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The assessment of t h e  immunity s t a t u s  of a population t o  smallpox has 
severa l  important meanings i n  the  context of smallpox eradicat ion progmmmes. 
F i r s t l y ,  it is very essen t i a l ,  before launching this prognume, t o  have a 
p r o f i l e  of t h e  immunity l e v e l  of a population t o  plan the  p ro jec t  a c t i v i t i e s  
i n  t h e  most needed di rec t ion.  Secondly; during the implementation of the  
programme its assessment becomes necessary t o  determine t h e  progress made and 
t h e  t a r g e t s  y e t  t o  be accomplished. 

The assessment of a smallpox eradicat ion programme during i t s  execution 
is  performed usual ly  i n  two ways: 

( a )  a s  a concurrent assessment of the  vaccination coverage of t h e  
population, with simultaneous est imation of t ake  r a t e s  and 
vaccinators '  output, 

(b) as an independent, per iodical  assessment, which i s  performed 
i n  a n  object ive  way by a s p e c i a l  team. 

In both kinds of assessment s c a r  surveys o f f e r  a simple method t o  
assess  objectively: 

(1)  To determine i f  the  vaccination e f f o r t  during previous years  was 
s u f f i c i e n t  t o  achieve a good population coverage i n  general ,  o r  among s p e c i f i c  
age groups, o r  p a r t i c u l a r  a r e a s  of t h e  country. In t h i s  way t h e  est imation of 
the  proportion of t h e  population suscept ib le  t o  smallpox is  obtained, which is 
purposefltl t o  give proper guidance f o r  f u t u r e  vaccinations a c t i v i t i e s ,  t o  
d i r e c t  them t o  t h e  most vulnerable sec to r s  of the  population, o r  t o  p r i o r i t y  
areas within the '  country. 

(2) The probable number of smallpox cases occurred i n  t h e  pas t ,  which 
can be estimated from t h e  number of persons with pockmarks. This i s  t h e  Way tc 
g e t  a comparison between s m l l p o x  cases occurred and smallpox cases reported and 
t o  est imate t o  some extent  t h e  degree of accuracy and e f f i c iency  in repor t ing 
of smallpox cases t o  hea l th  services .  

The in fomat ion  got  from such ca lcu la t ion  is  of g r e a t  importance f o r  
assessment of t h e  survei l lance  (containment) a c t i v i t i e s ,  which form one of t h e  
most important pa r t  of t h e  smallpox eradicat ion progmme.  

With t h e  above objects  i n  view smallpox s c a r  surveys were introduced i n  
t h e  South East  Asia Region i n  1967 a t  t h e  time of the  j o i n t  Government/WHC 
assessment of t h e  Indian National Smallpox Eradicat ion Programe, and t h e r e a f t e r  
applied i n  o the r  countr ies  of t h e  Region as an i n t e g r a l  part of concurrent and 
ad hoc assessments of SEP in vnrious areas. The information obtained was used 
by the  na t iona l  h e a l t h  a u t h o r i t i e s  a t  var ious  l e v e l s  t o  e f f e c t  correct ions and 
adjustments i n  t h e  execution of t h e  programme. 

A s c a r s u r v e y  usual ly  cons i s t s  of t h r e e  phases, each of them should be 
planned ca re fu l ly  t o  g e t  t h e  most 'accurate data: 

- programming phase - s c a r  survey i n  t h e  f i e l d  
- ana lys i s  of da ta  and t h e i r  i n t e r p r e t a t i o n  



During tine f i r s t  pPase of programming, severa l  quest ions have t o  be 
discussed.and answered. F i r s t  of a l l  t h e  aim of a s c a r  survey should be defined 
and its necessary dimensions established.  Sometimes a s c a r  survey has -to be 
performed on a nat ional  b a s i s  and se lec ted  a reas  of t h c  whole country have t o  
be covered. On other  occasions, e.g. during shor t  f i e l d  v i s i t s ,  population of 
only a few v i l l a g e s  i n  the  a m a  can be examined. 

The quest ion of t h e  s p e c i f i c  age groGps of t h e  population %hat have t o  
be sampled deserves much a t t e n t i o n .  There i s  a strong evidence t h a t  8@ o r  
more of a l l  cases occur i n  clxildrcn below 14 years of age,and scar  surveys performe 
among children below 14 should give i n  most endemic a r e a s  epidemiologically 
s a t i s f a c t o r y  and adequate data .  Fur ther  f a c t o r s  which support t h e  l i m i t a t i o n  
of a s c a r  surrey t o  children below 14yearrs a re :  

- the  usual ly  observed r a t e  of vaccination sca r s  among a d u l t s  
l i e s  very close t o  lo@, 

- t h e  presence of a vaccination s c a r  i n  a d u l t s ,  who might be 
vaccinated many years ago is  v i r t u a l l y  impossible t o  i n t e r p r e t  
i n  t o m s  05 probable immunity aga ins t  smallpox, 

- other  sk in  changes, present  on the  face  of a d u l t s ,  p a r t i c u l a r l y  
a f t e r  pyodermic i i l lec t ions  can make t h e  examination d i f f i c u l t  
and the  i n t e r p r e t a t i o n  confusing. 

In endemic countries of SEA Region, the  age group of 0-14 is  divided i n t o  th ree  
subgroups of below 1 year ,  1-4 and 5-14, ar.d a t  present t h i s  gives a f a i r l y  
accurate estimate of t h e  number of unprotected among babies,  pre-school children 
and school-going children.  In p a r t i c u l a r  t h e  age group below 1 year gives a 
good evaluation of vaccination a c t i v i t i e s  and s m l l p o x  morbidity i n  recent  
past .  

If the  s c a r  survey r e s u l t s  have t o  bc representa t ive  f o r  t h e  t o t a l  
province o r  f o r  the  country the  sample s i z e  and i t s  d i s t r i b u t i o n  should no doubt 
be determined on s t a t i s t i c a l  pr inciples ,  f o r  which the  se rv ices  of a s t a t i s t i c i a n  
would prove invaluable. Such ass i s t ance  from a qua l i f i ed  s t a t i s t i c i a n  i s  mostly 
needed when circumstances do not  permit t o  do a pure random sampling, i . e .  
because of a d i f f i c u l t  t e r r a i n ,  poor communication, lack of s u f f i c i e n t  assessors/  
s t a f f ,  time l i m i t s  and o the r  condit ions,  which may be met with i n  many endemic 
countries.  

I n  a s c a r  survey performed i n  Java (Indonesia) i n  1968 by D r  J. Keja, 
WHO Medical Officer ,  t h e  determination of t h e  s i z e  of t h e  sample was based upor, 
the  r e s u l t s  of an  ana lys i s  of variance of .findings during t h e  p i l o t  survey 
performed severa l  months ago. 

The determination of t h e  sample a r e a  ( the  spread of t h e  sample) may be 
estimated on the  bas i s  of population data  using random numbers. In c e r t a i n  
circumstances i-t may a l s o  be poss ib le  (nag.  i n  c i t i e s  and towns, i f  a de ta i l ed  
map i s  ava i l ab le )  t o  use map co-ordinates f o r  determining t h e  sampling areas.  



Having determined t h e  sample s i z e  and i ts d i s t r ibu t ion ,  t h e  ca lcula t ion 
of manpower, t r anspor t  and time requirements should be made. Experience i n  
countries of SEAR shows t h a t  an  assessor  a f t e r  a shor t  t m i n i n g  can examine 
between 200-300 chi ldren a day. The exact nlmber of a ssessors  and vehic les  
needed f o r  t h e i r  t ranspor t  can then be e a s i l y  calculated and checked aga ins t  
e x i s t i n g  p o s s i b i l i t i e s .  It has been found advisable t o  r e c r u i t ,  as assessors ,  
persons engaged i n  programmes o the r  than smallpox, as it would ensure a 
reasonable l e v e l  of independent ob jec t iv i ty .  It is prof i t ab le  a s  wel l  t o  
e s t a b l i s h  a t  t h e  same time the  number of supervisors,  who w i l l  be responsible 
f o r  deployment of assessors ,  t h e i r  concurrent supervision and co l l ec t ion  of 
forms a t  the  end of t h e  working day. In prac t i ce  the  r a t i o  of 1 supervisor 
t o  5-10 assessors  has proved sa t i s fac to ry .  The f i e l d  v i s i t s  of t h e  assessors  
should be f ixed and de ta i l ed  mater ia l  f o r  t h e i r  b r i e f ing  prepared. A s  f o r  the  
f i e l d  v i s i t s  t h e  se lec t ion  of a s t a r t i n g  point  f o r  each assessor  i n  h i s  a r e a  
(village/ward) is  very useful .  For  t h i s  purpose usua l ly  prominent buildings/ 
places such as church, mosque, market, house of the  v i l l a g e  l eader  e t c .  a r e  
chosen. Fmm t h i s  point  the  assessor  has t o  proceed i n  a f ixed manner. This 
may of ten  present  too  2 i f f i c u l t  a problem t o  be solved s a t i s f a c t o r i l y  i n  
pract ice ;  and on many occasions a l o t  of imagination and/or commonsense is  
needed. There a r e  too  many di f ferences  among countries and t h e i r  provinces 
t o  al low f o r  a s ing le  and read i ly  acceptable scheme t o  be adopted t o  a 
p a r t i c u l a r  s i t u a t i o n ,  which might bba encountered i n  t h e  f i e l d .  

Also t h e  est imation of t h e  age of persons, who have t o  be examined, m y  
of ten  pose d i f f i c u l t i e s .  In s c a r  surveys conducted in  Indonesia and Afghanistan, 
t h e  following p r inc ip les  u t i l i z e d  by D r  J. Keja, WHO Medical Officer ,  were 
applied t o  with success: 

( a )  If '  upper i n c i s o r s  a r e  absent  - Age t o  be estimated as 
l e s s  than 1 year  

(b) If t h e  chi ld  cannot reach over - Age t o  be estimated 
its head with its hand the  as l e s s  than 5 years 
d i s t ance  of one inch above t h e  
upper edge of  the  opposite e a r  

Some d e f i n i t i o n s  a r e  as wel l  necessary t o  be es tabl ished regarding the  
households t o  be v i s i t e d  and persons t o  be examined. I n  this context a household 
means any place,  where people a r e  l i v i n g  and which possesses a kitchen. lh 
t h i s  way t h e  schools, o f f i c e s  a r e  excluded and ho te l s ,  shops included i n  t h e  
s c a r  survey and t h e  assessors  a r e  d i rec ted  t o  conduct examination through house- 
to-house v i s i t s .  

A s  an inhabi tant  of a house we a r e  accepting a person, who spent  t h e  
previous night  i n  t h e  house. 

Regarding t h e  examination i t s e l f  t h e  following de f in i t ions  a r e  used: 

( a )  a person with pockmarks - a person, who has a t  l e a s t  f i v e  
v i s i b l e  pockmarks on h i s  face with a base diameter of more 
than 2 mm, 

(b) a person with vaccination s c a r  - a person with a v i s i b l e ,  
t y p i c a l  vaccination s c a r  on r i g h t  o r  lef ' t  am. 



These d e f i n i t i o n s  a r e  presented i n  d e t a i l  during a b r i e f i n g  of 
assessors  and supervisors,  together  wi th  a sLmple i n s t r u c t i o n  f o r  t h e  examina- 
t i o n  i t s e l f ,  which has t o  be performed i n  following way: examination of face ,  
examination of right arm, examination of l e f t  arm. 

In our opinion no e f f o r t  should be spared f o r  f u l l y c l a r i f y i n g  of a l l  
points ,  which nay seem doubtful,  o r  not  f u l l y  understood by t h e  assessors  
team. 

In t h i s  respect  t h e  quest ion of "doubtful cases" seems t o  be one of t h e  
most important. Them is our experience, t h a t  cases i n  which doubts about t h e  
c l a s s i f i c a t i o n  of skin  changes on face  o r  arms a r i s e s ,  a r e  not met very of ten  
i n  p rac t i ce .  However it is our fee l ing,  t h a t  under such circumstances it may 
be b e t t e r  and simpler t o  c l a s s i f y  such cases as no t  protected,  than t o  
introduce t h e  separa te  c l a s s  of "doubtful cases". Therefore, i n  t h e  forms 
which a r e  a t  present  i n  use wi th in  t h e  Region t h e  c l a s s i f i c a t i o n  of "doubtful" 
cases a r e  omitted. The forms used i n  a s c a r  survey a r e  presented i n  Annexes 
1, 2 and 3. The form i n  Annex 1 is  t h e  r e s u l t  of var ious  trials i n  this f i e l d .  
It has a n  advantage of f ixed samples i n  each age group and used f o r  concurrent 
assessment and t h e  t ake  r a t e s  can be as wel l  calculated.  

The form presented i n  Annex 2 is used f o r  t h e  s c a r  surveys i n  India and 
Indonesia. The form presented i n  Annex 3 i s  used cur ren t ly  in India f o r  a 
quick s c a r  survey during f i e l d  v i s i t s .  The form i n  h e x  4 represents  a simple 
summary form. The use of forms should be  explained t o  t h e  assessors  team i n  
d e t a i l  t o  guarantee t h e i ?  proper f i l l i n g  and t o  f a c i l i t a t e  fu r the r  ca lcula t ions .  

Another p r a c t i c a l  point  concerns t h e  choice of the  bes t  time t o  perform 
the  s c a r  survey i n  t h e  f i e l d .  In this regard usual ly  afternoons a r e  more 
p r o f i t a b l e  than mornings, a s  many chi ldren a r e  already home a f t e r  school and the  
o lde r  age groups a r e  as w e l l  e a s i l y  avai lable ,  thus reducing the  number of 
absentees. Much however depends on l o c a l  circumstances, which should be 
explored ca re fu l ly  i n  advance, t o  enable the  best choice f o r  t h e  proper 
time of t h e  day f o r  a s c a r  survey. 

Af te r  t h e  f i e l d  p a r t  of a s c a r  survey i s  completed and t h e  data  col lec ted  
compiled, t h e i r  i n t e r p r e t a t i o n  should be made. To get  the  r e s u l t s  as 
accura te  a s  poss ib le  it is very important t o  be i n  possession of f a i r l y  up t o  
date  population f igures  f o r  the  country o r  a r e a  concerned, regarding the  t o t a l  
population and i ts d i s t r i b u t i o n  by age and place. If such d a t a  a r e  no t  ava i l ao le  
est imates have t o  be used. 

For t h e  e s t i m t i o n  of t h e  number of unprotected chi ldren below 14 years  
t h e  following procedure was used i n  t h e  i n t e r p r e t a t i o n  of s c a r  survey r e s u l t s  
obtained by D r  J. Keja i n  1968 and by J o i n t  Government/WHO Assessment Team i n  
1969 i n  Java: 

(a) Calculat ion of proportion of  unprotected i n  s p e c i f i c  age 
groups i n  t h e  sample, 

(b)  Calculat ion of proportion of t h e  t o t a l  population f o r  the  
same age groups, 

(c)  Estimation from above ca lcula t ions  of t h e  number of un- 
protected among t h e  t o t a l  population below 15 years. 



An example f o r  this procedure is given i n  Annex 5. 

The f a i r l y  good calcula t ion of  the  smallpox repor t ing ef f ic iency m y  
be performed on t h e  bas i s  of nuinber of persons o r  children wi th  poclanarks, 
encountered during a s c a r  survey, i f  add i t iona l  epiden~iological  da ta  about 
smallpox incidence and case f a t a l i t y  r a t e  among age groups a r e  avai lable .  
I n  case the  na t iona l  data a r e  impossible t o  obta in  t h e  general est imates can 
be applied. 

From t h e  proportion of children wi th  pocknarks below one year  of age 
the  est imation of t h e  number of smallpox cases occurred during pas t  12 months 
can be accomplished, o r  s imi la r ly  i f  we  take  i n t o  account chi ldren with 
pockmarks below 5 years  of age, the  number of smallpox cases during last f i v e  
years can be calculated.  The procedure i s  put down i n  Annex 6. 

The l imi ta t ions  of these  procedures should be of  course kept i n  mind, 
but i f  t h e  sample was s u f f i c i e n t l y  l a rge  and t h e  necessary population and 
epidemiological da ta  of reasonable accuracy were ava i l ab le ,  t h i s  way of 
i n t e r p r e t a t i o n  could give very use fu l  ideas  about important aspects  of smallpox 
control .  

S imi lar  conclusions can be drawn a l s o  from quick f i e l d  surreys performed 
i n  a small a r e a ,  consis t ing  of one o r  few v i l l a g e s ,  o r  few wards of a town. 
On such occasions t h e  da ta  col lec ted  by a s c a r  survey may form a use fu l  b a s i s  
f o r  assess ing the  performance of vaccinators.  It may be concluded t h a t  any 
properly conducted s c a r  survey i r respec t ive  of its s i z e  reveals  a good deal  
of information, usual ly  not  obtainable through o the r  means in  a very  easy 
and e f f i c i e n t  way and i n  a minimum of time. 



NATIONAL SMALLPOX ERADICATION PROGRAM F i e l d  Assessment Report 

DATE 

PZRFOHMED BY 

VACCINATED BY 

SYMBOLS (* Children under 1 year  
and 1-4 y e a r s )  

PfiOVINCE 

DISTRICT 

VILLAGE 

P = Pockmarks wi th  o r  without a  
vacc ina t ion  s c a r  

I 
X = Vaccinat ion s c a r  

* (8 = Recent primary vacc ina t ion  take]  

0 = No s c a r s  

* I @  = No s c a r s  but r ecen t  h i s t o r y  of 
vacc ina t ion  I 

TABULATION 

Under 1 year  1-4 years  

TALLY 
OF 

ABSENTEES 

COUNT OF SYMBOLS 

Under 1 and 
1-4 years  

TAKE RATE 

X - = = 
TOTAL 

Under 1 year  1-4 yea r s  5-14 years  Percentage unpro tec ted  
7 0 + Q  

Under 1 year  - = = 
TOTAL 
O + Q  

1-4 years  - = - - 
TOTAL 

0 

P 

x + %  
0 + 8  

- 

5-14 yea r s  TOTAL 5 
- - 

I TOTAL I 



Assessment should be conducted on a r~ouse-t,o-nouse bas is  unt;: 
a l l  squares a r e  f i l l e d .  Note one symbol i n  each square.  

Each indiv idual  is checked f i r s t  f o r  pockmarks on the face  
ind ica t ing  previous smallpox i ~ f e c t i o n .  If present ,  a "P" 
is marked. I f  there  a r e  no pockmarks, ne should be checked 
f o r  presence of a vaccinat ion s c a r  o r  recent  vaccinat ion 
take. I f  present ,  an "x" i s  marked. Fgr ch i ldren  under 4 
years ,  a primary take  should be noted a s  %. If the re  is no 
s c a r  o r  vaccinat ion take ,  an "0" i s  marked. l o r  ch i ldren  
under 4 years ,  an adu l t  should be asked ' f  :he c h i l d  was 
vaccinated during the previous 2 t o  3 weeks. If  t h e  answer 
I s  "yes", a "8" should be noted. I f  t he  answer i s  "no", t he  
s ing le  "0" is s u f f i c i e n t .  

I f  the take r a t e  1s over 95%, the r e s u l t  is exce l l en t ;  i f '  
9G$, it is s a t i s f a c t o r y ;  i f  l e s s  than 9&, i t  i s  unsa t i s -  
f ac to ry .  

In general ,  i f  the percentage unprotected i n  eacn age group 
is l e s s  than 15$, the r e s u l t  is considered t o  be e x c e l l e ~ t ;  
i f  i t  i s  2&, i t  is s a t i s f a c t o r y ;  i f  more than 2&, it ' s  
unsa t i s f ac to ry .  In  densely crowded areas ,  a higher  coverage 
may be required.  



Annex 2 

Village 

District 

Date 

Assess~y 

P- pociknarks (ir5.t.L or. 
~ L t h o a t  vzccination 
scar ) 

X- vaccination scar, 

0- no ?ochzrks,nc 7~&ccins- 
t i o n  scar 

.. Q...........*.*.O* 
signature 





SW'L~RY OF SCAR SURVEY 

Period 

District 

P- pockmarks with or vrithout vaccinatio 

X- vacchat ion samr 

O- no pockmarks,no vaccination scar 

1 I 
.- 

total 

i 

f unpro- 
tec ted I - 



Annex 5 

ESTIMATION OF THE U N P R O T E m  POPUTION 

During a s c a r  survey a sample of 50 000 ckl ldren aged 0-14 were examined. 
The proportion of unprotected i n  p a r t i c u l a r  age groups was found t o  be: 

< 1 year  - 
1-4 years 

6% - 25% 
5- 14 years - 1 4  

The t o t a l  population of t h e  country is  20 mil l ions.  The age-wise 
d i s t r i b u t i o n  of the population according t o  nat ional  da ta  is  as follows: 

<. 1 year - - 3 .% 
1-4 years 

- 12% 
5-14 years  2% 

The ca lcu la t ion  of t h e  age d i s t r i b u t i o n  of  t h e  population gives, 
therefore ,  following resu l t s :  

4 1 year  - 700 000 
1-4 years  - 2 400 000 
5-14 years  - 5 000 000 

The ca lcula ted  number o f  unprotected in t h e  t o t a l  population, applying 
the percentages obtained i n  t h e  sample w i l l  be: 

Age Population $ of unprotected Estimate ef 
by age i n  the  sample Population un- 

protected by age 

8 loo om 1 555 000 



THE ESTIMkTION OF S W O X  REPOETIXG ~ I C I E N C Y  
I N  PRECWING 12 MONTHS 

During a s c a r  survey i n  a country with 20 mil l ions  of population 50 000 
children,  aged 0-14 years were examined. It was found that among these  chi ldren 
5 900 were bclow 1 year of age and 15 among -th&g had v i s i b l e  p o c h r k s .  

I f  we assume, t h a t  i n  t h e  age group below 1 year 2C$ of a l l  snallpox cases 
are occurring, t h e  case f a t a l i t y  r a t e  i s  4% and 5% of these  children recover 
without v i s i b l e  pockmarks, then the  way of reasoning is as follows: 

1. The proportion of chi ldren with paclanarks aged 1 year and l e s s  i n  t h e  
sample is  

2 .  When t h e  sample i s  representa t ive ,  we can expect similar proportion i n  
t h e  t o t a l  population in this age group. Because t h e  age group below 1 year 
represents  3.5% of t h e  t o t a l  population of this country, t h e  number of chi ldren 
i n  t h i s  age group w i l l  be: 

20 mi l l ions  x 3.5 
100 

= 700 ooo 

3 .  The expected number of chi ldren b e l ~ w  1 year  with pockfELrks i s  
the re f  ore : 

4. 1 750 chi ldren with v i s i b l e  pockmarks represent  5% of a l l  cases of 
srmllpox i n  t h i s  age group (4@ died,  recovered without poclanarks). Therefore 
t h e  t o t a l  number of children aged 1 year and l e s s ,  who contracted smallpox is: 

5. 3 182 cases of smallpox i n  children below 1 year represent  20$ of a l l  
smallpox cases occurred among a l l  age groups. The number of smallpox cases, i n  
a l l  age groups, which took place during preceeding l2 months amounts to:  

6. A s  during las t  I 2  months a l l  over t h s  country 10  550 cases of smallpox 
were reported t h e  smallpox repor t ing e f f i c iency  is: 

7. Conclusion: D u r i ~ g  last 12 months only 6% of smallpox cases occurred 
were reported t o  Health Services.  


