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The Distribution of Tuberculous Infection among
Households in African Communities

STIG ANDERSEN 1 & ANTON GESER 2

Is tuberculosis in under-developed areas to some extent a household infection, as several
authorities claim it to be in Europe and in temperate climates in general ? The following
analysis, based on data collected in a number of territories in Africa south of the Sahara,
shows that, although a statistically significant accumulation of infection does occur in
certain households, its extent is so moderate that it would be unjustifiable to confine
control work to any limited category ofhouseholds, whatever the criterion br their selection.

The main conclusion, therefore, is that the entire community must be covered in anti-
tuberculosis schemes designed to reduce the tuberculosis problem in the population at large
in such countries as those surveyed here.

INTRODUCTION

Is tuberculosis infection to a large degree accumu-
lated in certain households in a community? Could
case-finding be limited to families where tuberculin
testing has shown that all or most of the children are
infected with tubercle bacilli? And is it conceivable
that a major part of future infection might be pre-
vented by concentrating available preventive meas-
ures on households where infectious cases have
been discovered ? Such questions are asked with
increasing urgency in many under-privileged coun-
tries where public health authorities are now planning
extensive national programmes for controlling
tuberculosis.

In Europe and in temperate climates in general,
tuberculosis is, at least to some extent, considered
a household infection. Among authors in recent
years J. Deeny,3 for example, concluded that the
disease in Ireland was limited to certain households,
and Hertzberg 4 found that, in Oslo, the prevalence
of infection was markedly higher among children
in households with known cases of infectious tuber-
culosis than in those without such cases. In the
USA, Wood, Furcolow & Willis5 found by follow-up
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search Office, Copenhagen)

2 WHO Epidemiologist, National Tuberculosis Institute,
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' National Tuberculosis Survey (1954) Tuberculosis in
Ireland. Report of the ... 1950-53, Dublin, p. 133

4Hertzberg, G. (1957) Acta tuberc. scand., Suppl. 38
6 Wood, L. E., Furcolow, M. L. & Willis, M. J. (1958)
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studies among contacts of young children who
reacted to tuberculin that the yield of new tuber-
culosis was almost twice as high among household
contacts as among non-household contacts. These
and numerous other observations have led to the
general belief that it is particularly profitable to con-
centrate control efforts on households containing
cases of tuberculosis, and such " contact" investi-
gations have consequently formed an important part
of tuberculosis control in many countries.

The present paper deals with material collected
in territories in Africa south of the Sahara in which
two WHO tuberculosis prevalence survey teams
worked from 1955 to 1958. The immediate results
of these surveys have already been summarized
in reports to the governments concerned, and
this investigation deals only with problems related
to the distribution of tuberculous infection among
households. More specifically the purpose of this
paper is to investigate whether it would be possible
and expedient in a public health programme to
limit control measures to households that can be
identified as particularly important.
Study population

The data analysed here were collected by the
two WHO tuberculosis prevalence survey teams
working in eight different African territories and
in one large city from 1955 to 1958. The teams
surveyed community groups which had been ran-
domly selected 6 to form a representative sample

6 In the first two countries surveyed (Nigeria and British
Somaliland) random selection was only partly adhered to as
the survey methods were still being developed.
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FIG. I
MAP OF AFRICA SHOWING THE TERRITORIES COVERED BY WHO TUBERCULOSIS SURVEY TEAMS, 1955-58

of the total population I in each of the following
territories (see Fig. 1):

(1) South Africa: Basutoland, Bechuanaland,
Swaziland

(2) East Africa: British Somaliland, Tanganyika,
Uganda

(3) West Africa: Ghana, Ibadan, Nigeria

As would be expected when random sampling
is applied to countries where populations are pre-
dominantly rural, most of the survey groups were
villages, ranging in size from a few hundred to a
few thousand inhabitants. A few larger towns

1 In Tanganyika only four districts in the southern pro-
vince were surveyed, and the sample is only representative
of this part of the country.

(Katsina, 27 000; Accra, 135 000; Kumasi, 78 000;
Berbera, 30 000; Burao, 10 000) were, however, also
included. A special survey was conducted in Ibadan
(500 000) with a view to the planning of a control
programme there; the results are therefore reported
separately for this city.

Within each village or town randomly selected
for the survey, subsamples of blocks of adjacent
houses or huts were further randomly selected.
The size of the sample groups varied from country
to country, the smallest comprising less than 100
persons and the largest about 1500 persons.

Details regarding the survey populations are given
in Appendix Tables 1 and 2, from which it is seen
that, in all, 34 209 persons, belonging to 70 different
population groups and living in 6680 households,
were included in the nine surveys.
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Methods of examination
Tuberculin testing. All persons examined in the

survey were given a Mantoux text with 5 TU
(0.0001 mg per 0.1 ml) of Purified Protein Derivative
(PPD batch RT 19-20-21) prepared by the Statens
Seruminstitut, Copenhagen.
The reactions were read 3-4 days after testing, by

measuring the diameter of the induration in milli-
metres; no attempt was made, at the time of reading,
to classify the reactions as positive or negative.

Bacteriological examination. Sputum was collected
from persons judged to be over 12 years of age,'
regardless of X-ray findings 2 and of whether they
reacted to tuberculin or not. Each examinee was
requested to cough vigorously and then to spit into
a small plastic container, in which the specimen
was brought to the field laboratory.
Many specimens were very scanty, consisting

only of a few millilitres of saliva and mucus. They
were, however, all smeared and stained by the Ziehl-
Neelsen method and examined microscopically for
presence of acid-fast organisms according to a
standard procedure. The microscopic examination
was very thorough, approximately 8-10 minutes
being spent on each slide, with high magnification
(800-1200 times). Samples of the specimens were
forwarded to laboratories in Europe for culture.
Most of the specimens revealing presence of acid-
fast organisms by microscopy gave growth of
Mycobacterium tuberculosis, all of which were
classified as being typus humanus. The culture,
however, was fraught with difficulties and did not
add considerably to the microscopy findings, and
the results have therefore been disregarded in the
present analysis.

X-ray examination. No X-ray equipment was
available at the beginning of the surveys and system-
atic X-ray examination was only carried out in
Tanganyika and Uganda. The results of the X-ray
examinations are therefore not considered in this
analysis.

Organization of work
The random selection of communities was

initially done in the Tuberculosis Research Office,
Copenhagen, on the basis of population data

1 In Ibadan, Tanganyika and Uganda the lower age-
limit for sputum collection was 10 years.

2 In Tanganyika sputum collection was confined, in two
groups, to persons with lung shadows on X-ray examination
plus a 10% sample of other persons judged to be at least
10 years old.

supplied by the survey teams from government
authorities, and the subsampling was done in the
field by the teams. Later on, when statisticians
were added to the teams, the entire sampling was
done on the spot. Only two of a total of 72 originally
selected population groups had to be abandoned
because they were inaccessible for the teams.

Before the actual survey a careful census was
made of the selected population groups. This was
done by a member of the survey team, who went
from house to house, accompanied by representatives
of the local authorities, interviewing members of
every family in order to register all persons belonging
to the selected households. Information on each
person was recorded on an individual card, as
follows: name, father's name, sex, age, status in
family, household number.
The survey population was defined as being all

persons who slept in the selected houses the night
before the first examination. Persons visiting the
selected households at the time of the survey were
registered as " temporarily present" and were also
included in the survey, but were, however, excluded
from the present analysis since they are not con-
sidered to reflect the infection risk prevailing in the
sample group. Cards were also issued for members
of the households who were absent from the village
or town for the whole duration of the survey in that
community. These persons have also been excluded
from the present analysis which, in other words,
includes only permanent members of the selected
households present at the time of the survey.3
The examinations were made in or at the house

or hut where the examine.s lived. Exceptionally,
the families concerned were called in to conve-
niently located tentres for examination. Throughout
the field work, team members continuously checked
that the examinees actually did belong to the house-
holds recorded on their cards. Ages were estimated
as the examinees presented themselves to the team,
since most of the people in the survey groups did
did know their date of birth.
Equal care was continuously taken to achieve as

complete a coverage as possible. Repeated visits,
sometimes as many as five or six, were paid to
households with defaulters, and the team worked
at hours most convenient for the people to attend

3 A few persons, for whom the household number was
not stated on their record card, were also excluded from the
analysis. The study population in this paper is thus slightly
smaller than the sample population given in other reports
of the surveys.
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the examination, often late in the evening or early
in the morning.

It can be seen from Appendix Table 2 that a high
coverage was achieved in most countries: as much
as 81.6 %-99.3 % of the survey samples completed
the tuberculin testing and 92.8 %-99.8 % of the
eligible persons had a sputum specimen collected
and microscopically examined.

FINDINGS AND ANALYSIS

Type and size of households
The household was defined as the smallest

economic and social unit that could be distinguished
in the community. This definition was somewhat
ambiguous, and its interpretation differed slightly
from one country to another.

In South and East Africa a household was a group
of persons using the same kitchen, and this inter-
pretation was fairly strictly adhered to in those
territories.

In South Africa the households usually consisted
of nucleus families: father, mother and children,
with the occasional addition of a grandparent, uncle
or servant. In Basutoland and Bechuanaland, where
the population was grouped together in villages,
the nucleus families were rather small (see Fig. 2
and the last two columns of Appendix Table 1)
and the whole family was usually contained in one
hut. In Swaziland almost the whole population live
in kraals scattered around the countryside, and no
real villages are to be found. As can be seen from
Fig. 2 families are somewhat larger here than in the
two other South African territories, and some of the
households in Swaziland have the character of joint
families.
Where a man had several wives-and this was

rather common in some communities in South
Africa-the number of households was determined
by the number of kitchens used by the family. Often
a man had wives and children living several miles
away, and in such cases each wife, with her children,
constituted a household.

In East Africa also the general pattern was that
of nucleus families. In Tanganyika the families
were remarkably small; many had no children at all
and in those that had, the average number of children
was only two. In British Somaliland the households
were of a somewhat different type. Both the groups
surveyed here were selected from fairly large towns
and a household often consisted of a group of
adults of the same tribe or subtribe but not neces-

sarily of the same family. This composition of the
households is a consequence of the fact that the
majority of the population of the country live as
nomads in the interior. Adults often live in the
towns for a period of one or two years to earn money
and then return to their families to follow the tribe
in the interior.

In West Africa the prevailing custom in many
communities was that offspring when marrying put
up an additional hut in the parent-compound thus
forming joint families that could achieve a con-
siderable size. Such a joint family was considered
one household, even if the family was so large that
several kitchens were used. In the towns of Ibadan
(Nigeria), Kumasi and Accra (Ghana), where many
houses contained several families-namely, those
of the landlord and his tenants-all occupants of a
house were classified as one household, even if not
related to one another by blood.

In West Africa many of the households were
large, and in certain regions-for instance, in North
Nigeria-the joint family system entirely dominated
the social structure. In South Nigeria and in some
parts of Ghana, the recent trend was to break away
from the joint family system, and households ranged
in size from large joint families to small nucleus
families. In Ibadan and the towns of Ghana the
above-mentioned broader interpretation of the
household definition sometimes led to very large-
sized households.
A very serious effort was made to decide what

constituted the smallest economic and social unit
in each community and to establish to which unit
each person belonged. With the possible exception
of Ibadan, Accra and Kumasi these efforts were
probably reasonably successful, and it seems in
retrospect justified to assume that the survey popula-
tion was actually classified into the smallest social
units that could possibly be dealt with in any
practical control work.

The distribution of tuberculous infection

The presence or absence of tuberculous infection
in a person was gauged by the tuberculin test
(Mx 5 TU). A large reaction to 5 TU was interpreted
as indicative of infection.

It is known 1,2 that in many tropical and sub-
tropical countries the interpretation of tuberculin

1 WHO Tuberculosis Research Office (1955) Bull. Wld
Hlth Org., 12, 63

2 See the article by Nyboe on page 5 of this issue.
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reactions is complicated by the presence of non-
specific tuberculin sensitivity. This complication
becomes increasingly disturbing with increasing age,
of the tested persons, and it was therefore desirable
to limit the present analysis to the younger age-
groups. Moreover, the relatively high prevalence
of infection among adults makes the older age-
groups a less sensitive indicator of any possible
household accumulation, since nearly everybody is
infected above a certain age.
The fact that results of tuberculin testing among

children reflect the infection risk prevailing in recent
years is another argument in favour of choosing
the youngest age-group for the analysis. If, however,
a very narrow age-group were chosen-for example,
0-4 years or 0-9 years-only a very few households
having at least two, three or four children would be
left for consideration. The material would thus be
so limited that it would be difficult to demonstrate
a possible tendency towards accumulation.

In consequence of the above considerations the
prevalence of infection among children 0-14 years of
age was used as an index of infection in each house-
hold in the present analysis.

In order to establish the size of tuberculin reactions
in persons infected with tuberculosis for the terri-
tories included, the full size distributions of 5 TU
reactions were studied in view of the experience
which has been gained in recent years through world-
wide tuberculin testing.' 2 The 5 TU distributions
obtained in the nine surveys are shown in Fig. 3 for
the age-group 0-14 years. In each distribution a
separation between the small and large reactions
is discernible as a dip, clearly marked in some
countries and less so in others where the presence
of non-specific tuberculin sensitivity as well as the
low frequency of large-sized reactions obscure the
separation. The pattern of these distributions
indicated that the group with reactions measuring
0-12 mm included only a few infected children, and
that the group with reactions measuring 13 mm or
more included only a few children who were not
infected with Myco. tuberculosis. The lower limit
of a positive reaction was consequently set at 13 mm.
Although this limit is probably the most effective
in these countries, it should be remembered that the
classification may in some cases have been incorrect,
and that this imperfect classification adversely
affects the possibility of demonstrating any tendency

1 Palmer, C. E. & Bates, L. E. (1952) Bull. Wld Hlth
Org., 7, 171

2 Palmer, C. E. (1953) Amer. Rev. Tuberc., 68, 678

toward household accumulation of infection. This
modification limits the value of some of the
epidemiological conclusions drawn from the findings,
but it should be noted that a control programme,
using possible accumulation of tuberculin sensitivity
in certain households, will be subject to the same
error, so long as a more specific tuberculin test is
not developed.
The distribution of households by number of

children 0-14 years of age, and by number among
these children who are infected, is given for each
territory in Appendix Table 3 and is shown in
Fig. 4, 5 and 6 in the form of frequency curves.
Appendix Table 3 and Fig. 4, 5 and 6 show the
actually observed distribution as well as a theoretical
distribution, the construction of which -is explained
below. Fig. 4, 5 and 6 only show the households with
up to six children because of the very few observa-
tions of larger households. They demonstrate
that with the observed prevalence of infection,
ranging from approximately 10% to 300%, most
curves fall from left to right, indicating that house-
holds with no infected children are most frequent,
whereas households with all children infected are
rare. Among households with five or six children
it occurs, as could be expected, that households
with one or two infected children are the most
frequent.
The theoretical distributions shown in Appendix

Table 3 and Fig. 4, 5 and 6 were constructed under
the assumption that the children infected with
tuberculosis were evenly (randomly) scattered
among the households within each country. This
would mean that the chance of one child in a house-
hold being infected is completely independent of
whether or not the other children in the household
are infected. On this assumption it would be ex-
pected that, within each given household size, the
number of households having 0, 1, 2, 3, etc. infected
children would be that predicted by the binomial
distribution, the observed prevalence of infection
within the household size in a given country being
used as the best estimate of probability of infection.
For households with only one child there is only

one possible way of dividing the given number of
children between infected and uninfected, once the
probability of being infected is given. Expectation
and observation are therefore identical for this
household size, which consequently was disregarded
in the following comparison.
The analysis consisted in a comparison of the

predicted (binomial) distribution of households
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FIG. 3
FREQUENCY DISTRIBUTIONS BY SIZE OF REACTIONS TO THE MX 5 TU
TUBERCULIN TEST AMONG CHILDREN 0-14 YEARS OLD, BY TERRITORY
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infection risk or susceptibility from household to
household within the single community. The

accumulation might, on the other hand, simply be
due to higher prevalence of infection in some com-

munities with the consequence that households in
such communities would show accumulation of
infection when taken together with the households
from the rest of the country. Finally, a possible
accumulation could be due to variation in the age-

composition of the children belonging to various
households, with the result that households with
older children would have a higher prevalence of
infection than expected from the prediction of even

scatter.
In order to counteract the effect of variation in

age-composition in different households an age-
adjustment of the predicted binomial distribution

4

wI
4

30-

020

CL IC

5Co- I

0

135

; 44 34 45 46 44 34 11 2
0

77

45

I

40

30

20

I0

-o 4 8 1Z 16 20 Z4



S. ANDERSEN & A. GESER

of households was undertaken as follows. In each
country and within each household size, the house-
holds were subdivided into three groups according
to the average age of the children. Households in
the first group comprised children of an average
age of 0-4.9 years; those in the second and third
groups comprised children averaging 5-9.9 and
10-14.9 years, respectively. A binomial distribution
was then calculated for each household group using
the frequency of infection actually observed in the
group as the best estimate of the probability of
infection. These three distributions in each country
were then added up for each household size to form
a single distribution. This age-adjustment, based
on the classification of the material into three age-
groups, is not complete since a further classification
into more age-groups might have been undertaken.

Adjustment for community variation in prevalence
of infection was not undertaken. The variation
from community to community was of a somewhat
smaller order than the variation by age, and as the
age-adjustment proved to be of relatively slight
importance, it was found unnecessary to add this
further refinement to the analysis. It should be kept in
mind in the following, however, that what is denoted
as household accumulation comprises also a certain
amount of accumulation which is due to variation
in prevalence of infection between communities.
The age-adjusted binomial distributions are shown

as the expected distributions in Fig. 4, 5 and 6 in
comparison with the observed distributions. The
similarity between the theoretical, or expected,
distributions and the observed distributions is
striking. The fit is so complete in many of the

FIG. 4

DISTRIBUTIONS OF HOUSEHOLDS ACCORDING TO NUMBER OF CHILDREN
0-14 YEARS OLD AND NUMBER OF INFECTED CHILDREN, BY TERRITORY, IN SOUTH AFRICA
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FIG. 5

DISTRIBUTIONS OF HOUSEHOLDS ACCORDING TO NUMBER OF CHILDREN
0-14 YEARS OLD AND NUMBER OF INFECTED CHILDREN, BY TERRITORY, IN EAST AFRICA
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distributions that the drawing can hardly reveal a

distinction. The immediate conclusion, therefore,
is that if there is any deviation at all it is insignifi-
cant. However, a scrutiny of Fig. 4, 5 and 6 reveals
in most countries a tendency for the actual observa-
tions to exceed, slightly, the expectations at both
ends of the distributions. In other words, there is
an excess of households with many, or all, children

infected as well as of households with no children
infected. This indicates that the tuberculous
infection is not entirely evenly scattered among all
households but tends to accumulate in some, leaving
others with less infection than expected according
to the hypothesis of even distribution.

In order to find out whether the apparent slight
difference between the observed and the expected

47
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distributions could have occurred by chance, a test
was carried out to discover, for each household size,
whether or not the estimated variance of the observed
distributions varied significantly from the variance
of the expected distributions. A significance test
based on measuring the observed variance with the
theoretical variance.can be expected to be particul-
arly sensitive, in view of the fact that the deviations
occurred at the ends of the distributions.
The significance test was performed by measuring

the estimated variances of the observed distribution
for households with two, three, four, five and six
children (the number of households with more than
six children was very small in most countries) with
the corresponding theoretical variances. Approxim-
ately half the resulting x2-values were significant
at the 5% level.

If the estimated variances of the observed distribu-
tions had only deviated randomly from the theoretical
variances, the x2-values would have been sym-
metrically distributed around the 50% level. In fact,
of a total of 45 x2-values only six were above the 50%
level, while 39 were below. This means that the
estimated variance in the observed distributions in
nearly all cases is bigger than the theoretical variance,
though only significantly so in about half the cases.
The x2-values for the five household sizes were

then added up for each country, and Table 1,
column 1, shows the resulting P-values. P is the
probability of the compound difference in the vari-
ances in each country as a whole occurring by chance.
Only for British Somaliland was it reasonably
likely (more than 5 %) that the difference could have
occurred by chance.

FIG. 6

DISTRIBUTIONS OF HOUSEHOLDS ACCORDING TO NUMBER OF CHILDREN
0-14 YEARS OLD AND NUMBER OF INFECTED CHILDREN, BY TERRITORY, IN WEST AFRICA
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TABLE 1
VARIOUS MEASURES OF THE AMOUNT OF HOUSEHOLD ACCUMULATION OF TUBERCULOUS

INFECTION, BY TERRITORY*

Likelihood of dif- Number of house- " Higher risk house-I Nme fifce
ferenebetweenndfb- |holds with more holds " (col. 2) as a " Higher risk house-chNildmber firfesnted
fervenc bedtweoeno- than half the percentage of expec- holds" as f prI by "1higher riskTerritory served and theore- children infected, in ted number of house- centage of total households " as a
variances occurring excess of the holds with more than number of pecnaeoal
by|chance : P expected number of half the children households percentage of allbychance: ~ such households infectedinetdclrn

(1) (2) (3) (4) (5)

Basutoland < 0.000005 12.3 49.8 2.8 16.0

Bechuanaland < 0.00001 13.5 42.9 3.7 17.5

Swaziland < 0.005 6.4 31.1 2.4 9.5

British Somaliland 0.15 < P < 0.16 -2.1 - -

Tanganyika < 0.01 4.7 109.3 1.6 13.3

Uganda < 0.0000005 10.7 103.9 1.9 17.6

Ghana < 0.0005 4.5 81.8 2.1 20.1

Ibadan < 0.025 0.9 9.9 1.2 1.5

Nigeria < 0.005 3.1 28.4 0.7 6.4

* All figures calculated on the basis of households with 2, 3, 4, 5 or 6 children

The hypothesis that infection was completely
randomly distributed was thus refuted in all the
nine territories, except British Somaliland. This
is hardly surprising, as the acceptance of the hypo-
thesis would have meant that there was no evidence
whatsoever of any influence of the household factor.
The crucial issue is now to assess the extent of this
influence and, especially, whether it is large enough
to be of practical consequence in control work.
Before this point can be discussed the distribution
of the sputum-positive persons must be dealt with.

The distribution of sputum-positive persons
The bacteriological examinations, as described

above, were rather crude and probably only the
most infectious cases were detected in the com-
munities surveyed. The prevalence of such infectious
cases is shown in Appendix Table 2, column 6, by
country.

In all, 121 infectious cases were found in a total
of 6680 households examined during the survey.
115 of these cases occurred in separate households,
and only three households-two in British Somali-
land and one in Ghana-had two cases each. This
was not more than could be expected by chance
under the assumption of even scatter of infectious
cases. This means that by using this comparatively

crude bacteriological examination no tendency
towards accumulation of cases in households could
be found.
Was there, however, more infection among

children belonging to the households where the
infectious cases lived than among children belonging
to other households? Fig. 7 shows the age infection-
curves for the two kinds of household. It is clear in
territories (with the possible exception of Tanganyika
and Ibadan, where the number of children is very
small) that the children living in households with
an infectious case have a higher prevalence of infec-
tion than the children in other households. The
figures in parentheses in Appendix Table 3 show
the distribution of the infectious cases by number of
children infected in their households, and this
distribution also reveals a certain, though slight,
tendency of the infectious cases to occur in house-
holds with more than average infection.

It was observed in Denmark 1 that the risk of
developing tuberculous disease may be about
20 times highel- among young (approximately 15-24
years old) tuberculin reactors who have large-sized
reactions than among the reactors who have small
(though definitely positive) reactions. And, more-

1 Groth-Petersen, E., Knudsen, J. & Wilbek, E. (1957)
Nord. Med., 58, 1361
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FIG. 7
INFECTION AGE CURVES FOR CHILDREN 0-14 YEARS OLD,

LIVING IN HOUSEHOLDS WITH AND WITHOUT A SPUTUM-POSITIVE CASE

a- children in households with at least one sputum-positive person
b: children in other households
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over, it was found in Scotland 1 that the tuberculin
reactions among the " positive " children living in
households with a heavily infectious case were

1 Loudon, R. G., Williamson, J. & Johnsen, M. (1958)
Amer. Rev. Tuberc., 77, 623

stronger than reactions among the "positive"
children living in households with less infectious
cases.
For each of the nine territories surveyed in Africa

the mean size of reactions measuring more than
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12 mm was calculated separately for children living
in households with an infectious case and for the
rest. The comparison showed that there was no
significant difference in mean size of reactions for
the two groups. This may possibly be taken as an
indication that the risk of developing tuberculous
disease may not be markedly different for the
reactors in the two types of household.

Further analysis

It was realized that a complete analysis, designed
to extract the full epidemiological information from
the material, would be an elaborate undertaking
since it would require the construction of a math-
ematical model which would fit the observed
distributions more accurately than the binomial
distribution does.

In view of the purpose of this paper it was con-
sidered more pertinent to attempt to find out whether
the household accumulation of infection was suffi-
ciently important and sufficiently conspicuous to be
taken into account in a practical control programme.
The further analysis was thus aimed at estimating
how high a proportion of the population live in
households where accumulation occurs and how
much infection takes place in such households.
The household accumulation of infection appears

in Fig. 4, 5 and 6 and Appendix Table 3 as an
observation of excess of households over that
predicted by the binomial distribution. This excess
is apparent at both ends of the distribution
i.e., both as an excess of households with no infected
children, or with only one infected child, and
as an excess of households with many or all children
infected. This latter excess could be of interest
in a control programme because these house-
holds must somehow have been, and are perhaps
still, exposed to a greater infection risk than the
rest of the population, whether this greater risk is
the result of the group having inhaled more tubercle
bacilli or of its greater susceptibility to tuberculous
infection. Nearly all excess of households, in which
more children were infected than expected, occurred,
as can be seen in Fig. 4, 5 and 6 and Appendix
Table 3, in households with more than half their
children infected. In this attempt to assess the
extent of accumulation of infection in certain house-
holds, it was therefore arbitrarily decided to con-
sider only those households where more than half
the children were infected.
The observed excess of households-among those

with more than half their children infected-over

the values predicted by the binomial distribution
was computed for each country and the results are
shown in Table 1, column 2. The computation was
performed by adding positive excess and subtract-
ing negative " excess " so that the random variation
of the observations was taken into account and an
unbiased estimate achieved.

This excess over the predicted values of house-
holds where more than half the children were
infected constituted what can be termed " higher
risk households ". Naturally it is not possible, by
means of the tuberculin test, to distinguish these
" higher risk households " from households which
merely by chance have more than half their children
infected. However, it is possible to calculate how
great a proportion the " higher risk households "

constitute of all households with more than half
the children infected. Table 1, column 3, shows the
" higher risk households " as a percentage of the
expected number of households with more than half
the children infected.

In Tanganyika, Ghana and Uganda this per-
centage was about 100, which means that in these
countries about half the households with more than
half the children infected were " higher risk house-
holds ". In Basutoland and Bechuanaland about
one-third of the households with more than half
the children infected were " higher risk households ".
In Swaziland, Nigeria and Ibadan less than one-
fourth were " higher risk households," and in
Somaliland there were fewer households with more
than half the children infected than expected.
The "higher risk households " only constitute

small percentages of the total number of households
(see Table 1, column 4), ranging from 0% (Somali-
land) to 3.7% (Bechuanaland). They account for
from 00% to 20.1 % of the total number of infected
children (as shown in Table 1, column 5).
Apart from their possible practical implications,

which are discussed below, the figures shown in
Table 1, column 4 (" higher risk households " as a
proportion of total number of households), can be
used as an arbitrary index for the household ac-
cumulation of infection in each country. This index
is closely correlated (negatively) with the values of
P (column 1), as would be expected in so far as both
reflect the amount of household accumulation.
An investigation was also made to determine

whether there was any correlation between the index
values and various other possibly relevant factors,
such as the average size of households, the average
number of children per household, the percentage

51



S. ANDERSEN & A. GESER

of infectious cases and the prevalence of infection
among the children. This analysis showed that there
was a slight positive correlation between the amount
of accumulation of infection, as expressed by the
value of the index in Table 1, column 4, and the pre-
valence of infection among the children, whereas
there was no correlation between the index and the
other factors mentioned above.

PRACI1CAL IMPLICATIONS

A tendency of tuberculous infection to show some
degree of household accumulation was brought out
in the above analysis. The question next arises as to
whether this accumulation is large enough, and can
be sufficiently clearly distinguished, to be taken into
consideration in tuberculosis control programmes
in the countries concerned.

If tuberculous infection and disease were accum-
ulated to a great extent in a limited number of house-
holds with especially high risks of infection, then
it might well be expedient to direct control measures
against such "higher risk households ". One
objection to this proposition is that the " higher risk
households" as defined above cannot in practice
be distinguished from households which have more
than half the children infected simply because of
random variation. This, however, would not
matter if the " higher risk households " constituted
a large proportion of the highly infected households
which could be found by tuberculin testing. The
control measure in question might then be applied
in all these households, although some did not
actually belong to the category of households which
were sought.
The control measures which in particular might

be considered in communities with any extensive
household accumulation of infection are the follow-
ing:

(1) Case-finding in households with a specially
high risk of infection;

(2) Intensive preventive measures in households
with a specially high risk of infection and among
household contacts of recognized infectious cases;

(3) Case-finding among household contacts of
recognized infectious cases.

The analysis presented here shows rather directly
whether or not the first measure is likely to be an
efficient control measure in the nine surveyed
territories. The potentialities of the other two

measures mentioned above can be assessed only by
inference and only with considerable uncertainty
from the present analysis.

(1) Case-finding in households with a specially
high risk of infection means that where tuberculin
testing of a household-and particularly of the
children-has revealed a high proportion of infected
persons, further diagnostic tools are used in that
household in search of infectious cases. The findings
of the present paper show that this procedure would
be unlikely to be fruitful in any of the nine territories.
Table 2, columns 2 to 5, gives the distribution of
infectious cases, according to whether they belonged
to households with or without children. More than
one-third of the infectious cases could not have been
discovered by using the above procedure, simply
because there were no children in the households
concerned. Table 2, column 7, shows that if the
bacteriological examinations had been confined to
households with more than half of the children
aged 0-14 years infected, only about 15% of the
infectious cases could have been discovered.
One might imagine that children in the youngest

age-group would be more sensitive indicators of
higher risk in their households than children in the
broader age-group 0-14 years. In order to explore
this possibility a count was made of the households
with an infectious case which could have been
detected had children aged 0-4 years been used as
indicators of open cases. Table 2, column 9, shows
that only 13% of the households in which an infec-
tious case was found housed an infected child of
under 5 years of age.
The bacteriological case-finding methods employed

were so crude that they probably only revealed
a fraction of the cases, probably the most infectious.
As shown above, most of the households where such
a heavily infectious case had actually been discovered
could not be picked out by tuberculin testing their
children. It is not likely that a considerable pro-
portion of households containing less highly infec-
tious cases could have been discovered by these me-
thods. Control schemes using more sensitive case-
finding methods than those used in the surveys could
hardly, therefore, be expected to be more successful
if confined to households identified, by tuberculin
testing, as households with a high risk of infection.

(2) The next problem is whether preventive meas-
ures, particularly BCG vaccination, might pro-
fitably be confined to certain specified households-
for example, households with known infectious cases
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TABLE 2
DISTRIBUTION OF INFECTIOUS CASES BY TYPE OF HOUSEHOLD

In households In households In households In households
with nowcmhriedren with children w more than with at least one

Totalnuber
with noehilren with chilren half the children infected child

Territory of inetiotal number 01yer0-4eas 0-14 years infected < 5 years

number % number % number % number %

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Basutoland 11 3 27 8 73 1 9 1 9

Bechuanaland 19 8 42 11 58 5 26 4 21

Swaziland 16 3 19 13 81 4 25 2 12

British Somaliland 25 14 56 11 44 1 4 0 0

Tanganyika 8 3 38 5 62 1 12 1 12

Uganda 12 4 33 8 67 3 25 4 33

Ghana 10 2 20 8 80 1 10 3 30

Ibadan 7 2 29 5 71 1 14 0 0

Nigeria 13 2 15 11 85 1 8 1 8

Total 121 41 34 80 66 18 15 16 13

or groups of households of which a large proportion
are known to be " higher risk households ".

Indications emerging from the above analysis
make it appear unlikely that preventive measures
limited to any category of households, whether it
be selected by tuberculin testing, X-ray examina-
tion or any other screening procedures, would be
able effectively to control tuberculosis in the com-
munity at large. The households called " higher
risk households" in the present material-and it
should be kept in mind that these cannot be un-
equivocally identified-account for only a small
fraction of the total infection in the community.
Table 1, column 5, shows that even in the countries
where the accumulation of infection is strongest,
80% or more of all the infection is randomly spread
over the whole community; in some territories all,
or nearly all, the infection is found to be distributed
according to the pattern predicted by the binomial
distribution.
Such an even distribution shows that tuberculous

infection constitutes an equal risk for practically
all households, and it would appear unjustified to
concentrate preventive measures on any limited
group of households, whatever may be the criterion
used for their selection.

This conclusion refers in the first place to BCG
vaccination. It still remains to be answered whether

measures, designed to prevent active disease develop-
ing in infected persons, could successfully be con-
fined to a selected, and reasonably small, group of
households. Only repeated (longitudinal) surveys,
including X-ray examinations, could show whether
this would be possible, but experience derived from
the present analysis regarding the distribution of
tuberculous infection is at least not encouraging for
such an approach to tuberculosis control.

(3) In many countries, case-finding among house-
holds of known cases is an accepted part of the
tuberculosis control programme.
The present survey, omitting X-ray examination,

can give no direct answer to the question of whether
or not case-finding among household contacts of
known cases would be a useful control measure in
the countries surveyed. However, two facts arising
from the present analysis indicate that this measure
may not be of quite so great importance in these
territories as it is believed to be elsewhere.

In the first place, no household accumulation of
sputum-positive cases was found. Three households
contained two sputum-positive persons, which was
no more than could be expected with the existing
prevalence, had the cases been randomly distributed.
Secondly, with infection so nearly evenly spread
among the households, there is, at least, no prima
facie reason for believing that cases-of any degree
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of infectiousness or at any clinical stage should be
unevenly distributed.

Obviously, the possibility that a thorough screen-
ing with X-ray and more-sensitive bacteriological
examinations than those employed in this survey
might have revealed considerable accumulation of
the less infectious cases cannot be ruled out. The
present analysis, however, gives some reason to
retain a certain scepticism with regard to the use-

fulness of contact examinations until contrary
evidence comes forward.

Undoubtedly, some of the conclusions of the
present analysis need further substantiation. Par-
ticularly, repeated surveys of population groups are
urgently called for to study how tuberculous infec-
tion and disease emanate in different parts of the
world.

RltSUMI2

II a et avance de divers c6tes que la tuberculose est,
jusqu'a un certain point, une ((infection de menages *, en
d'autres termes, qu'elle n'est pas uniformement repartie
dans l'ensemble de la population, mais qu'elle tend A
s'< accumuler> dans certains menages ou foyers, tout au
moins en Europe et dans la zone temperee. En vue de
determiner s'il en etait de meme dans les regions insuffi-
samment developpees, les auteurs ont proced6 A une
analyse statistique approfondie des donnees recueillies
de 1955 A 1958 dans huit territoires de I'Afrique au sud du
Sahara, ainsi que dans la ville d'Ibadan (Nigeria), lors
d'enquetes sur la fr;quence globale de la tuberculose
effectuees par des equipes de l'OMS.
Pour chaque territoire, on a, par une methode d'echan-

tillonnage, choisi un certain nombre de villages (ou
villes), et divers groupes d'habitations dans chaque
village. Dans chacun de ces groupes, toutes les personnes
constituant des menages ont et soumises A un test de
Mantoux avec 5 UT de PPD, et les reactions locales ont
et relevees 3-4 jours plus tard. En outre, des specimens
d'expectorations ont e recueillis chez tous les sujets
paraissant ages de plus de 12 ans et ont fait l'objet d'un
examen microscopique sommaire pour la recherche des
germes acido-resistants. Il n'a pas et fait d'examens
radiologiques systematiques. Le nombre total des sujets
examines s'est eleve A 34 209, appartenant A 70 groupes de
population et constituant 6680 menages.
La presence de l'infection tuberculeuse a et fond6e

sur le critere d'une reaction d'au moins 13 mm chez les
enfants jusqu'A 14 ans. Les distributions de frequence des
sujets infectes sont donnees pour chaque territoire en
fonction de l'importance des menages (d'apres le nombre
d'enfants). Les valeurs observees ont et comparees aux
valeurs theoriques, calculees en supposant une repartition
uniforme des enfants infectes dans tous les menages du
territoire (selon une distribution binomiale), et en intro-
duisant un ajustement pour tenir compte des variations

dans la composition par age des groupes d'enfants. Les
difflrences eventuelles ont e soumises a des tests de
signification.

Bien que la correlation entre les chiffres observes et les
chiffres calcules soit frappante, les premiers excedent les
seconds aux deux extremites de la courbe de distribution,
ce qui signifie qu'on a observe un nombre superieur aux
previsions, de menages n'ayant aucun enfant infecte
et de menages dont la majorite ou la totalite des
enfants sont infectes. Cette constatation impliquerait
donc que l'infection s'<( accumule> plus ou moins dans
certains menages.
Quant A l'examen microscopique des expectorations, il

a permis de deceler 121 cas positifs. L'analyse statistique
des distributions de frequence correspondantes ne semble
pas montrer une accumulation de l'infection dans certains
menages. Cependant, on peut relever une legere tendance,
pour les cas positifs, a survenir dans les menages ou
l'infection est plus elevee que la moyenne.
Une analyse ulterieure a consiste A chercher A deter-

miner la signification qui pourrait s'attacher A la propor-
tion - dans l'ensemble des menages ou existe l'infec-
tion - de ceux dans lesquels tous les enfants, ou la
majorite d'entre eux, sont infectes, et A essayer de degager
de cet indice des conclusions d'ordre pratique.

Il resulte de cette analyse que, si une accumulation de
l'infection, statistiquement significative, a pu etre relev6e
dans certains menages, elle est tres faible et ne parait pas
justifier des mesures preventives ou de depistage qui ne
seraient dirigees que vers les categories de menages
presentant des risques accrus d'infection, quels que soient
d'ailleurs les criteres utilises pour leur selection. La
conclusion principale qui se degage de cette etude est que,
dans les regions analogues A celles qui ont fait l'objet des
enquetes rapportees, les mesures de lutte antituberculeuse
doivent s'appliquer A l'ensemble de la population.
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APPENDIX TABLE 1
DATA ON SIZE OF STUDY POPULATION AND NUMBER OF HOUSEHOLDS EXAMINED

Number of persons in study
population a

age-group
all ages

0-14 years > 15 years

Number of households
examined

with without
children children

0-14 years 0-14 years
total

Average number of
persons per household

all ages 0-14 years

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Basutoland 6 1 558 2 000 3 558 668 238 906 3.9 2.3

Bechuanaland 6 1 428 2 050 3 478 577 336 913 3.8 2.5

Swaziland 6 1 477 1 561 3 038 374 82 456 6.7 3.9

British Somaliland 2 359 1 066 1 425 151 193 344 4.1 2.4

Tanganyika 5 1 033 1 966 2 999 528 442 970 3.1 2.0

Uganda 10 2 346 3 613 5 959 817 601 1 418 4.2 2.9

Ghana 13 1 427 2 133 3 560 327 126 453 7.9 4.4

Ibadan 13 629 1 320 1 949 132 18 150 13.0 4.8

Nigeria 9 3 109 5 134 8 243 756 314 1 070 7.7 4.1

Total 70 13366 20843 34209 4330 2350 6680 5.1 3.1

a Persons temporarily present and persons with unknown household number were excluded from this analysis. The study
population in this paper is therefore slightly smaller than the sample populations given in other reports of these surveys.

APPENDIX TABLE 2

RESULTS OF TUBERCULIN TESTING AND SPUTUM EXAMINATION, AND COVERAGE OBTAINED

Territory

Basutoland

Bechuanaland

Swaziland

British Somaliland

Tanganyika

Uganda

Ghana

Ibadan

Nigeria

Tuberculin testing (Mx 5 TU)
(children 0-14 years)

total
number

completing
test

(1)

1 558

1 428

1 477

359

1 033

2 346

1 427

629

3 109

with reactions
> 13 mm

number %

(3)

16.1

22.7

21.0

29.2

9.9

9.0

14.9

25.0

13.5

(2)

251

324

310

105

102

212

213

157

419

Sputum examinations
(including adults)

number of persons

eligible
for

exami-
nation

(4)

2 085

2 116

1 559

1 059

1 457

3 990

2 123

1 386

5 210

actually
completing
exami-
nation

(5)

2 081

2 048

1 540

983

1 450

3 955

2 040

1 325

4 943

percentage
excreting
acid-fast
bacilli a

(6)

0.5

0.9

1.0

2.4

0.4

0.3

0.5

0.6

0.3

Coverage obtained

as a percentage of those
eligible (children and adults)

tuberculin sputum
testing spuintum n

(Mx 5 TU) examination

(7)

97.8

97.0

93.3

86.7

99.3

97.8

86.3

81.6

95.0

(8)

99.8

96.8

98.8

92.8

99.5

99.1

96.1

95.6

94.9

a As a percentage of those examined

Territory
Number

of sample
groups

Total 13366 2 093 15.7 20 985 20 365 - 94.2 97.0

- l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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APPENDIX TABLE 3
DISTRIBUTION OF HOUSEHOLDS BY NUMBER OF CHILDREN 0-14 YEARS OF AGE, AND BY NUMBER

OF INFECTED CHILDREN

Number
of children

in household 0

1 201(2)

2 140
137.0

3 78
70.2

4 23.7

5 255

21.1

6 7
7.5

7 1 1
1.0

8 2
1.5

10 I
1.0

Total 484

Basutoland

Number of infected children

1 2 3

19

50(3)
56.0

34
46.5

21
26.4

8
12.3

3
2.0

0.0

1.1

12
9.0

12
10.5

9(1)
12.0

2(1)
3.2

0.4

0.0

0.3

4(1)
0.8

4
3.1

0.4

0.1

0.0

0.1

3
0.8

0.0

0.0

0.0

0.0

Total % Infected
5 _

0.0

0.0

0.0

0.0

0.0 0.0 0.0 0.0 0.0

135 36 9 3 1

220

202

128

66

37

10

1

3

1

8.6

18.3

18.2

23.9

10.8

5.0

8.3

668 16.1

Number
of children

in household 0

1

2

3

4

5

6

7

8

10

11

12

Bechuanaland

Number of infected children
Total % Infected

2 3 4 5 6 7 ... 10

154(2) 46

91(1) 46 13
89.0 50.0 11.0

48 28(1) 15(2) 4(1)
42.1 37.6 13.4 1.9

32 21 12 4
25.5 29.4 13.1 2.8

14 13(2) - 1
12.5 12.6 5.6 1.2

10 5 1 -

9.0 5.6 2.0 0.5

2 2 1 1
1.7 2.3 1.4 0.5

1 - - 1
0.4 0.7 0.6 0.2

1 _ _

1.0

1

0.1 0.3 0.3 0.2

Total 353 161 43 11

2(1)
0.2

3
0.1

0.2

0.1

0.1

0.0

0.4

0.0

0.0

0.3

0.0

0.0

0.0

0.0

_ _ _ 1(1)
1.0

0.1 0.0 0.0 0.0 0.0

6 2 - 1

200

150

95

71

32

18

6

2

577

56

23.0

24.0

24.6

22.9

20.6

14.8

16.7

18.8

100.0

16.7

22.7

Figures in Roman type: Observed number of households
Figures in italic type: Age-adjusted expected number of households
Figures in parentheses: Households with one or more sputum-positive persons
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APPENDIX TABLE 3 (continued)
Swaziland

Number Number of infected children
of children

in household 0 1 2 3 4 5 6

1 44(1) 9(1)

2 32(1) 25 9(3)
31.5 26.0 8.5

3 41 23 9(1) 1
38.7 27.4 7.2 0.7

4 20 26(1) 4 3 2
19.5 22.6 10.4 2.3 0.2

5 26 15 7 2 - -

24.0 18.4 6.3 1.2 0.1 0.0

6 11(1) 7 6 2 1 - -
9.0 9.8 5.8 2.0 0.4 0.0 0.0

7 6(1) 4 4(1) 1 1 - -

4.6 6.0 3.7 1.4 0.3 0.0 0.0

8 1 5(1) 1 1 3 - 1
0.9 2.5 3.4 2.9 1.6 0.6 0.1

9 2 3 1 2 - - 1
1.1 2.6 2.7 1.7 0.7 0.2 0.0

10 I
10

11 - 1 2 - - 1 -

0.3 0. 9 1.2 0.9 0.5 0.2 0.0

12 - 1 - 1(1)
0.0 0.1 0.1 0.3 0.4 0.4 0.3
_ 1

13 0.0 0.1 0.2 0.3 0.2 0.1 0.1

14 - 1 - - I - -
0.1 0.4 0.6 0.5 0.3 0.1 0.0

15 1 - 1

0.7 8.0 0.4 0.1 0.0 0.0 0.0

Total % Infected
7 8

0.0

0.0 0.0

0.0 0.0

0.1 0.0

0.0 0.0

0.2 0.2

0.0 0.0

0.0 0.0

0.0 0.0

53

66

74

55

50

27

16

12

9

4

2

2

2

17.0

32.6

19.8

23.2

14.0

17.9

17.0

29.2

21.0

50.0

22.7

41.7

23.1

17.9

6.7

Total 1184 119 44 13 9 2 3 - - 374 21.0

British Somaliland

Number Number of infected children
of children Total % Infected

in household 0 1 2 3 4 5 6 ... 9

1 43(1) 22(2) 65 33.8

1 2 20(1) 10(2) 3 33 24.2
19.3 11.4 2.3

3 9 13(1) 2 1 25 26.7
10.9 9.0 4.3 0.8

4 5 3 4. 1 - 13 26.9
4.1 4.9 3.0 0.9 0.1

5 - 4 2 - 1(1) - 7 34.3
1.4 2.3 1.7 0.8 0.5 0.3

6 1 1 3 - - - - 5 2.
1.1 1.8 1.4 0.6 0.1 0.0 0.0 5 23.3

8 - 1 - - - - - - 1 12.5
0.3 0.4 0.2 0.1 0.0 0.0 0.0 0.0

9 - - - - 1(1) - - - 1 44.4
0.0 0.1 0.1 0.2 0.3 0.2 0.1 0.0

> 15 - - - - - - - 1r19] 1 47.4

Total 78 54 14 2 2 - - 1 151 29.2

Figures in Roman type: Observed number of households
Figures in italic type: Age-adjusted expected number of households
Figures in parentheses: Households with one or more sputum-positive persons
Figures in square brackets: Number of children in the household
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APPENDIX TABLE 3 (continued)
Tanganyika

Number of infected children

1 2 3 4

24

19
27.3

18
17.7

6
10.7

5
4.7

0.0

6(1)
1.9

2
2.0

3
1.9

1.0

0.0

0.1

1 -
0.2 0.0

0.1 0.0

0.0 0.0

0.0

0.0

- 1 - -

0.0 0.1 0.3 0.3 0.2 0.1

Total % Infected

239 10.0

156 9.9

77 9.5

36 10.4

15 9.3

4

1 37.5

442 72 12 2 - - 528 9.9

Uganda

0

204

190
185.9

102
96.9

86
81.6

47(1)
47.3

18
15.0

11
7.8

3
1.9

1.9

2
1.5

0.0

Number of infected children

1 2 3 4

15

23(1)
31.1

27(2)
35.6

13
19.3

15
14.5

8
11.2

3
6.2

2.8

3
1.5

1.9

0.1

i 13

1 44-i
1.2

0.

Total 666 110

7
3.0

8(1) 2(1)
6.1 0.4

2 3
2.7 0.4

2 -

2.0 0.2

2 2(1)
3.8 0.8

1 1
2.3 0.6

3 -

2.0 0.9

0.5 0.1

1(1) 1
1.1 0.4

0.1 0.2

1 -

0.5 0.3

0.6 0.45

0.0

0.0

1
0.2

0.1

0.3

0.0

0.1

0.2

0.1

1
0.2

27 9 4

I Total % Infected
5 6 7

0.0

0.0 0.0

1(1) - -
0.0 0.0 0.0

0.1 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.2 0.1 0.1

0.0 0.0 0.0

0.1 0.0 0.0

219

220

139

104

64

31

17

8

4

5

2

3

- - 817

6.8

8.4

11.8

6.2

5.9

11.8

10.9

17.2

8.3

12.0

36.4

11.5

9.5

9.0

Figures in Roman type: Observed number of households
Figures in italic type: Age-adjusted expected number of households
Figures in parentheses: Households with one or more sputum-positive persons
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Number
of children

in household

1

2

3

4

5

6

8

0

215(2)

131(2)
126.8

57
57.2

26
23.2
9
9.2
4
4.0

Total

Number
of children

in household

_

2

3

4

5

6

7

8

9

10

4 1

4
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APPENDIX TABLE 3 (continued)
Ghana

Number Number of infected children
of children Total % Infected

in household 0 1 2 3 4 5 6 7 8 10

1 45(1) 9 54 16.7
2 52 11 - 63 8.7

52.6 9.8 0.6
3 39 11 3 1 54 12.3

37.6 13.0 3.1 0.3
4 26(1) 12 4 - 1 43 14.0

23.6 15.3 3.7 0.4 0.0
5 13(1) 9 4(1) 1 - - 27 14.8

12.6 9.8 3.7 0.8 0.1 0.0
6 13(1) 7 - - 3 1(1) - 24 16.7

8.1 9.6 4.8 1.3 0.2 0.0 0.0
7 7 4 3 2 - - - - 16 14.3

5.5 6.3 3.2 0.9 0.1 0.0 0.0 0.0
X13 1 A 4 4 _ 4,

8

9

10

11

12

13

14

>15

Total

Number
of children

in household 0

2.9 4.3 4.3 2.4 0.9 0.2 0.0 0.O
1 3 1 1 -
1.4 2.2 1.6 0.6 0.2 0.0 0.0 0.i
2 1 2 1 -
1.5 2.2 1.5 0.6 0.2 0.0 0.0 0.C
2 1 - 1 -
0.5 1.0 1.2 1.1 0.7 0.3 0.1 0.1
1 - - - 1 - - -
0.2 0.5 0.6 0.4 0.2 0.1 0.0 0.1
- 1 - 1 - - - -
0.4 0.5 0.4 0.3 0.2 0.1 0.1 0.1
1 1 - - - - - -

1.2 0.6 0.2 0.0 0.0 0.0 0.0 0.1
2[15] 1[16] 1[16] 1[24] 1[23] - - 1['
[15]

207 76 22 10 7 2 - 1

Ibadan

Number of infected children

1 2 3 4 5

0.0

0.0

0.0

0.0

0.0
1[23](1)

15

6

6

5

2

2

2

8

1 327

Total
6 7 8-11

20.8

14.8

13.3

21.8

16.7

15.4

3.6

17.4

14.9

% Infected

1 14(1) 6 20 30.0
2 14(2) 7 2 23 23.914.1 6.8 2.1
3 9 4(1) 3(1) 2 18 29.6

7.0 7.2 2.5 1.3
4 8 5 2 1 1 17 23.5

6.0 6.8 3.3 0.8 0.1 17 23.5
5 3 3 1 1 - - 8 2.3.4 2.5 1.1 0.6 0.3 0.1

6 1 4 3 4 - - - 12 30.62.1 3.1 3.2 2.3 1.0 0.3 0.012 3.
7 3 4 1 - I - - - 9 15.9

2.7 3.5 2.0 0.7 0.1 0.0 0.0 0.0
8 1 2 1 2 - 1 - - - 7 26.8

1.1 1.7 1.6 1.2 0.8 0.4 0.2 0.0 0.0
9 - 1 2 - 1 - - - - 4 25.0

0.3 0.9 1.2 0.9 0.5 0.2 0.0 0.0 0.0
10 - - 3 - 1 - - - - 4 25.00.2 0.8 1.1 1.0 0.6 0.2 0.1 0.0 0.0
11 - 1 - 1 1 - - - - 3 24.2

0.1 0.5 0.8 0.8 0.5 0.2 0.1 0.0 0.0
12 2 2 8.30.7 0.8 0.4 0.1 0.0 0.0 0.0 0.0 0.0
13 - 1 - - - - - - - 1 7.70.3 0.4 0.2 0.1 0.0 0.0 0.0 0.0 0.0
14 - - - - - 1 - - ia 2 57.1

0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.4 1.2
> 15 - 1[20] - - - - 1[16] - - 2 19.4

Total 53 41 18 11 5 2 1 - 1 132 25.0
aii children infected Figures in Roman type: Observed number of households

Figures in italic type: Age-adjusted expected number of households
Figures in parentheses: Households with one or more sputum-positive persons
Figures in square brackets: Number of children in the household
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APPENDIX TABLE 3 (concluded)
Nigeria

Number of infected children

1 2 3 4 5 6

170 27

99 32 3
98.9 32.2 2.9

91(1) 31 6 1
89.3 34.0 5.3 0.4

52(1) 14 6 - 1
47.8 20.9 3.9 0.4 0.0

23 20(1) 7 1 -

23.3 19.7 6.7 1.2 0.1

14 14(1) 10 1 -

11.5 16.3 9.6 3.0 0.5

17 4 - - 1
14.9 5.7 1.2 0.2 0.0

10 5 4(1) 1 -

6.5 8.2 4.5 1.5 0.3

6(1) 8 4(1) 2 -

6.2 7.8 4.3 1.4 0.3

3 5 3 4 1
2.7 5.0 4.6 2.5 0.9

3 - 1 1 -

0.7 1.6 1.9 1.5 0.8

1 1 4 1 -

0.8 2.0 2.3 1.7 0.8

4 - 1(1) - -

3.7 0.8 0.4 0.1 0.0

2 - 4 - -

1.4 1.2 1.6 1.4 0.9

4 [16] 3 [15] 7 [15] 7 [15] -

[17] [18] [15] [18]
[20] [20] [16] [19]
[21] [17] [20]

[18] [21]
[18](1) [22]
[24] [24]

0.0

2(1)
0.1

0.0

0.0

0.0

0.2

0.4

0.3

0.0

0.4

Total % Infected
7 8 9

0.0

0.0 0.0

0.0 0.0 0.0'

0.0 0.0 0.0 0.0

0.1 0.0 0.0 0.0

_ _

0.1 0.0 0.0 0.0

0.1 0.0 0.0 0.0

0.0 0.0 0.0 0.0

1

0.1 0.0 0.0 0.0

3[16](1)- 1 [22] -

[19]
[20]

197

134

129

73

51

41

22

21

20

16

7

8

5

7

25

13.7

14.2

11.9

10.3

14.5

19.1

5.2

13.7

12.2

16.9

20.8

17.7

3.1

15.3

13.7

Total 499 164 60 19 3 4 4 2 1 - 756 13.5

Figures in Roman type: Observed number of households
Figures in italic type: Age-adjusted expected number of households
Figures in parentheses: Households with one or more sputum-positive persons
Figures in square brackets: Number of children in the household
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