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India is classified along with the sub-Saharan African countries to be among those with a high
burden and the least prospects of a favourable time trend of the disease as of now (Group IV
countries). The average prevalence of all forms of tuberculosis in India is estimated to be 5.05
per thousand, prevalence of smear-positive cases 2.27 per thousand and average annual incidence
of smear-positive cases at 84 per 1,00,000 annually.

The credibility and use of the estimates are discussed in detail. Reports on recent studies on the
time trend of the disease from some areas in Indi&.g, Chingleput in Tamil Nadu are discussed.
They confirm the slow downward trend over a fairly long period of observation, as in the rural
areas around Bangalore. It also outlines the serious escalation of disease burden in a tribal
population group in Car Nicobar over a period 1986-2002, and highlights the nature and extent
of the emerging threats. Some epidemiologists forecast a rise of 20 per cent in incidence in the
next 20 yr, for India, with a cumulative rise of 46 million cases of tuberculosis during that
period, largely as a consequence of HIV epidemic.

The Governmental efforts at intervention through Revised National Tuberculosis Control
Programme (RNTCP) and at monitoring the epidemiology of intervention through organising
routine reporting are highlighted, and data are presented and evaluated on these. RNTCP needs
to be used as an effective instrument to bring a change in epidemiological situation, through
fast expansion and achievement of global target.

The present review describes the global tuberculosis situation, and views it in the context of the
goal of the antituberculosis intervention activities. It presents the epidemiological situation in
India, comments on the current trend and discusses the efforts taken towards making projections

on the likely burden of disease in India over time.
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An increasing morbidity and mortality from human immuno deficiency virus (HIV) was also
tuberculosis (TB) in the near future is forecast for found to be rising, being 2-10 times greater for the
the world at large, with the number of newly 1997 estimates, than forl990he association with
occurring cases predicted to increase from 7.5 millionHIV and increasing multi drug resistant tuberculosis
a year in 1990 to 8.8, 10.2 and 11.9 million in the (MDRTB) appears to be a serious issue, especially
years 1995, 2002 and 2005 respectively; an increaséor the developing nations.
amounting to 58.6 per cent over a 15-yr petiddhe
estimates were subsequently found to be appropriate Zaki in 1968, had commented that “The
for the year 2000 using a new method he international tuberculosis situation is complicated by
proportion of tuberculosis cases co-infected with the growing impression that tuberculosis is no longer
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a major public health problem”. He had also selected epidemiological data are in use to create
shortlisted the following factors: chronicity, ability awareness, carry out advocacy exercises, and for
of bacilli to stay alive in body for years, increase in calculating the resource—allocation needed for the
life expectancy, high level of endemicity in ethnic programme. A few epidemiological indices are
groups even in the midst of affluence in the westerncurrently used under the RNTCP for monitoring the
world, the frequent occurrences of isolated epidemicsefficiency of the given activities under it. They need
in certain parts of the world and the emergence ofto be refined for the purpose of setting programme
MDRTB. In the course of a few decades and more,development indicators. A baseline epidemiological
Zaki's extensive analysi¢ and forecasting of situation also needs to be constructed for its periodic
situation has proved near-prophetic. Apathy of public evaluation, following intervention. It is in this context
policy makers, all over the world, including in the that the present article seeks to review the
affluent countries, had complicated the issue. epidemiological scenario with respect to tuberculosis
in India.
India had a National Tuberculosis Programme
(NTP) in place from the sixties, following INDICES USED AND DEFINITIONS
epidemiological assessment of the situation during
1955-1958. However, less than optimal service  Tuberculosis situation in an area is conveniently
delivery under the Government controlled measured in terms of)(Death among the known
antituberculosis programme did not allow it to make cases of tuberculosis, case fatality; or, that attributable
much progress in terms of achieving substantiallyto tuberculosis among total population in the
high cure rates. There were serious limitations in thecommunity, mortality; if) Prevalence and incidence
diagnostic paradigm and treatment regimensof infection - persons in the community infected with
followed. Besides, there remained considerabletubercle bacilli at a point of time is prevalence of
leeway to be made in ensuring support of the generainfection; persons infected between two points of time
health services network, supposed to be running theamong those not infected or, BCG vaccinated initially
programme. is incidence of infection;ii{) Prevalence of disease
refers to persons diseased at a point of time in the
On top of that, the question of involving the given community; andy) Incidence of disease refers
private service providers had remained an unchartedo occurrence of disease between two points of time
field. Population size along with most of the maladiesin the community among those not initially affected.
of socio-economic nature, as listed by Zaki, are
operational in India, infact, more so here, than Prevalence and incidence of disease are considered
elsewhere in the developing countries. However,in terms of culture with or without smear positivity
following WHO initiative, there is today a heightened (C+), smear positive cases (S+) or, X- ray positive
sense of urgency and global awareness to the problemulture/smear negative cases (X+).
and the impending escalation in it. In 1993, the NTP
in India was strengthened in the form of Revised Death Death from tuberculosis is the most adverse
National Tuberculosis Control Programme (RNTCP). outcome. Occurrence of death is the first of the
indices to decline in the secular curve of a tuberculosis
Following a decade of efforts to test-run the epidemic, followed by morbidity and infection in that
RNTCP and then implement it in the field conditions orde°. Subsequently however, it is not much
in India, the programme entered into the phase ofinformative to trace the course of the epidemic and
substantial expansion, under which more than 70Go classify countries on the basis of their progress in
million people are planned to be covered by the yeathe epidemiological situation. For example,
2004. More than 450 million people are already tuberculosis death toll in several European
reported to be under the directly observed treatmentnetropolitan areas was nearly 1 per cent annually at
short course (DOTS) strategy under the RNTCP bythe height of the epidemic. It had reduced during the
the end of 2001 In the wake of RNTCP, some centuries long epidemic process, to be 1 to 2 per
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1,00,000 population by the end of 1980s, a 500-100Children as study subject, as most of them will already
fold reduction®. Though death has ceased to be abe vaccinated. The alternative could be to study the
significant epidemiological information for the most incidence of infection in the vaccinated, for
advanced countries, it could still possibly be aidentifying the newly infected subjects by the
measure of the extent of the most visible success oflifferences of reactions methiddChadhaet al® have

at least the antituberculosis programme delivery andshown the infection estimates in the vaccinated and
its management, in the developing countries. Forunvaccinated as not materially different. The same
example, it is reported that nearly 70 per cent ofdoes not stand corroborated from some Indian
possible deaths between 1991-2000 in Peand  experiences (Regional Medical Research Centre, Port
nearly 46 per cent in China between 1991-1997 Blair, 2002, personal communication).

were averted among smear-positive cases of

tuberculosis, through a more efficient process of It should be noted that for developing the
programme delivery. As an immediate and the mostinformation base on infection both for prevalence and
visible effect of antituberculosis intervention, the incidence, periodic community surveys have
prevention of death appears without doubt, to be amecessarily to be carried out as these serve as the
attractive index to the programme planners. For theonly data source.

purpose of this paper, however, death is not included

as an index to classify the countries in their progresPisease In most of the western European countries
towards “elimination” goal, in pursuance of the and others in the industrially advanced world, the

hypothesis of Styblé. data on disease and death are obtained mainly from
national statistical reports, provided by the Ministry
Prevalence and incidence of Health and National TB Organisatidr31® No

such data are available for vast population groups
Infectiont Prevalence of infection in the Indian elsewhere in countries like India and China.
context cannot be estimated accurately in those age@uberculosis is not considered to be a notifiable
14 yr or more. Failure to demarcate the infected fromdisease in India and hence routine health data have
the non infected due to high prevalence of notserved as the source of information for estimating
intermediate reactors in India in older ages, does nothe disease state in the community. Periodic
allow prevalence of infection among the unvaccinatedcommunity surveys, sporadic and in different areas,
subjects, to be a sensitive indicatoin fact incidence  dependent solely on investigator's convenience, are
of infection as studied in younger age groups is thetherefore relied upon, and extrapolated to observe and
appropriate index to measure the tuberculosisassess the tuberculosis disease situation intfia
situation in a community. However, estimating
incidence would call for repeat testing of the sameData source and indices for observing trend
children. To avoid repeat tuberculin testing of the Information on disease trend is available from repeat
same children, a mathematical estimation is carriectuberculosis surveys carried out from 1961 onwards, in
out, using the figures on the prevalence of infectionvarious areas namely, Delhi (urban), Madanapalli,
in younger children (0-14 yr) to obtain the incidence Bangalore, Car Nicobar and Tamil Na8uThe
of infection. The latter is termed the annual risk of Tuberculosis Research Centre (TRC), Chennai has
infection (ARI)®. The estimated ARI is actually brought out a comprehensive report on the disease
observed to be the same as the incidence of infectionsituation in the area during 1968-1986, along with that
when worked out by repeat testing of the samefrom a subset for the area till 1396s a follow up to
population under Indian conditiotis their original repof€. The isolated tribal community in

Car Nicobar is also further followed up in 2002,

It is understood that ARI is studied among the following the first two surveys in 1986 and 1988

unvaccinated subjects oAtyHowever, in situations
where mass BCG vaccination at birth or soon afteris  Of the repeat surveys, Delhi and Madanpalli had
the national policy, it is not a convenient to use theseefficient treatment services for tuberculosis, provided
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in the study areas. The two areas, namely Car Nicobat:3'. In case an efficient tuberculosis programme,
and Chingleput in Tamil Nadu, also had provision targeting a sufficient number of sputum-positive
for treatment for every identified case, through the prevalence cases in the community, is run for a
NTP operating with its given efficienéy The  sufficiently long period of time, it could bring down
Bangalore area survey, on the other hand, was plannette case prevalence, till probably the point when
to study the natural dynamics, without a programmeincidence and prevalence come to be in the same
in the area for the initial period of five surveys. It proportions in the community (1:1).
was intended to study the baseline problem making
it possible to assess intervention effects with the From studies by Styblo and his group in the
programme introduced at a later date. Netherland¥, it is now understood that incidence of
infection in the younger age group can really be the
At the time these surveys were originally planned, index representing the current transmission situation.
it had appeared logical to expect tuberculosis caseA series of tuberculosis infection surveys, carried out
prevalence rate to be reduced over a period of timeat intervals of 7-10 yr, depending on and related to
following intervention. However, it is now the intervention efficiency in a given area, could give
understood that prevalence and incidence of cases a@ trend, following intervention. Stybtd had
not affected over relatively short periods of time, demonstrated about 9 per cent change per year
unless of course very intensive and effective treatmengttributed to the intervention measures, over and
of smear-positive cases are carried?buthis is above about 5 per cent natural decline.(a total of
especially true for the countries with a high infection 14% or so annually) in the Netherlands. It is suggested
transmission. Moreover, small rates of change neithethat for developing countries, the natural decline of
in the case prevalence rates nor in incidence, whictD-2 per cent may have to be augmented to be between
are already small, could be appreciated in sampleéb-10 per cent following an intervention, for it to be
sizes, not specifically decided upon to be sensitivecost-effective.
to register very small changes in thfém
It is possible to work out appropriate sample size
Prevalence of real smear-positive cases is likelyof population with the hypothesis of decline given
to be a good epidemiological index, when the above, to measure likely change in India or elsewhere
intervention measure is either very effective (closein the developing world, making allowance for the
to 100%) or when there is no treatment at‘alt is design factor (between 2 and 3), confidence intervals
understood that inefficient treatment services wouldof the proportions in the population studied (95%),
only multiply the prevalence of smear-positive cases,years intervening the surveys ( 7 to 10 yr), relative
due to pooling of inadequately converted cases. Thegproportions of annual change designed to be
incidence cases, on the other hand, occur from theppreciated (upwards of 50% in 7 yr) and relative
breakdown among those previously infected decadegrecision of the estimates. Given the proportion of
back. The incidence rates are therefore constant yedhe BCG vaccinated children in India, this is also a
to year, representing the aging and progress of thevariable to be considered in deciding the sample size.
infected cohort of previous decades, with time. In
any case, the incidence cases would represent the A word of caution on following epidemiological
transmission taking place in the community decadesrend through repeat surveys including infection
ago, and of course the socio-economic compulsiorsurveys, may not be out of the place. In order to
coupled with the currently obtaining cell mediated follow the intervention effects over a long time, large
immunity (CMI) situation among the infected. scale ARI surveys need to be organized in a valid
Incidence rates of cases are therefore not expected teample of unvaccinated children, from time to time.
undergo any change following the best of Inview of the paucity of countrywide data on ARI at
interventions, in a comparatively short period of 3- present and widespread use of BCG in India,
4 yr, given the long span of the tuberculosis epidemic.collection of exclusive data and their appropriate
The incidence : prevalence ratio in India is aboutinterpretation at repeated intervals, on a countrywide
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basis could be a difficult proposition. Moreover, to conveniently align themselves in two broad groups,
estimate the disease incidence/prevalence from ARInamely those in whom the “tubercle bacillus is losing
is an exercise in modelify The recommended rule ground”, so that a given number of sputum-positive
of the thumb by which figures on ARI are converted transmitters “do not succeed in establishing an
into smear-positive case incidence rates is not aquivalent number to carry on the succession”, and
phenomenon universally valitt2 Whereas the the others, in whom “no such prospect is in sight” in
conversion could be put to use in planning for the conceivable future. It is not a mere coincidence
resources, its reliability in measurement of changesthat the above alignment happens to be across the
could be untenable. Naotification data, on the othersocio-economic divide, between the highly
hand, on disease were considered reliable whenndustrialised nations of the world and the so-called
provided by programmes with an establisheddeveloping nations. There is an additional dimension
surveillance systeth!®. In most developing nations, i.e., the huge population size in the latter, in absolute
it could be unreliable to interpret it as community numbers, as well as in its escalation with time. Apart
prevalence. Huge costs involved in obtaining form the above two groups, there are of course others,
incidence rates by conducting population surveysin whom the tuberculosis situation may not be at
could be avoided if the routine data could be either extreme of the divide.
interpreted after necessary adjustments. However, for
information derived from monitoring data to Following this broad posturing, countries of the
transcend itself into indices of trend measurementworld could be grouped in four major categories
from mere indicators of programme efficiency, at (Table 1) as adapted after StyKié. In arriving at
their best, as at the present times, could requirghe pragmatic definition on “goal” to be pursued by
considerable efforts in this direction. The situation the countries of the world, data on incidence of smear-
and the opportunity need to be understood before suchositive cases and prevalence of tuberculous
use. infections, likely to be attained by 2050, among the
countries with the most favourable tuberculosis
EPIDEMIOLOGY OF TUBERCULOSIS — THE situation, are used (Table II).
GLOBAL CONTEXT
While the term control is used by policy makers
In line with the hypothesis made by Frost in and programme managers in designating the long-
19377, the countries of the world seem to term objective of antituberculosis programme

Table I. Global tuberculosis situation (Grouping of countries)

Annual risk of infection (ARI) (%) Annual Group
decline (%)

Group |
0.1-0.01 >10 Industrialised countries
(Netherlands, Norwayetc.)

Group I
05-15 5-10 Middle income countries
(Latin America, West & North Africaetc)

Group Il
1-25 <5 Middle income countries
(East & South East Asiatc)

Group IV
1-25 0-3 (Sub-Saharan Africa and Indian Sub-continetet)

Source: Refs 13, 14
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Table 1. Global tuberculosis situation - | possibly pass through in their journey towards

(Suggested definition of goal) attainment of the final ‘goal’,i.e., “virtual
elimination”. Table IV provides the likely time table
for the journey.

Eradication (E)

EIiminatiTon (EL)
The long-term epidemiological trend in

| _(\j”””a”yfide”tica' Wi_tth EL tuberculosis, unaffected by and secured against short-

nciaence or smear positive cases : . . . . .
Below 1 per 10 million term splkes“or dips through transitory influences, is
(Prevalence of infection: termed as “secular trend”. The best and the worst
general population 0.1%) possible trend scenario anywhere in the world, drawn

on the basis of tuberculosis infection rates are
projected (Table V). In respect of the ARlthere is
an exponential decline in the case of countries with

1
Close to EL
Incidence of smear positive cases :
1 per million population

(Prevalence of Infection below 1%) the best possible case scenario, such as Netherlands
(decline up to about 14% annually: about 5% of it
Source: Refs 13, 14 natural and the rest attributed to antituberculosis

measures). For the worst case scenario, on the other
(RNTCP) in India, it should be understood that the hand, there could be a rise (Afghanistan) or a state of
parameters of control remain yet to be defined. Thisminimal decline ranging between 1 and 1.4 per cent
is for understandable reasons, in the context of theannually (LesothGd¥*2% The problem is likely to be
developing countries, where the specific ‘goals’ of halved in five years in countries with the best possible
antituberculosis programme, as shown in Table Il arecase scenario, without any such prospect in the
rather distant and remote, as is in the case of Indiapther®. Disease rates, expressed as incidence of
as compared to a group | country, such as thesmear-positive cases in Group IV vs. Group |
Netherlands (Table Ill). Even then, it should be countries, as at present, are set against those required
understood that the ‘goals’ of human endeavour, into be achieved in case the goal of elimination is
its fight against tuberculosis, are for the first time addressed (Table Ill). It could be observed that for
defined in concrete terms. These are based orthe Group | countries (Netherlands) the annual
epidemiological situations, attained through the bestincidence of 12-15 as at present, needs to be reduced
possible of human efforts, anywhere in the world. to less than one for a million population, to achieve
Table Il defines the stages that the countries couldhe ‘close to elimination’ status by 2025For the

Table Ill. Task infront of group IV countries set against group |, for pursuing close to elimination status

Country Epidemiological situation
Present Qualification for ‘close to
elimination’ status
Incidence of smear- Prevalence of Incidence of smear- Prevalence of
positive cases per infection all positive cases per infection all
million/year ages (%) million/year ages (%)

Most advanced 12 - 15 15
India 500* (850)** 40 1.0 1.0
China 515**

"Norway, Netherlandsetc.: (ARI 0.1 to 0.01%, 10% annual decline, Close to elimination’ status projected to be achieved by
2025 AD}5?2
Figures based on *Ref 38, ** Ref 2
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Group IV countries on the other hand, this could meancountries for the foreseeable future”. One might also
requiring the present incidence of smear-positiveadd here that the intervention effects need to be
cases of about 510 per million, as in Chfthar 840  continuously evaluated in a regular ongoing manner
per million for Indi&, to be brought down to 1-2 by (monitoring). Without an effective monitoring, the
that daté&® (Table IlI). improvements or otherwise in disease trend would
not be documented. For such ongoing evaluation to
Stybl® had highlighted the challenge before the take place, the development indicators need to be
policy makers, “unless a massive increase in the cureuitably designed, requiring these to be sensitive and
rate for smear-positive pulmonary tuberculosis waseasily obtainable. On sustained monitoring and
achieved, there would be no marked improvement inagglomeration of such indicators, one could derive
the tuberculosis problem in many developing the course of the disease with time. Surveillance
systems are therefore critical to build and sustain, if

Table IV. Global situation-time frame of achievement one has to follow disease trend. Periodic surveys in
(Best possible) some selected areas, do give some information, but
Group | may not replace a disease surveillance system in the
Netherlandsegtc. long run.
Prevalence of infection Time
15 % (Present)

(Incidence of smear-positive cases : 12-15 per million) THE INDIAN SITUATION
‘-r% (2000 AD) ARI: ARI from different parts of India till the middle
1% (2025 AD) of the last decade (1991-96) was rerl)orted to be
(Incidence of smear-positive cases : < 1 per million) between 1.0 and 2.0 per cent (Table¥Ifhere
have been fresh estimates available from a few areas
0.1% (2050 AD) in the country since then, the best possible situation
Source Ref 13, 14, 20 being reported from Kerala (ARI, 0.75%)The high

Table V. Worst and best possible tuberculosis situation in the world

Group IV countries Group | countries
Netherlands
Year ARI Incidence Year ARI Incidence rates
(%) of S+ cases* (%) of S + cases **
(per 1,00,000) (per 1,00,000)
1. Lesotho (whole country)
1956-1957 2.78 1952 0.4 13.9
1962-1965 2.83 1955 0.265 7.8
1981-1982 2.03 1958 1.176 5.7
Current (1999) 173 1961 0.116 4.6
1964 0.077 3.2
2. South Sumatra 1967 0.051 2.4
1975 3.76 1973-76 0.038 1.8
1980 3.8
1985 3.48
Current (1999) 128
3. Afghanistan
1963 2.55 -4.80
1982 3.63
Current (1999) 4.0 (2.0 - 3.0) 150
Source 'Ref. 29 S+, Sputum smear positive cases
*Ref. 2 ARI, Annual risk of infection

**Ref. 26
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Table VI. Recent studies: Annual risk of infection (ARI) in various areas in India

Study by State Year ARI (%)

1. Kerala Keral& 1991 0.75
TB Association

2. NTI Tumkur Dist* 1960-72 1.66-1.08
Bangalore Rurat 1962 1.1
Bangalore Rurat 1985 0.61
Bangalore Urbat 1996-99 1.67
*North India 2000-01 1.9
North India rural 1.62
North India urban 2.6
3. TRC, Chennai Chingleput (Rur#l) 1969-84 1.8-1.9
Chingleput (RuraPt 1991-96 2.9-3.2
4. URMUL Rajasthaff 1.44
Trust
5. DAN TAB
(DANIDA) *QOrissa 2002 1.72
Orissa Rural 1.62
Orissa Urban 2.48
6. A & N Gouvt. Car Nicobat 1986 1.53
7. RMRC, Port Blair Car Nicobar 2002 3.8
8. MGIMS, Sevagram/
NTI, Bangalore Maharashtfa
Nagpur Rural 2001 1.2 (6.34-6.38)
Nagpur Urban 2001 1.6 (8.44-8.50)
Thane Rural 2001 1.6 (8.07-8.10)
Thane Urban 2001 3.3 (15.75-15.80)

95 per cent confidence interval (Cl) of prevalence of infection is given in parentheses

*Personal information, unpublished data. NTI

NTI, National Tuberculosis Institute; TRC, Tuberculosis Research Centre;

URMUL, Upper Rajasthan Milk Union Ltd. Lunkaransahr; DAN TAB DANIDA-DANIDA TUBERCULOSIS
A & N, Andaman & Nicobar; RMRC, Regional Medical Research Centre, Port Blair;

MGIMS, Mahatma Gandhi Institute of Medical Sciences, Sevagram

rates of ARI observed in Thane in the outskirts of expanding population group inhabiting the dteBhe
Mumbai (3.3%) as reported in a study by MGIMS ARI from Car Nicabor is the only documented
Sevagram/NTI, Bangaloteand in Nicobar district instance of ARI in India, escalating with time.
(3.8%Y® merit mention, being among the worst case

scenario on record. The rate in Thane urban area is The recent data on ARI (Table VI) confirm the
interpreted to be due to HIV seroprevalence and toauthor’s earlier suggestions of differences in
the increasing component of slum dwellers in the fasttuberculosis situation between areas in |Ai&
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Table VII. Problem of tuberculosis in India (average for the country)
(Estimated for 1000 million population)

Population : 1000 million (850 million in 5+ age group, 85%) Number

Prevalence of infection *
Rate : (a) 38% all ages (b) 44% all ages (b) 380 Milliop) 440 Million

Prevalence of radiologically active abacillary pulmonary TB (X + cases)
Rate : (a) 16 per thousand (3.0, 2.6-4.7) (b) 13.6 million (2.6 million)

Prevalence of all forms of tuberculous disease
Rate : (@) 5.05 per thousand {05.05 million

Prevalence of culture-positive cases (C+ cases)
Rate : (a) 4.0 per thousand (6.0, 3.0-11.0) (b) 3.4 million (5.1 million)

Prevalence of smear-positive cases (S+ cases)
Rate : (g 2.27 per thousand {01.93 million

Prevalence of total pulmonary TB cases
Rate : (a) 20.0 per thousand (9.0, 5.6-15.7) (b) 17.0 million (7.7 million)

New culture positive (C+cases) arising annually
Rate : (a) 1.3 per thousand (b) 1.1 million

New smear positive (S+cases) arising annually
Rate : (g) 0.84 per thousand {00.71 million

Mortality rate (annual)
Rate : (a) 50-80/1,00,000 (b) 0.43 — 0.68 million
(g) 46, 28-71/1,00,000 (p0.39, 0.24 — 0.60 million

Case fatality rate (annual)
Rate : (a) 14 per cent of untreated C+cases ) Q&8 million
() 24 per cent of all TB ® 1.21 million

* Infected : > 50 per cent in age group 40 yr and more
Disease rates applicable to population in 5 + age for rows 3, 5 and 6-9.

For rows 1,4 & 10 : calculated for persons in all ages

Data given under a & b : worked out by the authdrom Indian survey data

Data given under a& b, : worked out by Dyeet aP by aligning several kinds of data

Rates and numbers in bracket : as per revision suggested by the author on the basis of correctiorfdl surveys
For average absolute numbers

for revised rates in bracket : Range not presented

Source : Refs. 2, 14
C+, Culture positive; S+, Smear positive
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could be recalled that the urban rural difference inthe othef’. As already explained, notification of
ARI was also evident in the Bangalore area, sputum-positive or other diagnosed cases of
Bangalore rural; ARI 1.1 per cent declining to 0.61 tuberculosis is not yet the source of data on
per centin 23 yr up to 1985 urban Bangalore: ARl incidence and prevalence in India.
1.67 per cent (Cl: 1.40-1.93)

A more detailed and extensive exercise was
Prevalence of pulmonary tuberculosiShe data conducted by Dyet aPdirected towards providing
presented in Table VII are the outcome of severalan average estimate for the country. The average
surveys, conducted from time to time in different rates of disease and infection (both prevalence and
areas of the country, since 1955-58. An average raténcidence), as well as death were computed. Data
for the country as a whole, is presented in this tablefrom (i) survey results;i{) incidence of cases,
along with the range, to represent the best and thealculated out of the ARI based on an empirical model
worst possible case scenario. Necessary correctionsuggested by Stybloand (ii ) the likely disease rates
and refinement to the existing rates of disease areomputed from notification of cases made to the
also suggestédl For the latter, specific survey WHO Geneva, were mutually compared and assessed
results, devised to study and correct the observedor reliability and internal consistency. The average
inaccuracies and inconsistencies in the previougrates for countries were then worked out, being the
estimates are relied up&n This method for “most uptodate” and the “fullest” statement of the
computation of average rate with the range isburden.
adopted, since a representative sample for the
country as a whole, has so far eluded the researchers, In Table VII, the problem is expressed in terms of
as also the sample, sensitive enough to discriminateates and absolute numbers, based on a population
prevalence or incidence rates between one area anaf 1000 million, both for prevalence as well as for

Table VIII. Culture positive case (C+) prevalence of tuberculosis by geographical areas

Zone Area Average C+case Confidence limits
prevalence (per 1000) (95%)*
Lower Upper
Calcutta City 6.39 5.16 7.62
(Kolkata)
Delhi City 4.06 3.23 4.89
Towns 2.45 1.54 3.36
Villages 2.49 1.87 3.11
Hyderabad City 4.18 3.44 4.92
Towns 3.44 2.32 4.56
Villages 2.29 1.70 2.88
Madanapalle  City 2.40 1.64 3.16
Towns 8.13 6.58 9.68
Villages 6.11 5.02 7.20
Patna City 6.38 5.10 7.66
Towns 5.25 3.83 6.67
Villages 5.85 4.58 7.12
Trivandrum City 2.96 2.14 3.78
(Thiruvanan-  Towns 3.20 1.93 4.47
thapuram) Villages 2.59 2.08 3.10

*Calculated from C+ cases found and population examined in sample survey*ICMR
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Table I1X. Age distribution of smear-positive prevalence cases in a survey area,1984-1986 (for 100,000 population)
Age (yr) 1968-70 1973-75 1979-81 1984-86
10-14 35 (0.88) 14 (0.30) 8 (0.20) 3 (0.07)
15-24 108 (2.73) 111 (2.40) 105 (2.61) 62 (1.54)
25-34 425 (10.74) 461 (9.96) 404 (10.06) 292 (7.25)
35-44 729 (18.42) 691 (14.93) 570 (14.19) 693 (17.20)
45-54 899 (22.71) 1,127 (24.36) 1,050 (26.14) 921 (22.86)
55-64 994 (25.11) 1,218 (26.32) 966 (24.05) 1,144 (28.40)
65+ 768 (19.40) 1,005 (21.72) 914 (22.75) 913 (22.67)
All 3,958 (457)* 4,627 (511)* 4,017 (444)* 4,028 (428)*

Figures in parentheses are proportion of cases of total (%)

*Standardised prevalence rates for 1,00,000 population
Source Ref. 21

Table X. Age distribution of smear positive cases in TB
programme in India (year 2000)

Age(yr) Total Non-DOTS DOTS
0-14 3,838 2,041 1,797
(2.02) (2.08) (1.95)
15-24 35,458 14,055 21,403
(18.65) (14.32) (23.26)
25-34 45,377 23,911 21,466
(23.86) (24.36) (23.33)
35-44 42,597 22,750 19,847
(22.40) (23.18) (21.57)
45-54 31,746 17,450 14,296
(16.69) (17.78) (15.54)
55-64 11,902 11,205 8,697
(10.47) (11.42) (9.457)
65+ 11,231 6,735 4,496
(5.91) (6.86) (4.89)
All 1,90,149 98,147 92,002

Figures in parentheses are percentage of total cases in all ag
DOTS, directly observed treatment-short course
Source:Ref. 7

new cases arising (incidence). Thus the earlier
presentatioff has been revised to take care of
population escalation during the past decade. The
hypothesis in computing the numbers diseased for
the present population, is that the disease rates in
India remain static, but absolute numbers increase
owing to demographic reasons. It also needs to be
pointed out that the prevalence and incidence rates
are applied to 1000 million population, across the
board, in the manner it was applied to 850.00 million
in the previous estimalte without making allowances
for changes in age sex wise composition of the
population between the two, taking place during the
decade. The issue of lack of standardisation in
calculating the burden from time to time, by applying
prevalence rates of earlier surveys to later
populations, has been appreciated in recent times and
needs to be addressed for computing the absolute
number&. It has not been attempted here.

Area-wise distribution From the results or the
countrywide sample survey conducted by the Indian
Council of Medical Research (ICMR) in 1955358

was observed that the prevalence rates for this country
as a whole were by and large similar in six zones
e%tudied and across the urban-rural divide. On a careful
review of the above data, it could be observed that
the prevalence rates throughout the country were
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Table XI. Prevalence of culture-positive pulmonary tuberculosis by occupation in Wardha (per 1,00,000 population)

Urban & Rural Sex ratio of cases (M/F)

Occupation Population Sex ratio Proportion of total Urban Rural
(Proportion %) of (M/F) cases cases (C+) (%)

Non worker 26.8 0.34 24.9 2.30 1.41
Student 29.0 1.25 6.6 1.17 1.56
Service 5.3 — — 1.40 0.53
Professional 2.0 12.19 4.4 0.40 —
Cultivator 15.0 2.45 24.8 0.48 1.73
Agriculture-labour 16.4 0.85 21.4 2.25 1.94
Non agriculture labour 3.9 — — 4.22 2.05
Others 1.5 — — 1.53 2.87
Total 100.0 1.08 100.0 1.77 1.84

C+, Culture positive cases
Source Ref. 14

Table XII. Notified new S+ cases : India (1993-20G@jainst Table XIll. Tuberculosis situation in Car Nicobar (1986-2002)
expected S+ incidence cases*

Year Diagnosed new S+ cases  Rate (per 1,00,000) Year Prevalence of ARI, Prevalence
(No. in 1000) infected (per cent) per cent/year of S+cases

1993 2.25 256 25 among 0-1_4 yr old (per 1000)

1994 226 543 25 children without BCG

1995 2,64,515 29

1996 290,953 31 1986 10.1 1.53 4.1

1997 2,74,877 29

1998 2 78.275 29 2001-02 25.1 3.80(3.50) 7.30 (*7.10)

1999 3,45,150 35 . . L

2000 349374 35 ARI based on standardised prevalence rate of infection is

TOTAL 29 54943 25 _ 35 shown in parenthese®revalence of disease significantly higher

in 2002.

*Expectation at 8,40,000 per year : 67,20,000 (cumulative
1993-2000)

S+, smear-positive

'Ref. 7

*Standardised prevalence rate

Source:Ref. 23

really not similat®. In the first place, the sampling 9.68), or in the villages (average, 6. 11: range for
framework did not allow testing of the hypothesis 95% confidence limits: between 5.02 and 7.20). It
of difference between the areas and zones, if anywould not be out of place to mention here, that from
In addition, the prevalence rates, on furtherthe data shown in Table VIII, as also from
assessment with the help of 95 per cent confidencénformation available from surveys elsewhere in
limits, do not support the hypothesis of lack of India over the years, Bangalore area, falling within
difference between the geographical areas (Tablehe Madanapalle zone in the country wide ICMR
VIII). For example, for the city areas under the survey, appears to have the best possible
Madanapalle zone, the C+ case prevalence ratesuberculosis case scenario anywhere in India.
(2.40 per 1000) were between 1.64 and 3.16 (rangé-urther, the bacteriological case prevalence rates (C
for 95% confidence limits), and were significantly +) for Trivandrum city (average, 2.96 per thousand
lower than those in towns (average, 8.13 per 1000range between 2.14 and 3.78) were different from
range for 95% confidence limit, between 6.58 andpatna city (average, 6.38: range between 5.10 and



260 INDIAN J MED RES, OCTOBER 2004

- - O o

RPOoOO—] ®——e MALES

O -0 FEMALES
& O O
2 0O

- O O

< O O~

- - O O
OO O~

& O o~

10000¢

r20 o0

PER

RaTE

RO O

OO O

-8 O O

5 & OO0

.2‘001
7 2O 0~
<D
o"l‘tr‘r“"
T T XX IRy T
S O = O e N
T T SN A MY S 8 e 8 °

AGE GROUP (YEARS)

Categories of cases :

a) Culture positive on 2 sputum specimens

b) Culture positive on one specimen only

¢) Culture negative smear-postive [3 or more acid fast bacilli (AFB)]

d) Abacillary mass miniature radiography (MMR)/ active (by 2 readers)

Fig.1. Prevalence of disease by age, sex and method of diagnosis.
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Table XIV. Expansion of TB programme and HIV influence on TB incidence

(A) Hypothetical levels of efficiency of TB programme (RNTCP)

Targets of TB Programme for TB incidence (%)
achievement* (%)
Current Year

2004 2007 Rate of decline
Most a) Case detection 60
Optimistic ~ b) Cure rate 40 60 80 10% per year
Most
Pessimistic  Cure rate 40 45 55 5% per year

* Global Target of WHO - 70% case detection and 85% cure

(B) Rate of programme expansion/rate of HIV spread

1. Low HIV/Fast Incidence of total and SS + 82% likely fall due to
expansion of DOTS cases reduced Programme could be only 59%
(say entire country by 2020 (due to HIV)

covered by 2005-2006)
- Cumulative number of case (in 20 yr) 21 million

2. High HIV/Slow

expansion of DOTS Incidence increases by 20% cumulative number of
cases (in 20 yr) 46 million
3. Losses due to HIV effect are much greater than the gains made from programme expansion (DOT-S). Even low HIV

epidemic affects programme expansion gains.
Source:Ref. 52

7.66). This shows that tuberculosis prevalence ratesample, calculated for the purpé%erhe grossly

could not be similar between areas in India. This isaverage and well rounded rates may not lend

understandably so, given the regional diversities inthemselves to a measurement of change in them with

terms of ethnic, economic, cultural complexities and the required degree of precision.

variables, pervading the vast land masses and the

population size of near continental dimensions. Prevalence/incidence by ageBoth prevalence and

incidence rise with age, in both sexes, in surveys

With this background information, one could now conducted so far in the country. The rise is seen in

argue that the average prevalence rate (and incidencdl! categories of case, namely X+, C+, and S+ in the

rate also) as worked out by Dy al 2(Table VII), community? (Fig.1). The latest information on the

may not be used indiscriminately for all areas of theProportional distribution of smear positive prevalence
Sases in the community by age (1984-1986) in the

Chennai are®d, is given in Table IX. It could be
observed that, of the prevalent cases in the

. . . ommunity, the age-wise proportion of cases were
being practised unq_erthe RNTCP. This could be use‘iubstantially higher 35-44 yr onwards, to be at the
for resource mobilisation and advocacy purposes.

: : fpeak for the age group 55- 64 yr (28.40%). Moreover,
Measurement of change on a time series or ofi ,emains as high as 22.67 per cent in 65 + age group,

geographical differences would require statistically being similar to that in 45-54 yr. This could be
sensitive indices of disease (and infection) in ordercontrasted to the distribution proportions of 0.7, 1.54
to test a given hypothesis of change/difference (or,and 7.25 per cent in age groups, 10-14, 15-24 and
otherwise) by examining an appropriate population25-34 yr, respectively.

country, as a sort of target, with the ostensible purpos
of evaluating supposedly epidemiological gains,
through a set of programme activities, as currently
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Table X shows the age-wise proportional and keep on accumulating in number and proportion
distribution of smear-positive cases for India, in comparison to the middle age groups. Thus a
diagnosed both under the NTP and RNTCP,relative concentration of cases seems to be occurring
combined for the year 2000The peak concentration by age. Due to their position in the society and
is seen to be at 25-34 yr age group, reducingrestricted movement, the persons in the older age
thereafter. In 55-64 and 65+ year age groups, onlygroups seem to be in close proximity to the
10.47 and 5.91 per cent of all the cases aresusceptible young children within the family,
respectively distributed. The relative concentrationincreasing chances of transmission.
of diagnosed S+ cases to be in the younger age group,
peak in 25-34 yr, is a phenomenon also seen in some The situation in the western countries, on the other
of the African countries, who are similarly placed hand, {.e., Group | countries), appears to be quite
with India with respect to tuberculosis situation as different in this regard. In 1970, for example, 70 per
group IV countries,e.g, Tanzania (1985-87), cent of the cases in Sweden, diagnosed among the
Mozambique (1989), Malawai (1989) and Swedish born, were in the age group 65+ yr. In
Nicaragua (1989j). England and Wales also the situation was sifdilar

The difference in this regard may not only be among

The situation of less than expected detection ofthe countries, depending on their grouping (I to 1V).
cases in older age groups, as observed under the NTBAven within the most developed countries of the
RNTCP in India, could be attributed to deficient world, the age distribution of tuberculosis cases has
attendance of the symptomatics in older age groups direct relationship with the socio-economic/ethnic
at the general health service facilitiesg., not variable. For example, the relatively unfavouable
commensurate with the likely prevalence of epidemiological scenario, obtaining among the
tuberculosis among them, as was highlighted byAmerican minorities is distinctly different from that
Chakraborty in 198%, based on data in the Bangalore among the non Hispanic whites, as also the
area. The situation in India appears not to haveproportional age distribution of cases occurring in
altered, since. It appears to be a problem of accesghentt3”.
owing possibly to a degree of discrimination by the
society. The latter seems, in a way, to decide onthe |t is possible that apart from the social and
attendance pattern of the sick persons to the healtiprogramme driven discrimination, the concentration
delivery outlets, younger people being possibly of cases in older age could take place as a secular
encouraged and preferred to take action and seefend of diseas®, as also due to demographic
relief. The programme thus seems to benefit thesituation, related to higher population size in the
younger and socio-economically the more importantelderly with time. It would thus be logical to conclude
group within the population, as against the olderthat the situation in India is a symptom of its socio-
population group. The latter is much smaller in sizeeconomic milieu, interacting with the disease
and marginalised due to age, and yet positioning itselkituation. It also remains a moot point fit for
as a significant epidemiological group, with a higher investigation, whether the intervention programme,
concentration of the source of infection transmission.as it is in India, could result in further concentration

of cases among the elderly, through a system of a

The above discriminatory situation seems to havepreferential intervention dynamics.
an epidemiologic significance of no mean
consequence. The large majority of the infecters andistribution of prevalence and incidence by gender
most of the uninfected and susceptible population atThe prevalence of disease by sex and age in the BCG
risk of being infected, seem to distribute themselvestrial area in Chinglepdt is depicted in Fig.1.
at the two extremes of the age groups, the formeiPrevalence and incidence (the latter not presented)
being in the older age groups and the latter in thein all categories of diagnosis had increased with age
younger age groups and children. The former remainin males. For female, up to 45-49 yr age, the rates
comparatively unattended to, under the programmehad increased, to be at a plateau thereafter. At all
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ages the prevalence was considerably higher in males the occurrence of disease in the community, the
than in females (Fig.1). Of all culture positive case,reasons for apparent protection enjoyed by the
79 per cent were found to be in males. In the laterwomen across the age groups, could rather be a theme
TRC follow up study 1968-1986, the average male/of immunobiological and sociological investigations
female ratio was 3.7 for C+ cases and 4.5 for S+in the Indian context.
caseg. Of all pulmonary tuberculosis cases in males,
70 per cent were in the age group 20-54 yrTuberculosis by socio-economic criteriehe survey
(constituting 39% of male population). Among carried out in Wardha District (Maharashtra) is the
females on the other hand, 56 per cent of these casemly source of survey data (unpublished) linking
were in age group 20-44 yite., in the reproductive  tuberculosis in the community to socio-economic
age (constituting 40% of female population). criteriat®. The prevalence rates in the survey had
depended on literacy (lowest in the graduates and
In the longitudinal epidemiological study in highest among the illiterates), employment held
Bangalore rural area carried out between 196%#-68 (highest among the professionals, followed by
the annual incidence rate of C+ cases in malesultivators and agricultural labour) (Table XI). These
increased during the five year observation periodhad also depended on income, living standard (those
from 200 to 300 per 100,000. It however remainedliving in “Kutcha houses had a higher prevalence
stable among females at 100 per 100,000. Thethan “puccd house dwellers). Of the total cases in
incidence among males aged 55+ yr, in successivavomen, 48 per cent were among those unemployed
surveys for the five years period, ranged from 400-(include housewives). For all demographic variables,
700 per 100,000. In females it had increased onlyrates in female were less than those in males.
from 150 to 200 per 100,000. An unexplained
observation in these surveys was the annual incidence As per Dholaki&, evidence is lacking to assume
of about 100 per 100,000 in both sexes in the 15-34 differential prevalence rate of tuberculosis among
yr age group. Aside from the above exceptional parityworkers than among non-workers. Of the ‘workers’
in incidence between the sexes in this age group, thgroup, estimated to be suffering from tuberculosis
observations are similar in most Indian inIndia, about 52 per cent were in the age group 15-
epidemiological studiés?23 In general the disease 44 yr. In this age group, about 40 per cent of the
occurrence rates are about similar in both sexes, tilworkers with tuberculosis were women in the urban
the puberty in females. This is followed by a areas. The proportion was only 17.9 per cent in rural
continuing widening of the gap between the sexesareas. There was much lower proportion of women
in favour of the females, the differences acutelyamong workers with tuberculosis in higher ages,
accentuated past the 35-40 yr age mark. especially in the urban areas. In the Wardha sdfyey
the urban professionals and rural service workers,
In the European countries during the earlier partWho had a higher prevalence, had a low proportion
of the last century, the case rates among female§f the female population in them, and had
between the ages 15-35 yr were generally 10-35 pefonsequently accounted for a small proportion of the
cent higher than in males. Prompted by this, thetotal cases among females.
postulate of a higher case rate in females in India as
We”, has been the recurrent theme of many an The extent of tuberculosis morbldlty in the males
investigation carried out in India in recent times. It in the economically active age and in females in the
appears that, in so far as general distribution ofréproductive age, marks it out as a priority among
prevalence and incidence of tuberculosis cases irihe public health problems in India.
India is concerned, the epidemiological observation
from industrialised countries of the West is a poor Disease burden-diagnosis of tuberculosis assessed

guide (Jochem Klaus, personal communication).from “Notification” against “Expectation” of
Instead of investigating the anticipated but incidence As already stated, the RNTCP in India is

unsubstantiated gender bias against women reflecteflue to be expanded fast as per a plan. Currently, there
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POPULATION
ADDITIONS TO
POOL OF CASES
AT 0.13% OF POPN.
DEAD(d) ANNUALLY
ELIMINATED

INCIDENCE(i)

PREVALENCE CASE CONTINUING
62 (0.62)

CASE PREVALENCE one vEar CASE PREVALENCE
INITIALLY * NEXT YEAR

pto 1.0 -0.20 -0.18 +0.38 ptl 1.0
(—d-c+i)

Fig.2. Pool of tuberculosis cases in the community (natural dynamics).
Source Ref. 14.

is a mixed coverage in the country by NTP andillustration, in essence, of a part of the
RNTCP. Matching the notifications of the new smear- epidemiological dynamics, contributing to creating
positive cases, as per WHO Report 20@2rtaining  ‘left overs” in the community, which is represented
to the performance of both NTP and RNTCP areaspy the prevalence. The incidence is the same as
for 1993 through 2000, with the expected figures for prevalence in the Western World. In India, the
incidence of S+ cases computed for the period, onéncidence : prevalence ratio is 13for C+ cases,
could observe a huge short fall (Table XII). Detection owing to what Grzybowski had aptly termed “left
rates ranged annually between 25-35 per 1,00,0000vers™®.

against an expectation of 84 per 1,00,000 per year,

(annual incidence of S+ cases, as calculated vide DyEPIDEMIOLOGICAL TREND IN INDIA

et aP, see Table VII). In absolute numbers, whereas

a total of 67,20,000 cases for an average populatiorruberculosis in the Bangalore rural areBrom the
size of 1 billion, could have occurred between 1993-natural dynamics of tuberculosis as studied in the
2000 (cumulative likely load; age sex not ryral area around Bangaldfgthe tuberculosis
standardised in computing, over the proportion sjtuation is supposed to be presenting a steady state.
parameters used in Dye’s estinfatehe programme  (Fig.2). Without active intervention, a third of the
had diagnosed only between 2,25,256 and 3,49,374xisting pool of bacillary cases in a year would get
new S+ cases per year (cumulative: 22,54,943 eliminated through death and natural cure. But during
between 1993-2000). This could be taken as anhe interval, the same proportion gets added to it.
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The results of the observations from the Tamil Nadu by TRC, Chenrfdi(1968-1984, and in
Bangalore study could be summarised as belowa subset of population, again in 1991-1992 and 1994-
presenting a trend. It is apt to describe the samel996), ARI had remained unchanged for the entire
as natural trend up to the first 5%§rThereafter period. It was between 1.8 and 1.9 per cent in the
an element of NTP intervention could cloud the earlier period (1969-84) and 2.9-3.2 per cent (1991-
interpretations, as it was introduced in the area92, 1994-96) ( Table VI).
after the 4th survey (5 yr).

Prevalence of casegi) The study* has shown no

(i) Prevalence and incidence rates of C+ cases anghange in C+ case prevalence during the period 1968-
X + cases revealed no change in the period of 12 yi75 (Fig.5). However, as the resurveys were extended
(1961-68 to 1977-78), for which information was further up to 1984-86, a decline of 2.3 per cent per
availablél. (ii) The mean age of cases was higher atyear was recorded for the later period (overall being
later surveys, up to 12 yr period studiediii) ARI 1.4% per annum). Such a decline was not seen in
had declined from 1.1 to 0.65 per cent in 23 yr (1962-Bangalore rural area (surveyed for first 12't)

1985), at around 2.35 per y&4iFig.3). {v) Incidence
of smear-positive cases had declined for the area from (i) There was a declining trend in C+ cases in all
about 65 to 23 per 1,00,000 in the same pétiod  ages, especially in 10-14 yr. This was in line with

was observed to the declining in consonance withthe agewise trend seen in the 12 yr follow up in the
the fall in ARI. Bangalore rural aréa*.

The observations from the above time series study (iil) There was no change in S+ case prevalence,
were extrapolated to the population, taking care offor all ages (Table IX). However, a declining trend
demographic changes in it with time, over a 50 yrWas visible in the younger populationg., among
period. The observed dynamics of deaths and thosd0S€ aged upto 35 yr in age. It was statistically
due to transfers between the non infected, infectegSignificant for 10-14 yr old children.
and several epidemiological classes formed on the ) o
basis of the actual study findings over a period of _ (V) There was a strong evidence of decline in both
five years, were fed into the mathematical constructC* @S Well as S+ case prevalence in females: 3.8 and
for a period of over 50 yr. The natural dynamics were?2-8 per cent a_nnually. C+ cases ha}d showr_1 decline
compared with likely disease situations, under various@t & later period of the follow up in mgles,e(,
programme effectivity modes, hypothesised for theb_etvx_/(_een 1975'19.78 to 1979-1981), without any
purpose and fed into the model. The above models'gn'f'cam change in the trend of S+ cases.
showed that even in 50 yr, tuberculosis case rates _
would come down only minimally. Very large (v) Because of the ab_ov_e gender related difference,
population sizes would be required to be surveyedthe male : female ratio in C+ case prevalence had

repeatedly to appreciate a change, if any, which ruledncreased from 3.5 in 1968-70 t0 5.2 in 1984-86
oupt the gossigﬁitﬂf“. \Various gase fir)llding and Survey (average 4.7). The average for S+ cases for

treatment levels were imputed into the model, as perthe entire period stood at 1.7 only.

the data available from a study on programme
dynamicé*. The model demonstrated that high levels
of intervention, however, could result in substantial
change in the prevalence rates (Fig.4). The projection
could contribute to a decision making process
guiding policy planners to look at likely efficiency
modes to be adopted.

Incidence of casegi) There was a steady decline in
the incidence of C+ cases (at 4.3% per annum) from
352/100,000 between the first two surveys (1968,
i971) to 189 between the last two (1981, 1984). The
"decline was seen in both sexes and in all age groups.
(ii) There was only a tendency for decline in incidence
of S+ cases.ii{) Ratio of prevalence and incidence
o , of S+ cases remained 3.6, at the surveys, probably
Tubgrculo&s. in rural Tamil Nac_ilARI: Int_he study_ indicating that new S+ patients would probably
carried out in a rural population of Chingleput in continue as S+ cases after occurrence, cumulating



CHAKRABORTY : EPIDEMIOLOGY OF TUBERCULOSIS 267

| | | ||
a) Prevglemte of & +oases » .
:-"El I.I\-'|.|.|'-|$ E:.L:'.T“'nl':'ﬁu' I?I.-l'-ILI |r|:
o) hoiemee of FHoamsSannn & *
T
Dracine €0 2 3% Dar nnum
200
S
T
S n
o
SN
S0
2
T
a0
1968 Fi-ra Fara THTE Fe-a1 S1-83 &-8d g971-92 9496
Terd
|| | n

Fig.5. Trend in smear positive cases (incidence and prevalence) in a subset of Chingleput (1968 through 1996)
Source Ref. 21.

themselves for 3.6 yr in the community, to constitutefor the area, as pursued under NTP, no doubt
prevalence. Findings are more or less similar foraccentuated due to the presence and interaction with
both rural Bangalore and urban Delhi (between 3.33the research field staff of TRC, Chennai. They could

and 3.7). act either by motivating patients and probably

S _ensuring drug supply at treatment centres also. Being
X+ cases There was significant and substantial

S the long term study area for the TRC evidently had
igg“ggo'?oxgzsffbeo %Beovilzpvs:e:]aaegé?rgnﬁzfgslénﬂuenced intervention situations and brought long
(average decline 3.2% per year). The pattern was notterm benefit to the area.
gender specific. . . o

(i) The decline in C+ cases, not initially seen,
Comments on findingg) It was revealing to observe C¢0Uld also be evidenced on a longer term follow up,
that incidence of S+ cases, arising at a later survey2s different from the NTI rural area. There was
from the radiographic class of tuberculous shadowsSubstantial reduction in C+ case prevalence in later
on X ray in an earlier survey, was coming down Surveys (1991/1996 surveys). Whether it had
significantly, with time for the aréa? This was anything to do with reduction of incidence from X +

likely to be due to the treatment programme in placecase class, is a point to consider.


kauri
Placed Image
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n= 233

n = Incidence of S+case (1971-73) n = Incidence of S+case (1984-86)

** Having X-ray abnormality consistent with TB at an earlier survey.
Others: Smear+TB incidence from groups other than initial TB on X-ray.

Fig.6. Proportional contribution of the group with tuberculosis abnormality on X-ray at a survey to incidence of smear+tuberculosis
at a later surveySource Ref. 21.

(iii) A hypothesis could be considered that whenwith a 2.3 per cent reduction annually, in response
the ARI and S+ case prevalence (and incidence) aréo a relatively low key programme dispensatfon
relatively high in an area, as it appears to be so in
Tamil Nadu rural area, active and intense (vi) One of the most significant findings from this
interventions for a long enough and sustained sparstudy concerned the incidence of C+ and S+ cases,
of time, are necessary to record change in them. Thé&om out of the persons sputum negative but identified
situation in the subset, for example, in Chingleputas having radiographic abnormality at an earlier
area, could record a change in C+ / S+ case situatiorsurvey. There was no decline in incidence from those
only in later surveys. In the subset studied longerwith a normal X-ray or in those with non tuberculous
(1991, 1994) a significant decline (2.7% per year) X-ray abnormality at an earlier survey. However, in
had occurred in the prevalence of S+ cases (398 tthose with a TB abnormality initially, the incidence
262 per 100,000) (Fig.5). However, for reducing of C+ cases had declined substantially (4.7%
breakdown from among the X+ cases into C+ casesannually). It is also true for S+ cases. Of the total C+
on the other hand, a relatively low key treatment, asS+ cases, arising in 1971-73, about a third had
followed in the programme, could suffice to achieve originated from those with an X-ray abnormality
the objective early enough. interpreted as tuberculosis. This proportion declined

consistently from year to year and was only 8 per

(iv) It is of consequence to programme managerscent at the 1984-86 survey (Fig.6).

while estimating the S+ case load from ARI data, to

observe that the rate of incidence of S+ for 1 per cent It could be interpreted that the treatment given to

of ARI had decreased from 74 to 42 per 100,000 inthe specific epidemiological class of X-ray shadows

about 7.5 yr of observation (a decreased by overconsistent with tuberculosis disease (X+ cases), had
40%). The decline in the relationship between S+caused a substantially reduced incidence of S+ / C+
incidence and ARI with time, in the Indian context, cases from this class. The selective decline in
is reported earlier from the Bangalore rural areas,ncidence by radiological classes moreover indicates
under long term repeat survéys a good standard of interpretation and classification

of various radiographic abnormalities throughout the

(v) The findings of the Chingleput area appear tosurvey period. An alternative hypothesis of likely

be in line with the overall projections of change madesocio-economic change in the area reducing
in the 50 yr construct of epidemiological situation breakdown, may not be tenable, as the same was not
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reflected in ARI and incidence of S+ cases. The socio-unique in the sense that it gives the only trend for an
economic improvement, if responsible, could haveurban area in the country. The study was conducted
caused reduction in incidence in all radiographic for a sufficiently long span of 30 yr, following up
classes, not confined to X+ cases alone. the same community seven times after the first
survey®. The diagnosis in the survey was based only
Itis generally recognised that for appreciation of 5y cylture and X-ray result. All the X+ and C+ cases
change with time, culture-positive case prevalence, qre efficiently treated through the survey period

rate of tuberculosis is not the appropriate index to(go% cure rate achieved during 1995-96)
rely on. In the Styblo stud$; the C+ prevalence rate '

had been observed to register a high only during the o
survey years. However, it was also a crucial The findings and comments on the trend are
observation in the above study that the S+ Cases§ummar|sed as follows:

detected in a survey, and not confirmed on culture, _
were mostly found not to be the real cases. It thus (i) About a tenth (8%) of the bacillary cases had

stands to reason that in considering trend in thecontinued as such for about a decaide, (between
Chingleput studies, S+ cases are considered as casdbg last two follow up 1982 to 1991). This was despite
only when they are C+. The same was the case i good service programme in the area. Of the C+ cases
NTI longitudinal surveys also. Thus prevalence of 30 per cent were dead in the period. The proportions
smear-positivity in a survey, unless supported byremaining as C+ or as X+ cases during the above
culture, is not considered representative. At the sameeriod were significantly lower than observed
time, prevalence of real smear-positive cases, inpetween earlier two periods of follow up.

situations where there is considerable pooling of

untreated or inadequately treated cases, is the index (ii) The standardised prevalence rate of C+ cases
which is influenced in an effective control had not changed over the period, being around 4.0
programme. For example, in a situation like as it isper thousandif., for 95% confidence level: 2.54-

in India, where prevalence is about thrice the annual4,84). However, as in Bangalore and Chingleput
incidence, an effective control programme could stydy areas, there was a higher C+ prevalence at
possibly work by reducing the smear-positive casegyryey VIl among population 55+ yr age group,
prevalence. Itis in this context that the reduction incompared to earlier surveys. The peak of C+ cases at
C+ prevalence cases over time, even earlier to thagurvey VIl in females, had shifted to around 45-54

in S+ incidence cases, needs to be understood. r from around 25-34 yr, as seen between survey |
appears to be due to reduced breakdown, and th rough Vi

consequent incidence, specifically from among the
X+ cases, through their treatment (a sort of secondary powever. a proportional concentration in the

chemo_pr_oph_ylaﬁus). It ap_pea(rj:_:,d possible ;hatnumber of cases in higher ages with time, as seen in
transmission in the present time did not come OWnBangalore rural arég did not occur in the New Delhi

sufficiently largely to be reflected in ARI. It needs area. This was interpreted to be due to a significantl
to be kept in mind that the treatment of S+ cases was P g y

not energetic enough under the routine NTP treatmenfefOIUCIng populatlgn SIZE n .the area, in the agebgrokup
regimens, as pursued in the study areas. Even thoug?l 45+, compared to t_at in survey I, 30 yr back.
it had salutory effect with regard to the breakdown Nflux of wage earners in younger group and exodus

from X+ class, in the manner of secondary Of those in higher age (possibly considered to be
chemoprophylaxis it could not reduce S+ caseWithout ostensible economic worth) from out of city

incidence/prevalence as a whole, and consequentl2rea, was the essential demographic feature in the
the ARI for the area. New Delhi city are&. This was not observed to be

so in the rural areas of Bangalore, possibly causing
Trend in an urban ared&Findings from a study carried the difference in the nature of epidemiological
out in the New Delhi TB Centre area (NDTBC) are pooling of cases by age with time, between the areas.
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(iii) There was considerable decline in prevalenceper cent of the S+ cases on register completing
of X + cases at later compared to the earlier surveysreatment, their sputum results unavailable.
(Survey I: 13.2, Survey VII, VIII: 6.5 and 5.4 per Incomplete treatment, if taking place in these cases
1000). year-to-year, could have prevented death, not

ensuring sputum negativity though (Annual case

(iv) The X+ cases of earlier surveys had the highesgatgjity 3.7% among the cases on record since 1988,
rate of breakdown into C+ cases subsequently, thigg against the likely rate of over 20 per cent among
being the highest risk group. The reduction in rate ofihe cases in an area without an organised
incidence from among X+ cases with time, as yrogrammé, the latter taken to represent the natural
observed in Chingleput study was not observed ingynamics of tuberculosis). In all likelihood this
New Delhi. cumulation of cases over the years had returned the

(v) Data on sputum smear positive (S+) cases asmbal community, ~back to where their

well as on infection rates (ARI) were not studied in epldemlologlcal trend originally was, mfac.t muqh
worse than it was, before 1986. The force of infection
these surveys.

of the relatively fresh cases all diagnosed afresh after

1986, must have caused an escalation of ARI as well,

the incidence cases being more prone to cause higher
transmission of infection in the community.

Trend in a tribal area Car Nicobar is an island in
the Bay of Bengal, with a total population of 15,575
residing in 15 villages. An intensified tuberculosis
control project was launched there by the Island o _ o
Administration in 19864 All S + as well as C+ Similar trend reversal from a tribal community in
prevalence cases were detected on house—to—hous%reenland8 has been obgerved._ Obviously,
survey and treated adequately. Children aged 5+ y rogrammes need to be continued with an accepted

were given chemoprophylaxis for six months after evel of efficiency fgr a long engugh time. Lack of
tuberculin testing and those 0-4 yr given BCG advocacy and priority could be important causes of

vaccination. Infection prevalence was 10 per cen attenuation of epidemiological trend in a community.

among the 0-14 yr old (Table XllII). The prevalence rends of reduction in a community, achieved
gwough care and effort as in Car Nicobar, could be
rate of S+ cases was 4.1 per 1000 and X + case, 7.
. rudely halted or reversed through lack of
per 1000. At the end of a nine month short course ~." " 7 .
rioritisation at a later stage. This could be seen even
chemotherapy 94 per cent of S+ cases were sputurﬁ . ;
) . in the most developed countries, as in J&pan
negative. At a resurvey after a 16 month period, no
fresh infected children were detected by the
differences of reactions methd&. Number of new ~RECENT FACTORS THREATENING
S+ cases arising in the area in the period of 16 month§SCALATION
was only a third of the previous prevalence.{ in
conformity with NTI survey®). The intensive Tuberculosis and HIV/AIDS
programme was then discontinued at a time when

there was no observed cumulative prevalence and n@yisease burden for HIV/AIDS he first case of AIDS
fresh infection taking place in 16 months. At this i |ndia was reported in 1986. As per estimates
point, the NTP was implemented, leaving the routineprovided by the WHO/UNAIDS, together with those
district tuberculosis programe (DTP) to operate in developed through the use of data available with the
the area. The survey in the area has been repeated National AIDS Control Organisation (NACO) in
2001-20023. India, the current prevalence of HIV infection in India

. .. could be as follows: 1998 : 3.50 million; 1999 : 3.70
It appears from treatment records, available with,.,:51- 2000 : 3.86 million: 2001 : 4.00 million.

the local health authorities that over the years, the

programme was not maintained in the island. ) ) )

Investigation and follow up of cases diagnosed from Ccurrently, the estimated HIV infection rate among
year-to-year since 1988 in the area, showed only éJeneral population in 15-49 yr of age is 0.7 perZent
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HIV infection has crossed 2 per cent in Mumbai andduring the period, under a favourable HIV situation
is more than 1 per cent in Hyderabad, Bangalore andut without an RNTCP, with the requisite expansion
Chennai. This shows that it is not merely the and adequate efficiency. However, with the worst case
population groups, manifesting special behaviourscenario of high rise of HIV and slow expansion of
alone, but the general population at large, which iISRNTCP, the cumulative number of cases could be
progressively at the risk of getting infected. 46 million by 2020,.e., more than double, with the
spectre of a 20 per cent rise in the incidence of fresh
The escalating HIV-TB situatiofuberculosis is the  cases of tuberculosis(Table XIV).
only AIDS-related opportunistic infection that

significantly affects people not infected with HIV. Tuberculosis and multi drug resistance (MDR TB)
People infected with tubercle bacilli and HIV are 30 | iy« HIV-AIDS. threat perception due to occurrence
times more likely to deve_lop active t_uberculosis in_a of multidrug resistance has assumed considerable
given year, _than those mfepte_zd W'f[h tUberCUIO,S'Sgravity in constructing the epidemic situation analysis
alone. The risk of tuberculosis infection progressing and appropriate intervention. In a recent review of

to active_tuberculosis 'S estimated to be 8 per C€Mthe Indian situatiot, eminent workers from the TRC,
peryear in an HI\_/ p(_)smve_ person, as opposed to 10Chennai, have concluded that the magnitude of the
per cent I'f? time risk in an mmunocompetgnt Ioerson’drug resistance problem is principally due to acquired
!nfected. with tuberculosis, (r'10n—H.IV). This resultg resistance (replaced in recent times by the term drug
in greatlng a larger pool of infectious tuberculosis resistance among previously treated cases). In
patients". Gujarat, the patients with treatment failure or
relapses, had shown an increased rifampicin
Studies in India show that the proportion of HIV resistance from 2.8 per cent (1980) to 37.3 per cent
seropositivity in tuberculsis patients in hospitals in jn 1986, and isoniazid (INH) resistance from 34.5 to
Chennai and in Mumbai has risen from 2.6 per cents5.8 per cent. MDR TB was of the order of 30 per
in 1988-89 to 15.28 per cent in 19990n the other  cent. In New Delhi, a similar extent of acquired drug
hand, it has risen in Pune from initial level of betweenresistance was reported. Institute of Thoracic
3.25 and 3.6 per cent in 1991 to about 20.1 per ceninedicine in Chennai had shown acquired resistance
in 1996. A study from Tanjavur (Tamil Nadu) rural of about 63 per cent among patients from District
areas reports a rise in HIV seropositivity among Tuberculosis Centres of Tamil Nadu. Resistance to
tuberculosis patients from 0.59 per cent in 1996 to|NH and rifampicin (MDR TB) was of the order of
8.89 per cent in 1999 20.3 per cent. It was considefédhat initial drug
resistance in India (freshly defined as, drug resistance
HIV-AIDS - TB-interface: epidemiological situation among new cases) could be at a lower order than
and intervention From the global model on spread Similarly placed countries globally, as distinct from
of HIV-AIDS and how it could be affecting the acquired drug resistance situation given above.
tuberculosis epidemic in India, it is derived by There could be 5-10 per cent resistance to INH,
Williams®2 that under the hypothetically simulated 2-11.45 for streptomycin and nil for rifampicin in
scenario of even the best possible expansion rate ankdidian children. This could be reflecting the primary
the most effective implementation of RNTCP in drug resistance problem in the Indian context, and
India, together with the best possible situation of athere could be no immediate cause for alarm on this
low HIV-spread, there could still be a rising number Scoré=.
of tuberculosis cases in the country (Table XIV). The
number of tuberculosis cases could still be higher by  The situation thus could be interpreted thit (
59 per cent by 2020 (cumulative no. of incidence 21there is inadequate and inappropriate treatment, both
million). The above situation could be seen as bettelin private and public, including the NTPijj)( the
than an alternative worst possible case scenario withsjituation has caused high levels of widespread drug
a likely rise in tuberculosis incidence by 82 per centresistance in previously treated patients; amjl the
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acquired drug resistance has not so far caused primaryarious efficiency variables of programme delivery
infections to be causing alarm, inspite of the NTP has already been commented upon. This is the first
being operative for over four decades and more. It ismathematical model to study disease trend of
possible that drug resistance in tuberculosis patientsuberculosis in India. However, the model was meant
is less prone to cause transmission. This may, to afor decision making on alternatives rather than on
extent, explain the phenomenon that high levels offorecasting the disease situation. Further, it also did
acquired drug resistance is a disconnected observationot make the equations available, in a manner that
from a situation of no escalation in ARI and the initial other set of variables could be used in forecasting.
resistance being still low in the community. Clearly, with the change in the nature of the
programme and in the hypotheses oscillating around
ASSESSING TUBERCULOSIS THROUGH it, there is a felt need today for forecasting the
MATHEMATICAL MODELING: situation with the help of model constructs. One needs
to construct situational variables owing to
introduction of DOTS, the attendant HIV problem, a

the global context, the process of mathematicallyf@St-paced programme expansion along with a
estimating the impact of the strategy of DOTS, is changed face of programme delivery with higher
possible nowMurray and Solomaoiss evaluated a private participatioretc. The rt_acent_work to cons_truct
range of extensions to global control strategies in@ model to address the InQ|an situation, carried out
terms of their potential effects on tuberculosis Under the World Bank auspices by the present author
incidence and mortality, by regions of the world, from @nd associates, is a progress in that direction
1998 to 2030. The impact of each of the likely items (Unpublished document).
of the DOTS strategy are evaluated separately and
incrementally. They have concluded, that globally, As stated earlier, the NTP and the RNTCP are
171 million new cases and 60 million deaths areSimultaneously operating in India since 1993 as state
expected in the best possible DOTS scenario and 249ontrolled antituberculosis intervention processes.
million new cases and 90 million deaths in the worst These operate subject to their own dynamics of
case scenario, by 2028. Uncertainty prevails ondelivery, along with the attendant variables with their
outcome estimates for Asia. In the model by @ye respective ability to place tuberculosis patients in the
al®®, it is shown that the potential effect of community, on treatment, and their outcome. This
chemotherapy delivered as DOTS on tuberculosis idhas created, and will be creating in time, several
greater in many developing countries now, than itartificially induced epidemiological classes (or
was in developed countries years ago. The potentiagroups) in the community by age sex, socio-economic
needs to be realised fully. parameters, demographic distributions with time.
Such classes will come into reckoning, besides, on
It is forecast that without greater effort to control the behaviour of the population, their access to the
tuberculosis, the annual incidence of tuberculosisdiagnostic and treatment facilities available within
disease is expected to increase by 41 per cent, betweemd outside the intervention programme and the
1998 and 2020 (from 7.4 to 10.6 million cases perdynamics of operations within the latter. The number
year) in view of the HIV AIDS/TB epidemic. It is of classes and their interdependence could be much
envisaged that DOTS would save a greater proportiormore complex than under the natural dynamics, as
of deaths than lower the incidence of cases. Thedentified and estimated by Gotkt aF’, from the
proportion of difference is bigger in the presence oflongitudinal survey data of the NTI, Bangaltren
HIV- 1. the final analysis, however, the epidemiological
implementation of the national programmes depends
Tuberculosis modeling in the Indian conteXhe on the “Cure”, (or, achievement of a durable state of
tuberculosis model developed at the NT1in 1982  sputum negativity, following antituberculosis
to study the natural trend and that on sometreatment) and prevention of death. The latter, along
hypothetical situational outcomes created throughwith the freshly occurring cases in a period, would

Tuberculosis across the globe through modeliimg
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Table XV. Varying epidemiological observations by areas in India

Worst case-scenario Best case-scenario
Areas Chennai slum, Bangalore area
Wardha district (Urban slum and rural)

Nicobar tribal

Urban-rural distribution High in urban pocket No difference
ARI (%) Around 3.0 1.0

Infection prevalence (%)

Age group 0-4 yr >7 (), 2-3 (R) 2-4

Age group 5-9 yr 22.0 (U), 15.0 (R) 8-12

Disease incidence 3.0 (U) 1.0

(Per thousand per year)

Type of disease i) Disseminating forms
(Lymphadenopathy predominant
4-6 per thousand)

i) Pulmonary TB Pulmonary fibrotic
(Remnant of primary)
iii) Spine TB

TB mortality in children
(Less than 4 yr age) Very high, more than 230 About 50
(per hundred thousand)

U, urban; R, rural
Source Ref. 58

tend to increase the load and the cure would dent than epidemiological statement of the disease state in
load of existing, as well as freshly occurring India, in an ongoing manner, by regions/states.
tuberculosis cases in the community.
Conclusion

The present mathematical model prepares the
initial disease state as caused due to programme The likely estimates on the tuberculosis problem
delivery process and the respective efficiency levelsin India, expressed both as average rates (with range
of various components under it with time. The for 95% confidence intervals) and the absolute
itinerant size of the classes and the fractional changeaumbers, are discussed based both on rates from
in them, caused through processes of transfersndian survey results, as well as on the basis of global
between classes together with the directional forcegonsensus statements. It also presents disease rates,
responsible for these, are expressed in mathematicalfter adjusting for under and over diagnosis made in
denominations, called “Symbols” and “Vectors” the surveys, from which the rates are derived,
respectively. Persuaded by an unavoidably largedepending on the survey method used. It could be of
number of variables, 47 model vector states and 2@onsiderable significance in this context to note that
mathematical equations are conceived. These arghe adjusted rates for culture-positive cases could be
intended to measure the effect of intervention, causingas high as 6.0 per thousand and that for radiologically
changes in the size of the respective classes, includingositive cases, about 3.0 per thousand, on the average.
that of “cure”. The equations await simulation/ The rates are recommended to be used for estimation
validation in due course. It could pave the way for of the burden for the purposes of resources



274 INDIAN J MED RES, OCTOBER 2004

mobilisation and advocacy. It is also suggested thapriority setting. It cites specific instances of escalation
for ongoing evaluation of programme effectivity, of the tuberculosis situation, especially among two
instead of average rates, as in use for the vast countryribal population groups, one being in India (Car
under RNTCP, alternative rates for the given aread\icobar). It also suggests that baseline ARI studies,
corresponding to their identification as having the as are being currently completed throughout the
best and worst possible disease scenario, could beountry, could be repeated in due time to obtain a
more desirable to use. The hypothetical diseasdrend in the tuberculosis situation, subject to various
situations, for the best and worst possible casdevels of the intervention efficiencies. Small
scenarios, as per information available for some areagyopulation sizes, as required for infection surveys,
is depicted in Table X¥. Some economic indices in make such studies possible to conduct and these could
the nature of physical quality of life indices (literacy Yield valuable information. The role of monitoring
rate, life expectancy at birth, maternal mortality rate of the programme dynamics and its use in assessing
and infant mortality rate), as developed from censusthe changes in the epidemiological classes in the
data, could also be used along with AR, to classify COmmunity, brought about by a successful application

areas for the purpose of app|y|ng average indice@f the programme iS aISO discussed. The I|ke|y thl‘eat
(virtual targets) for monitoring. perceptions due to HIV-AIDS/TB and MDR TB are

reviewed. The possible use of mathematical

Over comparatively shorter periods of observation™M0deling, as a tool in the hands of epidemiologists
of the natural dynamics in the NTI-longitudinal (O forecast long-term trend is also described.
survey® or the TRC study in rural Tamil Naéu
tuberculosis appears to be having a near steady state
in India“. Evidences are available to permit one to 1. Dolin PJ. Raviglione MC, Kochi A. A review of current
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