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S E T T I N G :  Three tuberculin surveys were conducted at 

intervals of 5 years following the implementation of a 

DOTS-based programme in 1999 in Tiruvallur District, 

South India. 

O B J E C T I V E :  To estimate the trend in the prevalence of 

tuberculosis (TB) infection among children and to eval-

uate the impact of the DOTS strategy.

M E T H O D S :  Children aged 1–9 years in the sample for 

each survey were registered and administered 1 tubercu-

lin unit of purified protein derivative RT 23 with Tween 

80 by intradermal injection on the volar aspect of the 

left forearm. The induration diameter of the reaction 

was measured in mm after 72 h (3 days) and the preva-

lence of TB infection estimated.

R E S U LT S :  The induration data of bacille Calmette-

Guérin (BCG) vaccinated and non-vaccinated children 

were analysed using the mixture model. The estimated 

prevalence of TB infection among non-BCG-vaccinated 

children in the three tuberculin surveys were respectively 

19.4%, 13.8% and 11.4%, with an average annual de-

cline of 5.2% (95%CI 3.6–6.8). The prevalence of TB 

infection among BCG-vaccinated children decreased, with 

an average annual decline of 5.4% (95%CI 10.0–18.6).

C O N C L U S I O N :  A significant declining trend in the prev-

alence of TB infection among children was observed fol-

lowing the implementation of the DOTS strategy in the 

area. 

K E Y  W O R D S :  DOTS; surveys; infection; trend in 
prevalence

ONE THIRD of the world’s population is latently in-
fected with the Mycobacterium tuberculosis bacillus, 
which causes tuberculosis (TB). In 2002, there were 
nearly 9 million new cases of TB; one person with ac-
tive TB will infect on average 10–15 persons every 
year.1 

Tuberculin surveys among a particular age group 
of children are used to measure the prevalence of TB 
infection. The prevalence of TB infection is the pro-
portion (expressed as percentage) of children of a 
particular age group infected with M. tuberculosis. 
Repeated tuberculin surveys at reasonable intervals 
(preferably ⩾5 years) can be used to measure the epi-
demiological trends and impact of the intervention 
strategies.2 The National Institute for Research in Tu-
berculosis (formerly Tuberculosis Research Centre) 
had a unique opportunity to assess the impact of the 
DOTS strategy through a series of tuberculin surveys 
and disease prevalence surveys carried out concur-
rently from 1999 to 2009 in Tiruvallur District, South 
India, in a predominantly rural study population. 
Further details on the study area and the 1999–2006 
survey fi ndings are available in earlier reports pub-
lished by this Institute.3–5 This paper reports the fi nd-
ings from three serial tuberculin surveys repeated at 
5-yearly intervals on the trend in TB infection preva-

lence among children aged 1–9 years after DOTS im-
plementation in 1999.

MATERIAL AND METHODS 

Three tuberculin surveys were carried out in random 
samples of children aged 1–9 years in a sub-district of 
Tiruvallur, South India, as part of an assessment of 
the epidemiological impact of the DOTS strategy 
implemented in 1999. The fi rst tuberculin survey 
was undertaken during the period 1999–2001, while 
the second and third tuberculin surveys were con-
ducted in 2004–2005 and 2009–2010. All the sur-
veys were conducted in a mutually exclusive sample 
of villages randomly selected from target villages in 
the study area.

Sampling 
Assuming a bacille Calmette-Guérin (BCG) vaccina-
tion coverage of 40–50% in this area and an annual 
risk of TB infection (ARTI) of the order of 2% in 
children, the sample size required to detect an annual 
decline of 3%, with 80% power at the 5% signifi -
cance level, was estimated and a sample of 26 748 chil-
dren aged 1–9 years was registered for the 1999–
2001 survey. For the 2004–2005 survey, a sample of 
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25 391 children of the same age group was registered 
assuming a BCG coverage of 63% and a prevalence of 
infection of 8%, with 10% accuracy and at 5% sig-
nifi cance level. For the third survey in 2009–2010, the 
BCG vaccination status was not considered for two 
reasons: fi rst, earlier studies had reported similar prev-
alence rates among non-vaccinated children, and the 
children were sampled irrespective of BCG vaccine 
status.6,7 Second, BCG vaccination coverage among 
children in the Tiruvallur District was increasing 
steadily (in 2009 it was 99%),8 which made it impos-
sible to enrol non-vaccinated children representative 
of the target population. Assuming an infection prev-
alence rate of 6% with a precision of 20% and at 5% 
signifi cance level, a sample of 3461 children aged 1–
9 years, irrespective of BCG scar, was registered. 

Methodology 
A team consisting of census takers, tuberculin testers, 
readers and supervisory staff visited each village and 
registered all children aged 1–9 years in the study 
sample. After the purpose of the study had been ex-
plained, written consent for undergoing a tuberculin 
skin test (TST) was obtained from the parent or guard-
ian of every child. Before testing, the upper third of 
each arm was examined for the presence or absence 
of a BCG scar. All children with or without a BCG 
scar were given 1 tuberculin unit (TU) of purifi ed pro-
tein derivative (PPD) RT 23 with Tween 80 (Statens 
Serum Institute, Copenhagen, Denmark) by intra-
dermal injection on the volar aspect of the left fore-
arm, inducing a pigmented weal of 5–6 mm above 
the skin level with pits and clear follicles. The indura-
tion diameter of the reaction was measured in mm 
after 72 h (3 days). In case of intervening holidays 
or exigencies, it was read after 48 h (2 days) or after 
96 h (4 days). By palpating the edges of the reaction 
(to demarcate, not to measure), the maximum trans-
verse diameter of the induration was demarcated and 
measured in mm with a transparent scale. In all the 
three surveys the same set of readers was used to 
measure the reactions. Quality control of the TST 
was performed by direct observation, while as qual-
ity control for reading, a supervisor independently 
measured a random sample of 5% of measurements, 
and corrective measures were undertaken. 

The institutional ethics committee of the National 
Institute for Research in Tuberculosis approved the 
surveys.

Data management and analysis
All data were double-entered and verifi ed using the 
data entry package MicroPro DataStar (MicroPro In-
ternational Corp, San Rafael, CA, USA). In the 1999–
2001 TST survey, 24 347 children with recorded TST 
results were included, of whom 12 106 (49.7%) had 
no BCG scar. In the 2004–2005 TST survey, 23 008 
children with recorded TST results were included, of 
whom 7636 (33.2%) had no BCG scar. In the 2009–
2010 TST survey, 3333 children with recorded TST 

results were included, of whom 974 (29.4%) had no 
BCG scar. The prevalence of infection among chil-
dren with and without BCG vaccination were esti-
mated by applying the mixture-model components 
using the Bayesian approach and programme codes 
for the R software used for this analysis.9,10* The 
mixture model considered the Weibull distributions 
for M. tuberculosis infections and BCG reactions, 
and lognormal distributions for cross-reactions, and 
predicted the results for the induration data. These 
distributions were not allowed to vary by sub-age 
groups and sex due to errors that occurred with ini-
tial values of the parameters defi ned in the model 
while executing the R programme. The mixture anal-
ysis was restricted to all children aged 1–9 years and 
both sexes only in all the surveys.

RESULTS

TST coverage and measurement of TST reaction were 
consistently >90% for all three surveys (Table 1). 

Using mixture model analysis, the mean indura-
tion values due to M. tuberculosis infection were not 
different in BCG-vaccinated and non-vaccinated chil-
dren, or from survey to survey (Table 2). The mean 
values of cross-reactions due to environmental myco-
bacteria varied by <1 mm only from survey to survey, 
and the values were not different in BCG-vaccinated 
and non-vaccinated children. The mean values of re-
actions due to BCG vaccination were smaller than 
those for TB infection (Figures 1, 2 and 3).

Table 3 shows that the prevalence of TB infection 
among non-BCG-vaccinated children decreased from 
19.4% (95% confi dence interval [CI] 18.3–20.5) in 
the fi rst survey, to 11.4% (95%CI 9.37–14.0) in the 
last survey with an average annual decline of 5.2% 
(95%CI 3.6–6.8). Similarly, the prevalence of infec-
tion among BCG-vaccinated children decreased, with 
an average decline of 5.4% (95%CI 10.0–18.6). 

Table 1 Coverage of children aged 1–9 years with tuberculin 
skin tests and reaction measurements in the surveys

Survey period, 
BCG vaccination status

Tested
n 

Measured
n (%)

1999–2001
 Non-BCG-vaccinated children 12 408 12 106 (98)
 BCG-vaccinated children 12 536 12 241 (98)
  Total 24 944 24 347 (98)

2004–2005
 Non-BCG-vaccinated children  7 840  7 636 (97)
 BCG-vaccinated children 15 797 15 372 (97)
  Total 23 637 23 008 (97)

2009–2010
 Non-BCG-vaccinated children  1 011    974 (96)
 BCG-vaccinated children  2 425  2 359 (97)
  Total  3 436  3 333 (97)

BCG = bacille Calmette-Guérin.

* The R software can be downloaded for free from the R homepage: 
http://lib.stat.cmu.edu/R/CRAN
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The 95%CIs were wide in the BCG-vaccinated chil-
dren in the 2004–2005 survey due to the low preva-
lence of TB infection compared to fi ndings from other 
surveys. 

The extended mixture model, considering sub-age 
groups and sex, was not used for the induration data 
measured. However, the basic mixture model was 
used, as it allowed us to estimate TB prevalence in 
both BCG-vaccinated and non-vaccinated children 
aged 1–9 years. The basic mixture model yielded pre-
dictive failure rates of respectively 53.3%, 70% and 
23.3%, corresponding to the non-BCG data of the 
three surveys; the corresponding fi ndings for BCG 
data were respectively 33.3%, 66.7% and 16.7%. 

DISCUSSION

Three successive tuberculin surveys were conducted 
at intervals of 5 years with different sample sizes. In 
the fi rst two surveys, the sample sizes were larger be-
cause they were calculated to analyse data on non-
BCG-vaccinated children only, in which the sample 
sizes were dependent on vaccination coverage and 
were proportionately boosted to obtain the required 
number of non-vaccinated children. However, in the 
third survey, the sample size was smaller and was not 
dependent on vaccination coverage, as it was decided 
to include all children, irrespective of vaccination sta-
tus, in the analysis for reasons mentioned earlier. This 
strategy resulted in a large reduction in the required 
sample size, thereby saving considerable cost and val-
uable time. As per Arnadottir et al.’s recommended 
sample size of at least 3000–5000 non-vaccinated 
children in high-prevalence countries,11 a sample size 
of 3461 children for the third survey was considered 
adequate, although it was much smaller than in the 
earlier two surveys. In 2006, Kumar et al. used a sam-

Table 2 Mean induration values in mm for distributions of TB 
infection cross-reactions and BCG vaccination in the three 
tuberculin skin test surveys among children aged 1–9 years 
using mixture analysis*

Survey period

BCG vaccination 
status in infections 

and reactions

Posterior 
median of mean 

mm (95%CI)

TB infections†

 1999–2001 Non-BCG-vaccinated 10.9 (10.6–11.2)
 2004–2005 Non-BCG-vaccinated 11.2 (10.1–12.3)
 2009–2010 Non-BCG-vaccinated 11.0 (9.97–12.0)

Cross-reactions‡

 1999–2001 Non-BCG-vaccinated  3.22 (3.20–3.25)
 2004–2005 Non-BCG-vaccinated  2.48 (2.46–2.50)
 2009–2010 Non-BCG-vaccinated  2.61 (2.58–2.65)

BCG reactions§

 1999–2001 BCG-vaccinated  6.19 (5.98–6.38)
 2004–2005 BCG-vaccinated  7.51 (4.77–9.89)
 2009–2010 BCG-vaccinated  5.31 (4.69–5.95)

* The results for BCG-vaccinated children for TB infection and cross-reactions 
are the same as for non-BCG-vaccinated children in all the surveys.
† Reactions due to infection with Mycobacterium tuberculosis.
‡ Cross-reactions due to infection with environmental mycobacteria.
§ Reactions due to BCG vaccination.
TB = tuberculosis; BCG = bacille Calmette-Guérin; CI = confidence interval.

Figure 1 Observed distribution of TST induration sizes (histo-
grams) in the 1999–2001 TST survey. ----- = mixture distribu-
tion; − − − = distribution due to infection with environmental 
 mycobacteria; - - - - = distribution due to BCG vaccina-
tion; ------ = distribution of TB infection among children aged 
1–9 years. BCG = bacille Calmette-Guérin; TB = tuberculosis; 
TST = tuberculin skin test. 

ple size of only 4821 children in Kerala to estimate 
TB infection prevalence.12 Similarly, Gopi et al. used 
a sample size of only 7098 children in Chennai City 
to estimate TB infection prevalence among non-vac-
cinated children.13 Furthermore, the sample sizes of 
the fi rst two surveys were much larger than the rec-
ommended size due to the stringent assumptions 
mentioned in the Methods. However, the increased 
sample size in the fi rst two surveys yielded estimates 
that were more precise. 

In this report, we analysed data from all three sur-
veys to study infection prevalence trends among chil-
dren aged 1–9 years over a period of 10 years. All 
children with or without a BCG scar were given 1 TU 
of PPD RT 23 with Tween 80 in all three surveys.

Histograms depicting the frequency distributions 
of reaction sizes of all three surveys did not show the 
classical bimodal distribution, and the defi nition of 
distinct antimode or cut-off points was not clear in 
all three distributions (data not shown). A declining 
trend of 5.2% (95%CI 3.6–6.8) per annum in the 
prevalence of infection among non-BCG-vaccinated 
children was observed in the mixture-model analysis, 
which allowed us to separate cross-reactions due to 
infection with environmental mycobacteria from BCG 
vaccination. The use of the mixture-model method 
could be justifi ed if the ratio of infection prevalence 
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in the BCG-vaccinated population to that in the non-
vaccinated population is close to 1.9 In this study, the 
estimated ratios were respectively 1.1 and 1.1 in the 
fi rst and third surveys, and 1.9 in the second survey. 
The basic mixture model showed predictive failure 
rates of respectively 53.3%, 70% and 23.3%, corre-
sponding to the non-BCG data of the three surveys, 
whereas those for BCG data were respectively 33.3%, 
66.7% and 16.7%. Induration measurements re-
corded with digit preferences may be one of the rea-
sons for the high predictive failure rates. TB infection 
prevalence can be estimated precisely and predictive 
failure rates can be minimised if the extended mix-
ture model (including sub-age groups, sex and BCG 
status) works for the induration data measured in the 
surveys. The study fi ndings suggest that these analy-
sis issues should be considered when planning future 
studies with appropriate sampling procedure, selec-
tion of sample size and measurement of reaction size. 
However, the basic mixture model was used because 
it allowed us to separately estimate infection preva-
lence in both BCG-vaccinated and non-vaccinated 
children aged 1–9 years.

Prevalence estimates in the three earlier surveys 
conducted in 1969, 1979 and 1984 (pre-DOTS era) 
in the same study area were respectively 9.0%, 10.2% 

and 9.1%.14 There was no change in infection preva-
lence over the 15-year period. Two more tuberculin 
surveys conducted in a smaller population during 
1991–1996 also showed no difference in prevalence 
of infection.15 These earlier fi ndings were estimated 
using conventional cut-off points or the mirror 
method by plotting induration data, and could have 
been different from the fi ndings from the mixture 

Table 3 Prevalence of infection with Mycobacterium 
tuberculosis in tuberculin skin test surveys among children 
aged 1–9 years using mixture analysis

Survey period, 
BCG vaccination status

Posterior median 
of infection 
prevalence 
% (95%CI)

Average annual 
decrease

%

1999–2001
 Non-BCG-vaccinated 19.4 (18.3–20.5) Non-BCG-vaccinated: 

 5.2 (3.6–6.8)
BCG-vaccinated: 
 5.4 (10.0–18.6)

 BCG-vaccinated 18.3 (17.3–19.5)

2004–2005
 Non-BCG-vaccinated 13.8 (12.7–14.9)
 BCG-vaccinated  7.12 (0.24–11.5)

2009–2010
 Non-BCG-vaccinated 11.4 (9.37–14.0)
 BCG-vaccinated 10.5 (8.71–12.5)

BCG = bacille Calmette-Guérin; CI = confidence interval.

Figure 2 Observed distribution of TST induration sizes (histo-
grams) in the 2004–2005 TST survey. -----  = mixture distribu-
tion; − − − = distribution due to infection with environmental 
mycobacteria; - - - - = distribution due to BCG vaccina-
tion; ------ = distribution of TB infection among children aged 
1–9 years. BCG = bacille Calmette-Guérin; TB = tuberculosis; 
TST = tuberculin skin test.

Figure 3 Observed distribution of TST induration sizes (histo-
grams) in the 2009–2010 TST survey. -----  = mixture distribu-
tion; − − − = distribution due to infection with environmental 
mycobacteria; - - - - = distribution due to BCG vaccina-
tion; ------ = distribution of TB infection among children aged 
1–9 years. BCG = bacille Calmette-Guérin; TB = tuberculosis; 
TST = tuberculin skin test.
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method, if this method had been used. No other stud-
ies assessed infection trends in any other part of India 
during the same period. The substantial annual de-
cline of 5.2% reported in the current series of tuber-
culin surveys can be attributed to some extent to the 
impact of DOTS implementation in the study area in 
1999, although there may have been other contribut-
ing factors, such as improved socio-economic condi-
tions, greater awareness about TB among patients, 
better nutritional status among children and an im-
proved health care delivery system. 

The DOTS strategy, which includes an initial 
2 months of intensive treatment with four fi rst-line 
anti-t uberculosis drugs, generally results in the con-
version of sputum-positive cases to sputum-negative. 
This drastic reduction in the number of infectious 
cases in the community, in a short span of 2 months, 
would also have contributed to a sharp decline in 
the occurrence of new infection among children aged 
1–9 years in the study population. 

Limitations
The sample sizes for the three surveys were estimated 
using different assumptions and methodology, neces-
sitated by a change in methods used in similar surveys 
elsewhere. There are inherent limitations in the tuber-
culin survey, such as the selection of standardised tu-
berculin, the technique of administration, and intra-
reader variation in reading reaction sizes. The absence 
of clear-cut antimode or cut-off points and modes in 
all three surveys made it impossible to estimate the 
ARTI, and the data could be used only to estimate 
trends in TB infection. Although the induration data 
showed no clear-cut bimodal distribution for non-
i nfected and infected children the fi rst time, we at-
tempted to analyse the data using the mixture-model 
approach. However, this approach, with sub-age 
groups and sex, and with consideration of the initial 
values of parameters in the extended model, could not 
be carried out due to errors that occurred while exe-
cuting the R programme. The posterior predictive 
failure rate was high in the basic model data; its 
possible impact on the estimation of TB prevalence 
could therefore not be measured. Another reason for 
noisy frequency distributions might be the result of 
digit preference in recording induration measure-
ments, which was not identifi ed at the time of the 
quality check.

CONCLUSION

The implementation of the DOTS strategy led to a 
considerable reduction in TB infection prevalence 
among children aged 1–9 years in contrast to no re-
duction in infection prevalence over a 15-year period 
in the pre-DOTS era. Anti-tuberculosis treatment us-
ing the DOTS strategy under the Revised National 
Tuberculosis Control Programme should therefore be 
continued for TB control.
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C O N T E X T E  :   Trois enquêtes tuberculiniques ont été 

menées à des intervalles de 5 ans après l’application de 

la stratégie DOTS en 1999 dans le district de Tiruvallur, 

Inde du Sud. 

O B J E C T I F  :   Estimer la tendance de la prévalence de l’in-

fection tuberculeuse (TB) chez les enfants et évaluer 

l’impact de la stratégie DOTS.

M É T H O D E S  :   Pour chaque enquête, les enfants de l’échan-

tillon âgés de 1 à 9 ans ont été enregistrés et soumis à un 

test tuberculinique par la protéine purifiée dérivée RT 

23 avec Tween 80 sous forme d’une injection intrader-

mique sur la face antérieure de l’avant-bras gauche. Le 

diamètre de l’induration de la réaction a été mesuré en 

mm après 72 h (3 jours) et on a estimé la prévalence de 

l’infection TB.

R É S U LTAT S  :   On a analysé avec un modèle de mélanges 

les données concernant les indurations chez les enfants 

non-vaccinés et vaccinés par le bacille Calmette-Guérin 

(BCG). Dans les trois enquêtes tuberculiniques, la pré-

valence estimée de l’infection TB parmi les enfants 

non-vaccinés par le BCG été respectivement de 19,4%, 

13,8% et 11,4%, avec une diminution annuelle moyenne 

de 5,2% (IC95% 3,6–6,8). Parallèlement, la prévalence 

de l’infection TB parmi les enfants vaccinés par le BCG 

a diminué d’une moyenne annuelle de 5,4% (IC95% 

10,0–18,6). 

C O N C L U S I O N  :   On a noté une tendance significative à 

la baisse de la prévalence de l’infection TB parmi les en-

fants après l’application de la stratégie DOTS dans la 

région. 

M A R C O  D E  R E F E R E N C I A :   Después de la introducción 

de la estrategia DOTS en el distrito de Tiruvallur al sur 

de la India en 1999, se han llevado a cabo tres encuestas 

tuberculínicas con intervalos de 5 años. 

O B J E T I V O :   Calcular la tendencia de la prevalencia de 

infección tuberculosa en los niños y evaluar la reper-

cusión de DOTS.

M É T O D O S :   En la muestra de cada encuesta se registra-

ron niños entre 1 y 9 años de edad y a cada uno se aplicó 

una unidad tuberculínica de PPD RT 23 con polisorbato 

80, por inyección intradérmica en la cara anterior del 

antebrazo izquierdo. Después de 72 h (3 días) se midió 

el diámetro de la reacción de induración y se calculó la 

prevalencia de infección tuberculosa. 

R E S U LTA D O S :   Los datos sobre el diámetro de la indu-

ración en los niños con antecedente de vacunación por 

el bacille Calmette-Guérin (BCG) y sin vacunación se 

evaluaron mediante un análisis de modelos mixtos. La 

prevalencia calculada de infección tuberculosa en los 

niños sin vacunación antituberculosa en las tres encu-

estas tuberculínicas fue respectivamente 19,4%, 13,8% y 

11,4%, con un promedio de disminución anual de 5,2% 

(IC95% 3,6–6,8). De manera análoga, la prevalencia de 

infección tuberculosa en los niños con antecedente de 

vacunación por el BCG disminuyó con un promedio 

anual de 5,4% (IC95% 10,0–18,6).

C O N C L U S I Ó N :   Después de la introducción de la estrate-

gia DOTS en esta región, se observa una tendencia de-

creciente significativa de la prevalencia de infección tu-

berculosa en los niños.
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