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To study the eflicacy of a domiciliary drug-therapy programme in the control of
tuberculosis in a rural community, an inyestigation was set up in 1958 under the auspices
of the Indian Council of Medical Research in 12 towns with populations ranging from 6000
to 25000, all within 160 km of Madanapalle (Andhra Pradesh), 'The prevalences of bacillary
and radiological caszes of pulmonary tuberculosis in adults (aged 15 yr or more) were
estimated in each town by carrying out a base-line random sample survey in 1959; also,
the prevalences of tuberculous infection in all school children aged 5 to 9yr were estimated.
These three indices of prevalence were used to rank the 12 towns and then randomly allocate
them into two comparable groups of 6 towns each, designated as “treatment’ and ‘control’
towns. In treatment towns, intensive case finding was undertaken by means of 2 X-ray
surveys (survey I during 1960-61 and survey Il during 1962-64) covering all adults, sputum
examinations by microscopy and culture when indicated, and perigdic follow up of all
‘suspect’ cases with X-ray and sputum examinations, All bacillary cases were offered domi-
ciliary treatment for one year with isoniazid and PAS in the 3 treatment towns (selected at
random) and with isoniazid alone in the other 3 towns. Of 148 2cases cligible for treat- at
ment in the 6 treatment towns, 15 per cent refused treatment and 29 per cent discontinued
chemotherapy prematurely. In the control towns, no special facilities for diagnosis or
treatment were infroduced, and patients were left to the reutine treatment facilities
available locally, A tuberculosis prevalence survey (survey ILI) covering all adults was
carried out in all 12 towns during 1965-68, and this was followed by a random (tuberculin
sample survey during 1966-69.

The overall results of treatment at the end of one year were: (i) among cases initiaily
positive by microscopy, 10 per cent died, 33 per cent remained sputum-positive and 57 per
cent became sputum-negative in INH-PAS towns, the corresponding percentages for
INH towns being 15, 48 and 37 per cent respectively; (ii) among cases initially positive
by culture only, 6 per cent died, 26 per cent remained sputum-positive and 68 per cent
became sputum negative in INH-PAS towns, the corresponding percentages for the INH
towns being 7, 38 and 55 per cent respectively.

All the bacillary cases (freated or unfreated) were followed up and their status
at the end of 5 yr was 40.4 per cent dead, 18.2 per cent sputum-positive and 41.4 per
cent spufum-negafive. Spntum status at one year had considerable prognostic value. Of
532 sputum-negative cases at one year, 18 per cent were dead, 16 per cent  sputum-posifive
and 66 per cent sputum-negative 5 yr afterwards, whereas the corresponding percentages
for the 379 sputum-positive cases at one year were 56, 20 and 24 respectively.
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‘There was an interval of about 23 yr between survey I and survey I and about
4 yr between survey I and survey TIE in the 6 (reatment towns. The prevalence of
Dacillary cases in these surveys was age-standardised, considering separately cases found
by microscopy and cases found by culture only, The mean prevalence of vases positive
by microscopy in the 6 treatment towns was 6.81 per thousand in survey I and it decreased
significantly (2 < 0,01) to 5.01 in survey II and 4.83 in survey III. Change of culture
technique during the course of the investigation complicated the interpretation of preva-
lences of culture-positive cases.

Between the 1959 base-line survey and the resurvey in 1965-68, the prevalence of
smear-positive tuberculosis decreased from 5.92 per thousand adults to 4.78 in the 6 treat-
ment towns, and similarly from 5.72 to 4.21 in the 6 control towns. The prevalence of
‘culture only-positive” cases was 3.85 and 2.44 per thousand adults in the treatment and
control towns respectively at the base-line survey and (with the more sesnsitive culture
technique) 4.92 and 4.82 per thousand adults at the resurvey in 1965-68, Lastly, the
tuberculin survey in 1966-69 did not reveal any' significant differences between the treat-
ment and the control towns.

The inability of the domiciliary freatment programme fo make an impact on the
prevalenae of tuberculosis in the rural community around Madanapalie is a finding that
has considerable significance in the context of the tuberculosis control programme in

India; the reasons for the failure aud its implications are discussed.

Before the discovery of modern anti-
biotics effective in tuberculosis, the tradi-
tional metheds of combating tuberculosis
were considered to be isolation of the
infectious cases in hospitals, sanatoria
or special colonies (for persons with
chronic disease) and the use of BCG
vaccination, These methods were used
quite extensively before World War II in
Western countries but were not applied
on any significant scale in the developing
countries, including India. While it was
possible in the countries in the West to
provide a sufficient number of hospital
beds to admit the majority of the in-
fectious cases, it was quite impossible to
adopt such a procedure in a country of
the size of India. Although the number
of beds reserved for tuberculous patients
has increased in the post-war period from
30,000 to 43,000, it is very small consi-
dering the size of the country and the
bacillary cases running into millions.

In 1948, BCG vaceination was introduced
by the Government of India with the
assistance of the World Health Organi-
zation (WHO). After a preliminary pilot
study conducted by the Union Mission
Tuberculosis Sanatorium at Madanapalle
(Andhra Pradesh),which showed that BCG
vaccination in I[ndian children did not
cause any serious or harmful local re-
actions®®, BCG vaccination was intro-
duced on a country-wide scale in 1949
by the Central Government assisted by
the International Tuberculosis Campaign,
WHO and UNICEF. In the course of
a few years, BCG vaccination teams were
operating in all the states in India.

At Madanapalle, the initial pilot study
of the immediate effect of BCG vacci-
nation led to the setting up of a Field
Research Station under the Government
of India, Health Ministry, and the WHO
Tuberculosis Research Office with a view
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to study the epidemiology of tuberculosis,
particularly trends or changes in the
prevalence and incidence of tuberculosis
il modern control methods were applied.

Reports on the results obtained during
the first five years were published in 1960°
and studies on the protective effect of
BCG vaccination in the Madanapalle
Study Population were reported between
[960-1973 34678,

Modern anti-tuberculosis drugs were
introduced in India in 1946 when strepto-
mycin became available. Para-amino-
salicylic acid (PAS) followed in 1949 and
isoniazid in 1952. It became soon evident
that these three drugs represented very
potent chemotherapeutic agents which
could produce marked improvement in
pulmonary tuberculosis patients by re-
ducing and eliminating the bacilli from the
expectorate. Whereas streptomycin and
PAS were quite expensive and might
cause certain complications, isoniazid was
capable of rendering a high perecentage
of tuberculouns patients sputum-negative
even when given alone. The break-
through in the widespread use of isoniazid
came when the Tuberculosis Chemo-
therapy Centre (of the Indian Council
of Medical Research) at Madras, showed
that isoniazid in combination with PAS
was able to render about 90 per cent
of bacillary cases of tuberculosis sputum-
negative, even if the patients continued to
live under ordinary, simple home condi-
tions (Tubergulosis Chemotherapy Centre,
Madras, 1959)°. The demonstration of
the fact that chemotherapy under home
conditions was as effeetive as chemo-
therapy in hospital led very soon to the
idea that chemotherapy, particularly with
isoniazid, if used on a mass scale, could

be a powerful factor in the control of
tuberculosis. However, the Madras in-
vestigation which had compared home
with institutional treatment was condacted
under very special conditions for the
purpose of ensuring reliable research
results. Could these highly encouraging
results also be acclaimed under ordinary
working conditions ? If they could, a
very valuable tool in the control of tuber-
culosis would have been found.

There was, therefore, a need to try under
normal working conditions, how far it
would be possible to use home treat-
ment to influence or make an impact
upon the tuberculosis problem by re-
ducing the prevalence and possibly also
the incidence in a particular community.
The matter was discussed with experts in
the Government and the WHO. it was
agreed that such an investigation should
be carried out as closely as possible to
that which could be expected by a Govern-
ment clinic. It was stressed that the
financial outlay should not exceed what
would be considered reasonable for such
a clinic. The use of streptomycin was
ruled out as it would involve placing a
nurse in the various localities and pro-
viding for regular supervision by medical
officers who would have to be rasponsible
for such treatment. Further, PAS which
at that time was considered the common
companion drug to isoniazid was frowned
at because of its cost and reputation of
causing unpleasant side effects. There
was general agreement that isoniazid was
the drug of choice, particularly in doses
large enough to be effective but not so
large that they would cause toxic com-
plications. As some experts insisted upon
a two drug regimen and others on one
drug (isoniazid alone), it was decided to
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examine both possibilities under similar
conditions. So the two regimens finally
decided upon were isoniazid alone and
isoniazid plus PAS.

Althougb the aim was to carry out
the investigation as if it had been done by
a Government clinic, it was unavoidable
that certain deviations would arise. For
instance, in order to detect alinost all
bacillary cases in a community, surveys
by mobile X-ray units were to he employed
and the investigation had at its disposal
the well established bacteriological labo-
ratory atthe UM.T. Sanatorium with
access to culture work and drug sensitivity
tests. It was also recogunised that situa-
tions would arise where the Research
Unit would soon know which cases
yielded cultures that were resistant to
isoniazid or other drugs, but as such
imformation would not be available to
other centres with no access to culture
work, the Research Unpit should not
change for that reason, the type of re-
gimen.

It was then decided by the Government
of India as well as the WHO to let the
investigation be carried out by the Madan-
apalle Field Research Unit, a part of the
Union Mission Tuberculosis Sanatorium
(UMTS), Arogyavaram A special Pro-
ject Committee®™ was set up to decide

*Members of the Project Committee of the
Tuberculosis  Research Project, Madanapalle,
February 1959: Dr C.G. Pandit, Director, I[CMR ;
Dr P. V. Benjamin, Adviser-in-Tuberculosis,
Directorate General of Health Services, Govern-
ment of India; Dr E. J. T. McWeeney, Repre-
senlative of WHO; Dr Halfdan Mahler, WHO;
Dr K. S. Sanjivi, Madras; Dr K. T. Jesudian,
Medical Superintendent, U.-M.T.  Saniatorium
Arogyavaram; Sri K, K. Mathen, Asst. Professor

upon a protocol for the investigation and
to supervise and advise the Unit during
the conduct of the investigation.

Aim and design of the study

The immediate aim was to see it it
was possible to organize home treatment
so that the results would be comparable
or nearly comparable to those obtained
at the Tuberculosis Chemotherapy Centre,
Madras, so that a high percentage of the
patients treated would obtain sputum
conversion within 12 months. The dis-
tant aim was to see if it would be possible
through home treatment with simple
drug regimens to reduce the prevalence
of tuberculosis significantly. In other
words, the aim was to compare two
palicies, namely intervention or non-
intervention in the eontrol of tuberculosis
in a community. This required therefore
the setting up of a programme where the
prevalence in two comparable communi-
ties could he compared before and after
a period of implementation of free do-
miciliary drug therapy programme in
the one but not in the other community.
The study was designed as follows

Twelve towns ranging in population
from 6,000 to 25.000 and all lying within
reach of Madanapalle i.e. within a dis-
tance of 160 km were chosen. To start
with, a base-line sample survey was
carried out in 1959 covering samples of
20-25 per cent of the adult population
(children below 15 yr being excluded).
After a complete census in the selected

of Statistics, All India Institute of Hygicne and
Public Health, Calcutta, the Director of Medical
Services, Andhra Pradesh; and Dr J, Frimodt-
Moller, Director, Tuberculosis Research Project,
Madanapalle-



FriMopT-MOLLER ot af 5

samples, X-ray examination by means of

mobile X-ray units was carried out and
followed by bacteriological examination
of the cases which had radiological signs
of lung pathology. In order to obtain
an unbiased estimate of the prevalence
of X-ray positive cases of tuherculosis,
all the 70 mm X-ray f(ilms from the sample
survey in the 12 towns were read by an
independent assessor. In addition to
X-ray survey, another survey based upon
tuberculin testing by Mantoux’s tests was
carried out among children in the two
lowest grades of all the schools, ie. in
the age groups 3-9 yr.

The results of the base-line survey
were expressed in the form of the three
prevalence indices : (1) number of cases
of bacillary tuberculosis per 1000 popu-
lation; (i1} number of cases of radiologi-
cally active or probably active tuber-
culosis per 1000 population; and (iii)
reactors to tuberculin among the small
school children (expressed in per cent).
These results were passed on to a senior
statistician who ranked the 12 towns
according to the degree of prevalence of
tuberculosis and then divided them by
random allocation into two comparable
groups of 6 towns each. One group.
became the ‘treatment’ group and the
other the non-treatment ‘control’ group.
The former group was further subdivided
randomly into two groups of three towns
each, in one of which the treatment was
to consist of isoniazid and PAS, and in
the other of isoniazid alone.

The X-ray surycy was thercupon re-
sumed in the 6 ‘treatment’ towns and all
the residnal populations which had not
been examined by X-ray previously were
now examined so that a full survey would

All cases who showed
presence of bacilli in the sputum either
by microscopy and culture or only by
culture were offered free treatment for
12 months by fortnightly drug issues.

be carricd out.

When the first full survey had been
completed, another full survey was again
carried out in the 6 ‘lreatment’ towns,
and new patients detected and anyone
who had presented with symptoms during
the interval between surveys were given
the same type of treatment already used
in the towns, where the patients lived.
Lastly, after completing survey [I, a third
and final survey was carried out in the
6 ‘treatment’ towns and this time the
6 ‘control’ towns were also included in
the survey which constituted in their case,
the first full resurvey, the previous one
being the base-line sample survey of
1959,

While the last survey was being done,
a tuberculin survey was carried out
(1966-69) in random sample blocks in
each of the 12 towns,

The outcome of the study i.e. its final
results, was based upon comparisons of
the mean prevalences of tuberculosis of
the various groups representing such
items as treatment versus non-treatment,
2-drug versus one drug towns, males-
females-both sexes, initial sputum findings
(microscopy versus culture only), bacil-
lary drug sensitivity to isoniazid, follow-
up results efc.

It may be noted that, according to the
design of the study, the sampling units
were not patients within towns, but the
towns themselves. It follows that com-
parisons between trcatment and control
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groups must be based on the means of
the prevalences in individual towns. In
view of the smallness of the degrees of
freedom for these comparisons, the
differences between the treatment and
control groups would have to be sub-
stantial for being labelled as statistically
significant. Details on methods of statis-
tical analysis used have been given in the
accompanying paper by Dr S. Radha-
krishna.

Selection of towns : A number of
small towns between 6,000 and 25,000
in popnlation and situated in Chittoor,
Cuddapah and Anantapur districts of
Andhra Pradesh, and in Kolar District

Domiciliary tuberculosis chemotherapy in rural south India

Tuberculosis  Research Cenire, were
selected for the trial (Fig. 1). The total
population was about 120,000-140,000.

In selecting the towns the principle
was that they should be neither too small
nor too large, not too heterogenous
with regard to the type of population nor
the population too fluctuating. There-
fore, large district headquarter towns
or towns with railway junctions with
stafl given to frequent transfers, or towns
with temples attracting large crowds of
pilgrims several times a year, were
excluded. Further, the towns were not
so far away that they could not be handled
from Madanapalle as the centre of

of Mysore State, all within a distance operations. It was unavoidable that
of 160 km or so of the Madanapalle many roads leading to these towns
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Fig. 1 — Map showing the 12 towns selected for the study.
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were of the second or third degree, so the
staff had to travel through rivers, thinly
populated areas or jungles. During the
monsoon season when the rivers were
often impassable, detours of many miles
had to be done.

List of towns showing distance from
Madanapalle :

Population  Distance,

km
Andhra Pradesh
Rayachoti 10,700 68
Rajampet 9,300 145
Kalahasti 18,000 145
Puttur 8,000 169
Nagari 6,600 163
Tiruttani* 10,000 182
Kadiri 20,300 80
Punganur 11,300 18
Palmaner 6,900 56
Karnataka state :
Chintamani 14,400 64
Srinivasapur 6,600 58
Mulbagal 9,000 80

*Later transferred to Tamil Nadu

Time schedule : The calendar periods
in which the different surveys were carried
out in the ‘Treatment’ and ‘Control’
towns are given in Table 1.

Bacteriological examinations : These
examinations were done after the X-ray
examinations in the Surveys and they
were confined to persons selected on the
basis of lesions seen on X-ray films. They
consisted of (i) two smears for micro-
scopy, (ii) two laryngeal swab cultures
(from 1959 till 1964 and then abandoned),
and (iii) a sputum culture from a specimen
colleeted overnight or on the spot when
taking laryngeal swab cultures or by
pooling the specimens if obtained both
ways.

Bacteriological methods

Isolation of tubercle bacilli from ex-
pectorates : The standard method nsed
in the UMTS Laboratory for purposes of
homogenisation and decontamination
when culturing sputa for tubercle bacilli
was for many years 6 per cent sulphuric
acid. Equal amounts of expectorates
and sulpburic acid were mixed and kept
in the incubator for 20 min, then cen-

TABLE I — (a) CALENDAR PERIODS OF THE THREE CONSECUTIVE SURVEYS IN THE 6 “TREATMENT TOWNS’

Towns Survey I*
Kadiri 1960, March — Aug.
Rajampet 1960, March — July
Chintamnani 1960, July — 61 Jan.
Tiruttani 1960, Aug. — Dec.
Palmaner 1960, Nov. — 61 March
Kalahasti 1961, Apr. — Dec.
*Note :—

covered by the 1959 Sample Survey.

Survey I Survey IIT
1962, Jan. — July
1962, Jan. — Nov.
1962, Dec. — '63 Sep.
1963, Jan. — July
1963, Sep. — 64 Jan.
1963, Sep. — ’64 Oct.

1965, Sept. —’66 Apr.
1966, July —’67 Jan.
1966, Decc. — 67 Nov.
1967, July — ’68 Feb.
1967, Dec. —'68 May
1968, Apr. —'69 Jan.

‘Survey I’ relates to the survey of the remaining portion (75-80%) of the towns not
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(b) MEAN INTERVALS INMONTHS BETWEEN SURVEYS

Intervals in months

Towns Survey 1- Survey II- Survey -I
Survey II Survey III Survey IIT
Kadiri 22.5 44.5 67.0
Rajampet 27N 49.5 77.0
Chintamani 30.5 49.0 79.5
Tiruttani 30.0 54.5 84.5
Palmaner 34.0 51.5 85.5
Kalahasti 31.5 53.0 84,5
Means 29.3 50.3 79.7

(c) CALENDAR PERIODS OF ‘SURVEY IIT” OF THE 6
‘CoNTROL’ TOWNS

Towns Survey 1L

Rayachoti 1965, May — August
Srinjvaspur 1966, March — July
Mulbagal 1966, August — December
Nagari 1967, March — June

Puttur 1967, November — ‘68 March
Punganur 1968, May — Qctober.

trifuged, decanted and the sediment ne-
utralised with a drop of sodium hydroxide.
The sediment was then inoculated into
two tubes of Lowenstein-Jensen medium.

As it had been observed for some time
that a number of specimnens positive by
microscopy had failed to grow by culture,
it was suspected that the sulphuric acid
concentration was too strong and might
kill the bacilli. It was then decided in 1964
to change over from 6 per cent sulphuric
acid to 4 per cent sodium hydroxide;
after centrifugation the sediment was
now neutralised with a drop of nitric
acid. Tt was soon found that the changa
meant a great improvement in the culture
technique. The smear positive specimens
rarely failed to grow by culture and the
number of positive cultures from speci-

mens negative by smear showed a much
higher number of positive cultures than
before. To get a numerical expression
of the advantage obtained by the new
method, a special study was made in
1966.

Over a period of several months, all
routine specimens obtained in the field
were divided into two equal aliquots of
which one set was trcated with sulphuric
acid and the other with sodium hydroxide.
The culture bottles were given code num-
bers so that neither the technician nor the
bacteriologist who read the culture bottles
would know which method had been used.
The results obtained are shown in Table
II. The sulphuric acid method produced
66 and the sodium hydroxide method
139 positive cultures whereas only 48
of the same specimens were positive by
microscopy. Of the 48 specimens, 33
or 69 per cent only were positive by
culture when using sulphuric acid, where-
as all 48 specimens were positive when
NaOH was used. Evideatly 15 of 48
specimens positive by smear and treated
with sulphuric acid had failed to grow.
The difference in yicld is equally striking
when noting that among the specimens
negative by microscopy, only 33 cultures
were obtained when using H,SO, against
91 obtained when NaOH had been used.
Ofthe 91, 33 were positive by both methods
and 58 positive by NaCH but negative
by H,50,. Table II (b) comparcs the
results by culturc with the number of
bacilli noted in the specimens which
were positive by microscopy. When the
smears showed +---- or -, the
number of positive cultures were nearly
the same. Of 34 specimens showing
1-}]- bacilli by microscopy, only 20 gave
growth with sulphuric acid against growth
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TapLt II — EFFICACY OF MICROSCOPY, CULTURES
BY H,SO, AnD CULTURES BY NAOH IN DEMONST-
RATING TB IN 650 SPUTUM SPECIMENS

(@)
Micro- Culture Specimens
scopy No.
(H-50) {(NaOH)
+ ot -+ 33
S =5 2 0
<L — 4= 15
=+ = = 0
e BN + 33
— sl — 0
o — -+ 58
-8 L e 511
650
=l 48
=+ 66
+ 139
L)
Positive by culture
Result of
microseopy H.SO, NaOH Gain by
B No. No. No. NaOH
No.
it 3 3 3 —
++ 11 10 11 1
+ 34 20 34 14
— 33 91 58
Total 48 66 139 73
positives

in all 34 cases treated with NaOH. The
advantage obtained by switching over to
sodium hydroxide from sulphuric acid
was even more striking when it was
noted that over and above the 48 spcci-
mens posilive by microscopy, the sodiwn
hydroxide method produced 91 positive

cultures against only 33 by the sulphuric
acid method*.

Drug sensitivity tests : The minimal
inhibitory drug concentration (MIC) was
defined as the lowest concentration of the
drug which inhibited growth of 20 or more
colonies. Drug resistance was defined
either by the MIC itself or by the ratio
of the MIC of the test strain to the MIC
of the standard laboratory strain ‘H37
Rv’; this ratio is called the -‘resistance
ratio’. In the case of isoniazid, ‘resistant’
strains were defined as strains with an
MIC of 5 meg isoniazid per ml or more;
‘doubtfully resistant’, if the MIC was I
mcg per ml, ‘streptomycin resistance’ was
defined as strains with a resistance ratio
(RR) of 8 or more, and ‘doubtfully resis-
tant’, if the RR was 4. ‘PAS resistance’
was defined as strains showing an RR
of 8 or more; ‘doubtfully resistant’ if
it showed an RR of 4.

All cultures of M. tuberculosis were
tested, as a matter of routine for drug
sensitivity to isoniazid, streptomycin and
PAS. However, in the present report,
only the isoniazid results have been in-
cluded.

Doubtfully resistant strains : For the
purpose of the present analysis all cultures
classified as ‘doubtfully resistant to iso-
niazid’ have been counted as ‘resistant to
isoniazid’.

*The present investigation began in 1959 and
concluded in 1968. The improvement in culture
techmique took place early in 1964« The Sample
Survey and Survey I were done with the old culture
technique. The change took place in the midst
of Survey II while Survey IIT was done wholly
with the new method. This has an important
bearing upon the estimates of the prevalence and
inicdence of tuberculosis at different points in
time during the investigation.
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The implications of this decision can
be gathered from the following observa-
tions :—(i{) Analysing the results of all
routine sensitivity tests carried out in the
Research Laboratory in the months of
March 1965, 1966 and 1967, it was found
that of 55] cultures examined 61.3 per
cent were INH-sensitive, 31.8 per cent
INH-resistant and 6.9 per cent ‘doubtfully
resistant to INH’. By adding the doubt-
fully resistant strains to the resistant,
the latter was increased from 31.8 per cent
to 38.8 per cent, i.e. an increase of 18.9
per cent, in other words, of the strains
now classified as INH-resistant, about
one-fifth would be ‘doubtfully resistant
to INH’ and four-fifths INH-resistant;
(ii) As for the consistency of demons-
trating strains ‘doubtfully resistant to
INH’, an analysis of repeat INH sensiti-
vity tests on cultures noted as ‘doubtfully
resistant to INH’ carried out between
March 1, 1965 and February 28, 1966
showed that of 107 repeat tests, 14 cultures
were classified as INH-sensitive, 75 as
‘doubtfully resistant’ to INH and 18 as
INH-resistant’. The original classification
was therefore confirmed in 70.1 per cent
while 16.8 per cent were found to be
resistant and only 13.1 per cent of the
strains were classified as INH-sensitive.

The merging of strains ‘doubtfully
resistant to INH’ with INH-resistant
strains appears justified as the chance of
strains classified as resistant beingreally
sensitive i of the order of 2to 3 per cent
only.

The preliminary base-line sample
survey, 1959

The main purpose of this survey was
to assess the initial size of the tuberculosis

problem. It was also intended to provide
criteria for allocating the towns to the
three treatment groups outlined in the
protocol viz. (i) towns in which the only
drug issued would be isoniazid, (i) towns
in. which isoniazid as well as PAS would
be given; and (iii) towns where no treat-
ment would be given. On the advice of
Dr K. K. Mathen, Professor of Statistics
and member of the Project Committee,
it was decided that the sampling fraction
should be 20 pre cent except for towns
with populations of less than 8,000 where
it should be 25 per cent.

The method followed in drawing the
samples was as follows :—

A team consisting of a doctor and
4-5 clerks visited the towns and made a
study of the outlay of the towns and noted
the number of households in each block,
or definable cluster of houses, by pre-
paring sketches of the dillerent parts of
the town. These sketches were then
fitted together at headquarters by a
draughtsman as pieces in a jig-saw puzzle
to form a large map of the town. The
map was then reproduced as a blue print
measuring about 60 x 80 cm. In the
case of Kalahasti, the largest town, 3
maps had to be made to cover the whole
town. Although the maps were by no
means made to scale, estimates of the
distances were arrived at by letting a
jeep run up and down the main street
a couple of times to measure the diameter
of the town. Thereafter, the blocks of
the map were encircled with red corres-
ponding to not less than 20 and not
more than 40 households per block. In
some cases the blocks were so crowded
with families that they had to form a
special stratum containing over 40 house-
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holds per block. The blocks were num-
bered in serial order and samples of either
20 or 25 per cent, were drawn by consult-
ing a table of random numbers. There-
after, a complete census was taken of the
persons living in each of the sample
blocks selected. When the census was
over, the mobile X-ray unit visited the
town, halting in different places according
to the convenience of the staff and the
local population. The different localities
were visited until about 90 per cent of the
eligible residents had been X-rayed. The
Rescarch Unit had at its disposal two
mobile X-ray units. As there was some
difference in the quality of the X-ray
films, the two X-ray units were inter-
changed so that each town was served
equally by the two units.

All persons aged 15 yr aud more were
eligible for X-ray examination. Children
below 15 were therefore excluded. The
skiagrams were read independently by
two doctors who were experienced in X-
ray interpretation. All cases showing
radiological evidence of pulmonary patho-
logy according to either one or both
readers were then visited by a team from
the Laboratory. Sputum was collected
for microscopy and culture and two laryn-
geal swab cultures were made on the
spot. The sputum and the cultures were
kept in portable refrigerators from the
time of collection till they had been
brought back to the Laboratory at the
UMT Sanatorium. Smears for direct
microscopy were prepared and examined
either in the field or at headquarters.

The sample survey began in Kadiri
in May 1959 and was followed by surveys
at Rayachoti and Rajampet in Cuddapah
district, Srinivasapur and Mulbagal in
Kolar District and from October 1959

by surveys in Tiruttani, Nagari, Puttur
and Kalahastiin Chittoor District. Finally,
Palmaner and Punganur were examined
in December so that the sample survey
was completed by the end of 1959. The
bacteriological examinations continued,
however, during the first two months of
1960.

The number of blocks in the two
strata is shown in Table III. Stratum I
contains 20-40 households and Stratum II
contains more thau 40 households. In
8 towns, the sampling fraction was 20
per cent and in 4 towns with populations
of 8,000 and less, it was 25 per cent.
Table IV shows the number of households
counted at the time of drawing the maps
of the towns. It also shows the resulting
sampling fraction varied from 17.7
to 21.6 in the group where it was
inteuded to be 20 per cent and from
24.1 to 259 in the group of small
towns where it was 25 per cent. The
last column indicates the number of
persons living in the sample blocks as
found by the survey teamg when they
carried out the census of the sample blocks.
The estimates of population living in all
the blocks are shown in Table V, along
with the official census populations in the
12 towns as found in the Census of India
1951 Report. From the Census of India
Reports for 1951 and 1961, the annual
growth rate has been estimated and from
this again the populations in 1959. Com-
paring these estimates there was a fairly
close agreement in most of the towns
except in Kadiri and Rayachoti where the
populations of the Sample Survey were
60.6 and 69.3 per cent only. The discre-
pancies are due to our teams not covering
the whole official municipality area when
carrying out the sample survey.
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TaBLE III — 1959 SAMPLE SURVEY. NUMBER OF Brocks N STRATUM I (20-40 HOUSEHOLDS) AND
StrRaTUM II (MORE THAN 40 IOUSEHOLDS)

Stratum I blocks Stratum II blocks Total blocks

Towns Total Sample Total Sample Total Sampling

fraction

(%
Kadiri 81 16 14 3 95 20
Rayachoti 90 18 6 | 96 20
Rajampet 81 17 11 2 92 21
Chintamani 100 20 7 2 113 19
*Srinivasapur 41 11 3 1 44 27
Mulbagal 74 16 3 1 7T 22
Tiruttani 53 15 6 I 59 27
*Nagari 40 10 6 2 46 26
*Puttur 41 13 9 2 50 30
Kalahasti 155 31 17 4 172 20
*Palmaner 44 11 11 3 55 25
Punganur 57 11 19 4 76 20

*Sample fractions 259, the remainders 209

TABLE IV — 1959 SAMPLE SURVEY. SAMPLING FRACTION AND NO. OF PERSONS LIVING IN THE SAMPLE

Brocks
Households in Sampling fraction Persons living in
sample blocks
Towns All Sample (%) No.
blocks blocks ’
no. no.
Kadiri 3714 658 17.7 2519
Rayachoti 2863 572 20.0 2116
Rajampet 2699 518 19.2 2158
Chintamani 3283 654 19.9 3436
Srinivasapur 1236 307 248 1695
Mulbagal 2064 25 20.6 2478
Tiruttani 2022 436 21.6 1730
Nagari 1457 366 25, 1726
Puttur 1711 422 24.1 2137
Kalahasti 5116 1053 20.6 4615
Palmaner 1828 473 25.9 2075

Punganur 2523 478 18.9 2211
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TABLE V — COMPARISON OF TowN POPULATIONS ACCORDING TO CENSUS OF INDIA AND THE 1959 SAMPLE

SURVEY
Towns Census 1951 Annual growth Estimated 1959 survey
rate (%) population All blocks
1959 No. %
@ ® © @ ©
Kadiri 20,354 1.79 23,458 14,218 61
Rayachoti 10,655 461 15,281 10,591 69
Rajampet 9,281 2.29 11,124 11,222 101
Chintamani 14,411 3.15 18,469 17,248 93
Sirnivasapur 5,978 1.31 6,634 6,824 103
Mulbagal 9,025 2.87 11,318 12,034 106
Tiruttani 9,925 0.39 10,239 8,023 78
Nagari 6,567 2.01 7,700 6,871 89
Puttur 7,989 2.35 9,620 8,664 90
Kalahasti 17,921 3.97 24,470 22,422 92
Palmaner 6,884 3.66 9,178 8,019 87
Punganur 11,284 2.04 13,263 11,646 88
Mean 88.2

*Estimated from sample blocks

Prevalence of  bacillary pulmonary
tuberculosis : Table VI summarizes the
work done and gives the results for males
and females respectively in each of the
12 towns. The coverage obtained at the
time of X-ray examination was close to
90 per cent ranging from 89 to 94 per cent
for maleg and from 86 to 93 per cent for
females. As children below 15 yr of age
were excluded from the Survey, the eli-
gible persons are those who were [5 yr
of age or older, and the persons selected
for bacteriological examination of the
expectorates are those who had shown
signs of pulmonary pathology according
to either one or both of the two local
readers. Among those selected for bac-
teriology, the coverage by sputum exami-
nations was on average 88 per cent for

males and 92 per cent for females, ranging
from 83 to 94 per cent for males and from
80 to 100 per cent for females.

In estimating the bacillary prevalence
per 1000 adults, due regard was paid to
the fact that the coverage by X-ray or
bacteriology was not complete. Assum-
ing that the persons not X-rayed or
examined bacteriologically were absent
because of circumstances unrelated to
tuberculosis, the number of bacillary cases
which should have been found if all had
been examined was calculated for each
sex and age-group, and the sum of these
was divided by the total eligible males
or females and multiplied by 1000 giving
prevalence rates per 1000 (Tables VI and
VIA). The procedure employed is arith-
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TABLE VI — PREVALENCE OF BACILLARY PULMONARY TUBERCULOSIS IN MALEs AND FEMALLS pER 1000

‘ApuLts’
Males Females
Town X-ray Bacteriology  Bacillary X-ray Bacteriology  Bacillary
cases cases
Eli- Ex- Selec- Ex- No. Rate Eli- Ex- Selec- Ex- No. Rale
gible amin- ted amin- per gible amin- ted  amin- per
ed* ed 1000* ed* ed 1000*
Mo.. 24 Nos % No. % No. £
Kadiri 736 92 104 86 8 14 715 89 60 95 3 5
Rayachoti 668 90 91 87 12 23 587 88 dd 82 0 0
Rajampet 700 94 74 88 22 706 90 56 95 3 5
Chintamani 1067 9! 76 83 3 293 9] 64 83 5 T
Srinivasapur 500 94 54 85 4 10 514 90 39 95 b 5
Mulbagal 733 92 a5 84 3 5 690 91 54 80 1 2
Tiruttani 534 89 ¥ 91 7 16 53 BR 46 93 0 0
Nagari 543 90 98 91 5 11 519 90 46 98 3 T
Puttur 678 93 106 94 8 13 654 91 72 90 6 11
Kalahasti 1524 92 210 92 33 25 1491 93 132 98 13 10
Palmaner 597 89 51 84 4 9 598 92 34 91 1 2
Punganur 65k 91 62 85 2 4 704 86 36 100 3 5
Mean 91.4 873 89.9 T

*Persons with films containing technical errors are excluded

8gee text for the method of calculation

metically equivalent to multiplying the
probability that an X-rayed person is
selected for bacteriological examination
with the probability that a bacteriologi-
cally examined case produces a positive
finding.

The prevalence per 1000 adults varied
among males from 3 in Chintamani to
25 in Kalahasti, showing a large vari-
ation.

The prevalence raies among females
were much lower than among the males.
In two of the towns no bacillary cases

were found, the samples being too small.
The highest prevalence rate of 11 per 1000
females was found in Puttur town.

Prevalence of radiologically positive
cases of tuberculosis : Although all the
X-ray films taken at the Sample Survey
had been read by two readers and sclec-
tion of cases for bacteriological exami-
nation had been based upon their read-
ings, it was possible that they could have
been biased as they would know from
which towns the X-ray pictures came.
All the 70 mm X-ray pictures were there-
fore submitted to an expert, Dr Wallace
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TABLE VI A — BASe-LINE SURVEY 1959 PREVA-
LENCE OF BAcirAry TuBercurosts PER 1000
ADULTS AMONG MALES AND FEMALES

Town Males Females
Yo Yos
Kadiri 13.9 4.9
Rayachoti 22.9 0.0
Rajampet 22.4 5.0
Chintamani 2.5 6.7
Srinivasapur 10.0 4.6
Mulbagal 5.3 2.0
Tiruttani 16.2 0.0
Nagari 11.3 6.6
Puttur 13.4 11.2
Kalahasti 254 9.6
Palmaner 8.9 2.0
Punganur 04.0 5.0

Fox, the then Director, Tuberculosis
Chemotberapy Centre, Madras. The
films (about 17,000) werc taken to Madras
for study by him. The films were not
recad in serial order but in a random
order so that possible changes in his
interpretation would be equally distri-
buted over the whole range of films
regardless of the towns.

The classification used by ths inde-
pendent assessor was the one adopted
by the Survey Teams which conducted
the National Tuberculosis Survey of the
Indian Council of Medical Research in
the years 1955 to 1958. The origin of
this classification and the definition of the
different categories are described in a
previous communication?®,

The cases selected for bacteriological
examinations by the local readers and the
independent assessor were distributed as
follows —

Reader Number Cases
with TB
Selected by the inde-
pendent assessor 352*
alone
By the independent
assessor as well

as local readers 1033 132

By the local readers
alone 730 4
2115 136

*Not examined bacteriologically

Of the 2115 cases selected, 1763 had
been selected by the local readers and
1385 by the independent assessor; common
to the independent assessor and the local
readers were 1033. In this group 132
cases werc found to be bacteriologically
positive. Among the 730 selected only
by the local readers, 4 showed presence of
bacilli. The 352 cases selected by the
independent assessor only were not exa-
mined bacteriologically as his reading
took place after the field work of the
Sample Survey had been completed. It
is, therefore, not known how many bacil-
lary cases would have been found had
they been examined.

The cases selected by the independent
assessor according to the 5 main cate-
gories were distributed as follows :—

No. b7

A. Probably non-tuberculous 181 13
B. Probably tuberculous

but inactive 79 6
C. Probably tuberculous and

possibly active 614 44
D. Probably tuberculous and

probably active 406 29
E. Etiology uncertain 105 8

Total 1385 100
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Whereas the independent assessor
considerad 13 per cent as probably non-
tuberculous and 8 per cent too uncertain
to be classified, 79 per cent were thought
to be probably of tuberculous origin;
73 per cent were considered to be either
possibly or probably active tuberculosis.
The distribution of the two main groups,
C and D, have been merged together for
the purpose of working out a suitable
index enabling the ranking of the 12 towns
aecording to prevalence of tuberculosis,
This is shown in Table VII. The pre-
valenico ranged from 3.9 per cent in Pal-
maner to 9.1 per cent in Kalahasti.

Prevalence of tuberculin reactors among
school children aged 5-9 In order to
provide a third index of the prevalence of
tuberculosis in the towns, children in the
first two grades of all the schools in the

Domicifiary tuberculosis chemotherayy in rural south India

12 towns were given Mantoux tests with
1 T.U. of the PPD tuberculin Rit23
(+Tween 80). Table VIII summarizes
the work done and gives the mean percen-
tage of children showing indurations
measuring 6 mm or more in cross diameter,
on the 2nd, 3rd or the 4th day, Of 4052
children whose tests were read, 630 showed
scars resembling those following a BCG
vaecination. They have been excluded.

In most of the towns, reasonably good
cooperation was obtained but in some of
the towns the school headmasters were
non-cooperative as they thought the
parents might object to the tests thinking
that they were actually BCG vaccinations.
At the time of the survey, there was a
newspaper campaign against the intro-
duction of BCG vaccination.

Frequency distributions of the

TABLE VII — 1959 SAMPLE SURVEY, PREVALENCE OF RADIOLOGICALLY Posimivi Cases (CATEGORIES C
AND D) ACCORDING TO THE INDEPENDENT ASSESSOR

Males Females Both sexes

Town X-rayed* G &ED X-rayed* C&D C&D cases
No. No. g4 No. No. > %)
Kadiri 671 51 7.6 637 26 4.1 59
Rayachoti 601 fhs RT3 514 24 4.7 8.3
Rajampet 658 55 8.4 632 26 4.1 6.3
Chintamani 968 50 52 205 48 53 52
Srinivasapur 469 28 6.0 460 20 4.3 5.2
Mulbagal 676 38 5.6 626 22 3.5 4.6
Tiruttani 475 33 6.7 488 23 4.7 5.8
Nagari 486 49  10.1 465 20 4.3 7.3
Puttur 631 49 7.8 593 39 6.6 7.2
Kalahasti 1403 170 12.1 1389 83 6.0 9.1
Palmaner 534 25 4.7 553 17 30 3.9
Punganur 589 40 6.8 607 16 2.6 4.7

*Films with technical errors are excluded
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TABLE VIII — 1959 SAMPLE SURVEY, MANTOUX TEsTs Wrte PPD-RT23 (1 TU + Tween 80) oF

CHILDREN IN AGE Grours 59 YRr
Schools Student Children  Tests BCG scar Persons Reactors*
Towns strength tested read scen without
standards BCG scar
I &I

No. No. No. No. No. No. e
Kadiri 10 538 523 445 129 316 23
Rayachoti 8 673 385 338 7 331 15
Rajampet 8 660 328 273 56 217, 21
Chintamani 8 1020 701 646 144 503 18
Srinivasapur T 503 301 251 2l 200 13
Mulbagal 8 644 438 361 92 269 4
Tiruttani 3 308 186 160 12 148 3
Nagari 4 390 236 205 9 186 16
Puttur 4 484 259 228 2 226 19
Kalahasti 16 1459 739 643 105 538 22
Palmaner 3 455 247 202 7 195 6
Punganur & 720 344 300 6 207 12

*Persons with reactions (indurations) measuring 6 mm or more in transverse diameter

diameters of indurations to the Mantoux
tests are given in Fig. 2.

Randomisation of the 12 towns into
three treatment groups : The results of
the Sample Survey were submitted to
Dr K. K. Mathen of the All India Institute
of Public Health and Hygiene, Calcutta.
The three indices viz. (i) the prevalence
of bacillary cases per 1000 adults, (i)
radiologically active cases per 1000 and
(iii) the tuberculin reactors among young
school children in par cent are shown in
Table ¥IX. The wide range between the
lowest and highest prevalences and the
close correlation between the three indices
are shown in Fig. 3, The diagram to the
left shows the correlation between tha 12
town prevalences of the bacillary cases
and the radiologically active cases and the
right side shows the correlation between

&0
%

&

School chilien in grades 181
Tested No.:3336.

40——J

o} 3 8 12 16 20 24 28
Digmeter of indurglions, m rwm

Fig. 2 — Histogram showing the percentage

frequency distribution of 3336 school children in

grades T and IT according to the diameter of
Mantoux induration.

the bacillary cases and the tuberculin
reactors among the small school children.
On the basis of these data, Dr Mathen
ranked the towns in the following des-
cending order :—

(1) Kalahasti, (2) Rayachoti, (3) Puttur,
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TABLE IX — INDICES OF TUBERCULOSIS PREVALENCE USED IN THE RANDOMISATION OF THE 12 Towns
(BOTH SEXES)

Cases per 1000 adults (15 yr+) School children
Town (5-9 yn)
Radiologically active  Baciilary cases % tuberculin
cascs reactors
Kadiri 58 9 23
Rayachoti 83 13 15
Rajampet 62 14 21
Chintamani 52 4 18
Stinivasapur 52 7 13
Mulbagal 46 4
Tiruttani 57 8 3
Nagari 73 9 16
Puttur 71 12 1%
Kalahasti 89 17 22
Palmaner 39 6
Punganur 47 5 2
7
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Fig. 3 — Correlations between the prevalence of bacillary cases per 1000 and (i) the percentage of
radiologically active cases and (ii) the percentage of tuberculin reactors.—The numbers indicate
the rank of the 12 towns as stated on p 17.
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TABLE X — PREVALENCE OF BACILLARY TUBER-
CULOSIS AT START OF STUDY IN 6 “TREATMENT’
AND 6 ‘CoNTrROL’ TOWNS

Prevalence of bacillary tuberculosis
(per 1000 adults)

Treatment towns™ Control towns
Kalahasti 17.4 Rayachoti 12.6
Kadiri 9.4 Mean Puttur 12.3

10.7
Palmaner 53 Nagari 9.0
Rajampet 13.61 Srinivasapur 7.2
Tiruttani 791 Mean Mulbagal 3.7
8.7
Chintamani 4.5 Punganur 4.6
Mean 9.7 Mean 8.2

*The 3 treatment towns listed attop recc:wed
INH -}- PAS and the remaining 3 towns reccived
INH alone.

(4 Rajampet, (5) Nagari, (6) Kadiri,
(7) Tiruttani, (8) Sreenivasapur, (9)
Chintamani, (10) Mulbagal, (11) Punganur,
and (12) Palmaner.

The 12 towns were then divided by
random allocation into two groups (Table
X) of which the 6 formed the ‘Treatment
towns’ and the other 6 the ‘Control
towns’. The ‘Treatment towns’ were
further sub-divided, at random, into
two groups of which the patients in Kala-
hasti, Kadiri aud Palmaner would receive
isoniazid and PAS and the patients in
Rajampet, Tiruttani and Chintamani,
isoniazid only.

Domiciliary drug therapy

When the allocation of the 12 towns
to the three cxperimental groups viz. (i)

treatment with isoniazid-PAS ,(ii) treat-
ment with isoniazid and (iif) the no treat-
ment or the ‘control’ group, had been
done, the main investigation was taken
up. Whereas no further action was
taken in the 6 ‘control’ towns, the 6
‘treatment’ towns were surveyed one by
one. Survey I began in March 1960 and
the towns were examined in the same
order as during the Sample Survey the
previous year. The sample blocks al-
ready examined were not re-examined but
the cases then detected plus any new ones
presenting with symptoms were registered
as patients due for treatment. The 75-80
per cent blocks not examined previously
were now covered by a house-to-house
census followed by X-ray examination of
all the persons except children below 15
yr of age. The X-ray pictures were
studied by two doctors and all persons with
signs of pulmonary pathology—whether
tuberculous or non-tuberculous—were
referred for bacteriological examination.
This was done in the same way as des-
cribed under the Sample Survey, except
that from the beginning of 1964 when
the change in the culture technique was
introduced, the setting up of 2 laryngeal
swab cultures was discontinued.

In each of the six towns a house was
rented which became the sub-centre or
branch office of the Madanapalle Research
Unit. It served as office and provided
quarters and kitchen facilities for the
staff who attended to the fortnightly clinics
held on the same premises, and for the
X-ray and laboratory staff whenever they
visited the towns. The clinics were held
on special week-days every fortnight.
The tecam consisted of a nurse or a public
health nurse or a social worker, one or
two paramedical workers or clerks and
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a driver. A doctor from the Madana-
palle Centre visited the clinics once a
month and saw the patients, particularly
the new ones, and informed them about
the diagnosis based on the X-ray and
bacteriological examinations, and explain-
ed the need for their treatment for a period
of at least one year. History was taken,
case sheets filled in, body weights reeorded
and detailed instructions given as to how
the patients should take the drugs at home
during the fortnight till the next clinic
was held. The Medical Officer saw not
only the new patients but also those who
were irregular in attending the clinics or
stayed away from the drug issues.

With regard to follow up examinations
by X-ray and bacteriology, in addition
to the first X-ray examiuation done as
part of the survey, a second miniature
X-ray photograph was taken of all cases
referred for bactericlogical examinations,
so that the diagnosis could be supported
by comparing the two skiagrams. No
case was considered eligible for treatment
unless the bacilli had been demonstrated
either by microscopy or by culture (or
both) but in case where no bacilli were
found a decision was taken whether they
should be followed up or not. The rolls
containing the survey X-ray films were
not cut but kept in serial order for later
reference, whenevernecessary. All follow-
up films including the one taken at the
time of the first bacteriological examina-
tion were cut and mounted on special
cards so that they could be easily handled,
examined and filed away in ¢pecial
envelopes which would also hold pictures
taken at subsequent follow up examina-
tions. The case sheets and the mounted
small X-ray films in the envelopes were
carried in handy trays in the jeeps to the

sub-centres whenever the doctors visited
the clinics. In addition to treated cases,
persons showing pulmonary pathology on
the survey films but who had negative
sputum were followed-up together with the
treated cases; some would develop into
bacillary cases, others might not require
further follow up and this was thercfore
discontinued. A control study of
prophylactic drug treatment of radiologi-
cally positive, sputum-negative cases was
reported in 19655.

The trcatment consisted of isoniazid
300 mg for a patient weighing 45 kg i.e.
6.7mg per kg and was adjusted for
patients weighing more or less. Isoniazid
was made up in special, fairly Jarge pink
tablets so that they looked different from
the isoniazid tablets ordinarily bought
in chemists’ shops. The PAS was issued
as granulate of sodium para-amino-sali-
cylate, and was given in doses of 10 g
for a patient of 45 kg and adjusted for
persons weighing more or less. The PAS
issued was the same brand which was
ordinarily obtainable at the chemists
shop. The drugs were issued free of
charge.

Follow up examinations : In the first
year, patients under treatment or under
observation were re-examined every three
months by X-ray and sputum examina-
tions, in the second year by X-ray twice a
year and sputum examinations ecvery
quarter and in the third year (and there-
after) by X-ray once a year and sputiun
examinations twice a year. Should the
patients suffer a relapse and treatment be
resumed they were re-examined as often
as in the first year.

All bacillary strains isolated by culture
were tested for sensitivity to isoniazid,
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streptomycin and PAS, and from 1964
tested for niacin, and when required sub-
mitted to other identification tests.

Hospitalization was not used except
in very special cases such as haemoptysis,
spontancous pneumothorax or massive
pleural effusions, After the first year of
treatment patients with strains of bacilli
which had developed drug resistance were
offered hospital treatment with second
line drugs, provided special funds could
be found for their purchase. A few cases
who failed to respond to second line
treatment were referred to the UMT
Sanatorium for lung resection.

Material : The total number of bacil-
lary cases encountered in the 6 towns
from the time of the 1959 Sample Survey
till Survey IIT had been completed were
1781 (Table XI). Deducting 176 who
were admitted so late that they did not
have one yecar of observation, 1605 cases
were available for analysis; of these, 123
died or moved out of the towns before
they were contacted for treatment; 1482
cases were offered treatment, of which

21

Extent of disease and cavitation : All
the bacillary cases encountered from
1960 in Survey I till 1968 in Survey IIL
have been classified with regard to extent
of disease and presence of cavities as seen
on the X-ray picture i.e. the first follow-
up picture taken at the time of the initial
bacteriological diagnosis. The classi-
fication was done by the senior author at
two sittings two years apart. In order to
check if any change had takea place in
his interpretation of the films with regard
to the extent of disease and cavitation, 50
films were selected at random from the
first batech and mixed with the second
batch. When the two sets of independent
readings of the sample films were com-
pared, a certain change was noted but it
was not considered to be of importance,
so the results of the two readings were
merged. All the entries on the card on
which the small 70 mm picture was
mounted were covered up so that it was
not possible to know when and where the
X-ray pictures had been taken nor to
which treatment group the patients be-
longed. The lesions were classified ac-
cording to the system used for the classi-

1266 accepted and 216 refused. fication of the patients seen at the
TABRLE XT— NUMBER OF BACILLARY CASEsS DIAGNOSED AND TREATED
Towns Number Cases with  Number died Number Treated
diagnosed observation or moved available for No. i
period of out treatment
Se 12 VT
Kadiri 417 2 18 378 J51 93
Palmaner 100 5 4 91 86 95
Kalahasti 640 86 56 498 403 81
Rajampet 299 & 20 272 240 88
Chintamani 164 2 11 151 117 77
Tiruttani 161 55 14 92 69 75
Total 1781 176 123 1482 1266 85
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Tuberculosis  Chemotherapy  Centre,
Madras (1960). The extent of disease
was subdivided into six groups viz.:
Trivial (a very small Jesion), Slight (a few
infiltrations), Limited (lesions smaller
than the arca of the right upper lobe),
Moderate (lesions covering an area larger
than corresponding to the right upper
lobe but less than the area of one lung),
Extensive (lesions involving an area greater
than one lung) and Gross (all lung ficlds
involved). With regard to cavities they
were subdivided into four groups viz.
nil, slight, moderate and extensive.

A total of 1682 cases were classified
and the material divided into cases who
were found to be sputum-positive by
microscopy (M-) and those who were
microscopically negative but positive by
culture (C'l). Summarising the findings,
the cases positive by microscopy showed
very small lesions in 7.2 per cent, limited
lesions in 17.7, moderate in 39 and
extensive and gross lesions in 36.2 per cent.

Correspondingly, cases which  were
negative by smear but positive by culture
showed the following distribution : 26.6,
28.8, 31.4 and 13.3 per cent respectively.
It was thus clear that the cases positive
by microscopy were generally much more
advanced than the cases whose bacilli
could be found by culture only.

As for cavities, the group which was
positive by microscopy initially, showed
moderate and extensive cavitation in 54.2
per cent against only 11.9 per cent in the
group which was initially smear negative
but positive by culture.

Comparison of ‘two-drugs’ and ‘one-
drug’ towns with regard to extent of disease
and cavities : In Table XII, the first
three towns designated ‘HP’ represent
the group in which the palients were given
isoniazid and PAS and the last three, the
H-group where the treatment consisted of
isoniazid only. The means of the per-
centage distribution of each group are
shown in two parts in Table XII. The

TapLe X1I —- CoMPARISON OF Tyres OF Cases FroMm ‘IsoNtaziD-PAS’ Towns (HP) anp ‘IsoNiazip’

Towns (H)
Mode of detecting Treatment Extent of disease
bagciili policy
Trivial & slight Limited Moderate Extensive &
% e Ya gross
M+ HP 7 17 35 40
H 5 16 43 36
L HP 26 31 32 11
H 27 27 30 15
Cavitation
Nil Slight Moderate Extensive
% % % 7
M+ HP 17 30 3% 21
H 16 29 28 26
C+ HP 58 31 7 4
H 49 35 11 5
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first part of the table refers to the
extent of disease and the second to cavi-
tation; each has been divided into two
sub-groups of which the first one repre-
sents the cases initially positive by micro-
scopy (M), and the second the group in
which the patients had been smear nega-
tive initially but positive by culture (C+).
Whether one considered the extent of
disease or cavitation, the distributjon in
the two groups of towns were broadly
similar, Group C+showing slightly more
advanced cases in the one-drug group,
as compared with the two-drugs group.

Cooperation of the patients

As the survey progressed and more
and more patients were admitted to the
domiciliary treatment and the issue of
drugs went on at regular intervals, it
became increasingly clear that a major
problem was the difficulty in getting the
patients to take their treatment regularly
and not to discontinue it prematurely.
Some patients preferred to take the treat-
ment {rom private practioners instead of
from the elinic of the Research Unit so
that they might avoid publicity or be able
to take injection of streptomycin which

did not form part of the treatment offered
by the Research Unit.

The difficulty in obtaining full coopera-
tion wasapparent from the very begining.
Excluding patients who died or moved
out during the interval between the
‘survey’ X-ray cxamination from which
a provisional diagnosis was made and
until the diagnosis could be confirmed by
the demonstration of the tubercle bacilli
in the sputum, 84.5 per cent accepted
and 15.5 per cent refused treatment (Table
XIIT). Among the cases whose initial
sputum cxamination was positive by
microscopy, 90.5 per cent accepted the
treatment and 9.5 per cent refused;
among those who were negative by
microscopy but positive by culture, 79.5
per cent accepted and 20.5 per cent re-
fused. The former group representing
the morc advanced cases had evidently
a greater urge to be treated than those
with less advanced disecase who were
only positive by culture. The degree of
cooperation varied from town to town.
In Palmaner and Kadiri 94 and 93 per cent
respectively accepted the treatment as
against 74 and 77 per cent in Tiruttani
and Chintamnani. These findings repre-

TABLE XIII — PERCENTAGE OF PATIENTS ACCEPTING DOMICILIARY TREATMENT (BOTIL SEXES)

Towns M-+ cases C+ cases All cases
Total % treated Total % treated Total % treated

Kadiri 199 96 179 89 378 93
Palmaner 42 95 49 94 91 94
Kalahasti 207 90 291 75 498 81
Rajampet 140 94 132 83 272 88
Chintamani 65 85 86 72 151 77
Tiruttani 48 83 44 64 92 74
Mean 90.5 79.5 84.5
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sent the patients encountered from 1960
to 1968. An apparent change during
this period in the attitude of the patients
towards acceptance of treatment will be
discussed later (p 28).

What happened to the patients who did
accept our treatment ? In order to answer
this question, statistics have been prepared
showing how many of the patients avail-

able took treatment month by month
until the end of the 12th month. The
number of patients who died or moved
out of the towns were deducted from each
month’s quota leaving a balance of cases
who were alive and expected to have
treatment; the percentages indicate how
many of these did have treatment. In
Table XIV, the first column headed
‘0 month’ shows the percentage of patients

TABLE XIV — PERCENTAGE OF PATIENTS UNDSER TREATMENT OF VARIOUS POINTS IN TIME (BOTH SEXES)

Percentage of patients under treatment at the following points in

time (months)

Cases

Towns (No.)
0

(i) Cases initially positive by microscopy (M-+) :

Kadiri 199 96
Palmaner 42 95
Kalahasti 207 90
Rajampet 140 94
Chintamani 65 85
Tiruttani 48 83
Mean 90

(ii) Cases initially positive by culture only (C+) :

Kadiri 179 89
Palmaner 49 94
Kalahasti 291 75
Rajampet 132 83
Chintamani 86 72
Tiruttani 44 64

Mean 79

(iiiy All cases initially positive (M+ and C+) :

Kadiri 378 93
Palamanet 91 94
Kalahasti 498 81
Rajampet 272 88
Chintamani 151 77
Tiruttani 92 74

Mean 85

3 6 9 12
92 86 81 78
90 90 82 74
81 74 68 62
81 75 71 62
80 72 68 55
79 69 65 46
84 78 73 63
79 71 64 57
83 30 74 67
63 55 47 40
71 62 53 45
63 50 49 47
64 54 50 42
70 62 56 50
86 79 73 68
86 85 80 70
71 63 56 49
76 68 62 53
70 59 57 50
72 62 7 H

77 69 64 56
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who started treatment (this corresponds
to the last column of Table XIII). The
decrease in percentages of patients under
treatment corresponds to the increase in
the rate of defaulters. Details according
to males and females and the method of
sputum examination by which the bacilli
were demonstrated first time are given in
Appendix Table II*. A summary for ‘both
sexes’ is given in Table XTIV showing the
percentage of patients under treatment
each quarter. The findings for males

*Available onilauest from Shri G, S. Acharyulu
Madras.
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and females in each of the six towns are
shown in Figures 4 and 5; the former
(Fig. 4) corresponds to the towns in which
the treatment consisted of isoniazid and
PAS and the latter (Fig. 5) to the three
towns where only isoniazid was issued.

Generally, a higher percentage of the
more advanced cases as represented by the
patients whose sputum had been positive
by microscopy (M) accepted treatment
than the less advanced patients whose
sputum had been positive by culture only
(C-t). The former accepted treatment in
90 per cent but dropped in attendance by

Males Females
100
M+ M+
C+
89 C+
60
~ 40 Kadiri
- C+ M+
S
g ) 1 K
o
o
v Gl
&
Eal
=
2
a 40 Palmaner
.
I=1
(45
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80 M+
C+ C+
60
40 Kglahasti
[} k] I 12 0 3 K3 9 12

Period of treatment (months)

Fig. 4 — Percentage of patients under treatment at different months in INH-PAS towns. M + =TB
initially demonstrated by microscopy; C + =TB initially demonstrated by culture only.
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Fig. 5 —Percantage of patients under treatment at different months in the INH towns. M - = TB
initially dzmonstrated by microscopy; C - ==TB initially demonstrated by culture only.

nearly 30 per cent to 63 per cent at the 50 percent. Considering all cases regard-
end of the year, while the latter accepted less of type of initial sputum examination
treatment in 79 per cent and dropped also or extent of disease, the average perfor-
by about 30 per cent during the year to mance corresponds to 85 per cent accep-
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ting treatment, 30 per cent discontinuing
treatment prematurely and 55 per cent
still continuing treatment at the end of
the year.

A summary of the statistical analysis
of linear regression is given in Table
XV. The first column indicates the mean
monthly percentage of patients treated
during the year; this mean corresponds
closely to the position of the curve

at six months. The second column
indicates the mean of the four regression
coefficients obtained by fitting lines to
the four series of percentages for each
town. The regression coefficients indi-
cate the mean monthly defaulter rate in
per cent. The overall percent of patients
under treatment at six months were 70.7
per cent and the mean defaulter rate 2.3
per cent patients per month, Table XV
also shows the result of comparisons bet-

TABLE XV — COOPERATION OF PATIENTS UNDER DOMICILIARY TREATMENT

ftems
A. Towns
Kadiri
Palmaner
Kalahasthi
Rajampet
Chintamani
Tiruttani
Means :
B. Comparisons :
(i) Sex :

Males
Females

Differences :

(i) Method of initial diagnosis :
By microscopy
By culture only

Differcnces :
(iii) Drug regimens :
INH-PAS
INH
Differences :
(iv) Interactions :

Sex X diagnosis
Sex X regimens

*Mean of 12 months observation

Patients treated Defaulter rate

per month

va* %
81.3 1.93
82.4 2.10
66.8 2.32
A 2,65
63.7 2.33
58.8 2.46
70.7 2.30
70.6 2.34
70.8 2.26
—02 0.08

78.2 2,29
63.2 251
15.0%* —0.02
76.8 2,12
64.6 248
Dol —0.37%*

5, a0

3.8%

+ and ** indicate statistical significance at 5% and [ 7% levels, respectively
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ween the main eflects analysed. The same
are illustrated in Fig. 6. As for sex, the
curves for males and females are practi-
cally identical; there is no difference bet-
ween them. As for the initial sputum
examinations, the difference of 15 per cent
between the levels of 78 per cent among
those positive by microscopy and of 63 per
cent among those positive by culture only
is highly significant (Table XV and Fig. 6,
centre). The curves run parallel indi-
cating the same defaulter rate in the two
groups Asfor the difference between ‘drug
regimens’ (Fig. 6—lowermost) the INH
group showed a much poorer response
than the INH-PAS group. Not only was
the level significantly lower, namely
65 per cent against 77 per cent (Table
XV), but the monthly defaulter rate was
2.48 per cent against 2.12 per cent in the
INH-PAS towns, the difference being
statistically significant.

The findings relating to the patients
diagnosed at Surveys I, IT and III are
shown in Fig. 7, for 4 of the 6 towns;
the other 2 had too few cases. The levels
of cooperation were distinctly higher at
Survey I than at the two subsequent
surveys. Taking Kadiri as an example
of the 3 two-drug towns and Rajampet
of the 3 one-drug towns, the figurcs
show that there was no significant difTe-
rence between the two towns with regard
to the degree of cooperation among
patients found at Survey I. The patients
belonging to Survey II showed in the two
towns a marked fall of the attendance
rate, and the patients belonging to Survey
III showed another marked [all.

These findings indicate that the degree
of cooperation was high at Survey I, less
at Survey II and much lower at Survey
III. It suggests that the general public
came forward with trust and expecta-
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tion when the treatment programme was
new but as time went on and they noted
that the results were not satisfactory,
they became disillusioned and turned away
from our treatment centres. These
observations suggest that as the general
public had time and opportunity to judge
the results of the treatment offered, dis-
illusionment or apathy set in leading to
a marked increase of defaulters.

Treatment results*

All patients in the six ‘Treatment’
towns diagnosed as having bacillary

‘Aninﬁrepon was given by R. Partha-
sarthy 196910,

pulmonary tuberculosis were offered treat-
ment either with isoniazid and PAS or
isoniazid only. It may be recalled that
the treatment given depended upon in
which group of towns the patients lived—
either in the 1-drug or the 2-drug towns,
and that the allocation of treatment
regimens was done by randomisation of
the towns and not of the individual pati-
ents. They were followed up every three
months by sputum and X-ray examina-
tions whether they had treatment or not.
The results obtained at 9th, 12th and
15 month examinations were consulted
and included in the assessment of the
casc at the end of one year of observation.
If any of the sputum cxaminations at the
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9th, 12th or 15th months of examination
showed a positive sputum, the result was
recorded as ‘TB-i-’. Although strepto-
mycin did not form part of the present
treatment programme, it was unavoid-
able that some patients either had had
streptomycin before being admitted to our
programme or that they might have sup-
plemented the treatment issued under the
present study with streptomycin injections.

The basic data for all the bacillary
cases encountered during the investigation
are shown in Appendix Table IV¥. Each
group has been divided according to the
initial isoniazid-sensitivity of the bacilli
and sub-divided according to the type of
sputum examinations by which the bacilli
were demonstrated initially. Cases with
negative smears but positive culturcs are
shown under the heading ‘Positive by
culture only’. The results at the end of
one year are further sub-divided into
those who had died, moved out, thase
whose sputum was positive (TB-+) and
those who were negative (TB-) and,
lastly, patients who were alive but for
whomn bacteriological examinations were
not available (NE). The cases still sputum-
positive at the end of one year have been
divided into isoniazid sensitive and iso-
niazid-resistant cases plus a small group
of cases (N) where sensitivity tests were not
done.

When working out the results in per
cent, the cases who had moved out during
the year have been excluded. The per-
centage of patients who died or survived
is therefore based upon the total number
minus those who left. In working out
the percentage of patients who had ob-
tained negative sputum or continued to

*See foot note on p 25

have positive sputum, the assumption
has been made that those who were
absent for the follow up examinations at
the end of one year would have shown
the same ratio of positive and negative
sputum as those who did get examined.
Similarly, in estimating the percentage
of cases with isoniazid-sensitive or iso-
niazid-resistant strains, it has been assumed
that the cases who did not get drug sensi-
tivity tests done at the end of the year
would have shown the same ratio of
sensitive and resistant cases as those who
did get tested. The results presented
here are therefore reduced to three
groups viz. the patients wbo died, the
patients who had positive sputum at the
end of the year and those who had nega-
tive sputum. In the Tables showing the
initial sensitivity to isoniazid the sputum
positive cases have been divided into two
groups: the cases with isoniazid-sensitive
bacilli and those with isoniazid-resistant
bacilli.

The results of treatment are discussed
under three headings : First, the results
regardless of the initial isoniazid-sensiti-
vity; second, the results aceording to the
initial type of isoniazid-sensitivity and
third, a comparison of the results in the
towns where the treatment consisted of
isoniazid and PAS and the three towns
where only isoniazid was issued.

Results—regardless of isoniazid-sensi-
tivity : The overall findings are shown in
Table XVI. Although the resunlts in each
of the six “treatment’ towns are available,
the discussion is based upon the means
only, each town-serving as one experimen-
tal unit. Considering ‘both sexes’ in
Table X VI the findings, irrespective of the
initial type of sputum examinations, were
9 per cent died, 37 per cent remained
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TABLE XVI — TREATMENT RESULTS (PER CENT) AT THE END OF ONE YEAR ACCORDING TO INITIAL MODE

OF DEMONSTRATION OF BACILLI

(MeAN ofF 6 Towns)

Males Females Both sexes
—Dicd TB-+ TB— Died TB+ T;: Died TB4 TB—
M+ I3 42 45 11 40 49 12 41 47
C+ g 35 60 10 23 67 6 32 62
All cases 2 35 52 10 33 L 2 37 54

sputum positive and 54 per cent were
sputum negative. Dividing the cases into
those whose sputa were initially positive
by microscopy and those who were
positive by culture only, there is a clear
difference : the former obtained negative
sputum in 47 per cent and the latter in
62 per cent (P = 0.01). Further, in the
former group 12 per cent died, and 41
per cent had positive sputum while in the
latter group 6 per cent died and 32 per
cent remained positive.

The main reason for dividing the
material into two groups according to
the method of sputum examination by
which the bacilli were initially demonstra-
ed is the fact that few tuberculosis centres
in India are equipped for culture work
and they must, therefore, rely upon
microscopy alone. The percentage of
cases who, to begin with, had positive
sputum by microscopy (M) varied
between 46 and 58 per cent with an average
of 51 per cent. So, without access to
culture facilities (C+) half of the cases
would be missed. The Tables in the pre-
sent report which give the results among
cases positive by microscopy initially are,
therefore, nearcst in line with the results
which can be expected from other tuber-
culosis centres.

In Table XVI, results are shown
according to sex. The percentage of
females who obtained negative sputum
was 57 against 52 among the males. In
the groups ‘M- and ’CH-, there is a
slight advantage to the females.

Cases with strains initially isoniazid-
sensitive : The results with regard to
initial isoniazid-sensitivity are shown in
Tables XVII and XVIII. Table XVII
shows that strains with isoniazid resis-
tance were found in 18 per cent when the
patients were admitted to the study;
among M+ cases in 22 per cent and
among C-|- cases in 14 per cent. There
was considerable variation, the percentage
of cases with INH-resistant bacilli in the
M- group reaching as high as 34 per
cent in Chintamani but being only 9 per
cent in Palmaner. The treatment results
are shown in Table XVIII. Cases who
either had no cultures done at the initial
sputum examination or had cultures but
no sensitivity tests done are omitted.
In the group M- 50 per cent of the
males and 58 per cent of the females
obtained negative sputum. In the group
C+ 59 per cent of the males and
73 per cent of the females obtained nega-
tive sputum. Considering all positive
cases together, 55 per cent among males,
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TARLE XVII — PERCENTAGE DISTRIBUTION OF CASES WITH ISONIAZID SENSITIVE (S) AND ISONIAZID
RESISTANT (R) STRAINS BEFORE THE START OF TREATMENT

M+ C- All cases

Towns Cases S R Cases S R Cases S R
(No.) (%) (%) MNod (%0 % No.) (% (%)

- Kadiri 17t 84 16 155 90 10 326 37 13
Palmaner 34 91 9 46 91 9 80 9] 9
Kalahasti 171 70 30 213 83 17 384 77 23
Rajampet 123 75 25 108 89 11 231 81 19
Chintamani 47 66 34 61 74 26 108 70 30
Tiruttani 34 79 21 29 90 10 63 84 16
Mean 77 22 86 14 82 18

TABLE XVIII — TREATMENT RESULTS IN PER CENT AT THE END OF ONE YEAR ACCORDING TO THE INITIAL
SENSITIVITY OF THE STRAINS TO IsoNiAZID (MEAN OF 6 Towns)

Tnitial Mode of Males Females Both sexes

isoniazid  detecting

sensitivity  bagcilli Died B+ TB— Died T™B+ TB— Died TB+ TB—

Sensitive M-+ 10 40 50 11 31 58 10 37 53
C4 5 36 59 8 19 73 6 31 63
All eases 8 BT 55 10 24 66 8 34 58

Registant M- 19 67 14 o5 47 28 22 55 23
C+ 10 41 49 10 L 39 13 41 46
All cases 17 55 28 16 51 33 18 51 31

66 per cent among females and 58 per
cent among ‘both sexes’ obtained negative
sputum at the end of one year.

Cases with strains initially isoniazid-
resistant : The percentage of ‘resistant’
cases who obtained sputum conversion
(Table XVIII) is only about half of that
obtained by the cases who had isoniazid-
sensitive strains, and the percentage of
patients who died or remained sputum
positive are about twice as high as ob-
tained by the cases with isoniazid-sensitive

strains. There is no significant difference
between males and females.

Although the prognosis of patients
with isoniazid-resistant bagcilli is clearly
worse than that of cases who started with
isoniazid sensitive bacilli, the present
results are not quite as unfavourable as
might have been expected. As already
mentioned, the patients living in the ‘treat-
ment’ towns were not prevented, if they
so wished, from taking other drugs in
addition to the drngs issued by our



FriMoDT-MOLLER ef al

treatment centres. They were at liberty
to purchase themselves streptomycin, PAS
or other drugs. This may partly explain
why the results of treatment in patients
with isoniazid-resistant strains are better
than expected.

Isoniazid-sensitivity of the bacilli isolated
by culture at the end of one year : When
considering ‘both sexes” who initially
had isoniazid-sensitive bacilli, it will be
seen [rom Table XIX that the cases
remaining positive in spite of treatiment are
almost equally divided among those with
isoniazid-sensitive and isoniazid-resistant
bacilli, namely 18 and I5 per cent
respectively. This by itself is unusual when
the results are compared with what is
usually seen among hospitalised patients
who get their drugs under supervision.
Such cases who continue to have positive
sputum will ordinarily have a high per-
centage of isoniazid-resistant bacilli only,
(Tuberculosis ~ Chemotherapy Centre,
Madras 1960)"*. The finding of a high
percentage of isoniazid sensitive strains
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at 12 months is a direct indication of
the irregular and inadequate treatment
they had received.

There is a difference in the proportion
of isoniazid-sensitive and isoniazid-re-
sistant strains among the M+ and CH-
cases. The M+ group showed at the
end of one year, one-third with sensitive
and two-thirds with resistant bacilli as
against three-fourths sensitive and one-
fourth resistant among the latter. The
difference is undoubtedly due to M-+
cases being more advanced and more
regular in taking the drugs than Ci-
Cases.

The patients who initially had isoniazid-
resistant strains and who continued to be
sputum-positive at the end of the year,
had still isoniazid-resistant bacilli in
96 per cent while 4 per cent had isoniazid-
sensitive bacilli.

Comparison of treatment results
‘INH-PAS' and ‘INH’ towns

in
: The mean

TaprLE XIX — IsoNIAZID SENSITIVITY RESULTS AT THE END OF ONE YEAR AMONG CASES WITH ISONIAZID
SENSITIVE STRAINS INiTiALLY (BOTII SEXES)

M- cases C-+ cases All cases
INH scns. at INH sens. at INH scns. at
Towns Cases 1yr Cases 1 yr Cases 1 yr
treated ————————— treated ————— treated —
No. Sens. Res. No. Sens. Res. No. Sens. KRes.
v 7o 7 7 v 76
Kadiri 144 14 18 140 23 7 284 19 13
Palmaner 31 5 17 42 17 (] 73 11 7
Kalahasti 119 20 16 177 20 7 296 20 11
Rajampet 92 15 32 96 23 16 188 19 24
Chintamani 31 15 30 45 28 13 76 23 20
Tiruttani 27 8 34 26 27 4 53 18 18
Mean % 13 24 23 8 18 15
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results for the three towns in each group
are shown in Table XX. Considering first
‘both sexes’ in the M |- group, negative
sputum was obtained in 57 per cent in the
‘INH-PAS’ group against 37 per cent
only in the group which received only
isoniazid; the difference of 20 per cent
is statistically significant. In the C--
group, 68 per cent obtained negative
sputum in the INH-PAS group as against
55 per cent in the group who received
only isoniazid; the difference of 13 per
cent is also statistically highly significant.

Considering males and females separa-
tely, both sexes on INH-PAS fared better
than those on INH alone; the difference
was highly significant among the males
but the females showed significant diffe-
rence only when all the positive cases
(M-+ and CI-) are considered together.

Table XXT shows the results according
to the initial isoniazid-sensitivity. Con-
sidering first the cases with isoniazid-
sensitive bacilli, the percentage who
continued to be isoniazid-sensitive until

Domiciliary tuberculosis chemotherapy in rural south India

the end of the year was nearly the same
whether they belonged to the INH-PAS
or INH group, or belonged to the micro-
scopically positive group, to the culture-
positive group or to ‘all positive’. On the
other hand, the percentages of isoniazid-
resistant bacilli at the end of the year
were nearly twice as high in the ‘INH’
treated group than in the ‘INH-PAS’
group. Considering for example the ‘all
positive’ group (M-+ and C+), 10 per
cent in the INH-PAS group were resis-
tant as compared with 20 per cent in
the INH group, the difference heing
statistically highly significant. It is evi-
dent that the chance of patients who
received two drugs developing resistant
bacilli was less than that among patients
who reccived only one drug; expressed
another way, the chances of developing
isoniazid-resistance were nearly twice as
high in the ‘INH” towns than in the ‘INH-
PAS’ towns.

As for the cases who had resistant
bacilli initially (Table XXI), the diffcrence

TABLE XX — COMPARISON OF TREATMENT RESULTS IN PER CENT WITH INH-PAS (PH) anp INH (H)
ALONE BASED ON MEANS IN 3 TOwNS

Mode of detecting Result at Males Females Both sexes
bacilli initially 1l yr — —_— —

PH H PH H PH H

M+ Died I2 14 G 16 10 15
TB-}- 33 sl 34 46 33 48

TB—- Sk 35 60 38 3 37

C+ Died 5 6 7 13 6 7

TB - 27 43 24 22 26 38

TB— 68 L | 69 65 68 55

All Died 8 10 7t 15 8 11
TB+ 30 47 28 3% 2 44

TB— 62 43 65 48 63 45
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TABLE XXI — COMPARISON OF [SONIAZID SENSITIVITY RESULTS IN PER CENT AT THE END OF ONE YEAR
N CINH-PAS® awn ‘INH' Towxs (BorH SEXES)

Mode of
detecting

Initial isoniazid
sensitivity

Treatment groups

INH

TB initially INH-PAS
Died TB+- TB— Died TB |- TB—
S R S R
Sensitive (S) M+ 10 2 17 61 10 13 32 45
C+- S 20 5 70 7 26 11 56
All 7 |47 10 66 9 20 20 51
Resistant (R) M |- i | 3 51 36 34 0 56 9
C I 20 6 30 44 6 0 47 47
All 16 4 42 38 20 0 56 24

between the two-drugs and one-drug
groups was mnot statistically significant
although the latter did show a higher
percentage of isoniazid-resistant bacilli
at the end of the year than the former.

Treatment results—if findings by the
culture method were omitted : As has been
pointed out above several times, tuber-
culosis clinics in India do not ordinarily
have laboratories with culture facilities.
In the treatment results presented above,
both microscopy and cultures were used
to determine the results at the end of one
year. What would the results have been,
if the cultnre method had not been
available at all ?

Of the cases (both sexes) reported posi-
tive in Table XVI, the 41 per cent in the
group ‘M- which showed positive
sputum can be divided into two : 28 per
cent which were positive by microscopy
and 13 per cent which were positive by
culture only i.e. about two-thirds were
positive by microscopy and one-third by

culture. (Of the other group, ‘C -, the
32 per cent sputum positive cases consisted
of 13 per cent who were positive by
microscopy and 19 per cent who were
positive by culture only). If the cases
which were positive by the culture method
only are exclnded as they would have to
be if the culture method had not been
available, the treatment results would
necessarily appear more favourable. Thus,
in group M-+ the mean percentages for
‘died’, ‘TB+’ and ‘TB— were 12, 41
and 47 per cent, respectively. If the cases
who were positive by culture only at the
end of one year are ignored, the results
would have been 12, 28 and 60 per cent,
respectively.

Tive years’ follow up

For the purpose of the present follow-
up study, all cases in the 6 ‘treatment’
towns were amalgamated excluding only
those who had less than one year of
observation. From the number of cases
at risk at the beginning of each observa-
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Fig. 8 — Five years follow up. No. of patients
observed is indicated in the corner.

tion year, those who moved out of the
town have been deducted; those who
died have been deducted from the
number at risk in the following observa-
tion year. The cases who survived have
beeu divided into two groups according to
the results of the sputum examinations
by microscopy and/or culture in the pro-
portion found within each observation
year assuming that those who were not

100
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examined bacteriologically would have
had the same ratio of sputum positives
and negatives as those who were examined.
Figs 8-12 show three zones of which the
uppermost indicates the percentage of
cases who died, the second those who
were sputum-negative and the third those
who remained sputum-positive. The up-
permost curve represents the survivors.

Of all 1449 cases encountered, whether
accepting treatment or not, a S-year
follow up showed that 40.4 per cent had
died, 18.2 per cent werc alive but
had a positive sputum and the remaining
41.4 per cent had a negative sputum
(Table XXII). Considering the 1154
cases who received treatment, the corres-
ponding proportions were 35.5 per cent,
19.7 per cent and 45.1 per cent, respecti-
vely. Although these resulls are better
than those in patients who received no
treatment, it was discouraging to find
that as much as one-fifth of the treated
cases continued to have a positive sputum

(194)

per-cent

rivial,sliaht

\ LR Moderale

L]

Cases

Fig. 9 — Five years’ follow up according to initial cxtent of disease.
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even after 5 ycars, thereby continuing to
be a public health risk to the community.

There were 295 patients who did not
accept the treatment from our clinics.
At 5 yr, 60 per cent had died, 13 per cent
had positive sputum and 27 per cent had
negative sputum.

The 1154 cases who accepted treatment
have been analysed with regard to the
initial extent of the disease as seen on the
pre-treatment X-ray photograph. As seen
from Fig. 9 and Table XXIII the rate of
survivors decreased as the extent of
disease increased so that whereas 80 per-
cent were alive at 5 yr among those
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who had only very small lesions (‘trivial’
and ‘slight”), only 42 per cent were alive
of those who had far advanced disease
(‘extensive’ and ‘gross’). The adage
from the years when chemotherapy was
not yet available that the prognosis was
better the earlier the patients reporied
for treatment, is still valid.

In Fig. 10, the cases treated have been
divided according to age groups as well
as according to the method of the initial
sputum cxamination. The graphs on the
left side correspond to the cases whose
sputum were positive by microscopy(M 1)
and those on the right to those who were
negative microscopically but positive by

TaBLE XXIT — Five YEAR ForLrow Up OF ALL DETECTED CASES (PER CENT) AND ALL TREATED CASES
PER CENT IN THE 6 TREATMENT TOWNS

Year of cbservation

All detected cases (1449)*

All treated cases (1154)*

Dicd TB+-
1 14.6 35.8
2 23.7 321
3 31.1 24.9
4 36.2 19.9
5 40.4 18.2

TB— Died TB |- TB—
49.6 9.6 37.6 52.8
44.2 18.2 2450 48.3
44.0 254 27.2 47.3
43.9 31.0 21.2 471.7
41.4 35.5 19.7 45.1

*Cases found up to the end of Survey III only are included in this analysis

TapLe XXIII — FoLrow up STUuDY OF 1154 TREATED CASES (PER CENT) ACCORDING TO THE INITIAL
EXTENT OF DISEASE

Trivial and Slight
(194)

Year of observation

Limited
(235)

Moderate
(406)

Extensive and Gross
(319)

Died TB+ TB— Died TB+ TB— Died TB-} TB—

1 3 22 73 =
2 6 23 2] 11
3 1B 21 67 16
4 IS 16 68 21
5 19 12 69 24

Died TB+4 TB—

32 63 6 42 52 20 46 34
31 58 13 38 48 37 36 28
28 56 20 30 50 47 27 26
21 57 25 26 49 55 18 2
22 54 32 25 4 58 17 o8
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culture (C-1-). As pointed out earlier,
the former group corresponds to the more
advanced cases and the latter to the less
advanced. It is, therefore, not surprising
that the percentage of survivors in the
group ‘positive by culture only’ is higher
than among those whose sputwmn was
positive by microscopy. With regard to
the influence of age the percentage of
patients who had died at 5 yr were
highest at the age 45-54 and 55+. How-
ever, this merely corresponds to the
normal increase with age in the mortality
from all causes.

The cases treated have been divided
imto those whose bacilli were sensitive to
isoniazid at the start of treatment and
those whose bacilli were resistant. Fig. 11
and Table XXIV show at one year a
marked differenice between the two groups,

Domiciliary tuberculosis chemotherapy in rural south India

Cullure only
16

Microscopy

N

94 |\

Fig. 10 — Five years follow up of sputum positives
cases, according to age.

as the isoniazid-sensitive group turned
sputum negative in 58 per cent as against
27 per cent only among the cases with
isoniazid-resistant bacilli. This difference
of 31 per cent became smaller in subse-
quent year, and at 5 yr the proportions
negative were 46 per cent in the isoniazid-
sensitive group and 41 per cent in the
isoniazid-resistant group. The decre ase
can be explained partly by higher mortality
among the isoniazid-resistant cases, and
partly by the special efforts made by the
Research Unit to give treatment with
second-line drugs in hospital from
the second year onwards, with funds
raised from charitable sources or from
the patients themselves. It may be added
that it was possible to obtain sputum
conversion in about 40 per cent of cases
who had persistently excreted isoniazid-
resistant bacilli.
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Fig. 12 and Table XXV show a
S-year follow up of cases according to
whether the sputum was negative or
positive at the end of one year. There is
very marked difference between the two
groups. Thus, 82 per cent of the sputum-
negative cases were alive at 6 yr,
including 66 per cent who were still
sputum-negative. In contrast, only 44 per
cent of the sputum positive cases were
alive at 6 yr, including only 24 per
cent who were sputum negative. This
finding underlines the great prognostic
advantage of obtaining negative sputum
during the period of initial treatment.

TasLE XXIV — ForrLow ur oF 1086 TREATED
CASES ACCORDING TO INITIAL ISONTAZID
SENSITIVITY OF BACILLI

INH sensitive (887) INH Resistant(199)

Year Died TB{- TB— Died TB+ TB—
AN e S N SR %
1 8 34 58 18 55 27
2 16 32 52 30 42 28
<) 22 28 50 38 26 36
4 27 23 51 44 19 37
5 32 22 46 44 14 41

TaBLE XXV — FiveE YEArRs Forrow up o 911
CASES ACCORDING TO THEIR BACTERIOLOGICAL
STATUS ONE YEAR AFTER STARTING
DomMiCILIARY TREATMENT

Year Sputum negative Sputum positive
(532) (379)
Died TB+ TB— Died TB |- TB—
3
Ter S e
2 3 172 79 18 66 16
3 7 19 74 32 45 23
4 11 13 76 40 38 22
5 14 17 70 48 28 24
6 18 16 66 56 20 24

INH-R

100

Cases per cent
v
O

Fig. 11 — Five years follow up by initial isoniazid
sensitivity.

Sputum- heqative
' 532

e

Sputum-— positive
379

Cases per cent

5 12 3 4 5 6
yr
Fig. 12 —Five years follow up—Bacteriological
status at one year. No. of patients observed is
indicated in the corner.

In Table XXVI the follow up results
at 5 yr have been shown according
to the age of the patient at the time of
starting treatment. The influence of age
on deaths is clearly brought out, also the
differences in prognosis of patients who
had positive sputum by microscopy, as
compared with those detected by culture
only.

Mortality

At the 1959 base-line Sample Survey,
20-25 per cent of the populations in the
12 towns were enumerated ; the remaining
75-80 per cent of the populations in the
6 towns which were selected as “Treatment
Towns’ were enumerated during 1960-61,
the two stages being combined to form
prevalence Survey I. Surveys II and II[
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TABLE XXVI — STATUS AT 5 YEARS (PER CENT) RELATED TO AGE AND MODE OF IDEMONSTRATION OF
BACILLY ON ADMISSION

Cases positive by
microscopy (M)

Cases positive by
culture only (C+)

Age
(6%9) No. of Status at 5 yr No. of Status at 5 yr
cases cases
Died TB+ TB— Died TB+ TB—

Y Z 7 A % Ya
15-24 106 25 26 49 61 21 2 70
25-34 190 38 21 41 147 14 26 60
35-44 150 42 21 37 148 30 14 56
45-54 94 55 22 23 116 32 11 57
55 4 63 58 20 i 81 46 17 37
in the 6 ‘Treatment’ towns were also death and emigration were noted down.

preceded by acensus of all the individuals
residing in the towns. The household
was taken as the unit for census enumera-
tion. Apart from the common data such
as family name, house address and reli-
gion, data regarding name, sex, relation-
ship within the household, residential
status and approximate year of birth
were obtained, and entered in the census
files for each individual enumerated in the
census. At the time of Surveys II and III,
the relevant files from the previous census
were also consulted by the census clerks.
If the families had continued to stay in
the same house as in the previous census,
there was no difficulty in obtaining the
information about persons present in the
previous survey but absent in the present
survey. If the families had shifted the
places of residence from one house to
another within the town ecither in the
same locality or in a different locality,
they could still be traced. If they had
left the towns, nmo further information
could be obtained. Of those who were
present at the earlier eensus but not pre-
sent at the next censns, reasons such as

The emigration rate per year varied bet-
ween 4 and 6 per cent and was nearly
the same for the two sexes. With regard
to age, the emigration rates were found
to be a little Jower in the higher age
groups i.e. from 45 yr and above. The
highest emigration rates were observed
among females in the age group 15 to
24 yr.

The average annual death rates per
1000 due to all causes are given in
Table XXVIL. As mentioned in our
previous report® it was not possible
to obtain enough data to determine
the infant mortaliy. Children who were
born and died between two censuses
were usually not recorded The estimate
of deaths in the age groups 0-14 are
therefore minimum rates. Combining all
age-groups, the rate of death from all
causes shows considerable variation, rang-
ing from 12.3 in Rajampet to 8.3
in Chintamani, a difference of about
33 per cent.

Deaths among tuberculosis patients
aged 15 yr or more are shown in
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TABLE XXVII[ — AVERAGE ANNUAL DEATH RATES PER 1000 DUE 1O ALL CAUSES

Age group Kadiri Palmaner
Males

= 7.4 4.8
15e= a7 4.4
25 — 357 4.5
35 — 8.3 5.7
45 — 22.5 14.9
55 - 44.3 56.5
All malcs 9.4 9.1
Females

0 — 9.2 6.0
15 — 3.9 4.8
25 — 49 i
35 — 6.0 4.0
45 - 12.3 8.6
55 + 37.2 42.1
All femalcs 9.2 7.8
All 9.3 8.4

Kalahasti Rajampet  Chintamani  Tiruttani
4.6 4.6 7.3 6.6
4.8 it 3.2 4.7
9.1 g2 4.1 5:3

16.5 13.4 6.4 16.7
28.8 27.0 12,2 22.0
673 63.5 49.8 61.7
133 13.0 9.0 12.8
5.8 4.9 5.7 6.4
5.7 8.8 4.2 4.4
6.2 6.6 2.8 5.1
8.0 8.0 4.9 10.2
15.4 19.0 12.9 16.2
51.9 554 42.9 55.0
10.4 11.6 7.6 10.3
11.8 12.3 8.3 1.6

Table XXVIII. Considering both sexes
combined, the overall death rate ranged
from 45 in Palmaner to 234 in Rajampet
giving a five-fold variation. The rates
among males were particularly high at
Kalahasti and Rajampet, the estimates of
which are found to be more than 300 per
100,000. The death rates increased, es-
pecially among males, after the age of
45 yr. Tt should, however, be borne in
mind that not all deaths among tuber-
culous patients were due to tuberculosis
and that, deaths from other causes, in-
culded in the above rates, are likely to
vary appreciably with age.

Table XXIX presents deaths with or
due to tuberculosis as a percentage of
all deaths. It is worth noting that, both

in Kalahasti and Rajampet, this pro-
portion is very high among males aged
25-54 yr, namely 1 in 4 to 1 in 5, which
is particularly depressing when effective
modern anti-tuberculous drugs were avail-
able for the treatment of tuberculosis.
Considering all the six towns together,
the proportionate mortality from, or
with, tuberculosis is highest in males
aged 25-44 yr, and females aged 25-34 yr.

The incidence of deaths from all causes,
and deaths from or with tuberculosis are
presented for the 6 towns combined
(based on arithmetic means) inTable XXX
according to age. Fiducial limits at the
95 per cent level are also given, and it is
readily seen that mortality has been esti-
mated with rather wide margins.
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TABLE XXVIIL — AnNNUAL DeatH RATes Per 100,000 AmMoNG PATIENTS WITH TUBERCULOSIS*

Age group Kadiri Palmaner  Kalahasti Rajampet Chintamani Tiruttani
Males

15-24 38 4] 81 91 0 62
25-34 61 43 238 175 51 0 |
3544 194 52 342 342 18 235
45-54 397 109 604 599 92 267
55 + 452 140 851 783 56 537
All males** 162 33 324 315 36 204
Femules :

15-24 i2 38 35 80 52 20
25-34 63 19 88 169 111 82
3544 2 0 3 G20 138 49 0
45-54 61 112 112 204 23 130
55 + 102 47 51 210 62 103
All females** 52 37 81 150 93 60
Both Sexes 108 45 202 234 50 132

*Deaths among cases with present and previous bacillary pulmonary tuberculosis.
**Children less than 15 yr of age arc omitted.

TABLE XXIX — DEATHS AMONG CASES OF TUBERCULOSIS AS PERCENTAGE OF DEATHS DUE TO ALL CAUSES

Age Kadiri Palmaner  Kalahasti  Rajampet Chintamani Tiruttani Mean of 6
group towns
Males

15-24 14.3 0.0 16.9 16.1 0.0 13.0 10.0
25-34 16.7 9.5 26.1 19.1 12.5 it 16.8
35-44 23.4 9.1 20.7 25.5 2.9 14.1 16.0
45-54 17.6 7.3 21.0 22 75 16.7 15.4
55 - 10.2 2.5 12.6 12.3 T4l 8.7 7.9
Females

15-24 3.0 8.0 6.1 9.1 12.2 4.5 T2
25-34 12.8 5.6 14.1 257 38.5 16.1 18.8
3544 12.0 0.0 16.5 15752 10.0 0.0 9.3
45-54 5.0 13.0 73 10.7 1.8 8.0 7.6

25+ 2.8 1.1 1.0 3.8 35 1.9 2.0
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TabLE XXX — AVERAGE DrATH RATES Prr 1000 1N THE 6 ‘TREATMENT' Towns

Deaths from all causes

Deaths from orwith tubsrculosis®

Age > i
Per 1000 959 fiducial limits Per 1000 959 fiducial limits
A. Males :

0— 59 4.5- 7.3 18 .
15 4.3 3.1- 54 0.45 0.4-0.89
a5 . 6.0 3.4- 8.6 1.10 0.27-1.93
35— 1.2 5.9-16.4 1.97 0.51-3.43
45 —. 21.2 14.4-28.1 3.61 1.25-5.97
S0 e Dbl 48.0-66.4 4.70 1.29-8.11

15-55 + 14.17 10.34-18.00 1.82 0.59-3.05
All 11.1 8.9-13.3
B. Females :
0— 6.3 4.8+ 7.9 = .
15 s 5.3 3.4- 7.2 0.40 0.14-0.65
25 — 49 3.3- 6.4 0.89 0.36-1.41
35— 6.9 44- 9.3 0.65 0.01-1.20
45 — 14.]1 10.3-17.9 1.07 0.42-1.72
55 + 47.4 39.4-55.5 0.96 0.32-1.60
15-55 |- 11.32 8.57-14.07 0.91 0.47-1.34
All 9.5 7.8-11.1
Both sexes
15-55 -+ 12.78 9.59-15.97 1.29 0.51-2.07
All 10.3 8.4-12.2

*Deaths among cases with present or previous bacillary pulmonary tuberculosis.

Pool of Infectious Cases

In order to study the effect on the
community as a whole, two approaches
have been made : (i) to compare the
prevalence of bacillary cases in the 6
towns at three points in time viz. at
Surveys I, IT and III which took place at
the beginning, the middle and at the end
of the investigation, and (ii) to study
the prevalence year by year of cases proved
to be infectious and to note whether

there was any change due to the treat-
ment programme. The second approach
will be discussed first.

All patients with bacteriological ¢vi-
dence of pulmonary tuberculosis during
the period from 1960 to 1968 have been
entered as ‘Cases on the Register’ in
Appendix Tahle VII*. Cases who were
removed from the community by death

*Sce foot note on p. 25
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or by emigration were struck off the re-
register the following year. All cases
whether treated or not, should have had
at least one bacteriological sputum ex-
amination each year., Those who were
not examined bacteriologically in a year
were noted as ‘Not examined’.

The definition of cases entered as
‘sputum positive’ in a particular year
required that they should have been
positive either by microscopy or by cul-
ture, or by both, at least once during that
particular year. This stipulation does
not exclude that cases could have becn
examined many times during a parti-
cular year and have shown bacilli more
often than once. The definition here
given indicates simply that such a person,
at least once during the year, was known
to have excreted bacilli which could have
transmitted the discase to his or her
contacts.

The sputum positive cases (as just
defined) have been divided into three
categories designated as A, B and C.
Category A refers to patients diagnosed
as bacillary cases for the first time in
the particular calendar year. Category B
correspends to patients initially diagnosed
as bacillary cases during the previous
calendar year, and category C com-
prises patients who were diagnosed any
time earlier than the previous year. As
long as a patient once diagnosed as a
case of bacillary tuberculosis continued
to reside in the town, he or she would
continue to appear on the Register. As
such, any patient or ex-patient would
continue to be carried forward from year
to year and would be classified each year
as being either ‘sputum positive’, ‘sputum
negative’ or ‘not examined’ according to

the results of the sputum examinations
in that particular year.

In order to simplify the argumentation,
bacillary cases in category A have been
called ‘new’ cases and bacillary cases in
categorics B and C have been added
together under the designation ‘old’ case.
Although this group (B, C) is a mix-up
of cases with illnesses of varying duration,
the great majority had one factor in
common viz., that if their treatment had
been effective they should not have been
there but appeared in the group desig-
nated ‘sputum negative’.

Results : The diagrams shown in Fig.
13 illustrate well the composition of the
cases on the Register with regard to the
sputum results and the different cate-
gories since 1960 when Survey I began
till 1968 when Survey IIT ended. The
uppermost curve indicates the total num-
ber of cases (per 1000 adults) on the
Register. It starts withthe cases diag-
nosed at the time of Survey I and in-
creases from year to year mainly owing
to the accumulation of the patients who
turned sputum-negative and were keeping
well. The second curve from above in-
dicates the number of patients who were
cxamined within each calendar vyear.
The zone between the two curves indicates
the patients who were ‘Not examined’.
The following zone corresponds to cases
whose sputum was found to be TB-
negative; the third curve-(second from
below)-—corresponds to the total number
of cases who had bacilli in the sputum
at least once in a particular calendar
year. They are divided into two zones,
the upper one representing the ‘old’
and the lower one the ‘new’ cases who
were diagnosed for the first time in the
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particular year, ie. category A. The
prevalenee of ‘new’ bacteriologically posi-
tive cases and the prevalence of ‘old’
bacteriologically positive cases as shown
in Fig. 13 are entered in Table XXXIIL

30

Fig. 13 shows in a striking manner the
variation in prevalence of tuberculosis
among the six ‘Treatment’ towns. High
prevalence was found in Kalahasti,
Rajampet and Kadiri and relatively low
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prevalence in Palinaner, Chintamani and
Tiruttani. The three towns on the left
side of the graph correspond to the group
of patients treated with isoniazid and
PAS and the three on the right side to
the group who received only isoniazid;
therefore, the former contains two towns
with a high and one with a low prevalence
while the other group consists of one
town with a high and two with low pre-
valence.

In all six towns the curves have two or
three peaks, particularly the second curve
from below showing cases whose sputa
were positive each calendar year. The
peaks correspond to the years when the
surveys were done. Kadiri, for instance,
shows three peaks, namely in 1960, 1962
and 1965 corresponding to Surveys I,
II and III. Kalahasti was examined first
time in 1961, second time in 1964 and
lastly in 1968.

Domiciliary tuberculosis chemotherapy in rural south India

The inter-relationship of categories A,
B and C is brought out in Table XXXI.
It gives the average number of sputum
positive cases per 1000 adults per year.
In order to be able to calculate the rates,
the populations present in each town
cach calendar year were ecstimated by
interpolation from the census figures ob-
tained at each survey. Table XXXI shows
in average 42.6 per cent of the sputum
positive cases each year were new cases
diagnosed within the particular calendar
year while 17 per cent were diagnosed the
previous year and 40.4 per cent even earli-
er. Assuming, for the sake of argument,
that ordinarily all cases who respond to
modern chemotherapy would become
sputum negative within six months, it
follows that no case diagnosed earlier
than the previous year should excrete
bacilli in the year under review; those
who did so would either be cases who
continued to harbour bacilli in spite of

TaBLE XXXI—PooL OF INFECTIOUS CASES, AVERAGE DISTRIBUTION OF CATEGORILS A, B & C* (1960-68)

Towns Sputum positive
cases per 1000
adults per year

(=100%)

Kadiri 8.7

Palmaner 34

Kalahasti 8.9

Rajampet 9.9

Chintamani 38

Tiruttani 4.6

Mean 6.5

*Initial bacteriological diagnosis done —
(i) the same year

(ii) the previous calendar year

(iii) earlier than the previous calendar ycar

Category Category Category
A B C
(%) (%) (%
40.2 16.1 43.7
50.0 14.7 35.3
44.3 17.3 384
39.4 20.2 40.4
3jle 18.4 50.0
50.0 152 34.8
42.6 170 404
Category A
Category B

Category C
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TaABLE XXXII — Poor of INFEcTIOUS CAsts, MEAN Seputum PosiTive Cases Per 1000 Aburrs Per
YEAR SHOWING PERCENTAGE DISTRIBUTIONS OF ‘NEW’ AND ‘OLD’ CASES

Males Females

Towns Mean TB+ New (A) Old (B+C) Mean TB |- New (A) Old (B+C)

per 1000 e % per 1000 54 9
Kadiri 6.00 37 63 2.32 48 52
Palmaner 2.07 48 A 0.99 54 46
Kalahasti 6.95 42 58 2.00 50 50
Rajampet 7.58 39 61 1.80 43 57
Chintamani 2.36 32 68 1.36 35 65
Tiruttani 3.43 41 59 1.07 58 42
Mean % 39.8 60.2 - 48.0 52.0

TasLE XXXIII— Poor oF INFecTIOUS CASeS, BACILLARY CAsts PER 1000 ApuLts 1N EACH OF THR
S1x TREATMENT TOWNS ACCORDING TO THE CATEGORIES (NEW) A AND (OLp) B-| C (BoTu SEXES)

Year Kadiri Palmaner Kalahasti Rajampet Chintamani Tirnttani Mean

New cases (A4) :

1961 1.9 3.3 8.1 2.9 ;B 0.8 3.03
62 6.3 0.9 3.0 5.8 1.1 1.3 207
63 2.0 3.0 2.6 4.8 2.1 5.1 3.27
64 3.3 2.4 12,7 2.7 1:5 1.8 4.07
65 2.3 0.9 2.9 2.0 0.3 0.4 1.43
66 7.5 0.4 0.8 7.5 0.4 0.4 2,83
67 1.5 0.3 0.6 3.6 2.8 2.6 1.90
68 2] 3.7 4.7 0.8 0.3 4.0 2.50

Mean 3.24 1.86 4.43 3.76 1.2 2.05 2,76

Old cases

(BI-C) :

1961 4.1 —_ 0.8 4.3 1.9 3.3 2.88
62 4.0 0.5 4.0 4.1 2.0 1.9 2.75
63 4.8 1.0 3.9 6.8 2.3 2.1 3.48
64 4.6 2.4 ik 8.1 3.3 3.6 4.28
65 4.6 2.7 9.4 5.6 34 Pl 4.90
66 .5 2.0 s 4.4 2.0 ) E 3.48
67 59 1.5 5.5 7.6 2.0 1.6 4,02
68 5.6 1.5 3.6 5.4 2.8 1.9 3.47

Mecan 4.89 1.66 4.52 5.79 2.46 248 3.65
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their treatment or be relapse cases. Of
the cases diagnosed during the previous
year, those detected as early as on
January Ist and re-examined as late as
on December 31st of the present year
would theoretically have an observation
period of two years, while cases diagnosed
on December 31st the previous year
would have had an observation period of
only one day if the check-up examination
took place on January Ist in the calendar
year under review. Assuming that the
intake of new cases was equally distri-
buted during the year and assuming also
that no case would remain positive after
the end of the first six months of treat-
ment, the cases in category B should
not contain more than 50 per cent with
bacilli in the sputum while 50 per cent
should be sputum-negative. Adding the
50 per cent of category B (that is 8.5 per
cent) to the 40.4 per ceut in category C,
it may be estimated that of all the patients
having positive sputum, 49 per cent or
about half are due to failure of the treat-
ment programme.

The six diagrams in Fig. 13 have been
combined in Fig. 14 to show the means

Bacillary cases per 1000

R {reasspdbaily
1960 & 52 63 64 65 66

 EER]
67 1968

14 — Pool of infectious cases.—Means of
6 trcatment towns.

Fig.
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of observations (for both sexes) from all
the six towns. The Jowermost zone
represents catcgory A or ‘new’ cases,
while the zone just above it represents
categories B [-C or ‘old’ cases. Table
XXXII shows the distribution according
to males and females. Among males,
60 per cent belong to categories B and C
and among females 52 per cent, the
difference being statistically significant
(P < 0.02).

The sputum-positive cases have also
been divided according to the method
by which the bacilli were found within
each calendar year. Fig. 15 shows the
cases whose sputum was positive by
microscopy and those positive by culture
only. The curves represent the means of
the observations in the 6 towns. The
high peak in 1964 coincides with Survey
II and the introduction of the improved
culture technique. It is noteworthy that
almost half of the cases (43 per cent)
would have been missed had the culture
method not been available. Dividing

1000 adulls
o
T

Baclllary ccses par

O—0 Cases positive by culiure only
1= @—® Coses positive by microscopy

1 1 | ] | 1 I [
1960 6! 62 63 64 65 668 &7 1968

Pool of

Inteclious cases

Fig. 15 — Pool of infectious cases. in different
years.
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the two groups into ‘new’ and ‘old’ cases,
Fig. 16 shows that the cases whose sputa
were positive by microscopy contained
a majority of old cases, namely in average
61 per cent ‘old’ and 39 per cent ‘new’
cases. The cases which were found by
culture (upper half of Fig. 16) were
almost equally divided into ‘new’ cases
(49 per cent) and ‘old’ cases (51 percent).
Fig. 16 also shows that among the
cases positive by microscopy there appears
to be from 1960 (or 1961) till 1968 a
decrease of ‘new’ cases while there is an
increase of ‘old’ cascs.

From Fig. 14 it is seen that even if
the findings in 1960 are disregarded there
appears to be a slight downward trend
in the rate of ‘new’ cases as against slight
increase of the ‘old’ cases; therefore, the
ratic of ‘old’ cases to ‘new’ cases tends
to increase during the observation period.

Isoniazid sensitivity : In the same way

Cases positive by cuiture only

tl- 00— Old cases
—® New caszs

£ i 1 i 1 15 ).

Pogitive by microscopy

= N—

Bacilary cases per 1000 adulis
&~

= 2
(o e SR L= i 1 1 1
1960 61 62 63 b& &5 66 67 1968

Pool of inleclious cases

Tig. 16 — Pool of infectious cases.

as a case with a single positive sputum
result in a particular calendar year was
defined as a positive case despite perhaps
many possible negative sputum results
carlier or later during the same year, an
isoniazid-resistant case in the ‘Pool of
infectious cases’ indicates that isoniazid
resistant bacilli were demonstrated at
least once during that ecalendar year.
It follows that it might bappen that some
patients in category A—-the® new’ cases—
who were admitted with isoniazid-sensi-
tive bacilli could have developed isoniazid
resistance before the year was completed;
they would be classified as resistant.
Therefore, the rates of isoniazid resistant
cases under category A will not corres-
pond to the truc incidence of isoniazid
resistance among newly-admitted cases.

From Table XXX1V it will be seen that
of the average bacillary prevalence of
6.38 cases per 1000 adults, 62 per cent
(3.93 per 1000) was isoniazid-sensitive
and 38 per cent (2.45 per 1000) was
isoniazid-resistant. Most of the isoniazid
resistant cases, namely 1.87 (76 per cent)
of 2.45, were from the ‘old’ cases (B and
C groups). Indeed, among the ‘old’
cases, approximately half, namely 1.87
(52 per cent) of 3.61, were isoniazid-
resistant. Further, among old cases posi-
tive by microscopy, the proportion was
even higher i.e. 1.35 (61 per cent) of 2.22,
This high proportion of resistance, arising
in a comununity where the treatment
programume is far from satisfactory, raises
serious problems in an active tuberculosis
control programme.

One-drug versus two-drugs towns : A
comparison of the findings in the 3 towns
where the treatment offered consisted of
isoniazid only and the 3 towns where it
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TABLE XXXIV — PooL or INFECTIOUS CASES, ANNUAL MEAN RATES OF BACILLARY CASES Prr 1000
ApuULTs FrROM 1961-68 1N THE 6 TOWNS ACCORDING TO ISONIAZID-SENSITIVITY AND ‘CATEGORIES’ AND
METHODS OF SPUTUM EXAMINATION

Category INH-S INH-R Total
% % %
‘New’ (4) M+ 1.03 72 0.39 28 1.42 100
G+ 1.16 86 0.19 14 1.35 100
All 2.19 79 0.58 21 277 100
‘Old’ (B+C) M - 0.87 38 1.35 61 2.22 100
- 0.87 63 0.52 37 1:39 100
All 1.74 48 1.87 52 3.61 100
Total 3.93 62 2.45 38 6.38 100
Note . — INH-S = Tsoniazid-sensitive strains.

INH-R = Isoniazid-resistant strains.

M- = Sputum positive by microscopy.
C+ = Sputum positive by culture only.
consisted of isoniazid and PAS is given INH INH—PAS

in Table XXXV. The total rate of
sputum positive cases is rather higher
in the INH-PAS towns than in the INH
towns; this may be becanse the INH-PAS
group contains 2 towns with high and
one town with low prevalence, whereas
the INH group contains one town with
high and two with low prevalence.

|

— =
——— INJ-R ==

Comnsidering isoniazid sensitivity test
results, Table XXXV shows that the
INH towns had a higher percentage of
INH resistant cases than the INH-PAS
towns, namely 45 per cent against 31

Spulum  positive ccses tn per cznt

per cent. Among the ‘old’ cases, the ! Ll A
corresponding proportions were 59 per 20 N

cent and 43 per cent. The differences s e T, T i T Y 2
are borne out clearly in Fig. 17. These 1361 i G
findings suggest that treatment with iso- P b et

niazid only was associated with higher i I(refl.) Or?;];ii ',‘2;"55(’{5’)“5 o
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TABLE XXXV —- PooL oF INFECTIOUS CAsEs, MEAN ANNUAL RATES OF CAsts PEr 1000 IN 2-DRUGS AND
1-DrUG TowNS RESPECTIVELY SHOWING PER CENT DISTRIBUTION OF STRAINS SENSITIVE AND RESISTANT
TO ISONIAZID ACCORDING TO THE REGIMEN AND CATEGORY

Town Category
regimens
INH-PAS New (A)
Old (B1O)
All positive
INH New (A)
Old (B+C)

All positive

Sputum positive INH-S INH-R

cases per 1000 % (%)
3.18 83 17
3.64 57 43
0.82 69 31
2.34 T 28
3.58 41 59
5.92 55 45

proportion of isoniazid-resistant cases as
compared with treatment with isoniazid
plus PAS.

Three prevalence surveys

The six ‘Treatment’ towns were ex-
amined three times : Snrvey I in 1960-61,
Survey II in 1962-64 and Survey III in
1965-68. (A detailed time-table is given
in Table I). The average interval between
the surveys were 29 months from Survey
I to Survey IT and 50 months from Sur-
vey IL to Survey III; altogether from
Survey I to Survey IIL, the average interval
was 80 months. The time-table does
not include the base-line sample survey
done in 1959 but covers the period spent
on examining the remaining 75-80 per
cent blocks of the 6 ‘Treatment’ towns
not covered in 1959. However, in the
Tables showing the results of the three
surveys, the results obtained in the sample
blocks are included under Survey I. The
6 ‘Control’ towns were examined during
Survey III together with the 6 ‘Treatment’
towns.

Table XXXVI gives a summary of
work done at the three Surveys. The
term ‘persons eligible’ stands for adults
aged 15 yr and above. Children below
15 yr account for the difference between
the total population and the persons
eligible. The average attendance rates
at the X-ray examinations at the three
surveys were 88, 80 and 82 per cent,
respectively. The corresponding rates for
the examinations of cases sclected for
sputum examinations were 84, 89 and
88 per cent. The imcrease from survey
to survey in total population and nwnber
of eligible persons reflects the population
growth. As for the ‘control’ towns
examined at Survey III, the coverage by
X-ray and bacteriological examinations
were 85 and 93 per cent respectively.

Basic data: Appendix Table X*presents,
in detail, the findings at the three surveys
for cach sex and age groups, the number
of persons eligible, number examined by
X-ray and among these the number of

*See foot note on p 25
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TABLE XXXVI — SUMMARY OF WORK DONE AT SURVEYS, I, IT ann ITL
Duration  Total X-ray Bacteirology Bacillary
of population CaSCS
Town Year(s) survey Eligible* Examined Selected Examined No.
(months) No. (% No. (%)
Survey 1 (1960-61) :
Kadiri 1960 6 16543 9814 90 820 87 89
Palmaner 1960-61 5 8812 5156 91 275 81 18
Kalahasti 1961 9 23364 15229 83 1068 89 144
Rajampet 1960 5 10835 6983 90 740 82 65
Chintamani 1960-61 7 17438 10400 90 608 85 48
Tiruttani 1960 5 9079 5839 87 413 84 36
Survey II (1962-64) :
Kadiri 1962 7 18390 10805 76 580 90 57
Palamaner 1963-64 o 10479 6186 90 333 QO 23
Kalahasti 19G3-64 14 25548 16814 82 1396 88 221
Rajampet 1962 11 10686 6857 74 469 84 60
Chintamani 1962-63 10 18767 11139 72 543 88 36
Tiruttani 1963 g 10282 6621 85 551 91 32
Survey IH (1965-63) (A) Treatnent fowns -
Kadiri 1965-66 8 20438 12267 84 721 92 107
Palmaner 1967-68 (] 12148 7471 86 380 &9 28
Kalahasti 1968-69 10 29741 19052 84 1268 87 168
Rajampet 1966-67 7 12182 7811 78 527 &8 92
Chintamani 1966-67 12 20682 2772 80 477 90 47
Tiruttani 1967-68 9 12617 8035 83 371 82 51
Survey 11l (1965-68) (B) Control towns :
Rayachoti 1965 4 16236 9517 89 929 96 113
Srinivasapur 1966 5 7968 4610 84 211 90 23
Mulbagal 1966 5 14587 8127 82 337 93 33
Nagari 1967 4 7786 4783 88 285 94 41
Puttur 1967-68 5 10212 6299 84 430 93 39
Punganur 1968 6 16677 10084 82 469 92 53

*Persons aged 15 yr and above

persons who on account of their X-ray
findings as determined by two indepen-
dent readers were selected for bacterio-
logical examinations. Then follows the
number whose sputa were examined, and
finally, the number who were found to
excreie tubercle bacilli as demonstrated

either by microscopy (M-+) or if the
microscopic examinations were negative
by culture (C+).

Prevalence rates : Tables XXXVII-
XXXVIIL give the rates of cases with
bacillary tuberculosis per 1000 adults by
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TABLE XXXVII — AGE-STANDARDISED PREVALENCES OF Baciirary TusercuLosis (PErR 1000 AbuLrts)

IN THE 6 TREATMENT TOWNS IN THE 3 SURVEYS.

Microscory Posrrive Cases (M )

Town Males Females Both sexes

I | S II S Iif SI S II S III R ST sor
Kadiri 12.1 7.6 G. 4.3 4.4 3.3 8.3 6.0 4.7
Palmaner 6.6 1.6 34 1:2 1.0 0.7 3.9 1.3 29
Kalahasti 13.3 9.7 9.8 4.3 3.7 3.0 8.8 6.7 6.4
Rajampet 1592 17.0 11.4 6.7 29 29 9.9 9.8 7ie
Chintamani 3.0 2.4 3.6 4.4 2.3 1.2 3.7 2.3 2.5
Tiruttani 10.3 6.6 8.5 2 L2 25 6.2 3.8 55
Mcan 9.78 7.49 7.40 3.86 2:33 2.3 6.81 5.01 4.83
P.value* SI-STT  0.1-0.2 0.08 <0.01
for the contrast SI-SITII  0.05 0.05 <0.01

*Based on a weighted mean change between surveys (for details, see the accompanying paper).

TABLE XXXVII-A — MEAN DISTRIBUTION IN PER
CENT OF BACILLARY CaSEs IN THE 12 TOWNS AT
SurvEY III ACCORDING TO SEX AND AGE

Age Males Females Ratio
(o) (70 (%) LoeE
15— 1.6 4.8 ) ok il
25 — 16.5 i fa 3051
35— 21.4 5.8 S
45 — 159 2:9 55 2k
55 - 16.8 3.4 49 ; 1
Sub total 77.6 22.4 X5
Total 100.0 100.0

sex. Assuming that the reasons for

incomplete coverage at the time of the
sputum examinations were unconnected
with tuberculosis, an adjustment has
been made giving an estimate of cases
which would have been detected if all
persons selected for sputum examinations
had been examined. Similarly, in esti-
mating the prevalence of the bacillary
cases for all males and females in each
town an adjustment has been made for

incomplete coverage at the time of the
X-ray examination. These adjustments
have been taken into consideration when
estimating the variance of the estimate at
each survey based upon the sex and age
group.

As the main purpose of the investi-
gation was to compare the results obtained
in the six towns in which home treatment
was offered to the cases of bacillary
tuberculosis, with the six comparable
towns in which no clinics were set up or
any special treatment offered, and since
the former group i.e. the ‘Treatment’
group itself was divided into two groups
of three towns each where the treatment
consisted of isoniazid-PAS in one group
and of isoniazid alone in the other group,
the basic comparisons have been between
the mean prevalence rates obtained from
survey to survey in the diflferent groups
concerned. By applying this principle
the towns have been given equal weightage
although they differed in the size of popu-
lations. Iad the analysis been based
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TapLE XXXVIII — AGE-STANDARDISED PREVALENCES OF BACILLARY TUBERCULOSIS (PER 1000 ADULTS)

IN THE 6 TREATMENT TOWNS IN THE 3 SURVEYS.

CasEs PosITIVE BY CULTURE ONLY (C+-)

Males Females Both sexes

Town —

o SO & S TEE SI SII SsII So1 S I S 1T
Kadiri 4.9 3 9.7 1.6 0.8 2.7 3.3 1.6 6.3
Palmaner 1.0 39 2.6 0.4 2.7 1.9 0.7 3.3 P2
Kalahasti 5.8 16.0 9.5 2.3 6.1 1.5 4.0 11.0 55
Rajampet 1.9 5.8 14.9 2.1 1.9 4.0 2.0 39 9.4
Chintamani 2.1 3.2 8.5 2 1.8 1.8 2.2 2. 2.6
Tiruttani L] 3.3 4.4 0.0 1.8 2. 2. 2. 3.5
Mean 3.46 575 7.44 1.47 2:52 2.4 2.47 4,13 4.92
P-value* SI-SIT >0.2 0.2 >0.2
for the contrast SI-SIIL 0.1 0.2 0.06

*Based on a weighted mean change between surveys (for details, see the aecompanying paper).

on simple summation the larger towns or
those with high prevalence of tuber-
culosis would have unduly dominated
over the smaller towns or those with low
prevalence.

General observations ; Appendix Table
XTI* gives the prevalence rates of bacil-
lary tuberculosis according to sex and
age. The same are shown in Fig. 18
which covers Survey I and Il, and Fig. 19
which shows the findings at Survey III
in the 6 ‘Treatment’ and the 6 ‘Control’
towns. In the two sets of graphs the
towns have been arranged according to
the degree of prevalence starting from
above with the towns with high pre-
valence and ending below with those
with low prevalence.

There is a marked uniformity in the
results obtained [rom survey to survey.
Not only do the towns keep their rank

*See foot notec on p 25

according to prevalence but also the
shape of the curves are remarkably
congistent from survey to survey.

Two main observations stand out
prominently The great difference in
prevalence between males and females
and the high rates ol tuberculosis among
elderly males. Considering the ratio of
cases among males to cases among fe-
males, the mean percentage distribution
for the 12 towns at Survey III was 76.3
per cent males and 23.7 per cent females
giving a ratio M/F of 3.2/, This re-
presents the general picture. There were
however exceptions, e.g. in Chintamani,
the females were at Survey I in pre-
ponderance, namely 57 per cent as against
43 per cent males; at Survey II the
opposite was observed, namely 58 per
cent males and 42 per cent females, and
at Survey III the findings were 71 per cent
males and 29 per cent females, which
is more in keeping with the general ob-



FrIMODT-MOLLER et al 55

Survey |

40
Kalahasti

N
)]
| 1

Rajampet

1000
N
o
1 ¥

Kadiri

4R

/O\“O—/’O

2
N3
(@]

|

q

Y

Cases

Tiruttani

[N]
&
I i

|
\

——e

20 Fchintamani

e

:

20 | Palmaner

| e T

10 20 30 40 50 60

Survey 11

Kalahasti

P

Rajampet

O—"‘O‘“O\o/o

Kadiri
= LA
E e
Tiruttani
~Chintamani
:l_:’ulmoner

I ]
10 20 30 40 50 60

Age, yr

Fig. 18 — Prevalence of bacillary cases by sex and age in Surveys I and II in the
6 ‘treatement’ towns.

servations. However, in Nagari, at Sur-
vey III, the prevalence rates were 18.4
in males and 2.3 per 1000 in females i.e.
89 per cent males for 11 per cent females,
or a ratio of 8/1. As for exceptionally

high rates of prevalence it will be noted
that in Kalahasti at Survey I, males in
the age group 55+ showed a prevalence
of over 40 per 1000, or 1 person in 25.
Similar rates were found in Rajampet
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at Survey II and in Puttur at Survey III
in the age group ‘45-54’. However, the
number of persons in the community
reaching the age of 50 to 60 may not be
high, so an estimate has been made of
the distribution of male and female
cases in the community taking the average
of the 12 towns examined at Survey III,
as shown in Table XXXVII-A.

Of every 100 bacillary cases, 77.6
were males and 22.4 females, giving a
ratio M/F of 3.5/l. TIlalf of the total
number of baecillary cases (54 per cent)
were found among males in the age
group of 35 and above and one-third
(33 per cent) were found among males
in the age group of 45 and above. The
ratio M/F was 1.5/1 in the age group
15-24, therecafter increasing steadily
through 3:1 to 5.5:1 in the age group
45-54.

To sum up, the main sources of in-
fection in the community are dominated
by the male patients and among these
again by males aged 35 and above.

Mean changes in prevalence between
surveys in the 6 ‘Treatment’ towns : All
prevalences quoted are age-standardised,
the Standard Population being the pooled
population from the 3 surveys in each
town.

The comparisons between the Surveys
are based upon the means of the obser-
vations in the six towns. For instance,
in Survey I (Table XXXVII) the mean
for males positive by microscopy was
9.78 while at Survey II, it was 7.49 and
at Survey III, 7.40. The mean differences
between the prevalences of the first and
the second, and the first and the third
survey have been calculated and their

P-values are shown in Tables XXXVII to
XXXIX. In the present example, the
difference between Survey 1 and Survey
II of males with sputum positive by
microscopy was 2.29. It was satatistically
not significant as the P-value was 0.1,
while the difference between Survey I and
Survey III viz. 2.38 had a P-value of 0.05,
indicating a significant decrease from
Survey I to Sarvey III.

The main results of the three pre-
valence surveys are shown in Tables
XXXVIIL to XXXIX. Considering first the
cases whose sputum examinations were
positive by microscopy, there was a
decrease in mean prevalence from Survey I
to Survey IT and especially Survey I
to Survey IlI. This applies to males as
well as females and also to ‘both sexes’.
Considering—‘both sexes’—there was a
significant decrease among the cases
whose sputa were positive by microscopy
(M-+) from 6.81 at Survey I to 5.01 at
Survey II and to 4.83 at Survey IIL. In
cases whose sputa were positive by cul-
ture only (C+), there was for males as
well as for females, an increase i the
prevalence from Survey I to Survey II
and from Survey I to Survey III. Consi-
dering ‘both sexes’ the mean prevalence
rose from 2.47 at Survey I to 4.92 per
1000 at Survey III. This increase of 2.45
per 1000 was almost significant at the
5 per cent level, the P value being 0.06.
As the rates among the cases positive by
microscopy showed a decrease and the
cases positive by culture only an increase,
it is not surprising that when added
together, the total results show no im-
portant changes from survey to survey.
For ‘both sexes’, total prevalences at
Surveys 1, IT and III were 9.28, 9.14 and
9.76 (per 1000 adults).
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TABLE XXXIX — AGE-STANDARDISED PREVALENCES OF BACILLARY TUBERCULOsis (PER 1000 ApULTS)

IN THE 6 TREATMENT TOwwNS IN THE 3 SURVEYS.

All Cases (M {- AnD C)

Town Males Females Both sexes

S1I S II S It SI SII S IIf S1I S II SIIL
Kadiri 17.0 9.9 15,7 6.0 5.2 6.0 11.6 7.6 11.0
Palmaner ol 5.5 %7 157 3.8 2.6 4.7 4.6 5.1
Kalahasti 19.1 2507 19.4 6.6 9.8 4.5 12.8 17.7 11.9
Rajampet 15.1 229 26.2 8.8 4.6 6.9 11.9 13.7 16.5
Chintamani 5.2 5.6 11 6.7 4.1 3.0 5.9 4.9 5.1
Tiruttani 15.4 9.8 12.9 23 3.0 5.1 8.8 6.4 9.0
Mean 13.26  13.24  14.85 5.33 5.07 4.67 9.28 9.14 9.76
P-value* SI-SIT  >0.2 >02 >0.2
for the contrast S-S >0.2 =0.2 >0.2

*Based on a weighted mean change between surveys

The decrease in prevalence from Sur-
vey I to Surveys II or Il of the cases
positive by microscopy is considered to
indicate a real decrease which is not likely
to be due to changes in the technique.
On the other hand, the increase in the
prevalence in the C+ group is considered
to be due to the improvement in the
bacteriological technique which took place
in 1964 when the homogenizing agent
used at the time of setting up primary
cultures was changed from 6 per cent
sulphuric acid to 4 per cent sodium
hydroxide.

Comparison between mean prevalence
rates in the three INH-PAS’ towns and
the three ‘INH towns: The results are given
in Tables XL and XLI. The 3 towns where
the treatment consisted of isoniazid and
PAS, were Kadiri, Palinaner and Kalahasti
and the towns where the treatment
consisted of isoniazid only, Rajampet,
Chintamani and Tiruttani. In the ‘INH-
PAS’ group, the cases with sputum posi-

tive by microscopy showed among the
males a statistically significant decrease
from Survey I to Survey II and among
females from Survey I to Survey IIL
The cases which were positive by culture
only, showed an increase from Survey I
to Survey Il or Survey III but the diffe-
rence among males or females did not
reach significant levels. However, when
both sexes were taken together, the cases
microscopically positive (M) showed
appreciable decrease from Survey I to
Survey IL (P < 0.01) and from Survey I
to Survey IIL (P = 0.09). With regard to
the cases positive by culture only (C+),
there was an increase from 2.68 at Survey
I to 4.67 at Survey IIl which is almost
significant (P = 0.06). Turning to the
INH-towns, the trend observed among
the Z-drugs towns were also noted among
them but none of the changes reached
significant levels.

The changes from Survey to Survey
observed in the ‘INH-PAS’ towns have
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TABLE XL — AGE-STANDARDISED MEAN PREVALENCE OF BACILLARY TuUBERCULOSIS TN 3 INH-PAS
AND 3 INH Towns

Mean prevalence (per 1000 adults) of bacillary TB cases

Survey Males Females Both sexes
INH-PAS INH INH-PAS INH INH-PAS INH
M + I 10.69 8.87 3.30 4.42 7.01 6.62
It 6.34 8.66 3.06 2.4 4.70 3%
I 6.99 7.82 2.32 223 4.65 5.01
C + I 3.90 3.02 1.45 1.49 2.68 2.25
1z 37 4.12 3.20 1.85 5.28 2.98
ITt .28 7.60 2.02 2.76 4.67 50T
All positive I 14.59 11.90 4.75 591 9.69 8.87
IL 13.71 12.78 6.26 3.89 9.98 8.31
I 14.27 15.42 4.35 4.99 9.33 10.19

TapLe XLI — CoMmpPARISONS BETWEEN INH-PAS Towns AND INH Towns*

Weighted mean change in bacillary prevalence (per 1000 adults)

Treatment Survey I minus Survey II Survey I minus Survey III
policy ——= -
Male Female Both sexes Male Female Both scxes

M |- INH-PAS 4.35 0.24 2.29 3.75 0.97 2.36
INH 0.30 2132 1.40 0.99 217 1.58
i 0.1— 0.07 0.2 0.1-— 0.2 0.2

0.2 0.2

T INH-PAS —3.46 —1.74 —2.59 —3.39 —0.57 —1.99
INH —I1.10 —0.36 -~4.73 —4.57 —1.26 —2.91
P 0.2 0.2 0.2 0.2 0.2 0.2

All

positive ITNH-PAS 0.88 —1.50 —0.29 0.32 0.40 0.37
INH —0.86 25 0.58 =352 0.92 --[.28
P 0.2 0.2 0.2 0.2 0.2 0.2

*Based on weighted, age-standardised, mean changes between surveys in the 3 INH-PAS towns
and in the 3 INH towns.
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been compared with the corresponding
changes observed in the ‘INH’ towns
(Table XLI) but in none were the diffe-
rences statistically significant,

Isoniazid sensitivity : All  cultures
isolated were, as a matter of routine,
examined for drug sensitivity towards
isoniazid, streptomycin and PAS (Tables
XLII and XLITI). In this report only the
results of isoniazid sensitivity fests are
presented. The distribution of isoniazid-
sensitive and resistant strains in the 12
towns according to survey, sex and method
of demonstrating the bacilli is shown in
Appendix Table XIT*. In a few cases
cultures were obtained but drug sensitivity
tests were missing or the tests not done,
Assuming that these cases would have
shown the same ratio of sensitive to
resistant cases as found among those for

*See foot note on p 25

which the results are available, the mean
prevalence rates for cases with INH-
resistant strains are shown in Table XLII.
The mean prevalences of the six towns
according to sex and method of demon-
strating the bacilli are also found in
Table XLII as well as the P-values for
mean changes between surveys. Whereas
the previous comparisons among cases
whose sputa were positive by microscopy
showed a decrease in prevalence from
Survey I to Survey Il and Snrvey III,
the present comparisons show among
males an increase from Survey I to Survey
II and from Survey I to Survey III. How-
ever, in none were the changes statistically
significant. With regard to cases positive
by culture only (C-), there was an in-
crease from Survey I to the other surveys
(Table XLII), and in case of females
there was a significant increase from 0.12
at Survey I to 0.94 per 1000 at Survey IL
Considering the positive cases irrespective

TapLe XLII — AGE-STANDARDISED MEAN

PREVALENCE

OF ISONIAZID-RESISTANT STRAINS IN THE 6

TREATMENT TOWNS IN THE 3 SURVEYS

Mean prevalence (per 1000 adults)

P-value* for the following

Sex of INH-res. strains contrast
SI S I S I SIL - S II SI~S I
M Males 1.42 3.09 2.31 0.1 0.2
Females 1.23 1.35 0.72 0.2 0.2
Both sexes 1.33 2.23 1.50 0.1 0.2
C 4 Males 0.66 1.22 1.37 0.2 0.2
Females 0.12 0.94 0.53 0.03 0.2
Both sexes 0.39 1.08 0.94 0.08 0.1
All posilive Males 2l 4.27 3.68 0.1 0.2
cases Females 1.30 282 1.23 0.03 02
Both sexes 1.71 3.30 2.43 0.04 0.2

*Based on a weighted mean change between surveys
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of method of diagnosis, there were satisti-
cally significant increases from Survey I
to Survey II, in males from 2.13 to 4.27
per 1000, in females from 1.30 to 2.32
and in ‘both sexes’ from 1.71 to 3.30
per 1000.

The treatment programme and the
changes in prevalence : Comparing the
results of the three prevalence surveys
conducted in the 6 ‘Treatment’ towns,
it was found that even though the total
prevalence of bacillary tuberculosis showed
no essential change from Survey to Survey,
the study of special factors such as the
method of demonstrating tubercle bacilli
in the sputum ecither by microscopy or
by culture, or the division of the material
into isoniazid-sensitive and isoniazid-re-
sistant cases, did reveal further changes
in the prevalence of the more advanced
type of cases (M-I-) as compared with the
less advanced(C), and isoniazid-sensitive

cases as compared with isoniazid-resis-
tant cases. The question arises to which
extent could the active treatment program-
me in the 6 ‘Treatment’ towns started
at the time of Survey I have been res-
ponsible for the changes and how much
could be due to other causes ? In order
to understand better the currents or
cross currents which could have been set
in motion by the active treatment prog-
ramme the significance of the observations
described in the preceding paragraphs
have been summarised in Table XLIIL
This table summarises in a more lucid
way the main changes observed. Equalling
the observations at Survey I with 100
per cent, the corresponding prevalences
at  SurveyII and Survey III are
shown as percentages of the rates of
Survey 1.

Whether the changes from Survey-I
to Survey II, or from I to 1II were an

TaprLe XLIII — SUMMARY OF CHANGES IN PREVALENCE BETWEEN SURVEYS (BoTd SExes COMBINED)

M -+ (@ =C All positive cases
Survey — - "
Preva-  5;** Change Preva- %** Change Preva-  %** Change
lence* from lence* from lence* from
Survey T Survey I Survey I
Bacillary TB I 6.81 100 2.47 100 9.28 100
II 5.01 74 —26 4.13 167 +67 9.14 99 — 1
IIT 4.83 71 —29 492 200 -~ 100 9.76 105 + 5
INH- I 5.48 80 2.08 84 7.57 82
sensitive I 2.78 41 -39 3.05 124 - 40 5.84 63 —19
strains 11T 3.33 49 —31 3.98 161 + 77 7.33 79 — 3
INH- I 1.33 20 0.39 16 171 18
resistant IT 2.23 33 1-13 1.08 44 -+ 28 3.30 36 418
strains 11 1.50 22 +2 0.94 38 -+ 22 2.43 26 - 8

*Arithmetic mean of age-standardised prevalences in the 6 individual towns. (per 1000 adults)
**Computed by taking as base (1007;) the prevalence of bacillary tuberculosis at Survey I




62 Domiciliary tuberculosis chemotherapy in rural south India

increase or decrcase, they were similar
for males and females. It is therefore
justified to confine the following consi-
derations to ‘both sexes’ only. The
material in Table XLIII has been sub-
divided according to the method of
sputum examination, and the results of
drug sensitivity tests.

Considering first the group of cases
positive by microscopy (M--), the pre-
valences at Survey IT and Survey III were
only 74 per cent and 7! per cent of that
found at Survey I. With regard to the
C+ group, which deals with cases positive
by culture only, there is at Survey II an
increase of 67 per cent and at Survey IIT
an increase of 100 per cent over the pre-
valence at Survey I. As mentioned earlier,
this increase is ascribed to the improve-
ment in culture technique which took
place in 1964, during Survey II. As for
‘all cases’, the decrease observed In
group M- is offset by the increase in
group CH, so that the percentages ob-
served at Surveys II and III are very
similar to that at Survey I

Table XLIII describes also cases with
INH-sensitive-strains. Group M+ shows a
much lower prevalence at Survey II and
Survey III than was seen when considering
the results regardless of drug sensitivity.
Thus, the drop was from 80 per cent to
41 per cent at Survey II and from 80 per
cent to 49 per cent at Survey III.  As for
the ‘C+’ group, there is an increase of
40 per cent from Survey I to Survey IL
and of 77 per cent from Survey I to
Survey III; with regard to the group
‘all positives’, the percentages had de-
creased from 82 at Survey 1 to 63 at
Survey II, and to 79 at Survey III.

It is obvious that the changes from

Survey I to Survey IT and from Survey 1
to Survey IIL are quite different when
dealing with cases having INH-sensitive
strains, and when mo attention is paid
to INH sensitivity. The reasons for the
lower prevalences among INII-sensitive
cases than among ‘all cases’ is clearly
the omission of the isoniazid-resistant
cases from the total positives. Turning
now to cases with INH-resistant strains—
there is in Group M+ an increase from
20 per cent at Survey I to 33 per cent
at Survey Il and in Group C+ an increase
from 16 per cent to 44 per cent. Such a
marked increase is not likely to be due
to the improved culture technique alone,
but must be due also to isoniazid-resis-
tant strains which have emerged between
Survey I and Surveys II and III.

The six ‘Control’ towns : In pur-
suance of the original design of the ex-
periment, 6 of the 12 towns examined by
the sample survey in 1959 were, by ran-
dom allocation, made ‘Treatment towns’
and other 6 were set aside as ‘Control
towns’. When Survey III was started
in 1965, the Control Towns were also
included in the Survey. The findings at
the base-line survey* (20-25 per cent
sample) and at the resurvey (total popu-
lation survey) in 1965 are presented for
the 6 ‘treatment towns’ and 6 ‘Control
towns’ in Table XLIV, separately for M+
cases, C+ cases and all positive cases.
Considering the mean prevalences, it
can be readily seen that there was a de-

*That the findings in the 20-25 per cent random
sample survey were typical of the prevalence in
the total base-line population is evident from the
faet that, in the 6 treatment towns, the correlation
cocfficient between the sample survey prevalence
and the population survey prevalence was very
high, namely 0.9.
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crease in the prevalence of M- cases in
both the ‘Treatment towns’ and the
‘Control towns’. Also, there was an
increase in the prevalence of C- cases
in both' the Treatment towns and the
Control towns, which is, in all likelihood,
due to the introduction of an improved
culture technique during the course of
the study.

Formal statistical comparisons have
been made in Table XLV for both sexes
combined, employing a method of weight-
ed averages (for further details of statisti-
cal methods, sec the accompanying paper).

It is seen that there is no evidence that
the Treatment Towns showed larger de-
creases in the prevalence of tuberculosis
than the control towns.

Table XLVI presents the mean pre-
valence of bacillary tuberculosis, the
mean prevalence of isoniazid-sensitive
strains, and the mean prevalence of iso-
niazid resistant strains in the Treatment
Towns and the Control Towns, accord-
ing to sex and the method of sputum
examination. From the findings in this
table, Table XLVI-A is derived, which
shows rather concisely the proportion of

TABLE XLIV — PREVALENCE OF BACILLARY TUBERCULOSIS IN 6 “TREATMENT’ AND 6 ‘CONTROL’ TOWNS
AT BASE-LINE SURVEY* (1959) AND AT RE-SURVEY** (1965-68), BoTH SEXES COMBINED

Prevalence of baciliary tuberculosis (per 1000 adults)

Town

M-+ o+ All positive
Base-line Resurvey Base-line Resurvey Base-line Resurvey
survey survey survey
Treatment towns :
Kadiri 4.3 4.6 5.1 6.3 9.4 10.3
Palmaner 32 2.9 P 2.1 5.4 5.0
Kalahasti 10.0 6.4 7.6 55 17.6 11.9
Rajampet 10.3 6.9 3.4 9.4 13.7 16.3
Chintamani 32 2.5 1.5 27 4.5 52
Tiruttani 4.5 5.4 34 39 7.9 8.9
Mean 5.92 478 385 4.92 9.77 9.70
Control towns :
Rayachoti 11.2 Neo 1.0 8.0 12.2 135
Srinivasapur 6.0 21 12 4.5 7.2 6.6
Mulbagal 1.8 1.5 1.9 37 3.7 5.2
Nagari 5.6 55 3.4 4.6 9.0 10.1
Puttur 7.9 6.7 4.4 5.1 123 11.8
Punganur 1.8 39 2T 3.0 4.5 6.9
Mean e B 4,21 2.44 4.82 8.16 9.03

*Based on a 20-259% random sample of the population.
**Bascd on a population survey (Survey III).
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TABLE XLV-—CONTRASTS BETWEEN 6 ‘TREATMENT’
TowNs AND 6 ‘CoNTrOL’® TOWNS IN CHANGES
IN BACILLARY PREVALENCE OF TUBERCULOSIS

Weighted mean change*
in bacillary prevalence
(per 1000 adults)

Treatment Control

towns towns

Both sexes M |- 132 1.37
C + —1.05 —2.39

All cases 0.14 —0.91

Males M + 1.84 1.74
c 4 —1.91 —5.00

All cases —0.02 —3.19

Females M - 0.30 0.71
C - —0.29 0.24

All cases 0.03 1.00

*Prevalence at Baseline survey (1959; 20-25%
random sample) minus prevalence at Resurvey
(1965-68, Survey III).

P value in all cases 0.2

isoniazid-resistant strains in the treat-
ment towns and the control towns. Al-
though there is a slight suggestion, es-
pecially in the C+ cases, that the pre-
valence of isoniazid resistant strains is
higher in the Treatment towns than in
the Control towns, none of the differences
was statistically significant.

Comparison of the mean prevalence
of the 12 towns at the Sample Survey in
1959 with the mean prevalence obtained
at Survey I1I, 1965-68 : The result of this
analysis is presented as a series of cor-
relation diagrams, and summarised with
mean values in Table XLVII. In Fig.
20, the two uppermost diagrams indicate
the cases whose sputa wera positive by
microscopy, the middle the cases positive

Domiciliary tuberculosis chemotherapy in rural south India

by culture only and the lower most all
the cases whether positive by microscopy
or by culture. The three diagrams to
the left represent the males and the other
three the females. The diagrams bear
out strikingly the modest role played by
the females as against the almost do-
mineering role of the males. The distri-
bution of town prevalence rates among
the females show no correlation between
the two survey results in any of the three
diagrams. Turning to the males in the
topmost diagram (cases positive by micro-
scopy) 7 of the 12 town prevalences are
situated in the right triangle below the
diagonal; the diagonal itself indicates
towns having the same prevalence at
both surveys. The decrease among males
in mean prevalence from the first to the
last survey was not significant (P > 0.2).
The middle diagram which shows the
town prevalences based upon the male
cases negative by microscopy but positive
by culture, 9 points are found in the left
upper triangle, viz. 3 ‘Treatment’ towns
and all 6 ‘Control’ towns. It indicates
that the prevalence had increased between
the Surveys, and this change was signi-
ficant (P=0.01). The distribution of the
town prevalences in the lowermost dia-
gram points to a strong positive correla-
tion (r = 0.84); the position of 8 towns
to the left of the diagonal suggests a
modest increase in mean prevalence but
this was not statistically significant.

The three diagrams in Fig. 21 refer
to ‘both sexes’. In the group ‘positive
by microscopy’, 8 points (4 ‘treatment
and 4 ‘control’ towns) are found below
the diagonal, indicating a decrease in
the mean prevalence; this decrease was
nearly significant (P=0.07) The middle
diagram shows the prevalences in the
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Fig. 20 — Correlation diagrams showing the town prevalences of bacillary cases in the 1959 sample
survey and survey III (1965-68) separately for males and females
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TABLE XLVI — PREVALENCE OF BACILLARY TUBERCULOSIS, ISONIAZID-SENSITIVE STRAINS, AND [SONIAZID-
RESISTANT STRAINS* AT RE-SURVEY (1965-68) IN “TREATMENT’ TowNs AND ‘CoNTROL’ TOWNs

Prevalence (per 1000) of Prevalence (per 1000) of

bacillary TB.

Treatment

Control

towns towns

M- Males 3.66 3.27
Females 1.13 0.93

Both sexes 4.79 421

G Males i 3.89
Females 1.21 0.93

Both sexes 4.92 4.82

All cases Males 7.37 7.17
Females 2.33 1.86

Both Sexcs 9.71 9.03

Prevalence (per 1000) of
INH-scns. strains INH-res. strain

Control

Treatment Control Treatment

towns towns towns towns
252 2.30 .14 0.98
0.76 0.64 0.36 0.29
3.29 2.94 1.51 1:27
3.03 3.54 0.68 0.35
0.95 0.74 0.27 0.19
3.98 4.28 0.94 0.54
5.55 5.84 1.82 1.33
1.71 1.38 0.63 0.48
7.26 T-22 2.45 1.82

*Based on arithmetic means of prevalenees in individual towns at Survey III (1965-68).

TABLE XLVI-A — MEAN PERCENTAGE OF CAstEs WITH [SONIAZID-RESISTANT Bacriir (INH-R) N THE 6
“TREATMENT’ AND 6 ‘CONTROL’ TOWNS AT THE LAST SURVEY (1965-68)

Method of initial Sex Treatment towns Control towns All towns
sputum exam. %% INH-R % INH-R %% INH-R
M + Males 311 30.0 30.8

Females 31.9 31.2 317
Both sexes 4 e 30.2 30.8
C - Males 18.3 9.0 13.6
Females 223 20.4 21.4
Both sexes 19.1 | i 50 15.3
All cases Males 24.7 18.5 21.2
Females 27.0 25.8 26.4
Both sexes D52 20.2 22,7
group ‘positive by culture only’. Here of sputum examinations. Of the 12

10 points (4 ‘treatment” and all 6 ‘control’
towns), are lying above the diagonal.
This corresponds to an increase in mean
prevalence which is just statistically signi-
ficant (P=0.04). The lowermost diagram
relates to all cases regardless of method

points, 8 are slightly above the diagonal
thereby indicating that the mean pre-
valence showed a slight increase (P = 0.2).

It is of interest that there is such a
marked agreement between the findings
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TaABLE XLVII — CHANGES IN MEAN PREVALENCE OF 12 Towns BETWEEN BASE-LINE SURVEY (1959)
AND RE-sURVEY (1965-68)

Initial Mean prevalence per 1000 adults
bacteriological Sex - — P-value*
cxamination Base-line survey Re-survey
M + Males 8.89 6.94 0.2
Females 2.63 2.06 0.2
Both sexes 5.83 4.50 0.07
C + Males 4.13 7.58 0.01
Females 2.16 2.15 0.2
Both sexes 3.14 4.87 0.04
All positives Males 13.02 14.52 0.2
Females 4.79 4.21 0.2
Both sexes 8.97 9.37 0.2

*Based on a weighted mean coverage between surveys.

at the base-line Sample Survey in 1959
and the Re-survey done in 1965-68 (r=
0.855; P=0.001), It underlines the value
of a sample survey in ascertaining the
level of tuberculosis prevalences in selected
communities. As the 1959 sample survey
of the 12 towns was carried out in the
course of six months only by means of
two mobile-X-ray units, each with its
own trained staff, such sample surveys
provide a valuable tool in assessing the
size of the tuberculosis problem and in
indicating which sectors of the popu-
lations present the greatest risk of tubei-
culosis. This type of information will
be helpful either in setting up treatment
facilities or in identifying the areas which
offer the greatest risk of exposure to
infection. It may also be noted that the
observations made at the base-line Sample
Survey with regard to the ranking of the
12 towns were still valid 6-9 years later.

Tuberculin sample survey 1966-69

In 1964 a special investigation was
undertaken by the Madanapalle Tuber-
culosis Research Unit to study the role
of mycobacteria of different types in
producing skin sensitivity and disease in
man*, As part of this investigation a
Tuberculin Sample survey was carried out
in the 12 towns which formed the hasis
for the present investigation. The block
size was fixed at 50 households and as the
average size of an Indian family is 5.0-5.5,
there were about 250 persons per block.

Excluding persons who had died, moved
out, were out of station or disabled, and
excluding children below the age of two

*The Study was supported by a grant from the
US PL-480 Funds and carried out in cooperation
with Tuberculosis Research Program, Natlonal
Communicable Diseases Centre, Washington
Office, US Public Healih Service-
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Fig. 21 — Corrclation diagram of town preva-
lences at sample survey (1959) and survey-IIT
(1965—68) for ‘both sexes’. a: microscopically
positive. b: cases positive by culture only and
and c : all positives

years, the number of persons to be tested
(Table XLVIII) varied from 1500 to 1800
(in Kalahasti 2400**). The coverage

**In Kalahasti the sample included 15 blocks.

ranged from 56 to 91 per cent with a
mean of 7Z per cent. The tests were
carried out by a trained health visitor
who gave the injections as well as read the
tests. Injections were given on the first
three days of the week and the readings
donc on the last three. The reactions
were therefore normally read at 72 and
sometimes at 96 h. The tests were
given in the homes. It took about six
weeks to complete the testing in a town.

The Mantoux tests were carried out
with two PPD antigens namely Standard
Tuberculin or PPD-S and PPD-G, an
antigen derived from the scotochromo-
genic strain ‘Gause’. The PPD antigens
were prepared and delivered in ready
made solutions at the Tuberculosis Re-
search Laboratory, Chamblee, Georgia.
They were kept in a refrigerator
until used. The ampoules were issued
to the health visitor under code numbers
so that she would not know what product
she was testing. Decoding at head-
quarters was done after covering each
town. Doses of PPD-S corresponded
to 5 Tuberculin Units (without addition
of Tween 80). The dose of PPD-G was
adjusted so that the nitrogen content of
the two products was the same. The
two tests were given in random order on
the volar aspect of either forearm. The
size of the reactions to the Mantoux
tests was indicated by measuring the
cross diameter of the indurations in mm.
After reading the tests the shoulders of
each person were examined for presence
of BCG vaccination scars.

For the purpose of the present report
the sample populations have been analysed
according to age groups but not separately
for males and females. Only the results
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TanLE XLVIII — COVERAGE BY TUBERCULIN TESTING AT TUBERCULIN SAMPLE SURVEY (1966-69)

Town Persons* Died, moved Available Tested Tested and read
living in the out or for

sample absent testing (@) No. (b) % of No. ot of Iof

blocks (a) (b) (a)
Treatment fowns
Kadiri 2207 FAZ 1490 1044 70 882 84 59
Palmaner 2234 554 1680 1406 84 1336 95 79
Kalahasti 3109 720 2389 1733 72 1546 89 65
Rajampet 1922 273 1649 921 56 781 85 47
Chintamani 2269 580 1689 1315 78 1204 92 7i |
Tiruttani 1990 365 1625 1222 75 1144 94 70
Control towns
Rayachoti 2431 436 1995 1303 65 1273 98 64
Srinivasapur 2473 642 1831 1323 72 1210 9t 66
Mulbagal 2590 641 1949 1351 69 1227 91 63
Nagari 2083 457 1626 1390 85 1304 94 80
Puttur 1975 444 1531 1387 91 1263 91 82
Punganur 2383 624 1759 1414 80 1332 94 76

*Children below 2 yr of ape are excluded.

of tests done with PPD-S are given here Results : Fig. 23 shows the mean

whereas the comparable tests with PPD-
Ganse were reported in 19697,

The number of persons living in the
sample blocks (excluding children below
two years) is given in Table XLVIII to-
gether with the number available for
testing, the number tested and the number
whose reactions were read. Table XLIX
shows the total number tested and read
in all the sample blocks of each town and
the percentage of persons whose in-
durations measured 8 mm or more; they
are divided according to age groups.
Fig. 22 shows the frequency distribution
of the percentage of reactors according
to the size of the induration among 2371
children in the age group 5-9 yr from the
sample blocks in the 12 towns when
tested in 1966-69.

percentage of reactors according to age
in the 6 ‘Treatment’ towns and the 6
‘Control’ towns at the 1966-69 Sample
Survey.

The prevalences of reactors to PPD-S
tuberculin in the “Treaiment’ and‘Control’
towns are shown in Table L. There are
noticeable differences in the younger age
groups. At the age of 2-4 yr the per-
centage of reactors was 9.6 in the ‘Treat-
ment’ towns and 4.5 in the ‘Control’
towns i.e. about twice as high in the
‘Treatment’ towns as in the ‘Control’
towns, and at 5-9 yr it was 18.2 per cent
in the ‘Treatment’ towns and 13.9 per
cent in the ‘Control’ towns; but neither
of these differences were statistically
significant.
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TABLE XLIX — TUBERCULIN SAMPLE SURVEY (1966-69) — MEAN PERCENTAGE OF REACTORS TO PPD-S
(# 8 MM) ACCORDING TO AGE

Town

Age group in years

2-4

5-9 10-14 15-19 20-24  25-34 35-44  45-54 554

No. % No. % No. % No. % No. % No. % No. % No. % No. %
Kadiri 98 8124 20140 35 72 65 42 73145 71120 82 73 83 68 77
Palmaner 185 3 213 8 203 17 133 20 95 36 180 59 137 52 103 58 87 63
Kalahasti* 152 11 233 26 190 42 157 56 110 63 268 82 217 79 118 74 95 80
Rajampet 66 20 89 34 76 46 64 60 41 59 151 82 136 84 81 82 77 76
Chintamani 196 6 213 12 178 26 129 40 74 40 147 56 127 66 71 65 69 69
Tiruttani 119 9 141 9 117 38 103 44 104 54 218 66 156 69 105 69 8l G5
Rayachoti 123 8 214 19 196 40 109 51 54 64 222 69 131 77 95 79 89 71
Srinivasapur 176 3235 11 213 15 89 37 63 44 149 51 120 71 91 66 74 54
Mulbagal 175 1236 7239 19108 22 71 30137 53113 65 77 61 71 60
Nagari 146 8 194 16 182 37 103 53 97 59 197 66 181 71 127 70 77 78
Puttur 129 3225 14193 31 91 65 82 46 207 66 177 74 93 76 66 63
Punganur 192 3 248 16 176 26 107 38 105 60 207 62 139 71 84 48 74 57

*Data based on 15 sample blocks.

Note : — The number in each age group indicates the total numhber of persons tested (excluding

BCG vaccinated).
The per cent in each age group indicates the reactors to PPD-S.(Percentage)

Per cent

Fig. 22 — Histogram showing the percentage frequency distribution of 2371 children, age 5—9
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TABLE L—TUBERCULIN SAMPLE SURVEY(1966-69)—

COMPARTSON OF MEAN PERCENTAGES OF TUBER-

CULIN REACTORS ( 2 8MM) IN THE ‘TREATMENT’
AND ‘CoNTROL’ TOWNS

Age group Treatment Control P-value
towns towns

24 9.6 4.5 0.09

5-9 18.2 13.8 >0.2
10-14 34.1 28.0 >0.2
15-19 47.5 44.3 >0.2
20-24 54.2 50.4 >0.2
25-34 69.6 61.4 =02
3544 71.9 71.4 >0.2
45-54 71.8 66.7 >0.2
55 - 713 63.6 =0.1
All ages 48.0 40.3 >0.2

General discussion

Before drawing the main conclusions,
it may be well to recall the aim and pur-
pose of the investigation. Being impress-
ed with the results obtained by the
Tuberculosis ~ Chemotherapy  Centre
(TCC), Madras, by home treatment in
converting 86 per cent of advanced bacil-
lary cases of pulmonary tuberculosis to

bacteriologically quiescent cases in com-
parison with the 92 per cent obtained by
one year’s treatment in hospital of a
similar group of patients, the present
experiment was designed to try cut home
treatment under ordinary working condi-
tions in India and to see whether it would
be possible to render a high majority of
all the existing bacillary cases sputum-
negative within a year. If as much as
90 per cent of such patients could really
be rendered non-infectious in a year, it
would stand to reason to expect that a
definite reduction in the tuberculosis pre-
valence and incidence would occur. Re-
peated prevalence surveys should there-
fore reveal significant decreases in the
prevalence of the disease, and after some
time the annual incidence should also
come down.

In paying afttention to ‘ordinary
working conditions’, it was stipulated
that the introduction of domiciliary drug
therapy should be carried out with as
little expenditure as possible and not
more than could reasonably be expected
of Government tuberculosis clinics.
Further, attention should be paid to the
fact that Government tuberculosis clinics
were equipped with limited facilities for
diagnosis and in particular that they would
not have access to laboratories for isola-
tion of tuhercle bacilli by culture or for
carrying out drug sensitivily tests. At
the same time the sponsors of the investi-
gation were aware that scientific facilities
as available at the Madanapalle Centre
with its mobile X-ray units and well
developed laboratory, were necessary in
order to maintain a close observation on
the course of the investigation, supervising
the medical aspects and not least, it was
thought the investigation would be able to
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benefit from the prestige earned by the
parent Institution (the Union Mission
Tuberculosis Sanatorium)  through 40
years or more of service to the general
public of the area.

As time went on, it became clear that the
intentions and principles initially set up
could not be wholly maintained. The
fact that the Research Unit had at its
disposal mobile X-ray units which could
detect the majority of the existing bacillary
cases within a short time and would include
cases which could only be diagnosed as
bacillary cases because of isolation by
culture, introduced deviation beyond the
scope of ordinary Government clinics.
Although the teams which issued the
drugs to patients in the different towns
and the technicians handling the X-ray
unit and manning the laboratory were
recruited from among the local public
and had been trained in the Institution
itself, the administration and the statis-
tical set-up were on a higher level
than is normally found in Government
clinics and district  health centres.
With regard to the issue of drugs they
were given free of charge and strictly
within the stipulations drawn up in the
protocol. Although the Research Unit
had access to the information obtained
by the drug sensitivity tests, this infor-
mation was not made use of to make
changes in the drugs used as such infor-
mation would not be available in ordinary
Government clinics. So the intention
was, in relation to patients, to act as any
Government clinic should do but at the
same time applying the facilities and
know-how of a research centre.

The present investigation was carried
out under conditions which differed in

many ways from those of the Tuberculosis
Chemotherapy Centre, Madras. Firstly,
there was no selection of cases but every
one with bacilli in the sputum as found
either by microscopy or by culture was
offered treatment. Secondly, the treat-
ment was the same regardless of whether
patients had drug-sensitive or drog-
resistant bacilli. Thirdly, as many of the
patients lived far trom the Centre of the
Rescarch Unit, it was not possible to give
them the same close supervision as was
possible at Madras; neither was it possible
to carry out regular home visits and
check the amount of drug kept in the
homes nor to examine the urine for pre-
sence of isoniazid or PAS. Further, it
was the policy of the Research Unit not
to insist that paticnts should discard any
other trcatment they might be receiving
when picked up by the Unit nor did the
Unit forbid patients from taking additional
drugs if they wished to or were so advised
by their local doctors. The contribution
to the community made by the Madana-
palle Unit was not to replace existing
facilities but to supplement them with
whatever special service it could give in
terms of free and efficient diagnosis,
cheap and, hopefully, cffective drug re-
gimens and a reasonable good follow up
service.

As for the lessons to be drawn from the
present investigation, the most important
of these was the difficully in obtaining
the full co-operation of the patients.
Already at the initial stage 10-20 per cent
preferred to have treatment from other
sources or no treatment at all. Of the
80-90 per cent patients who accepted the
treatment, many defaulted prematurely
so at the end of first year only about 65
per cent of those who started still conti-
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nued to take treatment. Even among
those who collected their drugs at the fori-
nightly clinics of the Unit, the intake
of drug was often irregular and faulty.
The high proportion of patients who
continued to excrete isoniazid-sensitive
bacilli after 12 months of treatment
indicates the inadequacy of the drug
intake.

There are several reasons for the
unsatisfactory co-operation and the rela-
tively high rate of defaulters. First, many
patients did not wish it to be known
that they were afflicted with tuber-
culosis; so they desisted from attending
the clinics or resisted the visits of our staff
to their homes. If the jeep belonging to
the Research Unit with “M.T.R.U.”
conspicuously painted on it stopped in
front of a house, all the neighbours would
believe that there was a case of tuber-
culosis in the house. Second, in certain
cases propaganda directed against the
work of the Unit was carried out by local
medical practitioners who feared they
would lose their patients. Third, in spite
of repeated explanations and admonitions,
many patients did not grasp the serious-
ness of their illness and being tied down
by their daily work on which their meagre
earnings depended, they could not find
time to go to the clinics to get their drugs
but would either send a messenger to fetch
the drugs or abstain from the drug issues
altogether. The fact that drugs were
issued free of charge, made some patients
believe that the matter was not of any
consequernce.

A serious hindrance to establishing
trust and confidence in the type of treat-
ment offered was undoubtedly that many
advanced cases failed to respond to the

treatment. As time went on, the public
lost faith in the treatment. The atiendance
at the drug issues became therefore less
and less as time went on. In some sections
of the ‘treatment’ towns, the people
resisted openly the carrying out of the
repeated surveys pointing to the failure
of saving a number of their sick people
who had advanced tuberculosis when
detected during Survey I.

It would be tempting to attrihute the
decrease in prevalence from Survey I
to Survey IIL observed among smear-
positive cases to the active treatment pro-
gramme which began in 1960 and was
carried on till 1965-68. Iowever, the
inclusion of the ‘control’ towns in the
1965-68 Survey—tha third for the six
‘treatment’ towns and the first full survey
for the six ‘control’ towns—has provided
a new dimension to the inierpretation of
the results observed in the six ‘treatment’
towns. Comparing the prevalence ob-
served in the 12 towns at the time of the
1959 base-line Sample Survey with the
results obtained 6-9 years later at the
resurvey, it was seen that the decrease in
prevalence of tuberculosis observed in
the six ‘treatment’ towns was similar to
that observed in the six ‘control’ towns.

There was an increase in the prevalence
of cases positive by culture only which
was observed in both groups of six towns.
It is thought to be due to the change and
improvement in the culture technique
introduced in 1964. However, the de-
crease in the prevalence observed among
the microscopically positive cases, it is
thought, represents a general decrease in
the prevalence of tuberculosis in that part
of India where the investigation took
place.
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The observation that the treatment
programme has left no impact on the
prevalence of tuberculosis in the six ‘treat-
ment’ towns seems surprising. However,
varions reasons can be given. One may
consider, for instance, the limited response
of the public to the different phases of
the programme. Assuming a coverage
of 90 per cent at the X-ray survey, and
90 per cent ai the bacteriological exami-
nation, it would appear that only 81 per
cent of all the bacillary cases had been
detected. But it is to be moted that a
number of cases were later found to be
TB positive among persons with chest
X-ray lesions suggestive of tuberculosis
as a result of periodical sputum exami-
nations. So it is reasonable to assume
that 90 per cent of the existing cases in
the community were detected by means of
surveys and follow up examinations. If,
of the known cases, only 80 per cent
acepted the trcatment, only 80 per cent
of the 90 per cent or 72 per cent of the
existing cases could benefit from the
treatment programme. Recalling tbat
only about 50 per cent obtained negative
sputum at the end of one year of treat-
ment, only 36 per cent of all Lhe existing
cases had been rendered sputum-negative
by the efforts of the Unit. Adding to this,
the fact that follow up examinations of
such cases for another four years showed
that of those who had obtained negative
sputum at the end of the first year, 31
per cent had either died or relapsed while
69 per cent had survived and remained
sputum-negative, the tofal cifect of the
treatment programme had been to ensure
that only 22 per cent of all the positive
cases had become lasting sputum-negative
cases. It is, therefore, not surprising that
the present treatment programme has not
made any impact on the prevalence.

Domiciliary tuberculosis chemotherapy in rural south India

Further, the time factor may be consi-
dered. The initial base-line survey took
place in 1959. The domiciliary treatment
programme reached its peak towards the
end of 196! when the survey was over.
The last survey (Survey III) was carried
out during 1965-68. This allows for only
an average period of 4-5 yr during which
the treatment programme could exert its
effect. Adding to this, that the regimens
used were of low efficacy and the response
from the public rather poor, it is not
surprising in retrospect, that the overall
effect was negligible.

When considering the observations
regarding the ‘pool of infectious cases,
it was pointed out that the reason for the
continued high level of positive cases year
by year was due to the carrying over
from one year to another of a high pro-
portion of patients diagnosed more than
a year carlier who should normally have
turned sputum-negative. From 1960 to
1968, the yearly prevalence of proved
bacillary cases stood at a level of 5-7 per
1000 adults—apart from a peak of 8§ per
1000 in 1964 when the culture technique
was changed. Aboul 3 outl of 5 of these
cases were due to ‘old’ cases and 2 out of
5 to ‘new’ cases. The ‘old’ cases repre-
seniled eases diagnosed in the previous
calendar year of whom only about half
had had sufficient time to turn sputum-
negative and half were still posilive; to
this should be added cases who were diag-
nosed more than .a year earlier and who
should have been sputum-negative. It
was, therefore, maintained that had the
treatment been truly effective, about
85 per cent of the ‘old’ cases ought to have
been rendered sputum negative and there-
by climinated as carriers of infectious
tuberculosis. So, deducting 80 per cent
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of these old cases from the total number
of TB positives, it can be calculated
that the ‘pool’ of infectious case should

have been half its present size. The
remaining ‘pool’ would then have
consisted mainly of fresh ‘new’ cases

and those who had not yet had time
to turn sputum-negative.

It should be realised that any decrease
of ‘new’ cases which could also be designa-
ted as ‘incidence cases’, does necessarily
take considerable time. First, there should
be time to introduce an active treatment
programme and give it a chance to func-
tion for some time before a sizeable pro-
portion of the bacillary cases can become
sputum-negative. Then there must be
time for the persons in the community
not yet infected to acquire a primary
infection, and for this to develop into a
demonstrable tuberculous lesion beginning
to excrete bacilli. Assuming the decrease
of ‘new’ cases as shown in Fig. 14 to be
genuine (and not due to artificial factors
arising from the Investigation itself), the
fact that the decrease of the incidence
appears to have started already at the
beginning of the observation period (in
1960 or 1961) suggests that the factors
responsible for this decrease must have
been in operation before the present
treatment programme began. Itis, there-
fore, suggested that the decrease in the
incidence may represent a general decrease
in the level of tuberculosis owing to many
different factors of which one may be
that most Indian patients suffering from
tuberculosis somehow do find their way
to receive some modern chemotherapy.

Eventhough the inability to demons-
trate any community effect of the treat-
ment programme may Seem Surprising,

it would not be correct to condemn domi-
ciliary drug therapy as ineffective in the
management of tuberculosis in the com-
munity. The fact is that there is no other
way in a country of the size of India with
its 6-700 million population to treat the
millions of its patients who suffer from
tuberculosis. The present investigation
suggests, however, that the type of prog-
ramme entrusted to the Madanapalle
Unit and adopted by it, was not cffective
enough. This may apply to the size of
the staff and the type of clinics set up but
more important than anything else, it
applies to the type of chemotherapy
offered. No real progress is likely to be
achieved unless recourse is taken to issue
to the public suffering from tuberculosis
effective drug regimens which can cater
for patients with drug-sensitive as well as
drug-resistant bacilli.

Summary

1. In order to study the efficacy of
domiciliary drug therapy as a tool in
the control of tuberculosis in a rural
community, an investigation was set
up in 1958 by the Indian Council of Medi-
cal Research, the World Health Organiza-
tion and the Union Mission Tuberculosis
Sanatorium, Arogyavaram (south India).
Twelve towns with populations ranging
from 6,000-25,000 situated in Andhra
Pradesh (8), Karnataka (3) and Tamil
Nadu (1), all within 160 km of Madana-
palle (Andhra Pradesh}), were selected.

2. A base-line sample survey was
carried out in 1959 covering 20-25 per cent
of the town population excluding children
below the age of 15 years. Three indices
were obtained : the prevalence of (i)
bacillary pulmonary tuberculosis, (/i) of
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radiologically positive cases of presumably
active pulmonary tuberculosis and (i)
of reactors to tuberculin tests in school
children in the two lowest grades (age
5-9 yr). The 12 towns were ranked
according to the degree of prevalences and
divided by random allocation into two
comparable groups of six towns each;
one was designated the “Treatment’ towns
and the other the ‘Control’ towns. During
1960-61, the remaining 75-80 per cent of
the population in the six ‘Treatment’
towns were surveyed by X-ray examina-
tion of their adult populations followed
by sputum examinations by microscopy
and culture of cases with radiological
signs of pulmonary pathology. At the
base-line survey of the 12 towns the
coverage by X-ray and bacteriological
examinations were for males 91.4 per cent,
87.5 per cent and for females 89.9 and
91.7 per cent respectively. The six
‘Control’ towns had no further surveys
till five to six years later when they were
resurveyed together with the six ‘Treat-
ment’ towns at Survey IIL

3. All proved bacillary cases of tuber-
culosis were offered treatment at home
with isoniazid and the sodium salf of para-
aminosalicylic acid (PAS) in3 towns
and isoniazid alone in the other 3 towns.
Drugs were issued for two weeks at
fortnightly clinics over a period of 12
months. Of 1482 bacillary cases living
in the 6 ‘Treatment’” towns the mean
degree of cooperation per town was as
follows patients accepting treatment
85 per cent of which 29 per cent defaulted
prematurely and 56 per cent continued
till the 12th month (although often irre-
gularly). Among patients whose initial
sputum examination was positive by
microscopy, 90 per cent accepted, 27 per
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cent defaulted and 63 per cent continued
till the end of the year while among
patients who were initially sputum-nega-
tive by microscopy and positive by culture
only 79 per cent accepted, 29 per cent
defaulted and 50 per cent continued till
the end of the year,

4, Treatment results : As Govern-
ment tuberculosis clinics do not ordi-
narily have facilities for setting up culture
they must rely upon microscopy, so the
present material has been divided into
two groups according to the method of
spufum examination by which bacilli
were found initially : sputum positive
by microscopy or by culture only. The
former group represents generally more
advanced cases than those positive by
culture only. At the end of the first year
the cases initially positive by microscopy
obtained ‘negative sputum’ in 47 per cent,
‘positive sputum’ in 41 and 12 per cent
had died. The cases initially positive
only by culture were negative in 62 per
cent, positive in 32 and 6 per cent had
died. Considering cases withi isoniazid-
sensitive strains : (@) microscopically posi-
tive : TB—53 per cent, TB+ 37 per cent
and died 10 per cent, (b) positive by
culture only : TB—63 per cent, TB+31

per cent and died 6 per cent. Among
patients with strains  initially INH
-resistant (¢) TB— 23 per cent,

TB+ 55 per cent and died 23 per cent,
and (b) 46, 41 and 13 per cent res-
pectively.

5. Treatment results in ‘two-drugs’
and one drug’ towns : In the towns
where INH and PAS were issued the
results were : TB—63 per cent, TB--29
per cent and died 8 per cent. In the
other towns where iso- niazid only was
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issued the results were 45, 44 aud 11
per cent, respectively.

6. Five years’ follow up : Of 1449
cases (trcated and untreated) at five
years, 41 per cent had negatives putum,
18 per cent positive sputum and 40 per
cent had died.

The prognosis was closely associated
with the initial extent of disease : of 1154
treated cases, those with (/) small lesions :
TB—69 per cent, TB-1-12 percent and died
19 per cent; (i) limited lesions 54,
22 and 24 per cent respectively : (i)
moderate lesions : 44, 25 and 32 per cent
and (iv) extensive disease : 25, 17 and 58
per cent.

7. Five years’ follow up according to
the sputum status at the end of the first
year of treatment : Of those who had
obtained negative sputum at 1Z months,
five years later 66 per cent remained spu-
tum negative, 16 per cent had become
sputum positive and 18 per cent had died;
of those who had positive sputum at 12
months, five years later 24 per cent had
negative sputum, 20 per cent positive
sputum and 56 per cent had died. A
number of the cases who had positive
sputum at one year and had isoniazid
resistant bacilli had received second-line
drugs.

8. Mortality Deaths from all
causes for the adult population (15 years
and more) were 12.8 per 1000 (95 per cent
fiducial limits 9.6-16.0). Deaths among
tuberculous patients were 1.29 per 1000
(95 per cent fiducial Jimits 0.51—2.07).

All
found to have excreted tubercle

9. Pool of infectious cases
cases

bacilii at least once in a calendar year
constituted the ‘pool’ for that year.
Excluding, in each year, those who had
died or moved out, the Register consisted
of all cases who had had or had bacillary
tuberculosis. The TB-positive cases were
sub-divided into (@) cases newly admitted
29 per cent, (b) cases admitted during
the previous year 11.11 per cent and (c)
cases admitted earlier than the previous
year 19 per cent. The two groups (b) and
(¢) correspond to more than half the cases
with positive sputum. These are cases
of which the majority ought to have been
sputum negative but remained positive
as ‘failure’ cases of domiciliary drug
therapy.

10. Of the sputum positive cases in
the ‘pool’, 62 per cent had INH-sensitive
strains and 38 per cent INH-resistant
strains. The latter were found mainly in
the groups (b) and (¢) ; in fact, 76 per cent
of all resistant strains were from ‘old’
cases.

11. The ‘pool of infectious cases’ in
‘INH-PAS’ and ‘INH-towns’ The
sputum-positive cases in the INLI-PAS
towns consisted of 69 per cent with INH-
sensitive and 31 per cent with INH-resis
tant bacilli. In the INH towns, cases with
INH-sensitive strains were found in 55
per cent and cases with INH-resistant
straing in 45 per cent.

12. Prevalence surveys A second
full survey of the six ‘Treatment’ towns
was carried out during 1962-64 and a
third survey during 1965-68 : Survey III
included also the 6 ‘control’ towns in
which no action had been taken earlier
except for the preliminary Sample Survey
in 1959,
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Results of the prevalence surveys : age-
standardised mean prevalences of bacillary
cases in the group with sputum micro-
scopically positive were for Surveys I, II
and III 6.81, 5.01, and 4.83 per 1000. The
decrcase from Survey I to Survey II and
from Survey I to Survey III were statisti-
cally highly significant. The prevalence
of bacillary tuberculosis among the cases
with sputum negative by microscopy but
positive by culture were 2.47 4.13 and
4,92 per 1000. The increase in this
group (statistically not quite significant)
is explained mainly by a major im-
provement in the culture technique iutro-
duced in 1964 during Survey II. The
decrease observed among the micros-
copically positive cases is considered to
represent a real decrease.

13. Comparing the mean changes in
prevalence from Survey I to Survey I
and from Survey 1 to Survey III in the
three INH-PAS® towns with thosec in
three ‘INH' towns, it was found that
none of the differences beiween such
changes attained statistical significance.

14. Prevalence of cases with resistant
strains : INH-resistant bacilli among
‘all positives’ showed at Surveys I, II
and ITI rates of 1.71, 3.30 and 2.43 per
1000; tbe increase from Survey I to
Survey IIis statistically significant.

15. Asall 12 towns had been surveyed
in 1959 and again in 1965-68 it was possi-
ble to compare the mean changes in
prevalence from 1959 to the 1965-68
survey in the ‘treatment’ and ‘control’
groups. The mean prevalence in the
6 ‘treatment’ towns at the base-line
Survey in 1959 among cases positive by
microscopy was 5.92 per 1000 adults ;

at the resurvey 1965-68, 4.78. The cor-
responding findings in the 6 ‘control’
towns were 5.72 and 4.21.

Regarding cases ‘initially positive by
culture only’ the prevalence in the ‘Treat-
ment’ towns were 3.85 and 4.92 per 1000,
and in the ‘Control’ towns 2.44 and 4.82.

Considering ‘all positive cases’ the
findings were: ‘Treatment Towns’ 9.77 and
9.70, and in the ‘Control Towns’ 8.16
and 9.03.

16. A tuberculin sample survey was
carried out in the 12 towns in 1966-69.
In the age group 2-4 years the mean per-
centage of reactors in the ‘treatment’
towns was 9.6 and in the ‘control’ towns
4.5. In age group 5-9 it was 18.2 and
13.8, respectively. Neither contrast was
statistically significant.

17. It is concluded that although
there is evidence of a decrease in the pre-
valence of cases with isoniazid sensitive
bacilli, and an increase¢ of cases with
isoniazid-resistant bacilli particularly in
the towns where the treatment consisted
only of isoniazid, the effect of the active
casc finding and treatmeni programme
has not been able to produce any measur-
able change in the overall prevalence of
tuberculosis between the ‘treatment’ group
and the ‘control’ group.

The relatively unsatisfactory coopera-
tion on the part of the patients in accept-
ing the treatment, the limited effect of
the drug regimens offered and the rela-
tively short time allowed for the effect
of the treatment programme to influence
the prevalence and incidence may be
the reasons for the absence of any clear
difference between the ‘Treatment’ and
‘Control’ towns.
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18. The observation of a decrease in
the prevalence of tuberculosis from 1959
to 1968 among cases positive by micro-
scopy is thought to reflect a general
decrease of tuberculosis in the Indian
community
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In the paper entitled ‘“A controlled
study of the effect of a domiciliary tuber-
culosis chemotherapy programmein a rural
community in south India”, Frimodi-
Moller, Acharyulu and Kesava Pillat
(1981)! have described a controlled study
of the efficacy of domiciliary chemotherapy
in 12 towns in Madanapalle arca, south
India. This note describes the statistical
methods employed for assessing the
significance of (@) time trends in the
prevalence of tuberculosis, and () the
impact of a community treatment pro-
gramme, with single or double-drug
therapy.

Design of the study

A 20-25 per cent random sample sur-
vey was undertaken in 12 towns in the
Madanapalle area, to estimate the preva-
lence of radiologically active or probably
active tuberculosis, and the prevalence
of bacillary tuberculosis, in persons aged
15 yr or more. Subsequently, 6 of the
12towns, selected at random, were labelled
as ‘Treatment’ towns. The remaining
population in these towns (75-80%) was
then surveyed and a treatment programme
jnitiated for all cases of tuberculosis. The
treatment consisted of isoniazid plus PAS
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in 3 towns (again, selected at random)
and isoniazid alone in 3 towns. The
remaining 6 towns were labelled as
‘Control’ towns and no special inputs
were introduced to supplement the
existing facilities.

The population survey was repeated
twice in the ‘Treatment towns’, after
approximately 21 and 7 yr. On the latter
occasion, a population survey was also
undertaken in the ‘Control Towns.’

Changes in the prevalence of tuberculosis
in the 6 Treatment towns

The basic data for each Treatment
town consisted of the following items of
information at each of 3 surveys, for 5
age-groups (15-24, 25-34, 35-44, 45-54 and
55 yr or more) and separately for the two
SEXes.
N
ay

Population eligible
Population X-rayed
No. selected for bac-
teriological exami-
nation (on the basis
of X-ray evidence) by
No.examined bacterio-

1=1,23:4:5
corresponding
to the 5 age-
groups above

logically cy
No. positive bacterio-
logically d; J
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d; could be the number of persons with
(i) positive smear (ii) negative smear but
positive culture (iii) positive result, on
smear or culturc or both.

Estimation of prevalence, and its vari-
ance, in the i'® qge-group Denoting

:—' by py and S—l by pa, the prevalence
1 1

of tuberculosis in the it age group is
given by p; = pyi X pai, o0 the assumption
that the eligible population that was not
X-rayed and the eligible population that
was not examined bacteriologically are
random losses in coverage.

_Jﬂ.)i
a) J a
; ds dl) 1 Cy
gof po=—{ 1 —— |—{ 1 —— ],
Variance of py cl(l : cl(l bx)
the last term in each expression being the
finite population correction term.

Variance of p =%—( 1
1

and

Variance of p; = p}; var py - ph
var py + 2pu Pa
rmfvar Pyt Var Py

where 1, is the correlation coefficieut
between the values of p;y and py in the
6 towns. (This formula is valid if Var pyy
and Var py are both relatively small in
relation to p}1 and pj3;, a condition that
was satisfied by the present data). ry was
determined for each age-group (after
amalgamating the results of the 3 surveys),
and found to be homogenous with respect
to age. The pooled correlation coefficient
(y) was therefore substituied in the above
equation.

These calculations, and indeed all
subsequent ones, were undertaken separa-
tely for males and for females, and for

in population surveys

the three types of positive bacteriological
finding (sec page 83).

Estimation of change in prevalence
between two surveys, and ils variance
Considering the combined population from
the 3 surveys in a town as the Standard
Population (Ny, i == 1 to 5 corresponding
to the 5 age-groups) for that town and
employing the Direct method of
Standardisation (see Radhakrishna and
Sutherland, 1962), age-standardised pre-
valences were computed for each of the 3

surveys (P1, P2, P3).

z ENiPu 5 gth ENI Pzi
Ni - Ny

, where Py represents the

prevalence in the Jth survey in the itk
age-group. Further,d,; = P, — P, ==
T Ny(P,y—Py)/E N, so that variance
of dl'd = [E NQE(V(’I[' Py + Var Pﬂ
—2 11, 4'Var Py Var PyJ/(Z Ny)2,

where r,, is the correlation coefficient
between Py and Py (i = 1 to 5) in each
town. In the event, the correlations in
the 6 towns were homogenous, so that
pooled value was used for all the towns.

Statistical significance of changes in
prevalence between surveys : Let d) denote
the difference in the age-standardised
prevalence between two surveys in town
i (i=1 to 6), and o} its variance.
The variation between the towns in the
values of di (¢%) may be considered as
made up of two components, one the
genuine variation between towns (¢2) and
the other the sampling variation within
the same town (crf), ie. o =o2 + o?
Taking the average value of o2 in the
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6 towns as an estimate of o2 and cal-
culating o* from the 6 values of di, o2
was  estimated. The variance of the
change in the prevalence in the it town
(assuming that the towns are sampled
from a universe of towns) is then given
1

1 2

TR ST
B G o

the weight (wy) for d;, the weighted mean

. % 6 <
(Z wydy/Zw,) and its variance { [E (“T)é] i

as

by o2 + o2. Taking«[

[variance between the 6 values of widl]}

were computed, and the ratio of the for-
mer to the square root cf the latter was
tested as a t with 5 degrees of freedom.

Contrasts between ‘Isoniazid plus PAS’
towns (PH) and ‘Isoniazid alone’ towns (H)

Change in prevalence
from one survey to
another

Variance of
the change

PH towns H towns PH towns H towns

2 <

dyy dgy %11 i
2

dye da 61212 Otaz
d d a2 2

3 Al t13 Clzs

Denoting the variance between towns
allocated to the same regimen by o2
(4 degrees of freedom), we have % = o2,
+ o?, where 6% is the genuine variation
between towns, and o? the variance
within towns due to sampling errors. As
in above, o? was estimated by X ag,/6s
1yj

and o2 was determined from the above
equation. Taking the weight, wy for

each dy as —— , a weighted one-

JO‘-‘X« -+ 0'31

way analysis of variance was then under-
taken to determine the significance of
the observed differences between the PH
towns and the H towns.

Combining the findings in males and females
in each town

If da denotes the changes in the
prevalence from one survey to another
in males and Var dx its variance, and
dr and Var dr are the corresponding
estimates in females, the consolidated
change in both sexes was taken as
kv dw - ke dr

ka - kr
the numbers of males and females in the
Standard Population (obtained by pooling
the numbers in the 3 surveys). Its variance
is given by the expression
mlmés {kzM Var du -|-k% Varde -}-

2 ko kr yar of Var dyVar de}
where ymr is the correlation between
changes in prevalence in males and
changes in prevalence in females, over the
5 age-groups. In the event, these correla-
tions were homogenous for the 6 towns,
so that the pooled correlation coefficient
was compuled and used for all the towns.

, where ky and ky» were

For assessing the significance of
changes from survey to survey and for
examining the contrasts between PH and H
towns, the procedures describedin the two
preceding sections were again employed.

Comparison of the 6 Treatment towns
with the 6 Control towns

In all 12 towns (6 Treatment,
6 Control), a base-line survey was under-
taken on an approximately 20-25 per cent
random sample of the population. De-
noting by p, the proportion selected for
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bacteriological examination among those
X-rayed, and by p, the proportion with a
positive result among those examined
bacleriologically (all age-groups were
amalgamated, in view of the smallness
of numbers in individual age-groups),

Prevalence of bacillary tuberculosis

= PiP2
Its variance = p} Var p, -I- p2 Var p;

A compleie survey was undertaken
several years later in all the 12 towns.
For each town, the prevalence in the ith
age-group, Pj, and its: variance werc
calculated along the lines described on
page 84; the pooled correlation coefficient,
however, was calculated separately for
the Treatment towns and the Control
towns. The overall prevalence for the
town was then computed as X N;jP;/Z N,
IN? Var P,

(& Ny)?
was the resurvey population in the itb
age-group in that town.

and its variance as where N,

The difference in prevalence between
the two surveys was next obtained, and
its variances computed as the sum of the
variances of the two separatc prevalences.
A weighted one-way analysis of variance
was then undertaken to compare the mean
change in the Treatment towns with that
in the Control towns, along the same lines
as the comparison between the PH towns
and the H towns described earlier.

Reprint requests: Dr S. Radhakrishna,

Bothin the base-line survey and in the
resurvey, the findings in males and females
were combined by taking a weighted
average, the weights being the numbers
of males and females in the concerned
survey. (In the case of the resurvey, the
variance of the weighted mean included
a covariance term, for determining which
the correlation coefficient between the
prevalence in males and the prevalence in
females (over 5 age-groups) in the re-
survey had to be computed). The diffe-
rence belween the surveys was next ob-
tained, and its variance computed as the
sum of the two separate variances. A
weighted one-way analysis of variance
was then undertaken as above.
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