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To studY thc elliCttq of a domiciliary drug-therapy programme in the control of 
tuberculosis in a rural community, an investigation was set lip in 1958 under the auspices 
of the Indian Council of Medlenl I{C!IClln:h ill 12 towns with populations ranging from 6000 
to 25000, all within 160 km of Madanapallc (Andhra Pradt'Sh). The prevalences of bacillary 
and radioloj.(ic~ll cases of pulmonary tuberculosis in adults (llgcd 15 )T or more) were 
estimated in .. ch town by carrying out a hase-Iine random sample survey iu 1959; also, 
the prevalences of tuberculous infcl'tion in all schoolchildrt,n aged 5 to 9yr wen' estimated. 
These thn.'t' in.dices of prevalence were used to rank the 12 towns and tben ndomlyallocate 
them into two l'omparable groups of 6 towns each, designated as 'Ireatment' and '~:ontmJ' 

tOWIlS. In treatment tOWIIS, intensi"e case finding ,,-as undertaken hy means of 2 X-ray 
surveys (suney I during 1960-61 and survey II during 1962-64) l'ovcring alllldults, sputum 
examinations by microSl'op' Hnd culture when indicated, and eriodic follow lip of all 
'suspect' cases with X-ray and SPlltuDl examinations. All bacillary cases were offered domi­
ciliary treatment for onc ~'ear with isoniazid and PAS in the J treatment IOWll~ (selected at 
random) a.nd with isoniazid alone in the other 3 town.·,. Of 148 2easc~ eligible for trcat- at 
ment in tJlC 6 treatment towns, 15 per l'en.t refused treatment nd 29 per cent discontin.ued 
chemotherapy prematurely. In lhe rontrol towns, 0.0 spcdal faeililies for di~gn()sis 01' 

calment ,vere introduced, and patients w~'re left to the routine treatment facilities 
aV:lilahk' locally. A tuberculosis prcntlcm:e survey (~ul'l'ey Ill) t'O\'cri~ all adults was 
1.1lrried out iD 9.1112 towns during 1965-68, am! lhi:; ~:l." followed hy a random tuberculin 
sample survey during 1966-69. 

The overall results of treatment at the end of one year ,,'eJ'e.' (i) among cases initially 
positive hy micro~opy, 10 per' nt died, 33 per locnt rcmllincd sputum-positive IUld 51 per 
cent became sputum-negative in INH-PAS towns, the mrl'lsponding percentages fur 
INH lowns being 15, 48 and 37 per cent respectivel~'; (ii): moug cases initially positive 
by culture ()nJy, 6 per ent died, 26 J1er cent remained sputum-posithc and 68 per cent 
became sputum negative in lNH-PAS towns, tbe correspondi percentages for tile INH 
town~ being 1, 38 an. 55 IJer cent respectively. 

All the bacillary cases (treated or untrcatt'lf) 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 pCT 
cent sputum-ne'~ative. Spntum status at one year had considerable prognostic value. Of 
532 sputum-negative ea .. at one year, 18 per l'ent were dead, 16 per CCDt sputuDl-posithe 
and 66 per cent sputum-ncgath'e 5 yr aftenvards, where'd!! the corresponding percentagt'S 
for (JIC 319 sputum-positive cases at one year were 56, 20 llnd 24 respectively, 
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There was an intennl of about 2l ~'r between sunc)' [ and survey [[ and ahout 
4 yr between survey [J and survey 111 in the 6 treatmellt towns. The prevalence of 
badllary cases in these sUr\'eys was age-standardised, cousidering separately l'UseS found 
hy microscopy and cases found by culture only. The lJlean prevalence of cases (Wsitive 
hy microscopy in the 6 treatment towns was 6.81 per thousand in survey I and it decre~sed 

significanUy (P < 0,01) to 5.01 in survey nand 4.83 in survey Ill. Change of culture 
technique during the course of the investi~ation complicated the interpretation of prcva· 
lenl'C:l of culture-positive cases. 

BetwCCR the 1959 base-line survey and tbe resurvey in 1965·68, the prevalence ()f 
smear-positive tuberculosis decreas~d 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 prcvalenl-e 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, tho 
tuberculin survey in 1966·69 did not I" .,'ell! any' significant differences between the tr t· 
ment and the control towns. 

The inability of the domiciliary treatment programme to make an impact on the 
prevalefl:lc of tuberculosis in the rural community around Madanapalle is a finding that 
has cOllsidera lie siJ,(nilicance in the context of the tubercUlosis control programme in 
fndia; the rl'asons for the failure aud its implications are discussed, 

Before the discovery or 1110 ern anti· In 1948, BCG vaccination was introduced 
biotics clft.:ctive in tubercula is, th,~ tradi­ by the Government of India with th 
tional met lOU' (,f c\)lnba1ing tub)rcuLosis assistance of the World Health Organi­
were con id0rcd to bl.) isolation of the zatio (WHO). After a pn:}liminary pilot 
infectiou ca'c ill hospitaL, <-ianatoria :,tudy c )ntlucted by the Union Mission 
or spucial colonies (for persons with Tub~rculo5i Sanatorium at Madanapalle 
chronic di esc) and the U'O of BC" (Andhra Prudesh),which showo.:d that BCG 
vaccination. These methods were used vaccinatio in lndian children did not 
quite vxtellsivcly bcfof0 World War n in cause any serious or harmfuL local re­
Western countries hut W0re not applied actions1,2, BeG vaccination was intro­

It any significant scale ill the developing dl1ced on a country-wide scale in 1949 
countries, including India. While it was by the CentraL Governmont assi,ted by 
possiblo in the countries in the West to the Jnteruati nal Tubcrculosi Campaign, 
provide a sufficient number of hospital WHO and UNICEF. In the course of 
bed to admit the majority of the in­ a few years, BCG vaccination teams were 
fectious cas.es, it was quite impossible to operating in all he states in India. 
adopt such a procedure in a country of 
the size of India. Although the number At Ma anapalle, the initial pilot study 

f beds reserved for tuberculous patients of the imm diate effect of BeG vacci­
ha increased in the post-war period from nation led to the setting up of a FieLd 
30,000 to 43 000, it is very small conl'i­ Research Station under the Goverlllnent 
dering the size of the country and the of mba, Health Ministry, and the WHO 
bacillary cases running into millions. Tuberculosis Research Office with a view 
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to study th(; cridl:l1liology of tu~rcllla"i", 

paliicularly trends or l:hang~s in the 
prevalence and incidence of tuherculosis 
if modern control methods were applied. 

Reports on the resulls ohtained during 
the first five years were pnblished in 19603 

and studies on the protccti ve effect of 
BCG vaccination in the Madanapalle 
Study Population were rcpo11ed between 
1960-1 <,)73 :!'4,'6'8. 

Modern anti-tuberculosis drugs were 
introduced in India in 1946 when strepto­
mycin beeame available. Para-amino­
salicylic' cid (PAS) followed in 1949 and 
isoniazid in 1. 952. It became soon ovident 
that the e three drugs represented very 
potent chemotherapeutic agents hich 
could produce marked improvement in 
pulmonary tuberculo"i patients hy re­
ducing and eliminating the bacilli from the 
expectorate. Whereas streptomycin and 
PAS were quitc expensiv~ and might 
cause certain com lications, isoniazid was 
ca a le of relHlering a hig p::rccntage 
of tuberculous patient sputum-nogative 
even whon givon alone. The brea· 
through in the widespread use or isoniazid 
camo when tho Tubercu 05is Chemo­
tl10rapy Centre ( f the [mlian Couucil 
of Medical Research) at Madra.~, showed 
that isouiazid in combination with PAS 
wa. ablo to render about 90 per cent 
of bacillary cases of tuberculosis sputum­
negative, ven if he patients continued to 
live under ordinary, simpl home co di-
ion - (Tuberculosis Chemotherapy Centre, 

Madras, 1959)9. The demonstration of 
the fact that chomotherapy under home 
conditions was as effeetive as chemo­
therapy in hospital led very soon to the 
idea that ch~nlOtherapy, particularly with 
isoniazid, if used a a mass scale, could 

be a powerful factor in the control of 
tuherculosis. However, the Madras in­
ve5tigation whidl had compared home 
with institutional treatment was conducted 
under very special conditions for the 
purpose of ensuring reI iable research 
results. Could these highly encouraging 
results also be acclaimed under ordinary 
working conditi ns ? If they could, a 
very valuable tool in the control of tubcr­
culosi would have been round. 

There was, therefore, a need to try under 
normal ~vorking conditions, how far it 
would he pos~ible to use home trcat­
ment to influence or make an impact 
upon the tuberculosis pro lem by re­
ducing the prevalence and p "sibly also 
the incidence in a articular community_ 
The matter was discussed with experts in 
the Government and the WHO. £t wa3 
agre.::d tha such an investigation should 
be carried Ollt as closely a possible to 
that hich could be expc..:t0d by a Oov.::rn­
ment clinic. It wa stresscd that tl1C 
linancial outlay should not exceed what 
Wall d be consid.::rcd reasonable for such 
a clinic. The u$e of streptomycin a' 
ruled OLlt as it would involve placing a 
nurse in th various I calities aud pro­
vidino f~r r.::gu(ar super ision by medical 
officers who w(luld have to be responsible 
for such treatment. Further, PAS which 
at that time was c nsidcred the common 
companion drug to isoniazi was fr wned 
at because of its c st and reputation of 
causing unpleasant side effects. There 

as general agreement that isoniazid wa 
the drug of choice, particularly in doses 
large enough to be effective but 110t so 
large that they would cause taxi com­
plications. As some experts insisted upon 
a two dr g 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 fmally 
decided upon were isoniazid alone and 
isonia:lid plus PAS. 

Althougb the aim was to carry out 
the investigation as if it had been dona by 
1I Government clinic, it was unavoidablo 
that certain deviations would arise. For 
instance, in order to detet.1. almost all 
bacillary cases in a community, surveys 
by mobile X-ray units were to he employed 
and the investigation had at its disposal 
the woll established bacteriological labo­
ratory at the U.M.T. Sanatorium wilh 
aCt.'Css to culture work and drug sensitivity 
tests. It was also recognised lhal situa­
tions would arise wht"re the Research 
Unit would soon know which cases 
yielded cultures that were resistant to 
isoniazid or other drugs, bLlt as such 
infommtion would not be available to 
other centres with no access to culture 
work, the Research Unit should nl 1 

change for that reason, lhl: t. e of re­
gimen. 

It was then decided by the Go crnment 
of India as well as the WHO to let the 
investigation be carried out by the Madan­
apallc Field Research Unit, a part of the 
Union Mi~sioll Tuberculosis Sanatorium 
(UMTS), Arogynvaram A special Pro­
ject Committee'" was set up to decide 

-Members of the Project Committee of the 
Tuberculosis Research Pr jeet. adana alle. 
Fcbruary 1959: Dr c-e;, Pandit. Director. TCMR; 
Dr P. V. Benjamin. Adviser-in-Tuhcrcllio is. 
Directorate Gcncral of Health Services, Govern­
ment of India; Dr E. J. T. McWeency. Rcpre­
senlalive of WHO; Dr Halfdan Mahler, WHO; 
Dr K. S· Sanjivi. Madras; Dr K. T. Jesudian. 
Medical Superintendent, V·M.T. Saniatoriwn 
Arogyavaram; Sri K. K. Mathcn, Asst. Professor 

upon a protocol for the investigat il)1l and 
to supervi~c ami advise the Unil during 
the conduct of the investigation. 

Aim and design of the study 

The immediate aim was to sec if it 
was possible to organize home treatment 
so that the results would be comparabl 
or nearly comparable to those obtained 
at the Tuberculosis Chemotherapy Ccntre. 
Madras, so that a high percentage of the 
patients treated would oblain sputum 
convcrsion within J2 months. The dis­
tant aim was to see if it would be possiblo 
through home trelltment with simple 
drug regimcns to reduce the prevalence 
of tuberculosis signifIcantlY. In other 
words, the aim wa' to compare two 
pnliciei\. namely intervcntion or non­
intervent ion in the control of tuberculosis 
in a conullunity. This required therefom 
the settillg up of a proarammc whurc th 
prevalence ill two comparable communi­
tic" could he compared before and after 
a period of implementation of free do­
miciliary drug th rapy pI" gramme in 
the one hut not ill the other conuuunity. 
The study was dc:-.igncd as follows : 

Twclv~ tOWJl$ ranging in population 
from 6,000 to 25,000 and all lying within 
reach of Madan.apallc i.e. within a dis­
tance of 160 km were chosen. To st rt 
with. a ba".c.. linc i\ mple survey was 
carricd out in 1959 covering samples of 
20-25 per l:6nt of the adult populati n 
(children below 1:; yr being excluded). 
After a complete nsus ill the ekctcd 

of Statistics. All India Institute of Hygiene and 
Public: Health. Calcutta, the Director of Medical 
Services. AndhrJ. Pradesh; and Dr J. Frimodt­
Moller, Dinx;tor, Tuberculosis Research Project. 
Madanapalle. 



5 FRIMODT-MoLLER e[ £Ii 

samples, X-ray I:xilminatlon by means or 
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 case~ of tuherculosis, 
all the 70 nm1 X-ray IlIms from the sample 
survey in the 12 towns wore rcad by an 
independent assessor. In addition to 
X-ray survey, another survey based upon 
tubcrclllin testing by Mantoux's tests was 
carried out among children in the two 
lowest grades of all the schools, i.e. in 
the age groups 5-9 yr. 

Thc results of the ba e-line survey 
were expressed in the form of thc three 
prevalence inclil;cs : (i) number of cases 
of bacillary tuberculosis per 1000 popu­
lation; (ii) number of cases of radiologi­
cally active or probably active tuber­
culosis per 1000 population; and (iii) 
reactors to tuberculin a.mong the small 
school children (expressed in per cent). 
These results were passed on to a sC'nior 
stat istician who ranked the 12 towns 
according to the degree of prevalence of 
tuberculosis and then divided them by 
random allocation into two comparahll: 
groups of 6 towns each. Onc group, 
became tbe 'treatment' group and the 
other the non-treatment 'control' group. 
The formcr group was further subdividcu 
randomly into two groups of three towns 
each, in one of which the treatment was 
to eonsi"t of isoniazid and PAS, and in 
the other of isoniazid alone. 

The X-ray surycy was thereupon rc­
smued in the 6 'treatment' towns and all 
the residual populations which had not 
been examined by X-ray previously were 
now examined so that a full survcy would 

be carried out. All cai>es who showed 
presence of bacilli in the sputum either 
by microscopy and culture or only by 
culture were offered fn.:c treatment for 
12 months by fortnightly drug issues. 

\Vhcn the Ilrst ftill survey had been 
completed, another full survey was again 
carried out in the 6 'treatment' towns, 
and new pat ients cletected and anyone 
who had presented with symptoms during 
the interval between surveys were given 
the same type of treatment already used 
in thc towns, where the patients lived. 
Lastly, after completing survey II, 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 lirst full resurvey, tho previous one 
being the base-line sample survey of 
1959. 

While the last surv~y was being done, 
a tuberculin survey was carried out 
(1966-69) in random sample bloeh in 
each of the 12 town5. 

The outcome of the study i.e. it5 final 
reilults, was ha~ed upon comparisons of 
the mean prevalences of tuberculosis of 
the various groups representing such 
items as treatment versus non-treatment, 
2-d rug versus one drug towns, males­
females-hath exes, inil ial sputum findings 
(microscopy ~'erslls cultun:: only), bacil­
lary drug sensitivity to isoniazid, follow­
up results etr. 

It may be noted that, according to the 
design of the stndy, the sampling units 
were not patients within towns. but th6 
towns themselves. It follows that com­
parisons between treatment 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 
dilTerences bet\-vecn the treatment and 
control groups would have to be sub­
stantial for being labelled a statistically 
significant. Dctails on methods of statis­
tical analysis used have hec 1 given in the 
ac ompanyiug paper by Dr S. Radha­
krishna. 

electioll of tOll'llS : A nmnber of 
small town between 6,000 alld 25,000 
in population and situated in Chittoor, 
Cuddapah and Anantapur districts of 
Andhra Pradesh, and i Kolar Di ·trict 

f Mysore State, all within a distance 
of 160 km or so of the Madanapalle 

Tuberculosis RcsoJ.rch Centre. wurc 
selected for the trial (Fig. 1). The total 
population was about 120,000-140,000. 

In selecting the towns the principle 
was tbat they should be neither too smaLL 
nor too large, not too heterogenous 
with regard to the type or population nor 
the population too fluctuating. There­
fore, Large district hcadqualier towns 
or towns ith railway jlllll:tions with 
staff given to frequent tra sfers, or town 
with temples attracting large crowds of 
pilgrims several times a ear, were 
excluded. Further, the towns wore not 
so far away that they couLu not be handled 
from Madanapallo as the centre of 
operations. It a unavoidable that 
many roads leadin.g to theso towns 

Cuddapah 

o ROyn~hol 

'. 

.""'\,.,........ 
.: . 

"I 

. .../ ".. , '.,' 

PRADE SH ..' ......!.. 

\ 

../"~: .- .. 
KalanasJi 

Fig. 1 - Map showing the ]2 towns selected for the study. 
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were of the second or third degree, so the 
starr 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 dono. 

List of towns showing distance from 
Madanapalle : 

Population Distance, 
km 

Andhra Pradesh : 

Rayachoti 10,700 68 
Rajampet 9,300 145 
Kalahas.ti 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 

Kamataka state: 
Chintamani 14,400 64 
Srinivas.apur 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 I. 

Bacteriological examinations : These 
examinations were done after the X-my 
examinations in the Surveys and thoy 
were confined to persons selected on the 
basis of lesions s.een 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 sputlUn culture from a specimen 
collected 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 used 
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 sulphuric acid were mixed and kept 
in the incubator for 20 min, thon cen-

TABLE I - (a) CALEND."R PI:JUODS Of THE THRoB CONSECUTIVE SURVEYS IN THE 6 'TREATMENT TOWNS' 

Towns Survey 1* Survey II Survey In 

Kadiri 1960, March - Aug. 1962, Jan. - July 1965, Scpt. ­ '66 Apr. 
Rajampet 1960, March ­ July 1962, Jan. - Nov. 1966, July ­ '67 Jan. 
Chintamani 1960. July - '61 Jan. 1962, Dec. ­ '63 Sep. 1966, Dec. ­ '67 Nov. 
Tiruttani 1960. Aug. - Dec. 1963, Jan. - July 1967, July - '68 Feb. 
Palmancr 1960. Nov. ­ '61 March 1963, Scpo - '64 Jan. 1967, Dec. ­ '68 May 
Kalahasti 1961, Apr. - Dec. 1963, Scpo - '64 Oct. 1968, Apr. ­ '69 Jan. 

"Note: - 'Survey r relatcs to the survcy of the remaining portion (75-80%) of thc towns not 
covered by the 1959 Samplc SlL.~ey. 
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(b) MEAN lNTI;RvALS INMONTHS BETWEEN SURVEYS 

Intervals in month~ 

Towns Survey 1­ Survey Il- Survey·I 
Survey U Survey In Survey III 

Kadiri 22.5 44·5 67.0 
Rajampct 27.5 4')·5 77.0 
Chintamani 30.5 49.0 79.5 
Tiruttani 30.0 54.5 84.5 
Palm?Jler 34.0 51.5 85.5 
KaJahasti 31.5 53.0 R4.5 

Means 29.3 50.3 7').7 

(c)	 CALENDAR PERIODS OF 'SURVEY rrr OF TIlE 6 
'CoNTROL'ToWNS 

Towns Survey ru 
Rayachoti 1965, May - August 
Srinivaspur 1966, March - July 
Mulbagal 1966, August - December 
Nagari 1967, March - June 
Puttur 1967. November-'68 March 
Punganur 1968, May - October. 

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

As it had been observed for some time 
that a number of specimens 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 sodiment was 
now neutralised with a drop of nitric 
acid. It was soon found that the change 
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 gct 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 treated with sulphuric 
acid and the other with sodium hydroxide. 
The culture bottles were given code num­
bers so that neither the technician nor tho 
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. Evidently 15 of 48 
specimens positive by smear and treated 
with sulphuric acid had failed to grow. 
The difference in yicld is eql1<1.Uy striking 
when noting that among the specimens 
negative by microscopy, only 33 cultures 
were obtained when using 14S0.1 against 
91 obtained when NaOH had been nsed. 
Of the 91,33 were positive byboth methods 
and 58 positive by NaOH but negative 
by H 2S04, Table II (b) compares the 
results by culture with the number of 
bacilli noted in the specimens which 
were positive by microscopy. When the 
smears showed +++ or ++, the 
number of positi va cultures were nearly 
the same. Of 34 specimens showing 
1- r- bacilli by microscopy, only 20 gave 
growth with sulphuric acid against growth 
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TABLE II - EFFICACY OF MICROSCOPY, CULTURES 

DY I-I.SO. AND CULTURES DY NAOH IN DeMONST­

RATING TB IN 650 SPUTUM SPECIMENS 

Specimens
 
No.
 

33 
o 

15 
o 

33 
o 

58 
511 

650 

48+ 
66+ 

139+ 

(b) 

Positive by culture 
Result of 

microseopy H.SO. NaOH Gain by 
TB No. No. No. NaOH 

No. 

+++ 3 3 3 
++ 11 10 II I 

+	 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 speci­
mens positive by microscopy, the sodium 
hydroxide method produced 91 positive 

cultures against only 33 by the sulphuric 
acid method"'. 

Drug sensitivity tests: The miuimal 
inhibitory drug concentration (MIC) was 
defined as the lowest concentration of the 
drug which inhibited growth of20 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'; tbis ratio is called the 'resistance 
ratio'. In the case of isoniazid, 'resistant' 
strains were defined as strains with an 
MIC of 5 mcg isoniazid per ml or more; 
'doubtfully resistant', if the MIC was I 
meg 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 
technique took place early in 1964. The Sample 
Survey and Survey I wcre done with the old culture 
technique. The change took place in the midst 
of Survey II while Smvey III was done wholly 
with the new method. This has all important 
bearing upon the estimates of the prevalence and 
inicdcnce 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 alld 1967, it was found 
that of 551 cultures examined 6l.3 per 
cent were INH-sensitive, 31.8 per cent 
INH-resistant and 6.9 per cent 'doubtfully 
resistant to INK'. By adding tho doubt­
fully resistant strains to the resistant, 
the laUe r 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 INK-resistant, about 
one-fifth would be 'doubtfully resistant 
to INH' and four-fifths INH-rcsis tant; 
(ii) As for the consistency of demons­
trating strains 'doubtfully resistant to 
INH', an analysis of repeat INtI sensiti­
vity tests on cultlLrei'l 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-sensitivc, 75 as 
'doubtfully resistant' to INK and 18 as 
INH-resistant'. The original classification 
was therefore con1irmed 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 elassiflcd as INH-sensitive. 

The merging of strains 'doubtfully 
resistant to INH' with INtI-resistant 
strains appears jw,tified as the chance of 
strains classified as resistant being really 
sensitive is of the order of 2 to 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 alrio intended to provide 
criteria for allocating the towns to the 
three treatment groups outlined in tho 
protocol viz. (i) towns in which the only 
drug issued would be isoniazid, (ii) towns 
in which isoniazid as well as PAS would 
be given; and (iii) towns where no treat­
meo.t would be given. On thc advice of 
Dr K. K. Mathcn, 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 diJTcrent 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. Tho 
map was then reproduced as a blue print 
measuring about 60 X 80 em. 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 tho main. street 
a couple of times to measure the diameter 
of the tOWll. 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 thc 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 vi::;ited until about 90 per cent of the 
eligible residents had been X-rayed. The 
Rescan;h Unit had at its disposal two 
mobile X-ray units. As there was some 
difference in the quality of the X-ray 
mms, the two X-ray units were intel'­
changed so that each town was served 
equally by the two units. 

All persons agcd 15 yr aud more were 
eligible for X-ray examination. Children 
below 15 were therefore excluded. The 
skiagram::; 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 ex.amined 
either in the fleld or at headquarters. 

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

by surveys in Tiruttani, Nagari, Puttur 
and Kalahasti in Chittoor District. Finally, 
Palmaner and Punganur were examined 
in December so that the sample &urvey 
was eompluted 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 IlL Stratwn I 
contains 20-40 households and Stratum U 
contains more thau 40 houlieholds. In 
8 towns, the sampling fraction was 20 
per cent and in 4 town:i with populations 
of 8,000 and less, it wa.s 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 25.9 in the group of small 
towns where it was 25 per cent. The 
last column indicates the numher of 
persons living in the sample blocks as 
found by the survey teams when they 
carried out the census of the samplc 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 estim.ates there was a fairly 
close a.greement in most of the towns 
ex.eept in Kadiri and Rayachoti whem the 
populations of the Sample Survey were 
60.6 and 69.3 per cent only. The discre­
pancies arc due to our teams not covering 
the whole official municipality area when 
carrying out the sample survey. 
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TARLE rll-1959 SAMPLE SURVEY. NUMDER OF BLOCKS rN STRATUM I (20-40 HOUSEHOLDS) AND 
STRATUM II (MORE THAN 40 HOUSEHOLDS) 

Stratum I blocks StratUUTI II blocks Total blocks 

Towns Total Sample Total Sample Total Sampling 
fraction 

(%) 

Kadlri 81 16 14 3 95 20 
Rayachoti 90 18 6 I 96 20 
Rajarnpct 81 17 II 2 92 21 
Chintamani 100 20 7 2 113 19 

·SrillivaS<lpur 41 11 3 1 44 27 
Mulbagal 74 16 3 1 77 22 
Timttani 53 15 6 1 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 II 3 55 2S 
Punganur 57 11 19 4 76 20 

·Sample fractions 25 %, the remainders 20 % 

TADLE IV - 1959 SAMPLE SURVEY. Si\MPLING FRACTION AND No. OF PERSONS LIVING IN THE SAMPLE 
BLOCKS 

Households in Sampling fraction Persons living in 
sam.ple hlocks 

Towns All Sample No. 
blocks blocks 

110· no. 

Kadiri 3714 658 17.7 2519 
Rayachoti 2863 572 20.0 2116 
Rajampct 2699 519 19.2 2158 
Chintamani 3283 654 19.9 3436 

Srinivasarur 1236 307 24.8 1695 
Mulbagal 2064 425 20.6 2478 
Tiruttani 2022 436 21.6 1730 
Nagari 1457 366 25.1 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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TARLE V - CO>lPA!l,ISO:,/ OF TOWN POPUL.....TIONS ACCORlHNG TO CENSUS OF INDIA AND TUE 1959 SAMPLB
 

SURVEY
 

Towns Census 1951 Annual growth 
rate (%) 

Estimated 
population 

1959 

1959 
All 

No. 

survey 
blocks 

% 

(a) 
--~--

(b) 
~-

(c) (d) (e) 

Kadiri 
Rayachoti 
Rajampct 
Chil1t~nani 

20,354 
10.655 
9,281 

14,411 

1.79 
4.61 
2.29 
3; 15 

23,458 
15,281 
11,124 
18,469 

14,218 
10,591 
11,222 
17,248 

61 
69 

101 
93 

Simivasapur 
Mulbngal 
Tjmttani 
Nagari 

5,978 
9,025 
9,925 
6,567 

1.31 
2.87 
0.39 
2.01 

6.634 
11,318 
10,239 
7,700 

6,824 
12,034 
8,023 
6,871 

103 
lOG 
78 
8') 

Puttur 
Kalahasti 
Palmaner 
Punganur 

7,989 
17,921 
6,884 

1l,284 

2.35 
3.97 
3.66 
2.04 

9,620 
24,470 
9,178 

13,263 

8,664 
22,422 
8,019 

11,646 

90 
92 
87 
88 

Mean 88.2 

*Estimated from sample blocks 

Prevalence of bacillary pulmonary 
tuherculosis: Table VI summarizes the 
work done anu gives the results for males 
and females respectively in each of the 
12 lowns. The coverage obtained at the 
time of X-ray examination was elose to 
90 per cent ranging from 89 to 94 per cent 
for males anu from 86 to 93 per cent for 
females. As children below 15 yr of age 
were excluded from the Survey, the eli­
gible persons arc those who were 15 yr 
of ago 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 
rcauers. 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 ccnt 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 bactcriologically were absent 
because of circumstances unrelated to 
tuberculosis, the number of bacillary cases 
whieh should have heen found if all had 
been examined was calculated for each 
sex and age-group, and the sum of these 
was divideu 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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TADLE VI - PREVALIlNCn OF BACILLARY PULMONARY TUB~;RCULOSIS IN MALES AND FEMALES PER 1000 
'ADULTS' 

Males Females 

Town X-ray Bacteriology Dacillary X-ray Dacteriology Bacillary 
cases cases 

Eli­ Ex- Selcc- Ex- No. Rate EIi- Ex­ Selcc- Ex- No. Rale 
gible 3.11lin- tcd ami n- per giblc amin- tcd amin­ per 

ed" ed 1000" ed" cd 1000· 
No. % No. % No. % No. % 

Kadiri 736 92 104 R6 R J4 715 89 60 95 3 5 
Rayachoti 668 90 91 R7 12 23 587 88 44 82 o o 
Rajarnpct 700 94 74 88 13 22 706 90 56 95 3 5 
Chintalllani 1067 91 76 83 2 3 993 91 64 R3 5 7 

Srinivasapur 500 94 54 85 4 10 514 90 39 95 2 5 
Mulbagal 733 92 77 84 3 5 690 91 54 80 I 2 
Tiruttani 534 89 77 91 7 16 553 8S 46 93 o o 
Nagari 543 90 98 91 5 11 519 90 46 98 3 7 

Puttur 678 93 106 94 R 13 654 91 72 90 6 11 
Kalahasti 1524 92 110 92 33 25 1491 93 131 98 13 1() 

Palmaner 597 89 51 84 4 9 598 92 34 91 I 2 

Punganur 651 91 61 85 2 4 704 86 36 100 3 5 

Mean 91.4 87.5 89.9 91.7 

·Persons with films containing technical errors arc excluded 
·see text for the method of calculation 

mctically 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 malcs from 3 in Chintamani to 
25 in Kalahasti. showing a large vari­
ation. 

The prevalence rates among females 
were much lower than among the males. 
In two of thc towns no bacillary cascs 

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

Prevalence of radiologically positive 
cases of tuberculosis: Althongh all the 
X-ray films taken at the Sample Survey 
had been read by two readers and. :>efec­
tion of cases for bacteriological exami­
nation had been based upon their read­
ings, it was possibk: 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 - BJ\S£-LINB SURVEY 1959 PREvA­


LENCE OF nAClLL\RY TUBERCULOSIS PER 1000
 
ADULTS AMONG MALES AND FEMALES
 

Town Males Females 

%. %0 

Kadiri 13.9 4.9 
Rayachoti 22.9 0.0 
Rajampct 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 25.4 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) were taken to Madras 
for study by him. The films were not 
read 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 classificatioll used by the inde­
pendent assessor was the one adopted 
by the Survey Teams which conducted 
the National Tuberculosis Survey of the 
Illdian 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 communieation3• 

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 were 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 select.ed by the independent 
assessor according to the 5 main cate­
gories were distributed as follows 

No. % 
A. Probably non-tuberculous 18 1 13 
B.	 Probably tuberculous 

but. inactive 79 6 
C.	 Probably t.uberculous and 

possibly active 614 44 
D.	 Probably t.uberculous and 

probably active 406 29 
E. Etiology uncertain 105 8 

Total 1385 100 
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Whereas the independent assessor 
considered 13 per cent as probably nOll­
tuberculous and 8 per cent too uncertain 
to be classified, 79 per COllt were thought 
to be probably of tuberculous origin; 
73 per cent were considered to bo either 
possihly 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 
according to prevalence of tuberculosis. 
Tills is shown in Table VII. The pre­
valence ranged from 3.9 per cent in Pal­
maner to 9.1 per cent in Kalahasti. 

Prevalence oj 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 

12 towns were given Mantoux tests with 
1 T.V. of the PPD tuberculin Rt23 
(+Tween 80). Table VIII summarizes 
the work done and givefi Lhe mean percen­
tagc of children showing indurations 
measuring 6rom or InO re in cross diameter, 
on the 2nd, 3rd or the 4th day. f 4052 
children whose tests were reacl, 630 showed 
scars rcsembl ing those following a BeG 
vaccination. They have been excluded. 

In most of tbe towns, reasonably good 
cooperation wa~ obtained but in some of 
the towns the school haadmasters were 
non-cooperative as they thought the 
parents might object to the tests thinking 
that they were actually BeG vaccinations. 
At the time of the survey, thero was a 
newspaper campa.ign against the intro­
duction of nCG vaccination. 

Frequency distributions of the 

TABLE VII - 1959 SAMPLE SURVEY, PREVALENCE OF !U.D10LOGICA,LLY POSITIVE C\SI:S (CATEGORIES C
 

AND D) ACCORDING TO THE INDEPENDENT ASSESSOR.
 

Males Pemales Hath sexes 

Town X-rayed· C&D X-rayed· C&D C & D cases 

No. No. % No. No. % (%) 

Kadiri 671 51 7.6 637 26 4.1 5.9 
Rayachoti 601 68 11.3 514 24 4.7 8.3 
Rajampct 658 55 8,4 632 26 4.1 6.3 
Chintamani 968 50 5.2 905 4~ 5.3 5.1 

Srinivasapur 469 2~ 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 

Puttw 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 3.1 3.9 
Punganur 589 40 6.8 607 16 2.6 4.7 

*Films with technical errors are excluded 
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TADLE VIII - 1959 SAMPLE SURVEY, MANTOUX TESTS WITH PPD-RT23 (I TU + TWEEN 80) OF 
CH1LDREN IN AGE GROUPS 5-9 YR 

Schools Student Children Tests BCG scar Persons Reactors· 
Towns strength tested read seen without 

standards BCG scar 
r & II 

No. No. No. No. No. No. % 

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 1l:l 

Srinivasapllr 7 503 301 251 51 200 13 
Mulbagal 8 644 43l:l 361 92 269 7 
Tiruttani 3 308 186 160 12 148 3 
Nagari 4 390 236 205 19 186 16 

Puttllr 4 484 259 228 2 226 19 
Kalahasti 16 1459 739 643 105 538 22 
Palrnaner 3 455 247 202 7 195 6 
Punganur 5 720 344 300 6 207 12 

"Persons with reactions (indurations) measuring 6 mrn or more in transverse diameter 

diameters of indurations to the Mantoux 
tests arC' 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, (ii) 
radiologically active cases per 1000 and 
(iii) the tuberculin reactors among young 
school children in per cent are shown in 
Tahle 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 betwecIl tha 12 
town prevalences of the hacillary cases 
and tho radiologically active cases and the 
right side shows the correlation between 

~Q 

School Lhildftn In groGU 1&0 
'~~tcd No..: 33]6.,..­

40 

'­

30 

10 

'0 

o 8 12 1& 20 14 
OIOITl~{lrf at indurOlao,n'!t. if, "'"' 

Fig. 2 - Histogram showing the percentage 
frequency distrihution of 3336 school children in 
grades I and II according to the diameter of 

Mantoux induration. 

the bacillary cases and the tuberculin 
reactors among the small school children. 
On the basis of tbe:)e data, Dr Mathen 
rankod the towns in the following des­
cending order :­

(I) Kalahasti, (2) Rayachoti, (3) Puttur, 

28 
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TABLE IX - INDICES OF 

Town 

Kadiri 

Rayachoti 

Rajampct 
Chintamani 

Srinivasapur 

MulbagaI 

Tinrttani 

Nagari 

Puttur 

Kalahasti 

Palmaner 

Punganur 

TUBERCULOSIS PREVALENCE USED IN THE RANDOMISATION OF THE 12 TOWNS 

(BOTH SEXES) 

Cases per 1000 adults (15 yr +) School chiltlren 
(5-9 yr) 

Radiologically active Baciilary cases % tuberculin 
cascs reactors 

58 9 23 
83 13 15 
62 14 21 
52 4 18 

52 7 13 

46 4 7 
57 8 3 

73 9 16 

71 12 19 
89 17 22 

39 5 6 

47 5 12 

d %
I
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Og 
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°9 
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010 Radiologically active coses % Tuberculi.n reoctors 
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 reactoI"5.-The numbers indicate 
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the rank of the 12 towns as stated on p 17. 
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TARLE X - PREVALENCE OF BACII,LAR.Y TUBER­


CULOSIS AT STAIl.l' OF STUDY TN 6 'TREATMENT'
 

AND 6 'CoNTR.OL' TOWNS
 

Prevalence of bacillary tuberculosis 
(per 1000 adults) 

Treatment towns- Control towns 

Kalahasti 17.4 I Rayachoti 12.6 

Kadiri 94 PutturMean 12.3 

1 10.7 
Palmaner 5.3 Nagari 9.0 

Rajampct 13.61 Srinivasapur 7.2
 

Tiruttani Mulbagal 3.7
 
8.7
'r'''on
Chintamani 4.5 Punganur 4.6
 

Mean 9.7 Mean 8.2
 

-The 3 treatment towns listed attop received 
INH .,. PAS a.nd the remaining 3 towns received 
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 dividcd 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' wcre 
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 experimental groups viz. (i) 

treatment with isoniazid-PAS ,(ii) treat­
ment with isoniazid and (iii) 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 cxamination 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 
rcferred for bactcriological cxamination. 
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 discontinucd. 

In each of the six towns a house was 
rented which became the sub-centre or 
branch office of the Madanapalle Research 
Unit. It servcd 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 tcam consisted of a nurse or a public 
health nurse or a social worker, one or 
two paramedical workers or clerics 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, 
ease sheets filled in, body weights recorded 
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 aho 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 examination done as 
part of the survey, a second miniature 
X-ray photograph was taken of all cases 
rdcrred for bacteriological examinations, 
so that the diagnosis could be snpported 
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 cas~ where no baciLLi Were 
fonnd a decision was taken whether they 
should be followcd up or not. The rolls 
containing thc survcy X-ray films were 
not cut but kept in serial order for later 
reference, whenever necessary. All follow­
up fdms including the one taken at the 
tim.e of the first bacteriological examina­
tion were cut and mounted on special 
cards so that they could be casily han.dled, 
ex:unincd and flied away in special 
envelopes which wonld also hold pictures 
taken at subsequent follow up examina­
tions. The case sheets and the monnted 
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 therefore 
p.iscontinued. A control study of 
prophylactic drug treatment of radiologi­
cally positive, sputum-negative cases was 
reported in 19655• 

Thc treatment consisted of isoniazid 
300 mg for a patient weighing 45 kg i.e. 
6.7 mg per kg and was adjnsted for 
patients weighing more or less. Isoniazid 
was made up in special, fairly large 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 109 
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 OJt the chemists' 
shop. The drug;; were issued free of 
charge. 

Follow up examinations: In the first 
year, patients nnder 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 every 
quarter and in the third year (and there­
after) by X-ray once a year and sputum 
examinations twice a year. Should the 
patients suffer a relapse and treatment be 
resumed they were re-examined a.s 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 [rom 1964 
tested for niacin, and when rcqLlired sub­
mitted to other identification tests. 

Hospitalization was not u cd except 
in very special cases such as ha.emoptysis, 
spontaneous pneumothorax or massive 
pleural effusion'>. AYLer the first year of 
treatment patients with strains of ba~illi 

which had developed drug resistance were 
olll:red 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 w('re referred to the UMT 
Sanatorium for lung res.ection. 

Material: The total number of bacil­
lary cases encountered in the 6 towns 
from the time of the 1959 Sample Survey 
till Survey III had been completed were 
17X 1 (Table XI). Deducting 176 who 
were admitted so late that they did not 
bave one year 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 
1266 accepted and 216 refused. 

Extent of disease and cavitation All 
the bacillary cases encountered from 
1960 in Survey I till 1968 in Survey U[ 
have been classified with regard to extent 
o[ disease and pres nce of cavities a~ seen 
on the X-ray picture i.e. the first follow­
up picture taken at the time of the initial 
bacteriological diagnosis. Thc classi­
fication was done by thc :-;cnior author at 
two sittings two years apart. In order to 
check if any change had taken. place in 
his in.terpretation of thc films with regard 
to the extent of disease and cavitation, 50 
[dms wcre selected at random from the 
first batch and mixed with the second 
batch. When the two sets of indepcnd':nt 
readings of the sample fdms 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 thc small 70 mm picture was 
mounted were covered up so that it was 
not possible to know when and where the 
X-ray picture" had been taken nor to 
which treatment group the patients be­
longed. The lesions were classified ac­
cording to the system llsed for the cIassi­
flcation of the patients seen at the 

TABLE xr - NUMBER OF 

Towns Number 
diagnosed 

Kadiri 417 
Palmaner 100 
Kalahasti 640 

R.ajampet 299 
Chintamani 164 
Tiruttani 161 

Total 1781 

BACILLARY CASES DIAGNOSED 

Cases with Nllmber died 
observation or moved
 
period of Ollt
 
< 1 yr
 

21 18 
5 4 

86 56 

7 20 
2 11 

55 14 

176 123 

AND TREATED 

Nllmber Treated 
available for No. % 

treatment 

378 351 93 
91 86 95 

498 403 81 

272 240 88 
151 117 77 
92 69 75 

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 lesion), Slight (a few 
infiltrations), Limited (lesions smaller 
than the area 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 (Ie~ions involving an area greater 
than one lung) and Gross (ail lung fields 
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-po<;.itive by 
microscopy (M+) and those who were 
microscopically negative but positive by 
culture (C 1-). SWIU1larising 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 agains t on ly 11.9 per cent in the 
group whieh was initially srntar negative 
but positive by culture. 

Comparison of 'tlVo-drugs' and 'one­
drug' towns with regard to extent of disease­
amI cavities : In Table XII, the first 
three towns designated 'HP' represent 
the group in which the patients 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 

TADLIl XlI _..- COMPAIUSON OF TyPES OF CASES FROM 'IsoNIAZID-PAS' TOWNS (HP) ANI.> 'IsoNIAZID' 
TOWNS (H) 

Mode of detecting Treatment Extent of disease 
bacilli policy 

TriVIal & slight Limited Moderate Extensive & 
% % % gross 

M+ HP 7 17 35 40 
H 5 16 43 36 

C+ HP 26 31 32 11 
H 27 27 30 15 

Cavitation 

Nil Slight Moderate Extem;ive 
% % % % 

M+ HP 17 30 31 21 
H 16 29 28 26 

C+	 HP 58 31 7 4 
H 49 3~ 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 cascs initially positive by micro­
scopy (M+), and the second the group in 
which the patients had been smear nega­
tive initially hut positive by culture (C+). 
Whether one considered the extent of 
disease or cavitation, the distribut'j.on in 
the two groups of towns Were broadly 
similar, Group C+showing slightly more 
advanccd cases in the one-drug group, 
as compared with the two-drugs group. 

Cooperation of the patients 

As thc survey progressed and more 
and more patients were udmitted 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 treatmcnt regularly 
and not to discontinue it prematurely. 
Some patients preferred to take the treat­
ment from private practioners instead of 
from the eIinic of the Research Unit so 
that they might avoid publicity or be able 
to take injection of strcptomycin which 

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

The difficulty in obtaining futI coopera­
tion was apparent from thc very begining. 
Excluding patients who died or moved 
out during the interval between the 
'survey' X-ray examination 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 acceptcd 
and 15.5 per cent refused treatment (Table 
XIII). Among the cases whose initial 
sputum examination 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 fanner group representing 
the more advanced cases had evidently 
a greater urge to be treated than those 
with less advanced disease who were 
only positive by culture. The degree of 
cooperation varied froIll town to town. 
In Palmaner and Kadiri 94 and 93 per cent 
respectively accepted the treatment as 
against 74 and 77 per ccnt in Tiruttani 
and Chintamani. These findings repre-

TAIlLE XIII - PERCENTAGE OF PATIENTS ACCEPTING DOMICILIARY TREATMENT (BOTH SEXES) 

Towns M+ eases C+ cases All eases 

Total % treated Total % treated Total % treateu 

Kauiri 199 96 179 89 378 93 
Palmancr 42 95 49 94 91 94 
Kalahasti 207 90 291 75 491l 81 
Rajampct 140 94 132 83 272 88 
Chinlamani 65 85 86 n 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 

TABU; XIV - PERCIlNTAm OF PATiENTS UNDIlR TKEATMBNT OF VARIOUS POINTS IN TiMB (BOTH SEXfS) 

Cases PerCclltage of patients under treatment at the following points in 
Towns (No.) time (momhs) 

0 3 6 9 12 

(i) Cases initially positive by microscopy (M-I-) 
Kadiri 199 96 
Palmaner 42 95 
Kalahasti 207 90 

92 
90 
81 

86 
90 
74 

8t 
82 
68 

78 
74 
62 

Rajampet 
Chintamani 
Tiruttani 

140 
65 
48 

94 
85 
83 

81 
80 
79 

75 
72 
69 

71 
68 
65 

62 
55 
46 

Mean 90 84 78 73 63 

(ij) Cases initially positive by culture only (C+) 
Kadiri 179 89 
Palmaner 49 94 
Kalahasti 291 75 

: 
79 
83 
63 

71 
80 
55 

94 
74 
47 

57 
67 
40 

Rajampet 
Chintamani 
Tiruttani 

132 
86 
44 

83 
72 
64 

71 
63 
64 

62 
50 
54 

53 
49 
50 

45 
47 
42 

Mean 79 70 62 56 50 

(iii) All cases 
Kadiri 
Palamanet 
Kalahasti 

illitially po.~itive 

378 
91 

498 

(M+ and C+) 
93 
94 
81 

86 
86 
71 

79 
85 
63 

73 
80 
56 

68 
70 
49 

Rajampet 
Chintamani 
Tiruttani 

272 
151 
92 

88 
77 
74 

76 
70 
72 

68 
59 
62 

62 
57 
51 

53 
50 
44 

Mean 85 17 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 11*. A sununary for 'both 
sexes' is given in Table XIV showing the 
percentage of patients under treatment 
each quarter. The findings for males 

*AvailabJe on request from Shri G. S. Aeharyulu 
Madras. 

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+). The former accepted treatment in 
90 per cent but dropped in attendance by 

Males Females 
, 0 0 r----------r-------------, 

80 ~M+ 
~c~~ 

60 

40 Kadiri 

Polmaner40 

60 

o J 6 \I 12 0 3 -6 9 12 

Ptriad of Irtalmt:nt(months) 

Fig. 4 - Percentage of patienl~ under treatment at d.ifferent months in INH-PAS towns. M + =TB 
initially demonstrated by microscopy; C + =TB initially demoll.<;trated by culture only. 
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Moles Females
100 ,----------T-----::.;,.:..:..::.:.:.:...--~ 

80 

60 

C 40 Rajampet 
1:>1 

E a 100 I-----------+-----------~ 

... '" 

lI'l 60 
c 
w 

o 
0. 

40 Chintomoni 
C 
1:>1 1001------------+------------1 
v 

80 

60 

Tiruttani40 

a 3 6 9 12 0 3 6 9 12 

Period of treatment (months) 

Fig. 5 - P~rc~ntag~ of patients under treatment at different months in the INH towns. M + = TB 
initially d~monstrated by microscopy; C + =TB initially demonstrated by culture only. 

nearly 30 per cent to 63 per cent at the 50 per cent. Considering all cases regard­
end of the year, while the latter accepted le:ss of type of initial sputwn examination 
treatment in 79 per cent and dropped al&o 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 lincs to 
the four series of percentages for each 
town. The regression coefficients indi­
cate the mean monthly defaulter rate in 
per cent. The overall per cent 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-

TABU! XV - COOPERA.TlON OF PAl'IENTS UNDER DOMICILIARY TREI\TMENT 

Patients treated Dcfaultcr rate 
Items per month 

%. % 
A.	 Towns 

Kadiri	 81.3 1.93 
Palmancr	 82.4 2.10 
Kalahasthi	 66.8 2.32 

Rajampet 71.3 2.65 
Chintamani 63.7 2.33 
Tirutta.ni 58.8 2.46 

Means	 70.7 2.30 

B.	 Comparisons 

(i)	 Sex : 
Males 70.6 2.34 
Females 70.8 2.26 

Differences -0.2 0.08 
(ii)	 Method of initial diagnosis 

By microscopy 78.2 2.29 
By culture only 63.2 2.31 

Diffcrcnccs 15.0·· -0.02 
(iii)	 Dl'IIg regimens 

INIl-PAS 76.8 2.12 
INH 64.6 2.48 

Differences	 12.2u -0.37** 
(iv)	 Interactions
 

Scx X dia.gnosis 5.3"
 
Sex X regimens 3.8+
 

·Mean of 12 months observation 
+ and ** indicate statistical significance at 5 % and I % levels, respectively 
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Fig. 6 - Percentage of patients under treatment 
according to sex, initial mode of diagnosis and 

drug regimen. 

Initial sputum examination 

.......... 
........ Culture 

........... only+............ 
"'--­

2-dru 5 vs . l-drug lo.vns 

ween the main etrccts 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 andof63 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 As for the difference between 'drug 
regimens' (Fig. 6-10wermost) 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 diffcrence being 
statistically significant. 

The findings relating to the patients 
diagnosed at Surveys I, I! and III are 
shown in Fig. 7, for 4 of the 6 towns; 
the other 2 had too few cases. The lcvels. 
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 r. The patients 
belonging to Survey I! showed in the two 
towns a marked fall of the attendance 
rate, and the patients belonging to Survey 
II! showed another marked fall. 

These findings indicate that the degree 
of cooperation was high at Survey I, less 
at Survey II and mueh lower at Survey 
Ill. It suggests that the general public 
carne forward with trust and expecta­

o 3 
Period of 
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tion when the treatment programme was 
now 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 offen,d, 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 

-An interim report was given by R. Partha. 
sarthy 19691°. 

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 I-dmg 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 
case at the end of one year of observation. 
If any of the sputum examinations at the 
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9th, 12th or 15th months of exami nation 
showed a positive sputum, the result was 
recorded as 'TB-l·'. 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 baeilli 
and sub-divided according to the type of 
sputum examinations by which the bacilli 
were demonstrated initially. Cases with 
negative smears but positive cultures 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, those 
whose sputum was positive (TB+) and 
those who were negative (TB-) and, 
lastly, patients who were alive but for 
whom 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 
ofcases (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. III 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 cxaminations 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 perccntage 
of cases with isoniazid-sensitive or iso­
niazid-resistant strains, it has been asswned 
that the cases who did not get drug sensi­
tivity tests done at thc 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 Iherefore reduced to three 
groups viz. the patients who 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 sputwn 
positive cases have been divided into two 
groups: the cases with isoniazid-sensitive 
bacilli and those with isoniazid-resistant 
bacilli. 

The results of treatment arc discussed 
under three headings : First, the results 
regardless of the initial isoniazid-sensiti­
vity; second, the results according 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 otlly isoniazid was issued. 

Results-regardless of isoniazid-sensi­
tivity : The overall findings are shown in 
Table XVI. Although the resnlts in each 
of the six 'treatment' towns are available, 
the discussion is bas.ed upon the means 
only, each town-serving as one experimen­
tal unit. Considering 'both sexes' in 
Table XVI the findings, irrespectivc of the 
initial type of sputum examinations, were 
9 per cent died, 37 per cent remained 
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TABLE XVI ­ TREATMENT RFSULTS (Plli CENT) AT THE END 01' ONE YEAR ACCORDING TO IMTJAL MODE 

OF DEMONSTRATION OF BACILLI (MEAN OF 6 TOWNS) 

Males Females Both sexes 

• 
M+ 
Cj-

All eases 

Died 

13 
5 

9 

TD-I­

42 
35 

39 

TD­

45 
60 

52 

Died 

11 
10 

10 

TB+ 

40 
23 

33 

TD­

49 
67 

57 

Died 

12 
6 

9 

TB+ 

41 
32 

37 

TB­

47 
62 

54 

sputum POSitive and 54 per cent were 
sputum negative. Dividing the cases into 
those whose sputa we re initially positive 
by microscopy and those who were 
positive by culture only, there is a dear 
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 eent dicd, 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 werc initially demonstra­
ed is the fact that few tuberculosis centres 
in India are cquipped 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, nearest in line with the rc:sults 
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 'C+', 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 xvn and XV III.. Table XVI[ 
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 hut 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 
ohtained negative sputwn. In the group 
C+ 59 per cent of the males and 
73 per ('ent of the females obtained nega­
tive sputum. Considering all positive 
cases together, 55 per cent among: males, 
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TABLE XVII ­ PERCE:-ITAGE DISTRIBUTION OF CASES WITH ISONIAZID SINSITlVE (8) AND IsONIAZID 
RESISTANT (R) STRA.INS BEl'ORr. THF. START OF TRI:;A.TMENT 

M+ C+ All cases 

Towns Cases S R Cases S R Cases 8 R 
(No.) (%) (%) (No.) (%) (%) (l 0.) (%) (%) 

Kadiri 171 84 16 155 90 10 326 37 13 
Palmaner 34 91 9 46 91 9 80 91 9 
Kalahasti 171 70 30 213 83 17 3114 77 23 
Rajampet 123 75 25 lOS 89 II 231 81 19 
Chilltamani 47 66 34 61 74 26 lOS 70 30 
Tiruttani 34 79 21 29 90 JO 63 84 16 

Mean 77 22 86 14 82 18 

TABLE XVIII - TREATMENT RESULTS INPllR CBNT ,\T THE END OF ONE YEAR AccOJmrNG TO THB INITIAL 
SENSITIVITY OP THE STRAINS TO ISONIAZID (MEAN OF 6 TOWNS) 

Initial Mode of Males Females Doth sexes 
isoniazid detecting 
sensitivity bacilli Died T.B+ TB- Died TB+- TB- Died Tn+- TB-

Sensitive	 M+ 10 40 50 II 31 58 10 37 53 
C+ 5 36 59 8 19 73 6 31 63 

AU eases R 37 55 10 24 66 S 34 58 

Resistant	 M+ 19 67 14 25 47 2R 22 55 23 
C+ 10 41 49 10 51 39 13 41 46 

All cases 17 55 2S 16 51 33 lR 51 31 

66 per cent among females and 58 per 
cent among 'both sexes' obtained negative 
sputwn at the end of one year. 

Cases with strains initially isoniazid­
resistant : The pen.,'cntagc of 'resistant' 
cases who obtained sputum conversion 
(Table XVIII) is only about half of that 
obtained by the cases who had isoniazid­
sensitive £trains, and the percentage of 
patients who died or remained sputwn 
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. 

Althongh the prognosis of patients 
with isoniazid-resistant bacilli is clearly 
worse than that of oases 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 drugs issued by our 
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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 from Table XIX that the cases 
remaining positive in fipite of treatment are 
almost equally divided among those with 
isoniazid-sensitive and isoniazid-resistant 
bacilli, namely 1X and 15 per cent 
respectively. This by itself is unusual when 
the results arc compared with what is 
usnally 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)11. The finding of a high 
percentage of isoniazid sensitive strains 

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 amoug the M-+- and C+ 
cases. The M + group showed at the 
eud 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 
diftcrence is undoubtedly due to Mf­
cases being more advanced and more 
regular in taking the drugs than C+ 
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 resulls in 
'INH-PAS' and 'INH' towns : The mean 

TAtlLE xrx - ISONIAZID SI;NSITIVITY RnsULTS AT THE END OF O!'<'E YtAR AMONG CI\,SlJS WITII l<;ONII\ZID 

ShNSITIVE STRAINS INl11ALLY (Bom SEXES) 

M+ cases C+ cases All cases 

INH sens. at INH sens. :J.t INH sens. at 
Towns Cases 1 yr Cases 1 yr C.ases 1 yr 

treated treated trc:J.1ed 
No. Sens. Res. No. Sens. Res. No. Sen.,. Res. 

% % % /0 % % 

K:J.diri 144 14 18 140 23 7 21\4 19 13 
Palmaner 31 3 17 42 17 0 73 11 7 
Kalaha<;ti 119 20 16 177 20 7 296 20 11 
Raja.rnpet 92 15 32 96 23 IG 188 19 24 
Chint,unani 31 15 30 45 28 13 76 23 20 
Tirllttani 27 8 34 26 27 4 53 18 IS 

Mcan~~ 13 24 23 S 18 15 
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results for the three towns in each group 
are sbown 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-f-­
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 diJTe­
rence only when all the positive cases 
(M+- and C 1-) are considered together. 

Table XXI 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-sensitivc until 

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 being 
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 received only one drug; expressed 
another way, the chances of developing 
isoniazid-resistance were nearly twice as 
high in the 'INH' tOWIlS than in the 'INH­
PAS' towns. 

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

TABLE XX ~ COMPAR1SON OF TREATMENT RESULTS IN PER CENT WITH TNH-PAS (PH) AND IN/{ (H) 
ALONE nA.<;ED ON MEANS IN 3 TOWNS 

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

PH H PH H PH II 

M+ Died 12 14 6 16 10 15 
TB+· 33 51 34 46 33 48 
TB-­ 55 35 60 3g 57 37 

C+ Died 5 6 7 13 6 7 
Tn /­ 27 43 24 22 26 38 
TD­ 68 51 69 65 68 55 

All Died 8 10 7 15 8 11 
TB+ 30 47 28 37 29 44 
TB­ 62 43 65 48 63 45 
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Tl\llLE XXI - COMPARISON OF [SONIAZlD SENSITIVITY Rr.sULT's IN PEH. CENT AT THP, f.NU OF ONE YEAH. 

IN 'fNH-PAS' AND 'JNH' TOWNS (BOTH SeXES) 

Initial isoniazid Mode of Treatment groups 
serl~itivity detecting 

Tn initially INH-PAS INH 

Died TB+ TD- Died TB f- TB­

S R s R 

Sensitive (8) M+ 
C+ 
All 

10 
5 
7 

12 
20 
17 

17 
5 

10 

61 
10 
66 

10 
1 
9 

13 
26 
20 

32 
II 
20 

45 
56 
51 

Resistant (R) MI­
C 1­
All 

II 
20 
16 

3 
6 
4 

51 
30 
42 

36 
44 
38 

34 
6 

20 

0 
0 
0 

56 
47 
56 

9 
47 
24 

between the two-drugs and one-drug 
groups was not statistically significant 
although the latter did show a higher 
percentage of isoniazitL-resistant bacilli 
at the entL of the year than the former. 

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

Of the cases (both sexes) reportetL posi­
tive in Table xvr, 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 
antL 13 per cent which were positive by 
culture only i.e. about two-thirds were 
positive by microscopy and one-third by 

culture. (Or the other group, 'C 1-', the 
32 per cent sputum positive cases consisted 
of 13 per cent who were positive by 
microscopy and I <) per cent who were 
positive by culture only). If the cases 
which were positive by the culture method 
only are excluded as they woultL 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', 'TD+' antL '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 ignoretL, the results 
would have been 12, 28 and 60 per cent, 
respectively. 

Five years' follow up 

For the purpose of the presellt follow­
up study, all cases in the 6 'treatment' 
towus were amalgamated excluding only 
those who hatL less than one year of 
observation. From the llmuber of cases 
at risk at the beginning of each observa· 
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Fig. 8 - Five ycars fol1ow up. No. of patients 
observed is indie<ltcd in tbe corner. 

tiOIl 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 sputmn examinations 
by microscopy and/or culture in the pro­
portion found within each observation 
year assuming that those who were not 

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 5-year 
follow up showed that 40.4 per cent had 
died, J8.2 per cent were alive but 
had a positive sputum and the remaining 
41.4 per cent had a negative sputum 
(Table XXIf). Considering the I J54 
cases who received treatment, the corres­
ponding proportions were 35.5 per cent, 
19.7 per ce nt and 45. I per cent, respecti­
ve�y. Although these results 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 

:;:\ '" Cl~<j): .. \ ..........
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Fig. 9 - Fivc years' follow up according to initial cxtcnt of disea~e. 
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even after 5 years, 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 pcr cent bad died, 13 per cent 
had positive sputlml 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 XX1[[ the rate of 
survivors decreased as the extent of 
disease increased so that whereas 80 per­
cent were alive at 5 yr among those 

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 reported 
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 examination. The graphs on the 
left side correspond to the cases whose 
sputum wcre positive by microseopy(M+) 
and those on the right to those who were 
negative microscopically but positive by 

TABLll XXII - FIVE YEAll FOLLOW UP OF ALL DETIlCTED CASCS (PER CENT) AND ALL TRllATED c..'Sf:S 
PER CENT IN THE 6 TREATMENT TOWNS 

Year of observation All detected cases (1449)* All treated cases (1154)· 

Died TB+ TB- Died TB I­ T 

I 14.6 35.8 49.6 9.6 37.6 52.8 
2 23.7 32.1 44.2 18.2 33.5 48.3 
3 31.1 24.9 44.0 25.4 27.2 47.3 
4 36.2 19.9 43.9 31.0 21.2 47.7 
5 40.4 18.2 41.4 35.5 19.7 45.1 

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

TADLE XXIII - FOLLOW UP STUDY OF 1154 TRE.....TED CASES (PER CENT) ACCOllDING TO TliE banAL
 
EXTENT OF D ISEASIl
 

Year of observation Trivial and Slight Limited Moderate Extensive and Gross 
(194) (235) (406) (319) 

Died TB+ TD- Died TB+ TB- Died TB+ TB- Died TB+ TB-­

1 5 22 73 5 32 63 6 42 52 20 46 34 
2 6 23 71 11 31 58 13 38 48 37 36 28 
3 12 21 67 16 28 56 20 30 50 47 27 26 
4 15 16 68 21 21 57 25 26 49 55 18 27 
5 19 12 69 24 22 54 32 25 44 58 17 25 
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culture (C+). 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 sputwn 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 agc in the mortality 
from all causes. 

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

~::~.::!r 
o 2345 2345 

yr 

Fig. 10 - Five years follow up of sputwll 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 deere ase 
can be ex.plained 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. 

t~iCfOe,COpy 
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Fig. 12 and Table XXV show a 
5-year follow up of cases according to 
whether the sputum was negative or 
positive at the end of one year. There is 
vcry marked difference between the two 
groups. Thus, 82 per cent of the spl.ltum­
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. 

TABLE XXIV - FOLLOW UP OF 1086 TRFA.1'£D 
c.o\Sl'S ACCORDING TO INlTL"L ISONIAZIU 

SF.NSITIVny O~· BACILLI 

INH sensitive (887) INH Resistant(199) 

Year Died TB+ 
% % 

TB­
% 

Died TB+ 1'8­
% % % 

1 
2 
3 
4 
5 

8 
16 
22 
27 
32 

34 
32 
28 
22 
22 

58 
52 
50 
51 
46 

18 
30 
38 
44 
44 

55 
42 
26 
19 
14 

27 
28 
36 
37 
41 

TABLE XXV - FIVE YEARS FOLLOW UP OF 911
 
CJ\SES ACCORDING TO THEIR BACTERIOLOGICAL
 

STATUS ONE YfAR AFTER STARTING
 
DOMICILIARY TREATMENT
 

Year Sputum negative Sputum positive 
(532) (379) 

Died TB+ TB- Died TB 1- TB­
(3) 

% % % % % % 

2 3 17 79 18 66 16 
3 7 19 74 32 45 23 
4 11 13 76 40 38 22 
5 14 17 70 4ll 28 24 
6 18 16 66 56 20 24 

l, 2 3 l, 5o 

100 Ir"'::_---"-IN:.:..:H'---=.S__~---';.:;.;....:.:.-_, 

3 5 
yr 

Fig. 11 - Five years follow up by initial isoniazid 
sensitivity. 
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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 IU 
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TABLE XXYI- STATUS AT 5 YEJ\RS (PER CI>NT) RELATED TO 

BACILLI ON ADMISSION 

AGE ANI) Moml OF DEMONSTRATION OF 

Age 
(yr) 

Cases positive by 
microscopy (M +) 

No. or Status at 5 yr 
cases 

Died TD-+­ TB­
% % % 

Cases positive by 
culture only (C -+-) 

No. or Status at 5 yr 
cases 

Died TB-+­ TB­
% % % 

15-24 
25-34 
35-44 
45-54 
55 -+­

106 
190 
150 
94 
63 

25 
38 
42 
55 
58 

26 
21 
21 
22 
20 

49 
41 
37 
23 
22 

61 
147 
148 
IIG 
81 

21 
14 
30 
32 
46 

9 
26 
14 
I1 
17 

70 
60 
56 
57 
37 

in the 6 'Treatment' towns were also 
preceded by a census of all the individuals 
residing in the towns. The household 
was taken as the unit for census enumera­
tion. Apurt fro111 the common data such 
as f,unily 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 IU, 
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 difliculty 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 either in the 
same locality or in a different locality, 
they could still be traced. If they had 
left the towns, no further information 
could be obtained. Of those who were 
present at the earlier census but not pre­
sent at th,e next censns, reasons such as 

death and emigration were noted down. 
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 lower 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 XXVII. As mentioned in our 
previous report3 it wac; 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-I 4 arc 
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 DUB TO ALL CA,USf'.s 

Age group Kadiri Palmaner Kalahasti Rajampet Chintamani Tirutlani 

Males 

0- 7,4 4.S 4.6 4.6 7.3 6.6 
15 - 2.7 4.4 4.8 5.7 3.2 4.7 
25 - 3.7 4.5 9.1 9.2 4.1 5.3 
35 - 8.3 5.7 16.5 13.4 6,4 16.7 
45 -- 22.5 14.9 28.8 27,0 .12.2 22.0 
55 -I- 44.3 56.5 67.3 63.5 49.8 61.7 

All males 9.4 9.1 13.1 13.0 9.0 12.8 

Females 

0- 9..2 6.0 5.8 4.9 5.7 6.4 
15 - 3.9 4.S 5.7 8.8 4.2 4.4 
25 -- 4.9 3.5 6.2 6.6 2.9 5.1 
35 - 6.0 4.0 8.0 8.0 4.9 10.2 
45 .. - 12.3 S.O 15,4 19.0 12.9 16.2 
55 + 37.2 42.1 51.9 55.4 42.9 55.0 

All females 9.2 7.8 10,4 11.6 7.6 ]0.3 

All 9.3 8.4 ][.8 12.3 8.3 11.6 

Table XXVIII. Considerin.g both sexes 
combined, the overall death rate ran.ged 
from 45 in Pulmaner 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 Tates increased, es­
pecially among males, after the age of 
45 yr. It 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. 

Tahle 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 I in 4 to 1 in 5, which 
is particularly depressing when eITeclive 
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 tubcn:ulosis are 
presented for the 6 towns combined 
(b<lsed on arithmetic mcans) 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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T I\DLE XXVIII - ANNUAL DEATH RATES PER 100,000 AMONG PATIENTS WITH TUBERCULOSIS· 

Age group Kadiri Palmaner Kalahasti Rajampet Chintamani Tiruttani 

Males 

15-24 38 0 81 91 0 62 
25-34 61 43 238 175 51 91 
35-44 194 52 342 342 18 235 
45-54 397 109 604 599 92 267 
55 + 452 140 851 783 56 537 

All males" 162 53 324 315 36 204 

Females 

15-24 12 38 35 80 52 20 
25-34 63 19 88 169 111 H2 
35-44 n 0 132 138 49 0 
45-54 61 112 112 204 23 130 

102 47 51 210 62 10355 + 

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. 

TI\DLE xxrx - DEATHS AMONG CASES 01' TUBERCULOSIS AS P!;RCENTAUE OF DEATHS DUE TO ALL CAUSES 

Age Kadiri Falmaner Kalahasti Rajampct Chintamani Tiruttani Mean of 6 
group towns 

Males 

15-24 14.3 0.0 16.9 16.1 0.0 13.0 LO.O 

25-34 16.7 9.5 26.1 19.1 12.5 17.2 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 22.2 7.5 16.7 15.4 

55 + 10.2 2.5 12.6 12.3 1.1 8.7 7.9 

Females 

15-24 3.0 8.0 6.1 9.1 12.2 4.5 7.2 

25-34 12.8 5.6 14.1 25.7 38.5 16.1 18.8 

35-44 12.0 0.0 16.5 17.2 10.0 0.0 9.3 

45-54 5.0 13.0 7.3 10.7 I.R 8.0 7.6 

55 + 2.8 1.1 1.0 3.8 1.5 1.9 2.0 
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T"13LE xxx - AvtR"GE DIl"TH RAT!'.'> PIlR 1000 IN THE 6 'TRE"TMENT' TOWNS 

Deaths from all causes Deaths fmm orwith tub~rculosis· 

Age 
Per ]000 95 % fiducial limits Per 1000 95 % tiducial limits 

A. Males: 
0- 5.9 4.5- 7.3
 

15- 4.3 3.]- 5.4 0.45 0.4-0.89
 
25 6.0 3.4- 8.6 1.10 0.27-1.93 
35- 11.2 5.9-]6.4 1.97 0.51-3.43 
45- 21.2 14.4-28.1 3.61 1.25-5.97 
55 + 57.2 4R.0-66.4 4.70 1.29-IU 1 

15-55 + ]4.17 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 - 5.3 3.4- 7.2 0.40 0.14-0.65 
25- 4.9 3.3- 6.4 0.89 0.36-1.41 
35 - 6.9 4.4- 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-ILl 

BOlh sexes 
15-55 + 12.7R 9.59-]5.97 ].29 0.51-2.07 

All 10.3 8.4-12.2 

*Deaths among eases 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, II and III which took place at 
the beginning, the middle and at the end 
of tbe investigation, and (ii) to study 
the prevalence year by year ofcases 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 evi­
dence of pulmonary tuberculosis during 
the period from 1960 to 1968 have been 
entered as 'Cases on the Register' in 
Appendix Table VII*. Cases who wt're 
removed from the community by death 

*Scc foot note on p. 25 
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or by cmigration were struck off the re­
registcr 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 cxamined bacteriologically in a year 
were noted as 'Not examined'. 

The dcfinition of cases entered as 
'sputum positive' in a particular year 
required that they should have been 
positive eithcr 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 been 
examined many times during a parti­
cular year and have shown bacilli more 
often than once. The deflllition 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 disease to his or her 
contacts. 

The sputum positive cases (as just 
defined) have been divided into three 
catcgories designated as A, Band C. 
Category A refers to patients diagnosed 
as bacillary cases for the first time in 
the particular calendar year. Category B 
corresponds to patient:> initially diagnosed 
as bacillary cascs 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 dassified. each year 
as being either 'sputum positive', 'sputum 
negative' or 'not examincd.' 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 
categories Band C have been added 
together under the designation 'old' casco 
Although this group (B, C) is a mix-up 
of cases with illnesses of varying duration, 
the grcat 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 di~Terent cate­
gories since 1960 when Survey I began 
till 1968 when Survey IU ended. The 
uppermost curve indicates the total num­
ber of cases (per 1000 adults) on the 
Register. It starts with the cases diag­
nosed at the time of Snrvey 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 
examined within each calendar year. 
The zone between the two curves iudicates 
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)--correspollds to the total number 
of cases who had bacilli in the spulum 
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 fLrst time in the 
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particular year, i.e. category A. The Fig. 13 shows in a striking manner the 
prevalenee of 'new' bacteriologically posi­ variation in prevalence of tuberculosis 
tive cases and the prevalence of 'old' among the six 'Treatment' towns. High 
bacteriologically positive cascs as shown prevalence was found in Kalabasti, 
in Fig. 13 are entcred in Table XXXIII. Rajampet and Kadiri and relatively low 

30~---------'------------i 
Kadiri Rojompet 

Kotohas!i Chintomoni::J 

Pool 01 infectious cases 
Fig. 13 - Pool of infectious cases. 
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prevalence in Pabnaner, 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 fonner 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 spltta 
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 J964 and 
lastly in 1968. 

The inter-relationship of categories A, 
nand C is brought out in Table XXXI. 
It gives the average number of sputum 
positive cases per 1000 adults per year. 
In order to he able to calculate the rales, 
the populations present in each. town 
each calendar year were estimated by 
interpolation fr0111 the census fIgures ob­
tained at each survey. Table XXX! shows 
in average 42.6 per cent of the sputum 
positive cases each year were new case& 
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 argwnent. 
that onlinarily all cases who respond to 
modem chemotherapy would become 
sputum negative within &ix 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, AVliRAGF. DISTRIBUTION OF CATEGORIIS A, D & C· (1960-68) 

Towns Sputum positive Category Category Category 
cases per 1000 
adults per year 

(-100%) 

Kadiri 8.7 
Palmaner 3.4 
Ka.lahasti 8.9 

Rajampet 9.9 
Chintamani 3.8 
Timttani 4.6 

Mean 6.5 

*Initial ba.cteriological diagnosis done :-­
(i) the same year 

(ii) the previous calendar year 
(iii) earlier than the previous calendar year 

A B C 
(%) (:%;) (%) 

40.2 16.1 43.7 
50.0 14.7 35.3 
44.3 17.3 38.4 

39.4 20.2 40.4 
31.6 18.4 50.(} 
50.0 15.2 34.8 

42.6 17.0 40.4 

Category A 
Category .I:l 
Category C 
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TABLE XXXTI -- POOL OF INFECTIOUS CASES, MEAN SPUTUM POSITIVE CASF.s PJ3R lOOO ADULTS PER 
YEAR SHOWING PERCENTAGE DISTRIBUTIONS OF 'NEW' AND 'OLD' CASES 

Males Females 

Towns Mean TB+ New (A) Ohi (D+C) Mea.n TD 1- New (A) Old (B+C) 
per 1000 % % per 1000 % % 

Kadiri 6.00 37 63 2.32 48 52 
Palma.ner 2.07 48 52 0.99 54 46 
Ka.lahasti 6,95 42 58 2.00 50 50 

Rajarnpet 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 

TABLE xxxm - POOL OF INFECTIOUS CASES, BACILLARY CASES PER 1000 ADULTS IN EACH OF THE 
SIX TRUATMENT TOWNS ACCORDING TO THE CATEGORIES (NEW) A AND (OLD) D-I C (Bun! SEXF.s) 

Year Kadiri Palmaner Kalahasti Rajampet Chintamani Tiruttani Mean 

New cases (A) : 

1961 1.9 3.3 8.1 2.9 1.2 O.R 3.03 
62 6.3 0.9 3.0 5.1l 1.1 I.J 3.07 
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 2.1 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 1.5 3.7 4.7 0.8 0.3 4.0 2.50 

Mean 3.24 1.86 4.43 3.76 1.21 2.05 2.76 

Old cases 

(8 I-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 3.7 8.1 3.3 3.6 4.28 
65 4.6 2.7 9.4 5.6 3.4 3.7 490 
66 5.5 2.0 5.3 4.4 2.0 1.7 3.48 
67 5.9 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 

Mean 4.89 1.66 4.52 5.79 2.46 2.48 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 1st and re-examined as late as 
on December 31 st 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 1st in the calendar 
year under review. Assuming that the 
int.ake of new cases was equally tlistri­
buted during the year and assuming also 
that no ease 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 t.he 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 cent in category C, 
it may be estimated that of all the pat.ients 
having positive spntmn, 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 

Fig. 14 - Pool of infectious cascs.-McunB of 
6 treatment towns. 

of observations (for both sexes) from all 
the six towns. The Jowcrnwst zone 
represents category A or 'new' cases, 
while the zone just above it represents 
categories B l-C or 'old' cases. Table 
xxxn shows the distribution according 
to males and females. Among males, 
60 per cent belong to categories Band 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 ob~ervations 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 eases (43 per cent) 
would have beell missed had the culture 
method not been available. Dividing 

9r-------------~ 
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Fig. 15 - Pool of infectious ca.ses. in diflerent 
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 fOWld by 
culture (upper half of Fig. 16) were 
almost eqnally 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' cases. 

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 
ratio of 'old' cases to 'new' cases tends 
to increase during the observation period. 

Isoniazid sensitivity : In the same way 

oL---I._......L_J----,L---L---,-:L_7':-~~ 
1960 61 62 63 64 b ~ 66 67 1968 

PoOl ot t('llcc.llous C.OSlZS 

rig. 16 - Pool of infectious cases. 

as a case with a singlc positive spntwn 
result in a particular calendar ycar was 
defined as a positive case dcspite perhaps 
many possible negative sputum results 
earlier or latcr during the same year, an 
isoniazid-resistant case in the 'Pool of 
infectious cases' indicates that isoniazid 
resistant bacilli were demonstratcd at 
least once during that calendar year. 
It follows that it might bappen that some 
patients in category A-the' new' eases­
who were admitted with isoniazid-sensi­
tive bacilli could have developed isoniazid 
resistance before the year was completed; 
they would be classificd as resistant. 
Therefore, the rates of isoniazid resistant 
cases under category A will not corres­
pond to the true incidence of isoniazid 
resistance among newly-admitted cases. 

From Table XXXiV it will he seen th.at 
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 community where the treatment 
programme is far from satisfactory, raises 
serious problems in an active tuberculosis 
control progranune. 

One-drug versus two-drugs towns : A 
comparison of the findings in the J towns 
where the treatment offered consisted of 
isoniazid only and the :> towns where it 
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TADLE XXXIV - POOL OF INFECTIOUS CASES, ANNUAL MEAN RATES OF BACILLARY CASES PER 1000
 

ADULTS FROM 1961-6ll IN THE 6 TOWNS ACCORDING TO IsoNlAZlD-SENSITlVl1Y AND 'CATEGORIES' AND
 

METHODS OF Sl'UfUM EXAMINATION
 

Category INH-S INH-R Total 

% % % 

'New' (A) M+ 

C+ 

1.03 
1.16 

72 
86 

0.39 
0.19 

28 
14 

1.42 
1.35 

100 
100 

All 219 79 0.58 21 2.77 100 

'Old' (B+C) M 1­
C\­

0.87 
0.87 

39 
63 

1.35 
0.52 

61 
37 

2.22 
1.39 

100 
100 

All 1.74 48 1.87 52 3.61 100 

Total 3.93 62 2.45 38 6.38 100 

Note: -- lNH-S 
INH-R 
1\1+ 
C+ 

~ Tsoniazid-sensitive strains. 
= Isonia;dd-rcsistant strains. 
= Sputum positive by microscopy. 
= Sputum positive by culture only. 

consisted of isoniazid and PAS is given 
in Table x,'XXV. The total rate of 
sputum positive cases is rather higher 
in the INH-PAS towns than in the INH 
towns; this may be because 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. 

Considering isoniflzid 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 
per cent. Among the 'old' cases, the 
corresponding proportions were 59 per 
cent and 43 per cent. The differences 
are borne out clearly in Fig. 17. These 
findings suggest that treatment with iso­
niazid only was associated with higher 

INH INH-PAS 

~JH--;INH-S 

NCW 

o'--JL.......IL.......I---'---'---L.~~-'--'-......L......L-L.=-='.
 
I9\;1 19f,B/ I 1968 

POOl oJ infec:fou~ C'a~p.6 

Fig. 17. Pool of infectious cases
 
(ref. Table XXXV)
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TADLE XXXV --- POOL or INFECTIOUS CASES, MEAN Al'rNUAL RATES OF CASES P~;H.lOOO IN 2-DRUGS AND 

I-DRUG TOWNS RESPECTIVELY SHOWING PER CENT DISTRInUTlON OF STRAINS SENSIIIVE AND RESISTANT 

TO IsoNIAZID ACCORDING TO THE REGIMEN AND CATEGORY 

Town Category Sputum positive INH-S INH-R 

regimcns cases per 1000 ( ~/,) (%) 

INH-PAS New (A) 3.18 83 11 
Old (D 1C) 3.64 57 43 

All positivc 6.82 69 31 

INH New (A) 234 77 23 

Old (B-t-C) 3.58 41 59 

All positive 592 55 45 

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

Three prevalence surveys 

The six 'Trealmen l' towns were ex­
amined three times : Smvey 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 nand 50 months from Sur­
vey II to Survey III; altogether froIU 
Survey I to Survey HI, the average interval 
was 80 months. The time-lable 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 1. The 
6 'Control' towns were ex.amined during 
Survey III together with the 6 'Treatment' 
towns. 

Table XXXVI gives a summary of 
work done at the thrce Surveys. The 
term 'persons eligible' stands for adults 
aged 15 yr and above. Children below 
15 yr account for the difference betwecn 
the total population and the persons 
eligible. The avcrage 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 f>clected [or 
sputum examinations were 84, X9 and 
88 per cent. The increase from survey 
to survey in total population and munber 
of eligible persons renects the population 
growth. As for the 'conlrol' 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 each sex and age groups, the number 
of persons eligible, number ex.amined by 
X-ray and among these the number of 

·See foot note on p 25 



52 Domiciliary tuberculosis chemotherapy in rural south India 

TA.Bl.E XXXVI - SUMMARY OF WORK DONE AT SURVEYS. I. II AND HI 

Duration Total X-ray Baetcirology Bacillary 
of population eases 

Town Ycar(s) survey Eligiblc· Examined Selectcd Examincd No. 
(months) No. (~~) No. (%) 

Survey 1 (1960-61) : 
Kadiri 1960 6 16543 9814 90 820 87 89 
Palmaner 1960-61 5 88J2 5156 91 275 81 18 
Kaillhasti 1961 9 23364 15229 83 1068 89 144 
Rajampet 1960 5 J0835 6983 90 740 82 65 
Chintamani 1960-61 7 J7438 10400 90 608 85 48 
Tiruttani 1960 5 9079 5839 87 413 84 36 

Survey Il (1962-64) : 

Kadiri 1962 7 11"1390 10805 76 580 90 57 
Palumancr 1963-64 5 10479 6186 90 333 90 23 
Kalahasti 1%3-64 14 25548 16814 82 1396 88 221 
Rajampct J962 11 10686 6857 74 469 84 60 
Chintamani J962-63 10 18767 11139 72 543 88 36 
Tiruttani 1963 7 10282 6621 85 551 91 32 

Survey III (1965-68) (A) Treatment towns : 

Kadiri 1965-66 8 20438 J2267 84 721 92 107 
l'almlUlcr J967-68 6 12148 7471 86 3lW 89 28 
Kalahasti 1968-69 10 29741 19052 1\4 1268 87 168 
Rajampet 1966-67 7 J21l!2 7811 78 527 88 92 
Chint;unani J966-67 12 20682 12772 80 477 90 47 
Tiruttani J967-68 9 12617 8035 83 371 82 51 

Survey III (1965-68) (B) Control towns: 

Rayachoti 1%5 4 16236 9517 89 929 96 113 
Srinivasapur 1966 5 7968 46[0 84 211 90 23 
Mulbagal J966 5 14587 8127 82 337 93 33 
Nagari 1967 4 7786 4783 88 285 94 41 
Putlur 19G7-68 5 10212 6299 84 430 93 59 
PWlganur J968 6 16677 10084 82 469 92 53 

·Persons aged 15 yr and above 

persons who on account of their X-ray either by microscopy (M+) or if the 
findings as determined by two indepen- microscopic examinations were negative 
dent readers were selected for bacterio- by culture (C+). 
logical examinations. Then follows the 
number whose sputa were examined, and Prevalence rates Tables XXXVII-
finally, the number who were found to XXXVIII give the rates of cases with 
excrete tubercle bacilli as demonstrated bacillary tuberculosis per 1000 adults by 



53 FRIMODT-MoLLER et aT. 

TADLE XXXVII- AGE-STANDARDISED PREVALENCES OF BACILLARY TUBEI{CULOSIS (Pm 1000 ADULTS)
 
IN THE 6 TRE....TMENT TOWNS IN THE 3 SURVEYS. MICROSCOPY POS[T1VE CASES (M +)
 

Town Males Fcmales Both sexes 

S I SII sm S I SIr SUI S I S II sm 

Kauiri 12.1 7.6 G.O 4.3 4,4 3.3 8.:1 6.0 4.7 
Palmaner 6.6 1.6 5.1 1.2 1.0 0.7 3.9 L3 2.9 
Kalahasti 13.3 9.7 9.8 4.3 3.7 3.0 H.B 6.7 6.4 
Rajampet 13.2 17.0 11.4 6.7 2.7 2.9 9.9 9.8 7.1 
CIliataman) 3.0 2,4 3.6 4.4 2.3 1.2 3.7 2.3 2.5 
Tiruwmi 10.3 6.6 8.5 2.2 1.2 2.5 6.2 3.8 5.5 

Mean 9.78 7.49 7.40 3.86 2.55 2.3 6.81 5.01 4.83 

P.valuc* SI-SIT 0.1-0.2 0.08 <0.01 
for the contrast SI-sm 0.05 0.05 <0.01 

"'Based on a weighted mean ch<'ll1ge between surveys (for details, see the accomp,mying paper). 

T ADLE XXXVII-A MEAN DISTRIBUTION IN PER.
 
CENT OF BAC'lLLARY CASES IN THE 12 TOWNS AT
 

SURVEY III AccoRDl?-:G TO SEX AND AGE
 

Age Males Females Ratio 
(yr) (%) (%) M :F 

15- 7.6 4.8 1.5 : 1 
25- 16.5 5.5 3.0 1 
35- 21.4 5.8 3.7 1 
45- 15.9 2.9 5.5 1 
55 -1- 16.8 3.4 4.9 1 

Sub total 77.6 22.4 3.5 : 1 
Total 100.0 100.0 

sex. Assuming that the reasons for 
incomplete coverage at the time of the 
sputmn examinations were unconnected 
with tuberculosis, an adjustment has 
been made giving an e~timate 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 illto consideration when 
estimating the variance of the estimate at 
each survey based upon the sex and age 
group. 

As the ma.in purpose of the investi­
gation was to compare the rc~mlts obtained 
in the six towns in which home treatment 
was alTered 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 fonner 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 oetained from 
survey to survcy in the dilTcrent groups 
concerned. By applying this principle 
the towns have been given equal wcightage 
alLhough they differed in the size of popu­
lations. I-Iau the analysis been based 
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TABLE XXXVfn - AGE-STANDARl>ISED PReVALENCES OF BACILLARY TUDERCUJ_OSIS (PER 1000 ADULTS) 

IN THE 6 TREATMENT TOWNS IN 1Hr.: 3 SURVEYS. CASES POSITIVE BY CULTURe ONLY (C+) 

Males Females Both sexes 
Town 

S I SIr sm S I SII sm S I SI[ sm 

Kadiri 4.9 2.3 9.7 1.6 0.8 2.7 3.3 1.G 6.3 

Palmaner 1.0 3.9 2.6 0.4 2.7 1.9 0.7 3.3 2.2 

Kalahasti 5.8 16.0 9.5 2.3 G.I J.S 4.0 lLO 5.5 

Rajampet 1.9 5.9 14.9 2.1 1.9 4.0 2.0 3.9 9.4 

Chintamani 2.1 3.2 3.5 2.3 1.8 1.8 2.2 2.5 2.6 

Tiruttani 5.1 3.3 4.4 0.0 1.8 2.5 2.5 2.5 3.5 

Mean 3.46 5.75 7.44- 1.47 2.52 2.4 2.47 4.13 4.92 

P-value* SI-Sf[ >0.2 0.2 >0.2 

for the contrast SI-Sm 0.1 0.2 0.06 

·nased on a weighted mean ehange between surveys (for details, see the accompanying 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 
xr~ 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 from survey to survey. 
Not only do the towns keep their rank 

*See foot note on p 25 

according to prevalence but also the 
shape of the curves arc remarkably 
consistent from survey to survey. 

Two main observations stand out 
prominently : The great difference in 
prevalence between males and females 
and the high rates of 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.l 
per cent males and 23.7 per cent females 
giving a ratio M(F of 3.2(1. 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 
male.:> and 29 per cent females, which 
is more in keeping with the general ob­
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Fig. 18 - Prevalence of bacillary cases by sex and agc in Surveys I and II in the 
6 'treaternent' towns. 

servations. However, in Nagari, at Sur­ high rates of prevalence it will be noted 
vey III, the prevalence rates were 18.4 that in Kalahasti at Survey I, males in 
in males and 2.3 per 1000 in females i.e. the age group 55+ showed a prevalence 
89 per cent males for 11 per cent females, of over 40 per 1000, or 1 person ill 25. 
or a ratio of 8/1. As for exceptionally Similar rates Were found in Rajampet 
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at Survey II and in Puttur at Survey II[ 
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 )2 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 3.5/1. Half of the total 
number of bacillary 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/ I in the age group 
15-24, thereafter 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 comm.unity 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 : AU 
prevalenc.:s quoted arc age-standardised, 
the Standard Popl1lation being the pooled 
population from the 3 surveys in each 
town. 

The comparisons between the Surveys 
are based upon the means of the ohser­
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 H, it was 7.49 and 
at Survey Ill, 7.40. The mean difTcrences 
between the prevall:nces 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 I and Survey 
II of males with sputwn positive. by 
microscopy was 2.29. It was satatistically 
not significant as the P-value- waf> 0.1, 
while the difference between Survey I and 
Survey HI viz. 2.38 had a P-value 01'0.05, 
indicating a significant decrease from 
Survey I to Survey III. 

The main results of the three pre­
valence surveys are shown in Tables 
XXXVII 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 1I and especially Survey I 
to Survey Ill. This applies to males as 
well as females and also to 'both sexes'. 
Considering~'both sex.es'~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 III. In 
cases whose sputa were positive by cul­
ture only (C+), there was for males as 
well as for females, an increase in 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 hy 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 I, II and III were 9.28, 9.14 and 
9.76 (per 1000 adults). 
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TABLE XXXIX ~ AGIl-STANDARDISED PREVALENCES OF BACILLARY TUBERCULOSIS (PHR 1000 ADULTS)
 
IN THE 6 TREATMENT TOWNS IN THE 3 SURVIlYS. All CA.~ES (M i- AND C+)
 

Town Males Females Doth sexes 

S I S II sm S I S II sm S I SrI sur 

Kadiri 17.0 9.9 15,7 6,0 5,2 6.0 11.6 7.6 11.0 
Palmaner 7.7 5.5 7.7 1.7 3.8 2.6 4.7 4.6 5.1 
Kalahasti 19.1 25.7 19.4 6.6 9.8 4.5 12.8 17.7 11.9 
Rajampet 15. t 22.9 26.2 11.8 4.6 6.9 11.9 13.7 16.5 
Chintamani 5.2 5.6 7.1 6.7 4.1 3.0 5.9 4.9 5.1 
Tiruttani 15.4 9.8 12.9 2.2 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$ sl-srr >0.2 >0.2 >0.2 
for the contrast sr-sm >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 III 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 fhe 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, Palrnaner 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 pasi. 

tive by microscopy showed among the 
males a statistically significant decrease 
from Survey I to Survey [l and among 
females from Survey I to Survey III. 
The cases which were positive by culture 
only, showed an increase from Survey I 
to Survey II or Survey III but the diffe­
rence among males or females did 110t 
reach significant levels. However, when 
both sexes were taken together, the cases 
microscopically positive (M+) showed 
appreciable decrease from Survey I to 
Survey II (P < 0.01) and from Survey I 
to Survey III (P = 0.09). With regard to 
the cases positive by culture only (C+), 
there was an increase from 2.68 at Smvey 
I to 4.67 at Survey III which is almost 
significant (P = 0.06). Turning to the 
INH-towns, the trend observed among 
the 2-drugs towns were also noted among 
them but none of the changes reached 
significant levels. 

The changes from Survey to Survey 
obsaved i.n the 'INH-PAS' towns have 
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TADLIl XL - AGE-STANDARDISE!) MIlAN PRF.VALENCI' OF BACILLARY TUDERCULOS1S IN 3 INH-PAS 
AND 3 INH TOWNS 

Mean prevalence (per 1000 auults) of bacillary TO cases 

Survey Males	 Females Doth sexes 

INH-PAS INH INH-PAS INH INH-PAS INH 

M + I 
n 

lIT 

10.69 

6.34 

6.99 

R.R7 

8.66 

7.82 

3.30 

3.06 

2.32 

4.42 

2.04 

2.23 

7.01 

4.70 

4.65 

6.62 

5.32 

5.01 

c I 

TI 

In 

3.90 

7.37 
7.29 

3.02 

4.12 
7.60 

1.45 

3.20 
2.02 

1.49 

I.R5 
2.76 

2.68 

5.28 
4.67 

2.25 

2.98 
5.17 

All positive I 

II 

III 

14.59 

13.71 

14.27 

11.90 

12.78 

15.42 

4.75 

6.26 

4.35 

5.91 

3.89 

4.99 

9.69 

9.98 

9.33 

R.87 

8.31 

10.19 

T1\DLIl XLI - COMPARISONS DETWEEN INH-PAS TOWNS AND INH TOWNS· 

Weighted mean change in bacillary p,rcva1ence (per 1000 adults) 

Treatment Survey I minus Survey II Survey I minus Survey III 
pulicy 

Male Female Both sexes Male Female Both scxes 

MI·	 INH-PAS 4.35 0.24 2.29 3.75 0.97 2.36 
INH 0.30 2.32 1.40 0.99 2.17 1.58 

P 0.1- 0.07 0.2 0.1 0.2 0.2 
0.2	 0.2 

C+	 INH-PAS -3.46 -1.74 -2.59 -3.39 -0.57 -1.99 
INH -1.10 -0.36 .. ..().73 -4.57 -1.26 -2.91 

P 0.2 0.2 0.2 0.2 0.2 0.2 
All 
positive TNH-PAS 0.88 -1.50 -0.29 0.32 0.40 0.37 

INH -0.86 2.0 0.58 ~·3.52 0.92 -1.28 

P 0.2 0.2 0.2 0.2 0.2 0.2 

·Based 011 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 observc<.1 in the 'INH' towns 
(Table XLD 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 isoniazitl sensitivity tests are 
presented. The diatribution of isoniazid­
sensitive and resistant strains in the 12 
towns accor<.1ing to survey, sex and method 
of demonstrating the bacilli is shown in 
Appendix Table XII*. 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 bctween surveys. Whereas 
the previous comparisons among cases 
whose sputa were positive by microscopy 
showed a decreasc in prevalence from 
Survey I to Survey U and Snrvey lIT, 
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 statistkally 
significant. With regard to cases positive 
by culture only (C-f-), 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 

TABLE XLII - AGE-STANDARDISED MilAN PREVALLNCIl OF lSONTAZID-REsISTANT STRAINS IN nm 6 
TREA.TMENT TOWNS IN THIl 3 SURVEYS 

Mean prevalence (per 1000 atlults) P-value· for the following 
Sex of INH-res. strains COJllrast 

S J SII SHI SI - S If SI - S III 

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 -1- 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 

All posilive Males 2.13 4.27 3.68 0.1 0.2 
cases Females 1.30 2.32 1.23 0.03 0.2 

Both sexes 1.71 3.30 2.43 0.04 0.2 

·Ba:;ed on a weighted mean change betwccn surveys 

0.1 
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of method of diagnosis, there were satisti­
cally significant increases from Survey I 
to Survey II, in males from 2.1 3 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 either 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 advam~ed 

type of cases (M-+) as compared with the 
less advanced(C+), and isoniazid-sensitive 

cases as compared with isoniazid-resis­
tant cases. The question arises [0 which 
extcnt could the active treatment program­
me in the G '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 swnmariscd in Table XLIII. 
This table summarises ill a more lucid 
way the main changes observed. Equalling 
the observations at Survey I with 100 
per cent, the corresponding prevalences 
at Survey II and Survey III arc 
shown as percentages of the rates of 
SL.:.rvey 1. 

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

TADLB XLHr - SUMMARY OF CHANGES IN PR.F.V.o\LBNCB BETWEEN SURVEYS (DOTH SEXES CoMBINIlD) 

M-I- C+ All positive ca~cs 

Survey 
Preva- %•• Change Preva- %** Changc Prcva- %•• Change 
lenee· from 1enee· from 1enec· from 

Survey I 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 
III 4.83 71 -29 4.92 200 +100 9.76 105 + 5 

INH- I 5.48 80 2.08 84 7.57 82 
sensitive II 2.78 41 -39 3.05 124 +4{) 5.84 63 -19 
strains III 3.33 49 -31 3.98 161 -I- 77 7.33 79 -3 

INR- I 1.33 20 0.39 16 1.71 18 
resistant II 2.23 33 -i13 1.08 44 +- 28 3.30 36 -,18 
stTain.<; III 1.50 22 +2 0.94 38 22 2.43 26 -!- 8 

·Arithmctic mcan of age-standardised prevalences in the 6 individual towns_ (per 1000 adults) 
··Computcd by taking as basc (100%) thc prevalence of baciltary tuberculosis at Survey r 
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increase or decrease, 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 II and Survey HI were 
only 74 per cent and 71 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 III 
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 C+, so that the percentages ob­
served at Surveys II and III arc 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 lW 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 II 
and of 77 per cent from Survey 1 to 
Survey III; with regard to the group 
'all positives', the percentages had de­
creased from 82 at Survey I to 63 at 
Survey II, and to 79 at Survey III. 

It is obvious that the changes from 

Survey I to Survey II and from Survey 1 
to Survey III are quite different when 
dealing with cases having INH-sensitive 
strains, and when no attention is paid 
to INH sensitivity. The reasons for the 
lower prevalences among INTI-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 H 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 Ill. 

The six 'Control' towns : In pur­
~mance 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 dc­

·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 
fact that. in the 6 treatment town~. the correlation 
coefficient 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, see 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 R!;-suRVEY** (1965-68), Bonl SEXF.8 COMBINED 

Prevalence of baeiliary tuberculosis (per 1000 adults) 

Town M+ C+ All positive 

Base-line 
survey 

Resurvey Base-line 
survey 

Resurvey Base-line 
survey 

Resurvey 

Treatment towns 
Kadiri 
Palmaner 
Kalahasti 
Rajampct 
Chintamani 
Tirutlani 

4.3 
3.2 

10.0 
]0.3 

3.2 
4.5 

4.6 
2.9 
6.4 
6.9 
2.5 
5.4 

5.] 
2.2 
7.6 
3.4 
1.3 
3.4 

6.3 
2.1 
5.5 
9.4 
2.7 
3.5 

9.! 
5.4 

17.6 
13.7 
4.5 
7.9 

10.3 
5.0 

]1.9 
16.3 

5.2 
8.9 

Mean 5.92 4.78 3.85 4.92 9.77 9.70 

COirtrol towns 
Rayachoti 
Srinivusapur 
Mulbagal 
Nagari 
Puttur 
Punganur 

11.2 
6.0 
1.8 
5.6 
7.9 
1.8 

5.5 
2.1 
1.5 
5.5 
6.7 
3.9 

1.0 
1.2 
1.9 
3.4 
4.4 
2.7 

8.0 
4.5 
3.7 
4.6 
5.1 
3.0 

]2.2 
7.2 
3.7 
9.0 

]2.3 
4.5 

13.5 
6.6 
5.2 

10.1 
11.8 
6.9 

Mean 5.72 4.21 2.44 4.82 8.16 9.03 

·Based on a 20-25 % random sample of the population. 
"Based on a population survey (Survey TII). 
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TABLE XLV-CoNTRASTS BhTWEF,N 6 'TREATMENT'
 

TOWNS AND 6 'CONTROL' TOWNS IN CHANGES
 

IN BACILLARY PREVAUNCE OF TUDERCULOSIS
 

Weighted mean change· 
In bacillary prevalence 

(per 1000 adults) 

Treatment Control 
towns towns 

Both sexes	 M + 1.12 l.J7 
C - -1.05 -2.39 
All cases 0.14 --0.91 

Males	 M+ 1.84 1.74 
C + -1.91 -5.00 
All cases --0.02 -3.19 

Females M+ 0.30 0.71
 

C + --0.29 0.24
 
All c~es 0.03 1.00
 

•Prevalencp.	 at Baseline survey (1959; 20-25 % 
random sample) minus prevalence at Resurvey 
(1965-68, Survey Ill). 
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 IlI, 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 

by culture only and the lower most all 
the cases whether positivc 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 > O.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=O.OI). 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 founu below 
the diagonal, indicating a decrease in 
the mean prevalence; this decrease was 
nearly significant (P=O.07) The middle 
diagram shows the prevalences in the 
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TABl.E XLVI - PREVALENCE OF BACILLARY TUBBRCUI,OSIS. ISONIAZID-sENSITIVE STRAINS, AN\) JSONIAZID­

RESISTANT STRAINS· AT R!l-SURVEY (1965-68) IN 'TREATMENT' TOWNS AND 'CONTROL'ToWNS 

Prevalence (per 1000) of 
bacillary TH. 

Prevalence (per 1000) of 
INH-scns. strains 

Prevalence (per 1000) of 
INH-rcs. st.rain 

Treatment 
towns 

Control 
towns 

Treatment 
towns 

Control 
towns 

Treatment 
towns 

Control 
towns 

M+	 Males 3.66 3.27 2.52 2.30 1.14 0.98 
Females I.l3 0.93 0.76 0.64 0.36 0.29 
Both sexes 4.79 4.21 3.29 2.94 1.51 1.27 

C-I- Males 3.71 3.89 3.03 3.54 0.68 0.35 
Females 1.21 0.93 0.95 0.74 0.27 0.19 
Both sexes 4.92 4.82 3.98 4.28 0.94 0.54 

All cases	 Males 7.37 7.17 5.55 5.84 1.82 1.33 
Females 2.33 1.86 1. 71 U8 0.63 0.48 
Both Sexes 9.71 9.03 7.26 7.22 2.45 1.82 

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

TABU XLVr-A - MEAN PERCENTAGJi OF CAS~S WITH IsONIAZID-RESISTANT BACILLI (INH-R) IN THE 6 
'TREATMENr' ANI) 6 'Co;.lTROL' TOWNS AT TH~ LAST SURVEY (1965-68) 

Method of initial Sex Treatment towns Control towns All towns 
sputum exam. % INH-R % fNH-R % fNH-R 

M T	 Males 31.1 30.0 30.8
 
Females 31.9 31.2 31.7
 
Both sexes 31.5 30.2 30.8
 

C-J- Males 18.3 9.0 13.6
 
Females 22.3 20.4 21.4
 
Both sexes 19.1 11.2 15.3
 

All cases	 Males 24.7 J8.5 21.2
 
Females 27.0 25.8 26.4
 
Both sexes 25.2 20.2 22.7
 

group 'positive by culture only', Here 
10 points (4 'treatment' and all G '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 lowelmost diagram 
relates to all cases regardless of method 

of sputum examinations. Of the 12 
points, 8 are slightly above the uiagonal 
thereby indicating that the mean prc­
valcnce showed a slight increase (P > 0.2). 

It is of interest that there is such a 
luarked agreement between the findings 
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TADLE XLVII - ClIANGES IN MEAN PREVALENCJ'; OF 12 TOWNS 

AND RE-SURVEY (I 965-68) 
BE1WEEN BASE-LINE SURVEY (1959) 

Initial 
bacteriological 
c:>;amination 

Sex 
Mean prevalence pcr 1000 adults 

Base-line survey Re-stlrvey 
P-value* 

M+ Males 

Females 

Both sexes 

S./!9 

2.63 

5.83 

6.94 
2.06 

4.50 

0.2 

0.2 

0.Q7 

c+ Males 

Females 

Doth sexes 

4.1J 

2.16 

3.14 

7.5S 

2.15 

4.87 

0.01 

0.2 

0.04 

All positives Malcs 

Females 

Doth sexes 

13.02 

4.79 

8.97 

14.52 

4.21 

9.37 

0.2 

0.2 

0.2 

*Based on a weighted mean coverage between surveys. 

at the base-line Sample Survey in 1959 
and the Re-survcy done in 1965-68 (r= 
0.855; P=O.OOI). It underlines thc value 
of a sample survey in ascertaining thc 
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 staiT, such sample surveys 
provide a valuable tool in assessing tl:e 
size of the tuberculosis problem and III 

indicating which sectors of the popu­
lations present the grcatcst risk of tuber­
culosis. This type of information will 
be helpful either in setting up treatment 
facilities or in identifying the areas which 
ofTer the greatest risk of exposure to 
infection. It may also be noted that the 
observations made at the base-line Sample 
Survey with rcgard 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 dilTerent types in 
producing skin sensitivity and disease ill 
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 bou~eholds 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, wcre alit of sta.tion or disabled. and 
excluding children below the age of two 

*The Study was supported by a grant frvITI the 
US PL-4g0 Funds and c:J.rricd out incooperalion 
wilh Tube.rculo)is Research Progra:n, NatIonal 
Comtnunic:lble Diseases Centre. Wn.shington 
Officc, US Public Health Service. 
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years, the number of persons to be tested 
For the purpose of the present report(fable XLVIII) varied from 1500 to 1800 

the sample populations have been analysed (in Kalahasti 2400**). The coverage 
according to age groups but not separately··In Kalahasti the sample included 15 blocks. for males and females. Only the results 
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Fig. 21 - Co:r;relation diagram of town preva­
lences at sample survey (1959) and survey-III 
(1965-68) for 'both sexes'. a: microscopically 
positive. b; cases positive by culture only and 

and c : all positives 

ranged from 56 to 91 per cent with a 
mean of 72 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 
done 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 a~ 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 aspeL-t 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. 
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TABLE XLVIU - COVERAGE BY TUBE1{CULIN TESTING AT TUBERCULIN SAMPLE SURVEY (1966-69) 

Town Persons" Died. moved Available Tested Tested and read 
Jiving in the out or for 

sample absent testing (a) No. (b) % of No. % of ~.;; of 
blocks (a) (b) (a) 

Treatment towns 

Kadiri 2207 717 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 71 
Tiruttani 1990 365 1625 1222 75 lJ44 94 70 

Control towns 

Rayachoti 2431 436 1995 1303 65 1273 98 64 
Srinivasapur 2473 642 1831 1323 72 1210 91 66 
Mulbagal 2590 64J 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 1.132 94 76 

"Children below 2 yr of age are excluded. 

of tests done with PPD-S are given here 
whereas the comparable tests with PPD­
Gause were reported in 19697

. 

The nwnber of persons living in the 
sample blocks (excluding children below 
two years) is given in Table XLVllI 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 eaeh town and 
the percentage of persons whose in­
durations measured 8 mm or more; they 
arc 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. 

Results : Fig. 23 shows the mean 
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 'Treatment' 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 wcre statistically 
significant. 
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TABLE XLIX - TUBF.RCULIN SAMPLE SURVEY (I 966-69) - MEAN PERCENTAOl> OF ReACTORS TO PPD-S 

(~ 8 MM) ACCORDING TO AGE 

Agc group in ycars 

Town 2-4 5-9 10-14 15-19 20-24 25-34 35-44 45-54 55+ 

No. % No. % No. % No. % No. % No. % No. % No. % No. % 

Kadiri 98 8 124 20 140 35 72 65 42 73 145 71 120 82 TJ 83 68 77 
PalmancT 185 3 213 8 203 17 133 20 95 36 180 59 JJ7 52 103 58 87 63 
Kalahasti­ 152 II 233 26 190 42 157 56 110 63 268 82 217 79 Jl8 74 95 80 
Rajampet 66 20 89 34 76 46 64 60 41 59 15[ 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 44104 54 218 66 156 69 [05 69 81 65 

Rayachoti 123 8 214 19 196 40109 51 94 64 222 69 131 77 95 79 89 71 
Srinivasapur 176 3 235 I I 213 15 89 37 63 44 149 51 120 71 91 66 74 54 
Mulbagal 175 1 236 7 239 19 108 22 71 30 137 53 113 65 77 61 71 6() 
Nagari 146 8 194 16 182 37 103 53 97 59 197 66 181 71 127 70 77 78 
Puttur 129 3 225 14 193 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 bascd on 15 sample blocks. 

Note: - The number in each age group indicates the total numhcr of persons tested (excluding 
neG vaccinated). 
The per cent in each age group indicatcs the reactors to PPD-S.(Percentage) 
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Fig. 22 - Histogram showing the perecntagc frequency distribution of 2371 children, age 5-9 
years, at Sample Survey 1966-69 according to sizc of induration to Manloux. tests. 
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TABLE L-TUBERCULIN SAMPLF. SURVEY(l966-69)-­

CoMPARTSO:-l OF MEAN PERCENTAGES 01' TuBER­


CULTN REACTORS (;;;. 8MM) IN TIlE 'TREATMENT'
 

A1'-'O 'CoNTIl.OL' TOWNS
 

Age group Treatment Control P-value 
towns towns 

2-4 9.6 4.5 0.09 
5-9 J8.2 J3.8 >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 =0.2 
35-44 7L9 71.4 >0.2 
45-54 71.8 66.7 >0.2 
55 I- 71.3 63.6 =0.1 

All ages 48.0 40.3 >0.2 

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 tryout 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 cares 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 reduclion 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 attention 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

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 tre..'ltment in 
converting 86 per cent of advanced bacil­
lary cases of pulmonary tubercuLosis to 

tion of tuhercle bacilli by culture or for 
carrying out drug sensitivity tests. At 
the same time the sponsors of the investi­
gation were aware that scientific facilities 
as available at the MadanapalJe 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 011, 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 mohile 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 us~d as such infor­
mation would not he available in ordinary 
Government clinics. So the intentjon 
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 Ccntre, Madras. Firstly, 
there was no selection of cases but every 
one with bacilli in the sputum as found 
either by III icroscopy or by culture was 
offcred treatment. Secondly, the treat­
ment was the same regardless of v..hether 
patients had drug-sensitive or drog­
resistant bacilli. Thirdly, as many of the 
patients lived far from the Centre of the 
Research Unit, it wa~ 110t possible to give 
them the same close sllpervision 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 patients should discard any 
0ther treatment they might be receiving 
when picked up by the Unit nor did the 
Unit forbid patients from taking additional 
drugs jf they wished to or were so advised 
by their local doctors. The contribution 
to the community made by the Madana­
palle Unit was 110t to replace existing 
facilities but to supplemcnt them with 
whatever special service it could give in 
terms of free and efficient diagnosis, 
cheap and, hopefully, effectivc 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 difficulty 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 fort­
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 reaiions 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.V." 
conspicuously painted on it stopped in 
front of a house, all the neighbours would 
helieve that there was a case of tuber­
culosis in the housc. Second, in certain 
cases propaganda directed against the 
work of the Unit was carried out hy local 
medical practitioners who feared they 
would lose their patients. Third, in spite 
of repeated explanations and admonitions, 
many patiel1ts 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 
altogethei. The fact that drugs were 
issued free of charge, made some patients 
believe that the mattcr was not of any 
cansequence. 

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

treatment. As time went on, the public 
lost faith in the treatmcnt. The attendance 
at the drug issues became therefore less 
and less as time went on. In some sections 
of the 'treatmel1t' 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 1. 

It would be tempting to attrihute the 
decrease in prevalence from Survey I 
to Survey III observed among smear­
positive cases to the active treatment pro­
gramme which began in 1960 and was 
carried on till 1965-68. However, the 
inclusion of the 'control' towns in the 
1965-68 Survey-tho third for the six 
'treatment' towns and the first full survey 
for the six 'control' towJls-has provided 
a new dimension to the interpretation 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 ill 
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 hy culture only which 
was observed in both groups of six towns. 
It is thought to he due to the change and 
improvement in the culture tcchnique 
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 prevalcnce 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 iIllpact 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 limitcd responsc 
of the public to the different phases of 
thc programmc. Assuming a coverage 
of 90 per cent at the X-ray survey, and 
90 per cent at the bacteriological exami­
nation, it would appear that only 81 per 
cent of all the bacillary cases had bcen 
detected. Hut it is to be noted that a 
number of cases were latcr 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 hy means of 
surveys and follow up examinations. If, 
of the known cases, only 80 per cent 
acepted the treatment, only 80 per cent 
of the 90 per cent or 72 per cent of the 
existing cases could beneflt 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 the existing 
cases had been rendered sputum-negative 
by the efforts of the Unit. Adding to this, 
the fact that follow up ex.aminations of 
such cases for another four years showed 
that of those who had obtained negative 
Sputwll 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 total effect of the 
treatment programme had been to ensure 
that only 22 per cent of all the positive 
cases had become lasting sputwn-negative 
cases. It is, therc.fore, not surprising that 
the present treatment programme has not 
made any impact on the prevalence. 

Further, the time faclor may be consi­
dered. The initial base-line survey took 
place in 1959. The domiciliary treatment 
programme reached its peak towards the 
end of 1961 when the survey was over. 
The last survey (Survey III) was carried 
out du:ring 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 ycar to another of a high pro­
portion of patients diagnosed more than 
a year earlier who should normally have 
turned. sputwn-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 cultnre technique 
was changed. About 3 out of 5 of these 
cases were due to 'old' cases and 2 oat of 
5 to 'new' cases. The 'old' cases repre­
sented cases diagnosed in the previous 
calendar year of whom only about half 
had had sufficient time to turn sputum­
negative and half were still positive; 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 eliminated as carriers of infeclious 
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', docs necessarily 
take considerable time. First, there should 
be time to introduce an active treatment 
progmmme 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 
i.nfection, :mel 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. It is, there­
fore, suggested that the decrease in the 
incidence may represent a gencral decrease 
in the level of tuberculosis owing to many 
different factors of which one may be 
Ihat nlvst 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 othCl 
way in a country or the size of India with 
it~ 6-700 million population to treat the 
millions of its patients who suITer from 
tuberculosis. The pre~ent. investigation 
suggests, however, that tbe type of prog­
ramme entrusted to the Madanapalle 
Unit and adopted by it, was not effective 
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 tuherculosis 
effective drug regimens whieh can cater 
for patients with drug-sensitive as well a~ 

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 
cOlluuunity, 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 (l), 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 or (i) 
bacillary pulmonary tuberculosis, (ii) of 
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radiologically positive cases of presumably 
active pulmonary tuberculosis and (iii) 
of reactors to tubercul in 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 
comparablc 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 popnlations followed 
by sputmn ex,uninations by microscopy 
and culture of cases with radiological 
signs of pulmonary pathology. At the 
base-I ine 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' tOW11S had no further surveys 
till five to six years later when they wcre 
resurveyed together with the six 'Trea.t­
ment' towns at Survey III. 

3. All proved bacillary cases of tuber­
culosis were offered treatment at home 
with isoniazid and the sodium salt 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 
foIlows: 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 

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 cl inics 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 mcthod of 
splltmn 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 sputmn' 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: (a) 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 : (a) 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 
pCI' cent, ref>pectively. 

6. Fille years' follow up Of 1449 
caf>CS (treated and unlreated) at five 
years, 41 per cent had negatives putwn, 
18 per cent positive sputum and 40 per 
cent had died. 

The prognosis was closely associated 
with the initial extent of disease: of I 154 
treated cases, those with (i) small lef>ions : 
TB-69 per cent, TR -12 percent and died 
19 per cent; (ii) limited lesions : 54, 
22 and 24 per cent respectively: (iii) 
moderate lesions: 44, 25 and 32 per cent 
and (iv) extensive disease: 25, 17 and 58 
per cent. 

7. Five years' follow lip according to 
Jhe sputum status at the end of the first 
year of treatment: Of those who had 
obtained negative sputum at 12 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 pcr cellt 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 limits 0.51-2.07). 

9. Pool of infectious cases All 
caselli found to have excreted tubercle 

bacilli at least once in a calendar year 
constituted the 'pool' for that year. 
Ex.cluding, 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 (a) cases newly admitted 
29 per cent, (b) cascs admitted during 
the previous year 11.11 per cent and (c) 
cases admitted carlier than the previous 
year 19 per cent. The two groups (b) and 
(c) 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 ccnt had INH-sensitive 
strains and 38 per cent lNH-resistant 
strains. The latter were found mainly in 
the groups (b) and (c) ; in fact, 76 per cent 
of all resistant strains were from 'old' 
cases. 

11. The 'pool of infectious cases' ill 

'INH-PAS' and 'INH-towns' The 
sputum-posiLivc cases in the INH-PAS 
towns consisted of 69 per cent with INH­
sensitive and 31 per cent with INK-resis 
tant bacilli. In the INH towns, cases with 
INH-sensitive strains were found in 55 
per cent and cases with INH-re>:.istant 
strains in 45 per cent. 

12. p,.e~'al(Jllce surveys A second 
full survey of the six 'Treatment' tOWI1!\ 
was carried out during 1962-64 and a 
third survey during 1965-68 : Survey In 
included also the 6 'control' towns in 
which no action had becn 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 positi ....e were for Surveys I, II 
and III 6.81, 5.0l, and 4.83 per 1000. The 
decrease from Survey I to Survey II and 
from Survey I to Survey IU were stati~ti­

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 It 
and from Survey I to Survey III in the 
three INH-PAS' towns with those in 
three 'INH' towns, it was found that 
none of the differenccs between such 
changes attained statistical significance. 

14. Prevalence of cases with resistant 
strains ; INH-resistant bacilli among 
'all posi.tives' showed at Surveys I, II 
and HI rates of 1.71, 3.30 and 2.43 per 
LOOO; tbe increase from Survey I to 

Survey II is statistically significant. 

15. As all 12 towns had been surveyed 
ill 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 prevalencc in the 'Treat­
ment' towns were 3.85 and 4.92 per LOOO, 
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 year~ the mean per­
centage of reactors in the 'treatment' 
towns was 9.6 and in the 'control' town~ 

4.5. III age group 5-9 it was 18.2 and 
13.8, respecti ....ely. Neither contrast wa~ 

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 particnlarly in 
the towns where the treatment consisted 
only of isoniazid, the effect of the active 
case finding and treatment 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
ti.on on the part of the patients in accept­
ing the treatment, the limited elTect 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 tubcrculosis in the Indian 
community 

Acknowledgment 

The prcsent Investigation has been 
supported financially by grants from the 
Indian Council of Medical Research 
(ICMR), the World Health Organization 
and the Operational Research, Tuber­
culosis Program, US Public Health 
Service supported by the PL-480 funds. 
Spccial grants were rcceived from the 
Danish National Fund for Technical 
Assistance to the Developing Countries 
and the ICMR towards the processing 
and compilation of the present report. 

Grateful acknowledgments are made 
for advice, help and encouragement to 
the latc Dr P. V. Benjamin, Advisor-in­
Tuberculosis, Government of India, 
Dr C. G. Pandit, former Director, ICMR 
and to the late Dr Carroll E. Palmer, 
Operation Research, Tuberculosis Pro­
gram, US Public Health Service, Dr 
Wallace Fox, British Medical Council 
and former Director, Tuberculosis Chemo­..	 therapy Centre, Madras, who undertook 
as indcpcndent assessor to read and 
classify the mass miniature X-ray films 
taken during the 1959 Sample Survey ; 
PlOfessor K. K. Mathen, who carried out 
the randomisation of the 12 towns; the 
special aSEistance given by them is most 
gratefully acknowledged. 

An acknowledgment is due to the 
following members of the staff who have 
been actively engaged in the Investigation 

and without whose untiring effort it 
could not have been carried out : Dr 
R. Parthasarathy, Senior Medical 
Officer and Dr K. G. Kulkarni, Bacterio­
logist; Shri P. K. Mammen, Field Super­
visor. For assistance in the bacterio­
logical work: the late Rev. R. M. Barton, 
Smt. Mary Benjamin, Shri K. C. George 
and Kum. Ellen M. Blaesbjerg. In the 
statistical work: Shri Jacob Thomas, 
late Shri C. P. Verghese and Shri K. L. 
Sunny. Kwn. Leela Thomas, in-charge 
of the tuberculin testing programme, and 
Smt. Sarala Vasanth Kumar for invaluable 
secretarial help. 

Special acknowledgment is due to 
Dr S. Radhakrishna, the then Deputy 
Director, ICMR Institute for Research 
in Medical Statistics (Madras Chapter), 
for his excellent and untiring help in the 
statistical analysis of the three prevalence 
surveys. We are very grateful to Dr C. 
Gopalan, former Director-General, 
ICMR, and Dr V. Ramalingaswami, 
Director-General, ICMR, for encourage­
ment and help in making it possible to 
bring out this report. 

References 

1.	 FRIMODT-MoLLER. J. Report on the BeG 
field work in Madanapalle. Proceedings VI 
Tuberculosis Workers' CUI!ference (Tuber­
culosis Association of India, New Delhi!. 
1948. p. 49. 

2. FRlMODT-MoLLER, J. Second report on the 
tuberculosis survey at Madanapalle. Pro­

ceedings VII Tuberculosis Workers' Conference. 
held in Bombay. (Tuberculosis Association 
of India, New Delhi), 1949. p. 80· 

3.	 FRlMODT-MoLLER. J. A eonununity wide 
tuberculosis study in a south Indian rural 
population. 1950-55. Bull WHO 22 (1960) 
61. 



80 Domiciliary tuberculosis chemotherapy in rural south India 

4.	 FRIMODT-MoLLER. J., THOMAS J. and 
PARTHASARATHY, R. Observations on the 
protective effect of nCG vaccination in a 
south Indian rural population--8econd 
Report. Bull WHO 30 (1964) 545. 

5.	 FRlMODT-MoLLBR, J., PJ\R,TlIASJ\ilJ\THY, R. 
and THOMt\S, J. Results of treatment of 
non-bacillary tuberculosis in a Domiciliary 
Treatment Programm'e-A Preliminary Report. 
Proc XXth Tuberculosis alld Clrest Diseases 
Workers' Conference, (Tuberclllosi~ Association 
of India, New Delhi) 1965, p. 133. 

6.	 FRIMODT-MoLLl'.R. J., ACHARVlJLU. G. S. and 
PJ\RTJ-lASARATHY, R· Observations on the 
protective effect of nCG vaccination iu a 
south Indian rural population-Third Report. 
II/dian J Tllberc 15 (1968) 40· 

7.	 FRIMODT-MoLLP.R. J., ACHARYULU G.S., and 
SUNNY, K.L. Geographical variations in pre­
valencc of tuberculin scnsitivity associatcd wIth 
atypical mycobacteria: Proceedings of tLle 
24th TB and Chest Diseases Workers' Con­
fcreflce, Tlivandrum, (Tuberculosis Association 
of lmlia, New Delhi), 1969, p.80. 

8.	 FRIMODT-MoLLBR. J .• ACHAIlYULU. G. S. and 
KBSAVA PILLAl, K· Obser.vations on the 
proteclive effect of BCG va.ccinatiofl in a 
south Indian rural population-Fourth 
Report. Bull lilt UII. Tuberc 48 (1973) 40. 

9. Tuberculosis Chemotherapy Centre,	 Madras. 
A concurrent comparison of home and sana­
torium treatment of pulmonary tuberculosis 
in south India· Bull WHO 21 (1959) 51. 

10.	 PARTHASARATHY, R. Unsupervised domici­
liary chemotherapy with simple oral drugs 
in the treatment of bacillary tuberculosis in 
a community. Proceedings XXIV National 
Conferellce 011 Tuberculosis and Chest 
Diseases. held in Trivandrwn, (Tuberculosis 
Association of India. New Delhi) 1969. p.I44. 

11. Tuberculosis Chemotherapy Centre, Madras. 
A concurrent comparison of isoniazid plus 
PAS with three regimens of isonia:.dd alone 
in the domiciliary treatment of pulmonary 
tuberculosis in south India. Bull WHO 23 
(1960) 535. 

Reprint reque~fS: Shri G. S. Acharyulu, Tuberculosis Research Centre, Chetput, Madras GOO 031 



List of Appendix Tables* 

I. 1959 sample survey--frequency distribution of diameters of induration to 
Mantoux tests among school children in standards I 
and II (excluding children with BCG vaccination 
scars). 

II. Per cent cases treated pcr month ~ first year 

III. Percentage of cases treated per month ~ according to the period of diagnosis 

IV. Treatmen t results at the end of one year 

V. 5-years follow up study ~'alJ towns-follow up results of treated cases accord­
ing to age and method of initial bactcriological 
diagnosis-both sexes. 

VI. Deaths due to all causes and among bacillary cases of tuberculosis. 

VII. 'Pool of infectious cases'~yearly distribution of cases on the register of each 
town according to result of sputum examinations in each calcndar year and 
categories (A, Band C) indicating period of first bacteriological diagnosis. 

VIII. 'Pool of infectious eases'~percentagcof isoniazid-resistant cases in categories 
'A' ('New') and 'B' + 'C' ('Old') in 'two-drugs towns' versus 'one-drug towns' 
among total positive cases on the rcgister each year from 1961-196S. 

IX. 'Pool of infectious cases'-rate of sputum positive cases (both sexes) per 1000 
adults according to sputum examinations each calendar year (regardless of 
categories A, B and C). 

X. Basic data obtained at preva1cmce surveys I, II and III. 

XI. 'Treatment' towns~cases of bacillary pulmonary 
sex and age at surveys I, II and III. 

tuberculosis per 1000 by 

.. 
XII. 

XIII. 

Distribution of bacillary cases at the three surveys accorwng to isoniazid 
sensitivity. 

Comparison of the prevalences in the 6 'treatment' towns and the 6 'control' 
towns at the sample survey 1959 and at survey III, 1965-68 both sexes, cases 
per 1000 adults. 

XIV. Comparison of the prevalence in the 6 'treatment' towns and the 6 'control' 
towns at the samplo survoy 1959 and at survey II, 1966-68~both sexes, cases 
per 1000 adults. 

·Copies available, on request, from Shri G. S. Acharyulu, Research Officer 
Tuberculosis Research Centre, Cbetput, Madras 600 031 





Indian J Meel. Res. (Suppl) 73, April 1981 pp. 83-86 

Statistical methods employed in analysing the findings of repeated 
population surveys for tuberculosis in a controlled study of the efficacy 

of domiciliary chemotherapy in 12 towns in south India 

S. RADHAK1USHNA 

Institute for Research in Medical Statistics, Madras 

Received April 3. 1979 

In the paper entitled "A cuntrolled 
study of the effect of a domiciliary tuber­
culosis chemotherapy programme in a rural 
community in south India", Frimodt­
Moller, Acharyulu and Kesava Pillai 
(l981)l have de~ribed a controlled study 
of the efficacy of domiciliary chemotherapy 
in 12 towns in MadanapaUe area, south 
India. This note describes the statistical 
methods employed for assessing the 
signific<'l.nce of (a) time trends in the 
prevalence of tuberculosis, and (b) the 
impact of a community treatment pro­
granune, 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 
12 towns, selected at random, were labelled 
as 'Treatment' towns. The remaining 
population in these towns (75-80 %) was 
then surveyed and a treatment programme 
initiated for all cases of tuberculosis. The 
treatment consisted of isoniazid plus PAS 

in 3 towns (again, selected at random) 
and isuniazid 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 repcated 
twice in the 'Treatment towns', after 
approximately 2i 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 fur each Treatment 
town consisted of the folJowing 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. 

Population eligible N'l 
Population X-rayed ai 
No. selected for bac­

teriological exami­ i = I, 2,3, 4, 5 
nation (on the basis corresponding 
of X-ray evidence) b i to the 5 age­

No.examined bacterio­ groups above 
logically Ci 

No. positive bacterio­
logically dlJ 

83 " 
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d l 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
i lhance. in the age-group Denoting 

bl dl - by Pit and - by P21, the prevalence
al CI 

of tuberculosis in the i lh age group is 
given by PI = Pli XP21, on the assumption 
that the eligible population that was not 
X-rayed and the eligible population that 
wa<; not cxamined bacteriologically are 
random losses in coverage. 

. b l ( b l ) I ( at ) Vananceofpll=-	 1--· - 1-­
al al al Nt 

and 

. d l ( d, ) I ( CI )VarJanceofp~I=-	 1-- - l--b .
Cl Cl Cl I 

thc last term in each expression being the 
finite population correction term. 

Variance of PI =	 P~I var P~I -I- pi1 
var Pli + 2 Pit PZI 
rl-lvar PII var P~l 

where r1 is the correlation coefficient 
between the values of Pli and PZI in the 
6 towns. (This formula is valid if Var Pll 
and Var P21 are both relatively small in 
relation to pit and P~I, a condition that 
was satisfied by the present data). rt was 
determined for each age-group (after 
amalgamating the results ofthe 3 surveys), 
and fonnd to be homogenous with respect 
to age. The pooled correlation coefficient 
(y) was therefore substituted in the above 
equation. 

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

the thrcc types of positivc bacteriological 
finding (sec page 83). 

Estimation of change in prevalence 
between two surveys, and its variance : 
Considering the combined population from 
the 3 surveys in a town as the Standard 
Population (Nt, i = I 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
valenccs were computcd for each of the 3 

surveys (pI, P2, P3). 

- _ ~NI Pll_- -	 _ ~NI P 21P1- Nl ' P2 N l and 

Nl P3tPa = ~ , where PJI represents the 
Nt 

prevalence in the	 lth survey in the ith 

age-group. Further, d 1z = ~ - j'2 "­
~ NI(PII-P2l)/~ Nt, so that variance 
of d n = [~ N12(Var P ll + Var P2t 
-2 r12 -IVar P ll Var P21]/(~ N I)2, 

where r12 is the correlation coefficient 
between Ptl and P2l (i = I to 5) in each 
town. In the event, the correlations in 
the 6 towns were homogenolls, so that 
pooled value was used for all the towns. 

Statistical significance of changes in 
prevalence between surveys: Let d l dcnote 
the difference in thc age-standardised 
prevalence between two survcys in town 
i (i = I to 6), and a~i its variance. 
The variation between the towns in the 
values of d t (0 2) may be considered as 
made up of two components, one the 
genuine variation between towns (a.}) and 
the other the sampling variation within 
the same town (a~), i.e. 0 2 ~ a} -j- a~ 

Taking the averagc value of 0ti in the 
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6 towns as an estimate of a; and cal­
culating a2 from the 6 values of Uj, a} 
was estimated. The variance of the 
change in the prevalence in the ith town 
(assuming that the towns are sampled 
from a universe of towns) is then given 

by a} + a~. Taking" 2 
I 

cr2~ as 
aT " 

the weight (WI) for db the weighted mean 

~wldd~wj)and its variance {[!:(~j)!J x 

[variance between the 6 values of Wldj ]} 

were computed, and the ratro 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' town.. (II) 

Change in prevalence Variance of 
from one survey tv the change 

another 

PH towns H towns PH towns H towns 

dn dIU 0'2 
111 

a2 
1m 1 

d u du . ~1I 2 
at: 2 

d 13 ~3 a2 
llll 

a 2 
IZ 3 

Denoting the variance between towns 
allocated to the same regimen by a2 

(4 degrees of freedom), we have 0'2 = cr} 
+ 0'7, where a7- is the genuine variation 
between towns, and a; the variance 
within towns due to sampling errors. As 
in above, 0'2 was estimated by ~ (J2../6,

I	 . Ilj 
Ilj 

and ai was determined from the above 
equation. Taking the weight, wII for 

each dll as 4 I , a weighted one­
cr{ + cr~l 

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 dM denotes the changes in the 
prevalence from one survey to another 
in males and Var UM ils variance, and 
dJ" and Var dJ" are the corresponding 
estimates in females, the consolidated 
change in both sexes was taken as 
kM d M -1- k F' dF

k I k ' where ku and kl" were 
M . - F 

the numbers of males and females in the 
Standard Population (obtained by pooling 
the numbers in the 3 surveys). Itl> variance 
is given by the expression 

(kl!4~h)2 {k2],fVar dM +k2J" VardF + 
2 kllf kF I'm' "Var d",Var dF } 

where 1'1111' is the correlation between 
changes in prevalence in males and 
changes in prevalence in females, over the 
5 age-groups. III the event, these correla­
tions were homogenous for the 6 towns, 
so that the pooled correlation coefficient 
was computed and u~d for all the towns. 

For assessing the significance of 
changes from survey to survey and for 
examining the contrasts between PH and H 
towns, the procedures described in 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 Pl the proportion selected for 
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bacteriological examination among those 
x- rayed, and by P2 the proportion with a 
positive result among those examined 
hacteriologically (all age-group~ were 
amalgamated, in view of the smallness 
of numbers in individual age-groups), 

Prevalence of bacillary tuberculosis 

= PIPZ 
Its variance = PI Var pz -I- p~ Var PI 

A complete survey wa~ undertaken 
several years later in all the 12 towns. 
For each town, the prevalence in the ith 

age-group, PI, and its' variance were 
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 :E N1Pd~ Nt 

- . ~NTVarPl h N 
and Its vaflance as (:E N )2 were 1 

1

was the resurvey population in the ith 

age-group in that town. 

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

Both in the base-line survey and in the 
resurvey, the findings in males and females 
Were combined by taking a weighted 
average, the weight~ being the numbers 
of males and felllale~ in the concerned 
survey. (In the case of the resurvey, the 
variance of the weighted mean included 
a covariance term, for dctem'lining which 
the correlation coefficicnt 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 helween the surveys wa~ 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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