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O B J E C T I V E S :  To assess the prevalence of tuberculous 

infection and the annual risk of tuberculous infection 

(ARTI) for 2007–2009 in Bangladesh, approximately 

45 years after the first tuberculin survey in 1964–1966. 

M E T H O D S :  A tuberculin survey was conducted along 

with the National Tuberculosis Disease Prevalence Sur-

vey in 2007–2009. This was a multistaged community-

based, cross-sectional survey, including 17 718 children 

aged 5–14 years. The prevalence of tuberculous infec-

tion was estimated using the mixture method and a cut-

off point of ⩾8 mm. 

R E S U LT S :  The prevalence of infection was 10.0% (inter-

quartile range [IQR] 8.6–12.2) in children aged 5–9 years 

and 17.9% (IQR 15.4–20.2) in those aged 10–14 years 

using the mixture analysis. Prevalence was 12.4% (95% 

confidence interval [CI] 11.7–13.1) in children aged 5–

9 years and 22.6% (95%CI 21.6–23.4) in those aged 

10–14 years using a cut-off point of ⩾8 mm. The esti-

mated ARTI was respectively 1.5% and 1.7% in 5–9 and 

10–14 year olds using the mixture method and respec-

tively 1.9% and 2.1% using the cut-off method. 

C O N C L U S I O N S :  The moderate reduction in the preva-

lence of infection and slow decline of the ARTI after 

two decades of DOTS implementation indicates consid-

erable ongoing transmission.

K E Y  W O R D S :  community-based; tuberculous infection; 
annual risk; tuberculin skin test; Bangladesh

THE PREVALENCE of Mycobacterium tuberculo-
sis infection is an indicator for tuberculosis (TB) 
transmission in a community and may be used to 
monitor the burden of disease.1 Knowledge of the 
TB burden and its trends is imprecise in Bangla-
desh.2,3 The prevalence of smear-positive cases was 
reported in two TB prevalence surveys at 318 per 
100 000 population in 1964–1966 and 910/100 000 
in 1987–1988.4,5 The recently conducted 2007–
2009 National Tuberculosis Prevalence Survey 
(NTPS) reported a markedly decreased prevalence of 
79.4 smear-positive cases/100 000 in those aged 
⩾15 years.6

The causes of the decline in TB prevalence may be 
the result of successful TB control, socio-economic 
development7 or concurrent development in other non-
health sectors.8 Cure rates in the National Tuberculo-
sis Programme (NTP) increased from 75% in 1993–
1995 to >90% in 2011,9,10 while the gross domestic 

product per capita increased from US$594 in 1994 to 
US$1584 in 2010.11 

As the NTP wished to examine whether the de-
cline in TB prevalence was accompanied by a similar 
decline in the risk of M. tuberculosis infection, a na-
tional tuberculin survey was embedded in the latest 
NTPS. The only national tuberculin survey conducted 
in Bangladesh was in 1964–1966.4 A reassessment of 
the survey data revealed some methodological prob-
lems, making the results for the 5–9 years age group 
questionable.12 These included the probability of re-
duced sensitivity in children aged 5–9 years due to 
lower age and the low doses of antigen used (1 tu-
berculin unit [TU]), not reaching some of the remote 
areas, and the inability to read tested persons in some 
instances.4,12 

In this article, we report the results of the 2007–
2009 tuberculin survey. The results will provide an es-
timate of the annual risk of tuberculous infection 
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(ARTI) following countrywide implementation of the 
DOTS strategy in the 1990s.

MATERIALS AND METHODS

Setting
The survey was conducted by the Bangladesh NTP in 
collaboration with the International Centre for Diar-
rhoeal Disease Research, Bangladesh (icddr,b), with 
the support of the World Health Organization 
(WHO) and the KNCV Tuberculosis Foundation. 
As in the 1964–1966 survey, we included children 
aged 5–14 years. School attendance for children aged 
⩾12 years (secondary school) is considerably lower 
than for younger children in Bangladesh, with greater 
drop-out rates between primary and secondary schools 
among girls than among boys.13 For this reason, we 
conducted a community-based survey to avoid the 
bias likely in a school-based survey.

Design
The survey was carried out in children from 20 urban 
and 20 rural clusters. Stratifi ed cluster sampling (by 
urban/rural) was performed, with sub-districts being 
selected with probability proportional to population 
size. A mauza or muhallah (smaller geographical units) 
from each sub-district was then selected by simple 
random sampling. In each cluster, inclusion of house-
holds started with random selection of an initial 
household after which other households were added 
consecutively following a pre-defi ned direction until 
the required sample size was achieved.14 The selected 
households were visited several times to include as 
many eligible children as possible.

The sample size was calculated on the basis of an 
assumed decline in infection prevalence in children 
aged 5–9 years from 4.1% to 2.5% between 1964 
and the current survey, and from 13.6% to 10% in 
those aged 10–14 years. With an anticipated partici-
pation rate of 90%, a design effect of 3, a signifi cance 
level of P < 0.05 and a power of 90%, the survey re-
quired a total study population of around 15 000. 
Given the operational context of the NTPS of which 
this tuberculin survey was a part, we anticipated that 
500 children per cluster would be available from the 
same households, giving a total sample size of 20 000.

Skin testing survey
All children aged 5–14 years who were resident in the 
selected households were eligible for inclusion. Only 
children whose legal guardians provided written in-
formed consent were included. Children who were 
severely ill, mentally retarded, those with a history of 
convulsion or who had severe skin rashes were 
excluded.

Inclusion of the children started at the fi rst house-
hold of the cluster and ended with the inclusion of all 
the children of the household in which the 500th 

child lived. After enrolment, bacille Calmette-Guérin 
(BCG) status was checked and children were tested 
using intradermal administration of 0.1 ml of tuber-
culin containing 2 TU of purifi ed protein derivative 
RT23 with Tween 80 (Statens Serum Institute, Copen-
hagen, Denmark) in the ventral aspect of the left 
forearm, regardless of BCG status.1,15 Skin reactions 
were read after 72 h using a transparent ruler. Chil-
dren who had been administered tuberculin but were 
not present for reading were traced and examined on 
the following day.

Parents were informed of the results and advised if 
any measures were necessary. All children with indu-
rations of ⩾15 mm were referred to the nearest diag-
nostic centre for clinical evaluation and management 
per NTP protocol.16

Quality control of tuberculin testing
The design of the tuberculin survey followed the 
standard guidelines of the WHO/International Union 
Against Tuberculosis and Lung Disease for conducting 
tuberculin skin test (TST) surveys in high-prevalence 
countries.1,15 Tuberculin testers received training by 
two international tuberculin reference nurses. Several 
refresher and on-the-job training courses were car-
ried out to maintain adequate standards. A random 
sample of the children was read a second time by an-
other tuberculin reader blinded to the initial results. 
If serious discordances were identifi ed by the double 
reading, additional training in the reading of tubercu-
lin results was provided.

The survey protocol was approved by the research 
review and ethical review committees of the icddr,b. 
The protocol, along with the NTPS, was approved by 
the Ministry of Health and Family Welfare of the 
Government of the Peoples’ Republic of Bangladesh.

Statistical analysis
This protocol followed recent recommendations to 
include all children,15,17 irrespective of BCG status, 
for analysis. An initial frequency distribution was 
drawn to identify digit preference or any other distri-
bution pattern. Data were smoothed by applying a 
moving average of fi ve.

We used a mixture analysis for the study. We also 
explored the prevalence of tuberculous infection with 
a fi xed cut-off point indicated by the graphic distri-
bution obtained from the initial mixture analysis. The 
mixture method disentangled the overall distribution 
of the TST reaction sizes used in the cut-off method 
into separate distributions due to M. tuberculosis, 
non-specifi c causes (other mycobacterium, BCG) and 
non-infected individuals.18 This allowed for a more 
precise estimate of the prevalence of infection by 
M. tuberculosis. The method is not new and had been 
successfully used in the analysis of previous TST sur-
veys. It is a Bayesian Markov Chain Monte Carlo 
simulation approach which calculates a posterior 
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distribution of the prevalence of tuberculous infec-
tion with its associated interquartile ranges (IQRs). 
The cut-off method provided a single prevalence esti-
mate with associated confi dence intervals (CIs).

We assessed the fi t of three parametric models 
(normal, log-normal and Weibull) to describe M. tu-
berculosis infection, and two models (log-normal and 
Weibull) to describe distribution among non-infected 
children. A model fi t for each of the six possible com-
bination models was assessed by examining maxi-
mum log-likelihood values, percentage of predictive 
failures and analysis of the graphical distributions of 
reactions. From the graphs produced by the distribu-
tion of indurations, a fi xed cut-off point was chosen 
to estimate the prevalence of tuberculous infection 
using the conventional cut-off method. ARTI was es-
timated according to the following formula: ARTI = 
1 − (1 − prevalence)(1/average age).19

In secondary analyses, we explored the relation-
ship between tuberculin indurations and the socio-
economic position (SEP) of the household, and be-
tween tuberculin indurations and exposure to an adult 
with TB in the same household. SEP was assessed by 
validated asset items for each of the households in-
cluded in the latest NTPS. A principal component 
analysis generated household scores and these were 
categorised in tertiles. Children belonging to a partic-
ular household were attributed the assets of that 
household. Details of the method used is described 
elsewhere.20,21

Data analysis was performed using the statistical 
package Stata, v. 10.0 (Stata Corp, College Station, 
TX, USA), and software ‘R’, version 2.4 (R Founda-
tion for Statistical Computing, Vienna, Austria).

RESULTS

Of 22 309 children included in the survey, 20 285 
were eligible for the study. Among the children eligi-
ble, 2103 (10.4%) were absent and 364 (1.8%) re-
fused or were excluded. A total of 17 718 (87.3%) 
children were included as study participants. There 
were no marked differences between those analysed 
and those who were not with respect to sex, age 
group, setting, SEP or exposure to TB in the house-
hold (data not shown). All study participants were 
tested with tuberculin, and almost all of them (99.3%) 
were read for reaction sizes. BCG scars were present 
in >85% of children, irrespective of age (Table 1). 

The percentage of non-reactors (indurations = 0) 
was 76.6% in those aged 5–9 years, and 63.1% in 
those aged 10–14 years. More than 50% of the reac-
tors in the 5–9 years age group and 46% in the 10–
14 years age group had indurations of between 1 and 
8 mm (Figure 1). 

There were few predictive failures in any of the 
combinations in the mixture analysis; combinations 
did not differ much in their maximum log-likelihood 

estimates. Among all combinations, the ln/ln graph 
showed a modest bimodal distribution with an anti-
mode at 8 mm (Figure 2). This cut-off point was used 
for analysis based on the conventional fi xed cut-off 
point approach. 

Applying the mixture method, the prevalence of 
tuberculous infection was respectively 10.0% (IQR 
8.6–12.2) and 17.9% (IQR 15.4–20.2) in those aged 
5–9 years and 10–14 years. Using a cut-off point of 
⩾8 mm, the prevalence of tuberculous infection was 
respectively 12.4% (95%CI 11.7–13.1) and 22.6% 
(95%CI 21.6–23.4) in those aged 5–9 years and 10–
14 years. The estimated ARTI for 5–9 years was 
1.5%, while for the 10–14 years age group it was 
1.7% using the mixture method. This was respec-
tively 1.9% and 2.1% for both age groups using the 
fi xed cut-off point at ⩾8 mm (Table 2).

The 2007–2009 survey identifi ed only 33 new 
smear-positive pulmonary TB cases.6 Nineteen chil-
dren were from households where a TB case was di-
agnosed during the survey and were considered ex-
posed to a TB case. Among the children with exposure 
to a TB case, 9 (47.4%) had indurations of ⩾8 mm 
compared to 2934 (16.7%) children without exposure 

Table 1 Participation and test status of children, 2007–2009 
tuberculin survey, Bangladesh

Study population

Children 
aged

5–9 years
n

Children 
aged

10–14 years
n

Children in census 11 782 10 527 
Eligible children 10 651  9 634
Absent  1 025  1 078
Refused     70     64
Excluded    128    102
Children tested  9 428  8 290 
Children read, among 

those tested, n (%)  9 357 (99.2)  8 228 (99.3)

Figure 1 Frequency distribution of reaction sizes in children 
aged 5–9 and 10–14 years, Bangladesh, 2007–2009 tuberculin 
survey. Proportion of children with indurations, %. Distribution 
after smoothing on five averages. All reactions of ‘0’ mm have 
been omitted for clarity, which was 76.6% in children aged 5–
9 years and 63.1% in those aged 10–14 years.
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to a TB case (odds ratio [OR] 4.5, 95%CI 1.7–11.9; 
Table 3). 

Among the children belonging to the lower SEP 
tertiles, 15.8% had indurations of ⩾8 mm com-
pared to 17.2% in both the middle and upper SEP 

tertiles. The prevalence of tuberculous infection was 
not signifi cantly associated with any of the SEP ter-
tiles (Table 3). 

DISCUSSION

This tuberculin survey was conducted nearly 45 years 
after the fi rst survey carried out in 1964–1966. There 
is therefore only limited information available to put 
this estimate into context. The 1964–1966 survey 
provided valid data only for the 10–14 years age 
group using the cut-off method with an 8-mm thresh-
old. The prevalence of tuberculous infection was 
34.4%.4,12 The new prevalence of tuberculous infec-
tion in the same age group using the same methodol-
ogy was 22.6%, showing an average decline of nearly 
1% between the two surveys. This indicates that de-
spite the efforts of the NTP, there has been little im-
provement in curbing the risk of tuberculous infec-
tion in the community since 1964. 

This is in sharp contrast with the reported decline 
in the prevalence of smear-positive TB in the commu-
nity, from 318/100 000 in 1964–1966 to only 79.4/ 
100 000 in 2007–2009,6 an annual decline of approxi-
mately 3.2%. A lower prevalence of infectious TB pa-
tients reduces TB transmission within the community, 
which should be refl ected in a decline in the preva-
lence of tuberculous infection. Ascertaining the rea-
sons why this has not been observed in Bangladesh is 
challenging.

We have shown earlier that the NTP does not have 
adequate coverage among the poorer population 
groups of Bangladesh.21 Higher TB prevalence among 
the poor, combined with delays in care seeking and 
treatment,22 may create a favourable environment for 
transmission. Our results, however, do not show any 
association between the prevalence of tuberculous in-
fection and SEP, although they indicate a clear rela-
tionship between induration size and TB exposure. 
This would suggest that TB transmission in our study 

Table 2 Prevalence of infection and ARTI, 2007–2009 
tuberculin survey, Bangladesh

Children aged
5–9 years

Children aged
10–14 years

Prevalence
of infection 

ARTI 
%

Prevalence
of infection 

ARTI
% 

Mixture method, 
% (IQR) 10.0 (8.6–12.2) 1.5 17.9 (15.4–20.2) 1.7

Cut-off at 
⩾8 mm, 
% (95%CI) 12.4 (11.7–13.1) 1.9 22.6 (21.6–23.4) 2.1

ARTI = annual risk of tuberculous infection; IQR = interquartile range; CI = 
confidence interval.

Table 3 Potential risk factors for infection: within-household 
exposure status and indurations, asset status and indurations 

Indurations

All
n (%)

<8 mm
n (%)

⩾8 mm
n (%)

Exposed*     10 (52.6)    9 (47.4)†     19 (0.1)

Not exposed 14 596 (83.3) 2934 (16.7) 17 530 (99.9)

All 14 606 (83.2) 2943 (16.8) 17 549 (100)

Asset status‡

Lower  4 552 (84.2)  851 (15.8)  5 403 (30.8)
Middle  4 842 (82.8) 1006 (17.2)  5 848 (33.3)
Upper  5 212 (82.8) 1086 (17.2)  6 298 (35.9)
All 14 606 (83.2) 2943 (16.8) 17 549 (100)

* Children from a household where a smear-positive TB case was detected 
during the 2007–2009 survey. 
† P < 0.000.
‡ P = 0.055.

Figure 2 Histograms of frequencies of induration reactions to 
tuberculin in A) children aged 5–9 years and B) those aged 10–
14 years in the 2007–2009 survey using the mixture analysis. In 
both histograms, the underlying distribution from non-specific 
cross-reactions is indicated by the tall dotted line (......) be-
tween 0 and 10, the underlying distribution from M. tubercu-
losis infection by the dashed line (- - - -) peaked after 5, and the 
mixture distribution by the solid line (____).
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was not infl uenced by SEP. However, our methods 
of data capture (for either SEP or prevalence of in-
fection) might not be strong enough to establish such 
an association.

SEP distribution in the survey population was 
based on an asset score, which provided a relative 
classifi cation of SEP rather than an absolute measure. 
Although the distribution of assets-based SEP was 
homogeneous in relation to the underlying absolute 
SEP, the method was insuffi ciently sensitive to detect 
a relationship between the SEP and the prevalence of 
tuberculous infection. Data on the relationship be-
tween tuberculous infection and SEP were not unani-
mous, despite the obvious link given the higher prev-
alence of TB in this setting. In South Africa, Mahomed 
et al. reported that low income and low education 
levels (factors strongly associated with SEP) increased 
the risk of latent tuberculous infection.23 In contrast, 
Boccia et al. showed that in Zambia the risk of tuber-
culous infection was associated with a higher SEP.24

The ability of a tuberculin survey to measure the 
prevalence of tuberculous infection might be ques-
tionable in itself, given the well-known limitations in 
design and analysis.19 We used a strict quality con-
trol strategy comprising training, monitoring and re-
training to obtain high-quality data. Analyses were 
performed after smoothing of the data, and the mix-
ture method was used instead of the crude cut-off ap-
proach. This strategy minimised the methodological 
problems seen in tuberculin surveys as much as possi-
ble. Problems with TST measurements and analysis 
can probably be overcome by using interferon-gamma 
release assays (IGRAs) as an alternative to TST, not 
only for their high specifi city but also because the re-
sults are not affected by BCG vaccination status,25,26 
although IGRAs are costly and technically challeng-
ing in low-resource settings.17

The limited decline in ARTI or prevalence of tu-
berculous infection in Bangladesh in this study should 
be interpreted with caution, as not only were the two 
tuberculin surveys conducted 45 years apart, they dif-
fered methodologically with respect to sampling and 
the use of reagents for testing (1 TU instead of 2 TU);4 
also, considerable societal and programmatic changes 
have occurred in the intervening period. Despite this, 
the current study provides the fi rst estimate of the 
prevalence of tuberculous infection after the nation-
wide implementation of the DOTS strategy. As such, 
it can serve as an important starting point for further 
studies. Despite the limitations of tuberculin surveys, 
multiple surveys with identical methodology in an 
appropriate time frame have been shown to provide 
information on trends.18,27,28 Assessing the associa-
tion between SEP and the risk of tuberculous infec-
tion should be conducted in specifi cally designed 
studies to ensure maximum power and attribution. 
Such studies will be of benefi t to the Bangladesh NTP 
in designing interventions for effective TB control.

Acknowledgements
The authors gratefully acknowledge the contribution of the Ban-
gladesh National Tuberculosis Programme for their support in 
conducting this study. They also express their sincere thanks and 
appreciation to the KNCV, the Tuberculosis Foundation of the 
Netherlands, BRAC, the Damien Foundation, the National Insti-
tute of Diseases of Chest and Hospital, and all other organisations 
and individuals involved at all steps of study implementation. Fi-
nally, the authors humbly acknowledge the contribution of all the 
project staff, participants, the Government of Bangladesh and non-
governmental partners and the community members throughout 
the country. Without their contribution, this study would never 
have been completed. 

This research study was funded by the World Health Organiza-
tion (WHO), the United States Agency for International Develop-
ment (USAID) and the Global Fund to Fight AIDS, Tuberculosis 
and Malaria (Global Fund), grant number SEBAN TUB 001 
XW06U. The International Centre for Diarrhoeal Disease Re-
search, Bangladesh, acknowledges with gratitude the commitment 
of the WHO, USAID and the Global Fund to its research efforts. 
The funders had no role in study design, data collection and analy-
sis, decision to publish or preparation of the manuscript. 

Confl ict of interest: none declared.

References
 1 Arnadottir T, Rieder H L, Trébucq A, Waaler T. Guidelines for 

conducting tuberculin skin test surveys in high prevalence 
countries. Tubercle Lung Dis 1996; 77 (Suppl 1): 1–19. 

 2 Begum V, van der Werf M J, Becx-Bleumink M, Borgdorff M W. 
Viewpoint: do we have enough data to estimate the current 
burden of tuberculosis? The example of Bangladesh. Trop Med 
Int Health 2007; 12: 317–322.

 3 World Health Organization. Fifth Joint Monitoring Mission of 
the Bangladesh National Tuberculosis Control Programme 2 
—12 October 2010. BAN-TUB-45. New Delhi, India: WHO, 
Country Offi ce for Bangladesh, 2011.

 4 Government of Bangladesh. The report of the tuberculosis sur-
vey of Bangladesh. National tuberculosis control and research 
project. Dhaka, Bangladesh: Ministry of Health and Family Wel-
fare, Government of the People’s Republic of Bangladesh, 1973.

 5 Director General Health Services. Report on the national prev-
alence survey on tuberculosis in Bangladesh, 1987–88. Dhaka, 
Bangladesh: Ministry of Health and Family Welfare, Govern-
ment of Bangladesh, 1989. 

 6 Zaman K, Hossain S, Banu S, et al. Prevalence of smear-positive 
tuberculosis in persons aged ⩾15 years in Bangladesh: results 
from a national survey, 2007–2009. Epidemiol Infect 2012; 
140: 1018–1027. 

 7 Lönnroth K, Jaramillo E, Williams B G, Dye C, Raviglione M. 
Drivers of tuberculosis epidemics: the role of risk factors and 
social determinants. Soc Sci Med 2009; 68: 2240–2246.

 8 Koehlmoos T, Islam Z, Anwar S, et al. Health transcends pov-
erty: the Bangladesh experience. In Balabanova D, McKee M, 
Mills A, eds. ‘Good health at low cost’ 25 years on. What 
makes a successful health system? London, UK: London School 
of Hygiene & Tropical Medicine, 2011: pp 47–82.

 9 Kumaresan J A, Ahsan Ali A K Md, Parkkali L M. Tuberculosis 
control in Bangladesh: success of the DOTS strategy. Int J 
Tuberc Lung Dis 1998; 2: 992–998. 

 10 World Health Organization. Global tuberculosis control re-
port, 2012. WHO/HTM/TB/2012.6. Geneva, Switzerland: 
WHO, 2012.

 11 IndexMundi. GDP per capita in Bangladesh 2011. http://www.
indexmundi.com/bangladesh/gdp_per_capita_(ppp).html Ac-
cessed July 2013.

 12 Weyer K. Tuberculosis in Bangladesh. 1996 report prepared 
for the Bangladesh Tuberculosis Review. Geneva, Switzerland: 
WHO, 1997.

 13 Government of People’s Republic of Bangladesh. Bangladesh 



1272 The  International  Journal  of  Tuberculosis  and  Lung  Disease

Multiple Indicator Cluster Survey 2009. Monitoring the situa-
tion of children and women. Volume 1: Technical report. 
Dhaka, Bangladesh: Bangladesh Bureau of Statistics, Planning 
Division, Ministry of Planning, 2009. 

 14 World Health Organization. Report of the nationwide tuber-
culosis disease-cum-infection prevalence survey (2007–2009). 
Ban-TUB-30. Dhaka, Bangladesh: WHO, Country Offi ce Ban-
gladesh, 2010. 

 15 World Health Organization. Estimation of annual risk of tu-
berculosis infection, generic protocol. SEA-TB-286. New Delhi, 
India: World Health Organization, Regional Offi ce for South 
East Asia, 2006.

 16 Director General of Health Services. National TB guidelines 
and operational manual for tuberculosis control 2004. 3rd ed. 
Dhaka, Bangladesh: National Tuberculosis Control Pro-
gramme, Directorate General of Health Services, 2004. 

 17 Rieder H L, Chadha V K, Nagelkerke N J D, van Leth F, van 
der Werf M J. Guidelines for conducting tuberculin skin test 
surveys in high-prevalence countries. Int J Tuberc Lung Dis 
2011; 15 (Suppl 1): S1–S25.

 18 Neuenschwander B E, Zwahlen M, Kim S J, Engel R R, Rieder 
H L. Trends in the prevalence of infection with Mycobacterium 
tuberculosis in Korea from 1965 to 1995: an analysis of seven 
surveys by mixture models. Int J Tuberc Lung Dis 2000; 4: 
719–729.

 19 Rieder H. Methodological issues in the estimation of the tuber-
culosis problem from tuberculin surveys. Tubercle Lung Dis 
1995; 76: 114–121.

 20 van Leth F, Guilatco R S, Hossain S, et al. Measuring socio-
economic data in tuberculosis prevalence surveys. Int J Tuberc 
Lung Dis 2011; 15 (Suppl 2): S58–S63.

 21 Hossain S, Quaiyum M A, Zaman K, et al. Socio-economic 
position in TB prevalence and access to services: results from a 
population prevalence survey and a facility-based survey in 
Bangladesh. PLoS ONE 2012; 7: e44980. 

 22 Rifat M, Rusen I D, Islam Md A, et al. Why are tuberculosis 
patients not treated earlier? A study of informal health practitio-
ners in Bangladesh. Int J Tuberc Lung Dis 2011; 15: 647–651. 

 23 Mahomed H, Hawkridge T, Verver S, et al. Predictive factors 
for latent tuberculosis infection among adolescents in a high-
burden area in South Africa. Int J Tuberc Lung Dis 2011; 15: 
331–336.

 24 Boccia D, Hargreaves J, Ayles H, Fielding K, Simwinga M, 
Godfrey-Faussett P. Tuberculosis infection in Zambia: the as-
sociation with relative wealth. Am J Trop Med Hyg 2009; 80: 
1004–1011. 

 25 Diel R, Goletti D, Ferrara G, et al. Interferon-γ release assays 
for the diagnosis of latent Mycobacterium tuberculosis infec-
tion: a systematic review and meta-analysis. Eur Respir J 2011; 
37: 88–99. 

 26 Nienhaus A, Schablon A, Diel R. Interferon-gamma release as-
say for the diagnosis of latent TB infection—analysis of discor-
dant results, when compared to the tuberculin skin test. PLoS 
ONE 2008; 3: 1–5 e2665.

 27 Chadha V K, Kumar P, Jagannatha P S, Vaidyanathan P S, 
Unnikrishnan K P. Average annual risk of tuberculous infection 
in India. Int J Tuberc Lung Dis 2005; 9: 116–118. 

 28 Van Leth F, Klinkenberg E. Epidemiological surveys embedded 
in technical assistance of tuberculosis control programmes. 
Open Infect Dis J 2013; 7 (Suppl 1): S65–S71.



Tuberculin  survey  in  Bangladesh,  2007–2009 i

O B J E C T I F S  :   Evaluer la prévalence de l’infection tuber-

culeuse ainsi que le risque annuel d’infection tuberculeuse 

(ARTI) en Bangladesh pour la période 2007–2009, en-

viron 45 ans après la première enquête tuberculinique 

en 1964–1966.

M É T H O D E S  :   En 2007–2009, on a mené une enquête 

tuberculinique parallèlement avec une enquête de préva-

lence nationale sur la maladie tuberculeuse. Il s’agissait 

d’une enquête transversale à étapes multiples et basée 

sur la collectivité, comportant 17 718 enfants âgés de 5 à 

14 ans. On a estimé la prévalence de l’infection tubercu-

leuse au moyen d’une méthode de mixage et une limite 

de positivité de ⩾8 mm.

R É S U LTAT S  :   Selon l’analyse de mixage, la prévalence de 

l’infection a été de 10,0% (IQR 8,6–12,2) chez les en-

fants âgés de 5 à 9 ans et 17,9% (IQR 15,4–20,2) chez 

ceux âgés de 10 à 14 ans. L’utilisation d’une limite de 

positivité ⩾8 mm a conduit à des taux de 12,4% (IC95% 

11,7–13,1) chez ceux âgés de 5 à 9 ans et 22,6% (IC95% 

21,6–23,4) chez ceux âgés de 10 à 14 ans. L’ARTI estimé 

est de 1,5% pour les enfants âgés de 5 à 9 ans et de 

1,7% pour ceux âgés de 10 à 14 ans par la méthode 

de mixage, et de 1,9% et 2,1% respectivement par la 

méthode de limite de positivité.

C O N C L U S I O N S  :   La réduction modérée de la prévalence 

de l’infection ainsi que le lent déclin de l’ARTI après deux 

décennies de mise en œuvre du DOTS indiquent la persis-

tance d’une transmission considérable de la maladie.

O B J E T I V O S :   Evaluar la prevalencia y el riesgo anual de 

infección tuberculosa (ARTI) entre el 2007 y el 2009, 

cerca de 45 años después de la primera encuesta tuber-

culínica realizada entre 1964 y 1966 en Bangladesh. 

M É T O D O S :   Se llevó a cabo una encuesta tuberculínica 

al mismo tiempo que una encuesta nacional de prevalen-

cia de la enfermedad tuberculosa entre el 2007 y el 2009. 

El estudio consistió en una encuesta poblacional trans-

versal con un muestreo en varias etapas que incluyó a 

17 718 niños entre los 5 y los 14 años de edad. Se cal-

culó la prevalencia de infección tuberculosa mediante 

un método de mezcla y con un umbral discriminatorio 

de ⩾ 8 mm de induración. 

R E S U LTA D O S :   La prevalencia de infección fue 10,0% 

(IQR 8,6–12,2) en el grupo de 5 a 9 años de edad y 

17,9% en el grupo de 10 a 14 años (IQR 15,4–20,2) 

según el análisis de mezcla. Cuando se aplicó el umbral 

de ⩾ 8 mm de induración, la prevalencia fue 12,4% en 

el grupo de 5 a 9 años (IC95% 11,7–13,1) y 22,6% 

(IC95% 21,6–23,4) en el grupo de 10 a 14 años. El 

ARTI según el método de mezcla se calculó en 1,5% en 

el grupo de 5 a 9 años y en 1,7% en el grupo de 10 a 

14 años y por el método del umbral discriminatorio fue 

1,9% y 2,1%, respectivamente. 

C O N C L U S I Ó N :   La discreta disminución de prevalencia 

de la infección tuberculosa y la lenta disminución del 

ARTI después de dos decenios de ejecución de la es-

trategia DOTS indica una considerable transmisión 

activa de la enfermedad.

R É S U M É

R E S U M E N
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