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Executive summary 

Background 

Under an Agreement for Performance of Work between WHO and ICDDR,B,  the 
implementation of a nationwide tuberculosis disease-cum-infection prevalence 
survey was commissioned to the latter institute to provide a better estimate of the 
prevalence of smear-positive pulmonary TB in Bangladesh. The designing of the 
survey protocol started in December 2003 during a consultation mission by Professor 
Dr Martin Borgdorff and Dr Marieke van der Werf of KNCV Tuberculosis  
Foundation. The protocol was further discussed and finalized in January 2007. In 
consultation with NTP and USAID, ICDDR,B was awarded the contract to execute 
the survey while KNCV Tuberculosis Foundation was assigned as lead technical 
support agency. 

Methods 

The Nationwide TB Disease-cum-Infection Prevalence Survey was implemented 
during 2007-2009. The survey was designed with the expectation that between 50 
and 100 smear-positive TB cases would be identified per 100 000 population. The 
corresponding minimum sample size was 50 000 adults (i.e. 15 years or older). This 
sample size should provide an estimate with adequate precision. The samples were 
taken from 20 urban/semi-urban and 20 rural clusters. The primary sampling units 
(PSUs) were upazilas, which were selected in proportion to population size. In each 
PSU one mauza or mahallah was randomly selected as study cluster. All participants 
submitted two sputum samples, which were examined by fluorescence microscopy. 
Samples found positive by fluorescence microscopy were re-examined by Ziehl-
Neelsen (ZN) microscopy. In parallel, a tuberculin survey among 20 000 children 
aged 5 years to 14 years was undertaken in the same area. 

Statistical analyses were conducted in several stages. The initial crude 
prevalence was estimated as the number of cases detected among the surveyed 
population and expressed per 100 000 population. The corresponding 95% 
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confidence interval (CI) was calculated by Poisson regression. Adjustment of this 
crude prevalence was made by assigning weights to each participant as such that 
their distribution would be similar to the general population of the sampling frame. 
Adjustments were also made for non-response in key variables (age and sex) by using 
a standard logistic regression model. Both the weights were combined before 
calculating the final weight. Further analyses were carried out by using complex 
cluster survey analysis option in STATA. 

Key findings 

The survey included 52 098 persons of 15 years or older. A total of 33 new smear-
positive TB cases were detected. The overall adjusted prevalence of new smear-
positive TB is estimated at 79.4 per 100 000 adult population (95% CI: 47.1-133.8). 
The crude prevalence was 63.3 per 100 000 adults (95% CI: 43.6-88.9). The crude 
and adjusted prevalence of smear-positive TB was higher in rural than in urban areas. 
It was also higher among men compared to women. The crude and adjusted 
prevalence rates for rural areas were 76.8 (46.9-118.6) and 86.0 (47.9-154.3) per 
100 000 adults, respectively, and for urban areas the rates were 49.9 (26.6-85.3) and 
51.1 (27.7-94.1) per 100 000 adults, respectively. The crude prevalence rate among 
male adults was 99.2 (63.5-147.8) per 100 000 and the adjusted rate was 121.7 
(69.6-212.8) per 100 000 while for adult females the rates were 32.3 (14.8-61.3) per 
100 000 and 40.3 (13.4-121.4) per 100 000, respectively, with a female-male ratio 
of 0.33:1.  

Of the 17 718 children aged between 5-14 years surveyed for tuberculin skin 
sensitivity with PPD RT 23 from Statens Serum Institute, Denmark (Mantoux test), 
results were available from 17 585 (99%) participants; and almost equally from girls 
(49.8%) and boys (51.2%). About 2.8% of the children in the age group 5–9 years 
showed an induration of 15 mm or more while 5.4% in the 10–14-year category 
showed this induration, resulting in an overall prevalence of positive tuberculin skin 
test of 4.0%. 

Facilitators and barriers 

The major challenge in conducting the TB prevalence survey was to accomplish 
different kinds of tasks within a stipulated short span of time (about 15 to 20 days per 
field site). These included mapping, community mobilization, household census with 
numbering and direction, informed consent-taking, collection of two samples of 
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sputum, TST testing and reading, default tracing, case identification, referral, ensuring 
treatment initiation, recording, sample testing at filed laboratory, rechecking, sample 
transportation to central laboratory, quality control, report preparation and 
supervision, etc.  

Recruitment, training and the active involvement of different cadres of 
personnel were daunting tasks given the nature of the work over the fairly long 
project period. For the first time, fluorescence microscopy was utilized at field level 
on such a wide scale.   

Participation was, on an average, more than 80% of all surveyed with a high 
level of cooperation evinced at the community level. Change in government, natural 
calamities such as the Sidr cyclone, etc. slowed down survey activities but never really 
interrupted the work. A major constraint emerged from the exponential price hike at 
the end of 2008 and in early 2009 which increased operational costs substantially. 
Additional financial support from GFATM filled the emerging gaps. 

Organizational support by NTP throughout the survey as well as by BRAC and 
Damien Foundation helped to overcome many barriers at the local as well as 
national level. The Steering Committee guided the survey and offered necessary 
advice as and when required. 

Conclusions and recommendations 

More than 20 years since the last survey (1987-1988), the National TB Prevalence 
Survey of 2007-2009 provided a new estimate for the burden of smear-positive TB in 
Bangladesh. The overall prevalence of smear-positive TB was 79.4 per 100 000 
adults, which is significantly lower than previous survey results or the current 
estimates. The rapid and wide scale-up of the DOTS programme throughout the 
country, the high case-detection rate (>70%) and the persistently high (>85%) cure 
rate, as well as an underlying and perceptible improvement in living standards have 
all probably contributed to the reduction in prevalence across the country. 

The comparatively low prevalence in the younger age group also appears to be 
related to the high DOTS (100%) and BCG (>95%) coverage as well as to isoniazid 
prophylaxis in areas where this has been done systematically. The large pool of latent 
TB in the elderly, however, corresponds also with the relatively high prevalence of 
smear-positive TB in this group. The relative increase in prevalence with age probably 
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suggests that in Bangladesh the proportion of reactivation of latent infection to smear-
positive TB is increasing while the proportion of new infections is decreasing.  

The survey found a higher prevalence of TB in rural areas than urban or semi-
urban areas. We can speculate that over the last years advocacy, communication and 
social mobilization (ACSM) activities were strengthened through the mass media 
which may have in turn significantly increased awareness and improved health-
seeking behaviour in the urban population which had greater access to such 
outreach. The average standard of living is also higher in cities than in rural areas. The 
higher prevalence among males compared to females is consistent with other surveys. 
Since both men and women were almost equally sampled in the survey, this 
reflected inequity needs to be considered carefully.  

The prevalence of TB infection in children aged 5–9 years was 2.8%, while for 
children in the 10–14-year age group it was 5.4%. This is lower than in previous 
surveys.  

The current achievements, namely case-detection and cure rates, should be 
maintained with increased emphasis on the elderly, rural populations and lower 
socioeconomic groups. 

In order to further monitor the impact of the TB control interventions, this type 
of nationwide prevalence surveys should be conducted at regular intervals. 
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1. Introduction 

1.1 Background 

Tuberculosis remains a leading cause of morbidity and mortality in 
developing countries including Bangladesh. The Bangladesh NTP adopted 
the DOTS1 strategy in 1993. The programme rapidly expanded to cover 
almost the entire country and coverage reached 99% of the population in 
2004. Currently, the country ranks sixth among the high-burden countries 
and has achieved a case-detection rate of over 71% and cure rate of over 
91% at the national level (NTP Annual Report 2008).  

The annual incidence of all forms of TB cases is estimated to be about 
353 000 cases and mortality estimated to be 71 000 per year (Global WHO 
Report 2009). Differences exist in reported estimates. Apart from routine 
DOTS reports, there is limited systematically collected epidemiological data 
from Bangladesh. Estimates of incidence are difficult to obtain directly or are 
associated with a significant degree of uncertainty. Similarly, case-detection 
rates are calculated as a proportion of these rough incidence estimates. 
Prevalence estimation through population-based surveys is a fairly reliable 
alternative to provide better epidemiological estimates of the TB burden in 
the country. 

Previous TB prevalence surveys in Bangladesh 

Two national TB prevalence surveys were conducted earlier in Bangladesh. In 
addition, there were several regional or local surveys that were conducted 
which led to different estimates of the TB prevalence in the country (Table 1). 

                                                      
1  DOTS: The basic package that underpins the Stop TB Strategy; consisting of five elements: political 

commitment with increased and sustained financing; case detection through quality-assured 
bacteriology; standardized treatment with supervision and patient support; effective drug supply 
system and management; and monitoring and evaluation system with impact measurement . 
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Table 1: TB prevalence surveys 

Survey Coverage Estimated 
prevalence rate * 

1964-1966 prevalence survey (MoH&FW)2 Nationwide 318/100 000 

1987-1988 prevalence survey (DGHS)3 Nationwide 910/100 000 

BRAC survey, 19954 Regional 70/100 000 

Damien Foundation survey, 2001 
(unpublished) 

Regional 24/100 000 

ICDDR,B survey, 20025 Regional 95/100 000 

* estimates in adults (≥ 15 years), except Damien Foundation survey where it is in people >12 
years old 

 

When comparing the two prevalence surveys conducted nationwide (in 
1964-1966 and in 1987-1988), the prevalence of smear-positive TB was 
higher in the latter survey both in rural and urban areas. The 1987-1988 TB 
prevalence survey estimated a prevalence of smear-positive TB of 
870/100 000 adults (≥15 years). It was higher among men (1008 per 
100 000) compared to women (600 per 100 000) and higher in urban (1610 
per 100 000) compared to rural areas (800 per 100 000)6. The gender 
distribution of TB patients has also been studied in several research projects 
in recent years (Table 2). Men are diagnosed three to four times more 
frequently than women with smear-positive TB. 

                                                      
2  Report of the Tuberculosis Survey in Bangladesh, National Tuberculosis Control and Research 

Project. 1973,  Government of the People's  Republic of Bangladesh, Dacca 
3  Report on the National Prevalence Survey on Tuberculosis in Bangladesh. 1989,  Directorate-

General of Health Services, Bangladesh 
4  Chowdhury A.M., Chowdhury S., Islam M.N., Islam A., Vaughan J.P. Control of tuberculosis by 

community health workers in Bangladesh. Lancet 1997;9072(350):169-172 
5  Zaman K., Yunus M., Arifeen S.E., et al. Prevalence of sputum smear-positive tuberculosis in a rural 

area in Bangladesh. Epidemiol Infect 2006; 134: 1052-9 
6  Luby et al. Infectious Diseases and Vaccine Sciences: Strategic Directions. J Health Popul Nutr 

2008; 26: 295-310 



Report of the Nationwide Tuberculosis Disease-cum-Infection Prevalence Survey (2007-2009) 

Page 3 

Table 2: Estimated female–male ratio of smear-positive TB cases in different studies 
conducted in Bangladesh 

Study Year of 
study 

Sputum-positive 
Female–male ratio Reference 

BRAC 1995 0.39 Chowdhury et al. 1997 

NTP 1997 0.35 Begum et al. 2001 

Damien Foundation 2001 0.33 Salim et al. 2004 

ICDDR,B  2001 0.24 Zaman et al. 2006 

The Bangladesh NTP had expressed the need to obtain a better 
estimate of the TB prevalence in order to assess the impact of TB control 
activities in the country. It was proposed to conduct a disease prevalence 
survey in a nationally representative sample of the population. This survey 
would provide information on various aspects of the cases in the community 
and would lead to a more accurate estimate of the prevalence of smear-
positive TB in the country. The Ministry of Health and Family Welfare gave its 
approval for the conduct of this survey. In collaboration with NTP, WHO was 
requested to conduct this survey, which was sub-contracted to ICDDR,B. 
Additional technical assistance was provided by KNCV Tuberculosis 
Foundation while funding was obtained from USAID (and later 
complemented by GFATM). Further support was received from BRAC and 
the Damien Foundation. 

1.2 Timeline of major activities 

 Research Review Committee ICDDR,B) 
approval 

11 Feb 2007 

 Ethical Review Committee (ICDDR,B) 
approval 

15 Feb 2007 

 Memorandum of understanding signed  12 March 2007 

 Recruitment of field staff  5 September 2007 

 Completion of training  25 October 2007 
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 Logistics procured by NTP 25 October 2007 

 Team moved to the field site  29 October 2007 

 Training of TST testers  28-31 October 2007 

 TST testing started  31 October 2007 

 Sputum collection started 3 November 2007 

 Steering committee meetings held on 9 December 2007; 14 
January, 12 June and 18 
September 2008; 18 March 
and 2 July 2009 

 Field activities completed 31 March 2009 

2. Objectives 

The primary objective of the survey was:  

 To determine the prevalence of new smear-positive TB in 
Bangladesh. 

The secondary objectives were: 

 To determine basic characteristics (age, sex, occupation, 
education, income, expenses, and socioeconomic status) of the 
study population;  

 To find out any variations of smear-positive TB among subgroups 
of population, e.g. urban vs rural, age groups (15-44, 45+), male 
vs female, different socioeconomic groups (quartiles/quintiles of 
asset scores).  
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3. Methodology 

3.1 Study design 

The survey was designed as a cross-sectional community-based cluster survey 
with a total sample size of around 50 000 individuals aged 15 years or older. 
There were a total of 40 clusters: 20 urban/semi-urban and 20 rural. The 
PSUs were upazilas, which were selected in proportion to population size. In 
each PSU one mauza or mahallah7 was randomly selected as a study cluster. 
The location of the selected mauzas/mahallas is given in Annex 1. 

Approximately 1400 adults from each cluster were included in the 
study. All participants provided two sputum samples, which were examined 
through fluorescence microscopy. Positive samples were re-examined 
following ZN staining. If needed, additional sputum samples were collected 
or a chest X-ray performed. Additional information on sociodemographic, 
economic and care-seeking practices was also collected.  

Case definition of a smear-positive TB 

Any person with two samples positive with ZN microscopy or with one ZN-
positive sample and a chest X-ray suggestive of TB was considered a case of 
smear-positive TB. It was assumed that individuals who were not able to 
produce a sputum sample do not have smear-positive TB.  

Study population: Inclusion and exclusion criteria  

All individuals aged 15 years or above who had slept the night before in the 
sampled households were included in the study population. 

Those eligible individuals who did not consent to be included in the 
survey were not enrolled. 

                                                      
7  Mauza (in rural areas) corresponds approximately to village; mahalla (in urban areas) corresponds 

to urban neighbourhood. Mauzas and mahallas are geographically strictly delineated 



Report of the Nationwide Tuberculosis Disease-cum-Infection Prevalence Survey (2007-2009) 

Page 6 

Identification of TB cases 

This survey was limited to the detection of sputum smear-positive individuals. 
These individuals are also the most infectious cases and, therefore, their 
detection is most relevant to TB control. As smear-positive tuberculosis is rare 
in those aged less than 15 years – though they comprise about 34% of the 
country’s population – the survey was limited to those aged 15 years or more 
(also called “adults” in this report). 

All individuals included in the survey were requested to produce one 
spot and one morning sputum sample. These samples were all examined by 
fluorescence microscopy. Positive slides were re-stained with ZN staining 
technique and re-examined for confirmation. Depending on the microscopy 
result, an additional sputum sample was requested for ZN examination. 
Based on the result of this sample, a chest X-ray was requested.  

Figure 1 shows the diagnostic algorithm followed during the survey. 
Individuals classified as a case were requested to produce two additional 
sputum samples for culture and drug-susceptibility testing (DST).  
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Figure 1: Diagnostic algorithm 
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3.2  Sample size calculation and outcome variables 

Study population and sample size 

The population of Bangladesh as per the 2001 population census was 
129 247 233. The country is administratively divided in six divisions (Barisal, 
Chittagong, Dhaka, Khulna, Rajshahi and Sylhet) and 64 districts. The districts 
are composed of upazilas (507 in total) which are further divided into unions, 
wards and mauzas. Townships are called paurashabhas. There are also six 
metropolitan cities. The urban areas are divided into city wards, further 
subdivided into mahallas. Mauzas and mahallas have fixed geographic 
boundaries. In total, there are 59 990 mauzas and mahallahs in the country. 
The average population of one mauza or mahalla is approximately 2150. 

The expected prevalence of smear-positive TB was estimated from 
previous national and regional prevalence surveys conducted in Bangladesh 
(Table 1).  

In 2004, 62 500 – or 45 per 100 000 population – new smear-positive 
cases were notified in Bangladesh (Global Tuberculosis Report, 2006). 
Combining the information of previous prevalence surveys and case 
notifications, it was expected that the prevalence of smear-positive TB would 
range between 100 and 200 per 100 000 population. The expected number 
of smear-positive TB cases identified in the prevalence survey would then be 
between 25 and 50 if a sample size of 25 000 was taken and between 200 
and 400 if the sample size was 200 000. Considering the 95% CIs around the 
different prevalence rates, a sample size of 50 000 individuals would thus 
have provided adequate precision, corresponding to between 72 and 128 
cases for a prevalence of 100 per 100 000 and between 161 and 239 for a 
prevalence of 200 per 100 000 prevalence rate (Table 2).  
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Table 2: Expected number of smear-positive cases and  
precision of prevalence rate 

Prevalence rate  
100 per 100 000 

Prevalence rate  
200 per 100 000 

Sample 
size Expected 

number of 
cases 

95% CI  
Expected 

number of 
cases 

95% CI  

25 000 25 61-139 50 145-255 

50 000 50 72-128 100 161-239 

100 000 100 80-120 200 172-228 

200 000 200 86-114 400 180-220 

Given the design of the study as a cluster survey, the sample size was 
adjusted to incorporate the design effect.  The design effect would be large 
with only a limited number of clusters or with a large number of participants 
per cluster. To reach the required sample size, a feasible combination of 
these parameters was sought. Based on calculations from Hayes et al. (1999) 
a total of 40 clusters with an average sample size of 1400 would give rise to a 
moderate design effect of 1.1 to 1.2. The chosen sample size per cluster 
would allow for a 10% non-response. This would result in complete data of 
1250 individuals per cluster. The total sample size would then be 50 000 
individuals of 15 years of age or older. The clusters were stratified: 20 rural 
clusters and 20 urban/semi-urban. 

Sampling method 

The population figures from the 2001 census were used for sampling. The 
population of all 507 upazilas was divided into urban (including all 
paurashabhas, city corporations and Statistical Metropolitan Areas) and rural 
populations. A separate sampling frame was constructed for both strata. The 
institutional populations and those living in the Chittagong Hill Tracts 
(Rangamati, Bandarban and Khagrachhari districts) were excluded from the 
sampling.  



Report of the Nationwide Tuberculosis Disease-cum-Infection Prevalence Survey (2007-2009) 

Page 10 

Sampling was performed proportional to population size with an 
upazila as PSU. Twenty PSUs were selected in both strata (Annex 2). From 
each PSU, one mauza/mahallah was selected through simple random 
sampling. These were the study clusters. All individuals of 15 years or more in 
a cluster were eligible to participate in the survey until the expected sample 
size per cluster (1400) was reached. The following methodology was selected 
for selecting the upazilas and mauzas/mahallas: 

(1) Construction of a cumulative population list from the total 
population in upazilas, per stratum; 

(2) Calculation of the sampling interval (by dividing the total stratum 
population by 20, the number of PSUs in each stratum); 

(3) Obtain number smaller than the sampling interval; 

(4) Identification of the first upazila in which this number fell in the 
cumulative population list; 

(5) Identification of the next upazilas by adding the sampling interval 
to the random number and determining in which upazilas these 
numbers fell, till all 20 upazilas were identified; 

(6) Listing of all mauzas/mahallas in each selected upazila; 

(7) Random selection of one mauza/mahalla in each upazila. These 
were the study clusters; and,  

(8) Inclusion of around 1400 people of 15 years or more in each 
study cluster. 

The sampling frame for the random selection of the mauza/mahallah in 
the selected PSUs was provided by the Bangladesh Bureau of Statistics. 
Inclusion of participants started in the selected mauza/mahallah. Since the 
target sample size of 1400 adults could not always be achieved, more 
mauzas/mahallahs were sometimes added or sub-sampled. For this 
procedure pre-defined methodology as described below was used. 

From a distinguishable part of the initial mauza/mahallah, the starting 
point for data collection was identified in random fashion. The data 
collection team then included all adult individuals (up to 1400) by visiting 
consecutive households by going in the northern direction from the starting 
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point. All the adult members of every household visited were included till the 
number of 1400 was reached.  

If less than 1300 adults were identified in the selected mauza/mahallah, 
another mauza/mahallah was selected. This was done as follows: (1) going 
north from the selected mauza/mahallah, and (2) adding mauzas/mahallahs 
(or parts thereof) in a clockwise manner around the initial mauza/mahallah. In 
this new mauza/mahallah, the starting point for data collection was again 
determined randomly and data collection started again by going north from 
the starting point. This was repeated until the required sample size of 1400 
adults was reached.  

For the tuberculin survey, all children in the age group of 5-14 years 
who had slept the night before in the households selected for the disease 
prevalence survey were eligible for inclusion. In each cluster, approximately 
500 children were included consecutively with a total of 20 000 children. 
This sample size should be sufficient to assess a 3% decrease in the TB 
infection prevalence in the 5–9-year and 10-14-year age groups. 

3.3 Training activities 

Training of field teams 

The Field Assistants received a week’s training in Dhaka and further on-the-
job facilitation and field-level orientation during the pilot phase of the study. 
The training included applying correct sputum collection techniques, 
understanding the content of consent and other forms, obtaining reliable 
answers, using an event calendar for assessing age, etc. During the course the 
interviewers were trained in the use of the study questionnaire through their 
interviewing each other. During a one-week pilot study they gained 
experience in collecting sputum samples and filling up forms.  

The microscopists received a two-week-long training in fluorescence 
microscopy conducted by a microscopist who was experienced with the 
technique. They also participated in the week-long pilot study in a rural or 
urban area.  

The tuberculin skin testers received a two-week training by an 
international tuberculin reference nurse using the international guidelines for 
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this type of study. Thereafter, they participated in the two-week pilot study in 
a rural and an urban area. Additional testers were trained by local experts as 
per international guidelines. 

Training of people in the central project unit 

The data entry clerks received on-the-job training by the data manager. 

Laboratory technicians in the ICDDR,B TB laboratory were seconded 
by BRAC and the Damien Foundation. They received extensive training on 
different laboratory techniques at the ICDDR,B TB laboratory. They were 
trained in both fluorescence and conventional light microscopy, routine 
laboratory operations as well as culture and drug susceptibility testing 
procedures. They were also trained in laboratory safety procedures. 

3.4 Organization of data collection in the disease  
prevalence survey 

The data collection in the prevalence survey was organized following a 
structured method. Data collection was done simultaneously at two field 
sites. It started with a pilot study at a site near Dhaka. This was followed by all 
the sites in Dhaka division. Subsequently, other divisions were covered. 

Data collection teams 

Figure 2 shows the structure of a field team. The field work was expected to 
last for 18 days per cluster including weekends. Each cluster was visited for 
about three weeks, including an advance visit of one week for the pre-survey 
assessment. The clusters of both teams were usually in proximity of each 
other so that one team could assist the other when needed. 

Each field team comprised a Survey Sub-Team and a Laboratory Sub-
Team with a Field Research Officer as Team Leader. He was assisted by a 
Field Supervisor or Senior Field Research Assistant. Each survey sub-team 
consisted of 10 field assistants, one field attendant and two TST testers. The 
laboratory sub-teams consisted of four microscopists and two laboratory 
attendants (Field Attendants). The activities of the survey sub-teams and 
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laboratory sub-teams of two sites were coordinated, supervised and 
monitored by one Senior Field Research Officer and Laboratory Supervisor. 
These two senior supervisors formed the crucial links between the Central 
Coordinators (co-PIs) and the field Team Leaders. Their excellent work made 
the running of the survey going well. 

Figure 2: Structure of a field team 

 

Implementation phase 

The different components of the survey were achieved in three phases in 
each field site. The activities were synchronized in a way that prevented any 
lag period between activities, and ensured maximum utilization of time and 
judicial use of logistics. The three phases of survey implementation were: 
(1) random site selection; (2) pre-survey visit; and (3) proper survey including 
census-taking, sputum collection, laboratory examination, referral and follow-
up. 

Random site selection was done as follows: In each selected upazila 
(the PSUs for the study) one mauza (in the case of rural upazila) and one 
mahallah (in the case of urban upazila, paurashabha or city ward) were 
selected by simple random sampling. The randomization was performed by a 
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statistician not associated with the study at the centre before the start of any 
data collection. 

All selected clusters were assessed during a pre-survey visit. These visits 
had four objectives: 

(1) To explain the purpose and procedures of the survey to the local 
authorities. 

(2) To obtain community consent. 

(3) To make a situational assessment of the cluster with 
identification of laboratory facilities and chest clinic for X-ray 
procedures. The former activity also included inspecting the 
power supply system and assess refrigeration possibilities and the 
available microscope and staining materials. 

(4) To make arrangements for accommodation of the field teams. 

As part of the proper survey the field research supervisors prepared a 
map of the study area, which would be used for the household visits and 
census taking. Other steps in the proper survey are described below: 

Census taking 

All the 10 field assistants and two TST testers took part in the census taking 
during the initial two days. Thereafter, they split into teams for the census, 
sputum collection and tuberculin skin testing. The start of the census (de jure 
population) and the subsequent inclusion of households was done according 
to the methods described under sampling. The census team provided each 
household with a household number; listed all the members in the adult 
study register; collected information on sex, age, cough and history of TB 
treatment; and collected information on household assets. 

Household visit by field team 

The field teams spent on an average 18 days in one cluster. Prior to visiting 
the households, a sputum register was prepared on a regular basis transferring 
relevant information on eligible individuals from each household from the 
census register. During the visits to all listed households with eligible adults, 
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the following activities were conducted: (1) registration of the presence or 
absence of the individuals mentioned in the sputum register (de facto 
population); (2) explanation of the study procedures; (3) obtaining written 
informed consent for all participants (assent of children); (4) collection of spot 
sputum sample; and, (5) provision of information on how to produce the 
morning sputum sample and when, where and how this would be collected. 

A two-member group of this team also made a return visit to the 
households on the following morning to collect the morning sputum samples, 
meeting individuals that were absent the day before (if necessary) and to 
collect additional sputum samples (if necessary). 

Initial sputum collection and examination 

Sputum was collected in regular sputum cups with flat cap. The cups were 
labelled in a pre-devised fashion. The reception of each sputum sample was 
registered in the adult study register. This information served as a reference 
point for checking laboratory results. 

The samples were transported several times in a day to the laboratory 
located at the base camp. All sputum samples were immediately checked for 
their macroscopic characteristics (colour, amount, nature, etc.); this 
information was written in the Laboratory Register. Subsequently, all samples 
were processed for fluorescence microscopy after staining with auramine. 
Positive slides were re-stained with the ZN technique and re-examined the 
same day. A detailed description of this procedure is given in Annex 3. All 
results were registered in the Laboratory Register. Every evening, the entries 
in the Laboratory Register were compared with those of the adult study 
register to assess whether all submitted sputum samples were examined. 

The particulars of the individuals with at least one positive sputum 
sample confirmed after ZN staining were also entered in a separate register 
(Case Register). This register served as the basis for additional diagnostic 
procedures according to the diagnostic algorithm. 
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Additional sputum collection and examination 

The individuals with only one out of two sputum samples positive on ZN 
microscopy were requested to submit an additional sample. This sample was 
only examined by conventional light microscopy following ZN staining. The 
results were entered in the case register and communicated to the Team 
Leader (Senior Field Research Officer/Laboratory Supervisor) who took 
appropriate action according to the diagnostic algorithm. 

Chest X-ray 

Individuals with only one out of three (including the additional sample) 
sputum samples positive after ZN staining were referred for a chest X-ray at 
the chest clinic identified during the pre-survey visit. The participants were 
accompanied to this clinic with a referral letter from the Team Leader (Field 
Research Officer). Travel and other related cost for X-ray were covered by the 
study budget. 

The chest X-ray was taken and read by a qualified radiographer. The 
result, reported as “suggestive”, “not suggestive for TB” or otherwise was 
recorded on the referral letter which was sent back to the Team Leader 
together with the X-ray film. The results were entered in the case register. 

Culture and DST 

When an individual met the case definition, the household was revisited and 
the participant asked to provide two additional sputum samples: one spot 
and one morning. These samples were clearly marked with a red sticker on 
the cup to distinguish them from the sputum samples used in the diagnostic 
algorithm. They were transported to the base camp laboratory where they 
were kept in the refrigerator until they could be transported to the ICDDR,B 
laboratory in Dhaka. This was done at least twice a week. Receipt of the 
specimens for culture and sensitivity testing were recorded in the Laboratory 
Register at the ICDDR,B laboratory. 

The samples were cultured in Löwenstein-Jensen medium and DST 
performed according to standard methods as described in Annex 3. These 
culture and DST results were entered in the central laboratory register. These 
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entries were compared with the local laboratory register to assess whether all 
samples collected for culture and DST were examined. 

Individuals who did not meet the case definition criteria but were 
positive by ZN microscopy were also asked to provide two additional sputum 
samples (one spot and one morning). These samples were also sent to the 
ICDDR,B laboratory in Dhaka for culture and DST in an identical manner as 
the initial samples. 

Interview of identified cases 

All the individuals identified as a TB case were interviewed. This interview 
took place at the same time that the request for additional sputum samples 
(for culture and DST) was made. During this interview, which was conducted 
by the field research officers, information was collected on demographic 
parameters, smoking habits, health-seeking behaviour, diagnostic delay, 
history of TB treatment and knowledge on TB. 

Treatment of identified TB cases 

All identified cases were referred to a nearby DOTS centre for initiation of 
treatment and follow-up. 

Summary activities 

Before leaving the cluster, the team prepared a summary of activities with the 
following information: name of mauza/mahallah, name of field team leader, 
dates of field work, number of people listed, number of people having 
sputum taken, number of sputum samples collected, number of samples 
examined, number of cases identified, number of people interviewed 
(including controls) and number of children who have undergone TST. This 
information was used to verify that all data were collected, to provide 
feedback to the district and local authorities and also later during data 
processing to check for missing data. 
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3.5 Statistical approach 

Data analysis was done using the STATA statistical package. The crude TB 
prevalence was computed from survey data. Further analysis included a 
comparison of the prevalence of TB among different groups and according to 
different parameters. The adjusted prevalence was determined by 
incorporating design weights and attrition (non-response) weights into the 
analyses. Population-based prevalences were expressed per 100 000 and all 
estimates were expressed with 95% CIs. 

Strategy for applying weights 

Analysis of survey data assumes that the actual sample surveyed is 
representative for the target population at large. For the prevalence survey, 
the target population is the national population of Bangladesh aged 15 years 
and above. 

It is unlikely that the actual surveyed population fully represented the 
target population. Therefore, an adjustment needed to be made by 
calculating a single weighting factor for each surveyed individual. This single 
weighting factor is compiled from two different weighting steps in the survey: 
design weight and attrition weight. 

Incorporating a design factor is required if some groups in the target 
population are under or oversampled. This was the case in the current survey 
because of the rural–urban stratification. An identical number (20) of PSUs 
from both urban/semi-urban and rural areas was included. This would imply 
that a person from the rural population is just as frequently present in the 
general population as a person form the urban population. This does, 
however, not reflect the real situation. As per the 2001 National Census data 
(which was used for the sampling), the rural population is approximately four 
times larger than the urban population. 

Within each stratum, the sampling occurred proportional to size of the 
upazila. There is, therefore, no need for additional design weights. Within 
each stratum, each person had a similar probability of being selected for the 
survey. 
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Though each person had a similar probability of being sampled within 
each stratum, this does not imply that each person was actually surveyed. 
The proportion of persons being enrolled within each cluster ranged between 
57% and 92%. 

It is very unlikely that the persons who were not enrolled were a 
complete random sample from the general population. There were factors 
associated with being present at the time of the survey and willingness to 
participate, e.g. gender, age, education, marital status, etc. The purpose of 
incorporating an attrition weight is to compensate for discrepancies in the 
surveyed sample compared to the general population with respect to these 
factors. 

Strategy to calculate weights 

The design weight only takes the urban–rural stratification into account 
(Table 3). The sampling frame used to select the clusters formed the base for 
the general population estimates while the surveyed sample provided the 
additional information. 

Table 3: Calculation of the design weight 

Stratum Total 
population 

Actual surveyed 
population 

Sampling 
probability 

Design 
weight 

Urban/semi-urban 23 615 240 32 271 0.001 366 50 731.78 

Rural 100 235 880 31 445 0.000 313 71 3 178.76 

Urban:Rural 1:4.24 1:0.97  1:4.36 

For the calculation of the attrition weight, one would need the formal 
national census dataset and compare this with the actual surveyed population 
on several characteristics of the population. This could not be done. But 
within each stratum a self-weighting census estimate could be made (n = 
63 715). With the sampling being adequately carried out, it may be assumed 
that the distribution of a person’s characteristics in this survey census was 
representative for the distribution of these characteristics in the national 



Report of the Nationwide Tuberculosis Disease-cum-Infection Prevalence Survey (2007-2009) 

Page 20 

census, as long as rural and urban/semi-urban settings are considered 
separately. In that case, adjustments have be made for non-enrolment only. 

The attrition weight was calculated using a standard saturated logistic 
regression model including the variables of age, sex and educational status. 
The non-response was weighted separately for each cluster. The regression 
coefficients were used to calculate for each person the probability of being 
surveyed based on the characteristics of the person. The attrition weight was 
then the inverse of this. 

Final weight 

The final weight of the person is the combination of the design weight and 
the attrition weight. When performing statistical analyses, the sample size 
used by the programme depends on the weight and would be much larger 
than the actual surveyed sample size. This influences standard errors and 
significance tests. The weights were, therefore, scaled in such a way that they 
add up to the initial sample size of the surveyed population (n=52 098). 

4. Tuberculin survey 

Tuberculin survey design 

The tuberculin survey was a community-based cluster survey and followed 
the set-up of the TB prevalence survey. 

Tuberculin survey data collection 

Inclusion of the children started at the first household of the cluster and 
ended with the household in which the 500th child was residing. In total, an 
estimated 20 000 children were targeted to include.  

The TST testers visited the households with the Child Register 
containing information on children aged between 5 and 14 years. This 
information was taken from the Census Register. The guardians of the 
children were initially approached by the TST testers. They were briefed 
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about study purposes, TST procedures and the possible consequences of a 
positive test. 

After obtaining individual written, informed consent form the guardian, 
children were tested by intradermal administration of PPD-RT23 in Tween 
80, according to international guidelines (Arnadottir, 1996), regardless of 
BCG status.  

The skin test was read after 72 hours. Selection of days for 
administration of tuberculin was done in such a manner that the test reading 
after 72 hours would not fall on a holiday. All children with an induration of 
15 mm or more were referred to the nearest diagnostic centre for clinical 
evaluation and necessary management. The field research officers usually 
accompanied the children and guardians to the centre. 

Administration and reading of the tests were recorded in the Child 
Study Register. Test results were also recorded on the Tuberculin Form. As 
many as possible children had a TST. Those who did not present for reading 
were traced and examined as soon as possible. 

All information was recorded in registers and forms. Registers contained 
the name and personal identification number of all study participants or 
selected groups of participants, alongside specific other parameters. The 
registers served as log books for activities during the survey while the data 
collection forms included results from single field activities. 

5. Quality assurance 

The completeness and quality of the collected data was ensured by repeated 
examination, supervision, checking and monitoring.  

Census taking 

The Senior Field Research Officer repeated census taking of five households 
per cluster. The results were compared with those of the original census. Any 
discordance was discussed and rectified.  The reasons for discordance were 
identified to improve census taking in other clusters.  
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Sputum collection for microscopy 

The submission of a sputum sample was recorded. Individuals enrolled but 
not submitting sputum samples were traced on a daily basis and encouraged 
to comply with study procedures. 

The entries in the laboratory register were compared every evening with 
the information on submitted samples in the adult study register to assess 
whether all submitted samples had been examined and results were 
reported. The Laboratory Supervisor was responsible for communication 
between the laboratory and field personnel in charge of sputum collection. 

Sputum collection for culture and DST 

The case register included the individuals who had to submit sputum samples 
for culture and DST. Individuals not submitting these samples were traced 
and encouraged to comply with the study procedures. The Team Leader was 
responsible for communication between the laboratory and field personnel 
responsible for sputum collection for culture and DST. 

Supervision 

A strong supervision structure was established for the survey (Figure 4). The 
Steering Committee provided necessary inputs on design, implementation, 
logistic support and supervision of the study activities on an ongoing basis. 
The study investigators monitored the study activities on a day-to-day basis 
and undertook regular field visits. A laboratory supervisor carried out 
monitoring of laboratory activities regularly. Mobile phone communication 
was established among the supervisory team and the field team and routine 
follow-up was made. Supervisory field visits were also undertaken by NTP, 
WHO and USAID. 
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Figure 4: Study management team 
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Microscopy 

All slides with positive result after fluorescence microscopy were re-stained 
following ZN staining technique and re-examined in the field laboratory. All 
ZN-positive slides were sent to the ICDDR,B laboratory where the ZN 
staining was repeated and the smears re-examined. Discordant results were 
checked by another microscopist blinded for the initial result. 

All positive slides and 2.5% of the slides with negative results after 
fluorescence microscopy were sent to the Damien Foundation reference 
laboratory in Netrakona for re-examination with fluorescence microscope, as 
per the decision of the Steering Committee.  

Culture and DST 

Samples for culture and DST were sent to the ICDDR,B TB Laboratory in 
aseptic condition. The samples were processed in a laboratory with negative 
air pressure in a bio-safety level-2 cabinet, thus providing ample protection to 
the workers in line with standard TB infection control requirements. All 
processed specimens were inoculated into Löwenstein-Jensen media. Two 
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Löwenstein-Jensen slants were used for every sample to enhance the 
recovery of tubercle bacilli and reduce the risk of contamination. Culture and 
drug media were prepared in sterile condition. Sterilized reagents and 
distilled water were used for culture. All equipment in the laboratory was 
cleaned and monitored on a regular basis to ensure accuracy and precision. 
Infected materials such as sample containers, used pipette tips, etc. were 
autoclaved before disposal. 

Tuberculin testing 

The design of the TST survey followed the Guidelines for Conducting 
Tuberculin Skin Test Surveys in High-Prevalence Countries. The quality of the 
data collected was assured through a training of two groups of tuberculin 
testers by international reference nurses. Details of their consultancy missions 
are provided in the report BAN-TUB-04. 

Steering Committee 

A national Steering Committee was formed. It was chaired by the Director 
MBDC and Line Director (TB-leprosy). Members included technical experts 
from NTP, DGHS, BRAC, Damien Foundation, the National Institute of 
Diseases of Chest and Hospital, USAID, WHO and ICDDR,B. The committee 
met six times during the study period. It reviewed the progress in 
implementation and provided advice as and when required. The 
membership list of this committee is provided in Annex 8. 

6. Pilot study 

The complete set-up and performance of all aspects of the survey was piloted 
in both a rural and an urban setting two weeks before the start of the survey. 
The aim of this pilot study was to resolve operational problems and to collect 
information necessary for finalizing the survey procedure. The pilot study 
helped to find a solution to certain concerns such as: 

 What proportion of the population produces sputum?  

 What percentage of the population identified by the census does 
(not) provide a sputum? 
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 What is the daily capacity of a field laboratory? 

 How should sputum samples be transported to the field and 
central laboratory? 

 What is the quality of the interviews and laboratory work? 

The pilot study provided an opportunity to test, modify and finalize 
most of the field and laboratory procedures. It allowed assessing the quality 
of training imparted to the staff, validating the data collection instruments, 
finalizing the standard operating procedures, etc. The laboratory procedures 
were standardized including the collection, transportation, storage and testing 
of sputum samples and waste disposal.  

7. Results 

7.1 Results of the TB sputum survey 

The survey was carried out between October 2007 and March 2009. In total 
96 916 persons were entered into the survey census through a house-to-
house visit in the selected mouzas/mahallas. Of them, 63 716 were eligible 
for enrolment in the sputum survey. Ultimately 52 098 (81.8%) persons aged 
15 years or more were enrolled. This relatively low participation rate is 
mainly due to field activities in the first six clusters. In these clusters the 
households were visited only once. When eligible persons were absent, no 
further efforts were made in recruiting them at a later stage. Instead, more 
households were included to reach the estimated study population of 1400 
individuals per cluster. This approach resulted in an oversampling of the 
cluster (too many individuals on the census list) and a subsequent low 
participation rate. When noticed, the procedure was changed and the field 
teams were instructed to visit the households several times before assuming 
the absence of an eligible individual. This reduced the number of individuals 
on the census list and increased the participation rated. This effect is clearly 
visible in Figures 5 and 6. The oversampling has been adjusted for in the 
analyses. 

A total of 33 new smear-positive cases were detected. The enrolment in 
the clusters varied between 1403 to 2313, with a mean of 1302 participants 
per cluster. The participation rate was between 57% to 92% with an average 
of 82%. More cases were detected in rural clusters (20) and among males 
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(24). This gives a crude prevalence of 33 per 52 098 or 0.000633 or 63.3 per 
100 000 adults. Less than 1 (mean of 0.8) case was, on average, identified 
per cluster. Considering that the cluster sizes were fairly similar and assuming 
that the true prevalence are fairly equal among all clusters, this shows a 
Poisson distribution. 

Figure 5: Participation rate by gender in rural clusters 
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Figure 6: Participation rate by gender in urban clusters 

 

The overall crude and adjusted prevalence rate of smear-positive TB 
was 63.3 per 100 000 and 79.4 per 100 000, respectively (Table 4). It was 
higher in the rural population compared to urban areas and among males 
than females. 

Table 4: Prevalence and prevalence rates of smear-positive TB by age, gender, 
income, expenditure, assets and education) 

Prevalence per 100 000 
Characteristic 

Number of 
TB cases 
detected 

Crude 
(95% CI) 

Adjusted 
(95% CI) 

All  33 63.3 (43.6-88.9) 79.4 (47.1-133.8) 

Residence 

     Rural 20 76.8 (46.9-118.6) 86.0 (47.9-154.3) 

     Urban 13 49.9 (26.6-85.3) 51.1 (27.7-94.1) 

Sex 

     Male 24 99.2 (63.5-147.8) 121.7(69.6-212.8) 

     Female 9 32.3 (14.8-61.3) 40.3 (13.4-121.4) 
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Prevalence per 100 000 
Characteristic 

Number of 
TB cases 
detected 

Crude 
(95% CI) 

Adjusted 
(95% CI) 

Age (in years) 

     15-24 5 32.7 (10.7-76.4) 43.0 (16.2-115.0) 

     25-34 3 24.1 (4.9-70.4) 46.4 (10.0-215.0) 

     35-44 6 58.9 (21.6-128.1) 82.0 (36.0-187.2) 

     45-54 6 36.0 (32.4-192.0) 99.0 (39.0-345.8) 

     55-64 7 171.0 (69.0-354.0) 201.0 (96.3-418.3) 

     65+ 6 182.2 (67.0-397.0) 150.0 (53.5-418.3) 

Monthly income (in Bangladesh taka) 

     < 3000 7 118.6 (47.6-244.3) 97.1 (40.9-230.4) 

     3001-10000 22 68.3 (42.8-103.4) 83.2 (47.2-146.5) 

     10000+ 4 28.6 (7.8-73.2) 51.5 (15.7-168.2) 

Monthly expenditure (in Bangladesh taka) 

     < 3000 11 140.7 (70.2-252.0) 159.7 (87.3-291.9) 

     3001-10000 13 55.9 (33.6-87.2) 63.3 (36.3-110.3) 

     10000+ 4 29.2 (6.0-85.2) 45.7 (9.5-219.9) 

Asset quintiles 

     1st (lowest) 12 134.5 (69.0-233.1) 137.9 (81.3-233.8) 

     2nd 8 81.9 (35.3-161.3) 79.6 (34.4-184.3) 

     3rd 7 66.2 (26.6-136.3) 69.8 (23.3-209.0) 

     4th 4 35.2 (9.6-90.0) 51.4 (9.1-289.9) 

     5th (highest) 2 17.6 (2.1-63.4) 13.9 (3.7-51.8) 

Education 

     No education 15 121.6 (68.2-201.1) 138.6 (78.4-245.0) 

     Primary 8 68.6 (29.6-135.2) 69.2 (31.2-153.6) 

     Secondary 6 35.0 (12.8-76.0) 51.8 (22.6-118.6) 

     Secondary+ 4 36.5 (9.9-93.3) 39.3 (9.4-133.8) 

Figures 5 and 6 also show the participation rate by gender in all rural 
and urban/semi-urban clusters. In some of the initial clusters there was a 
disproportionate lower participation by men compared to women, mainly 
due to male absentees. This was subsequently addressed by repeated visits, 
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visits by appointment and other strategies. As a result, the overall 
participation rate increased and the gap between male and female 
participation rate narrowed. 

The prevalence varied between men and women in a ratio of 1:0.33 
An increased number of cases were detected with the advancement of age. 
The maximum number of cases was found in persons above 54 years of age 
(Table 4).  

Tables 5 and 6 show the breakdown per cluster (Table 5 for rural 
clusters and Table 6 for urban/semi-urban clusters) of the number of people 
surveyed, number of people eligible to participate in the survey, number of 
people that actually participated and the number of smear-positive cases 
diagnosed among them. The crude prevalence rate and its accompanying 
95% CI is also shown.  

Table 5: Survey result by census, eligible, study population and  
crude prevalence in rural clusters 

All ages 

Eligible study 
population 

(≥15 years old) 

Attended 
Smear-
positive 

cases 

Crude 
prevalence 
in survey 

population 

95%  
confidence 

interval Cluster number 
and name 

Number Number % Number % Number (per 
100 000) 

Lower Upper 

101-Gournadi 2 137 1 448 67.8 1 316 90.9 2 152.0 18.4 548.9 

102-Betagi 2 202 1 490 67.7 1 329 89.2 1 75.2 1.91 419.2 

103-Sandwip 2 278 1 428 62.7 1 286 90.1     

104-Faridganj 2 352 1 447 61.5 1 311 90.6     

105-Muradnagar 2 484 1 438 57.9 1 294 90.0     

106-Noakhali 3 197 1 426 44.6 1 285 90.1     

107-Araihazar 2 239 1 424 63.6 1 295 90.9     

108-Kotwalipara 2 379 1 425 59.9 1 288 90.4     

109-Sarishabari 3 504 2 159 61.6 1 354 62.7 4 295.4 80.6 757.5 

110-Gouripur 3 451 2 003 58.0 1 334 66.6 4 299.9 81.7 767.7 

111-Delduar 3 310 2 313 69.9 1 314 56.8 2 152.2 18.4 549.8 

112-Jhenaidah 2 090 1 424 68.1 1 283 90.1 1 77.9 1.97 434.27 
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All ages 

Eligible study 
population 

(≥15 years old) 

Attended 
Smear-
positive 

cases 

Crude 
prevalence 
in survey 

population 

95%  
confidence 

interval Cluster number 
and name 

Number Number % Number % Number (per 
100 000) 

Lower Upper 

113-Terokhada 2 167 1 471 67.9 1 318 89.6 1 75.9 1.92 422.73 

114-Adamdighi 1 966 1 430 72.7 1 309 91.5     

115-Khansama 2 228 1 434 64.4 1 287 89.7 1 77.7 1.97 433.25 

116-Chowhali 3 591 1 994 55.5 1 283 64.3 1 77.9 1.97 434.27 

117-Lalpur 2 066 1 417 68.6 1 292 91.2     

118-Saghata 2 136 1 435 67.2 1 304 90.9     

119-Gangachara 2 147 1 420 66.1 1 295 91.2     

120-Sreemongol 2 123 1 419 66.8 1 275 89.9 3 235.3 48.52 687.63 

All rural 50 047 31 445 62.8 26 052 82.8 20 76.8 46.91 118.6 

Table 6: Survey result by census, eligible study population and crude prevalence in 
urban/semi-urban clusters 

All ages 
Eligible 

(≥15 years old) 
Attended 

Smear-
positive 
cases 

Crude 
prevalence 
in survey 

population 

95%    
confidence 

interval Cluster number 
and name 

Number Number % Number % Number (per 
100 000) 

Lower Upper 

201-Gournadi 2 252 1 440 63.9 1 315 91.3      

202-Chandgaon 2 055 1 442 70.2 1 305 90.5      

203-Kotwali 2 125 1 441 67.8 1 284 89.1 1 77.9 1.97 433.93 

204-Sitakunda 2 123 1 422 67.0 1 300 91.4      

205-Ramganj 2 296 1 448 63.1 1,303 90.0      

206-Dhanmondi 1 953 1 523 78.0 1 320 86.7      

207-Khilgaon 2 060 1 445 70.1 1 253 86.7 1 79.8 2.02 444.66 

208-Lalbagh 2 336 1 716 73.5 1 312 76.5      

209-Mohammadpur 2 265 1 708 75.4 1 341 78.5      

210-Sabujbagh 2 047 1 476 72.1 1 305 88.4 1 76.6 1.94 426.95 
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All ages 
Eligible 

(≥15 years old) 
Attended 

Smear-
positive 
cases 

Crude 
prevalence 
in survey 

population 

95%    
confidence 

interval Cluster number 
and name 

Number Number % Number % Number (per 
100 000) 

Lower Upper 

211-Sutrapur 2 330 1 714 73.6 1 333 77.8 1 75.0 1.9 417.98 

212-Gazipur 3 130 2 146 68.6 1 291 60.2 3 232.4 47.92 679.11 

213-Narayanganj 2 035 1 472 72.3 1 273 86.5 1 78.6 1.99 437.68 

214-Gopalganj 2 059 1 434 69.6 1 306 91.1 1 76.6 1.94 426.95 

215-Mymensingh 3 242 2 283 70.4 1 311 57.4 1 76.3 1.93 424.99 

216-Magura 2 655 1 728 65.1 1 301 75.3      

217-Rupsha 3 337 2 197 65.8 1 342 61.1      

218-Dinajpur 2 215 1 409 63.6 1 280 90.8 1 78.1 1.98 435.28 

219-Nawabganj 2 182 1 408 64.5 1 270 90.2      

220-Nilphamari 2 172 1 418 65.3 1 301 91.7 2 153.7 18.62 555.32 

All urban 46 869 32 270 68.9 26 046 80.7 13 49.9 26.58 85.37 

Table 7 shows the frequency of diagnostic interventions applied of the 
33 identified smear-positive cases, cluster-wise. It should be noted that all 33 
cases were positive on fluorescence microscopy. 

Table 7: Frequency of diagnostic interventions applied to the detected TB 

Diagnostic interventions 
Cluster number and 

name 
Rural/ 
urban ZN 1 ZN 2 

ZN 
New sample Chest X-ray 

TB cases 

101-Gournadi 2 2 NA NA 2 

102-Betagi 1 1 NA NA 1 

109-Sarishabari 3 1 not positive 3 suggestive 4 

110-Gauripur 2 4 2 NA 4 

111-Delduar 1 1 2 NA 2 

112-Jhenaidah 1 1 NA NA 1 

113-Terokhada 

Rural 

1 1 NA NA 1 
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Diagnostic interventions 
Cluster number and 

name 
Rural/ 
urban ZN 1 ZN 2 

ZN 
New sample Chest X-ray 

TB cases 

115-Khansama 1 1 NA NA 1 

116-Chauhali 1 1 NA NA 1 

120-Sreemangal 3 3 NA NA 3 

203-Kotwali 1 1 NA NA 1 

207-Khilgaon 1 1 NA NA 1 

210-Sabujbagh 1 1 NA NA 1 

211-Sutrapur 1 1 NA NA 1 

212-Gazipur 0 3 1 2 suggestive 3 

213-Narayanganj 0 1 1 NA 1 

214-Gopalganj 1 1 NA NA 1 

215-Mymensingh 1 1 NA NA 1 

218-Dinajpur 0 1 1 NA 1 

220-Nilphamari 

Urban/ 
semi-
urban 

2 2 NA NA 2 

Smear-positive sputum samples, as confirmed after ZN staining, were 
sent to the ICDDR,B TB laboratory in aseptic conditions and subjected to 
culture and DST. Among the 22 smear-positive cases, 29 were also culture-
positive. Of the four smear-positive, culture-negative cases, diagnosis was 
supported by X-ray in addition to one positive result after both ZN and 
fluorescence microscopy. On all culture-positive samples DST was performed 
against four anti-TB drugs: rifampicin, isoniazid, ethambutol and 
streptomycin. The majority (79%) were found to be sensitive to all drugs. The 
DST results are shown in Table 8. 
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Table 8: Drug-susceptibility patterns of TB cases identified during the survey 

Susceptibility pattern Number 
(N = 33) Percentage 

Pansensitive 23 79.3 

Rifampicin mono-resistant 1 3.4 

Isoniazid mono-resistant 3 10.3 

Ethambutol mono-resistant 1 3.4 

Streptomycin mono-resistant 4 13.8 

Resistant to rifampicin, isoniazid, 
ethambutol, streptomycin (MDR-TB) 

1 3.4 

7.2 Tuberculin survey results 

The PPD results show that about 4% of the children (between 5 and14 years 
old) showed a skin induration of 15 mm or more (Table 9). About 67% of the 
all children examined had a BCG scar. 

Table 9: General characteristics of children aged 5-14 years in the PPD survey 

Rural Urban Total 
Characteristic 

N % N % N % 

Age group 

     5-9 6 739 54.6 5 043 50.7 11 782 52.8 

     10-14 5 615 45.4 4 912 49.3 10 527 47.2 

Sex 

     Male 6 288 50.9 4 916 49.4 11 204 50.2 

     Female 6 066 49.1 5 039 50.6 11 105 49.8 

Children attempted for PPD 

     BCG scar present 7 880 63.8 7 134 71.6 15 014 67.3 

     BCG scar absent 1 295 10.5 1 182 11.9 2 477 11.1 

     BCG scar doubtful 46 0.4 48 0.5 94 0.4 

     Absent 1 287 10.4 916 9.2 2 203 9.9 
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Rural Urban Total 
Characteristic 

N % N % N % 

     Exclude 132 1.1 98 1.0 230 1.0 

     Result not collected 76 0.6 57 0.6 133 0.6 

     Not approached at all 1 637 13.3 387 3.9 2 024 9.1 

     Refused 1 0.01 133 1.3 134 0.6 

PPD results 

     0 mm 6 396 69.4 5 961 71.2 12 357 70.3 

     1-9 mm 1 607 17.4 1 208 14.4 2 815 16.0 

     10-14 mm 869 9.4 837 10.0 1 706 9.7 

     15+ mm 349 3.8 358 4.3 707 4.0 

Total 9 221 100 8 364 100 17 585 100 

 

About 2.8% of the 5–9-year old children had an induration of 15 mm 
or more. This figure was 5.4% among children aged 10-14 years (Table 10). 

Table 10: Frequency of PPD reaction size (in mm) in children,  
by age group and sex 

5-9 years 10-14 years Total 
Induration 

N % N % N % 

0 mm Male 3 555 38.0 2 410 29.3 5 965 33.9 

 Female 3 613 38.6 2 779 33.8 6 392 36.3 

 Total 7 168 76.6 5 189 63.1 12 357 70.3 

1-2 mm Male 50 0.5 41 0.5 91 0.5 

 Female 65 0.7 37 0.4 102 0.6 

 Total 115 1.2 78 0.9 193 1.1 

3-4 mm Male 170 1.8 161 2.0 331 1.9 

 Female 165 1.8 155 1.9 320 1.8 

 Total 335 3.6 316 3.8 651 3.7 

5-6 mm Male 217 2.3 301 3.7 518 2.9 

 Female 228 2.4 294 3.6 522 3.0 

 Total 445 4.8 595 7.2 1 040 5.9 
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5-9 years 10-14 years Total 
Induration 

N % N % N % 

7-8 mm Male 136 1.5 205 2.5 341 1.9 

 Female 141 1.5 199 2.4 340 1.9 

 Total 277 3.0 404 4.9 681 3.9 

9-10 mm Male 217 2.3 313 3.8 530 3.0 

 Female 159 1.7 267 3.2 426 2.4 

 Total 376 4.0 580 7.0 956 5.4 

11-12 mm Male 133 1.4 183 2.2 316 1.8 

 Female 98 1.0 171 2.1 269 1.5 

 Total 231 2.5 354 4.3 585 3.3 

13-14 mm Male 73 0.8 153 1.9 226 1.3 

 Female 75 0.8 114 1.4 189 1.1 

 Total 148 1.6 267 3.2 415 2.4 

15-16 mm Male 96 1.0 149 1.8 245 1.4 

 Female 74 0.8 136 1.7 210 1.2 

 Total 170 1.8 285 3.5 455 2.6 

17-18 mm Male 26 0.3 40 0.5 66 0.4 

 Female 29 0.3 56 0.7 85 0.5 

 Total 55 0.6 96 1.2 151 0.9 

19-20 mm Male 11 0.1 20 0.2 31 0.2 

 Female 19 0.2 33 0.4 52 0.3 

 Total 30 0.3 53 0.6 83 0.5 

20+ mm Male 1 0.0 4 0.0 5 0.0 

 Female 6 0.1 7 0.1 13 0.1 

 Total 7 0.1 11 0.1 18 0.1 

Total 9 357 100.0 8 228 100.0 17 585 100.0 

15+ mm Male 134 1.4 213 2.6 347 2.0 

 Female 128 1.4 232 2.8 360 2.0 

 Total 262 2.8 445 5.4 707 4.0 
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If an induration cut-off point of 15 mm is taken for determining TB 
infection, then 2.8% of the 5–9-year old and 5.4% of the 10–14-year old 
children are considered as infected or about 4% of all children aged between 
5 and 14 years old.  

Figure 7 shows the frequency distribution of reaction sizes to PPD 
intradermal injection in children aged between five and nine years, 
irrespective of BCG status, while Figure 8 shows the same for children aged 
10-14 years. 

Figure 7: Frequency distribution of induration (in mm) to PPD in children 
aged 5-9 years 
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Figure 8: Frequency distribution of induration (in mm) to PPD in children 
aged 10-14 years 
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8. Discussion 

8.1 Methodology 

The overall participation rate in the survey was below 85%. This was solely 
due to the fact that there has been an oversampling of individuals in the first 
six clusters. In these clusters, the field workers only enrolled participants who 
were at home during the census. They did not return to enrol the other 
members of the household. Instead they sampled more households to reach 
the stipulated 1400 participants targeted to be enrolled in each cluster. This 
situation caused a spurious large census list with a very low participation rate 
(between 50% and 60%). This situation was corrected by instructing the field 
teams that each household had to be visited multiple times during several 
days before concluding that eligible persons were not present. As a result the 
participation rate increased to over 90% in most of the remaining clusters. 

Given this differential inclusion in the clusters, it was important to adjust 
the survey sample for non-enrolment. This was done by including a weighing 
factor for non-enrolment in the overall individual weighing factor used in the 
analyses. This non-inclusion factor was calculated on the cluster level through 
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a logit procedure with the variables sex and education. Other variables could 
not be included because there were missing data on some of the levels 
within the variables at cluster level. Inclusion would result in dropping of the 
observations in the logit procedure. With this adjustment, the population 
enrolled in the survey was comparable to the population eligible at the 
cluster level. As the clusters were sampled in an appropriate proportional to 
population size strategy, the survey population is a valid representation of the 
country’s population and selection bias is not a major contributor to the 
findings of the survey. The scaling of the overall weights to the original survey 
population ensured that statistical tests were conducted on the appropriate 
number of degrees of freedom.  

The overall sampling strategy selected 20 urban/semi-urban and 20 
rural clusters regardless of the underlying population. This is more an 
inefficient rather than an erroneous way of sampling. This choice was made 
during initial discussions in 2003 and could not be reversed during the 
eventual implementation of the survey. This disproportionate sampling in the 
two groups was corrected during the analysis by including a stratification 
factor in the overall weighing of the participants. This implied that rural 
participants had an almost four times higher weight than urban participants. 
This also explains the difference between the crude and adjusted prevalence 
rates because rural TB cases counted for more. The nationwide prevalence 
rate, however, was estimated per 100 000 population, which should counter 
this overrepresentation of rural cases. With the overall weight in the survey 
(stratification and attrition), the prevalence estimates are a valid 
representation of the burden of smear-positive TB in the country. 

8.2 Results 

The adjusted prevalence of smear-positive TB in Bangladesh is 79 (95% CI: 
47-134) per 100 000 people aged 15 years and older, with a higher 
prevalence in the rural areas (86 per 100 000; 95% CI: 48-154) compared to 
the urban areas (51 per 100 000; 95% CI: 28-94).  

The WHO estimated prevalence rate for smear-positive TB in the total 
population for the year 2007 was 140 per 100 000 people (including 
children) (unpublished WHO, personal communication). With an estimated 
66% of the total population being 15 years or older (United Nations, 2007), 
the expected prevalence of smear-positive TB in the study population was 
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214 per 100 000. These estimates were largely based on tuberculin survey 
data carried out in the 1960s. The estimated prevalence rate emanating from 
the current survey is 2.7 times lower than the WHO estimate. 

The discrepancy between the WHO estimate and the survey results 
might be driven by the methodology used in the survey. The current survey 
did not screen for TB suspects. All eligible individuals were asked to provide 
two sputum samples for smear microscopy. In theory this would provide the 
best estimate for smear positivity in the population because nobody is 
excluded from examination. Screening can potentially miss between 20% 
and 50% of the TB cases due to the low sensitivity of various screening 
algorithms (Gothi et al. 1976; Datta et al. 2001). The reason for the chosen 
approach was financial. When designing the survey protocol in 2003 it was 
very unlikely that sufficient funds could be raised for a prevalence survey 
using X-ray for initial screening. In addition to the old survey results more 
recent trends in case notifications are taken into account in the WHO 
models. The current survey estimate and the WHO estimate, therefore, 
derive from rather different populations and settings since the routine 
notification system is seldom a good proxy measure for prevalence. 

Differences between survey results and WHO estimates, however, 
cannot be solely attributed to the survey techniques. In the most recent 
prevalence survey conducted in Viet Nam, the survey estimate was 1.6 times 
higher than the WHO estimate while the notification data were considered 
fairly robust. The methodology used in the Viet Nam survey was in line with 
the strategy currently recommended by WHO in which the initial steps 
consist of screening for suspects with a symptom questionnaire and chest X-
ray. The approach to have sputum for all eligible participants was used earlier 
in Eritrea. In this survey, the estimate was more than four times lower than 
the WHO estimate. The fact that countries are willing to embark on a 
national prevalence survey is guided by the desire to obtain results from 
direct and recent measurements. It is felt by many NTPs that the WHO 
estimates do not reflect their efforts in TB control activities nor do they reflect 
the current burden of TB in their countries. It should, therefore, not surprise 
that survey estimates can differ in both directions from the WHO estimates. 
An in-depth discussion should thus take place with all stakeholders from 
within as well as outside the country to meaningfully interpret the recent 
findings and put them in context. It is too simplistic to discard the current 
finding solely based on the fact that they are remarkably different from what 
was expected. 
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The survey estimate fits with a regional survey conducted in the rural 
area of Matlab upazila (Chandpur district) where the prevalence was reported 
to be 95 per 100 000 (Zaman et al. 2006). It, however, contradicts with a 
regional survey conducted in the Greater Mymensingh area by the Damien 
Foundation where the overall prevalence of smear-positive TB was only 24 
per 100 000. Both surveys identified suspects based on cough symptoms. 
Smear examination was performed only for these suspects. There were 
differences in the interview techniques of the suspects and the number of 
sputum samples examined between the surveys. These differences could in 
part explain the marked differences in prevalence estimates. 

The accuracy of the current estimate depends on how efficiently 
sputum specimens were collected and smear examinations performed in the 
field. Participants were instructed on how to produce a sample for the survey. 
None of the samples was rejected based on macroscopic appearance. To 
assess the quality of the specimens submitted an add-on study was 
performed in the last 21 clusters where the macroscopic and microscopic 
characteristics of the specimens were assessed (Banu et al. 2009). Of the 707 
samples of participants who coughed for more than three weeks, 61% were 
classified as saliva. Between 40% and 60% of these, however, were actually 
considered as sputum according to various algorithms for assessing specimen 
quality for microscopic assessment. It is, therefore, not possible to maintain 
the argument that the strategy followed in the survey is inadequate because 
of inferior specimen collection and the subsequent high risk of false-negative 
microscopy results. It may only be concluded that the macroscopic 
assessment of the quality of specimens is invalid. Based on frequent 
monitoring within the survey it can be stated that sample collection could not 
have been better than it was performed. 

Initial smear microscopy was performed using fluorescence microscopy 
because this technique allows for a more rapid assessment of the specimen. It 
has at least the same sensitivity and specificity as conventional ZN 
microscopy—estimated to be between 52% and 97% (Steingard et al. 2006). 
Furthermore, fluorescence microscopy is assumed to perform better than ZN 
microscopy in identifying paucibacillary specimens (Ba et al. 1999, Steingard 
et al. 2006). Quality assurance procedures were in place to ensure optimal 
microscopy procedures. All smears positive with fluorescence microscopy 
were restained following the ZN technique in the field laboratory. There 
were no discrepancies between the two methods. All positive ZN smears 
were re-examined in the central laboratory at ICDDR,B. There were also no 
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discrepancies observed between the results of the field laboratories and the 
central laboratory. Of more importance is to assess the false negativity rate of 
the examinations through fluorescence microscopy in the field. For this, a 
random sample was restained with auramine and re-examined by 
independent microscopists. No discrepancies were identified on rechecking. 
A limitation of this control step was that it was not performed at the same 
time of the field activities. Systematic errors could, therefore, not be 
corrected. A second limitation was the small sample taken for quality control. 
Given that more than 100 000 smears were examined, it was not possible to 
have a subsequent proportion retested. Sampling through a Lot Quality 
Assurance Sampling strategy was also not possible as the number or samples 
needed to be rechecked would be too high due to the relatively low false-
negativity rate expected. Instead, only 2.5% of the negative slides were 
rechecked. This leaves the possibility for ascertainment bias in the survey 
leading to a possible underreporting of smear-positive TB cases. 

With no false-negative results reported after fluorescence microscopy in 
the field, an assumed sensitivity of 75% for fluorescence microscopy to detect 
a positive smear, and missed positive samples being equally distributed 
throughout the country (to be able to assume identical weighting factors), the 
prevalence of smear-positive TB might be as high as 105 per 100 000 
population aged 15 years and older. 

Despite the unconventional methodology used and considering the 
intensive monitoring of field activities and appropriate discounting of the 
sampling strategy during the analyses, the final results of this nationwide 
sputum survey are very much valid. The results indicate that the burden of TB 
might not be as high as expected. This fits well with the observation that the 
increased emphasis on identifying TB suspects in the areas supported by the 
Damien Foundation did result in a steep increase in the number of these 
suspects but had almost no effect on the yield of TB patients diagnosed 
amongst these subjects. Given the small numbers of Tb cses identified, the 
results can’t be used to determine cluster-specific prevalence estimates. 

Of the 33 smear-positive TB patients detected in the survey, however, 
only 15 (45%) complained of cough during the initial census. With passive 
case detection based on symptoms screening, the majority of the smear-
positive TB patients in the survey would not have been detected under the 
routine NTP case-finding strategy because they would not have been 
identified as TB suspects in the first place. 
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With the current survey results, the question arises whether routine 
case-notification data give a representative picture of the prevalence of 
smear-positive TB in the country. The problem with such a comparison is that 
the number of patients found in the different clusters is very low. The 
estimates, therefore, lack the power to reflect true prevalence of smear-
positive TB in the respective clusters. One could assume that in regions 
where there is a high case notification, the likelihood that the survey found 
smear-positive patients is higher than in regions with low case notifications.  

In the current survey there was no culture performed on smear-negative 
cases. This can be seen as a limitation because it precludes the assessment of 
the prevalence of bacteriologically-confirmed TB.  

9. Conclusions and recommendations 

This survey is the first nationwide representative survey to determine the 
prevalence of smear-positive TB since the introduction of the DOTS 
programme. It was anticipated that between 100 and 200 smear-positive 
cases would be found per 100 000 people. A sample size of 50 000 adults 
was, therefore, considered as the appropriate minimum to produce a 
significant result. As the actual burden of smear-positive TB appears now to 
be less than 100 per 100 000, the produced estimate carries a relatively wide 
confidence interval and needs thus to be interpreted with caution. 

The overall burden of smear-positive TB seems to have reduced 
significantly in recent years, compared to earlier surveys. The TB control 
programme in Bangladesh has achieved a good coverage resulting in a 
commendable case detection and treatment success rate for the last several 
years.  

The survey results confirm the data obtained through routine quarterly 
or annual monitoring: disaggregation by sex is in line with what is notified to 
NTP, i.e. that smear-positive TB is a predominantly male disease; and TB is 
more prevalent among older people, peaking in the 55–64-year old age 
group. The fact that TB is more common in poorer segments of the 
community is well known. It also revealed some facts that were less 
documented by NTP such as the higher burden in rural areas compared to 
urban areas in spite of availability of DOTS services in rural areas for a 
considerable longer time. 
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Due to the small number of cases identified, the 95% CI around the 
obtained estimate is very wide. Any slight change (decrease or even increase) 
in the prevalence rates of smear-positive TB cases in a future survey will, 
therefore, not necessarily mean a real change in the population. Its 
interpretation will depend on the precision of the survey result and the width 
of the 95% CI. 

Also linked to the small number of actually identified smear-positive 
cases, analysis in subgroups needs an even more cautious interpretation. 
Confidence intervals around data for subgroups (age, sex, cluster, etc.) are 
even wider. The current findings of smear-positive TB among higher age 
groups might be an indication of lesser transmission of TB in recent years 
which could be the result of effective TB control interventions. 

The significant number of cases detected without symptoms or not 
meeting the criteria of TB suspect (i.e. coughing over less than two or three 
weeks) means that these patients would not be picked up under the routine 
programme strategy. A number of these already infectious cases will become 
symptomatic later, thereby further increasing the duration of the infectious 
period. 

As only three cases detected during the survey were known by NTP and 
were under treatment, and after excluding the asymptomatic cases or cases 
not fitting the definition of TB suspect, a significant number of suspect TB 
cases unknown to NTP were detected. As we might assume that all cases 
detected were also thoroughly interviewed during the survey, this could point 
to an important gap in case notification. 

It is recommended to use the survey results cautiously and to always 
display the 95% CI when quoting the TB prevalence estimate, so as to 
remind potential users about the range of possible values. 

The survey results should also be communicated to the WHO Regional 
Office and WHO Headquarters so that they can be considered when re-
estimating the TB burden in the country. This is important as the officially 
published estimates for prevalence, incidence and mortality serve as the basis 
for determining programmatic targets. 
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Annex 1 

Map of Bangladesh indicating clusters surveyed 
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Annex 2a 

Cluster number and names with names of mauzas 
surveyed (rural areas) 

The total population residing in rural areas in the country (excluding the Chittagong 
Hill Tracts rural areas) was 100 324 960. The sampling interval, obtained by dividing 
this total by the number of rural clusters (20), was 4 951 247. Using the MS Excel 
function =RANDBETWEEN(1,4951247), the random number 828 902 was 
obtained. This corresponded to Gaurnadi upazila in Barisal District as first cluster. 
Subsequent clusters were determined by adding the sampling interval to the 
randomly obtained number and checking the corresponding upazila in the 
cumulative list of upazilas. Table 11 shows the selected clusters and mauzas. 

Table 11: Selected clusters with cluster number and mauza 

Sl. No. Division District Upazila Mauza 

101 Barisal Gaurnadi Bakai Ichakuri 

102 
Barisal 

Barguna Betagi Uttar Choto Mokamia 

103 Chittagong Sandwip Gachhua 

104 Chandpur Faridganj Gudrachar 

105 Comilla Muradnagar Dakshin Dighaldi 

106 

Chittagong 

Noakhali Noakhali Sadar Andarchar 

107 Narayanganj Araihazar Singhadi 

108 Gopalganj Kotalipara Amtali 

109 Jamalpur Sarishabari Chuniapatol 

110 Mymensingh Gauripur Dhekuria, Sholpai 

111 

Dhaka 

Tangail Delduar Nanduria 

112 Jhenaidah Jhenaidah Sadar Kursi 

113 
Khulna 

Khulna Terokhada Biri Ajugara 

114 Rajshahi Bogra Adamdighi Sihari 
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Sl. No. Division District Upazila Mauza 

115 Dinajpur Khansama Pakerhat 

116 Sirajganj Chauhali Chandpur, Elongi 

117 Natore Lalpur Jot Sultan 

118 Gaibandha Saghatta Telian 

119 Rangpur Gangachara Arazi Niamat 

120 Sylhet Maulvibazar Sreemangal Khejurichhara Tea Estate 
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Annex 2b 

Cluster number and names with names of mahallas 
surveyed (urban areas) 

The total population residing in urban areas in the country (excluding the urban areas 
of Chittagong Hill Tracts) was 27 412 080. The sampling interval, obtained by 
dividing this total by the number of urban clusters (20), was 1 180 762. Using the MS 
Excel function =RANDBETWEEN(1,1180902), the random number 43 303 was 
obtained. This corresponded to Gaurnadi paurashava in Gaurnadi upazila in Barisal 
District as first cluster. Subsequent clusters were determined by adding the sampling 
interval to the randomly obtained number and checking the corresponding 
paurashabha/upazila in the cumulative list of upazilas. Table 12 shows the selected 
clusters and mahallas.  

Table 12: Selected urban/semi-urban clusters with cluster number and mahalla 

Sl. No. Division District Paurashabha / Upazila Mahalla 

201 Barisal Barisal Gaurnadi Uttar Palordi 

202 Chandgaon 
Purbo Shola Shahar 1 & 
2 

203 Kotwali Bagmoniram 

204 

Chittagong 

Sitakunda Paschim Amirabad 

205 

Chittagong 

Lakshmipur Ramganj Paschim Angharpara 

206 Dhanmondi Eidgah Road 

207 Khilgaon Dakhin Banorsree 

208 Lalbagh Nawab Garden Ward 63 

209 Mohammadpur Lalmatia Block B 

210 Sabujbagh Dakshin Mughdarpar 

211 

Dhaka 

Sutrapur 
Soshi Mohnsna Basak 
Lane 

212 

Dhaka 

Gazipur Gazipur sadar Samantapur 
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Sl. No. Division District Paurashabha / Upazila Mahalla 

213 Narayanganj Narayanganj Sadar 
Port Road, Kalibazar 5 
no. ghat 

214 Gopalganj Gopalganj Sadar Uttar Gohata 

215 Mymensingh Mymensingh Sadar Moralpara 

216 Magura Magura Sadar Kukna 

217 
Khulna 

Khulna Rupsa Bhabanipur 

218 Dinajpur Dinajpur Sadar Balidanga Nutunpara 

219 Nawabganj Nawabganj Sadar Joynagar 

220 

Rajshahi 

Nilphamari Nilphamari Sadar 
Purbo Nilphamari Bazar, 
Baroipara 
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Annex 3 

Laboratory methods 

Fluorescence microscopy 

A new, clean and unscratched slide was labelled at one end with a diamond pencil. 
A portion of sputum was taken that macroscopically appeared thick, blood-stained or 
containing pus, using a sterile, disposable 1 μl loop. The sample was spread in the 
middle of the slide over an area of approximately 2x1 cm. The smear was allowed to 
air-dry for 10-15 minutes and was fixed to the slide by flaming 3-4 times. The slide 
was allowed to cool before staining. The fixed slide was flooded with fluorochrome 
stain and left standing for 15 minutes at room temperature. The slide was rinsed with 
distilled water and then decolourized using 0.1% acid-alcohol for two minutes. The 
slide was again rinsed with distilled water. The slide was then covered with 
permanganate solution and left for three minutes to air-dry. After this procedure, the 
slide was rinsed with tap water and examined under a fluorescence microscope. 

The lamp was warmed up for 15 minutes. The specimen was placed on the 
stage and focus on the specimen with the 10x objective. With Auramine O staining 
technique, bacilli were fluorescing as yellow/green against a dark ground created by 
the permanganate solution. Hundred fields were scanned before considering the 
stain negative. Less than six bacilli/field was considered as 1+, 6-100 bacilli/field as 
2+ and more than 100/field as 3+. A positive and negative slide was checked for 
quality control. 

ZN staining and conventional microscopy  

The smear was soaked with carbolfuchsin and heated until the vapour appeared after 
which it was left standing for approximately five minutes. The slide was washed by 
gentle running of distilled water. It was then flooded with 25% sulphuric acid for two 
minutes. The smear was cleaned once more with gentle running distilled water, 
subsequently flooded with methylene blue as counter stain and kept on standby for 
two minutes. Finally the slide was rinsed with distilled water and air-dried.  
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Ziehl-Neelsen stained smears were examined with a 100x oil immersion 
objective. Each slide was thoroughly examined for the presence of acid-fast bacilli. 
Hundred fields were scanned before considering the stain negative. Between 1-9 
bacilli per 100 fields were considered as scanty, 10-99 bacilli per 100 fields as 1+, 1-
10 bacilli per field as 2+ and more than 10 bacilli per field as 3+. A positive and 
negative slide was checked for quality control. 

Culture and drug-susceptibility testing 

Culture and DST of M. tuberculosis strains was performed according to conventional 
methods. All specimens were decontaminated and digested with NaOH and NALC 
according to standard methods. As a conventional method for determining 
antimicrobial resistance, the method of proportion was performed. In the method of 
proportion, a standardized suspension of the test organism was inoculated onto agar 
containing an antimicrobial agent and also onto a control agar plate without any 
antimicrobial agent. The number of colonies growing on drug-containing medium 
was compared with the number of colonies growing on drug-free medium. Strains 
were generally considered resistant to a particular concentration of drug when 1% or 
more colonies grew on the drug-containing medium compared to the drug-free 
medium. Results were reported after 3-4 weeks after the start of the test. 
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Annex 4 

General characteristics of the survey population 

Census population Eligible population Participated Not participated 
TB cases detected in 

the survey Characteristic 

N % N % N % N % N % 

Age group (years) 

0-4 10 892 11.24                 

5-14 22 309 23.02                 

15-24 19 131 19.74 19 132 30.03 15 275 29.32 3 857 33.2 5 15.15 

25-34 15 109 15.59 15 108 23.71 12 446 23.89 2 662 22.91 3 9.09 

35-44 12 293 12.68 12 293 19.29 10 195 19.57 2 098 18.06 6 18.18 

45-54 8 177 8.44 8 177 12.83 6 803 13.06 1 374 11.83 6 18.18 

55-64 4 920 5.08 4 920 7.72 4 081 7.83 839 7.22 7 21.21 

65+ 4 085 4.21 4 085 6.41 3 298 6.33 787 6.77 6 18.18 

Total 96 916 100 63 715 100 52 098 100 11 617 100 33 100 

Mean ±SD 25.6  35.3 ± 15.9  35.5 ± 15.7  34.7 ± 16.2  47.2 ± 17.03  

Min/Max  
(age in years) <1/99  15/99  15/99  15/99  17/82   

Sex 

Male 47 785 49.31 31 158 48.9 24 203 46.46 6 955 59.87 24 72.73 

Female 49 131 50.69 32 557 51.1 27 895 53.54 4 662 40.13 9 27.27 

Residence 

Rural 50 047 51.64 31 445 49.35 26 052 50.0 5 393 46.42 20 60.61 

Urban 46 869 48.36 32 270 50.65 26 046 50.0 6 224 53.58 13 39.0 
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Annex 5 

General characteristics of the study  
population ≥ 15 years 

Total eligible Smear-positive TB patients 
detected 

Characteristic 
Number 

(N = 63 715) 
% Number 

(N = 33) 
% 

History of TB treatment 

     On treatment 583 0.9 3 9.0 

Presence of cough 

     Present at time of survey 3 483 5.46 15 45.5 

Marital status 

     Married 44 546 69.92 27 81.82 

     Divorced 251 0.39 2 6 

     Widowed/widower 3 956 6.21 1 3.03 

     Separated 400 0.63 3 9.09 

     Unmarried 14 561 22.85   

Occupation 

     Farmer 5 673 8.9 4 12.12 

     Daily labourer 3 585 5.63 10 30.3 

     Mill worker 250 0.39   

     Skilled labourer 2 970 4.66 2 6.06 

     Boatman 23 0.04   

     Fisherman 136 0.21   

     Service 5 593 8.78 3 9.09 

     Business 3 507 5.5   
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Total eligible Smear-positive TB patients 
detected 

Characteristic 
Number 

(N = 63 715) 
% Number 

(N = 33) 
% 

     Small trader 2 773 4.35 3 9.09 

     Garments worker 421 0.66   

     Village doctor/pharmacist 79 0.12   

     Rickshaw/van puller 1 253 1.97 2 6 

     Beggar 49 0.08   

     Student 6 092 9.56   

     Dependants 2 062 3.24 3 9.09 

     Housewife 24 543 38.52 6 18.18 

     Permanent servant 797 1.25   

     Driver 438 0.69   

     House tutor 55 0.09   

     Professional (doctor, teacher 

     lawyer, engineer, etc.) 
551 0.86   

     Woodcutter 0 0   

     Retired 483 0.76   

     Unemployed 2 109 3.31   

     Other 273 0.43   

Education 

     Nil 15 510 24.34 15 45.45 

     Up to Class 1-9 29 485 46.27 14 42.43 

     SSC (Class 10+) 5 362 8.42   

     HSC (Class 12+) 4 180 6.56 1 3.03 

     Graduation 2 284 3.58   

     Masters/MBBS/Engineer 1 482 2.33   

     Non Formal 5 356 8.41 3 9.09 



Report of the Nationwide Tuberculosis Disease-cum-Infection Prevalence Survey (2007-2009) 

Page 56 

Total eligible Smear-positive TB patients 
detected 

Characteristic 
Number 

(N = 63 715) 
% Number 

(N = 33) 
% 

     Not Applicable 56 0.09   

Reported monthly family income (in Bangladesh taka) 

     < 3000 7 303 11.46 7 21.21 

     3001-5000 16 506 25.91 16 48 

     5001-8000 15 789 24.78 2 6.06 

     8001-10 000 7 063 11.09 4 12.12 

     > 10 000 17 053 26.76 4 12.12 

Reported monthly family expenditure (in Bangladesh taka) 

     < 3000 9 681 15.19 11 33 

     3001-5000 19 230 30.18 13 39.39 

     5001-8000 15 821 24.83 4 12 

     8001-10 000 6 479 10.17 2 6.06 

     > 10 000 12 503 19.6 3 9.09 

Marital status 

     Married 44 546 69.92 27 81.82 

     Divorced 251 0.39 2 6 

     Widowed/widower 3 956 6.21 1 3.03 

     Separated 400 0.63 3 9.09 

     Unmarried 14 561 22.85   
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Annex 6 

General characteristics of the participating and non-
participating eligible study population 

Participated Not participated 
Characteristic Number  

N = 52 098 % Number  
N = 11 617 % 

Age group (in years) 

     15-24 15 275 29.32 3 857 33.2 

     25-34 12 446 23.89 2 662 22.91 

     35-44 10 195 19.57 2 098 18.06 

     45-54 6 803 13.06 1 374 11.83 

     55-64 4 081 7.83 839 7.22 

     65+ 3 298 6.33 787 6.77 

     Total  52 098 100 11 617 100 

     Mean ± standard deviation   35.5 ± 15.7     34.7 ± 16.2  

     Min./Max. 15 / 99  15 / 99   

Sex 

     Male 24 203 46.46 6 955 59.87 

     Female 27 895 53.54 4 662 40.13 

Residence 

     Rural 26 052 50.0 5 393 46.42 

     Urban/semi-urban 26 046 50.0 6 224 53.58 

History of TB treatment 

     Treated before or on treatment 457 0.9 32 0.3 

Presence of cough 

     Present at time of survey 3 208 6.15 275 2.3 
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Participated Not participated 
Characteristic Number  

N = 52 098 % Number  
N = 11 617 % 

Marital status 

     Married 36 892 70.81 7 654 65.89 

     Divorced 195 0.37 56 0.48 

     Widowed/widower 3 216 6.17 740 6.37 

     Separated 321 0.62 79 0.68 

     Unmarried 11 474 22.02 3 087 26.58 

Occupation 

     Farmer 4 605 8.84 1 068 9.19 

     Daily labourer 2 796 5.37 789 6.79 

     Mill worker 194 0.37 56 0.48 

     Skilled labourer 2 114 4.06 856 7.37 

     Boatman 16 0.03 7 0.06 

     Fisherman 108 0.21 28 0.24 

     Service 4 082 7.84 1 511 13.01 

     Business 2 830 5.43 677 5.83 

     Small trader 2 242 4.3 531 4.57 

     Garments worker 262 0.5 159 1.37 

     Village doctor/pharmacist 65 0.12 14 0.12 

     Rickshaw/van puller 979 1.88 274 2.36 

     Beggar 37 0.07 12 0.1 

     Student 4 975 9.55 1 117 9.62 

     Dependants 1 616 3.1 446 3.84 

     Housewife 21 373 41.02 3 170 27.29 

     Permanent servant 617 1.18 180 1.55 

     Driver 311 0.6 127 1.09 

     House tutor 40 0.08 15 0.13 
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Participated Not participated 
Characteristic Number  

N = 52 098 % Number  
N = 11 617 % 

     Professional (doctor, teacher, 
     lawyer, engineer, etc.) 452 0.87 99 0.85 

     Retired person 400 0.77 83 0.71 

     Unemployed 1 759 3.38 350 3.01 

     Other 225 0.43 48 0.41 

Education 

     Nil 12 300 23.61 3 210 27.63 

     Up to Class 1-9 24 482 47.0 5 003 43.08 

     SSC ( Class 10+) 4 344 8.34 1 018 8.76 

     HSC (Class 12+) 3 399 6.52 781 6.72 

     Graduation 1 784 3.42 500 4.3 

     Masters/MBBS/Engineer 1 108 2.13 374 3.22 

     Non formal 4 640 8.91 716 6.16 

     Not applicable 41 0.08 15 0.13 

Reported monthly family income (in Bangladesh taka) 

     < 3000 5 902 11.33 1 401 12.06 

     3001-5000 13 467 25.85 3 039 26.16 

     5001-8000 12 857 24.68 2 932 25.24 

     8001-10000 5 873 11.27 1 190 10.24 

     > 10 000 13 999 26.87 3 054 26 

Reported monthly family expenditure (in Bangladesh taka) 

     < 3000 7 821 15.01 1 860 16.01 

     3001-5000 15 534 29.82 3 696 31.82 

     5001-8000 13 034 25.02 2 787 23.99 

     8001-10000 5 425 10.41 1 054 9.07 

     10000+ 10 284 19.74 2 219 19.1 
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Annex 7a 

Frequency of PPD reaction size (in mm) in children 
aged 5-14 years with BCG 

5-9 years 10-14 years Total 
Induration 

N % N % N % 

0 mm Male 3 085 38.1 2 065 29.8 5 150 34.3 

 Female 3 040 37.5 2 190 31.7 5 230 34.8 

 Total 6 125 75.7 4 255 61.5 10 380 69.1 

1-2 mm Male 42 0.5 41 0.6 83 0.6 

 Female 60 0.7 30 0.4 90 0.6 

 Total 102 1.3 71 1.0 173 1.2 

3-4 mm Male 152 1.9 148 2.1 300 2.0 

 Female 144 1.8 123 1.8 267 1.8 

 Total 296 3.7 271 3.9 567 3.8 

5-6 mm Male 199 2.5 265 3.8 464 3.1 

 Female 208 2.6 245 3.5 453 3.0 

 Total 407 5.0 510 7.4 917 6.1 

7-8 mm Male 125 1.5 187 2.7 312 2.1 

 Female 126 1.6 169 2.4 295 2.0 

 Total 251 3.1 356 5.1 607 4.0 

9-10 mm Male 202 2.5 284 4.1 486 3.2 

 Female 147 1.8 240 3.5 387 2.6 

 Total 349 4.3 524 7.6 873 5.8 

11-12 mm Male 118 1.5 170 2.5 288 1.9 

 Female 85 1.0 154 2.2 239 1.6 

 Total 203 2.5 324 4.7 527 3.5 

13-14 mm Male 67 0.8 136 2.0 203 1.4 

 Female 69 0.9 96 1.4 165 1.1 

 Total 136 1.7 232 3.4 368 2.5 
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5-9 years 10-14 years Total 
Induration 

N % N % N % 

15-16 mm Male 82 1.0 135 2.0 217 1.4 

 Female 66 0.8 108 1.6 174 1.2 

 Total 148 1.8 243 3.5 391 2.6 

17-18 mm Male 23 0.3 32 0.5 55 0.4 

 Female 26 0.3 46 0.7 72 0.5 

 Total 49 0.6 78 1.1 127 0.8 

19-20 mm Male 9 0.1 18 0.3 27 0.2 

 Female 16 0.2 26 0.4 42 0.3 

 Total 25 0.3 44 0.6 69 0.5 

20+ mm Male 1 0.0 4 0.1 5 0.0 

 Female 4 0.0 6 0.1 10 0.1 

 Total 5 0.1 10 0.1 15 0.1 

Total 8 096 100 6 918 100 15 014 100 

15+ mm Male 115 1.4 189 2.7 304 2.0 

 Female 112 1.4 186 2.7 298 2.0 

 Total 227 2.8 375 5.4 602 4.0 
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Figure 9: Frequency distribution of induration (in mm) to PPD in  
children aged 5-9 years, BCG+ 
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Figure 10: Frequency distribution of induration (in mm) to PPD in children aged 
10-14 years, BCG+ 
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Annex 7b 

Frequency of PPD reaction size (in mm) in children 
aged 5-14 years without BCG 

5-9 years 10-14 years Total 
Induration 

N % N % N % 

0 mm Male 460 37.8 329 26.1 789 31.9 

 Female 547 44.9 575 45.6 1 122 45.3 

 Total 1 007 82.7 904 71.7 1 911 77.1 

1-2 mm Male 8 0.7 0 0.0 8 0.3 

 Female 5 0.4 7 0.6 12 0.5 

 Total 13 1.1 7 0.6 20 0.8 

3-4 mm Male 17 1.4 12 1.0 29 1.2 

 Female 21 1.7 31 2.5 52 2.1 

 Total 38 3.1 43 3.4 81 3.3 

5-6 mm Male 18 1.5 34 2.7 52 2.1 

 Female 19 1.6 47 3.7 66 2.7 

 Total 37 3.0 81 6.4 118 4.8 

7-8 mm Male 11 0.9 18 1.4 29 1.2 

 Female 15 1.2 27 2.1 42 1.7 

 Total 26 2.1 45 3.6 71 2.9 

9-10 mm Male 15 1.2 25 2.0 40 1.6 

 Female 10 0.8 27 2.1 37 1.5 

 Total 25 2.1 52 4.1 77 3.1 

11-12 mm Male 15 1.2 13 1.0 28 1.1 

 Female 11 0.9 15 1.2 26 1.0 

 Total 26 2.1 28 2.2 54 2.2 

13-14 mm Male 5 0.4 16 1.3 21 0.8 

 Female 6 0.5 16 1.3 22 0.9 

 Total 11 0.9 32 2.5 43 1.7 
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5-9 years 10-14 years Total 
Induration 

N % N % N % 

15-16 mm Male 14 1.2 14 1.1 28 1.1 

 Female 7 0.6 27 2.1 34 1.4 

 Total 21 1.7 41 3.3 62 2.5 

17-18 mm Male 3 0.2 8 0.6 11 0.4 

 Female 3 0.2 9 0.7 12 0.5 

 Total 6 0.5 17 1.3 23 0.9 

19-20 mm Male 2 0.2 2 0.2 4 0.2 

 Female 3 0.2 7 0.6 10 0.4 

 Total 5 0.4 9 0.7 14 0.6 

20+ mm Male 0 0.0 0 0.0 0 0.0 

 Female 2 0.2 1 0.1 3 0.1 

 Total 2 0.2 1 0.1 3 0.1 

Total 1 217 100 1 260 100 2 477 2477 

15+ mm Male 19 1.6 24 1.9 43 1.7 

 Female 15 0.9 44 3.5 59 2.4 

 Total 34 2.8 68 5.4 102 4.1 
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Figure 11: Frequency distribution of induration (in mm) to PPD in children aged 
5-9-years, without BCG 
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Figure 12: Frequency distribution of induration (in mm) to PPD in children aged 
10-14 years, without BCG 
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Annex 8 
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(1) Prof. Dr Pravat Chandra Barua, Director MBDC and Line Director (TB-
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Member-Secretary 

(2) Dr Md. Abdul Awal Miah, Programme Manager, NTP (till 25 Feb 2009) 

(3) Dr Md. Nazrul Islam, Programme Manager, NTP (from 26 Feb 2009) 

Members 

(4) Director Planning Research and Development, DGHS 

(5) Dr Md. Mojibur Rahman, National Programme Consultant, NTP 

(6) Associate Prof. Dr S. M. Mostafa Kamal, Coordinator, National TB Reference 
laboratory, National Institute of Diseases of Chest and Hospital 

(7) Dr Emdadul Hoque, M&E Specialist, NTP 

(8) Dr K. Zaman, Epidemiologist and Scientist, ICDDR,B and Principal 
Investigator 

(9) Dr Sayera Banu, Scientist, ICDDR,B and co-P.I. 

(10) Dr M.A. Quaiyum, Scientist, ICDDR,B and co-P.I. 

(11) Dr S.A. Shahed Hossain, Scientist, ICDDR,B and co-P.I. 

(12) Dr Marijke Becx-Bleumink, Medical Officer (TB), WHO (till 27 Feb 2007) 

(13) Dr Erwin Cooreman, Medical Officer (TB), WHO (from 3 May 2007) 
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(14) Dr Vikarunnessa Begum, National Consultant (TB Management), WHO; 
Deputy Programme Manager (Filariasis), DGHS; and National Professional 
Officer (TBCAP), WHO 

(15) Mr Jalal Uddin Ahmed, Associate Director, BRAC Health Programme 

(16) Dr M.A.H. Salim, Country Director and Medical Adviser, Damien Foundation 

(17) Dr Md Akramul Islam, Programme Coordinator, BRAC Health Programme; 
Technical Consultant, The Union South-East Asia 

(18) Dr Sukumar Sarker, Programme Officer, USAID Bangladesh Country Mission 

 





 

 

 

 
 




