WORLD HEALTH ORGANIZATION

QRGANISATION MONDIALE DE LA SANTE

25b¢ T
DISTR. : LIMITED
DISTR. ; LIMITEE

WHO/TB/88.154
ENGLISH ONLY

ANNUAL RISE OF TUBERCULOUS INFECTION

G.M. Cauthenl, A, PiDz

by

and H.G. ten Dam3

L

Division of Tuberculesis Contyol, U.5. Centers for Disease Controel, Atlanta, Georgia, USA.

2

Formerly Chief, Tuberculosiz and Respiratery Infections Unit, Division of Communicable
Diseases, World Health Organization, CGeneva, Switzerland.

3

Scientist, Tuberculosis Unit, Division of Communicable Diseases, World Health Organizatiom,

Genevea, Switzerland.

This document 15 not issued to the gemeral public, and
all rights are reserved by the World Health Qrgamization
(WHO). The document may not be reviewed, abstracted,
quoted, reproduced or translated, in part or in whole,
without the prior written permizsion of WHO. No part
of this dogurment may be stored in a retrieval system or
transmitted in any form or by any means - electronic,
mechanical or other without the prior written permission
of WHO.

The views expressed in documents by named authors are
solely the responsibility of those authors,

Ce dogurment n'est pas desting a 2tre distribue au grand public
et tous les droits y afférents sont réservés par YOrganisation
mondiale de 1a Santd (OMS). 11 ne peut &tre commenté, résume,
cité, reproduit au traduit, partiellement ou en totalité, sans
uhe autorisation préalable écrite de I'OMS. Auecune partie
ne doit Btre chargde dans un systéme de recherche dagumen-
taire ou diffusée sous quelque forme ou par gquelque moyen
que ce soit - elestronique, mécanique, ou autre - sans uneé auto-
risation préalable ecrite de {'OMS.

Les opinions exprimées dans les decurments par des autsurs
cités nommément n'engagent que lesdits auteurs,




WHO/TB/88. 154
page 2

TABLE OF CONTENTS

I, INTRODUCTION . . . . .+ « + « + « + « + =

II, METHODS

I111. RESULTS

v, DISCUSSION P T
V. CONCLUBIONS . . . .+ + « « & & & s+ =« = =
REFERENCES ., . . . .+ .« + « « o &« &« &

FIGURES:

FIGURE 1:

FIGURE 2:

FIGURLE 2:

FIGURE 2Z:

FIGURE 2:

FIGURE 2:

TABLES:

TABLE 1.

I
11
I

Recent estimates of annual risk of tuberculeosis
in developing countries

Annual risk of tuberculeosis infacrion I. WHO Af
(except Algeria)

(continued) Annual risk of tuberculesis infection
of the Amerlcas

(continued) Amnual risk of tuberculesis infection
South=East Asla region

(continued) Annual riek of tuberculesis infectlon
Mediterranean Region (and Algeria)

(continued) Annual risk of tuberculesis infectien
Pacific Region

infection

rican Region

11. WHO Region

I1I. WHO

1V. WHO Eastern

V. WHD Western

ANNUAL RISK GF TUBERCULOSIS INFECTION IN DEVELOFING COUNTRIES

BASER ON TUBERCULIN SURVEYS:

I. WHO African Region (except Algeria)

1, WHO Region of the Americas

I, WHO South-East Asia Region

V. WHO Eastern Mediterranean Region (and Alperia
V. WHO Western Pacific Region

)

Page

10 ‘

11

19

20

21

22

23

24

26
28
29

34




WHO/TB/88.154
page 3

I. INTRODUCTION

Rigk of infection in a population is in many respects the wost informative index of the
magnitude of the tuberculosis problem (Sutherland, 1976; Pio, 1984). The risk of infection
at a particular time indicates the current magnitude of the incidence and prevalence of
infectious cages (Styblo, 1985) and also indicates the magnitude of the tuberculosis problem
years inte the future. An observed decline in the risk of infection would be the earliest
indicator of a decline in the epidemic cycle of tuberculosis, resulting from tuberculosis
control aetivities or improvements in living standards. A rising risk of infection would be
an early indicator of changes in the other direction, signalling the introduction of new
risk factors, such as the spread of human Iimmuncodeficiency virus (HIV) infection.

it 15 kaown that risk of infection has been declining for many years in developed
countries, bhut remains at high levels in many developing countries (S5tyble, 1984), In
developing countries in the last decade, a number of gurveys of infection prevalence have
been carried out in national populaticons as well as in smaller populations.

Therefore a project was carried out [0 assess the currepnt level and trend in the risk of
infection in developing countries by reviewing and assembling tuberculiln skin test survey
data available since 19735.

11, METHODS

Tuberculin skin test data collected since 1973 for populations in developing countries
were assembled from reports to the World Health Organization and from the published
litevature. Dats from surveys of childhood age groups that were judged of sufficient
quality were gelected in order to provide 2z valid and up to date an assessment as practical
of the magnitude of rthe risk of infection, Comparable prior data for the same countries
were also selected in order to judge whether the risk of infection is 1likely to have
declined. '

Prevalence of infection observed in childhocod age groups was used to derive the average
annual risk of infection that would have resulted in the cbserved cumulative prevalence
rate. Choosing younger age groups allows the calculated average annual risk to be bracketed
within a relatively narrow period of time between the average birth date of the group and
the date of the survey (8tyblo et al, 1969),

Each survey was judged on the basis of available documentation for abllity to represent
the population and to detect the proportion infected at a parcticular time., A sample survey
was judged to have measured the proportion infected in the target population if the
probability sampling design and the estimation method appeared correct in cencept and
conduct, and skin testing technique appeared adequate to measure the proportion infected in
the sampling units.

Basis for selection

Surveys were selected which met most of the following eriteria;

Specified the sampling design including the sampling frame, staging, stratification,
sampling units, sllocation, sampling weights, and estimation formulas and decumentation
to support that the design was followed with adequate coverage.

Provided reacticn-size distributions for surveyed age groups and for bactericlogically
confirmed cases from the same population in order to agsess the definition of infection
and in order to judge technmique.
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Documented type and astrength of antigen used, technique of adminigtration and reading,
and quality control procedures.

Specified the methods used to detect and eliminate persons with a history of BCG
vaccination, and described BCG policy and actual coverage in the population age group

survaeyed.

Data assembled from gelected surveys:

The area population represented and the survey period.

In the youngest age ranges for which sufficient numbers were tested and read, the
number tested and read, the number counted as infected with M. tuberculosis, and the
mean age.

Information documenting quality of the data.

Criterion of infection

Induration reaction size distributions observed in each survey were used together with
general koowledge about the specific and nonspecific components of ohservable distributions
to seb & uniform criterion for counting infected persons in order to improve comparablility
batween surveys.

Because it can be assumed that nonspecific reactions to intermediate strength purifiled
protein derivative tuberculins are only infrequently larger than the mode of the
distribution of true reactions, an observed distribution of tuberculin reactions will be
nearly free of contaminatlion by nonspecific reactions above its mode,

Because of this, and becauge distributions among truly infected persons are symmetric,
the number truly iofected in a distribution contaminated by nongpecific reactions would be
¢losely approximated by adding the number at the mode plus twice the number with reactiong
larger than the mode.

This method, described by Nyboe (1960) and by Comstock et al. (1971), was used to
determine the number of infected persows In the selected groups when detailed reaction size
distributions were avallable and when the mode of reactions among infected persons in the
yame general population could be estimated from distvibutions of either bacteriologically
confirmed cases or older age groups in the population.

When such data were not available, & cutoff criterion was accepted as the second cholce
if it appeared reasonably adequate based on distribution data.

Prevalence
Prevalence at a particular calendar time for an age group was calculated as the number
infected divided by the number tested and read. Reported prevalence figures were used when

numerator or denominator ¢countgs were not specified.

Rigk of infection

For comparability, a single uniform method was chosen to derive the approximate average
annual risk of Infection {Styblo et al, 1969, pg. 14). By this method, the annual rvisk of
infection (R) for a group of average age (A) was derived from the prevalence (F) by

R=1- (1~ p)l/a,

The slope per year (B) of the trend between two risk estimates Ry and R; at years
¥; and Yj was approximated by

B=1- (Rj/Ri)l/T where T = ¥y - ¥j.
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Average age

Average age was calculated by taking the midpoint of a single year (e.g., 6.5 for age
given as & at last birthday) or a range of years (e.p., 7.0 for ages given as 6 to 7, or 7.5
for ages given as 3 to 9)., When available, the weighted average age was calculated from
year—of-age specific fregquencies for an age group.

Time at which average risk occurred

For purposes of calculating and plotting trends, the caelendar time of occurrence of a
particular average annual risk (Yg) was considered to ceater approximately at the calendar
time of the midpoint of the average lives of the individuals in the age-group. Thiz was
calculated by Ygp = Yg - A/2, where A iy the average age of the group aad Yg is the
midpolat time of the survey. For example, a group of average age 6.1 years surveyed at
1978.9 was taken to contribute information abour the gumual risk of infection for a time
interval centered at 1978.9 — 6,1/2 = 1975,.85.

The midpoint time of the survey (Yg) was calculated from the month, if stated, or the
c¢alendar year of the survey., For example, a survey stated to have taken place in 1975 was
counted as occurring at 1975.5. A survey stated to have taker placae from 1981 to 1982 was
counted as occurring at 1982,0. A survey stated to have taken place from May 1952 to
September 1953 was counted as oceurring at 1953.04 (the midpoint between 4.5/12 + 1952 and
8.5/12 + 1953), ‘

III. RESULTS

A variety of tuberculin skin-test surveys were found in the published and unpublished
literature; National sample surveys, sample surveys of other large populations, school
surveys, school BCG campalgns, and mass BCG campaigns.

Twenty-five countries were judged for the purposes of this project to have been
adequately surveyed in whele or significant part since 1975.

Figures 1 and 2 display the results for each country by region. Table 1 contains the
data used in the figures and describes the area population represented, the survey design,
the level of BCG coverage in the age-group surveyed, and the antlgen and criterion defining
infection.

An arithmetic scale is used In Figure 1 in order to display the relatjve magnitudes of
current estimates of anpual risk of ianfeection.

A logarithmic scale of annual risks is used in Figure 2 in order to represent constant
percentage decreases or increases between current estimates and prior estimates as strajght
line trends.

Dark symbols in the figures indicate risk estimates based on 42 well-conducted national
sample svrveys In 16 countries. In Figure 2, dark solid lines are uged to connect rates
which are based on more than one large sample survey of the same country.

Light symbols in Figure 2 indicate risk estimates based oa data representative of
lesser populaticns,

Dark dashed lines in Figure 2 are used to connect risk estimates based on national
sample survey data with risk estimates based on other substantial data such as tuberculin
testing in the mass BCG campaigns. A light solid line was used to conpmect risk estimates
from repeated surveys representative of lesser populations. A light dashed line was used to
connect surveys of approximately the same populatien done im different years,
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The symbol + was used in Figure 2 to indicate the average of a set of risk estimates
which together would represent a larger population. Stratum estimates within sample
surveys, plotted as ceparate points to reveal variation in risk, were displayed as a single
estimate for the whole population in this way. GSers of small area estimates thar were less
reprecentative of the whole population than would have been provided by formal probability
sampling, such as the set of completed gampling units In a not yet completed naticonal
survey, or areas selected by judgement from geographic or economic strata in order to be
representarive of a large heterogenous population, were also combined in this way.

To indicate the extent of underlying variability, visk estimates from single surveys
that were representative of only small areas are indicated in Figure 2 by unconnected light
symbols.

Results by regionm

Africa. The most recent data for the eight countries Included indicate current annual
risks of infection around 1 to 2 percent. In the five countries for which comparable
earlier surveys were available, trends over 20 to 25 years appear to be downward at 1 to 6
percent a year.

Data for the nearly completed national survey of Tanzania indicate an annual risk of
infectlon of 1,1 percent, based on a population weighted average pooling of the samples.
However, compatrisons with earlier data available for three of the 18 regions in the sample
do not together suggest a downward trend.

Surveys in Botswana and Lesothe suggest downward trends of about 6 and 1 percent a
year, respectively. In the most recent survey in Botswana, however, BCG coverage In the age
group gurveyed had reached 83 percent, leaving only 17 percent who had by whatever
circumgtance migsed vaceination, upon whieh to base the estimste.

No national surveys were available for Cameroon, but two surveys of the capital clty,
Yaounde, were avallable. These surveys indicate & level of annual risk of 0.6 percent in
1980 after a 20-year declining trend of 3.6 percent a year.

Survey data collected 30 years apart were available for Addis Ababa, the capital city
of Ethiopia, These surveys indicate 2 1,3 percent level of annual risk in 1979 succeeding a
downward trend of 3.7 percent a year from the 4,1 percent risk level in 194%. A survey of
gelected villages in the Southwest, however, indicated a 3.8 percent annual infection risk
in 1973, This suggests that within Ethiopia there is large variability in the level and
perhaps also in the trend of infection risk.

Datas from the 1976 ssmple survey of Cambia indicates ap annual risk in 1971 of 1.9
percent. The trend of rigk could mot be assesged in Gambia, however. The only prior dats
2vailable are from the 1958-39 survey of the capital city, Bathurst, The annual risk of
infection in the urban stratum (4.4 percent) was higher than Iin the rural stratum (1.7
percent), which was nearly the same as the national level in 1971,

The annual risk of infection derived from skin test data for all military recruits in
Burundi in 198L-82 was 1.2 percent. Data from an earlier survey among a scattered
provineial population were selected in order to provide a rough cemparison. The annual risk
of infection in that group was 2.7 percent In 1955,

No comprehensive gsurvey of the Nigerian population was available, but deta from a
survey of one emlrate indicates an apnual risk of 2,3 percent in 1973.

Apericas, National sample survey data were available only from Argentina, bur repeated
survays of large local populatiens within Argentina and alsc within Brazil were available.
In the latest surveys, infection rigks in these local populations varied ten—-fold from 0.2
to 2 percent per year, Qver time in these local populations, there was evidence of a steep
declineg in risk in Argentina, and a lesser decline in Brazil.
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The apnual risk of infection derived from the 1974-78 survey of the entire population
of Argentina was 0,6 percent. Data from three surveys repeated in Santa Fe City and three
surveys repeated in areas around Santa Fe City indicate low recent levels in that reglion of
0.2 to 0.3 percent annual rigk, and indicate that the trend of the previous 12 teo 15 years
was steeply downward at a rate of 7 to 10 percent a year. The two trends deseribed by the
two sets of three survey points suggest that the decline was much steeper between the firsr
two surveys but that the trend was nearly level during the 5 years between the second and
third surveys. In the 19¢0-61 sample survey of another area of Argentina, Resistencia
Province, the annual risk of infection was 0.5 percent,

Capitals of Brazilian States and Territories were surveyed in 1970-73 and agein in
1980. The annual xisk of infection was 0.8 to 1.9 percent in 1976 with evidence of a yearly
downward trend of around 2 to 3 percent., A 1983 survey of the provincial population of Rio
Grande Do Sol indicated a 0.4 percent annual risk of infectiom, with a 2.4 fold higher risk
in gouthern than in northern rutal areas.

South~East Asia. Only Thailand had national survey data available, but repearad
surveys of local area populations were available for both India and Indonesia. In these
populations, annval risks in the decade of the 1970's appear to have ranged from about 1 to
5 percent. Annual risks were highest in Indonesia,

Based on the 1977-79 national survey, the annual risk of infection in Thailand was 2.2
percent in 1974. Two earlier surveys, one of Bangkok and Chiengmai Provinmee in 1960-64, and
one of localities of Chiengwal and Kanchanaburi Provimces in 1954, indicate amnual risks
only slightly higher than in the national survey 16 to 24 years later.

In India, three large local populations were twice surveyed. Declining trends of 1.6
and 3.5 percent 2 yeax were apparent in two of these populations, but an increase of about
1 percent was apparent in the third population, Village surveys in 7 regions throughout
Indla in 1972 indicate annual risks on the order of 1 to 2 percent. The village survey in
Kashmir, compared te a 1978 sample survey of the Kashmir Valley, suggest a declining annual
trend, but the populations may be only nominally comparable.

Indonesia has followed a policy since 1974 of withholding BCG and conducting 5-yearly
surveys in nine special areas selected to be situated throughout the country., Three surveys
have been completed in five of these areas, two in three areas, and one in auother area.
There are also three surveys available from an area with low BCG coverage. The latest
gurveys in these areas indicate a median annual risk of 2.3 perceat (range: 0.7 to 3.9),
Earlier data from the 1964-63 survey in rural East Java indicate an annual risk of 1.6
percent. Comparing the earliest to the latest gurvey in each of the nine areas with
repeated surveys, the median downward tyend in the annuwal risk of infection was 2.5 percent
& year {(ranging from a decline of 6.3 percent to an apparent increase of 3.4 percent a year),

Eastern Mediterranean (and Algeria). For the purposes of this project, Algeria is
grouped in this region instead of with the African countries. National survey data were
available for six countries, and repeated surveys of local populations were available for a
seventh country ia this region, Recent annual risk levels appear to be low to very low in
Bahrain, Libya, Algeria and Kuwait (0.2 to 0.5 percent), but high in Afghanistan and
Pakistan (1.8 and 3.5 percent, respectively). Recent levels of risk in the Syrian cities of
Aleppo and Homs also appear to be very low (0.3 and 0,14, vespectively). The trend of risk
also appears to have decreased steeply in the current low risk countries, but not as steeply
in Pakistan and appears t¢ have increased In Afghanistan,

Four local areas sampled in 1980-84 for the nearly completed national survey of Algeria
had also been canvasged in the 1949-532 mags BCG campaign., Repeated surveys were alse
avallable for the populationm of Blida. Based om these comparisons, annual risk of infection
appears to have decreased about & to 7 percent a year in Algeria, A similar trend is
apparent between risk estimates for the Syrian cities of Aleppo and Homs.
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In Kuwait between 1972 and 1981, all school entrants (including non-citizens) were
tuberculin tested prior to BCG vaccination. Compared to the 1962-63 national sample gurvey
estimate, the annual risk of infectiom appears to have declined by 10 percent a year. 1In
Bahrain, a decline of nearly 12 percent a year appears to have occurred between rhe 1969
national sample survey and mass tuberculin testing of students in 1981. A similarly steep
rate of decline may have occurred in Bastern Libya, if the areas and populations covered in
the surveys are comparable,

The annual risk estimate baged on the 1974-78 national sample survey of Pakistan, which
was completed except for Baluchistan, compared to the estimate baged on the mass BCG
campaign of 1349-54, suggests that the risk of infection declined by 4.2 percemt a year, but
that the risk was still high (1.8 percent) in 1972, The risk estimate baced on the
paxtially completed 1961-62 national survey is consistent with this trend.

The annual risk of infection in Afghanistan appears high (3.3 percent in 1978), without
having much changed since 19538, compared with an estimate based on ruberculin testing
pProgram data collected in 1963 ip selected schools around the country,

Western Pacific. Eleven national sample surveys were available for five coustries in
this reglon. In the Republic of Korea, the aanusl risk of infection appears to be
declining, but remsins high at sbout 2 percent. The risk appears to be about 1.8 percent in
the Philippines, based on the recent national survey. Infection risk appears to be
relatively low in Malaysia (0.4 percent) and Samoa (0.5 percent).

In China the annual risk of infection appears to have been 1 percent in 1975, based on
areas without BCG coverage in the very large 1979 national survey sample,

Baged on infection risk estimates from the five S-yearly national surveys available
from the Republic of Korea, the trend appears to be downward at 3.8 percent a year to &
level in 1984 of 2 percent,

IV. DISCUSSION

Interpreration of this collection of risk and risk trend estimates must take into
conglderation the many potential sources of error, both ino determining absolute levels of
rigk and in comparing risk estimates among countries or between pericds within the same
country. Some of these sources of error appear to have been adaquately controlled, but the
influence of othaer asources of arror {identified and unidentified) must be dcknowledged asg
unknown,

Tuberculin skin testing is a wgefully accurate technique for separating groups at
relatively high and low risk of future Mycobacterium tuberculosis disease, but iz liable to
varying degrees of error in identifying all the infected and specifying all the uninfected.

Sensitization to environmental mycobacteria is a source of nonspecific reactivity to
tuberculin that is especially prevalent in tropical reglons (Edwards and Edwards, 1960),
There was evidence in reaction size distributions of & high prevalence of nomspecific
sensitivity in several of the Africen and Asian populations surveved, but distribution data
for older groups or for bacteriologically confirmed cases were frequently available for
locaring the mode of the distribution of true infections and deriving their number by
assuming the distribution to be symmetric.

There is underlying variability in tuberculip reactivity as evidenced by the variation
between simultaneously applied identical tests ig the same individusal {Chaparas ef al,
1985). Although this reduces precision of estimation, it is not expected to introduce
systempgtic error,
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A variety of antigen preparations and dosages were used, and these differed between
countries and within countries over time. Estimating the number infected by using the
symmetry of the distriburion of rrue reactions about the wode would adjust for differences
in gpecific biological potency between antigen preparations, but would not be effective in
controlling for large differences in specificity of antigens.

The Mantoux methed of administration was virtually always used, and all the selected
studies measured induration of treaction. Techniques of measurement varied scomewhat, but
almost always consisted of tramsverse measurement at 48 or 72 hours after administratiom.

Waning of tuberculin reaction size over time, and complete reversion to zero reactivity
are recognized to occur (Sutherland, 1971). To the extent reversions have occurred in a
population, tuberculin test prevalence at a point in time will underestimate the proportion
who were ever infected., But limiting to groups of about the same low average age may have
minimized and kept comparable the effects of cumulative reversion,

Bocsting is a potential problem in survey desipns that retest the same individuals
{Styblo, 1984). Boosting is the effect of an initial ruberculin test which, although it
elicits slight or no reactivity itself, apparently acts as an'antiggnic stimulus able to
recall waned or reverted preexisting mycobacrerial sensitivity so that a subsequent test
does elicit reactivicy that is indistinguishable from converasfon caused by M. tuberculosis
transmission in the interval between the tests. Although some of the data compiled in this
project came from surveys using a repeated testing design, the problem of boosting was
avoided by selecting age groups too young to have been tested in earlier rounds.

BCG vaccination, a major component of tuberculosis control activities in developing
countries, comprouises the usefulness of tuberculin testing as a means to survey risk of
infection. Tuberculin skin testing cannot distinguish between sensitivity caused by BCG
vaceination and sensitivity caused by natural infection with M. tuberculosis, because BCG
vaccination, unlike nonspecific semsitization, causes reactions thar are distributed with
nearly the same mode and shape as reactlons caused by true infections with M. tuberxculosis.
For this reason the risk of infection in the whole population can only be inferred from risk
measured in the unvaccinated,

In some of the countries for which survey data were selected, the pelicy was to
vaceinate indiscriminantly without using tuberculin testing to select the as yet
uninfected., In these countries, surveve limited to children without evidence of vaccination
are gsubject to biss only to the extent that children selected for vaccination, either by
choice or by local availability, are at a different risk of infection than the
unvacceinated. This ig a potentially severe source of bias if BCG coverage is very high.

In some of the surveys selected for this project, none of those surveyed had been
vaceinated, elther because BCG had not been introduced into that locale, or because BCG was
withheld by policy until a later age. 1In other surveys, the unvaccinated were identified by
physical examination to detect the characteristic scar. Levels of coverage by BCG were very
low in some surveys, in which case represemtation of the whole population by the
unvaccinated would be unaiffected. In a few surveys, BCG coverage was go high that
representation was demonstrably affected.

In other countries, the poliey was to tuberculin test and vaccipate only those with
weak or no reactions, Ie this situation, a later survey among children without BCG scars
would be liable to severe overestimation bias. This was avoided by selecting age groups
before the age of eligibility for selective vaccination programs in effect in a particular
country.

Fallure to test and measure every person in a survey sample can introduce a bias if
those not reached by the survey are at a different risk of infection than those who were
reached. A severe bias might also result from failure to measure & high proportion of those
tested, because whether & gurvey participant returned for reading could well depend on
whether there had been & reaction. Surveys with severe problems of thiz kind were not
selected., Adequate coverage was a criterion for selection by this project, and was high in
most of the gurveys selected,
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Although the average annual risk for a group lies in the calendar interval from birth
to the time of the survey, it need not be ar the interval midpeoint, If the risk is changing
substantially over time, as data from several of the surveys indlcate, or varies with age,
as has been suggested by the work of Suthexland (1976), and as might bhe expected in some of
the diverse cultures surveyed, a complex nodel is necessary to estimate the risk at a
particular time (Styblo, 1969)., Limiting to young, narrow age groups was used as a4 way to
bracket risk estimates within usefully narrovw time intervals.

Average annual risk estimares for the same populations surveyed In different years are
- connected with straight lines in Figure 2 t¢ indicate the average trend that would result in
the observed rigk estimates. An exponential trend is to be expected in the situation of a
long=term constant ratio of the number of new cases produced by each existing case
(Sutherland, 1976). However, without dara for lotermediate years, it is difficult to know
the true shape of a trend line. In some instances where more than 2 surveys were avallable,
the trend appeared to follew a fairly constant geometric decrease, but in other instances,
the trend appeared to have c¢changed over time.

Many survey reports presented more detailed analyses of infection risk and its trend,
but for the purposes of this review, methods were adopted that could be simply and
congistently applied to all data. In the few instances of large digagreement, the pregent
analysls may be in error.

V. CONCLUSIONS

This attempt to review and compile dataz aveilable from majer surveys carried out in
developing countries since 1975 falls far short of providipng a comprehensive pilcture of
tuberculous infection risk and trend in the entire developing world. The assembled data
cannot safely be generalized beyond the specific target populations surveyed. However, the
assembled data do provide several recent objectlve examples of apparent progress and lack of
progress in tipplng the balance against the tuberculosis epidemic,

The review found that since 1975 many large scale surveys have been successfully
carried out in the developing countries, with Impressive attention to correct procedure and
technique.

In most of the countries repeatadly surveyed in whole or in part, visk of infection
does appear to have diminighed. In some of these countriles, the decline appears to have
been substantlial, and current levels of risk have become very low in a few countries,

In other countries, however, rates of infection appear to remain high and there 1= no
indication of decreasze,

It may be speculated that general improvements in living standards and tuberculosis
control programs ave having an effect against the tuberculosis epidemic in some parts of the
developing world as it already has in the more developed countries. In the rest of the
developing world, however, very little is known of the current magnitude and trend of the
risk of tuberculous infection, '
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Sutherland I, (1971) The effect of tuberculin reversion upon the eg;imate of the annual
risk of infection, Bulletin of the International Union Agaianst Tuberculesis, 43, 115-118.

Sutherland I. (1976) Recent studies in the epidemiology of tuberculosis, based on the risk
of being infected with tubercle baecilli, Advances Iin Tubetculosis Research, 19, 1-63,
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References to Table 1 by Region and country

WHO African Region — Region Africaine de 1'OMS

Algeria

(a) Evaluation of the risk of tuberculous infection in a country with a high BCG-coverage in
newborns. Methodology of the national tuberculin survey Im Algeria. R Awmrane. ITSC 1985
Progress Report, Vel. 2.

{b) Method for evaluating the infection risk (and its trend) in a country with a high
prevalence of tuberculosis and where generalised BCG is applied at birth to newly born
infants., R. Amrane, H. Aft—Mesbah, P, Chaulet. Bulletin of the Intermational Union Against
Tuberculosis, 39, 141-143, 1984.

{c) Mass BCG vaccination in Algeria, 1949-52, with special reference to statistics on
tuberculin testing and BCG vaccination., Jorgen Nyboe, Mette Soegaard. Tuberculosis
Research Office, WHO, Copenhagen. Published by The Internarional Tuberculosis Campaign,
Pecember 1953.

(d) Résultas des mésures de surveillance de la Tuberculoge en Algérie de 1980 & 1985.
R. Amrane, H., Alt Mesbah, M.T. Hani. Reported at XiVlieme Conférence Mondiale de 1' Union
Internationale contre la Tuberculosze. Singapore, 2-7 povembre 1986.

Botswana
{a) Prevalence of tuberculesis in Botswana and Lesotho: Results of two random sample

surveys. P.B. Fourie & K. Knoetze, The South African Journal of Epidemiology and
Infection, 1, 32-37 (1984),

{b) Tuberculosis in Botswana. Results of an epidemiological survey 1981, E,T. Maganu,
Epidemiology Unit, Ministry of Health, P.0. Box 10004, Gabarone.

{c) Tuberculosis gurvey in Basutoland, Bechuanaland, and Swaziland. WHO Tubarculosis
Research Office, Copenhagen, April 1958.

Burundi

(a) Chapitre 1, Ampleur du probléme de la TBC au Burundi — calcul de 1l'incidence réele.
Service d'Integration de la Lutte Contre la Lépre et la Tuberculose, Lutte Narionale Contre
la Tuberculose, Rapport Amnuel 1984. Ministére de la Santé Publique, République du Burundi.

(b) A tuberculin sepsitivity survey in Burundi. June - September 1964. WHO Regional Qffice
for Africa, P.0, Box 6, Brazzaville,.

Cameroon

(a) Intérét des enquéten tuberculiniques par sondage. A propos d'une enqufte realisfe dans
les écoles de Yaound&: MéEthodologie et régultats pr&liminaires. H.G. Delolme, P. Blin,

G. Roscigno, M. Merlin, G. le Mao, L, Sentilhes, XV Conf. Tech. QCEAC 1984, 28-34,
Organisation de Coordination pour la Lutte Contre les Endémies en Afrique Centrale,
Seer&tariat GEnéral, B.P. 288, Yaound&, République du Cameroun.

{b) A tuberculin sensirivity survey in Camervon. March = May 1964. WHO Regional Qffice for
Africe, P.O. Box 6, Brazrzavilile
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Ethiopia

{a) ITSC 1983/84 Report & ch Progress Report. M.A. Bleiker, N. Dow, H. Ypma, H. Meesters.
1Ts5C. ‘

(b) A tubetculin skin test survey in Southwestern Ethiopia. G.K. Fuller, N. Gemeda,
D, Fuller, V. Demerest. Tropical and Geographical Medicine, 31, 365-373 (1973).

{¢) Control of tuberculesis in Ethiopla. P. Chasles, A. Octapodas. Ethlopian Medical
Journal, 1, 128-133, (1963),

Gambia
{(a) Tuberculin survey in Gambia. ITSC 5th Report.

(b} Skin sensitivity to human PPD and PPD-mariamum in schoolchildren in the Gambia
West—-Africa, 1976. ‘

(c) Tuberculosis survey in Gambia. MHO/PA/23.60. WHO Reglonal Office for Africa,
Brazzaville, February 1960,

Lesotho

(a) Prevalence of tuberculesls in Botswana and Lesotho? Results of two random sample
surveys. P.B. Fourie, K, Enoetze. The South African Journal of Epidemiology and Infection.
1, 32-37 (198¢).

{(b) Tuberculosls survey in Basutoland, Bechuanalaud and Swaziland. WHD Tuberculosis
Rezearch Office, Copenhagen, April 1958

{c) Report on the initial examination in the WHO-assisted tuberculosis control project
Basutoland-2. Report to the Reglonal Director, AFRO from Dr Anton Geser, 5MO AFRO-53.

Nigeria

{a) Skin sensitivity to human PPD and to PPD-marianum in schoolchildren in the Kazuare
Emirate in the Kano State of Nigeria 1977, M.A, Bleiker, G.L. Pape, 0. Mlsljencovic, &
I. Blijker, International Tuberculosis Surveillance Center.

Tanzania

{2} Tuberculin survey within rhe national tuberculeosis/leprosy programme in Tanzania.
ITSC 9th Progress Report, 1984,

(b} Tuberculin survey in the Shinyanga Region, the United Republic of Tamnzania, 197S,
ITSC 7th Progress Report, 1980.

{(c) Draft report. Tuberculin survey and tuberculin training in the Morogoro— and
Arusha-Regions in the United Republic of Tanzania. ITSC 1982/83 Progress Report,

(d) The risk of tuberculosis infection in the Dodoma Region, Tanzania. Results of a
tuberculin sutrvey among schoolchildren carried out in November and December 1978 by & team
of the TB/Leprosy Unit of the Ministry of Health and the Dodoma Regional Leprosy/TB Scheme,
Report to Dr Antonio Pio, WHO TRI Unit. ©Dr Jaap F. Broekmans, 12 December 1978,

P.0, Box 876, Dodoma.

{e)} The natiomal tuberculin survey, Tanzania. M.A. Bleiker, 8.J. Nkinda, ©. Misljenovic,
D.W. Mulder & K. Styblo. TS5RU Davos Meeting, October 1985,
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{f) Skin sensitivity of human PPD in schoolchildren in Tanga in the United Republic of
Tanzania, 1977. M.A. Bleiker, Dr Madundo, 0. Misljenovic, M.H. Milla, I,F, Abdallah, ITSC,

(g) Tuberculosis programme implementation; Tanzania. K. 5tyble, TRI/TB;PHC/86,12
22-26 September 1986,

(h) The National Tuberculosie/Leprosy Programme in Tanzania. Summary Report no, 17 on the
visit to Tanzania, February 1987. K. Styblo,

- (1) Tanzania national tuberculin survey. M.A. Bleiker, H.J. Chum, 5.J. Nkinda, K. Styblo.
TSRU/IUAT Progress report 1987, Volume 2, 135-146.

Region of the Americas = Régilon des Amériques de 1'0MS

Argentina

(a) bDetermination del Riesgo de Infecclonm Tuberculosa en la Republica Argentina,

Regsultados de ls primera encuesta tuberculinica 1974 = 1978, Ministerio de Bienestar
Social, Secretarfa de Salud Publica. Instituto Nacional de Tuberculosis, Recreo, Santa Fé,
Argentina

{b) The tuberculosis situation in Argentina, PAHQ Epidemiological Bulletin, Vol, 4, No. 3,
1983, B-10.

{(c) Officiel Communication from Dr Eduardo Balesrrine, Director Institute Nacional
Epideniologica, 10 de marzo de 1986,

(d} Informe sobre la encuesta de prevalencia de la ruberculosis en la Provincia del Chaco.
Minigterio de Aslstencia Social y Salud Publica de la Nacion., Organizacion Mundial de la
Salud, UNICEF, Neuquén, Marzo 1961.

Bragll

{a) Estudo da prevaléncia de infeegio tuberculosa na populagio escolar de 6 — 7 anos no Rio
Grande do Sul. Resultados do 1° tempo, 1983 -1988, Volume 1. Estado do Rioc Grande do
Sul, Secretaris da Saode e do Meio Ambiente, Porto Alegre, 1984,

{b) Tnforme final sobre la consultoria en analysis de informacion epidemilogica ¥y
operational del programa naclonal de control de tuberculosis, Division Nacional de
Prngumonologls Sanitaria Ministerio de Salud, Rio de Janeiro, Brasil

Del 8 de noviembre al 6 de dicimbre de 14981, Dr E, Balestrino, Congultor, Organizacifn
Panamericana de la Salud,

WHO South-East Asia Region - Region de 1'Asie du Sud-Est de 1'OMS

India

{a) Assignmenl report on a tuberculesis longitudinal survey, National Tuberculosis
Institute, Bangalore, WHO Project: India 0103. Dr T. Olakowski, Senior Medical 0fflcer (in
cooperation with the members of the Technical Co—ordination Committee at the National
Tuberculosis Institute, Bangalore), January 1969 -~ March 1972. SEA/TB/129, 12 September
1973 BRestricted. 8EA—73/2584,

(b} Tuberculosis in a rural population of South India; Report on five surveys,
AK, Charaborty, H. Singh, K. Srikantan, K.R. Rangaswamy, M,5. Krishnamurthy, J.A. Stephen.
Ind, J. Tub., Vol. XXIX, Ne.3, 1982, 153-167.

(c) Some aspects of a tuberculosis prevalence survey in a South Indian district. Rej.
Narain, A. Geser, M.V. Jambunathan, M. Subramanian. Bull WHO, 1963, 29, 641-664,
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{d) Prevalence of infection among unvaccinated children for tuberculosis surveillance.
A.K. Chakraberty, K.T. Ganapathy, G.D. Gothi. Indiar J Med Res, 72, July 1980, 7-12.

{e) Changes in the prevalence rates of Infection in younger age groups in & rural population
of Bangalore District over a period of 5 years. A.G. Kurthkoti, Hardamn Singh.
National Tuberculosis Institute Newgletter (1985) 21/2, 28-40,

(f) Prevalence of tuberculosis in a South Indian District — twelve years after initial
survey. G.B. Gothi, A.K. Chakraborty, $.5. Nair, K.T. Ganapathy, G.C. Banerjee. 1Ind. J.
Tub., Vol. X¥VI, No. 3, 122-135,

(g) Tuberculosis prevalence survey in Kashmir valley. 5, Mayurnath, D.S5. Anantharaman,
G.V.J, Baily, M.P, Radhamani, R.8. Vallishayee, F. Venkataraman, 5.F. Tripathy. Indian J
Med Res B0, August 1984, 129-140,

{h) Prevalence of non—specific sensitivity in some parts of India, Raj Narain,
M.8. Krishnamurthy, D,S. Anantharaman. Indian J Med Res, 63, 8, August 1975, 1098-1109.

(i) Tuberculosis prevalence survey in Tumkur District. Raj Waraln, A. Geser,
M.V, Jambunathan, M. Subramanian. Ind. J. Tub,, Vol. X, No, 3, 87-116.

Indonesia

{a) The risk of tubetculosis Iinfection in the District of Tangerang (Indonesia) derived from
the results of tuberculin testing of schoolehildren aged 7 te 10 years, 1972-1983, ITSC

1983/84 Reporrt.

(b) Tuberculin resurveys in two areas in Indonesia. ITSC 1981/82 Report.

{c) Tuberculosis Research and Contrbl — Control of bacterial and intestinal diseases.
Asgignment Report, 1 December 1981 - 28 February 1982. Dr Yoshikumi Azuma, WHO Short-Term
Congultant, WHO Project INO EVM 00l. SEA/TB/167, 30 September 1982, Restricted.

(d) Tuberculosis control in Indonesia 1952-65. Report on WHO projects: SEAROC 0003 and
Indonesis Q030, Section I: Text, Section IIL: Data Tables. Prepared by WHO Regional Office
SEA/TB/92 I,1II, SEA/VHS/95 I,II, 19 December 1968, Restricted SEA-68/2638.

{(e) Annual tuberculosis infaetion rates between 1972 and 1978 in the district of Tangerang
{Indonesia) based on the results of tuberculin skin testing of schoolchildren aged 7-10
years. ITSC 6th Progress Report. :

(f) Skin sensitivity to human PFD and to avian PFD in schoolchildren in Indonesia, 1972,
H, Kusnadi, A.5., Gunardi, M.A. Blelker. ITSC Confidential Report in WHO files.

(g) 1986 Report of Dr Tripathy.
(h) ITSC working papers.

Thailand

(a) Epidemiology of tuberculosis in Thailand. Suchart Daremas, MD, Report in the WHO TRI
Unit files.

(b} Situation of tuberculosis in Thailand. Results of first national epidemiological survey
conducted in Bangkok and the Province of Chiengmai during 1960 - 1964, Proceedings of

Eastern Regional Mesting, Bangkok 1964.

{¢) Data for the asgessment of naturally acquired tuberculin sensitivity in seven countries
of Asia., WHO Tuberculosis Research Office, Copenhagen, June 1933,
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(d) Tuberculosis epidemiolegy in Thailand. Dr Boonsong Sunskorn, J Med Assoc Thailand, 32,
1969, 157-162.

WH( Eastexn Mediterranean Region — Regilon de la Mediterranee Orientale de 1'OMS

Afghanistan

(a) EM/TB/159 EM/AFG/BVM/00l February 1983. Assignment Report. National Tuberculosis
Survey in Afghanistan, 3 August - 2 November 1982, by Dr K.S5, Apeja, WHO Congultant.

{(b) SEA/TB/96, 10 September 1969, Restricted. Assignment Report on Tuberculesis Advisory
Services (WHO Froject: Afghanigran 0033 (UNDP/TA) Jenuary 1965 - July 1968 by Dr G. Khan,
WHO Medical Officer.

(c) EM/SEM.TB/4.1, 20 August 1975. Regional Seminar oo Recent Trends in Tuberculoeis
Control, Karachi, 23-30 October 1975. Tuberculosis Contrel in the Eastern Mediterranean
Regilon. Review of the Present Situation by Dr J, Kaleta, WHO Regional Advicer on
Tuberculosis.

Bahrain

{a} Survey of tuberculous infection in schoolchildren in Bahrain., M. Ilyas Khan, Tubercle,
&3 (1982), 287-189,

Kuwait
(a} Kuwalt Natcfonal Tuberculosis Control Program. Dr Mohammed Abdel Aty, Head, Tuberculosis

Control Unit. The 18th Middle-East Regional Conference of the IUAT, 5-8 February 1983,
Kuwait,

Libva Arab Jamahiriyah

(a) Assignment Report. A national tuberculosis prevalence survey in the Socialist People's
Libyan Arab Jamahirviyah, February 1976 — December 1977, Dr Syed All Husain, WHO Medical
Officer and Mr Ib Thorup, WHO Statistician. EM/ST/121, EM/TB/152, EM/LIY/BVD/00l, August
1978. : :

{(b) Regional tuberculosis prevalence survey. HReport on Cyrenaica, Libya, 11 July to
22 September 1959, Epidemiological and Statistical Centre, WHO Regional Office for the
Eastern Mediterranean, Alexandria, UAR. EM/TB/S58, EM/5T/14, February 1961.

(c) Report onm BCG assessment work in lLibya, WHO Tuberculosis Research Office, Copenhagen,
April 1956.

Pakistan

{a) Epidemiclogical situation of tuberculesis in Pakistan, Results of the National
Tuberculosis Prevalence Survey 1974-1978. Dr Jan Kaleta, Mr Nisar, A, Chaudhry, TB
Seminar, Lahore, April 1982,

{b} Travel Report by Dr Antonieo Pio, CDS/TRI, 21.1.85 T9/370/12ZPAK.
{c} Report of the rtuberculosis survey in Karachil, Rawalpindi & Lahore Division of West

Pakistan. Directorate of Tuberculosls Control {Health Division), Government of Pakistan,
October 1962. .

(d) BCG-vaccination programme in Pakistan. E. Roelsgaard, #H. Christenmsen, E. Iversemn.
Bull, Wld Hith Org., 1957, 17, 187-202,
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(e) Assignment Report on & visit to Pakistan Tuberculesis Control Programme. 9 may - 6 June

1983, :
Dr Jan Kaleta, WHO Consultant. EM/TB/161, August 1983.

Syrians Arab Republlc

{2) The annual risk of tuberculous infection in the Syrian Arab Republic, 1950-1983.
ITSC 1983/84 Report.

(b) Estimates of the risk of fnfection in schoolehildren in S5yris between 1938 and 1978.
ITSC 7th Progress Report 1980,

{c) Tuberculosis survey in the Syrian Arab Republic. Epidemiological and Statistical
Centre, WHO Regional Office for the Eastern Mediterranean, Alexandria, UAR, April 1962,

(d) Mass BCG vaccination in Syria, 1930, with special reference to statisties on BCG
vaceination and pre— and post-vaccination allergy. Published by The International
Tuberculosis Campaign, care of UNICEF, 24 Rue Borghése, Neuilly-sur-Seine, France.

{e) Skin sensitivity to human PPD in schoolchildren in the Governates of Aleppo, Homs, and
Raqua in the Syrian Arab Republic, 1983. M.A. Bleiker, 0. Misljenovic, 0. Post.

I, El1-Rifai, B. El-Kateb, W, Sankari, K. Nahawi, N. Nasser, F. Kana, B, Hanifi, 8. Trabalsi,
R, Asgaf, ITSC Report.

WHO Western Pacific Region - Region du Pacifique Occidental de 1'OMS

China

{a) Nationwide random gurvey for pulmonary tuberculeosis conducted in 1979, The National
Tuberculosis Control and Research Centtr, September 1985. Draft for possible publication,
submitted to TRI Unit, WHO.

(b) Nation—-wide survey for the epldemiology of pulmonary tuberculesis. Condvcted in 1979.
Zhonghus Jiehe He Huxixi Jibing Zazhi, 1982, 5, 67-70 {in Chinese)}.

Malaysia

(a) An analysis on the first community tuberculin survey in peninsular Malaysia (1976-1977).
Dr H.,T, Lin and Mr Ib Thorup. Rational Tuberculosis Programme of Malaysia.
ICE/BVD/001=E(Malaysia), 18 Febtuary 1979.

PhiliEEines

{(2) Report on a national tuberculosis prevalence survey in the Republic of the Philippines
1981-1983. National Institute of Tuberculogis, June 1984,

{b) Second final report from the Philippines BCC mass vaccination programme,
Dr Anton Geset, BCG Consultant, Mapila, 1 August 1955. Report in the WHQ TRI Unit files.

Republic of Korea

{a) Report on the 5th tuberculosis prevalence survey in Korea, 1985, Ministry of Health and
Social Affairs, Korean National Tubereuwlosis Asscciation,

(b) Assigoment report. Tuberculosis comtrel, Republic of Korea, 5 February to 3 March 1986,
Dr Toru Mori, WHO Consultamt (WP)CHD/ICP/TUB/0CL E, 3 November 1986.

(¢} The value of periodical tuberculosis prevalence surveys to assess the epidemiological
trend of the problem in developing countries. Ingela Sjogren. ITSC 1984 Progress Report,
Vol, 1.
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(d) Report on the 4th Tuberculesis Prevalence Survey in Korea. 1980, Ministry of Health and
Social Affalrs, Korean National Tuberculosis Association.

(e} Prevalence Survey In Korea, B.W. Jin, The Korean National Tuberculeosis Association,
Korean Institute of Tuberculesis, 1984. Report in the WHO TRI Unit files,

(f) Summary report on a national tuberculosis prevalence sutvey in Korea. (June — November
1965). WHO Regional Tuberculosis Advisory Team, WHO Regional Office for the Western
Pagific, Manila, Philippines. WHO/TB/Techn.Information/67.57.

Samoa

{a) Report on the tuberculosis/leprosy prevalence gurvey in Samoa, 26 June - 24 Qctober 1975,

WHO Regional Tuberculosis Control Teawm and WHO Leprologist, ICP/BVD/O0l-E (Western Samoa)
3 December 1977,

(b) Assgignment report. Tuberculosis contrel, Western Samoa, 18 September to 7 July 1%74.
Dr Nak Chin Chung, WHO Consultant Western Samoa, 1201-E (WES/MBD/01), 25 October 1974.

{c) Assignment report. Tuberculosis control, Western Samoa, & March 1980 to 20 December
1981. Dr Qlan Yuan Fu, WHO Medical Officer. SMA/BUM/002-E, 13 April 1932,
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TABLE 1. ANNUAL RISK OF TUBERCULOUS INFECTION IN DEVELOPING COUNTRIES
BASED ON TUEERCULIN SURVEYS

L. WHO African Region (except Algeris} — Regiom Africaine de 1'OHS {sans Algerie)

%C€1"88/8.L/0HM

Antigen and Survay Infec~ Preva- Riskf
BLG Infection Year Tested red lence wear
Year Area Bepresented Survey deslgn (X Criterfon Midpt. Age (midpt.) H H {3 {X}

Bokswana

L9g1-g2ab Whole counery Sample survey RT23 270, iQEE.U 0-14 { 6.5} 257
Mode=13

1956-57¢ Whale country Sample survey RF19-20-21 5 TU, 1957.0 0O-14 { 6.6} F450
Hode={6

Burumrdi
toa2-g42 Military recruits All recruits . ET23 270, Y9mot 1983.5 18-27 (2.5}

1964k Morthern sectiom of Sample survey RT23 2TV, Yoo+ 1964.6 15-1% {17.5)]
Muramvya Province

Cameroon — Cameroun

19848 Yaounde Sample survey . BPD 71 10U, Smm+ 1984.5 7- 9 { 8.5}
of schools

19640 Urban Yaounde Szmple Burvey BT23 270, Yam+ 1964.3 5~ 9 { 7.5)

Ethiopia ~ Ethiopie

19834 Addie Ababa Sample of . RT23 2%, 10mm+  19831.9 615 { 8.6}
schools

Lo7 7l Southwest area Selected . sve FT0, I0nm+ 1977.5 6=-10 { B.5)
vitlages

1953-55¢ Addis Absba BLCG school 1954,7 1% {11 )
campalgn

Cambia

i9752b Whole country Sample survey RT23 2TD, 6-16 { 9.4)
Hode=135

1956-59¢ Bathurst in 2 strata Sample survey: RT23 11U, 5-14 { 2.4)
Mode=17
Urban stratus at 33 per 1000
RBural stratum at 7 per 1000




I. WHO African Region {except Alperia) - Repfon Africaine de 1'OMS {sans Algerie) {continued}

Antigen and Sufuey Infec~ Preva— Risk/
8CG Infection Year Tested ted lence year
Year Arez Represented Survey design £33 Criterion Midpt. Age (midpt.) N K (9] {3
lesotho
1981-g228 Whole coumtry Sample surwvey 0.4 RT23 2TU, 19820 0- 9 { 5,2} 158 aee 10,13 2,03
Mode=14
1956~57b Whole counkry Sample survey 4  RTI9-20-21 5TV, 1957.0  0- 9 { 4.9} 1101 142 t2.90 2,78
Mode=}7 ,18
1962~65C Bursl area Sample survey 0 BRT23 170, 1963.8 O~ 9 € 4.9) 10216 1342 13.14 2.83
around Maseru Mode=19
Higeria
13774 Kazaure Emirate of School survey 32.1  RT23 2TU, 1977.4  4=23%( T* ) Tas wew 15,0 2,25
¥Kano State Hode=15 '
United Republic of Tanzania - Republigue-Unie de Tanzanise
19g38cehi)  arusha Region Sanple survey 52.6 RT23 ITU, 1983.6  7-la (10.0) 3125 307 9.82 1.03
19B8% Coast {Pwani} Region of schoole 37.6  Mode=l7 1984.8 { 9.6} 681 74 10.8F 1,19
1984 Dar-es~5alan Region in progress, 45.0 1984.8 [ P 1338 137 10.24 1.1l
1986 Iringa Reglon 0% completed 57 1986.4 (1041} 1723 1% 9,05 0.%4
1986 Dodoma Region 49 1986, % (10,7} 1143 158 0.54 2,13
1987 Kigoma Region 49,1 1987.7 {10.2) 1188 143 12,04 1,25
1985 Kilimanjaro Reglon 52.4 1985.4 {10.2) 2324 111 4.78 0.48
1984 Lindi Region 3l.3 1984.6 {10.3) 26565 240 9,01 0.91
15986 Hbeya Begion ah 1986.5 {10.9) 1621 193 11.91 L.15
1986 Moragoro Region 67 1986.6 {11.0% 8565 158 18.27 1.82
1984 Htwara Begion 41.8 1984.5 { 9.7} 629 122 1%.40 2,20
1985 Muanza Region res 1985.8 (10.2) 2420 wae P50 0,97
1384 Rukws Region &7 1986.4 (10.8) 385 47 12,21 1.20
1984 Ruvuma Region 46.1 1984.5 {10.4} 1412 140 9,92 1.00
1985 Shinyanga Region e 1985.4 { 9.8} 1666 e 1106 1,25
1985 Singida Begion o 1385.7 (1045} 485 e 18,3 1.5H
1987 Tabora Region . 1987,7 {11.2] 1794 avs B3 0,77
1983 Tangs Reglon 50.1 1983.8 {10.4) 2462 238 9.67 (.97
1983-57 {18 Area weighted average) 1985, 6 (i0.3) 30982 e 10080 1,11
1979t Shinyanga Regiom, Sample surwvey 50.%  RT23 27U, 1979.5  ©-14 (10.0} 1817 356 19.5% 2,16
except Shioyanga DHetr. I Ot
1978d Dodoma Region Sample purvey 63.3  BRT23 27D, 1978.9 6-14 (10,2} 1329 P66 12.4% 1,30
Mode=17
19778 Tanga Town and Sample survey 72.0 RT23 2TU, i977.1 =14 § 9.7} 383 33 B.e2 Q.92
nearby rural srea of schools Hode=17

/7 =28ed
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IL. ¥HO Region of the fmericas — Region des Amerigues de 1'QM3 Sg
Antigen snd Survey Infee- Preva— Bisk/
BCG Infection Year Tested ted lence year
Year Area Represented Survey design {Z) Lriterion Hidpr. Age fmidpt.) . H LX) X}
Argeantinag - Argentine
1974-738b Yhole country Sample survey PN fT23 270, 1Dom+ 1976.5 B~ 7 { 6.5} 26202 370 3.61 0.56
1983< Areas aroupd Sample survey B81.6 ian, Hwm+ 1983,.5 5B { .00 325 - 1.8 0.26
1979-80¢° Santa Fe City 837 .., 10mm+ 1980.0 &~ 7 { 7.0) 443 eae 2.0 0,29
1967-68C 3.6 ..., lloot 1968.0  5- 8 ([ 7.0% 1221 vas 5.8 1.31
1979-80° Santa Fe City A1) schools 51.7 «any 10mmt 19800 &7 { 7.0} 1125 ren 1.6 0.23
1974-75¢ 12.9 vy et 1975, 80 &= 7 { 7.0} 3590 “en l.6 0.23
1967-63¢ N van, Lmm+ 1968.0 6= 7 { 7.0} 3194 e 3.2 0.57
1960-51¢ Resistencia Province Sample survey Rare ET25 ITU, 10wm+ 1951.0 5- 9 [ 7.9) 1259 59 3.89 0,53
Brazil - Bresil
19832 Ric Grande T Sol Sample survey of i} RI23 2TU, [Omo+ 19825 - 8{ 71.m) 11880 333 2,80 .39
Province school enterers
gy Provincial zone:
Metropolitan 1983.5 6= 7 ( 7.0) 3507 PR 3.88 0.58
Southern rural 4163 P 317 0.46
Korthersn rural 3670 P .31 0.19
1980b Capitals of States and  All school rae “ae 1980, 5 wve L 3.7}
Territories by Reglon: enterers
Horth i e . 1.95
Northeast 1.56
Southeast rae - N 1.17
Sao Paulo State e raa e 0.95
South e e s 0.78
Erst Central e ran - 0.78
1970-73b Capitals of States and  All school PR RT23 2TU, 1(mm+ 1972.0 ves [ TuT
Territories by Reglon: entetrers
HNorth “ne ves 16,9 2,38
Northeast P ane 14,2 1.97
Southeast P e B.3 1.1
Sao Paulo State ras - ara 1.2
South “ie “e s 6.7 0,90
East Cenkral “n - 7.9 .1
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Iil. WHO Scuth-~Ezst 4sla Region - Region de 1'Asie du Sud-Est de 1'OGMS

Antigen and Survey Infec~ Preva- Risk/
BCG Infection Year Teated ted lence year
¥Yaar Area Represented Survey design () Criterion Midpt. Age (midpt.) N )] (X} (EY
India ~ lInde
1979¢ Dodballapur im Sample survey la,1 RTZ3 1TV, 12om+ 1%79,5 0- & [ 2.5} 5203 128 .46 0,99
1974-75d% Bangalore District repeated in same 36 RT23 1TU, 10mm+ 1974,.8 3805 98  2.38 1.04
villages
197 7-78b 3 Subdistricte inm Repeated e RTZ23 1TV, llum+ 1977.9 O~ 4 [ 2.5} 1402 35 2.4t 097
1961-63% Bangalore MHetrict gample gurveys 1.5 1262.2 7981 igh 2.08 0,84
197273 Tumkur Bistrict inm Sample survey . RT23 )74, FOmmt 1973.0 0~ 4 { 2.5) 4277 115 2,69 1,08
1960-51=f1 South India repaatad in ‘e 1360.9 Iras 155  4.0% 1l.66
same 62 villages
19788 ¥aghmir Valley Sample survey 0.2 PPD-S 3T, 12mm+ 1978.7 O~ & { 2.5) 2448 56 2.29 0.92
1972b Villages in: Selected for <5 PPD-S 5TU, llmom+ 1972.8 1- & ( 3.0)
Kaghmir altitude contrast 679 e 4.0 1.4
Kulu Valley 503 - ... 5.2 l.B
Lohaghat 381 ere Jul 1.0
Pithoragarh 290 P 4.1 14
Agra 530 e 5.2 1.8
Harvana 612 ran L 1.5
Rajasthan 76 “re 1.3 0.4
1968-7th Horthern Chingelput Selected for <5 PPD-8 S5TU, 1Mo+ 1%969.9 -4 { L0} 215320 - 5.1 1.7
BCG trial :
Indenesis - Indonesie
i9p3aefgh Tangerang Regency Sample survey 18,5 RT2?3 2T, l0mm+ 1983.56 7-10 { 8.8} 1549 286 18,45 2.29
1978 in West Java repested in 22.1 1978.4 7=-10 { 8.8) 1649 440 26.68 3.47
1572 same schoole 1.9 t972,2 -0 .3 1371 497 36,25 4.73
19g6bh Sambas in West Selected as 0 ET23 2T, 10wx+ 1986.8 7-10 { B.8)  383% 576 15.00 1.83
1961 Kolimantan BCG-free ares 1981.,86 7-10 { 8.6} 2181 310 14,21 1,77
1976 1976.9  7=10 { 8.6} 1655 321 23.63 3.0%
1986bh Padang Pariaman ip Selected as 0 RT23 2T0, 1lmm+ 1986.9  7-10 { 8.7) 1984 41F 23,77 .07
1981 West Sumatra BCG-free area 1981.7  1-10 ( 8.9} Z501 363 1l4.51 1.75%
1976 1976.5  7=10 { B.8) 1124 193 17.17 2,17
198480 Helang in East Java Selected as ¢ RT23 2TU, 10wm+ 1%84.5 7-10 ( 8.3) 1406 75 5.33 0.65
1979cgh HCG-free area 1979.5% 7-10 [ &.9) 1122 86 7.66 0.89

1985¢gh Cgan Kamering Ilir in Selected as O RTZ3 270, lOom+  1%85.8  7-10 [ B.9} 4B&0  E309 27,05 3.48
1980 South Bumatra BOG-Eree area 1984, 2 7-10 { 8.5) AE30 1358 ZB.06 3.80
1975 1975.6  71-10 [ 8.9} 2525 FO01 28,91 1.7
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1EI. WHO Sourh-Eest Asiz Reglon - Region de 1'4sie du Sud-Est de !'OHS {(continued)

dntigen and Survey Infee- Preva— Risk/
BCG Infecticn Year Tested ted lence year
Year Area Represented Survey design S Criterion Midpt. Age (midpt.} K H LES] (X2
1985<Eh Gowa in South Seiected as T ETZ3 2TF, 10mm+ I985.5 7-10 { B.9} 4001 1198 29,94 3.92
1980 Sulawesi BCG-free area 1980.5 7-10 ( B.7} 3573 1076 30.1F  4.03
1975 1975.8 7-10 { B.2) 1529 429  30.07 4.26
1953c8h Srabat langkat Selected as Q RTZ3 2TU, 10we+ 1983.2 7-10 { 8.5) 1894 196 10.35 1.28
1978 in Morth Sumatra ECG-free area 1978.4 7-10 { 8.9) 1125 165 14.67 1.77
19g2cgh Aulu Sengai Tengah Selected as 0 RT23 2T, I0owm+ 1982.8  7-)0 { 9.0} 1577 424 26,89 3,42
1977 i South Malimamtan BCG-free area F9FT3 O T-10 [ B.T) 1199 352 29,76 3.97
198480 Paci in Selected as ;RT3 2TU, 1dmm+ 1984.5 7-10 { 8.5} 2938 403 13.72 1.72
§97fg Central Java BCG~Eree area 1979.5% 7-10 { B.2) 2197 Bl 17,34 2,12
1974 1974.5  7-10 { 8.1} 1470 143 13.36 1.76
F983E Langse in Selected as ¢ RTI3 2T0, 1lmm+ 1983.5 7-10( 9% 13 “ea anw Zh.4 3,06
D.I. Aceh BCG-free area
1964-6540 Rural ares in Semple survey ‘e RT23 ITU, 10mm+  1965.0 5= 9 ( 7.5} 1633 191 11.70 1.54
East Java
Thailand - Thailande
1977-798 Whole country Sampie survey 9.1 . 1278.5 0-14 { 7.5} ‘e rea 332 2,07
1960-64bd Bangkok and Sample survey ar aae 1962.5 19-14 {12.5) vea eea 29 2.7
Chiengmal Province
[ 954¢ & locslitiss In Selected a ... 5TU, iGoet+ 1954,.9  3-12 (10.5) 1578 AT 23051 .52
Chiengmei and uavaceinated
Eanchanaburli Provinces

areas
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IV. WHG Eastern Mediterramean Reglon {and Algeria) - Region de la Medlterranee Orientale de 1'0M8 (et Algerie)

Antigen and Sutvey Infec- Preva~ Riskf
BCG Infection Year Teated ted lence year
Year Atea Represented Survey deasign [X) Criterion Midpt. Age {midpt.} H N [X) LES)
Algeria — Algerie
Whole country in & School survey RT23 ITU, l0wm+ 8 { B.5)
economic zoneg every 5 vears
19854 Zone 2 Tigi Cuzou Second survey 67.2 i985.5 2378 55 2.31 0,27
and Tlemcen {commencing}
19844 Zone 5 & & First survey 59.1 1984.,5 2125 a4 .01 0.36
19838b Zore &4 incl. Batna {nearly conmplete) 68.6 1983.9 1144 3l 4.46 0.54
lagzab Zone 3 incl. Guelma 66.3 1982,9 1067 45 4,22 .51
19gjadb Zone | incl. Maseara 63.3 1981.9 1334 71 5.3 0.54
19802b Zone 2 Tizi Ouzou d4.6 1980, 9 LB&4 71 3.85 0.46
and Tlemcen
1980-84 {5 Area weighted average) i982.8 7514 302 4.02 0,48
198180 Blida Sutvey repeated T1.6 IP48& 107U, fom+ 1981.5 &0 8.5) 1117 ren 6.18 0.75
1976ab Blida in same schools 1%76.5  6~10  B.5) 262 war Bud 1,03
1949-52¢ Whole country Mass BCG “an IP4B 5TV, OGmm+ 1951,1 8 { 8.5 110547 are 31,2 4,30
Campaign IP48 FOTTE, bmot
. Horo Patch,
Selected areas 3+ papules
Blida 6.5 5,20
Tlzd Ouzeu 25.5 3.40
Tlemcen 24.3 3,22
Hascara 2%.7  4.08
Batna 35. 5.0%
Guelma 29.8 4,08
Afghenistan
19g2ac Whoele country Sample survey P RT23 1TU, Bmm+ 192,35 S- g [ 7.5} Bal 208 23.61 3.53
1363be Kabul Selected vee  BTZ23 ITU, Sumt 19863.5  7-12 {10.0} FO006 4322 22,74 2,55
Jalalabad schools T-12 (10.0) 3492 1083 31,01 3.64
Mazar-e-Sharif 7-12 (10,0} Ilr0 1019 32,15 3.8D
¥andahar T-12 (10.0} 4079 1586 3IB.8% 4.80
Pulikumry 13-15 (14.5} 1191 384 32.24 2,65
(5 Area wejghted average) F-15 {10.2) 30938 8395 27,17 .04
Bahrain - Bahrein
19314 ¥hole country All achools 0 RT23 1TU, fom+ i981.4 6=-7( 7.00 6151 Bs 1.40 0.0
19692 Whole country Sample survey e RT23 17U, fomnt 1569, 5 6= ¥ ( 7.0 897 35 6,13 0.50

I =23ed
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IV, WHO Eastern Mediterranean Region f{and Algerias) ~ Reglon de ia MedIterranee Orientale de 1'OMS (et Alperie) (continued)

Antigen and Survey Infec— Preva- Riskf

7 29=d

6T "88/41/0HM

BCOG Infecticn Year Tested ted lence year
Year Area Represented Survey design (X Criterion Hidpt. Age (midpt.) N ] £X) {23
Kuwait - Koweit
19812 Whole coumkry School campalgn 0 RT3 ... F98E.5%  4— 6 [ 5.2) 22710 261 1.15 Q.22
1980 1980.5 4- 6 [ 5.1) i614% LGd 0.63 G.12
19792 : 1879,.5 4~ 6 £ 5,133 226714 283 1.25 0.24
1974 1978.5 44— 6 [ 5.2} 20843 333 1.62 D0.31
1977 1977.5 44— 6 £ 53] 17444 266 1.32 0.29
1976 1976.5 4= 6 { 5,1] 9018 201 2,21 0.44
1975 E975,5  4— 5 { 4.5} 7685 wer 1,20 0.29
1374 1975.5 4- 5 { 4.2} 6722 5% 0.82 0,20
1973 19735  4— 5 { 4.3) 6353 BD  1.26 0.29
1972 1972.% 4~ 5 ( 4.7) 2258 Kt 1.68 0.36
1972-81 {10 Year weighted average} 1978.4 4- & [ 5.1} 131846 1723 1.31 0.26
1962 -632 Whole country Sample survey - e 1963.0 S= 2 [ 7.3} Ve wee  10LT74 1,50

Libys Arab Jamahiriyah ~ Jamihiriysh Arabe Libyenme

1976~778 Whole country Sample survey 63.5 RT23 2TU, 1977.0 5-9{ 7.5} 1827 33 1.%2 0.26
East Libya Hode=16,17 451 Pen 1.9 0.26
1959ab East Province Sanple survey «es RT23 ITE, 1952.7 5 9 ( 7.5} 36l 60 16.62 2.2%
Cyrenaica , Mode=18,19
19548¢ Ben Walid Selected area 0 RTI9-20-21 5TV, 1954.5 5- 9 [ 7.5} 158 vee MRLS 3.68
Mode=18,19
Pakistan
1976-78304  Hhole country Sample survey 7.8 RT23 1TV, 10uwm+ 1976.5 5- 2 { 7.5) 2289 298 13.02 1.B4
except Baluchistan
1961-628~8  Karachi, Rawalpindi, Sample survey 42.7% RT23 ITU, 10mm+ 1962.0 5- 9 { 7.5} 769 178 23.15% 3.45
and Lahore
L949-54be Prowincial capitals Mass BLCG O BT 5TU, Semt 1954%.1 T-14 {1k.0% - vee 47.5 0 5.469
Other urban ateas campaign 44,5 5.21
Rural areas 41.0 4,868

{3 Area wmedian) 44,5 5.1




I¥. WHO Eastern Mediterranean Reglon

- Region de la Mediterranee Orientale de 1'OMS {continued)

Antigen and Survey Infec~ Preva- Risk/S
BCG Infection Year Tested ted lence year
Year Ares Represented Survey deslgn {%) Criterion Midpt. Age (midpt.} N N %) {%)
Syrian Arab Republic - Republique Arabe Syrienne
19838 Aleppo Survey repeated 14,1 RT23 2TV, l0mm+ 1983.8 6§ B.5) 1586 3l 1.95 0.30
in some 1978
gurvey schoole
197880 Aleppo Sample survey 8.5 RT23 2TV, l0om+ 1978.8 6 [ B.5) 1845 K| 1.68 0.26
of sehools
13502d Aleppo BCG school 0 Horo patch, §950.3 6 [ B.5) .sa wee 15,3 2.52
caspalign 3+ papules
1983% Howa Sample survey 17.2 RT3 ITUH, limnm+ 1983.8 6 6.5) 1182 1t 0.93 0,14
of schools
19504 Homa Hzss BCG 0 More patch, 1950, 6 6 { 6.5) eew 10,4 1.88
campaign 3+ papules
1960¢ Msatricts of Homs and Semple survey G RT23 iTU, ithmm+ 19&0.8 5= 0 7.5 3a7 21 5.4 0.T4

Damascus, excluding
City of Dapescus

¢ afed
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¥. WHO Western Pacific Reglon — Region du Pacifique Occidental de 1'0MS

Antigen and Sﬁrvey Infec— Preva— Risk/
ECG Infection Yaar Tested ted lence year
Year Area Represented Survey design {Z) Criterlion Midpt. Age (midpt.} H N [Z) (]

China - Chine
19798b Areas without BCG, 266 of the BEB RT23 2TU, 10000
ir whole country clusters in the

except Taiwan national sample

Malayela — Malaysie

L97p~778 Whole country Sample survey RT23 1TY,
Mode=1%

Republic of Korea — Republique de Coree

19852b Rhole country Sample survey RT23 1FU, 1385,5
19gped Whole coumntry Sample survey RT23 ITU, 1980, 5
1975% Whole country Sample survey RT23 iTU, 1975.5
1970¢ Whole country Sample survey . RT23 170, 19740, 5
13650k Whole country, 2 strate Sample survey RT23 1TU, 1965.5

Urban stratum per 1040
Rural stratum per 2220

Philippines

1981-838b Whole country BUTVEY . RT23 17U,
Hode=14,15

Samoa
19758 Main island {(Upolu} Sample surwvey RTZ3 1TV, I1Cum+

1966-68PC  Whole country BCG Campaign . BT23 ITY, 10mm+

1961-53b Whele country All persons RT21 1TH, llwmo+

Symbols: #* Estimpated .. Not applicable awvallable




