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001: SAMPLE SIZE REQUIREMENTS FOR
TUBERCULOSIS SURVEY

VK Chadha, MS Krishnamurthy and R Channabasavaiah:
NTI Bulletin 1996, 32, 3-5.

Information on the epidemiological situation of a
disease is vital for instituting appropriate control strategies
and also to evaluate the impact of these measures. TB
disease surveys are operationally too difficult and
monitoring data of DTPs in the country does not provide
the requisite information on epidemiological situation of
the disease.  Hence epidemiological indicators like the
ARTI are used to provide information on the situation of
TB in a community. The ARTI is derived from the observed
prevalence of infection obtained by tuberculin testing in
children below 10 years of age without BCG scar.
Estimation of ARTI needs a much smaller population to
be investigated than that required for disease surveys and
hence is feasible and affordable. The primary requisite to
obtain a reliable ARTI estimate is an adequate sample size
of representative children.  This paper discusses the various
factors involved in estimation of sample size for tuberculin
surveys.

The parameters to be considered for sample size
estimation are : expected prevalence of infection in the
study population, desired precision, cluster size and design
factor.  The choice of the study subjects  are BCG
unvaccinated children below 10 years of age. The expected
prevalence of infection can be obtained from data of earlier
studies carried out in the same or adjacent areas or from
characteristically similar areas. A level of precision of 10%
is desirable but in case of resource constraints it may be
reduced to 15%.

The formula used for estimation of sample size
is: n=Z2

1-∝ /2
(1-p)/∈ 2p, where n is sample size, ∈  the relative

precision, p the expected prevalence of infection, α the
level of significance and z the standard error. The sample
size has to be modified for cluster sampling by multiplying
it with the value of the design factor (D). The design factor
is estimated from the data of previous tuberculin surveys
of similar design; if it is not available, D has to be
approximated.

The estimated sample size for varying expected
prevalence between 5-10% and relative precision between
10-15% has been provided in a tabular form in the paper

EPIDEMIOLOGY

e.g: a sample size of 6915 children would be required for
an expected prevalence of 10% with a relative precision
of 10%.  The sample size required for repeat surveys for
estimating ARTI would depend on the expected change in
the intervening period.
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002: EPIDEMIOLOGICAL INDICATORS OF
TUBERCULOSIS

VK Chadha: NTI Bulletin 1996, 32, 31-36.

Epidemiological information on TB is essential for
the formulation of appropriate control strategies. In
developing countries, as health information systems do not
provide reliable and accurate estimates of the disease
situation, several epidemiological indicators are used for
estimation of the burden of TB and assessment of its trend.
Epidemiological indicators of TB, methods of their
estimation and their observed rates in India are discussed
in this article.

Prevalence of TB infection : This represents the
proportion of individuals infected with M. tuberculosis at
a given point of time and is expressed as percentage. It is
measured through tuberculin surveys in a representative
sample of individuals without BCG scars (usually children
between 0-9 years). In India the prevalence of infection in
the age group 0-9 years varies between 5-10% and about
40% of the entire population (all age groups combined) is
infected with M. tuberculosis.  The prevalence of infection
increases with age and is higher in males.

Annual Risk (incidence) of Infection (ARTI) :
ARTI is defined as the probability of acquiring new
infection with M. tuberculosis during the course of a year.
It expresses the overall impact of various factors influencing
the transmission of tubercle bacilli.  In the direct method,
the ARTI is estimated by performing tuberculin test in a
representative group of children on two occasions separated
by a time interval and the proportion of tuberculin
converters is estimated to calculate the annual incidence
of infection. In the indirect method, the ARTI for a given
period is calculated from the prevalence of infection among
children of a given age.  In this method ARTI can be
estimated through a single tuberculin survey and is generally
preferred over direct method.  The ARTI in India varies
between 1 to 2.5%.
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Prevalence of disease : This represents the burden
of TB disease and is defined as the number of existing
cases at a given point of time which is expressed as
proportion per unit population.  Prevalence of disease is
estimated through disease surveys which entails screening
of a representative sample of the population using chest
X-rays and subjecting those with abnormal X-rays to
sputum microscopy and culture. The screening method
could also include identification of chest symptomatics for
further investigations. It is very difficult to obtain estimates
of the prevalence of extra pulmonary cases in a community.
The prevalence of bacillary TB in India is estimated to be
4/1000 population.

Incidence of disease : It is defined as the number
of new cases occurring over a given period of time and is
expressed as a rate per unit population. Incidence of disease
indicates the recent trend in the community.  In developed
countries, Annual TB notification rate represents the
incidence of TB.  In developing countries where case
detection rates are low, repeat disease surveys can help in
estimating the incidence of the disease.  Incidence of smear
positive TB is a key epidemiological indicator for
evaluation of the overall TB situation and can be indirectly
estimated from the estimates of the ARTI.  For every 1%
ARTI, the incidence of smear positive TB cases is estimated
to be 50 per lakh population per year.  In India, the
incidence of smear positive pulmonary TB is about one
third of the prevalence.

Tuberculosis mortality rate : It indicates the
proportion of individuals in the community who die because
of TB during the course of one year.  In the pre-
chemotherapy era, the TB mortality rate was used as an
indicator to assess the disease trends in the community.
The age distribution of new cases and TB deaths also
provide an assessment of the epidemiological  trends of
TB

Disability Adjusted Life Years (DALYs) : This is
a new epidemiological indicator that measures the burden
of disease in terms of loss in healthy life years from
premature death as well as disability.  One DALY is equal
to one lost year of healthy life.  Standard schedules of
expectations of life can be used for obtaining number of
years of life lost as a result of death at each age. Unequal
weights are given to value of life at each age : time lived
in middle age is weighted as more important than extremes.
The time lived with a disability is made comparable with
time lost due to premature mortality by defining 7 classes
of disability severity ranging from 0 (zero) for perfect

health to 1 (one) for death. However, accurate data on the
cause specific mortality by complete registration of vital
events, precise death certification, incidence of disease,
average age of onset and duration of time lived with
disability are required to report in terms of DALYs.  In
India, TB accounts for 3.7% of total DALYs and is the
largest single cause of loss of DALYs in the productive
age group of 15-59 years.

Key Words: Epidemiology; Indicators; ARTI; Incidence;
Prevalence.

003: PREVALENCE OF UNDER-NUTRITION
AMONG PERI-URBAN CHILDREN AND ITS
INFLUENCE ON THE ESTIMATION OF ANNUAL
RISK OF TUBERCULOSIS INFECTION

VK Chadha, HV Suryanarayana, MS Krishnamurthy, PS
Jagannatha and AN Shashidhara:    Indian J TB 1997,
44, 67-71.

In developing countries the ARTI is one of the key
epidemiological indicators for assessment of TB situation
in a community.  It is derived from the prevalence of
infection, obtained by subjecting a representative sample
of children, preferably below 10 years of age, without
BCG scar to tuberculin testing.  Since the size of tuberculin
reactions is likely to be affected in undernourished children,
the estimates of ARTI may be influenced by the proportion
of ‘undernourished’ children in the study group. Therefore,
the data from a survey carried out among children residing
in a peri-urban area to estimate the prevalence of TB disease
and infection was analyzed to study the influence of under-
nutrition on the estimates of ARTI.

The survey was carried out between 1990-1994 and
all children aged 0-14 years residing in 60 randomly
selected villages located between 19-21 kilometers from
the centre of Bangalore city were registered for the study.
The children were subjected to clinical examination,
assessed for the presence or absence of BCG scar and
their height and weight was measured. Investigations like
X-ray, sputum examination, and tuberculin test were
performed using standard procedures.  Nutritional status
of the children was assessed using Quitlet’s method
(Method A) and Weight for age (Method B). Of the total
registered children, 12,218 were 1 to 9 years of age.  Among
them, 10,400 were tuberculin test read and 4,575  (44%)
children without BCG scar constituted the study group.
Classifying the children for nutritional status with reference
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to ICMR data for healthy south Indian children by Quitlet’s
Index and weight for age, about 30% were found to be
undernourished. Severely undernourished children
constituted 2.6% of the total study population.

Based on the frequency distribution of tuberculin
reactions, 5% of the overall tested children were found to
be reactors at 20 mm (longitudinal diameter) demarcation
level.  The proportion of reactors was higher among
‘normals’ (5.6% by Method A and 5.5% by Method B ).
The value of ARTI, estimated from the proportion of
reactors among ‘normals’ so classified by method A and
method B was 1.03% and 1.01 % respectively.  ARTI
computed from porportion of reactors among ‘over all study
group was 0.92 %.

Thus, with 30% of the children in the study group
being undernourished, ARTI was under-estimated   by about
9 to 11 %. The influence of under-nutrition on estimation
of ARTI may vary in different communities depending
upon the prevalence of under-nutrition. This aspect should
be kept in mind while comparing ARTI rates between
different communities of varying socio-economic status.
Due consideration should also be given to any change in
the nutritional status occurring in a community over a period
of time while evaluating the impact of control measures.

Key Words: Under-nutrition; ARTI; Tuberculin Test;
Quitlet's Method; Weight for Age.

004:  GLOBAL TRENDS OF TUBERCULOSIS - AN
EPIDEMIOLOGICAL REVIEW

VK Chadha: NTI Bulletin 1997, 33, 11-18.

Knowledge of epidemiological situation of TB in a
community is vital for planning and execution of control
measures, as any change in disease situation has direct
relevance to the methods adopted for control. Information
on the epidemiological trend of a disease in the community
gives an insight into its behavioral pattern over a period of
time and enables us to assess the impact of intervention
programmes and also to foresee the likely future scenario.
This article dwells on the epidemiological trends of TB
since the pre-chemotherapy era to the resurgence in
developed countries and further worsening of the problem
in many developing countries.

Tuberculosis deaths in the developed countries like
England, Czechoslovakia, Norway, Netherlands and USA
have declined since the turn of this century. A decline in
the ARTI during this period was observed in several
European countries during this period.  Pasteurization of

milk in the 1940s in most European countries led to a
marked reduction in the transmission of bovine TB. Since
chemotherapy was non-existent during this period and BCG
vaccination did not affect transmission of infection, this
trend in developed countries may be inferred as natural.
Information on the TB situation in developing countries
during the pre-chemotherapy era was scarce, though the
available data suggests there was no downward trend in
the TB problem.

The advent of chemotherapy in the mid-forties
heralded a rapid fall in the TB mortality and the ARTI in
the developed world.  Improvement in living standards
and TB control activities did lead to a reduction in ARTI
in some developing countries.  However, in most
developing countries the scourge of TB continued unabated
and this was largely attributable to low case finding
efficiency and poor treatment programmes.

The advent of the HIV epidemic in the mid-eighties
reversed the notion of TB being conquered in the developed
world.  The HIV epidemic also fuelled the TB problem in
the developing countries where most young adults are
already infected with the tubercle bacilli. As per WHO
projections the maximum increase in HIV sero-prevalence
was to be witnessed in the developing countries of Asia
and Africa.  The problem of MDR-TB which was thought
to be an insignificant one outside USA was beginning to
affect developing countries like Thailand.

Tuberculosis accounts for about 3 million deaths
annually, the largest by any single pathogen. Most of these
deaths are in the developing countries.  In 1995,
approximately 8.8 million new cases of active TB cases
were expected to occur.  India and China together contribute
to 44% of the total global incidence.  Most of these deaths
occur in the productive age group and TB is the largest
single cause of loss of DALYs. Presently, the ARTI in
developed countries is estimated to be between 0.01 to
0.1% while in developing countries it varies from 1 to 2.5
%.

Assuming that the efficiency of the TB control
programmes remains at current level, projections were made
for the likely increase in the incidence of TB by 36% in
2000 and by 58% in 2005 compared to that of 1990.

The global TB situation is expected to worsen in
the immediate future.  Intensive and sustained efforts are
required to decrease the reservoir of infection. WHO has
declared TB a global emergency and has laid down targets
of 70% case finding and 85% cure rate of those detected
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in developing countries, in order to achieve a reversal in
the current epidemiological trend of TB.

Key Words: Trends; Mortality; Incidence; ARTI; HIV.

005: RATIONALE AND A METHODOLOGY FOR
ESTIMATION OF ANNUAL RISK OF INFECTION
OF TUBERCULOSIS IN URBAN AREAS

VK Chadha and MS Krishnamurthy: NTI Bulletin 1997,
33, 50-55.

Baseline information on the situation of a disease
in the community is vital for drafting appropriate control
measures and for evaluating the effectiveness of the control
strategies.  Estimation of the ARTI is the accepted tool
world wide for assessment of the epidemiological situation
of TB.  It also provides an indirect estimate of incidence
of smear positive cases.

The article gleans through all the aspects of the
methodology for the estimation of ARTI in urban areas
right from the identification of the study population,
sampling technique, choice of tuberculin, field procedures
to the analysis of the data obtained from the study. The
desirable study population is school entrants aged 6 years
without BCG scar.  However, it should be ensured that the
proportion of children attending school is representative
of all children of that age group in the community.  Also,
it is desirable to ascertain the proportion of the study
population in a community with BCG scar in order to
estimate the average number of children likely to be
available in a school.  The sample size is determined in
terms of the basic sampling unit, which are school entrants
aged 6 years without BCG scar and then translated into
appropriate number of clusters.  The term cluster denotes
a school. A single stage cluster sampling technique is used
and the required number of clusters for the study selected
by simple random sampling from the list of all the schools
in the urban areas selected for the study.  The sample size
(n) is calculated by the formula:

n
=
Z2

1-∝ /2
(1-p)/∈ 2p,

Where ∈  is the relative precision, ∝
 
the level of

significance, p the expected prevalence of infection and Z
the standard error of population proportion.  As this sample
size is applicable for simple random selection, it has to be
modified for cluster sampling with the design effect (D) in
order to achieve as precise an estimate as with simple
random selection of children.

The tuberculin testing is to be done using 1TU of
PPD RT23 with tween 80, procured from BCG laboratory,
Guindy and the standard procedures for testing and reading
are to be observed.  A pilot study may be undertaken to
streamline study procedures.  From histogram of the
tuberculin reaction size obtained from the study, the level
of demarcation between the infected and others is identified.
The prevalence of infection is estimated by a weighted
analysis by the formula:

p = ∑W
i
Y

i 
/∑W

i
X

i

Where Wi the weight attached to each cluster, Yi

the number of infected in a cluster and X
i
 the number

tested.  The average ARTI is calculated by the formula:

ARTI = 1-(1-p)1/a

Where 'p' is the prevalence of infection and 'a' is
the mean age of children included in the survey.

Key Words: Prevalence; Infection; ARTI; Single Stage
Cluster Sampling; Design Effect; Weighted Analysis.

006: TUBERCULOSIS DISEASE SURVEYS IN INDIA
- A PERISCOPIC VIEW

P Suganthi, AN Shashidhara and VK Chadha: NTI
Bulletin 1998, 34, 49-55.

This paper reports the studies on prevalence of
pulmonary TB conducted by various investigators in
different parts of the country at different time periods.
These are important in understanding the extent and
distribution of TB in the community.  Even though every
survey contributed knowledge on the extent and distribution
of disease that prevailed in the population, four surveys,
which have influenced the course of development of anti-
TB programme in India are significant.

The NSS in 1955-58 gave for the first time valid
information of the magnitude of disease in the country.
The prevalence of bacillary TB based on screening by
microscopy and culture varied from 2-8 per 1000
population in 6 defined zones in the country.  The average
for the whole country was 4/1000.

In the Tumkur survey conducted by NTI during
1960-61, symptomatic screening as well as screening by
x-ray was adopted and two sputum specimens were
examined.  The prevalence of bacillary TB was 4.1/1000.
Similar prevalence was observed twelve years later.  Using
similar methodology, the prevalence of bacillary TB varied
between 3.4 -4.06 per 1000 population in four rounds of
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surveys during the longitudinal study carried out in rural
Bangalore in 1961-68. It was 4.4 in 1984-86.  Several
rounds of surveys in a selected population of Delhi and
also in North Arcot revealed a similar prevalence.

A higher prevalence of about 10.7 bacillary TB
cases per 1000 was observed in 1968-71 in Chingleput
district during the TB prevention trial. Similar values were
later observed in Raichur and Morena districts during late
eighties and early nineties.

Prevalence of sputum negative PTB (suggestive on
x-ray) estimated during various studies has varied a great
deal partly due to variation in the technique of interpretation
of x-ray shadows.

The summarized findings of various surveys outlined
in the article would give valuable information on the burden
of TB in India.

Key words: TB Surveys; Prevalence

007: ESTIMATION OF ANNUAL RISK OF
TUBERCULOSIS INFECTION AMONG BCG
VACCINATED CHILDREN

VK Chadha, MS Krishnamurthy, AN Shashidhara, PS
Jagannatha and V Magesh: Indian J TB 1999, 46, 105-
112.

Studies on the ARTI are confined to children without
BCG scar on the premise that BCG induced tuberculin
sensitivity could affect the interpretation of test results.
This was in accordance with the observations made in the
early 1950s when the histogram of BCG induced tuberculin
sensitivity in school children was found to have a unimodal
distribution resembling that seen in the naturally infected
population.  Considering the fact that BCG vaccination
coverage under the UIP is on the rise, it would be
increasingly difficult to get an adequate number of children
without BCG scar for tuberculin surveys.  Therefore, the
present study was carried out with the objective of
investigating the possibility of identifying new infections
with M.tuberculosis by including BCG vaccinated children
into the study group for estimating the ARTI.

Tuberculin surveys in 16 randomly selected villages
in peri-urban Bangalore using 1TU of PPD RT 23 with
Tween 80 were carried out in 1990-94 (survey I) and 1996
(survey II).  The study population comprised of children
in the age group 0-9 years. Survey II also included all
children who were aged 0-9 years at survey I and were

available for the re-survey.  The maximum longitudinal
diameter of the indurations was recorded 48-96 hours after
the administration of the test.   The data pertaining to
1342 children with BCG scar and 815 without BCG scar
during survey I and 1471 children with BCG scar and 574
without BCG scar during survey II, were analyzed.

Two different techniques were deployed to examine
the feasibility of estimating the ARTI by including BCG
vaccinated children into the study group.  In the first
technique, the prevalence of infection and then the ARTI
was compared between children with and without BCG
scar. The estimates were made separately for the surveys
I and II and found to be similar in both the groups. In
other technique, the frequency distribution of differences
in the tuberculin reaction size between the two surveys
were plotted. In children with BCG scar, the sub group
showing an increase of > 15 mm from I to II survey were
found to cluster into a distinct group on the right side of
the distribution.  These probably represent the children
newly infected with M.tuberculosis during the intervening
period between the surveys.  It was concluded that the
ARTI could be estimated among BCG vaccinated children.

Key Words: ARTI; Vaccinated Children; Tuberculin
Survey.

008: TUBERCULOSIS AMONG AGRICULTURAL
WORKERS AND ITS CONTROL

P Jagota and VK Chadha: ROHC-WHO Training
Programme on Occupational Health in Agricultural
Sector 1999, Feb, 8-12, 5-11.

Tuberculosis is the world’s foremost cause of death
from a single infectious agent. The brunt of the disease is
borne by those in the age group 15-59 years.  An estimated
one-third of the world population is infected with
M.tuberculosis, with 95% of the cases occurring in
developing countries.  In India, there are 14-15 million TB
patients at any point of time, which is nearly one third of
the global burden of this disease.  TB largely affects adults
and thus has an impact on the economy of the country.   In
1950 Dr. Frimodt Moller carried out the first disease survey
in Madanapalle district and showed that TB was prevalent
in rural areas also.  The findings of the NSS (1955-58)
also showed that TB was equally prevalent in rural and
urban India.  About 5-6% of all deaths in rural India are
due to TB.  In rural areas social stigma is still attached to
the disease.
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In a study conducted in Pune district, one out of  3
TB cases was found to be in agricultural labourers and in
another study in Uttar Pradesh, one out of every 5 farm
workers suffered from some kind of respiratory disease
and one-fifth of the respiratory diseases were due to
pulmonary TB. Most agricultural workers have poor
nutritional status and live in poor housing conditions.  In
a study in Maharashtra, about half of the total disease
prevalence in the district was contributed by agricultural
workers.  On extrapolating the above data nationally, it
can be summarised that about 4 million agricultural workers
suffer from TB at any given point of time and 1 million of
them are infectious in nature and spread disease to their
family members, neighbours and co-workers.  All this has
serious consequences on the economy and the family, and
the effects of the disease on families engaged in agrarian
pursuits can be devastating both financially and emotionally.

The NTP is being implemented in the country as an
integral part of the general health services since 1962.
The NTI evolved this programme after conducting various
research studies with the objective of reducing TB deaths
and detecting and treating as large number of TB patients
as possible.  The basic organizational unit of NTP is the
DTP.  The activities under the DTP are: case finding,
treatment, management, recording and reporting.

It is a challenge to implement TB control activities
in rural areas as the health care infrastructure is poorly
developed in these areas.  Financial barriers preclude people
from seeking prompt treatment.  Patients are not properly
diagnosed and X-ray is heavily relied for diagnosis.
Irregular supply of drugs, low image of public health
services, lack of patient-doctor rapport and high cost of
care which include travel cost, loss of wages, doctor’s fees
and drugs are some of the issues that merit consideration.
The key staff of the DTC pay importance to clinical services
and pay little attention to management and supervision of
the programme in the district.  Less than 50% of the patients
adhere to the complete course of treatment.  These are
some of the constraints in controlling TB.  However, these
constraints can be addressed by adopting the DOTS
strategy.

DOTS is the only way of ensuring high cure rates
and brings about reduction in transmission of infection by
rendering infectious cases non-infectious.  The other
measures to intensify TB control efforts are, increasing the
financial support to TB control programmes,, increasing
awareness among public about the disease, strengthening

operations research and improving the functioning of the
existing health care systems, involving NGO’s and private
practitioners in the programme and last but not the least,
by improving the socioeconomic conditions of the rural
population which includes agricultural workers.

Key Words: Agricultural Workers; Constraints; TB
Control.

009: PREVALENCE OF PULMONARY
TUBERCULOSIS AMONG CHILDREN IN A SOUTH
INDIAN COMMUNITY

L Suryanarayana, HV Suryanarayana and PS Jagannatha:
Indian J TB 1999, 46, 171-178.

A study on prevalence of pulmonary TB was
conducted during 1991-94 among 20,063 children, aged<14
years, residing in 62 randomly selected villages situated
within a 5 km belt, beyond 19 km radius from the center
of Bangalore city. Of the 20,063 children, 17,477 were
subjected to elucidation of history, clinical examination
and tuberculin test with 1 TU PPD RT23 with Tween 80
and results read between 72-96 hours later. Of the 16,451
(94.1%), children test-read, 34.5% had tuberculin induration
(longitudinal diameter) of >10 mm; 20.1% were
undernourished; 3.2% had lymphnode enlargement and 4%
had history of contact with a case of pulmonary TB. In all,
6,075 children with the above criteria became eligible for
subsequent investigations. Of them, 1,798 (29.6%) children
aged <5 years were subjected to chest X-ray, while the
remaining (aged ≥5  years, 4,277(70.4%) were subjected
to bacteriological (smear and culture) as well as radiological
examination. From these examinations, a total of 50
radiological positive cases (11 from below 5 years and 39
from 5-14 years) and 17 bacteriological positive cases (14
culture positive + 3 smear positive) from children aged 5-
14 years were detected. The diagnosis of TB in children
obtained in this manner was found to be related to under-
nutrition, positive reaction to tuberculin and history of
contact. The prevalence of bacteriological cases was 0.15%
in the age group 5-14 years and that of radiological cases
0.3% in the age group 0-14 years. These were similar to
the prevalence observed in the initial round of the
conventional longitudinal epidemiological survey conducted
30 years ago as well as the one conducted among the slum
children of Bangalore city.

Key Words: Prevalence; Pulmonary Tuberculosis;
Children.
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010: TUBERCULIN SENSITIVITY IN BCG
VACCINATED CHILDREN AND ITS IMPLICATION
FOR ARI ESTIMATION

VK Chadha, PS Jagannatha and HV Suryanarayana:
Indian J TB 2000, 47, 139-146.

The traditional method of estimating the prevalence
of TB infection has been through tuberculin surveys, which
generally exclude BCG vaccinated children from analysis.
The authors opine that the exclusion of vaccinated children
could diminish the value of these surveys due to high
coverage with BCG vaccination under the UIP.  However,
there is little available information regarding tuberculin
sensitivity among vaccinated children. Hence the authors
reanalyzed the data of a study undertaken by NTI,
Bangalore conducted in 62 randomly selected villages
around Bangalore city between 1990-94 to study the
tuberculin sensitivity patterns among unvaccinated as well
as BCG vaccinated children and to determine whether ARTI
could be estimated among BCG vaccinated children.

A total of 13,291 children aged 0-9 years were
registered through house to house census and their BCG
scar status was ascertained.  Tuberculin test using 1TU
PPD RT23 with Tween 80 was administered and the
maximum longitudinal diameter of induration was measured
at about 72 hours.  No tuberculin survey had ever been
conducted in the study area prior to this study.  The analysis
was performed separately for each year of age, and for age
groups 0-4 and 5-9 years.  Relevant formulae were used
for estimating the prevalence of infection and computing
the ARTI from the prevalence.

A total of  11,132  children  (5107 aged 0-4 years
and 6025 aged 5-9 years)  were tested.  Children with
BCG scar comprised 68.2% of the test read population
aged 0-4 years and 47.5% of those aged 5-9 years.  Overall
68.9% of the children with BCG scar had either no test
reaction or reaction <10 mm in size.  In the 0-4 year age
group, a bimodal distribution of reaction size was observed
in unvaccinated children, though it was  not so in the
vaccinated children.  In the 5-9 year age group, the
distributions were bimodal in both vaccinated and
unvaccinated children.  The mode on the right side of the
distribution was at 25 mm in both the vaccinated and
unvaccinated 5-9 year old children.  Based on this mode,
the prevalence of infection was estimated to be 8.08% and
8.6% among the unvaccinated and vaccinated children
respectively and the respective ARTI rates were computed
at 1.12% and 1.19%.

Thus, in the event of non-availability of a sufficient
number of unvaccinated children for estimation of ARTI,
tuberculin surveys may be conducted among 5-9 year old
children by including vaccinated children into the study
group.  Similar studies need to be conducted among
children residing in other areas with diverse geo-climatic
conditions and varying rates of vaccination coverage with
similar or different strains of the vaccine to authenticate
the findings of this study.

Key Words: Tuberculin Sensitivity; ARTI Estimation.

011: SCORING METHOD FOR DIAGNOSIS OF
TUBERCULOSIS IN CHILDREN-AN EVALUATION.

L Suryanarayana and PS Jagannatha: Indian J TB 2001,
48, 101-103

A scoring method for use in screening children
suspected to be suffering from TB was suggested by a task
group of the IUATLD. It was proposed by the authors of
this article to validate the scoring to test its reliability.
Accordingly, NTI conducted a study to evaluate the
proposed scoring method for high TB prevalence regions,
by using different diagnostic parameters on the subjects
examined already in an earlier survey.  The study subjects
were children of 0-14 years age residing in 62 randomly
selected villages around Bangalore city.  Children with the
following criteria, either alone or in combination with others
were considered for the study - (i) tuberculin test induration
of ≥10 mm, (ii) under-nutrition according to Quitlet’s
Index, (iii) symptoms suggestive of TB, (iv) lymph nodes
enlargement and (v) history of contact with a case of TB.
Children below 5 years of age were investigated by MMR
of the chest while the older children were subjected to
sputum examination in addition to the X-ray.

The Scoring system suggested by IUATLD was
validated against Kenneth Stegen Jones Scoring system
for childhood TB and the radiological and bacteriologically
confirmed cases of the study mentioned above.

No consistency was observed in the number of cases
identified by different methods.  Application of the IUATLD
scoring system resulted in much over-diagnosis of
childhood TB.  The article concludes that various scoring
systems for diagnosis of TB in children need further
evaluation and modification.

Key Words: Scoring Method; Children; Diagnosis.
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012:  ANNUAL RISK OF TUBERCULOSIS
INFECTION IN BANGALORE CITY

VK Chadha, PS Jagannatha and SJ Savanur: Indian J
TB 2001, 48, 63-71.

The delivery of TB control services in big cities is
unsatisfactory owing to a plethora of factors like poverty,
changing demography, overcrowding, improper
management of cases in the private sector and the HIV
epidemic.  There is however, a dearth of data on the
epidemiological situation of the disease in cities and hence
NTI, Bangalore conducted a tuberculin survey to obtain
the baseline ARTI data on TB in Bangalore city between
1996-99.

A single stage cluster sample technique was adopted
for the selection of 161 schools by random sampling from
a consolidated list of Government-run and Government-
aided and Private schools.  The study subjects were 6 and
7 year old children attending the selected schools, who
were subjected to tuberculin tests following standard
guidelines.  The data of  9340 children (3687 without
BCG scar and 5653 with BCG scar) was analyzed.  The
frequency distribution of reaction size (maximum transverse
diameter) among children without BCG scar, with BCG
scar and the overall study group were plotted separately.
The antimode was not clear in any of the three distributions
though a bimodal distribution was evident in that pertaining
to the children without BCG scar.  The mode of reactors
attributable to tuberculous infection was observed at 22
mm, in children without BCG scar and was similar to that
obtained on tuberculin testing of 192 smear positive
pulmonary TB cases.  Therefore, the prevalence of infection
was estimated by mirror image technique using the mode
at 22 mm, in children without BCG scar and the overall
study group. The weighted prevalence of infection was
11.03% in children without BCG scar, 11.11% in children
with BCG scar and 11.10% in the overall study group.
The estimated prevalence of infection in children with and
without BCG scar was statistically similar.  The ARTI
computed from the prevalence estimates were 1.66% in
children without BCG scar and 1.67% both in children
with BCG scar and the overall study group.  The study
also indicated that children studying in Government run
and Government aided schools were more likely to be
infected than those attending Private schools.

The ARTI in Bangalore city was higher than that in
the surrounding peri-urban and rural areas suggesting the
need for improving the TB control measures.  Another fall

out of the study was the feasibility of including BCG
vaccinated children in ARTI studies.

Key Words: ARTI; Prevalence; Infection.

013: ANNUAL RISK OF TUBERCULOUS
INFECTION IN RURAL AREAS OF JUNAGADH
DISTRICT

VK Chadha, PS Vaidyanathan and PS Jagannatha: J Com
Dis 2001, 33, 231-240.

Accounting for a death every minute, TB continues
to ravage India.  India shoulders about one third of the
global burden of this disease. The knowledge of the
magnitude of the burden of TB in the community will help
public health planners in drafting appropriate control
measures. As TB disease surveys are prohibitively
expensive and TB infection is far more prevalent than the
disease, prevalence of infection and ARTI are the preferred
epidemiological indicators for assessing the situation of
TB in the community.  These parameters are computed
from the data obtained from tuberculin surveys in a
representative sample of young children because infection
with environmental mycobacteria is less common in them
and the infection in children is a good indicator of recent
levels of transmission of infection.  The ARTI indicates
the average probability of an uninfected person getting
infected or re-infected with M.tuberculosis during the
course of one year.  It is the earliest epidemiological
parameter to be affected following any alteration in the
TB situation in the community induced by changes in the
load of infectious cases and the efficacy of TB control
measures.

Insufficient epidemiological data on TB in India
prompted the NTI to embark upon a Nation wide survey
to estimate the ARTI in different parts of the country.  The
survey in Junagadh district, one of the 26 districts drafted
under the nation wide survey is reported in this paper.
Junagadh is a dry and arid district situated in the Saurashtra
region of Gujarat.  The field work in the rural areas of
Junagadh district was conducted in 80 clusters selected by
the PPS method.  A cluster in a rural area constituted a
village.  The field work was carried out from 1st February
2000 to 6th June 2000.  In each cluster 85 children of 1-
9 years of age were registered and subjected for tuberculin
testing and reading by standardized tuberculin testers and
readers.
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The analysis of 3,164 children not displaying scar
of the BCG vaccination showed that the prevalence of
infection was 4.16% (CI: 3.17-5.14) and from this data the
ARTI was computed as 0.73% (CI: 0.55-0.91).  The
inclusion of vaccinated children into the study group yielded
similar results.   The ARTI in Junagadh district is lesser
than that in several other parts of India which is probably
in consonance with its better socio-economic development.

Key Words: Epidemiological Indicator; ARTI; Prevalence;
Infection; Tuberculin Survey.

014: MIXTURE MODEL FOR ANALYSIS OF
TUBERCULIN SURVEYS

SJ Savanur, VK Chadha and PS Jagannatha: Indian J
TB 2002, 49, 147-152

Annual Risk of TB infection is one of the key
epidemiological indicators for assessment of TB situation
in a given community and also to assess the impact of
disease control programs.  The ARTI is estimated through
statistically planned tuberculin surveys among children
without BCG scar. In a given community, individuals
respond with different levels of tuberculin sensitivity and
can be broadly classified into 3 sub-groups, individuals
either responding (i) with no reaction or small size reactions
to tuberculin test, (ii) moderate size reactions and (iii)
larger reactions. Small and moderate size reactions could
be caused by M.tuberculosis or to environmental
mycobacteria or BCG induced sensitivity. Large reactions
are usually attributable to infection caused by
M.tuberculosis.

The estimation of prevalence of TB infection
requires determination of the proportion of the sub-group
infected with M.tuberculosis. The conventional method of
analyzing the tuberculin survey data consists of presentation
of tuberculin reaction sizes as a frequency distribution curve
and locating the anti-mode on the curve which is considered
as the cut-off point for identification of the subgroup
infected with M.tuberculosis. However, a clear anti-mode
is not always discernible, especially in communities with
high prevalence of cross-sensitivity to tuberculin.
Identification of the mode poses further problems in
communities with low prevalence of tuberculous infection.
Therefore, epidemiologists have to adopt other statistical
techniques for estimating the proportion of individuals
infected with M.tuberculosis with the highest possible

accuracy.   The technique of mixture model analysis is one
such possible statistical approach. The mixture analysis
has been used in other scientific fields for estimating the
proportions for various subgroups in a given distribution
but has rarely been used for analysis of health studies. The
present investigation was undertaken with the following
objectives: -

1. To estimate the prevalence of TB infection by mixture
model analysis of the data obtained in 4 tuberculin
surveys, of which 3 surveys were undertaken by NTI,
Bangalore.

2. To compare the estimates of prevalence of infection
obtained by mixture model analysis and conventional
methods.

The tuberculin reaction sizes in a given distribution
were assumed to represent a mixture of three subgroups,
each following a normal distribution.  The maximum
likelihood estimates of the parameters of the component
distribution and the proportion of the sub-groups in the
study population were obtained using EM-algorithm.  The
estimates of prevalence of TB infection obtained by mixture
model analysis were compared with the estimates based
on locating the cut-off point (anti-mode) or the mode of
reactions attributable to infection with M.tuberculosis.

In the 7 data sets from four tuberculin surveys
considered for the present analysis, normal distributions
were assumed for all three sub-groups.  The mathematical
fit to tuberculin reactions of the subgroups having no
tuberculin sensitivity followed right limb of normal
distribution with the percentage of reactors falling smoothly
with the rise in the size of reaction.  Various studies have
demonstrated that tuberculin reactions in the infected group
follow normal distribution.  The cross reactions may be
attributable, as explained above, to a variety of non-
environmental mycobacterial infections and to BCG
induced tuberculin sensitivity among vaccinated children
not showing BCG scar.  All these cross-reactions were
dealt with as a single normal distribution.  In the present
analysis the estimated ARTI rates by mixture method and
those based on mode or antimode were found to be
concordant.  These were exactly the same for the 4 data
sets and there were only slight differences for the other 3
data sets.

The mixture model analysis can be a very useful
tool for the analysis of data obtained from tuberculin
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surveys, especially when there is difficulty in identification
of the anti-mode or the mode of reactions attributable to
infection with M.tuberculosis.

Key Words: Mixture Model Analysis; Maximum Likelihood
Estimate; EM-algorithm; Prevalence; Infection.

015: ANNUAL RISK OF TUBERCULOUS
INFECTION IN RURAL AREAS OF UTTAR
PRADESH, INDIA

VK Chadha, PS Jagannatha, PS Vaidyanathan, S Singh
and Lakshminarayana: Int J Tuberc Lung Dis 2003, 7,
528-535.

The article pertains to the survey conducted in rural
areas of the districts of Rae Bareli, Hardoi and Jaunpur
located in the state of Uttar Pradesh  which was a part of
the study area in the northern zone of the nation wide
tuberculin survey. The sample size of test read children
was sufficient to make estimates of the prevalence of
infection specific to the rural areas of the aforesaid 3
districts. The objectives of the study was to estimate the
prevalence of infection among children without BCG scar
in the age group 1-9 years, compute ARTI from the
estimated prevalence and to compare the tuberculin
reactions among children with and without BCG scar.

The study was conducted in 86 villages of Rae
Bareli, 100 villages in Hardoi and 124 villages in Jaunpur
district between April 2000 to July 2001. The study
population were children aged 1-9 years who were
tuberculin tested with 1TU PPD RT23 with Tween 80
procured from BCG laboratory, Guindy and the maximum
transverse diameter of the induration were read after 72
hrs. The survey was conducted by a trained team of health
workers who were supervised by experienced team leaders
from NTI, Bangalore.

The proportion of children with BCG scar was 31%
in Rae Bareli, 26% in Hardoi and 30% in Jaunpur district.
The prevalence of infection was estimated in children
without BCG scar based on the cut-off point identified on
the histogram of reaction size. The exercise was done
separately for the 3 districts. The cut-off point separating
the infected children from the others was discernable at
13/14 mm in Rae Bareli and Jaunpur districts while it was
at 12/13 mm in Hardoi district. Prevalence of infection
was estimated for these different cut off points - 12, 13
and 14 mm. Using the cut-off point of 14 mm the
prevalence of infection in Rae Bareli district was 13.03%
(95%C.I-12.99-13.07), while in Hardoi it was 10.19% (95%

C.I- 10.18-10.20) and in Jaunpur it was 8.38% (95% C.I-
-8.37-8.40). The ARTI was computed from the estimated
prevalence and was 2.3% in Rae Bareli, 1.9% in Hardoi
and 1.5% in Jaunpur district. The results of the survey
from the 3 districts were pooled to study the trends in
ARTI with age. The risk of infection was observed to
follow an increasing trend with age. The analysis of the
data in children with BCG scar suggests the feasibility of
including them in tuberculin surveys to estimate ARTI.

The study was the first of its kind to be conducted
in any part of Uttar Pradesh and the estimates of ARTI
indicate a high rate of transmission of tuberculous infection.
This could be a fallout of the poor performance of the
NTP, unsatisfactory delivery of primary health care services
in general and low coverage of the population by the DOTS
strategy at present.  In the study, the risk of infection was
found to increase with age probably owing to the higher
risk of exposure with time but this aspect needs further
investigation. The prospect of the inclusion of BCG
vaccinated children in tuberculin surveys for estimating
ARTI should also be studied further though the results of
this study suggest that they may be included.  The article
concludes by emphasizing the necessity of drastic attitudinal
change in stakeholders towards the delivery of anti-TB
services and intensification of efforts to quell the disease.

Key Words: Infection; Annual Risk; BCG.

016: ANNUAL RISK OF TUBERCULOUS
INFECTION IN WESTERN ZONE OF INDIA

VK Chadha, PS Vaidyanathan, PS Jagannatha, KP
Unnikrishnan, SJ Savanur and PA Mini: Int J Tuberc
Lung Dis 2003, 7, 536-542.

Epidemiological information on the situation of TB
in many parts of India was by and large unknown prior to
the nation wide survey on the ARTI conducted by NTI,
Bangalore.  For the purpose of the survey, the country was
stratified into four zones (north, south, east and west),
each having about a fourth of the country’s population.
The survey was designed to obtain estimates of the average
ARTI in each of the four zones.  The article pertains to the
study conducted in the western zone.

The study in the western zone which comprised of
the states of Gujarat, Maharashtra, Rajasthan and Madhya
Pradesh was conducted between February 2000 and January
2002.  The sample size was estimated as 12,000 tuberculin
test read children without BCG scar residing in 600 clusters
– a cluster in a rural area being a village while that in the
urban, the census enumeration block.  Using appropriate
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statistical methods, the study was conducted in 418 rural
and 182 urban clusters located in the districts of Junagadh
(Gujarat), Nagpur, Thane and Ratnagiri (Maharashtra), Kota
(Rajasthan) and Jabhua (Madhya Pradesh).  The study
subjects were children between 1-9 years of age who were
subjected to tuberculin testing with 1 TU PPD RT23 with
Tween 80 procured from BCG laboratory, Guindy. The
transverse diameter of induration was measured after 72
hours. The field work was constantly supervised by
experienced team leaders from NTI.

The analysis was confined to children without BCG
scar and the histograms of the tuberculin reaction size
were plotted separately for the rural and urban strata.
Reactions equal to or greater than the identified cut off
point were considered attributable to infection with tubercle
bacilli. The proportion of infected children in the rural and
urban areas of each district was estimated as weighted
average of cluster proportions, with the weight being the
inverse of the initial probability of selection of the cluster.
The proportion of infected children in the rural and urban
strata of the entire zone was further estimated by combining
the respective district estimates, using the proportion of
district population (rural, urban) in the zone as the weight.
The zonal estimate of the prevalence of infection was
obtained by pooling the rural and urban estimates and the
ARTI was computed from the estimated prevalence.  The
data was analyzed using SPSS software.

In all, 48,473 children were test read and the
proportion of those with BCG scar was 52%. The data
pertaining to 22,259 children without BCG scar was
analyzed after excluding those with BCG scar, doubtful
scar status and those tested unsatisfactorily. The frequency
distribution of  tuberculin reaction size in children without
BCG scar was bimodal in both the rural and urban strata
with the mode of reactions attributable to infection with
tubercle bacilli at 20 mm and there was a suggestion of
antimode at 15 mm.  Therefore, all reactions ≥ 15 mm in
size were considered attributable to infection with tubercle
bacilli. The tuberculin reaction sizes among 594 smear
positive pulmonary TB patients revealed an identical mode
at 20 mm.  The prevalence of infection in western zone
was estimated at 9.3% (95% C.I.: 6.8-11.8) and the ARTI
computed from the estimated prevalence was 1.8% (95%
C.I.: 1.3-2.3).  The ARTI in urban areas was more than
that in rural areas.  There was no significance difference
in proportion of infected between boys and girls.

The results of the survey would serve as the baseline
data for evaluating the impact of disease control measures.

The estimated ARTI of 1.8% indicates a high rate of
transmission of infection in the community which is higher
than that in many developing countries.  The high ARTI
was in consonance with a poorly functioning NTP in the
past.  To alter the scenario, the case detection rates need
to be improved, DOTS strategy made universally accessible
and partnerships forged with NGOs and private
practitioners.

Key Words: Infection; Tuberculin Survey; Annual Risk;
India.

017: EPIDEMIOLOGICAL SITUATION OF
TUBERCULOSIS IN INDIA

VK Chadha: J Indian Med Assoc 2003, 101, 144-145

Epidemiological information of TB is essential for
drafting appropriate disease control strategies and is also
important for assessing the impact of intervention
programmes.

The NSS conducted by the ICMR on the prevalence
of PTB in 1955-58 provided valuable insights into the
disease situation in the community.  The prevalence of
sputum positive PTB was estimated at 4 per 1000
population which was similar in rural and urban areas and
was more in males especially in those above the age of 35.
The inputs from the study were of great help in formulation
of the NTP in 1962.  Similar results were obtained
subsequently from studies in Tumkur district (1960s and
70s), longitudinal study in Bangalore (1960s-80s) and field
practice area of New Delhi TB Center (1962-92).  A much
higher prevalence rate of 10.68 per 1000 population was
obtained in the Chingleput BCG prevention trial area.
There have been other studies on disease prevalence,
conducted in North Arcot, Wardha, Raichur and Morena
districts.

The incidence of sputum positive PTB was found
to be about one third of the prevalence in longitudinal
studies of NTI, Bangalore and Tuberculosis Research
Center (TRC), Chennai.

The ARTI is the key parameter for the
epidemiological study of TB in developing countries. The
author has comprehensively depicted the ARTI culled from
various ARTI studies conducted at different points of time
but predominantly restricted to pockets in southern India
with the notable exception of the nation wide ARTI study
undertaken by NTI. The ARTI obtained from these studies
varied between 1.4-2%.  The TB programme has assumed
the ARTI of 1.7% to fix targets for case detection.
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The mortality due to TB is not a good
epidemiological indicator in the post-chemotherapy era.
It is estimated that a person dies due to TB every minute
though the only study on TB mortality rate at the community
level which was revealed it to be 85 per lakh population
during the longitudinal study conducted by NTI

There are about 2 million new cases of TB occurring
in the country every year (0.9 million each of smear positive
and smear negative cases of PTB and 0.2 million cases of
extra-pulmonary TB).  The advent of the HIV epidemic,
drug resistance and rapid urbanization are expected to
worsen the TB situation.  However, with the strides made
by the RNTCP, there are good prospects of decreasing the
burden of TB in India.

Key Words: Epidemiological Information; ARTI.

018: ANNUAL RISK OF TUBERCULOUS
INFECTION IN THE NORTHERN ZONE OF INDIA

VK Chadha, PS Vaidyanathan, PS Jagannatha, KP
Unnikrishnan and PA Mini: Bull WHO 2003, 81, 573-
580

The NTI, Bangalore decided to conduct a nation
wide tuberculin survey to estimate the ARTI, as information
on the prevailing epidemiological status of TB was largely
unknown for most parts of the country. The paper pertains
to the study in northern zone, which was one of the 4
zones into which the country was stratified for the purpose
of the survey.

The northern zone comprised of the states of
Himachal Pradesh, Jammu and Kashmir, Punjab, Haryana,
Uttar Pradesh and Delhi. The computation of the sample
size and the sampling of the population to be studied were
determined using appropriate statistical techniques. The
study area consisted of 600 rural and urban clusters
(denoted by a village in a rural area and a census
enumeration block in an urban area) located in the districts
of Rae Bareli, Hardoi, Jaunpur, Gurdaspur, Kangra and
Delhi.

The fieldwork was conducted between April 2000
to August 2001. The study subjects were children between
1-9 years of age. In each cluster, 85 children were subjected
to tuberculin testing using 1TU PPD RT23 with Tween 80
procured from BCG laboratory, Guindy and the maximum
transverse diameter of induration was measured 72 hours
later. The field work was performed by a team of trained

health workers who were constantly supervised by
experienced team leaders from NTI.

In all, 45% of the test read children had a BCG
scar and it was more prevalent in urban children compared
to those from rural areas. The data pertaining to 25,816
children without BCG scar was analyzed and the frequency
distribution of the reactions among them plotted. Reactions
equal to or greater than the identified cut-off point were
considered attributable to infection with tubercle bacilli.
The frequency distribution of the reaction size was bimodal
with the mode of reactions attributable to infection with
tubercle bacilli at 20 mm and an anti-mode was apparent
at 14 mm. Similar distributions were obtained when
tuberculin reaction sizes were plotted individually for rural
and urban strata.  The mode at 20 mm was corroborated
by the identical mode obtained from the frequency
distribution of tuberculin reaction size among 493 test read
cases of smear positive pulmonary TB. Using the anti-
mode at 14 mm as the cut-off point, the prevalence of
infection in the zone was estimated as 10.3% (95% C.I.
8.4-12.2) and the ARTI computed from the estimated
prevalence was 1.9% (95% C.I. 1.5-2.2). Similar estimates
were made using the mirror image technique considering
the mode at 20 mm. The prevalence of infection and thence
the ARTI was more in urban children compared to those
in the rural stratum. Also a lower risk of infection was
observed in children between 1-4 years compared to those
between 5-9 years of age.

The results provide the baseline data on the
epidemiological situation of TB in northern zone. The ARTI
was higher than the estimates obtained from other
developing countries in recent times.  It was not possible
to comment on the contribution of the HIV epidemic.  The
estimated ARTI of 1.9% indicates the presence of a large
number of infectious cases in the community.  This may be
due to the unsatisfactory performance of the NTP which
was in vogue in large tracts of the zone. As the DOTS
strategy was available to only a quarter of the population
of northern zone it is important to make it fully accessible
to all, considering the fact that the areas covered by RNTCP
performed better in terms of case detection and cure.  The
intensification of the TB control measures on a sustained
long-term basis is necessary as no immediate respite from
the scourge is possible as the incidence of new cases will
continue to remain high in the near future due to the high
ARTI.

Key Words: Infection; Tuberculin Survey; Annual Risk;
North Zone.
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019: ANNUAL RISK OF TUBERCULOUS
INFECTION IN THREE DISTRICTS OF
MAHARASHTRA

VK Chadha, PS Vaidyanathan, Pratibha Narang, SJ
Savanur, DK Menderitta and Lakshminarayana: Indian J
TB 2003, 50, 125-132.

The article pertains to the survey conducted in the
rural and urban areas of three districts of Maharashtra:
Nagpur, Thane and Ratnagiri, which were a part of the
study area in the western zone of the nationwide tuberculin
survey undertaken by NTI, Bangalore. The sample size of
the test read children was sufficient to make estimates of
the prevalence of infection specific to these districts. The
ARTI was computed from the estimated prevalence of
infection among children aged 1-9 years.

The study area comprised of rural and urban clusters
(a rural cluster was denoted by a village and an urban
cluster was a census enumeration block) of the three
districts which were selected by PPS sampling.  The study
was conducted in 62 rural and 52 urban clusters of  Nagpur,
92 rural and 86 urban clusters of Thane and 69 rural and
3 urban clusters of Ratnagiri district between August 2000
– January, 2002 with the support of MGIMS, Wardha. The
study population was children aged 1-9 years.  They were
tuberculin tested with 1TU PPD RT23 with tween 80
procured from BCG Laboratory, Guindy and the maximum
transverse diameter of the reactions were read after 72
hours.

The frequency distribution of tuberculin reaction
size obtained from the rural and urban strata of each district
was illustrated separately and the anti-mode for
identification of infection with tubercle bacilli was located.
Reactions greater than or equal to the identified anti-mode
were considered attributable to infection with tubercle
bacilli.  In each strata, the prevalence of infection was
estimated in children without BCG scar and irrespective
of BCG scar based on the cut - off point identified on the
histogram of reaction size. All the distributions were
bimodal with the anti-mode at 15 mm.  All reactions ≥≥≥≥≥ 15
mm were therefore considered attributable to infection with
tubercle bacilli. The prevalence of infection in rural and
urban areas of Nagpur was 6.36 (CI: 6.34-6.38) and  8.47
(CI: 8.44-8.50) respectively, in rural and urban areas of
Thane district it was 8.08 (CI: 8.07-8.10) and 15.78 (CI:
15.75-15.80) respectively and 9.74 (CI: 9.71-9.77) in rural
areas of Ratnagiri.  The ARTI computed from the estimated
prevalence was 1.2% and 1.6% respectively in rural and

urban areas of Nagpur, 1.6% and 3.3% respectively in
rural and urban areas of Thane and 1.8% in rural areas of
Ratnagiri.  The data for urban areas of Ratnagiri was not
analyzed due to insufficient sample of test read children.

The ARTI estimates for the 3 districts were atleast
10 to 33 times higher than those reported from developed
nations. The estimated ARTI rates were found to vary
between the areas studied and were significantly higher in
urban compared to rural areas which could be attributable
to urban congestion, phenomenal population growth in
Thane city, mushrooming of slums, poor anti-TB services
and the possible contribution of HIV infection.  However,
effective and sustained TB control measures adopting the
DOTS strategy can bring the disease situation under control.

Key Words: Tuberculin Test; Reaction Size; Prevalence;
Tuberculous Infection; Annual Risk.

020: PPD RT23 FOR TUBERCULIN SURVEYS IN
INDIA

VK Chadha, PS Jagannatha, PS Vaidyanathan and P
Jagota: Int J Tuberc Lung Dis 2003, 7, 172-179.

Most tuberculin surveys conducted in India have
used 1TU of PPD RT23 with Tween 80 indented from
BCG Laboratory, Guindy, Chennai. The study was
conducted with objective of validating the use of 1TU
PPD RT23 with Tween 80 prepared by BCG Laboratory
Guindy from the freeze-dried seed lot procured from Statens
Serum Institute (SSI), Copenhagen.

The study was conducted between April 1998 to
August 2000 in two TB sanatoria located in Bangalore
City and rural areas of Bangalore district.  The study
subjects were smear positive PTB cases. The study subjects
were subjected to dual tuberculin testing as follows:(i) 75
cases were tested using 2TU PPD RT23 with Tween 80
dilutions prepared at Guindy (Dilution-G) and 2TU PPD
RT23 with Tween 80 dilutions prepared at SSI (Dilution-
S)-(Group I). (ii) 138 cases were tuberculin tested with
1TU and 2TU of Dilution-G- (Group-II). In addition to
the above 2 groups, 1430 apparently healthy children
between 5-9 years of age residing in rural areas of
Bangalore district were dually administered 1TU and 2TU
of tuberculin Dilution-G (Group III).  The test sites were
the volar aspect of the forearms which were allocated
randomly for the testing, using the double blind technique.
HIV positive cases and children with history of acute fever
or skin rash in the recent past were excluded from the
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study. The sensitivity of different dilutions were compared
using appropriate statistical methods. Also, the tuberculin
results of different surveys conducted in India using 1TU
PPD RT23 with Tween 80 were compared to ascertain if
there was any shift in the mode of reactions attributable to
infection with M.tuberculosis. The modes and means of
tuberculin reaction sizes in TB patients obtained from
different studies in India using 1TU and 2TU Dilution-G
and similar doses of Dilution-S in other countries were
also examined.

The data from 63 cases in Group I, 124 in Group
II and 1338 children from Group III was analyzed after
excluding those with unsatisfactory test and absentees for
reading. The differences in the sensitivity using the different
preparations were found to be small and statistically
insignificant. A higher proportion of reactions in the 10-14
mm and 15+ mm categories was observed in children to
2TU when compared to 1TU of Dilution-G . This could
lower the specificity of 2TU in our country where non-
specific sensitivity is common. Finally, studies in India
and other countries do not suggest any loss in potency of
1TU PPD RT23 with Tween 80.

The results of the study thus puts paid to rest various
contentious issues stemming from reports which mention
that the dilutions of PPD RT23 prepared locally in some
countries was inferior to that prepared at SSI, the rational
of the use of the dose of 1TU and not 2TU of the PPD and
aspersions on the potency of 1TU PPD RT23 over the
years. The authors conclude that 1TU dilutions of PPD
RT23 with Tween80 procured from BCG laboratory Guindy
may be continued to be used for tuberculin surveys in
India.

Key Words: PPD RT23 with Tween80; Sensitivity;
Specificity; Tuberculin Reaction Sizes.

021:  ANNUAL RISK OF TUBERCULOUS
INFECTION IN KHAMMAM - A TRIBAL DISTRICT
OF ANDHRA PRADESH

VK Chadha, A Banerjee, M Ibrahim, PS Jagannatha and
P Kumar: Indian J Communicable diseases 2003, 35,
198-205.

A tuberculin survey to estimate annual risk of
tuberculous infection was conducted in Khammam tribal
district during 2001-2002. A total of 8637 children were
test-read - 2991 without BCG scar and 5442 with BCG
scar. The tests were performed using 1TU PPD RT23 and

the maximum transverse diameter of induration was
recorded at about 72 hours after the test. Based on the
frequency distribution of reaction size, cut-off point for
infection with tubercle bacilli was considered at 12 mm.
Using this criteria, the prevalence of infection was estimated
at 11.8% among children without BCG scar and 10.6%
among children with BCG scar. This difference was found
to be statistically insignificant.  ARTI rates computed from
the prevalence estimates among children without and with
BCG scar were 1.6% and 1.5% respectively.  It was
computed as 1.5% from the prevalence in the combined
group i.e. irrespective of BCG scar status.

Key words: Infection; Prevalence; Annual Risk;
Tuberculin Test.

022:  PREVALENCE OF TUBERCULOUS
INFECTION IN INDIA – a review of the published
data

P Suganthi: NTI Bulletin 2003, 39, 15-23

Some of the important findings of various tuberculin
surveys carried out in India from 1951 till 1999 are
presented in this article. Such surveys carried out in
representative sample of the population provide estimates
of prevalence and ARTI that are useful in planning
programs for control of TB in the community .

About 40% of the population in all ages of both
sexes were found to be infected in Tumkur district of
Karnataka, during 1960-61. This proportion was 50% in
Chingleput during 1968-71. During 1970’s, in a study
conducted among the study population of 6-25 years in
Kashmir valley, the proportion of those infected was around
41.41%.  In the Longitudinal study conducted by NTI
from 1961-68, the overall prevalence of infection ranged
from 29.3 to 30.4% from the first to the fourth survey
among all age groups.  The findings of another survey
conducted during 1977-78 in Bangalore rural district
revealed that the prevalence of infection among all age
groups was  65.2%.

Also a very high proportion of infection of 16.9%
was found in children aged between 0-9 years in Morena
district of Madhya Pradesh. A study in randomly selected
sample of schools in Bangalore city was conducted by
NTI during 1996-99 among children aged 6-7 years. The
study revealed that the overall prevalence of infection was
11.10% - 11.03% among children without BCG scar and
11.11% among children with BCG scar. The prevalence of
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infection among children with BCG scar was similar to
that of children without BCG scar.  The prevalence of
infection in younger age groups is an indicator of the recent
transmission of infection due to tubercle bacilli.

The result of the above surveys are strictly not
comparable in view of the variations in techniques, type of
tuberculin used, tuberculin testing and reading, dosages
and the level of demarcation decided for labeling the
presence of tuberculous infection.  However these surveys
conducted over different periods of time in different parts
of the country give important information on the
epidemiological situation of TB in our country.

Keywords: Tuberculin Test; Prevalence; Infection

023:  THE ANNUAL RISK OF TUBERCULOUS
INFECTION IN THE EASTERN ZONE OF INDIA

VK Chadha, P Kumar, J Gupta, PS Jagannatha,
Lakshminarayana, V Magesh, A Jameel, S Singh, RK
Srivastava, D Narayanaprasad and PS Vaidyanathan: Int
J Tuberc Lung Dis 2004, 8, 537-544.

The article reports on the community based cross-
sectional tuberculin survey executed in the eastern zone of
India, which was a subset of the study area of the
nationwide study on the ARTI.  The importance of this
study is highlighted by the fact that it was the first tuberculin
survey to be scientifically conducted in the eastern parts
of India. The eastern zone comprised of states of Jharkhand,
Bihar, Orissa, West Bengal, Sikkim, Arunachal Pradesh,
Assam, Meghalaya, Tripura, Nagaland, Manipur and
Mizoram. The study was conducted in 387 rural clusters
and 128 urban clusters located in the districts of Samastipur
(Bihar), Purbi Singhbum (Jharkhand), Papum Pare
(Arunachal Pradesh), Cuttack (Orissa), Kamrup (Assam),
East District (Sikkim), Jalpaiguri and Bardhman (West
Bengal). The selection of the districts and clusters was
based on a stratified two-stage sampling procedure.

During the study period between June 2001 to
January 2003, 40,964 children were subjected to the
standard tuberculin test using 1TU PPD RT23 with Tween
80 and the maximum transverse diameter of induration
was measured about 72 hours later. The BCG scar was
observed in 51.5% of the test-read children. The frequency
distribution of tuberculin reaction size among 19,332
children without BCG scar was found to be bimodal, with
mode of reactions attributable to infection with tubercle

bacilli at 20 mm. There was a suggestion of an anti-mode
at 16 mm in the urban stratum and 16/17 mm in the rural
stratum. These findings were also corroborated by the
modal value at 20 mm obtained from the tuberculin reaction
size among 362 smear positive pulmonary TB cases. The
prevalence of infection estimated by both the cut-off point
and mirror image methods was 6.9%. The average ARTI
for the zone was 1.3% and the magnitude of the risk was
significantly higher in urban compared to rural children.
The high rate of ARTI suggests a need for committed and
sustained tuberculosis control services.  The result of the
ARTI in this area provide a baseline to evaluate the trends
of the disease in the future.

Keywords: Infection; Tuberculin Survey; Annual Risk;
India.

024: THE ANNUAL RISK OF TUBERCULOUS
INFECTION IN ORISSA STATE, INDIA

AN Shashidhara, VK Chadha, PS Jagannatha, TK Ray
and RN Mania: Int J Tuberc Lung Dis 2004, 8, 545-551.

As there was no baseline data on the size and extent
of the epidemiological situation of TB  in the state of
Orissa, it was deemed important to conduct a study to
obtain reliable information indicating the situation of TB
in that state. Accordingly, a tuberculin survey was conducted
to estimate the prevalence of tuberculous infection among
children of 1-9 years of age and compute the ARTI.  The
cross-sectional community based survey was carried out
between May 2002 and February 2003 by DANTB, Orissa
under the guidance of the NTI, Bangalore.

A stratified cluster sampling technique was adopted
for selecting 8 districts out of the 30 districts in the state.
The districts were stratified into tribal, coastal and others.
In each stratum, one fourth of districts were selected by
PPS method. Thus 3 districts  (Mayurbhanj, Sundargarh,
Gajapati) were selected from the tribal strata, three
(Ganjam, Balasore, Bhadrak) from the coastal strata and 2
(Angul, Bargarh) from the other stratum.   A total of 490
clusters (422 rural and 68 urban) were distributed into
these 3 strata in proportion to their population. With in the
districts, selection of clusters was done by simple random
sampling.

In all 25,281 children were registered into the study
of which 14,655 (58%) had BCG scar and 10,626 (42%)
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only were without BCG scar.  Child cards were prepared
for the unvaccinated children and they were subjected to
the standard tuberculin test with 1TU of PPD RT23 with
Tween 80.  Reading of the reactions was done about 72
hrs later by measuring the maximum transverse diameter
of the induration.

The data pertaining to 10,191 satisfactorily test-
read children was analyzed. Based on the frequency
distribution of the tuberculin reaction sizes, the prevalence
of infection was estimated both by the cut-off-point method
and the mirror image technique. By cut-of-point method,
the prevalence of infection in the state of Orissa as a whole
was estimated at 9.7% and ARTI was computed at 1.7%.
Using the mirror image technique, the prevalence of
infection was estimated at 10.2% and ARTI computed at
1.8%. The magnitude of risk was higher in children residing
in urban areas compared to those in rural areas and it was
more in females than males.

The average ARTI estimated in the present study
was higher than that estimated for the eastern zone during
the nationwide tuberculin survey but it was within the range
of 95% confidence estimates for eastern zone.  The ARTI
in Orissa indicates a high rate of transmission of infection
and the expected incidence of smear positive TB cases
would be about 85-90 per 100,000 population.  The high
rate of transmission of infection was a fall out of the
unsatisfactory performance of the TB control efforts in the
past.  However, sustained and concerted TB control efforts
over a reasonable period of time can reduce the level of
transmission of the infection.

Key words: Infection; Prevalence; Tuberculin Skin Test;
Annual Risk; India.

025:  CAN BCG VACCINATED CHILDREN BE
INCLUDED FOR TUBERCULIN SURVEYS TO
ESTIMATE ANNUAL RISK OF TUBERCULOUS
INFECTION IN INDIA?

VK Chadha, PS Jagannatha and P Kumar: Int J Tuberc
Lung Dis 2004, 8, 1437-1442.

Tuberculin surveys have not only become
operationally difficult in terms of obtaining adequate sample
size of unvaccinated children but concerns have also been
made on the applicability of the results obtained from the
unvaccinated children to the overall population in that age
group. In an earlier study in Bangalore district, the majority
of children vaccinated under the Expanded Programme on

Immunization (EPI) elicited low levels of tuberculin
sensitivity and the prevalence of the infection estimated
among unvaccinated and vaccinated children was similar.
However, since these observations pertained to a small
area, the data from the nation-wide tuberculin survey was
analyzed to examine whether the estimates of the prevalence
of tuberculous infection in children with BCG scar was
similar to that obtained in children without BCG scar.

The study subjects were 1-9 year old children who
were tuberculin test-read using 1 TU PPD RT23 with Tween
80 irrespective of their BCG scar status. The readers were
blinded to the BCG scar status at time of the reading of
the maximum transverse diameter of the induration of the
reactions, which was performed about 72 hours after
administering the tuberculin test. The children resided in
the rural areas of the northern, western and eastern zones
of India.  The frequency distributions of tuberculin reaction
size were compared for children with and without BCG
scar separately for 1-4 year and 5-9 year age groups.  The
histograms were separately prepared for each of the 3
zones.  It was not possible to estimate the prevalence of
infection by the cut off point method from the frequency
distribution of tuberculin reaction pertaining to children
with BCG scar due to lack of anti-modes.  In the majority
of the distributions, the modes on the right side of the
distribution, whenever discernible, were uniformly located
at 20 mm, especially in the 5-9 years age group, immaterial
of the BCG scar status.  However, such modes were not
clearly visible in the 1-4 age group in all 3 zones.  The
modal value of 20 mm was also corroborated from the
similar results obtained from earlier studies among smear
positive TB cases.  Hence, it was reasonable to presume
that the reactions due to tuberculous infection may be
distributed around the modal value at 20 mm.

In children aged 1-4 years, the estimated prevalence
of infection was respectively 3.5%, 3.8% and 3.6% among
children without BCG scar, and 4.8%, 4.7% and 4.5%
among children with BCG scar in the western, northern,
and eastern zones. In those aged 5-9 years, the estimated
prevalence was respectively 10.4%, 11.0% and 9.1% among
children without BCG scar and 11%, 11.9% and 8.7%
among children with BCG scar in the three zones. Thus,
in children aged 1-4 years, the estimated prevalence among
those with BCG scar was considerably higher than in those
without BCG scar. This difference was small in those aged
5-9 years.

Tuberculin surveys may be conducted irrespective
of BCG scar status among children aged 5-9 years and the
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prevalence of infection may be estimated using the mirror-
image technique. However, the applicability of the findings
should be re-evaluated in case of any change in the BCG
vaccination policy and also in settings where BCG vaccine
is prepared using strains other than Danish 1331.

Keywords: Infection; Prevalence; ARTI; Tuberculin
Survey; BCG Vaccination.

026:  ANNUAL RISK OF TUBERCULOUS
INFECTION IN RURAL AREAS OF KOTA DISTRCT

  PS Vaidyanathan, VK Chadha, P Kumar, PS Jagannatha
and G Umadevi: Indian J TB 2004,  51, 123-130.

A nation-wide tuberculin study was undertaken to
estimate the ARTI  in different parts of India. The study
in the rural areas of Kota, a subset of the 26 districts
selected for the survey, is described in this article.

The survey in Kota district was conducted during
July – October 2000. A total of 6264 children 1-9 years of
age, residing in 64 rural clusters were registered into the
study. The children were subjected to the standard
tuberculin test using 1 TU PPD RT23 with Tween 80
procured from BCG laboratory, Guindy and the maximum
transverse diameter of the induration was measured after
about 72 hours. In all, 3157 children without BCG scar
and 1520 with BCG scar were successfully test read. The
prevalence of infection among children without BCG scar
using the mirror image technique was estimated as 13.6%
and the ARTI was computed at 2.6%. Using similar
technique, the prevalence of infection among the entire
study group-irrespective of BCG scar was estimated as
14.9% and the ARTI was computed at 2.8%. The result
pertaining only to the rural areas were presented as the
urban sample size of children without BCG scar was small.

The findings indicate a high rate of transmission of
tuberculous infection in rural areas of Kota and emphasize
the need for further strengthening of TB control measures.
It is conjectured that the high prevalence of infection in
Kota could perhaps be attributable to the low Human
Development Index (HDI) of Rajasthan.

Key Words: Tuberculin Test; Prevalence; Infection;
Annual Risk.

027:  AVERAGE ANNUAL RISK OF TUBERCULOUS
INFECTION IN INDIA

VK Chadha, P Kumar, PS Vaidyanathan, PS Jagannatha
and KP Unnikrishnan: Int J Tuberc Lung Dis 2005, 9,
116-118.

As the majority of the tuberculin surveys in India
had been confined to pockets in the southern region, a
nation-wide study was undertaken between the years 2000
to 2003 to assess the epidemiological situation of TB in
the country. For the purpose of the study, the country was
stratified into four mutually exclusive zones, with the
objective of estimating the average ARTI in each of the
zones. This article disseminates the results of the average
ARTI in the country.

The nation-wide tuberculin survey was conducted
following uniform methodology in all the 4 zones. The
survey was conducted among children 1-9 years of age
residing in 1668 selected villages (rural clusters) and 645
urban blocks (urban clusters) in 26 districts of 19 states.
The estimates of the prevalence of infection in the rural
areas of the 4 zones were pooled together to obtain the
national estimate for rural areas while those from the urban
areas were pooled together to obtain the national estimate
for urban areas. Rural and urban estimates of prevalence
of infection at the national level were pooled to obtain the
overall national estimate. The average prevalence of
infection among children 1-9 years of age was estimated
at 8.2% by the cut-off point method and 7.9% by the
mirror image technique. The average ARTI for the country
by both the methods was similar.  The ARTI was computed
as 1.5%, though it was higher in urban (2.2%) compared
to rural areas (1.3%). The results call for further
intensification of TB control activities, especially in urban
areas, greater involvement of private practitioners and IEC
for high-risk groups, to reduce the diagnostic and treatment
delay thereby reducing the transmission of infection.

Keywords: Infection; Tuberculin Test; Annual Risk;
Control Program.

028: ANNUAL RISK OF TUBERCULOUS
INFECTION IN FOUR DEFINED ZONES OF INDIA
– A COMPARITIVE PICTURE

VK Chadha, SP Agarwal, P Kumar, LS Chauhan and C
Kollapan: Int J Tuberc Lung Dis 2005, 9, 569-575.

A nationwide tuberculin survey was undertaken
during 2000 - 2003 as data on the epidemiological situation
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of TB was lacking for most parts of India.   The results of
this study of epical proportions, provided for the first time
vital information on the prevailing epidemiological situation
of TB across the country.  For the purpose of the survey,
the country was stratified into 4 geographical zones - north,
east, south and west - each having about a fourth of the
country’s population.  The study was designed to obtain
the average ARTI in each of the four zones.  Though the
results of the individual zones have been published earlier,
the purpose of this article is to summarize the overall
survey data to facilitate inter-zonal comparison.

The survey in each zone was conducted following
uniform methodology.  Using appropriate statistical
techniques, 26 districts from the 4 zones were selected for
the survey - 6 each from the north, south and west zones
and eight from east zone.  The survey was conducted in
rural and urban clusters of the selected districts.  From
each cluster, 85 children, 1-9 years of age were registered
for tuberculin testing with 1TU PPD RT23 with Tween 80
and the maximum transverse diameter of the reactions were
read about 72 hours later.

Children with BCG scar were excluded from
analysis.  The data analyzed pertained to 85,218 children
- 25,816 from north zone, 17,811 from south zone, 22,259
from west zone and 19,332 from east zone.  The prevalence
of infection was calculated both by the cut-off point method
(Method I) and mirror image technique (Method II).  The
modes of tuberculin reactions attributable to tuberculous
infection were observed at 20 mm in north, west and east
zones and 19 mm in south zone.  The anti-modes varied

from 14 to 16 mm in rural areas and 12 to 16 mm in urban
areas of the four zones.

The ARTI computed from estimated prevalence was
found to be lowest in south zone (Method-I: 1.1%, Method
II - 1.0%).  It was higher in east (1.3% by both Methods)
and west zones (Method-I: 1.8%, Method-II: 1.6%) and
highest in north zone (1.9% by both Methods).  The
proportion of infected children was found to be significantly
higher in urban compared to rural areas in all the zones.
The prevalence of infection estimated by Method I was
also standardized by age, considering the study population
in south zone as the standard population.  The inter-zonal
differences observed were almost similar to the non-
standardized rates.

The average ARTI for the country was computed as
1.5% after pooling the data from the four zones. Therefore
the ARTI in India is at least 15 times higher than the
estimates of less than 0.1% in many developed countries.
Applying Karel Styblo’s parametric relationship between
the ARTI and incidence of smear positive cases, it is
expected that there would be 95, 55, 90 and 65 smear
positive TB cases per 100,000 population for the north,
south, west and east zones respectively.  The high ARTI is
largely due to the unsatisfactory performance of the
erstwhile NTP.  However, the introduction of the RNTCP
in the country has raised hopes of controlling TB.

Key words: Infection; Prevalence; Annual Risk;
Tuberculin Test.
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