  a s  t h e i r  
immunity hes waned. 

See Tnble 1. I n  a survey of  Lnhore, West Pakis tan,  i n  1968-69, 
90.1 per  cent  of persons examined were found t o  have vacc ina t ion  
s c a r s ,  and 92.9 per  cent  had vqcc innt ion  s c a r s  or a h i s t o r y  of  pas t  
smnllpox; t h i s  r ep re sen t s  n r e l a t i v e l y  h igh  l e v e l  of immunization. 
Eowever, i f  one takes t h e  converse of t hese  f igu res ,  one f inds  t h a t  
60.6 per  cent  o f  i n f a n t s ,  15.6 per  cent  of ch i ld ren  of age 1-4 and 
4.6 per  cent  of  c h i l d r e n  of age 5-9 were s t i l l  f u l l y  suscep t ib l e .  

2. Whet persons a r e  most a t  r i s k ?  

I n  a l l  endemic r r e a s ,  c h i l d r e n  represent  t he  ma jo r i t y  of  suscep t i -  
bles--ond hence t h e  ma jo r i t y  of  cPses. Tsble  2 gives  a breakdown af 
111 smallpox c3se.s de t ec t ed  i n  a one-year period (1966-67) i n  Sheik- 
hupur2 D i s t r i c t ,  West Pakis tan.  55.7 per  cent  of a l l  cases  were 
ch i ld ren  o f  less than  10 years .  At t sck  r a t e s  of school-age c h i l d r e n  
(5-14 yea r s )  not a t t end ing  school  (and thus  less a c c e s s i b l e  t o  vaccin- 
a t e * ~ )  were s i x  t i m e s  h igher  than a t t a c k  r a t e s  o f  c h i l d r e n  a t t e n d i n g  
school.  

The m j o r i t y  of  cases  occur i n  t he  unvaccinated, bu t  s considera-  
b l e  number of cases  a1--1 occur i n  persons who hxve been vaccinated.  
I n  t h e  Sheikhupurn s t u d i e s ,  12.9 per  cent  of cases  were known t o  hnve 
s c a r s ,  and t h e  t o t a l  number was probably considerably h igher .  

I n f ~ n t s  as n group should be considered a s  s u s c e p t i b l e  from b i r t h .  
S tudies  i n  West Pakis tan  i n  1968-69 i n d i c a t e  t h a t  maternal  ant ibody 
p ro t ec t ion  is h igh ly  v3 r inb le  and t h e r e f o r e  undependable. Cases have 
been noted i n  i n f a n t s  a s  young a s  two months. 

3. T r ~ n s m i s s i o n  of  smallpox t o  contac ts .  

Once 3 cqse of  smellpox appears  i n  a l o c a l i t y ,  t ransmiss ion  occurs  
pr imar i ly  nmong c l o s e  con tac t s  of t h e  ca se ;  and t h e  e x t e n t  of  spread 
t o  those con tcc t s  w.'; l a r g e l y  determine t h e  f u r t h e r  course of  t h e  out- 
break. 

See Table 3.  Among household and compound con tac t s  of  smallpox 



cRses i n  4 7  outbreaks, the  a t t a c k  r a t e  of unvaccimted contacts  was 
65.7 per cent ,  while t h a t  of previously vaccinated contncts  was only 
4.3 per cent.  This demonstrates the  highly protec t ive  e f f e c t  of  
vaccination,  even i n  persons who may have been vaccinated only i n  
childhood. Preliminary r e s u l t s  of these  s tud ies  a l s o  appear t o  con- 
firm the  ef fec t iveness  of vaccination o r  revaccination soon after 
exposure. 

4 .  Chnrncterist ics  of outbreaks. 

Smallpox i s  not n highly in fec t ious  disease,  and its spread both 
wi th in  - l o c a l i t y  and between loc r t l i t i e s  is usually law. I n  an  
endemic area,  most of the outbreaks a r e  small,  most a r e  of s h o r t  
durs t ion ,  and many burn themselves out without fu r the r  sprend. On 
the  o ther  hand, the  very f a c t  t h a t  transmission i s  slow means t h a t  
on outbreak m y  continue t o  smoulder f o r  mctny months i f  not detected, 
thus representing a pe r s i s t en t  focus of infect ion.  This bas ica l ly  
is how endemic smallpox is maintained. 

See Table 4 .  I n  t h e  s tud ies  i n  Sheikhupura D i s t r i c t ,  more than a 
quar te r  of the  120 outbreaks detected consisted of one case only and 
over 60 per cent  consisted of f i v e  cases o r  l e s s .  One t h i r d  of t h e  
outbre+?ks hnd only import cases,  with no I fu r the r  transmission; and 
i n  thcse where f u r t h e r  transmission did occur, the  average dura t ion 
of an outbre.2k was 50 days. However, some of the  outbreaks continued 
f o r  two months, three  months, and even longer. 

5. Tnnamission of smellpox between l o c a l i t i e s .  

The pa t t e rn  o f  sprend of smallpox w i l l  vary i n  d i f f e r e n t  endemic 
areas.  However, there  is a general tendency f o r  c i t i e s  t o  serve as 
foc i  of in fec t ion  and thus t o  generate a disproport ionate number of  
outbreaks i n  surrounding areas.  

See Table 5. Among outbreaks of known source i n  Sheikhupura 
D i s t r i c t  i n  1966-67, more than a quar ter  could be traced d i r e c t l y  t o  
c i t i - , I  and more than h a l f  could be traced d i r e c t l y  o r  i n d i r e c t l y  t o  
c i t i e s ,  

"Carriers" of s m ~ l l p o x  between l o c a l i t i e s  can a l s o  be iden t i f i ed .  
I n  Sheikhupur3, 56 per cent  of outbreaks of known o r i g i n  were i n i t i a t e d  
by chi ldren under 15. A t  lenet  50 per cent  and probably near ly  80 per 
cent  of  the outbreaks were caused by import cases who were unvaccinated. 
Furthermore, o ther  s tud ies  suggest t h a t  the  i n f e c t i v i t y  of unvaccinated 
cases ( i n  terms of secondary cases a t t r i b u t a b l e  t o  them) is grea te r  
than t h a t  of cases who were previously vaccinated. 

6, geasoanl incidence of smallpox. 

Smallpox has a very marked seasonal pa t t e rn  i n  endemic areas,  a l -  
though the  exact pnt tern  va r ies  from region t o  region. Throughout 
West B k i s t n n ,  the re  is a peak i n  winter  and e a r l y  spr ing and a very 



low ebb i n  sunrmer and e a r l y  f a l l .  See Figure 1. 

On the  o the r  hand, the  course of smallpox outbreaks may be very 
e r r a t i c  within a given country and from year t o  year. The disease  
may disappear temporarily from c e r t a i n  d i s t r i c t s ,  and its reappear- 
ance w i l l  then depend both on the  accumulation of s u f f i c i e n c t  numbers 
of suscept ib les  cnd on the  development of adequate foc i  of in fec t ion  
i n  a d j ~ c e n t  d i s t r i c t s .  The l aver  the  l eve l  of disease,  the  more 
important these  fac tors  become. 

Conclusions 

This examination of the  pat terns  of transmission of snwllpox i n  
endemic nreas has many obvious lessons for smallpox eradicat ion:  

1. Vcccimtion s c a r  s t a t u s  i s  not always a r e l i a b l e  index of 
the  s u s c e p t i b i l i t y  of c populntton t o  smll.pox. Even i n  a r e l a t i v e l y  
well-vaccineted population, there may be l a rge  groups of susceptibles,  
consis t ing  primnrily of unva.ccinated infnnts  and children but a180 
including some veccinnted persons whose immunity has waned. 

2. The value and importance of vaccination i n  preventing small- 
pox is amply demonstrated i n  s tud ies  of household contacts ,  who a r e  
the  persons a t  highest  r i sk .  Attack r a t e s  i n  the  unvaccinated a r e  
15 times n s  high a s  i n  vaccinated contacts .  

3. Studies i n  West P.-kistln indic?.te tha t  unvaccinnted chi ldren 
who ore  not  at tending school c o n s t i t u t e  the mnjor s i n g l e  group of 
susceptibles.  Effec t ive  vaccination coverage of t h i s  group alone 
would e l iminate  about two-thirds of the  po ten t i a l  emallpox cases i n  
nn area,  ~ n d  a l s o  the  most important c a r r i e r s  of the  d isease  between 
l o c a l i t i e s .  

4. An eradicat ion program should include an adequate emphasis O n  
c i t i e s ,  s ince  u r b m  sreas  tend of ten  t o  be pe r s i s t en t  foc i  of in fec t ion  
2nd thus plny a disproport ionate r o l e  i n  gener l t ing  811h311p0~ outbreaks 
i n  surrounding Ereas. 

5. The unique pat terns  of srmllpox transmission provide exce l l en t  
oppor tuni t ies  f o r  eradica t ion e f f o r t s .  A t  any given time, only a 
r e l q t i v e l y  small percentage of l o c a l i t i e s  i n  an endemic area a r e  
irffected; and the  spread of the d isease  i s  usually slow, both wi th in  
s l o c a l i t y  and between l o c a l i t i e s .  Thus, with adequate survei l lance  
and follow-up operat ions,  i t  o f t en  i s  a r e l a t i v e l y  easy t a sk  t o  break 
the  chains of transmission. The mrked seasonal p a t t e r n  of emallpox 
provides an addi t ional  advnntage; the  detec t ion and control  of only a 
few outbreaks during the  months of low incidence may serve t o  f o r e s t ~ l l  
most o r  n l l  potenti21 outbreaks i n  en area during the  following emall- 
pox season. 



I n  a given populat ion,  what i s  t h e  vacc ina t ion  level--and what i s  
t h e  s u s c e p t i b i l i t y  l eve l ?  

( D a t ~  from vacc ina t ion  survey of Lahore i4unicipsl Corporation, 
West Pakistzn,  1968-69, prel iminary f ind ings .  A l l  f i g u r e s  a r e  
percentages of persons examined.) 

a.  Persons wi th  vaccinat ion sc.?rs:  

- - 4 

Age 
Percentage 
wi th  s c a r s  

Less thzn 1 39.4 
1-4 84.1 

94.4 
10- 19 

20 and above - 
Tota l  90.1 

b. Overa l l  l e v e l  of immuniz~i*: 

Persons wi th  d e f i n i t e  s u s c e p t i b i l i t y :  c. - 

Age 

Less than  1 
1-4 
5-9 

10-19 
20 and above 

Tot,? 1 

Percentage wi th  
vncc ina t ion  s c a r s  
h i s t o r y  of  smallpox -- 

39.4 
G4.4 
95.4 
97.8 
96.5 - 
92.9 -- 

d.  Persons who m y  be suscep t ib l e  (vnccinated persons whese immunity 
has wmed):  - ---- 

-7- Percentage wi th  
Age vncc in~ . t i on  s c a r s  nnd 

no h i s t o r y  of smallpox 

Unknown. 

Less than 1 
1-4 
5-9 

10-19 
20 and ~ b o v e  - -- 

Tota l  

- 
60.6 
15.6 
4.6 
2.2 
3.5 

7.1 -- 



What persons a r e  most a t  r i s k ?  Who o r e  t he  smallpox cnsez? 

(Data from s t u d i e s  of  smallpox i n  Sheikhupurn D i s t r i c t ,  Weet 
Pzkis tan ,  1966- 67. ) 

R .  D i s t r i b u t i o n  of  cases  by sge: 

---- ---- --- ---.-- 

Cases 
I 

b. Att-ck r a t e s  per 10,000 by school  nt tendmce* f o r  ch i ld ren  e f  age 5-14 
years: 

Less than  1 
1-4 
5-9 

10-19 
20 2nd sbove -- 

Totn l  

* ?wed on 1961 census 

c. D i s t r i b u t i o n  of  cases  by v scc ina t ion  s t a t u s :  

i 'o .  

5 8 
201 
24 1 
229 

.- 169 

898 -- 

I Attending 
School 

'!es 
Ro 

Ynknown 

Tot21 

% of t o t a l  

6.5 
22.4 
26.8 
25.5 
18.8 

100.0 

* Cases which died o r  had conf luent  l e s ions  prevent ing examinatfan 
f o r  vacc ina t ion  s c a r s .  

i*o. 
Csses 

28 
349 

4 

381 

V?ccinntion 
s t 3 t u s  

Sc-ir 
110 s c a r  
Probably no scar" 
IJnknown 

To ta l  

- 
Attack 
Rate 

3.0 
19.2 - - - 
13.9 

- Cases 1 
ilo . 
134 
54 3 
164 
199 

1,040 

% of totn.1 

12.9 
52.2 
15.8 
19.1 

100.0 



Transmission of smallpox to contxts 

(Dstn from studies of smallpox in West P3kistnn, 1968-69.) 

Attack rates by vaccination st?tus for household and compound contacts - --. 
of the first case in 47 outbresks: --- --- 

Vnccinntion I 110. Attack 
Status Contacts Secondary Cases Rnte (%) 

I scar 
Ilo scar 
Uncertain* 
i!ot examined 

* Died or hnd confluent lesions preventing examination for vaccination 
scars. 

** 30 contncts with history of precioq~a smallpox excluded. 



Whst a r e  t h e  c h a r r r c t e r i s t i c s  of ou tbreaks?  

(D9t3. from s t u d i e s  o f  smnllpox i n  Sheikhupura D i s t r i c t ,  Weet 
Pnkis tnn,  1966-67.) 

r..  s i a e  o f  outbreaks:  D i s t r i b u t i o n  of outbreaks  by number of cases: 

L Outbrerrks 
KO. Cases I I 

b. Durat ion of ou tbreaks :  D i s t r i b u t i o n  o f  ou tbreaks  by d u r a t i o n  i n  
dnys: 

One czise on ly  
2-5 
6-10 

More than  10 - 
Tot21 - 

% of  tot ,?  

27.5 

2 1 17.5 

120 100.0 

L - 

D u r ~ t i o n  i n  Dcys 

Less than  10 d l y s  
(import m s e s  on ly ;  
no t r3nsmiss ion)  

10-19 dpys 
20-39 
40-59 
60-99 

100 and rbove 

T o t a l  

Outbreaks 

170. 

40 

16 
26 
12 
13 
11 

120 

% of total 

33.3 

13.3 
23.3 
10.0 
10.8 

9.2 

100.0 



TASLE 5 

Transmission of mal lpox between l o c a l i t i e s  

(Dntl from s tudies  of smallpox i n  Sheikhupura D i s t r i c t ,  West 
pnkistan, 1966-67.) 

a. Source of outbreaks: Distr ibution of outbreaks of known eoutce 
by s i z e  and location of source loca l i ty :  

* Urbnn = l o c a l i t i e s  with more then 100,000 population 

b. "Carriers" of smallpox: Dis t r ibut ion of import cases by age and 
sex ( i n  outbre3ks of known or igin) :  - 

- 

Source 

- 
Direct urban source* 
Ind i rec t  urban source 
Direct o r  ind i rec t  urban 

source 

Other 

Total with known source 

c. "Csrriers of smllpox:  Distr ibution of import cases by vaccination 
s t a tu s  ( i n  outbrenks of known ~,zig".): 

Outbreaks 

Age nnd Sex 

Under 15 (both sexes) 
15 and above (mole) 
15 and above (female) - 

Total 
C 

NO. 

20 
18 

38 

34 

72 

.A- Cases which died o r  he.d confluent lesions preventing examination 
fo r  vaccination SMrS.  

7. of t o t a l  

27.8 
25.0 

52.8 

47.2 

100.0 

Import Casea 

r 
Vaccimtion Sta tus  

Scar 
i\ro s cn r 
Probably no scar* 
Unknown 

Total 

No. 

4 2 
2 2 
11 

7 5 

7. of t o t a l  

56.0 
29.3 
14.7 

100.0 

Import Cases 

Id0 . 
6 

37 
22 
10 

75 

'/. of t o t a l  

8.0 
49.3 
29.3 
13.3 

100.0 1 



Figure 1 

Seasonal Cistribution af Pmallpox Cases 
in Fheikhupura Cistrict, ;"est Fakistan, 

1966-67 

Way June July Lug, Seot. Cct. K a v ,  Ceo. Jan. Feb. Brar. !Or. 

N onths 


