
Bull. Org. mond. San)t 1966, 34, 639-654
Bull. Wld Hlth Org.

Distribution of Tuberculous Infection and Disease
among Households in a Rural Community*

RAJ NARAIN,' S. S. NAIR,2 G. RAMANATHA RAO 3 & P. CHANDRASEKHAR4

Clinical experience has led to a strong belief that tuberculosis is a family disease and
contact examination is a sine qua non for case-finding programmes. Considerable doubts
are cast on the usefulness of contact examination in tuberculosis control by the present
study, which is based on a sample of an entire population rather than on family contacts
of known cases only. Cases of tuberculosis occurred mostly singly in households, and
contact examination could have revealed only a very small percentage of the cases in this
community.

Another common belief is that the prevalence of infection among children under five
years of age is a good index of disease in households. In this study, however, a large pro-
portion of households with cases of tuberculosis had no children of this age, and even in
homes with a bacteriologically confirmed case, about 88 % of the children did not show
evidence of infection.

The tuberculin reactions of infected contacts were, on the average, slightly larger than
those among non-contacts. Further, the proportion of large tuberculin reactions among
infected persons was found to be greater in the younger age-groups than in the older age-
groups. Thisfinding has been taken to indicate that new infection gives rise to large reactions
that subsequently wane to some extent in persons not constantly exposed to infection, such
as, for example, the members of households without cases.

INTRODUCTION

Studies on the distribution of tuberculous infec-
tion and disease in households have mostly been
restricted to the examination of contacts of known
cases. Such examinations, primarily undertaken to
extend the sphere of control of the disease from the
individual patient to his family, are confined to
a small selected group in the community. Further,
of the patients diagnosed in a traditional clinic
service, the proportion likely to be in a more
advanced stage of the disease is greater than the
corresponding proportion of cases in the community
as a whole (Sikand & Raj Narain, 1957), and their
family contacts may show only an end point of
prolonged exposure to infection. A representative
picture of the distribution of infection and oisease
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in households can be obtained only from a tuber-
culosis prevalence survey. Such a picture is likely
to give a clearer idea of the possibilities or limitations
of some methods of case-finding, such as, for
example, contact examination and preliminary
screening, by means of the tuberculin test, of
persons to be examined. Further, it may be possible
to define certain characteristics of a case that may
be associated with greater frequency of infection
among the contacts of that case. Comparison of the
distribution of tuberculin reactions in infected
contacts with that of reactions in infected persons
from households without cases could help to eluci-
date the influence on tuberculin allergy of the more
frequent infections occurring in households with
cases. The present paper reports such an investiga-
tion, based on a prevalence survey in a rural com-
munity in South India.

MATERIAL AND METHODS

Data from a prevalence survey, carried out by the
National Tuberculosis Institute (NTI), Bangalore,
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during 1960-61 in 62 randomly selected villages
and 4 town blocks in Tumkur District, Mysore
State, South India (Raj Narain et al., 1963) forms
the basis of this report. The sample for the towns,
being too small, has been omitted from considera-
tion in the present study.
The survey techniques and study population have

been described in the earlier report (op. cit.). Briefly,
the de facto population (i.e., excluding those per-
manent residents who were temporarily absent at
the time of the survey, but including visitors who
were temporarily present) was given a tuberculin
test with 1 TU of PPD RT 23 in 0.1 ml of diluent
containing 0.005% of Tween 80, and those aged
10 years and over were examined by 70-mm photo-
fluorography. All pictures were read by two inde-
pendent readers. Those persons considered to have
any abnormal shadows (including non-tuberculous
pathology) by either of the readers, and those with
technically inadequate pictures or who were phy-
sically unable to attend the X-ray examination,
were eligible for examination of a single spot
specimen of sputum by direct smear and by culture.
The X-ray pictures for which the two readings

agreed, as well as the films over which there was
disagreement but which were confirmed by a referee,
have been taken to represent radiologically active
disease (hereinafter referred to as " X-ray cases ").
Persons in whose sputum sample tubercle bacilli
were demonstrated by either method, even if no
active or inactive disease was reported on the X-ray,
have been called patients with bacteriologically
confirmed disease (hereinafter referred to as " bacil-
lary cases ").
During the course of the survey information re-

garding the prevalence of symptoms, especially
cough and its duration, was collected in 28 villages
by the census takers, during routine census taking
from all persons aged 15 years and over, and in
34 villages by trained sociological workers from
persons aged 20 years and over who showed X-ray
shadows considered by at least one reader to be
of tuberculous origin (active or inactive), and also
from matched controls (Banerji & Andersen, 1963).
The de facto population numbered 29 813, and

tuberculin test results are available for 27 115. Of
these, 2638 persons who had BCG scars (definite or
doubtful), and 14 more for whom the presence or
absence of a BCG scar was not recorded, have been
excluded. But no case was excluded for these reasons.
The remaining persons, together with 11 cases
without tuberculin test results, constituted the study

population of 24474, which was distributed over
5266 households.

Categories of household and distribution of cases
Three categories of household have been con-

sidered: 1
(1) Households with bacillary cases (i.e.. those

with at least one bacteriologically confirmed case.)
(2) Households with X-ray cases (i.e., those with

at least one radiologically active case, but with no
bacillary case).

(3) Households without cases (i.e., those with
neither a bacillary nor an X-ray case).

There were 75 households with 77 bacillary cases,
of which one had 3 bacillary cases and 74 each had
a single case. In one of these single-case households
the infected person had a BCG scar and has been
considered separately. Among the remaining 73 sin-
gle bacillary cases, the tuberculin test result was
not available in one instance, 2 cases were not X-
rayed owing to inability to reach the X-ray unit,
and, in another instance, the X-ray picture was
technically inadequate. Only 58 of the 73 cases in
the households with single bacillary cases and all
3 cases in the one household with more than one
case showed evidence of radiologically active
disease. Information on symptoms is available for
54 of the 73 cases.
The total number of X-ray cases, including the

61 bacillary cases considered active on X-ray
examination, was 357. Eleven X-ray cases were
found concomitantly in households with bacillary
cases. The balance of 285 X-ray cases included
9 with a BCG scar; 8 of these, occurring singly,
have been considered separately. The remaining
277 cases, including one with a BCG scar occurring
along with another X-ray case, were distributed
over 267 households, of which 257 contained
single X-ray cases. Information on symptoms is
available for 215 of these 257 cases.
The households without cases numbered 4916.

1 Sixty persons who were X-rayed in households with
bacillary and X-ray cases, but for whom the results of the
tuberculin test were not available, have also been included for
the study of disease among contacts.

All the sorting of data was done by hand, since the
relevant information had not been punched earlier on the
cards. There was a discrepancy of 487 cards between
the total numbers in the three categories of household and
the study population of 24 474 expected from the punched
cards. The figures for households with bacillary and X-ray
cases were thoroughly checked. The shortage occurred in
households with no cases and constituted 2.2% of the total
of21 728 persons expected. This error has not been corrected.
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Detailed analysis and comparisons between house-
holds for the prevalence of infection have been
confined to households with single cases.
The prevalence of infection was studied for each

category of household, separately for males and
females. There was little difference according to
sex in most cases, particularly among children-
a finding that has also been reported by Hertz-
berg (1957). Infection rates have not been presented
separately for the two sexes.

Infection has been studied among children in the
age-groups 0-4, 5-9, and 10-14 years. Increasing age
may, to a certain extent, involve longer exposure
both in and outside the home. On account of the
small number of children in the different age-groups
in households with bacillary cases, the combined
age-group 0-14 years has been used for part of the
analysis. Infection in the higher age-groups has not
been studied in detail, because such infection may
not reflect recent events, and the influence of house-
hold infection may not be the predominant factor.

Persons with BCG scars

The omission of persons with definite or doubtful
BCG scars, and of those for whom tuberculin test
results were not available, may have influenced the
infection rates in the different categories of house-
hold. Those omitted because of a BCG scar consti-
tuted only about 9% of the study population. Their
exclusion may therefore be regarded as having had
little effect on the infection rates, unless it is con-
sidered likely that, if they had not been vaccinated
five to eight years earlier, they would now present an
entirely different picture of infection from that shown
by the rest of the study population. Comparisons
made separately for different age-groups may further
reduce the possible influence of such exclusion.

FINDINGS

Prevalence of disease among contacts in households
with bacillary and X-ray cases

As mentioned earlier, some of the households
had more than one case. If one of these is considered
an index case, the others could be regarded as
instances of disease among contacts. Among the
74 households with bacillary cases, excluding the
one with a case having a BCG scar, only one house-
hold had more than one bacillary case. Two of the
3 cases in this household could be regarded as
instances of bacillary disease among the 325 con-
tacts examined by X-ray. Similarly there were

13 X-ray cases (including the 2 bacillary cases)
among the 325 contacts of bacillary cases, giving
a prevalence rate for X-ray cases of 4%.
Among the 267 households with X-ray cases,

the 10 additional X-ray cases (including the one
with a BCG scar) gave a prevalence rate of 1% for
the 985 contacts examined. The contacts of house-
holds with both X-ray and bacillary cases, taken
together, showed a rate for X-ray cases of 1.8%
and a rate for bacillary cases of 0.2 %. For the entire
village population X-rayed, the prevalence of X-ray
and bacillary cases was 1.8% and 0.4% respectively
(Raj Narain et al.. 1963). Thus the prevalence of
disease among contacts is significantly greater in
households with bacillary cases than in households
with X-ray cases. This finding is not in conformity
with the results of some other studies, in which such
a difference was not observed (Sen, 1959; Sikand,
Pamra & Mathur, 1962).

Prevalence of infection in different categories of
household
The proportions infected in households with

bacillary cases, X-ray cases and without cases were
63 %, 46% and 37 %, respectively, for all ages
combined. The corresponding infection rates for
children aged 0-14 years were 41 %, 20% and 12%,
and for persons aged 15 years and over 77 %, 62%
and 54% respectively. The prevalence of infection
is substantially different in the three types of house-
hold, the differences being statistically significant 1

for all three age-groups. The exclusion of cases,
in order to get infection rates among contacts only,
did not produce any material change.

In spite of a lower prevalence in the households
without cases, 81 % of the infected children in the
age-group 0-4 years, 84% in the age-group 0-14
years and 87% in the age-group 15 years and over
were found in this type of household. The influence
of previous cases, no longer present at the time of the
survey, is not known, but for most of the infected
persons in the households without cases the source
of infection must have been outside the household.
The " infection intensity " (Hertzberg, 1957)

(i.e., the ratio of percentage infected among the
contacts aged 0-14 years of a particular type of
case to the percentage infected among members of
households without cases in the same age-group,
with an assumed infection intensity of 1.0) was
3.4 for households with bacillary cases and 1.6 for

1 Only results with a confidence level of 95% and above
have been regarded as significant.
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TABLE I
PERCENTAGE INFECTED AMONG CHILDREN IN THREE AGE-GROUPS

IN VARIOUS CATEGORIES OF HOUSEHOLD

Households with bacillary Households with X-ray Households without cases Total study
Age-group cases cases population

(years)NoofN.f MN.oNNo. of o. ofinfected)
children infected children infected children infected

0-4 69 12 239 4 3634 2 3

5-9 53 53 206 20 3135 13 13

10-14 64 62 159 a 42 2417 27 28

0-14 [ 186 41 604a 19 9186 12 13

a Excluding the four non-bacillary X-ray cases in this age-group.

those with X-ray cases. This gives a rough measure
of the degree of concentration of infection in the
three types of household.

Infection among child contacts
The intra-household effect of a case may be better

reflected by infection in young children. Table 1
gives the proportion infected among children in
three age-groups, for each category of household
and for the total population.
Among children aged 0-4 years, only 12% were

infected in households with bacillary cases and only
4% in those with X-ray cases. It does indeed appear
surprising that most of the very young children
living in proximity to an open case of tuberculosis,
in inferior congested houses and unprotected by any
preventive measures, should manage to escape
infection.
The age-infection curves rise with age in all three

categories of household (Fig. 1). But the curves
maintain different levels throughout, that for the
households with bacillary cases being at the top
and that for the households without cases at the
bottom. The higher proportion infected in the age-
group 0-4 years and the steep rise in infection for
the age-group 5-9 years, in households with bacillary
cases, can be taken to depict the effect of household
infection. For other categories of household the
steeper rise in the percentage infected was observed
between the age-groups 5-9 years and 10-14 years.
This delayed rise in the percentage infected may be
attributed to the lesser infectivity of non-bacillary
X-ray cases (some of which may be occasional
excretors of tubercle bacilli) or to the influence of
infection acquired outside the household. Both of

these factors may cause a delay in the contraction of
infection. The possible influence of cases present in
these households prior to the survey is not known.

FIG. I

PERCENTAGE OF INFECTED CHILDREN
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TABLE 2
DISTRIBUTION OF HOUSEHOLDS WITH BACILLARY CASES AND X-RAY CASES,
ACCORDING TO ABSENCE OF CHILDREN AND ABSENCE OF INFECTED CHILDREN

Households with bacillary cases Households with X-ray cases

Age-group With at least one child With at least one child
(years) With no With no

children Total With no child children Total With no child
Total ~infected Ttlinfected

0-4 28 45 37 109 148 139

5-9 36 37 16 122 135 100

10-14 30 43 13 145 112 60

0-14 12 61 16 - 45 [ 212 133

Table 2 shows that in many households with
cases there were no children in the age-groups con-

sidered, and several households with children had
no infected child among them, especially in the age-
group 0-4 years.

Of the 73 households with bacillary cases, 28 had
no children and a further 37 had no infected child
in the age-group 0-4 years. The prevalence of infec-
tion in this age-group may therefore not be as good
an index of disease in the community as is generally
assumed. It may also not be effective in identifying
households with cases.

As the age of the children increases, the number of
houses with no children infected falls more rapidly
in households with bacillary cases than in those
with X-ray cases.

Distribution of infection within households of each
category

Variation of the percentage infected with size of
household. Table 3 gives the distribution of house
holds according to the number of persons in each,
for households with bacillary cases and those with
X-ray cases, as well as for a 10% random sample of

TABLE 3
DISTRIBUTION OF HOUSEHOLDS ACCORDING TO SIZE OF HOUSEHOLD AND PERCENTAGE INFECTED

AMONG CONTACTS/MEMBERS OF HOUSEHOLDS WITH/WITHOUT CASES

Households with bacillary cases Households with X-ray cases 1Households ithout cases

Number of
% sample)

persons in No. of No. of No. of
household a No. contacts % No. contacts % No. persons %

tested and infected tested and infected tested and infected
read read read

1-2 5 4 50.0 20 11 54.5 74 95 65.3

3-4 11 21 71.4 46 110 49.1 144 415 44.3

5-6 17 64 62.5 65 254 36.6 142 610 34.6

7-8 15 80 65.0 50 269 39.0 72 426 28.9

9-10 12 86 55.8 33 223 45.7 39 288 42.7

11 + 13 167 56.3 43 494 41.1 29 313 43.8

Total 73 422 59.5 257 1 361 41.4 [5001 2147 [ 39.1

a Including cases.
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households without cases; the numbers of persons
tested and read and the percentage infected are also
presented. Cases have been included in counting
the size of the household, but obviously not in
estimating the prevalence of infection among the
contacts. If the size of household has no influence
on the proportion infected, one would expect this
proportion to be fairly uniform for households of
different sizes in each category. On this assumption,
the expected numbers infected in households of
different sizes were computed using the percentage
infected in all households of a category as an
estimate of this uniform proportion. The differences
between observed and expected distributions were
not statistically significant for households with
bacillary and X-ray cases (for the former house-
holds: X2 = 1.54, d.f. = 4, 0.80<P<0.90; for the
latter households: x2 = 4.80, d.f. = 4, 0.60<P<
0.70). In households with cases, therefore, the
prevalence of infection does not seem to vary with
the size of the household. The observed distribution
for households without cases, however, was signi-
ficantly different from the expected distribution
X2 = 36.8, d.f. = 4, P<0.001). In Table 3 the
percentage infected in households without cases
is highest for those consisting of 1-2 persons and is
significantly different from the average of all house-
holds (P<0.001). But these smaller households are
likely to consist of adults only. Even when house-
holds of this size (1-2 persons) are excluded, the
differences for households without cases continue
to be statistically significant (X2 = 20.1, d.f. = 3,
P<0.001). The prevalence of infection was lowest
in medium-sized households. The different results
obtained for households with cases and households
without may be due either to the smaller number of
persons in the former category of household or to
the presence of a case in the household outweighing
the influence of size of household.
The average household size was nearly equal for

households with bacillary cases and those with
X-ray cases (7.9 and 7.4 respectively). But the
average number infected per household was greater
in households with bacillary cases (4.1, as compared
with 2.9 in those with X-ray cases). For households
without cases the average size was 5.4 and the
average number infected was 1.7.

Prevalence of infection among child contacts
within households. To study the distribution of
infection within households, those with an equal
number of children in the age-group 0-14 years
have been grouped in Table 4, and the households

in each group have been further distributed accord-
ing to the number of infected children among them.
All the four households that had an X-ray case in
the age-group 10-14 years have been excluded from
the table. If the prevalence of infection shown in
the last column of the table for a particular size of
household could be assumed to represent the proba-
bility of finding an infected child, the expected
number of households of that size with 0, 1, 2, etc.,
infected children can be worked out on the basis
of the binomial distribution. Such expected numbers
are given in parentheses in Table 4. Observed and
expected distributions were significantly different
(as judged by the combined X2 test) for households
with X-ray cases, but not for those with bacillary
cases. The different results for the two categories of
household could most probably be attributed to the
fact that the numbers in households with bacillary
cases are too small to give significant results. If so,
it can be concluded that there is a concentration of
infection in some households with cases and that
all cases are not equally infectious-a finding that
is supported by Table 5. The fact that the pre-
valence of infection in children aged 0-14 years
involved periods of exposure varying from a few
days to nearly fifteen years makes it difficult to
draw definite conclusions regarding the differences
in infectiousness, which can better be judged from
the incidence of infection.

Characteristics of a case and their influence on
infection in the household

The households were further subdivided accord-
ing to various characteristics of the case, such as
sex, age, tuberculin sensitivity, X-ray status, history
of cough, and presence of additional cases. For
households without cases, the influence of " doubt-
ful" X-ray cases has also been studied. The results
are summarized in Table 5, in which the figures
representing statistically significant differences have
been italicized.

Except those in the age-group 0-4 years, children
living in households with a bacillary case considered
radiologically active showed a significantly higher
prevalence of infection than children living with
radiologically non-active bacillary cases. Further,
the percentage of infected children aged 0-14 years
in households with radiologically non-active bacil-
lary cases (24%) differs little from the percentage
infected in the same age-group in households with
X-ray cases (19%-see Table 1).
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TABLE 4
CORRELATION OF NUMBER OF CHILDREN INFECTED WITH TOTAL NUMBER OF CHILDREN

AGED 0-14 YEARS IN HOUSEHOLDS WITH BACILLARY CASES AND THOSE WITH X-RAY CASES a

No. of children Frequency of households with children infected numbering: %of
in household Total ~~~~~~~~~~~~~~~~~~~~childreninhousehold ~0 [ _ _ 2 3

Total Infected

A. Households
with bacillary
cases

1 4 4 - --- 8 50

2 7 8 5 - -- 20 45
(6.0) (9.9) (4.1)

3 2 6 4 3 -- 15 51
(1.8) (5.5) (5.7) (2.0)

4 2 2 4 2 - - 10 40
(1.3) (3.5) (3.5) (1.5) (0.2)

5+ 1 3 2 1 _ 1 8 28

Total 16 23 15 6 _ 1 61 41

B. Households
with X-ray cases

1 35 12 - - -- 47 26

2 46 15 6 _ - - 67 20
(42.9) (21.4) (2.7)

3 24 7 7 1 - - 39 20
(20.0) (15.0) (3.7) (0.3)

4 11 5 2 1 1 - 20 18
(8.2) (8.2) (3.1) (0.5) (0.03)

5 9 5 5 1 -- 20 18
(7.4) (8.1) (3.6) (0.8) (0.1) (0.0)

6 4 1 1 1 .1 8 23

7 1 1----2 7

8 - -I---1 25

9 2 11---4 8

10 - - ------

I1-I - 1 9

Total 132 48 23 4 1 1 2O9 b 19

a The figures In parentheses are the frequencies expected on the basis of binomial distribution, using the proportions Infected
in all the households of each size, which are shown in the last column.

b Excluding four households, each with an X-ray case in the age-group 10-14 years.

X-ray cases, if classified by both readers as
" probably tuberculous and active " (coded as D in
Table 5), were more infectious than those classified
by one or both readers as " probably tuberculous,
possibly active" (coded as C). Bacillary cases,
though not X-ray cases, seemed to be more infec-
tious if there was a history of cough lasting more
than one month. Surprisingly, children in contact
with female cases were consistently less frequently

infected than children in contact with male cases.
Households with cases aged 50 years and over
tended to have fewer infected children than those
with cases in younger age-groups; a significantly
high prevalence of infection was found in households
with bacillary cases aged 4049 years. There was
significantly less infection among the child contacts
of X-ray cases whose tuberculin reactions measured
less than 10 mm than among those of tuberculin-
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TABLE 5
PERCENTAGE OF INFECTION AMONG CHILDREN ACCORDING TO AGE AND CHARACTERISTICS

OF THE CASE IN THE HOUSEHOLD

Number of children in age-group Percentage infected in age-group
Characteristics of the case (years): (years): a

in the household

0-4 5-9 10-14 0-14 0-4 5-9 10-14 0-14

A. Households with bacillary cases:

I (a) X-ray active (C or D by two
readers) b1 55 41 45 141 13 63 76 48

(b) Not active by X-ray 8 8 17 33 12 25 29 24

2 (a) With cough 30 24 31 85 17 62 77 52

(b) Without cough 21 11 14 46 10 36 43 26

3 (a) Male 50 41 41 132 14 61 66 45

(b) Female 19 12 23 54 5 25 57 31

4 (a) Aged 10-49 years 47 34 39 120 15 53 69 43

(b) Aged 50 years and over 22 19 25 66 5 53 52 36

5 (a) Tuberculin-positive 59 43 49 151 12 53 65 41

(b) Tuberculin-negative 9 8 14 31 11 38 57 39

6 (a) With additional X-ray case 8 8 14 30 25 50 71 53

(b) Without additional X-ray case 61 45 50 156 10 53 60 38

B. Households with X-ray cases:

1 (a) D by two readers b 26 25 21 72 15 28 52 31

(b) Other X-ray cases 213 181 138 532 3 19 40 18

2 (a) With cough 81 81 59 221 6 21 44 22

(b) Without cough 124 96 72 292 3 19 43 18

3 (a) Male 158 143 115 416 5 20 43 21

(b) Female 81 63 44 188 2 19 36 16

4 (a) Aged 10-49 years 118 103 83 304 4 24 46 22

(b) Aged 50 years and over 121 103 76 300 4 16 37 16

5 (a) Tuberculin-positive 168 133 99 400 4 26 43 21

(b) Tuberculin-negative 61 69 52 182 3 9 33 14

C. Households without cases:

1. With " doubfful " X-ray cases b 62 65 62 189 3 9 29 14

2. Others 3 572 3 070 2 355 8 997 2 13 27 12

a The figures in italics represent statistically significant differences.
b See text for definition.

positive X-ray cases. (It should be noted in this the referee, may be described as " doubtful " X-ray
connexion that two-thirds of the tuberculin-negative cases. There is very little difference in the percentage
X-ray cases were above 50 years of age.) infected among children in three age-groups bet-

Persons whose sputa were negative and who were ween households with such cases and other house-
classified as showing radiologically active disease holds without cases. Further, infection in the age-
by one reader only, and not by the other reader or group 5-9 years in households with such "doubt-
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ful" X-ray cases is significantly less than in house-
holds with X-ray cases. This supports the decision
of the referee that such cases should be regarded as

false positives.
A comparison (not shown in Table 5) of cases

positive on direct smear with cases positive on culture
only did not show any significant difference in
infectivity, although the disease was generally more

advanced and more often cavitated in the former
type of case.

The above results may be summed up in terms of
infection intensity (see page 641). Assuming the
proportion of children under 15 years infected in
households without cases to be 1.0, the highest
intensity of infection was found in households with
bacillary cases. Among the latter, the intensity was

4.4 when an additional X-ray case was present in the
household. Further, the intensity was 4.3 and 4.0,
respectively, when the bacillary case had cough or

was confirmed by X-ray. When the bacillary case

was not considered radiologically active, the intensity
was only 2.2, as compared with 2.6 for households
with non-bacillary X-ray cases classified as active by
two readers. X-ray cases showing a tuberculin indu-
ration of 9 mm or less had the lowest intensity (1.2),
and the concentration of infection in these house-

holds may not be very different from that in the
households without cases.

Effect of recent and/or repeat infections on size of
tuberculin reactions

It is possible that recent or repeat infections may
give rise to large tuberculin reactions. Both types
of infection are likely to be more frequent in house-
holds with bacillary cases. Fig. 2 compares histo-
grams of tuberculin indurations in infected persons

only (>10 mm), in four age-groups, for contacts
in households with cases and for members of
households without cases.

The difference in mean reaction size between
households with bacillary cases and households
without cases is highly significant for " all ages "
(19.7 mm as compared with 18.5 mm-P<0.001)
and for the age-group 25 years and over (19.6 mm
as compared with 18.2 mm-P<0.001). The cor-

responding difference between households with
bacillary cases and those with X-ray cases is signifi-
cant only for " all ages " (P<0.05).

In addition to mean reaction size, the frequency
of large reactions among the positive reactors in the
three categories of household may be compared
(Table 6).

TABLE 6
FREQUENCY OF LARGE INDURATIONS AMONG REACTORS (>TEN MILLIMETRES)

FOR CONTACTS/MEMBERS OF THE THREE CATEGORIES OF HOUSEHOLD, BY AGE a

No. of positive reactors Percentage of positive reactions measuring:
Age-group (> 10 mm) 15 mm or more 20 mm or more(years) 15 mm or more 20 mm_or_more

HBC b HXC c HNC d HBC b HXC c HNC d HBC b HXC c HNCd

0-14 76 117 1237 88.2 82.1 83.0 73.7 57.3 59.8

15-24 59 124 1527 69.5 77.4 73.5 37.3 35.5 43.0

25 + 116 321 6229 85.3 76.9 73.6 49.1 42.7 38.7

All ages 251 [ 562 8993 82.5 78.1 74.9 [ 53.8 44.1 42.3

a Significant differences within each age-group for categories of household that differ according to Cochran's test:
(1) Among percentages with induration of 15 mm or more:

HBC-HNC for age-group 25 years and over (P < 0.01)
HBC-HNC for all ages (P < 0.01)

(2) Among percentages with indurations of 20 mm or more:
HBC-HXC for age-group 0-14 years (P < 0.05)
HBC-HNC for age-group 0-14 years (P < 0.05)
HBC-HXC for all ages (P < 0.05)
HBC-HNC for all ages (P < 0.001)
HBC-HNC for age-group 25 years and over (P < 0.05)

b HBC = Contacts in households with bacillary cases.
c HXC = Contacts in households with X-ray cases.
d HNC = Members of households without cases.
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FIG. 2
DISTRIBUTION OF POSITIVE REACTIONS (>,TEN MILLIMETRES) AMONG CONTACTS/MEMBERS

OF THE THREE CATEGORIES OF HOUSEHOLD, BY AGE

0-14 YEARS 15-24 YEARS 25 YEARS AND OVER ALL AGES

Number : 76
Mean induration

Number :117
Mean induration.20

Number:: 237
Mean induration:20.4ff
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Indurations of 15 mm or more and 20 mm or

more have arbitrarily been chosen to represent large
reactions. The percentage of large reactions (both
> 15 mm and > 20 mm) is significantly greater in
households with bacillary cases than in households
with X-ray cases or those without cases (Cochran's
test for over-all differences). Such an over-all differ-
ence between households with X-ray cases and
those without cases is not significant. A list of
significant differences for individual age-groups
between the households with bacillary cases and the
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other two categories is shown in a footnote to
Table 6.
The percentage of reactions of 20 mm or more in

children of 0-14 years was higher in the households
with bacillary cases than in the other two categories
of household. London, Williamson & Johnson
(1958) also found a greater frequency of strong
reactors among the tuberculin-positive contacts of
cases positive on direct smear than among the
contacts of cases positive on culture only or of
bacteriologically negative cases. Further, within
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each of the three categories of household the pro-
portion of such large reactions was considerably
greater in children aged 0-14 years than in older
persons, the difference being highly significant.
Similar differences in the percentage of reactions
measuring 15 mm or more between households with
bacillary cases and those without cases were also
significant. The larger proportion of positive reac-
tions in the age-group 0-14 years-especially in
households with bacillary cases-would suggest
that new or recent infections produce large reactions.
This is in conformity with the finding of Raj Narain
et al. (1966) 1 that new infections result in an increase
in reaction size of at least 16-20 mm.
The higher percentage of large reactions in house-

holds with bacillary cases, as compared with the
other types of household, among those in the
age-group 25 years and over, is probably due to the
greater chances of repeat infections in the former
households. Thus repeat or superinfections may
play a role in sustaining larger reactions in persons
in the older age-groups, among whom the waning
of allergy is probably more marked. Another pos-
sible explanation is that, even among those aged
25 years and over, in households with bacillary cases
a larger proportion have recently been infected.
Some of the reactions measuring 10-14 mm may

not be due to infection with Mycobacterium tuber-
culosis. Excluding these, among persons with
reactions of 15 mm and more, the percentages of
those with reactions of 20 mm and more showed
similar differences. Also, the mean reaction size for
all ages was still significantly higher in households
with bacillary cases than in those without cases.
Therefore this exclusion did not affect the results
materially.
The percentage of large reactions of 20 mm or

more decreased significantly with age in house-
holds without cases. This decrease, and the consis-
tently higher proportion of large reactions in the
youngest age-group, are likely to be due to the
waning of tuberculin allergy in the older age-
groups.

In both types of household with cases the per-
centage of large reactions was lowest for the age-
group 15-24 years. When this percentage is compared
with the percentage, of reactions of 20 mm or more
in the age-group 0-14 years and with the percentage
reactions of 15 mm or more in both younger and
older age-groups, in households with bacillary

1 See the article on page 605 of this issue.

cases, the differences are statistically significant.
The reason for this smaller proportion of large
reactions in the age-group 15-24 years is not clear.

Oedematous, bullous or ulcerative reactions
were not more frequent among the bacillary cases
than among the X-ray cases or the infectedcontacts
of either.

Distribution of infection and disease in households
excluded from the main analysis

One household had three radiologically active
cases that were confirmed by culture. In this house-
hold 15 of the 17 persons were tested and read.
One of the three children in the age-group 0-4 years,
two of the three children in the age-group 5-14 years,
and all the remaining nine adults were tuberculin-
positive. On direct smear, one case was negative,
and the smears for the other two showed less than
three bacilli each. Two cases were males aged
30 and 34 years and the third, a female aged 18 years,
was the wife of one of the male cases.

In the household containing the bacillary case
with a BCG scar there were eight persons, six of
whom were tested and read. The bacillary case in
question-a girl of 12 years-showed less than three
bacilli on direct smear only. There was no child
below 10 years of age, and the two children in the
age-group 10-14 years were both infected. Three out
of four persons aged 15 years and over were infected.

In the ten households with X-ray cases that each
had one additional X-ray case (including one with
a BCG scar), one out of nine children in the age-
group 0-4 years, seven out of 27 in the age-group
0-14 years and 34 out of 46 in the age-group 15 years
and over were infected.

There were eight households each with one non-
bacillary X-ray case with a BCG scar (three females
and five males). Seven cases were tuberculin-
positive, but the eighth-a girl of 12 years of age-
showed a reaction of 0 mm only. Only two out
of 24 children in the age-group 0-14 years and 19 out
of 32 persons aged 15 years or over were infected.

DISCUSSION

Limitations of diagnostic procedures

Some limitations of the diagnostic procedures
used in surveys have been discussed earlier (Raj
Narain et al., 1962). Certain limitations relevant to
the present analysis should be kept in mind.
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FIG. 3
PREVALENCE OF INFECTION IN THE THREE CATEGORIES OF HOUSEHOLD, BY AGE

10 12 14 16 8 10 12 14 16 8 10 12 14 16
LEVEL OF INDURATION TAKEN AS EVIDENCE OF INFECTION (mm)

Households with bacillary cases.
Households with X-ray cases.
Households without cases.

Choice of level of induration as evidence of infec-
tion. Persons with reactions of 10 mm or more to
1 TU have been considered to be infected with
Myco. tuberculosis. Fig. 3 shows that the choice of
any level other than 10 mm, in the range 8-16 mm,
would not have materially altered the findings of
the study, as these are mainly based on a comparison
of infection among children aged 0-14 years in the
three categories of household. This only confirms
the earlier observation that it is difficult to choose
between levels in the range 9-14 mm as evidence of
infection (Raj Narain et al., 1963) and the observa-
tion by the Medical Research Council of Great
Britain (1963) that the incidence of new disease
during a 10-year follow-up was the same among
persons with initial indurations of 5-9 mm as among
those with initial indurations of 10-14 mm to 3 TU
of Old Tuberculin.

Bacteriological examinatiQn of a single specimen.
Since, in this survey, only one sample of sputum
was collected, some of bacillary cases may have been
missed. Examination of a second sample may

disclose some 20-30% additional bacillary cases in
the survey material (Raj Narain et al., 1962). Most
of the bacillary cases missed are likely to have been

classified as X-ray cases. If so, the households with
X-ray cases would probably have shown a still
smaller concentration of infection as compared
with the households with bacillary cases and the
difference between the households with X-ray cases
and those without cases might have become less
distinct.
The examination of more samples from each

person could have resulted in a clearer picture of the
degree of infectiousness of the bacillary cases since
it would have improved the differentiation of the
cases that were sputum-positive on direct smear
from those that were sputum-positive on culture
only, as was found by Hertzberg (1957) in a survey
where 3-6 sputum samples from each case were
examined. It is hoped that a better picture will
emerge from the Longitudinal Survey, conducted
by the NTI, in which a larger number of sputum
samples from each eligible person have been ex-
amined (the data are at present under analysis).

Significance of the X-ray status of bacillary cases.
Bacteriologically positive cases not showing any
radiologically active tuberculous lesions are quite
commonly reported in surveys. Of the 170 bacillary
cases in the Delhi zone of the National Sample
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Survey, 28 (18.5%) showed no radiological evidence
of active pulmonary tuberculosis (Sikand & Raj
Narain, 1958). In tropical Africa, of the 73 cases
found positive by direct-smear microscopy, 11
showed no radiological pathology (Roelsgaard et
al., 1964). In the present study, there were 13 such
cases, including one with a BCG scar. The pre-
valence of infection among the contacts of these cases
was no higher than that among those of the non-
bacillary X-ray cases. Further, none of the nine cases
for whom the relevant information was available had
symptoms, as compared with 79% of the 42 radio-
logically active bacillary cases. Six out of the 12
whose tuberculin test results are available were
tuberculin-positive as well as being culture-positive.
Of the six tuberculin-negatives, three were culture-
positive; the other three were smear-positive only,
showing fewer than 3 bacilli per smear (in one of
these, however, the culture was contaminated).

Five of these 13 bacillary cases were males and
8 females, as compared with 54 males and 23 females
in the entire group of bacillary cases.

In an attempt to explain these rather anomalous
findings, the 13 cases were re-examined in 1963.
During the interval of two years, two males (aged
56 and 60 years) had died. In 10 of the remaining
11 cases the X-ray photographs on both occasions
were read as either normal, non-tuberculous or
inactive by several readers in the NTI. The last case
(with a BCG scar) was considered by all the X-ray
readers to be possibly active in 1961 but inactive in
1963. Only three of these patients had received treat-
ment during the interval, and none of the three had
undergone any further X-ray or sputum examination.
The above findings pose the question: Are all the

X-ray-inactive bacillary cases commonly found in
surveys false positives bacteriologically? Some of
these cases possibly do represent errors in sputum
collection or labelling in the field or registration in
the laboratory. But it is unlikely that errors account
for all such cases, and, therefore, the possibility of
the existence of cases in a community who are
sputum-positive but X-ray-negative and who do not
show any progression of disease in the course of
time may have to be considered. Should such cases
exist, they would add a new dimension in diagnosis
and present the problem of their possible significance
to the community.

Some applications to case-finding
Value of contact examination. Over 80% of the

total number of infected persons, in any age-group,

occurred in households without cases. Moreover,
persons suffering from the disease were mostly
found singly in households. Thus infection and
disease were scattered throughout the community
and the value of contact examination, in the cir-
cumstances, may be very doubtful. The disease rate
among contacts was not greater than that in the
total population. This is in striking contrast to
the general impression obtained from the examina-
tion of contacts of patients diagnosed in clinics,
and may be due to the comparatively early diagnosis
of cases in a household survey. In this survey the
radiological disease rate among the contacts of
symptomatic bacillary cases was definitely higher
(6 %). The more-rewarding results of examination of
contacts of cases diagnosed in traditional clinics in
cities may be due to these contacts having been
exposed to infection from a more advanced case
and for a long period or, perhaps, to the greater
prevalence of disease in big cities. But by contact
examination, at the most, only two of the 77 bacillary
cases and 23 (6%) of the 357 X-ray cases would
have been diagnosed, leaving the bulk of the cases
in the community undetected. The position does
not change when contacts of only the symptomatic
cases are considered. Only 2% of the remaining
asymptomatic bacillary cases and 7% of the re-
maining asymptomatic X-ray cases in the community
would have been detected. In developing countries,
where direct-smear examination of sputum may be
the only diagnostic method available, contact
examination further loses its value and cannot be
recommended.
Andersen & Geser (1960) also had " a certain

scepticism" about the usefulness of contact exami-
nation in African communities. Boyd (1964), too,
considered it unlikely that the disease will occur
concomitantly among many members of the same
family.

Preliminary screening by a tuberculin test. Pre-
liminary screening of persons by a tuberculin test
is likely to reduce the number of X-ray examinations
for case-finding. Among those aged 10 years or
more, 51% are tuberculin reactors (at the 10-mm
level) and include 84% of the bacillary and 77% of
the X-ray cases (Fig. 4). Further, a fair proportion
of the tuberculin-negative cases "missed" by the
method may not be true cases of pulmonary tuber-
culosis. Instead of excluding tuberculin-negative
individuals from X-ray examination, households
with low infection rates could be excluded. If house-
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FIG. 4
DISTRIBUTION OF BACILLARY AND X-RAY CASES, AND OF POPULATION AGED TEN YEARS AND OVER,

BY SIZE OF TUBERCULIN REACTION (THREE-MILLIMETRE MOVING AVERAGES)
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holds with only one or two tuberculin-positive
persons in them had been excluded, only half of the
households need have been examined and these
would have included 88% of the bacillary and 75%
of the X-ray cases. However, the advantage of these
two methods may be more apparent than real in
rural areas, as all the villages have to be visited by
the X-ray unit. On the other hand, the exclusion
of a substantial proportion of the villages with very
few cases would offer a real advantage. Table 7
shows that 40-50% of the villages, covering about a

third of the population, can be excluded from X-ray
examination with a loss of only about 20% of the
bacillary or X-ray cases, by using any one of the
following three criteria:

(a) none infected in age-group 0-4 years;

(b) less than 5% infected in age-group 0-9 years;

(c) less than 10% infected in age-group 0-14 years.

A further advantage of this method is that a con-

siderable proportion of the villages that are par-
ticularly difficult of access by a mobile X-ray unit
would have been excluded (not tabulated). By the
above criteria the same proportion of direct-
smear positive cases is missed as of bacillary cases.

24 28
wilo 603 76

TABLE 7

NUMBER OF VILLAGES AND PERCENTAGE
OF POPULATION EXCLUDED, AND NUMBER
AND PERCENTAGE OF THE BACILLARY

AND X-RAY CASES MISSED BY THREE DIFFERENT
CRITERIA BASED ON INFECTION RATES

Criteria for exclusion of villages

None < 5 % < 10%
infected in infected in Infected in
age-group age-group age-group
0-4 years 0-9 years 0-14 years

Villages excluded:

Number 30 25 30

Percentage 48 40 48

Percentage of
population excluded 31 34 35

Bacillary cases missed:

Number 16 14 14

Percentage 21 18 18

X-ray cases missed:

Number 88 76 79

Percentage 24 21 22
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Infection among children
In households with bacillary cases, 41 % ofchildren

in the age-group 0-14 years were infected; Andersen
& Geser (1960) reported an infection rate of 24-
50% in households with direct-smear positive
bacillary cases in African communities. In our
study, only 12% of the children aged 0-4 years
were infected in households with bacillary cases.
Even in the household with three bacillary cases,
only one of three children aged 0-4 years was
infected, and this in spite of the fact that treatment
and preventive measures are conspicuous by their
absence. When the Pirquet test was first carried out
in India, Gupta & Datt (1927) observed in a very
congested, unhygienic household with an open case
of pulmonary tuberculosis, two babies, 11 and
3 months of age, and a child of over 2 years who
failed to react. In another, similar, household, only
one of the three children under 12 years old reacted;
the other two, aged 3 and 5 years, failed to react.

It is hard to imagine that under extremely adverse
circumstances, and in the absence of any preventive
or therapeutic measures whatsoever, such a large
proportion of children really escape infection.
Hertzberg (1957) thought that this was due to better
hygienic conditions. Some have considered tuber-
culosis as a " minimal infection " only. It is difficult
to accept such postulates when one thinks of some
" epidemics " where a single case of tuberculosis is
known to have infected a large number of persons
in a comparatively short time (see, for example,
Hyge, 1947).
A possible explanation of such a low intensity of

infection in a household with an infectious case
could be that there is resistance to infection. The
argument of better hygienic conditions used by
Hertzberg, even if true in Norway, does not hold
good in the homes in rural India. It is well known
that some children, even after repeated BCG
vaccination, do not become tuberculin-positive,
although, in such cases, the fact that they have been
" infected " is unquestionable. In this study, 14% of
sputum-positive cases were tuberculin-negative (Raj
Narain et al., 1963). It is felt that a large number of
children under the adverse conditions mentioned
above do inhale tubercle bacilli, but a primary
complex does not develop, or even if it does develop,
the children remain tuberculin-negative. Heaf (1957)
stated that some of the children do get infected, but
do not develop evidence of infection.
That resistance to disease is governed by factors

such as age, sex, race, heredity, and socio-economic
conditions is well known. Different degrees of resis-
tance and susceptibility to infection may explain
why, under conditions of heavy exposure, only some
individuals develop evidence of infection. More
children in households with bacillary cases, es-
pecially in countries like India, where infection has
been unhindered for centuries, may have such
resistance to infection. It may be possible to test
this hypothesis from the results of the Longitudinal
Survey. If the results show that the incidence of
new infection in households with cases is not higher
than that in households without cases, in spite of
the higher risk involved in the former type of house-
hold, the hypothesis will be proved true.
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RItSUMt

Dans le but d'6tudier l'infection et la maladie tuber-
culeuses parmi l'entourage des malades, les auteurs ont
analys6 les r6sultats d'une enquete sur la pr6valence de
la tuberculose faite en 1960-1961 dans 62 villages choisis
au hasard et 4 quartiers urbains du district de Tumkur,
dans l'Etat de Mysore, Inde. Chaque habitant a subi une

r6action a la tuberculine et ceux qui 6taient Ag6s de plus
de 10 ans un examen radiologique. Les personnes pr6-
sentant une image radiologique anormale ou physique-
ment incapables de se rendre i cet examen ont fait l'objet
d'un examen bact6riologique d'expectoration, direct et
par culture. La population a 6t6 divis6e en 3 categories:
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1) entourage de cas bacteriologiques, c.-a-d. les habitants
de maisons h6bergeant un ou plusieurs cas excretant des
bacilles; 2) entourage de cas radiologiques, c.-a-d. les
habitants de maisons h6bergeant au moms un cas pr6-
sentant des signes radiologiques, mais sans cas bacte-
riologique; 3) habitants d'une maison sans cas bacterio-
logique ni radiologique.

Le sexe a peu influenc6 la prevalence, en particulier
chez les enfants. L'infection a e e'tudi&e dans les groupes
d'age 0-4, 5-9 et 10-14 ans; en raison du petit nombre
d'enfants de chacun de ces groupes dans les familles
comptant un cas bact6riologique, le groupe 0-14 ans a 6te
utilis6 pour une partie de l'analyse.

Les familles h6bergeant des cas bact6riologiques ont
pr6sent6 le taux le plus 61ev6 (63%) d'infection; le plus
faible (37%) a ete observ6 dans les familles indemnes.
Mais ces dernieres representant 93 % de l'ensemble, 80%
des enfants infectes de 0 a 4 ans et presque 90% des enfants
infect6s de 0 a 14 ans appartenaient a des familles ne
comptant a l'origine aucun cas de tuberculose. Dans l'en-
tourage de malades bacillaires, 2 contacts sur 325 expec-
toraient des bacilles et 4% d'entre eux ont presente une
tuberculose evolutive a la radiographie. Les taux d'infec-
tion n'ont 6te que de 12% de 0 a4 ans et de 41% de 0 a
14 ans. Dans certaines familles de cette categorie, le taux
plus 6leve d'infection etait lie a l'etat radiologique des
lesions, a l'existence de toux, a l'age et au sexe. Si l'on en
juge par le nombre de contacts qu'ils ont contamin6s, les

sujets chez lesquels des bacilles ont ete trouv6s A l'examen
direct de l'expectoration ne semblent pas plus contagieux
que ceux chez qui des bacilles n'ont ete trouves qu'en
culture. Environ 1% de l'entourage de cas radiologiques
ont pr6sent6 des signes radiologiques de tuberculose
evolutive; 4% des enfants de 0-4 ans et 19% des enfants
de 0-14 ans ont et6 trouv6s infectes, ces pourcentages etant
plus eleves que ceux trouves dans les familles indemnes
de tuberculose. La proportion des personnes infectees
dans les familles ne comptant A l'origine aucun cas de
tuberculose n'a ete que de 2% et 12% respectivement
dans les groups d'age 0-4 et 0-14 ans.

Les dimensions moyennes des r6actions tuberculiniques
ont ete plus grandes, de faqon significative, chez les sujets
de 25 ans et plus appartenant A l'entourage des malades
excretant des bacilles tuberculeux que chez les membres
de familles indemnes. Le pourcentage de fortes reactions
(15-20 mm et plus) a e plus elev6 dans l'entourage des
cas bacteriologiques et, pour toutes les categories, dans
le groupe d'age 0-14 ans.

Les auteurs proposent une explication de la resistance
a l'infection- apparente ou reelle- chez les jeunes
enfants vivant avec des cas non traites excretant des bacil-
les tuberculeux, dans un milieu pauvre, surpeuple, en
l'absence de mesures preventives. L'analyse des resultats
de differents examens montre que les villages presentant
un taux minime d'infection tuberculeuse chez les enfants
pouvaient etre 6limines des programmes de d6pistage dans
les pays en voie de developpement.
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