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Introduction

At the start of 1969, 27 countries in the world were congidered
to be smallpox endemic areas, and these accounted for over 99 per
cent of the world's smallpox.

3y definition, an endemic area is one in which a certain mint-~
mum number of smallpox cases appear each year--we may say arbitrarily
an average of at least 50 reported cases a year, What this means is
that smallpox is constantly present in the area concerned and is
being transmitted, even though the cases may not be detected and re-
ported month by month.

This presentation will deal with some of the basic features of
transmission of smallpox in an endemic area, and will be illustrated
with dats from studiea that have been carried out in West Pakistan
during the past four years. These were:

a, Epidemiologic investigations of smallpox in Sheikhupura
District, West Pakistan, 1966-67. In these studies, an
attempt was made by intensive surveillance to detect and
characterize gll outbreaks that occurred in a single rural
district (population: 1,1 million) over a period of one
year.

b. Survey of Lahore Municipal Corporation, West Pakistan,
1968-69. A survey of vaccination status and past small-
pox experience of an urban population,

c¢. Epidemiologic studies in six districts of Weet Pakistan,
1968-69.

These investigations were carried out by the Pakistan Medical Re-~
search Center (University of Maryland International Center for Medical
Research and Training), 6 3irdwood Road, Lahore, Pakietan, and were
supported by Grant Mo. TWO01l42 (ICMRT) from the Hational Institutes of
Health, 3ethesda, Maryland, U,S.A, The studies of smallpox in Sheik-
hupura District, 1966-67, which provided the major part of the data
referred to in this presentation, were conducted by Dr. D, B. Thomas
and Dr, T, M. Mack, and are now in preparation for publication. Subse-
quent studies were conducted by Dr. G, G, Heiner, Dr. Husrat Fatima,
and Mr, Asghar Ali.



Transmission of Smallpox in Endemic Areas

1. Susceptibility of the population.

An apperently high level of vaccination (in terms of vaceination
scar status) does not always mean that a population is adequately pro-
tected 2gainst smollpox. Even a relatively well-vaccinated population
may hove substantizl numbers of unvaccinated susceptibles in the
youngest age groups; and these may be more than enough to ensure
transmission of disease and to sustain an endemic level of smallpox.
Furthermore, an unknown but considerable number of persons who have
been vaccinated have actually again become susceptible as their
immunity hes waned,

See Table 1. 1In a survey of Lahore, West Pakistan, in 1968-69,
60.1 per cent of persons examined were found to have vaccinatien
scars, and 92.9 per cent had vaccination scars or a history of past
smnllpox; this represents a relatively high level of immunization.
However, if one takes the converse of these figures, one finds that
60.6 per cent of infants, 15.6 per cent of children of age 1«4 and
4.6 per cent of children of age 5-9 were still fully susceptible.

2, Whot persons are most at risk?

In all endemic ~reas, children represent the majority of suscepti-
bles--ond hence the majority of cases. Table 2 gives & breakdown of
21l smallpox cases detected in a one-year period (1966-67) in Shelk-
hupura District, West Pakistan. 55.7 per cent of all cases were
children of less than 10 years. Attack rates of school-age children
(5-14 years) not attending school (and thus less accessible to vaccin-
atovr) were six ix times higher than attack rates of children attending
school,

The majority of cases occur in the unvaccinated, but = considera-
ble number of cases al~" occur in persons who have been vaccinated.
In the Sheikhupura studies, 12.9 per cent of cases were known to have
scars, and the total number was probably congiderably higher.

Infants as 2 group should be considered as susceptible from birth,
Studies in West Pakistan in 1968-69 indicate that maternal antibody
protection i8 highly variable and therefore undependable. Cases have
been noted in infants a8 young as two months,

3. Trensmission of smallpox to contacts,

Once a c2se of smellpox appears in a locality, transmission occurs
primarily among close contacts of the case; and the extent of spread
to those contacts wi*L largely determine the further course of the out-
break.

See Table 3. Among household and compound contacts of smallpox
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cages in 47 outbreaks, the attack rate of unvaccinated contacts was
65.7 per cent, while that of previously vaccinated contacts was only
4.3 per cent, This demonstrates the highly protective effect of
vaccination, even in persons who may have been vaccinated only in
childhood. Preliminary results of these studies also appear to com-
firm the effectiveness of vaccination or revaccination soon after
exposure,

4, Characteristics of outbreaks.

Smallpox is not a highly infectious disease, and its spread both
within » locality and between localities is usually low. 1In an
endemic area, most of the outbreaks are small, most are of short
duration, and many burn themselves out without further spread. On
the other hand, the very fact that transmission is slow means that
en outbreak may continue to smoulder for many months 1if not detacted,
thue representing a persistent focus of infection. 7This basically
ia how endemic smallpox is maintained.

See Table 4. 1In the studies in Sheikhupura District, more tham 2
quarter of the 120 outbreaks detected consisted of one case only and
over 60 per cent consisted of five cases or less. Ome third of the
outbrenks had only import cases, with no: further transmission; and
in these where further transmission did occur, the average duration
of an outbrenk was 50 days. However, some of the outbreaks continued
for two months, three months, and even longer.

5. Tranamission of smallpox between localities,

The pattern of spread of smallpox will vary in different endemic
areas, However, there is a genmeral tendency for cities to serve as
foci of infection and thug to generate a disproportionate number of
outbresks in surrounding areas.

See Table 5. Among outbreaks of known source in Sheikhupura
District in 1966-67, more than a quarter could be traced directly to
citi~» and more than half could be traced directly or indirectly to
cities .

“Carriers" of smallpox between localities can 2lso be identified.
In Sheikhupura, 56 per cent of outbreaks of known origin were initiated
by children under 15. At least 50 per cent and probably nearly 80 per
cent of the outbreaks were caused by import cases who were unvaccinated.
Furthermore, other studies suggest that the infectivity of unvaccinated
cages (in terms of secondary cases attributable to them) is greater
than that of cases who were previously vaccinated.

6. Seasonal incidenee of smallpox.

Smallpox has z very marked seasonal pattern in endemic areas, al-
though the exact pattern varies from region to region. Throughout
West Pzkistnn, there is o peak in winter and early spring and a very
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low ebb in summer and early fall. See Figure 1.

On the other hand, the course of smallpox outbreaks may be very
erratic within a given country and from year to year. The digease
may disappear temporarily from certain districts, and its reappear-
ance will then depend both on the accumulation of sufficienct numbers
of susceptibles and on the development of adequate foci of infectiom
in adjocent districts. The lower the level of disense, the more
important these factors become.

Conclusgionsg

This examination of the patterns of tranemission of smallpox in
endemic areas has many obvious lessons for smallpox eradication:

1. Voccinntion scar status is not always a reliable fndex of
the susceptibility of = populotion to smallpox., Even in a relatively
well-vaccinated population, there may be large groups of susceptibles,
consisting primarily of unvaccinated infants and children but alao
including some vaccinated persons whose immunity has waned,

2, The value and importance of vacecination in preventing small-
pox 1s amply demonstrated in studies of household contacts, who are
the persons at highest risk, Attack rates in the unvaccinated are
15 times 28 high as in vaccinated contacts.

3. Studies in West Prkistan indicnte that unvaccinated children
who are not attending schocl constitute the mnjor single group of
susceptibles, Effective vaccination coverage of this group alone
would eliminate about two-thirds of the potential smallpox ceses in

an area, and also the most important carriers of the disease between
localities.

4, An eradication program should include an adequate emphasis om
cities, since urban areas tend often to be persistent foci of infection
and thus play a disproportionate role in generating smallpox outbreaks
in surrounding areas.

5, The unique patterns of smallpox transmission provide excellent
opportunities for eradication efforts. At any given time, only &
relatively small percentage of localities in an endemic area are
affected; and the spread of the disease 18 usually slow, both within
a locality and between localities. Thus, with adequate surveillance
and follow-up operations, it often is a relatively easy task to break
the chains of transmission. The marked seasonal pattern of smallpox
provides an additional advantage; the detection and control of only a
few outbreaks during the months of low incidence may serve to forestall
most or all potentizl ocutbreaks in an area during the follewing small-
pox season,



TAZLE 1

In a2 given population, what is the vaccination level--and what is
the susceptibility level?

(Data frem vaccination survey of Lahore iMunicipal Cnrperation,
West Pakistzn, 1968-69, preliminary findings. All figuwes are
percentages of persons examined.)

a. Persons with vaccination scnrs:

Percentage
Age
g with scars
Less thon 1 39.4
1-4 84,1
5-9 94.4
10-19 96.5
20 and above 81.1
Total 90,1

b. Overall level of immunization:

Percentage with

Age vaccination scars or
history of smallpox

Less than 1 39.4
1-4 84,4
5-9 95.4
10-19 97.8
20 and above 96.5
Total 92.9

c. Persons with definite susceptibility:

Percentage with no

Age vaccination scars and
no history of smallpox

Less than 1 60.6
1_4 15-6
5-9 406
10-19 2.2
20 znd above 3.5
Total 7.1

d. Persons who mzy be susceptible (vaccinated persons whese immunity

has waned):

Unknown.




TAZLE 2

What persons are most at risk? Who are the smallpox cases?

(Data from studies of smallpox in Sheikhupura District, West
Pzkistan, 1966-67.)

A. Distribution of cases by age:

Cases
Age
iio. % of total

Less than 1 58 6.5
1-4 201 22,4

5-9 241 26.8
10-1¢9 229 25.5

20 and above 169 18.8
Total 898 100.0

b. Attock rates per 10,000 by school attendance* for children of age 5-14

years.

Attending Ifo. Attack
School Cases Rate
Tes 28 3.0
Mo 349 19.2
Tnknown 4 ——
Total 381 13.9

* 3nged on 1961 census

¢c. Distribution of cases by vaccination stetus:

Vaceination Cases

Status o, % of total
Scar 134 12.9
Ho scar 543 52.2
Probably no scar* 164 15.8
U'nknown 19¢ 19.1
Total 1,040 100.0

* Cases which died or had confluent legsions preventing examimation
for vaccination scars,



TASLE 3

Transmission of smallpox to contacts

(Data from studies of smallpox in West Pakistan, 1968-69.)

Attack rates by vaccination status for household and compound contacts
of the first case in 47 outbreaks:

Vaccination Fo. Mo, Attack
Status Contacts Secondary Cases Rate (%)
gcar 277 12 4,3
Ilo scar 70 46 65.7
Uncertain* 16 16 -
ot examined 50 5 10.0
Totals#® 413 79 19,1

* Died or had confluent lesions preventing examination for vaccination
scars.,

*% 30 contacts with history of previocus smallpox excluded.



TARLE 4

What 2re the characteristics of outbreaks?

(Data from studies of smallpox in Sheikhupura District, West
Pakistan, 1966-67,)

a. Size of outbreaks: Distribution of outbreaks by number of cases:

Outbreaks
Ho. Cases
o. % of total

One case only 33 2745
2-5 40 33.3

6~10 26 21,7

More than 10 21 17.5
Total 120 100,0

b. Duration of outbreaks: Distribution of outbreaks by duratioen in
days:

Outbreaks
Duration in Days
iio, % of total
Less than 10 days
(import cases only;
no transmission) 40 33.3
10-19 dnys 16 13.3
20-39 3 23.3
40-59 12 10.0
60-569 13 10.8
100 and zbove 11 9.2
Totgl 120 100,0




TABLE 5

Trounsmission of smallpox batween localities

(Data from studies of smallpox in Sheikhupura District, West
Prkistan, 1966-67.)

a. Source of outbreaks: Distribution of outbreaks of known source
by size and location of source locality:

Outbreaks
Source
No. % of total
Direct urban source¥ 20 27.8
Indirect urban source 18 25.0
Direct or indirect urban
source 38 52.8
Other 34 47,2
Total with known source 72 100.0

* Urban = localities with more them 100,000 population

b, “Carriers' of smallpox: Distribution of import cases by age and
sex (in outbreaks of known origin):

Import Cases
Age oand Sex
No. 7% of total
Under 15 (both sexes) 42 56,0
15 and above (male) 22 29,3
15 and above (female) 11 14,7
Total 75 100.0

¢, "YCarriers of smallpox: Distribution of fmport cases by vaccination
status (in outbreaks of known zigin):

Import Cases
Vaccination Status
Wo. % of total
Scar 6 8.0
Yo scar a7 49.3
Probably no scar* 22 29.3
Unknown 10 13.3
Total 73 100.0 _J

* Cases which died or had confluent lesions preventing examination
for vaccination scars,
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