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The first edition of this book – Assessing tuberculosis prevalence through population-based surveys – 

was published by the World Health Organization (WHO) in 2007. Its aim was to provide guidance to 

countries about how to estimate the prevalence of tuberculosis (TB) disease through population-

based surveys. Designed for TB experts, survey investigators, researchers and advisers at national 

and international levels, the “red book” (as it soon came to be known) explained the core survey 

methods, including calculation of sample sizes, strategies for screening and diagnosis, case 

definitions, field operations, and how to analyse and report results. 

Three years after the book was published in 2007, interest in TB prevalence surveys had increased 

substantially among countries with a high burden of TB as well as technical and financial agencies. 

The creation of a WHO Global Task Force on TB Impact Measurement1 (hereafter the Task Force) in 

June 2006 and the Task Force’s subsequent definition (in December 2007) of nationwide prevalence 

surveys in at least 21 global focus countries as one of its three major strategic tracks of work2 

affirmed and reinforced a growing national and international commitment to prevalence surveys. 

The overall mandate of the Task Force is to ensure the best-possible assessment of whether the 

global targets for TB control set for 2015 are achieved, to report on progress in the years leading 

up to 2015 and to strengthen national capacity in monitoring and evaluation. The global targets are 

that incidence should be falling by 2015 (Millennium Development Goal 6.c), and that prevalence 

and mortality should be halved compared with their level in 1990 (targets set by the Stop TB Part-

nership).  

Following the December 2007 meeting of the WHO Global Task Force on TB Impact Measurement, 

a Subgroup on Prevalence Surveys was established to provide global-level coordination of efforts 

to ensure that the necessary guidance, advice and direct technical support were available to coun-

tries. During the Subgroup’s first three years of work, major developments included:

• Agreement that survey objectives should be broadened. In addition to using a survey 

to produce a point-estimate of the national prevalence of TB disease, it was recognized 

that  more emphasis needed to be given to other invaluable information that surveys can 

provide. Surveys can be used to gain a better understanding of why people with TB are not 

being diagnosed and/or notified to national TB control programmes (NTPs) as well as what 

strategies could help to achieve earlier and fuller detection of TB cases (especially important 

in countries  where notification data do not capture a large proportion of estimated cases). 

Repeat surveys (with an interval of at least five years) allow measurement of trends in the 

burden of TB. When combined with indepth analyses of surveillance data, survey data can 

also be used to improve estimates of disease burden as a whole (incidence and mortality, 

as well as prevalence).

introduction

1  http://www.who.int/tb/advisory_bodies/impact_measurement_taskforce/en/
2 The other two strategic tracks of work are (i) strengthening surveillance and (ii) periodic review and updating of methods used to translate 
survey and surveillance data into estimates of TB incidence, prevalence and mortality.
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• New or updated recommendations and case definitions. These included new or updated 

recommendations on sampling and screening strategies, the technologies to be used for 

bacteriology and chest X-ray examinations, analysis of data, and collection of supplementary 

data (for example, to better understand the reasons why some TB cases are not being diagnosed 

by and notified to NTPs). Case definitions in the context of surveys were updated in 2010.

• Recognition of the need for more practical guidance.  The need for more practical guid-

ance became apparent during workshops and expert meetings organized by the Subgroup in 

2008 and 2009. Examples included workshops organized by WHO to assist several of the 21 

global focus countries to develop survey protocols as well as expert meetings among tech-

nical partners in which survey protocols were reviewed. There was particular demand for 

case studies of recent surveys that would better illustrate what the recommended methods 

meant in practice. From 2007 to 2010, new guidance material also became available, includ-

ing on training of survey teams, data management and definition of the standard operating 

procedures used in surveys. 

In the context of these developments, it was agreed that the production of a second edition of the 

handbook was a top priority of the Subgroup in 2010. This second (lime) edition will help users to 

justify, design, fund, implement and analyse a high-quality national TB prevalence survey; to repeat 

surveys that allow comparisons with earlier surveys; to maximize the value of the data collected 

during surveys; and to ensure standardization of methods across multiple surveys in more than 20 

countries in WHO’s African, Eastern Mediterranean, South-East Asia and Western Pacific regions. 

The book is structured in four major parts, with 16 chapters: 

• Part I – Rationale, goal and objectives. Part I consists of two chapters that provide the 

foundation for the rest of the book. The first chapter explains why surveys are important 

and the settings in which they are relevant. It also highlights the essential elements that 

must be in place before a survey can be implemented.  The second chapter defines the goal 

and objectives of a survey,  and the indicators that correspond to each survey objective. 

• Part II – Design and methods. The first chapter of Part II provides an overview of all the 

topics that should be covered in a survey protocol - topics which are then discussed in much 

greater detail in subsequent chapters of the book. The remaining nine chapters of Part II are 

screening strategies and case definitions, sampling design, interviews, chest radiography, 

bacteriology, repeat surveys, ethical issues, TB treatment, HIV testing and other critical 

interventions and budgeting and financing.

• Part III – Management, organization, logistics, and field work. Part III contains three chapters: 

survey organization and planning, field operations, and documentation and data management.

• Part IV – Analysis and reporting. Part IV has only one chapter. This provides comprehensive 

guidance on how to analyse survey data and how to report findings. 

All chapters provide clear guidance and recommendations based on scientific principles combined 

with at least one case study that illustrates what the recommendations mean in practice. These 

case studies are mostly (although not exclusively) from Asian countries, since as of 2010 this was 

where most recent surveys had been done, including Cambodia, China, Indonesia, Myanmar, the 



Philippines and Viet Nam. As the book was being written, it was also possible to draw upon 

experience in designing and preparing surveys in African countries, including Ethiopia, Ghana, 

Kenya, Malawi, Nigeria, Rwanda, South Africa, Uganda, the United Republic of Tanzania and Zambia. 

In Africa, in mid-2010, surveys using the methods described in this book had not been undertaken 

for around fifty years. 

There are also eight appendices within the book in Part V. These provide material that complement 

the main chapters as well as supplementary material related to testing for drug resistance and 

assessment of risk factors for TB in the context of surveys. Appendix 8 provides a description 

of the process used to develop this handbook. A further resource linked to the book is a web 

appendix,1 which provides invaluable additional material including training modules, standard 

operating procedures, and examples of questionnaires used in recent surveys. 

This handbook was produced as a major collaborative effort of 50 global experts from international 

agencies, NTPs, universities, research institutes and financing institutions, with overall coordination 

provided by WHO. It provides a definitive guide to how to design, implement, analyse and report 

data from prevalence surveys and should be an essential resource for all those engaged in leading, 

managing or supporting surveys of the prevalence of TB disease worldwide. 

General reference

TB impact measurement: policy and recommendations for how to assess the epidemiological burden of TB and the impact of 
TB control. Geneva, World Health Organization, 2009 (Stop TB policy paper no 2; WHO/HTM/TB/2009.416). 

ix1 http://www.who.int/tb/advisory_bodies/impact_measurement_taskforce/resources_documents/thelimebook/en/index.html 
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PART I  
Rationale 

and objectives





Rationale

This chapter provides the foundation for 

the rest of this book

Content

Four fundamental questions about sur-

veys of the prevalence of TB disease are 

addressed. These are:

•  What is a TB prevalence survey? 

•  Why are surveys of the prevalence 

of TB disease important?

•  Where are national surveys of the 

prevalence of TB disease relevant?

• What are the prerequisites for a 

successful survey?

Examples

Examples from Cambodia, Ghana, 

Myanmar, the Philippines and Viet Nam 

are included. 

Lead authors

Ikushi Onozaki, Katherine Floyd, Isolde 

Birdthistle

Contributing authors

Frank Bonsu, Thandar Lwin, Hoa Nguyen 

Binh, Peou Satha

Chapter 1 
What, why, where and 
how?

1.1 What is a TB prevalence 
survey?

The prevalence of TB disease is the number of TB 

cases that exist in the population at a given point 

in time. It is usually reported as the total number 

of prevalent cases in a country, or as the number 

of prevalent cases for a given unit of population 

(for example, the number of cases per 100 000 

population). 

Prevalence surveys are cross-sectional and pop-

ulation-based surveys of a random sample of the 

population in which the number of people with 

TB disease1 in the survey sample is measured. 

In a survey that follows the recommendations 

included in this book, all survey participants 

are screened using interviews and chest X-rays 

(details are provided in Chapter 4, Chapter 6 

and Chapter 7). Sputum samples are then taken 

from all those with abnormal chest X-rays and/or 

symptoms suggestive of pulmonary TB. Sputum 

samples are tested in laboratories (see Chapter 

8) to identify which individuals have bacterio-

logically-positive pulmonary TB (that is, smear-

positive TB and/or culture-positive TB). The 

percentage of people with active TB in the pop-

ulation at any given time is relatively low (less 

than 1% even in countries considered to have a 

high burden of TB). For this reason, the sample 

sizes required to estimate the prevalence of TB 

1 As opposed to infection, which has traditionally been measured us-
ing tuberculin skin-test surveys. 3
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disease with reasonable accuracy are typically in the range of 30 000–100 000 people (Chapter 5).  

Given the diagnostic technologies currently available and suitable for use in the context of a 

population-based survey, prevalence surveys focus on the measurement of pulmonary disease 

in adults. Surveys cannot yet be used to measure the prevalence of extrapulmonary disease in 

adults or the prevalence of TB disease in children (Box 1.1). 

TB prevalence surveys must usually be undertaken as stand-alone surveys, as opposed to being 

added to other surveys or survey platforms. The reason is that most other surveys are of diseases 

and conditions with a much higher prevalence, such that sample sizes are much lower than those 

required for a TB prevalence survey. In addition, TB prevalence surveys depend on mobile X-rays, 

radiographers to read the X-rays, facilities for collecting and transporting sputa, and laboratories to 

process the samples. This is in contrast to many other surveys that depend mainly (or only) on the 

results of questionnaires. 

1.2 Why are TB prevalence surveys important?

Surveys of the prevalence of TB disease are important for four major reasons (see also Chapter 2).

 

The first and most obvious reason for conducting a survey is to obtain a direct measurement of 

Box 1.1: Types of TB case that can and cannot be identified in a 
prevalence survey  

1. Pulmonary but not extrapulmonary cases. A definitive diagnosis of extrapul-

monary TB often requires a biopsy and/or on-the spot clinical expertise. This 

is difficult to provide in the context of a population-based survey. Prevalence 

surveys therefore focus on the identification of cases with pulmonary disease. 

2. Adults but not children. Surveys focus on adults aged≥15 years. Diagnosis 

of TB among children is difficult with the diagnostic tools that are currently 

available. For example, it is difficult for children to produce sputum samples 

and chest X-rays are not suitable for use in healthy children with a low risk of 

TB disease. A further problem is the larger sample size needed to estimate the 

number of cases among children.

3. Pulmonary cases not confirmed by bacteriology. Cases of TB that are not 

confirmed by smear or culture are not identified.  

Ch
ap

te
r 

1
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the absolute burden of disease caused by TB.1  This is especially useful in countries where there is 

considerable uncertainty about the number of TB cases and deaths, due to incomplete coverage or 

absence of surveillance systems. In many countries with a high burden of TB, it is well recognized 

that notification systems do not record all cases (for example, cases that are never diagnosed or 

which are diagnosed and treated in the private sector but not notified), while vital registration 

systems to capture TB mortality are either absent or of poor quality and coverage. 

The second reason for conducting a prevalence survey is to measure trends in the burden of disease 

caused by TB.2  Repeat surveys (see Chapter 9) conducted with an interval of around five or more 

years allow direct measurement of whether the burden of TB is stable, increasing or decreasing. They 

can also be used to assess the impact of efforts to control TB. Excellent examples include surveys 

conducted in South Korea between the 1960s and the 1990s (1), surveys conducted in the Philip-

pines between 1997 and 2007 (2, 3, 4) and surveys conducted in China between 1990 and 2010 (5, 

6, 7). An example of the trend in the prevalence of TB in the Philippines, based on measurements 

in three nationwide surveys carried out in 1981-1983 (2), 1997 (3) and 2007 (4), is shown in Figure 

1.1.

Figure 1.1 
Trend in the estimated prevalence of TB in the 
Philippines between 1990 and 2009, based on the 
results of nationwide surveys of the prevalence of 
TB disease conducted in 981-1983, 1997 and 2007*

1990
0

200

400

600

800

1000

1200

1400

1993 1996 1999 2002 2005 2008

*Shaded area represents uncertainty band

The third reason is that experience in recent surveys has highlighted the invaluable information 

that can be gained from a survey, beyond both a single point-estimate of the burden of TB and 

measurement of trends. In countries in which a large proportion of prevalent cases are not yet 

diagnosed, or are diagnosed but not notified to NTPs, surveys can enable identification of the 

1 The prevalence of TB is the only TB-related MDG indicator that can be directly measured in most high-burden countries (given the impossibility 
of directly measuring incidence and the absence in most countries of vital registration data to directly measure mortality).
2  It has been argued that the only justification for conducting a prevalence survey is to measure trends in disease burden. While acknowledging 
that this argument has been made, this chapter presents a different view. It highlights how surveys can be used to obtain a better understanding 
of the absolute burden of TB as well as the other invaluable information (besides data on the number of cases in the community) that can be 
gained from a survey.
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reasons why cases have not been diagnosed, and the extent to which people with TB are being 

treated by health-care providers that are not linked to the NTP. In turn, this information can be used 

to identify strategies that could increase the proportion of cases that are diagnosed, allow for earlier 

diagnosis and higher-quality treatment, and improve the proportion of TB cases being captured by 

routine surveillance data. A good recent example is a survey in Myanmar in 2006, which found that 

a large proportion of people with TB were being treated by general practitioners (GPs) without being 

notified to the NTP (Figure 1.2). Based on survey findings, major efforts to increase collaboration 

between the public and private sectors were initiated, including via franchising schemes with 

private GPs. Other strategies that may be identified as relevant based on the results of a prevalence 

survey include expansion of active case-finding and contact tracing to specific high-risk groups, 

changes in the criteria used to define a person who is eligible for sputum examination, and ensuring 

that diagnosis is available free-of-charge to all those with signs and symptoms suggestive of TB.

   

 

Figure 1.2 
Location of treatment among 64 people identified as on TB treatment 
during a subnational prevalence survey in Yangon, Myanmar in 2006

Unknown
3 (5%)

Other
6 (9%)

General
Practitioner

22 (34%)

NTP
33 (52%)

A fourth application of a prevalence survey is that results can be used alongside an indepth analysis 

of surveillance data and programmatic data, as the basis for a comprehensive update of estimates 

of disease burden (incidence and mortality as well as prevalence). Recent examples are updates 

to all estimates of disease burden that were made for the Philippines in 2008, Viet Nam in 2009 

and Myanmar in 2010. These were based on a combination of results from prevalence surveys 

(completed in 2007 (4), 2007 (8) and 2010 (9) respectively) and in-depth analyses of surveillance and 

programmatic data.

 

Box 1.2, Box 1.3 and Box 1.4 provide case studies of what has been learned from prevalence surveys 

in Cambodia (10), Viet Nam (8) and Myanmar (9). 

Ch
ap
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Box 1.2: The example of Cambodia

Cambodia introduced the DOTS strategy in 1994 and DOTS coverage reached 100% of 

the country in early 1998. Case notifications increased year-on-year, initially closely 

linked to programme expansion. 

In 2002, a national prevalence survey was conducted (10). This was designed as a 

baseline survey prior to the expansion of DOTS from the network of public hospitals 

to community-based health centres. The survey found that the prevalence of smear-

positive TB was 269 per 100 000 population. This result was used to revise the previ-

ous estimate of TB prevalence published by WHO, and also to update estimates of 

TB incidence. 

Prior to the national survey in 2002, routine surveillance showed a male to female 

ratio of about 1:1 among notified cases of TB in Cambodia. This was interpreted 

as a high burden of TB in females compared with other countries. However, the 

survey found that the prevalence of TB among men was 2.5 times higher than 

the prevalence of TB in women. Furthermore, one out of every 11 men≥65 years 

had smear or culture-positive TB. Women were found to use public health services 

more frequently, while men were more likely to seek care from private providers. 

Among bacteriologically-confirmed cases (i.e. smear and/or culture-positive cases) 

identified in the survey, only 30% had smear-positive TB. This was in contrast to 

TB cases notified by the NTP, among whom 90% were diagnosed as having smear-

positive TB. 

Following the survey, the NTP expanded treatment to smear-negative cases and 

strengthened linkages with the private sector.  Active case detection was implemented 

among high risk groups and in high prevalence areas, and DOTS was strengthened in 

peripheral facilities. Another benefit of the survey was the valuable experience doctors 

gained in reading and taking high-quality chest X-rays.

At the time this book went to press in December 2010, a second survey had just started 

(11). This second survey will allow the trend in the disease burden caused by TB to 

be measured. It will also enable evaluation of the impact of TB control since 2002.
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Box 1.3: The example of Viet Nam

Prior to a national prevalence survey in 2006–2007, estimates published by WHO 

indicated that the global target of a case detection rate of ≥70% among smear-

positive cases (i.e. that 70% of incident cases of smear-positive TB were being 

detected each year) had been achieved for several years. This was in addition to 

achievement of the other principal global target that has been monitored since 

1995 – a treatment success rate of 85% among detected cases of smear-positive 

TB. Despite the apparent achievement of both global targets, there was no evidence 

of a decline in disease burden as measured by trends in TB notifications. 

The survey conducted between 2006 and 2007 found that the prevalence of TB was 

1.6 times higher than the previous estimate (8).1 Combined with a thorough analysis 

of available surveillance data, including trends in notifications by age and sex, survey 

results were used to update all estimates of disease burden (i.e. TB incidence and 

mortality, as well as prevalence). The estimate of the case detection rate for all forms 

of TB was lowered to a best estimate of 56% in 2008. Survey findings contributed to 

a decision by the Ministry of Health to retain TB as an important public health priority. 

They also led the NTP to develop new approaches to TB control, including active 

case-finding among high-risk groups and strengthened partnerships with the 

private sector. 

1  The previous estimate of TB incidence was based on an estimate of the annual risk of infection (ARI) from a tuberculin survey, combined 
with the assumption that there were 50 cases of smear-positive TB for every 1% ARI. The estimated prevalence was then based on multiplying 
incidence by the estimated average duration of TB disease. It should be highlighted that in a recent policy paper, WHO has provided a clear 
statement that TB incidence should not be estimated in this way (recent publications clearly demonstrate that the methods are not valid). For 
further details and explanation see reference (12).
2   Nonetheless, surveys in particular parts of a country or in certain high-risk groups may sometimes be warranted. Examples include coun-
tries where the burden of TB is relatively low on average but in which there are certain geographical areas or population groups in which 
rates are thought to be much higher and the reasons are not well understood. Although subnational surveys are not explicitly discussed in 
this book, the main underlying principles remain the same. 

Although not a justification for conducting a survey, it is worth noting that the results of a survey 

can serve as a stimulus for further research. For example, surveys have been a catalyst for studies 

of risk factors for TB and the nature of interactions between patients and health systems in some 

countries (see Appendix 5). Moreover, the experience gained and capacity built during a prevalence 

survey can also have wider benefits for TB control. They can help to develop skills and capacity in 

leadership and management, active case detection, diagnosis of TB based on culture, chest X-rays, 

data management and data analysis.

1.3 Where are national surveys of the prevalence of TB disease 
relevant?

This handbook focuses on nationwide surveys, which are of greatest relevance in countries where 

the burden of TB is high.2  
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Prevalence surveys are not appropriate in all countries. In particular, the expected number of prevalent 

cases per 100 000 population needs to be relatively high, otherwise the sample size that is required 

becomes prohibitive in terms of cost and logistics. 

In 2007, the WHO Global Task Force on TB Impact Measurement1 (henceforth referred to as the 

Task Force) developed a set of criteria to identify countries that can be considered eligible to carry 

out nationwide surveys of the prevalence of TB disease. These criteria are shown in Table 1.1. 

A total of 53 countries met at least one of the four groups of criteria listed in Table 1.1. During its 

second meeting in December 2007, the Task Force identified a subset of “global focus” countries 

from among this list to which it would give particular attention and support. This subset of coun-

tries is shown in Table 1.2. The remaining countries that met the basic criteria are listed in Table 1.3. 

Box 1.4: The example of Myanmar

The DOTS strategy was introduced in Myanmar in the late 1990s. Case notifications 

increased rapidly and by 2004 they exceeded estimates of the number of incident 

cases published by WHO since 1999 (these estimates were based on a tuberculin 

survey in which the annual risk of infection was estimated as 1.5%, and the assumption 

that this corresponded to 75 smear-positive cases per 100 000 population). The NTP 

felt that a prevalence survey was needed to better understand the disease burden. 

Initially, a subnational survey was conducted in the capital division of Yangon (13). 

This showed that the prevalence of TB was three times higher the most recently 

available national estimate. Second, the survey revealed that, despite the high case 

notification rate, one third of the TB cases who were on TB treatment were being 

treated by General Practitioners (GPs), and only 52% were being treated in facilities 

with NTP services. The patients being treated by GPs were not recorded in routine 

surveillance data. This finding led the NTP and the Myanmar Medical Association to 

strengthen partnerships between the public and private sectors, including through 

franchising schemes and the supply of TB medicines to private practitioners. Subsequently, 

private sector facilities began to notify cases to the NTP. 

A national survey was initiated in June 2009, and data collection was completed in April 

2010 (9). As this book went to press, final results were about to be disseminated.

1  See www.who.int/tb/advisory_bodies/impact_measurement_taskforce/en/index.html and the Introduction for more information about 
the work of this Task Force, including a full report from the meeting held in December 2007 and associated background papers. 
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Table 1.1 
The four groups of criteria* used to identify countries in which national surveys of the prevalence 
of TB disease may be justified in the period up to 2015

Group of criteria Explanation

Group 1 →

1. Estimated prevalence of smear-positive TB 
≥100 per 100 000 population and
2. Accounts for ≥1% of the estimated total 
number of smear-positive TB cases globally  
and
3. Case detection rate (CDR) for smear-posi-
tive TB ≤50% or >100%

• Major contribution to global burden of TB
• Sample size small enough to make surveys feasible in 
terms of cost and logistics 
• Excludes countries whose contribution to the global 
burden of TB is insignificant for the purposes of global 
and regional assessments of burden and impact
• CDR≤50% or >100% indicates weak reporting systems 
and problematic TB estimates, respectively

Group 2 →

1. Estimated prevalence of smear-positive 
TB≥70 per 100 000 population and
2. Accounts for ≥1% of the estimated total 
number of smear-positive TB cases globally 
and
3. Estimated HIV prevalence rate in the adult 
population (15 to 49 years)≥1%

Less stringent criteria for the TB prevalence rate, but in-
corporates countries with high HIV prevalence and there-
fore where there is potential for a rapid increase in TB 
incidence and prevalence rates

Group 3 →

1. Estimated prevalence of smear-positive 
TB≥200 per 100 000 population and
2. Accounts for ≥0.5% of the estimated total 
number of smear-positive TB cases globally

Less stringent criteria for a country’s contribution to the 
global burden of disease, but incorporates countries with 
particularly high TB prevalence rates

Group 4 →

1. Nationwide survey implemented between 
2000 and 2007 or
2. Nationwide survey planned before 2010

• Prior survey data allow monitoring of trends
• High motivation of NTP to conduct a survey

*When  the criteria were applied in December 2007, the sources of data used were: 1) Global Tuberculosis Control: Surveil-
lance, Planning, Financing. WHO 2007; 2) WHO global TB database; 3) Report on the global AIDS epidemic, UNAIDS/WHO, 2006.

Two of the major reasons1 for selecting a subset of global focus countries from among the 53 that 

met the basic criteria were as follows:

• TB prevalence surveys are expensive and logistically difficult to implement. Providing the 

necessary technical support to all of the 53 countries that met at least one of the four sets 

of criteria would be challenging if not impossible, given the relatively limited expertise in the 

design and implementation of prevalence surveys at both global and country levels.

• In combination, the global focus countries accounted for a substantial share of the estimated 

number of TB cases in each of the four WHO regions where routine surveillance systems are 

weakest (that is, the WHO African, Eastern Mediterranean, South-East Asia and Western 

Pacific regions).2 

1  Further details and explanation are provided in reference (2).
2  The other two WHO regions - the European Region and the Region of the Americas - have relatively strong notification and vital registration 
systems.
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Table 1.2 
The global focus countries for TB prevalence surveys identified by the WHO Global Task Force on TB 
Impact Measurement

Region and country
Criteria met 

(group number as 
defined in Table 1.1)

High-
Burden?

Data from baseline survey 
conducted between around 

1990 and 2008?
African Region

Ethiopia* 1, 3 Yes No
Ghana 1,2 No No
Kenya 2,4 Yes No

Malawi 1,2,3,4 No No
Mali 1,2,3,4 No No

Mozambique 1,2,3 Yes No
Nigeria 1,2,3,4 Yes No
Rwanda 1,2,3 No No

Sierra Leone 1,2,3 No No
South Africa 2,3 Yes No

Uganda 1,2,3,4 Yes No
United Republic 

of Tanzania 1,2,3,4, Yes No

Zambia 2,3 No No

Eastern Mediterranean Region
Pakistan 1,4 Yes Yes (1987)

South-East Asia Region
Bangladesh 4 Yes Yes (2008/2009)
Indonesia 4 Yes Yes (2004)
Myanmar 4 Yes Yes (1994)
Thailand 2,4 Yes Yes (1991,2006)

Western Pacific Region
Cambodia 2,3 Yes Yes (2002)

China 4 Yes Yes (1990, 2000)

Philippines 4 Yes Yes (1981-1983, 1997, 
2007)

Viet Nam 4 Yes Yes (2007)

*Originally, Ethiopia was not included in the list. However, following the demonstration of strong political and financial commitment to 
a survey from mid-2008, it was considered as a global focus country by the Task Force secretariat and is thus included in this table. 
Ethiopia launched its survey in October 2010, becoming the first African country among those listed in Table 1.2 to do so, the second 
African country in around 50 years and the first in around 50 years to use the screening strategy recommended in this handbook.

It is worth highlighting that India did not meet any of the groups of criteria listed in Table 1.1. 

However, subnational surveys have been implemented.
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Table 1.3 
Extended list of countries that met one of the four groups of criteria for carrying out a survey of the 
prevalence of TB disease

Region and country
Criteria met 

(group number as 
defined in Table 1.1)

High-
Burden?

Data from baseline survey 
conducted between around 

1990 and 2008?
African Region

Angola 1, 2 No No
Botswana 2, 3 No No

Burkina Faso 1–3 No No
Burundi 1–3 No No

Central African Republic 1, 2 No No
Chad 1–3 No No

Congo 2, 3 No No
Côte d’Ivoire 1–3 No No

Democratic Republic 
of the Congo 2 Yes No

Eritrea 4 No Yes (2005)
Gambia 4 No No
Guinea 2 No No
Lesotho 2 No No
Liberia 1 No No

Mauritania 1, 3 No No
Namibia 3 No No

Niger 1, 2 No No
Swaziland 1–3 No No

Togo 1–3 No No
Zimbabwe 1–3 Yes No

European Region
Armenia 4 No No

Russian Federation 2 Yes No
Tajikistan 1 No No

Eastern Mediterranean Region
Afghanistan 1 Yes No

Djibouti 3, 4 No No
Sudan 1, 2 No No

Region of the Americas
Haiti 2 No No

South-East Asia Region
Timor-Leste 3 No No

Western Pacific Region 
Lao People’s Democratic 

Republic 4 No No

Malaysia 4 No Yes (2003)
Papua New Guinea 1–3 No No
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1.4 What are the prerequisites for a successful survey?

Subsequent chapters in this book provide details about how to design and/or conduct each of the 

major elements of a survey. In the final section of this overview chapter, eleven prerequisites for 

a successful survey are highlighted, drawing on recent experience in Asian and African countries. 

1.4.1 Strong commitment and leadership from the NTP, the Ministry of Health 
and a core group of professionals 

Although survey implementation can be outsourced to a research institute or a group of research, 

academic and medical institutes (see Section 1.4.2), strong commitment and leadership by the NTP 

and the Ministry of Health are essential. In the first instance, the NTP and other staff in the Ministry 

of Health should form an expert group to discuss the necessity and the feasibility of implementing 

a survey. It is advisable to consult the secretariat of the WHO Global Task Force on TB Impact Mea-

surement as part of this initial assessment. 

If it is decided to proceed with a survey, the NTP and the Ministry of Health should aim to develop 

national consensus about the importance of a survey, as a basis for securing the necessary funding. 

Furthermore, since a survey requires close collaboration between the NTP and different local au-

thorities, and the coordination of various professional groups (including clinicians, epidemiologists, 

statisticians, experts in procurement and logistics, social scientists), leadership and backing from 

senior officials in the Ministry of Health is required. For example, if procurement becomes a serious 

bottleneck to survey preparation, the involvement of government authorities – and their prompt 

intervention when appropriate – is needed.  

1.4.2 Identification of a suitable institute, organization or agency to lead and 
manage the survey

Field operations in a survey with a sample size of about 50 000 people are likely to require 50 or 

more field staff for 6–10 months, including clinical staff (see Chapter 13 and Chapter 14). There is 

also a considerable workload at central level associated with coordination, radiology, bacteriology, 

logistic support and data management during the survey (see also Chapter 7, Chapter 8, Chapter 

13, Chapter 14 and Chapter 15). 

The NTPs of Cambodia, Myanmar and Viet Nam implemented surveys by mobilizing the clinical 

staff of central hospitals, regional TB hospitals and chest hospitals. In China, staff within the public 

and community health service networks were mobilized under the leadership of the Ministry of 

Health. Similar mobilization of human resources may not be feasible in many other countries, 

notably where NTPs are already short of staff and there are no large TB clinical institutes working 

in close collaboration with the NTP. Where this is the case, survey operations should be outsourced, 

to avoid displacement of the core, routine activities of the NTP. 
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Box 1.5: National commitment and partnership help mobilize the 
expertise and resources needed for a survey - the example of Ghana

The central unit of the NTP is relatively small. A strategic partnership including 

the NTP, the Noguchi Memorial Medical Research Institute, the Medical Research 

Institute at the University of Ghana and the National School of Public Health was 

formed to provide the combined strengths and expertise needed to implement a 

TB prevalence survey. The NTP clearly defined the organizational roles and responsi-

bilities of each partner. 

The creation of a strong partnership helped to build the credibility needed to mobilize 

the necessary funding for the first national TB prevalence survey since 1957, from 

both domestic and international sources.

The likely workload should be estimated early in the planning stage, and a list of candidate institutes 

or organizations developed. Terms of reference and the required profile and capacity of the agency 

sought should be defined, and then bids sought from the list of potential candidates. 

1.4.3 Adequate laboratory capacity, especially for culture
The screening strategy for survey participants in a TB prevalence survey (see Chapter 4) includes 

bacteriological examination using culture as well as smear (the number of smear-negative and cul-

ture-positive prevalent cases is greater than the number of smear-positive cases in most surveys). 

The quality of culture examinations must be assured. 

In countries where laboratory capacity to carry out culture examinations already exists, laboratory 

experts should be consulted to assess whether the quantity of culture examinations needed in a 

prevalence survey can be managed with the existing capacity (see Chapter 8). Recent success in 

implementing a national survey of drug resistance is a positive indicator that there may be suf-

ficient capacity to carry out a prevalence survey. The quality of culture examinations must also be 

assured, for example in consultation with a supranational reference laboratory.    

In countries in which sputum smear microscopy is usually relied upon for the diagnosis of TB, 

laboratories are often not equipped and staff are not yet trained to conduct culture examinations. 

If this is the case, countries must ensure that laboratory services are strengthened such that there 

is sufficient capacity to process the samples generated during a prevalence survey, before a survey 

is started.  
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1.4.4 Compliance with the regulations of the national radiation authority
Before making decisions about what X-ray equipment to procure, national regulations should be 

reviewed and pre-approval of the proposed approach to carrying out chest X-ray examinations in 

the community obtained from the national radiation authority. National regulations often stipulate 

that a shield room should be used for radiological examinations; however, exceptions always exist. 

For example, radiography may already be done in operating theatres, paediatric wards, intensive 

care units and even in open spaces. If the national radiation authority is provided with a clear 

explanation of the purpose and methods of the survey, this should help to obtain pre-approval for 

the most appropriate and affordable approach to screening. Equipment should not be procured 

until it is clear what equipment can and cannot be used according to national regulations. 

1.4.5 Reliable and timely procurement and logistics 
Procurement can be a very slow process and a major bottleneck during survey preparations. With 

the exception of countries where laboratory and radiography capacity are already sufficient, the 

efficiency of survey preparations is highly dependent on the timely procurement of equipment. 

Often, competitive tendering and/or international procurement (and importation through cus-

toms) are required. These can add to the time that must be allowed before the equipment is 

available for use within the country. 

Procurement mechanisms are often country-specific, but agencies such as WHO, UNICEF, UNOPS 

(United Nations Office for Project Services), the Global TB Drug Facility and bilateral agencies can 

provide assistance. The development of a workplan for the survey (including staff recruitment, 

training and field operations) should always be developed in conjunction with a clear and compre-

hensive procurement plan. 

1.4.6 Funding
Surveys typically require a budget of around US$ 1–4 million (see Chapter 12). The budget will 

be towards the lower end of this range in countries where existing staff can be used, and at the 

higher end of this range in countries where additional staff need to be employed, there is a need 

to purchase new equipment and the terrain is more difficult. The budget for a prevalence survey 

should be carefully developed and justified. Experience has shown that when budgets for surveys 

are clearly set out and justified, donors such as the Global Fund are much more likely to commit 

the necessary funding.

The drafting of a survey protocol, a feasibility assessment, core team development, some capacity 

building activities and pilot surveys can all proceed before full funding is secured. However, the funds 

required to complete the survey should be committed before full field operations are launched. 

1.4.7 Assurance of security in the field for survey teams and participants
Prevalence surveys require a site where medical examinations can be done, and the survey team 

often needs to stay in the community together with survey vehicles and equipment for several 

days. The NTP, the Ministry of Health and/or the survey steering committee should provide clear 

guidance about how field security will be ensured for both field teams and survey participants.
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The United Nations defines different security levels. According to the security level in force, na-

tional and international staff may or may not be able to provide technical assistance. Any potential 

security risks and how they will be managed should be described in the survey protocol, such that 

they can be considered during the ethical review (see Section 1.4.10). In the surveys carried out 

in Cambodia in 2002 (10) and Myanmar in 2009–2010 (9), some peripheral border areas were 

excluded from the sampling frame for security reasons. 

The bottom line is that the safety of staff and survey participants during field operations should 

never be compromised. 

1.4.8 Data management 
Data management is an often overlooked and undervalued component of a prevalence survey.  

Creating and maintaining a high-quality database to hold information for tens of thousands of 

participants is crucial to ensure the eventual accuracy of survey results. Without professional data 

managers and associated data management practices, the entire study can be flawed. Guidance 

on data management has been strengthened in this edition, in Chapter 15.

1.4.9 Community participation
Migration and a poor urban environment are recognized as risk factors for TB. However, achieving 

a high participation rate in urban areas can be a challenge during a prevalence survey. Reasons 

include the fact that the times at which people living in urban areas can participate in a survey are 

often more restricted than in rural areas, and that community ties/influences are weaker. Examples 

of surveys affected by low participation rates include those implemented in Malaysia (14), South 

Korea (1) and Thailand (15). As the proportion of a country’s population living in urban areas in-

creases, low participation rates in urban areas can threaten the overall quality of a survey. To help 

to mitigate this problem, partnerships with the communities in which surveys are implemented 

should be developed and the possibilities for community participation maximized. This is discussed 

in more detail in Chapter 14. 

1.4.10 Expert review and clearance of protocols, including ethical clearance
Survey protocols should always be submitted for technical and ethical review, to ensure that the 

necessary standards are met. The subgroup of the WHO Global Task Force on TB Impact Mea-

surement responsible for prevalence surveys promotes and organizes expert reviews of protocols. 

These expert reviews have already provided invaluable input to survey investigators in many of the 

global focus countries, notably on sampling design (see also Chapter 5). 

A checklist to help assess a protocol is included in Chapter 3. Examples of protocol checklists that 

have been completed for specific countries can also be found on the Task Force’s website.1  

Approval by a national and/or international ethics committee is also necessary, and such approval is 

often a requirement for funding and technical assistance from international agencies. For example, 

1 See www.who.int/tb/advisory_bodies/impact_measurement_taskforce/en/index.html
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approval of the survey protocol from a WHO Ethical Review Committee (either at a Regional Office 

or headquarters) is a condition for WHO staff members to provide technical assistance that goes 

beyond general guidance and support for a survey. The ethical aspects of prevalence surveys are 

discussed in detail in Chapter 10.  

1.4.11 External support and technical assistance
WHO can provide general guidance and support, including organization of protocol reviews and pe-

riodic advice on different aspects of survey design, implementation and data analysis. Nonetheless, 

WHO cannot provide all of the direct technical assistance being sought by countries in which sur-

veys are planned. Where appropriate (notably in countries with no recent experience of carrying 

out a prevalence survey), countries need to identify a suitable international technical partner with 

experience and expertise in prevalence surveys. Ideally, the lead technical agency and associated 

experts should be involved from the early stages of preparation up to the dissemination of results. 

The agencies represented by the authors of this handbook provide a good guide about where 

international expertise can be sought. 

To increase the supply of experts who can support prevalence surveys, Asia–Africa collaboration 

and subsequently Africa-Africa collaboration are strongly encouraged.

Funding for international technical assistance should be included in the survey budget. The package 

of technical assistance required during the 1–2 years from protocol development to dissemination 

of results is likely to cost around US$ 150 000–250 000.
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Rationale

The goal of a survey (as with any plan, 

project or study) should be summarized 

by a short, clear and broad statement 

about what will be achieved if all of its 

elements are successfully implement-

ed. Objectives that break the goal of 

the survey down into several distinct 

components should then be defined. In 

general, about five or six objectives are 

needed: more than this suggests a lack 

of focus, inability to synthesize closely-

related work under sufficiently broad 

headings and/or that too much is be-

ing attempted. Clear statements of the 

overall goal of the survey and survey 

objectives help to ensure that all those 

involved understand the rationale and 

importance of the survey. To add pre-

cision to objectives, the variables or 

indicators that will be measured must 

also be clearly defined and stated at the 

outset. This is essential to ensure that (i) 

the right data are collected and (ii) effort 

is not wasted on collecting unnecessary 

or irrelevant data.

Content

This chapter explains how the goal and 

objectives of a prevalence survey can be 

defined. For each objective, the most 

important indicators for which data 

must be collected are listed. 

Lead authors
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Chapter 2 
Survey goal, objectives 
and indicators

2.1 Survey goal

The overall goal of a survey can be defined as 

follows:

To gain a much better understanding of the 

burden of disease caused by TB and to identify 

ways in which TB control can be improved. 

As explained in Chapter 1, surveys are particu-

larly relevant when (i) the burden of TB is high1, 

as measured by the estimated total number of 

prevalent cases per 100 000 population and (ii) 

routine TB surveillance systems capture much 

less than 100% of the estimated total number 

of TB cases. In these circumstances, a survey 

can be used to better estimate the total burden 

of disease, including both cases that are and 

are not recorded in routine surveillance data. 

When surveys are used to collect information 

about whether people have been in contact with 

health services, and if so with which health-care 

providers, it is also possible to understand some 

of the reasons why NTPs are missing people with 

TB. In turn, this can form the basis for developing 

new policies and interventions that could help to 

ensure that people with TB have improved (and 

earlier) access to care. For examples from Cam-

bodia, Myanmar and Viet Nam, see Chapter 1.

1 There is no precise number that defines a “high” burden of TB. 
However, the estimated number of prevalent cases per 100 000 pop-
ulation would typically need to be around 100 or more so that the 
sample size required for a survey is not prohibitive in terms of cost 
and logistics. 
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2.2  Survey objectives

The major objectives that could be set for a prevalence survey are as follows:  

1. To measure the prevalence of bacteriologically-confirmed pulmonary TB1, among the 

  adult population.

2. To identify the extent to which people with TB or those with symptoms suggestive of 

  pulmonary TB have already sought care from health-care providers and, if so, with which 

  types of care provider. 

3. To identify reasons for lack of contact with services provided by or in collaboration with 

  the NTP among people with TB or those with symptoms suggestive of pulmonary TB.

4. To update all population-based estimates of the burden of disease (measured in terms of 

  incidence, prevalence and mortality) using results from the prevalence survey in combina-

  tion with in-depth assessment of surveillance and programmatic data and other survey 

  data. 

5. To assess whether the burden of disease caused by TB has fallen since the last survey.

6. To provide a baseline for future measurement of trends in the burden of disease  caused 

  by TB.

Objectives 1–4 are relevant to all surveys. Objective 5 applies to a survey in a country where at least 

one previous survey has already been implemented, at least five years before the date of the new 

survey. Objective 6 applies to countries that are implementing a survey for the first time, or for the 

first time for several decades (such that the last survey does not provide a suitable baseline).

A TB prevalence survey is a major undertaking, and it may also provide a unique opportunity to 

answer additional questions that are of particular interest to a country. For example, there may be 

an interest in assessing the prevalence of tobacco use in the population, or the prevalence of other 

chronic diseases. Where this is the case, additional survey objectives can be defined. It should be 

stressed, however, that the sample sizes required to estimate the prevalence of other diseases, 

conditions or behaviours may be far smaller than the numbers required in a TB prevalence survey 

(see also Chapter 5). For this reason, data may only need to be collected in a subsample of the 

survey population. Further details are provided in Appendix 5. A TB prevalence survey may also be 

seen as an opportunity to better understand risk factors for developing TB disease (for example, 

poor housing, socioeconomic status, indoor air pollution). An important caveat here is that the 

number of TB cases found in a survey is usually small (typically, around 100 cases). This is unlikely 

to be sufficient for the purposes of identifying risk factors for TB. 

As highlighted in Chapter 1, additional studies should only be added to a TB prevalence survey if 

they do not compromise the quality of the prevalence survey itself. The capacity and capability of 

survey staff, time constraints during field operations, the total duration of the survey operation, the 

implications for data management and costs should all be carefully assessed.  
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1 For this and other case definitions see Box 4.2
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It is important to emphasize that adding a tuberculin survey to a survey of the prevalence of 

TB disease is no longer recommended. While tuberculin surveys have been used in the past to 

estimate the incidence of TB, it is now recognized that the results from such surveys are usually 

difficult if not impossible to interpret (1). 

2.3 Survey indicators

The essential indicators for which data need to be collected are summarized, by objective, in Table 

2.1. Suggestions for additional indicators that may be relevant, depending on country-specific 

interests and needs, are also listed. 

In addition to these indicators, it is important to collect and report on indicators that allow the 

quality of survey implementation to be assessed. These indicators are summarized in Table 2.2. 

Advice for setting up quality assurance for specific survey components such as interviews, chest 

X-rays, bacteriology, and data entry and management can be found in Chapter 6, Chapter 7, Chapter 

8 and Chapter 15 respectively. 

Table 2.2 
Indicators used to measure the quality of surveys

Topic Indicator Notes/comments

Participation rate Percentage of eligible individuals who agreed to participate in the 
survey and were screened using at least one screening tool

The participation rate should be at least 
85%, and most surveys have a target to 
achieve a participation rate of 85%–90%. 
See also Chapter 5 and Chapter 16.
When data are analysed and presented, 
this indicator should be presented overall, 
per strata, cluster, and/or for specific groups 
(e.g. urban and rural clusters, men and 
women, major age groups)

Survey popula-
tion that meet 
criteria for spu-
tum examination

Percentage of survey participants who are defined as eligible for 
sputum examination

When the recommended strategy for 
screening is used (see Chapter 4), this can 
be assumed to be around 10-15% of survey 
participants. This is a key indicator to esti-
mate the laboratory workload in advance of 
the survey (see also Chapter 8).

Sputum collec-
tion

Percentage of survey participants who were considered eligible 
for sputum examination for whom:
i) at least one sputum specimen was obtained
ii) a specimen was taken and a smear result is available
iii) a specimen was taken and a culture result is available
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Rationale

A good protocol is key to a good survey. 

A thoughtful protocol demonstrates 

preparedness to partners and may im-

prove advocacy, help secure funding, 

foster collaboration, and create mo-

mentum for implementing the survey. 

This chapter describes the process of 

protocol development and the essential 

elements of survey protocols and stan-

dard operating procedures (SOPs).

Content

• Essential content of the protocol 

• Details of the protocol development 

   process  

• Development and content of SOPs

Examples

Although no specific country examples 

are given, this chapter draws on the ex-

perience with protocol development in 

Mali, Kenya, Pakistan, Rwanda, Uganda, 

the United Republic of Tanzania, Zambia 

and many others.

Lead author

Eveline Klinkenberg

Contributing authors

Emily Bloss, Masja Straetemans, Patrick 

Moonan

Chapter 3 
Protocol development 
and standard operating 
procedures

3.1 Protocol development process

A protocol is a document that thoroughly de-

scribes the objective(s), design, methodology, 

statistical considerations and organization of a 

research study. Study protocols usually include 

the background and reason for the study being 

conducted as well as how the results will be used 

and disseminated. Prior to conducting a TB prev-

alence survey, a clear, detailed protocol is need-

ed to describe the study plan and methodology 

to ensure standardized procedures and unifor-

mity in conducting the survey, to safeguard the 

health of participants and to protect identifiable 

information. All survey protocols must be ap-

proved by an appropriate ethical committee be-

fore implementation. 

Obtaining political commitment by involving 

partners and governments is essential during 

the initial stages of protocol development. As 

the protocol develops, the document can also be 

used for advocacy purposes and applying for and 

securing funding. 

The development of a protocol is an iterative 

process, involving multiple partners. Steering 

committees and technical advisory groups com-

prising both national and international partners 

should be formed and engaged early in the de-

velopment process. The best way to start the 

protocol development process is to convene a 

protocol development workshop. Ideally this 
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workshop is facilitated by a technical agency and/or partner with experience in conducting preva-

lence surveys with participation of all key partners. 

There are several technical skills required to develop a good protocol. When developing a protocol, 

it is important to obtain input from the following: an epidemiologist to support the design of the 

field survey, data collection tools, case definitions, inclusion and exclusion criteria, and interpretation 

and application of survey results; a statistician to support the development of the sampling frame, 

calculate the sample size, and develop the data analysis plan;  a radiologist to provide guidance 

on chest X-ray procedures and guidelines for standardizing the interpretation and reporting of 

radiographic images; a laboratory expert to support the development of procedures for collection, 

transportation, and processing of clinical specimens; and a monitoring and evaluation (M&E) 

officer to give advice about monitoring aspects of the survey where needed. Input from someone 

experienced with field logistics and administrative procedures will also be needed for survey plan-

ning. The involvement of local health workers and community members in the protocol broadens 

the basis and field applicability. For the data management plan, advice from a data management 

expert will be essential. In the process of developing the SOPs and training manuals, input from 

epidemiologists, laboratory experts and radiologists will be useful. It is important to discuss and 

define different partners’ roles and responsibilities from the beginning of the process and to agree 

on procedures and data ownership. The protocol should be a joint product of the team that will be 

involved in carrying out the survey. 

Protocol development can be time intensive, often lasting one year or more from identifying key 

partners to the approval of the protocol by the appropriate ethical committee. However, investing 

time and effort in the planning and development stages to create a good study design and proce-

dures will help to prevent mistakes further along the line. 

3.2 Essential components of the protocol

This section is intended to provide a list of the minimal recommended elements to be included in 

the different sections of the protocol.

1. Synopsis 

• Main objective of the survey 

• Rationale for the survey

• Specific research objectives

• Main methods and procedures for the survey 

• Budget estimate for the survey

• Anticipated outcomes and potential use of the results of the survey  

2. Background and survey justification 

• Population size of the country

• Notification rate, including patterns during the past few years

• Estimated incidence of smear-positive TB in the past year(s)
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• Case detection rate as estimated by WHO or other sources

• Estimated prevalence of smear-positive TB by including the most recent WHO estimate 

(this serves as the basis for the sample size calculations - see Chapter 5)

• Results of previous prevalence survey, if available

• TB epidemiological situation in the country paying special attention to regional differences 

and the need to stratify  (see Chapter 5)

• TB-HIV epidemiology and HIV prevalence in the country and geographical differences, if 

applicable

• Composition of the TB control programme in the country (e.g. number of diagnostic and 

treatment facilities, number of facilities able to perform culture, embedding of National TB 

Programme within the Ministry of Health)

• Justification for why the prevalence survey will be conducted, from a global, regional and 

country perspective (see Chapter 1)

• If studies on risk factors are undertaken, a short description of the risk factors included 

and the rationale for studying them in the context of a prevalence survey (see Appendix 5)

3. Objectives (see Chapter 2)

• Primary (main) objectives 

• Secondary objectives

4. Survey design and methods

4.1 Survey design and screening strategy 

• Description of the cluster survey 

• Screening strategy that will be used to identify individuals at highest risk of having TB 

o Justification of screening strategy chosen

o Limitations of the screening strategy chosen (e.g. type of cases that are 

missed) and consequences of this choice for the survey results (see Chapter 4) 

4.2 Sampling frame and survey population 

• Description of geographical or political divisions of the country

• Population data (typically from national censuses) that form the basis for the 

sampling frame (e.g. data source, accurateness of available data, assumptions 

made for population projection) 

• Eligibility of the survey population defined by inclusion and exclusion criteria at 

four different stages or levels: 1) sampling frame; 2) household level; 3) individual 

level; 4) examination level of the study. Examples include:

1.  Sampling frame stage. Description of the sampling frame and if all popu-

lations in the country are included (i.e mobile populations). Description of 

areas where survey operations are considered not to be feasible (regions of 

insecurity, military zones, etc.) that are not included in the sampling frame, if 

applicable (see Chapter 5) 

2. Household level. Description about how the mobile population is included, if 

applicable; description of inclusion of institutionalized persons (prisons, refugee 

camps, schools/dormitories, military/police barracks, etc.) (see Chapter 5)
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3. Individual level. Definition of members of the household, description of 

enrollment procedures for inclusion of seriously sick persons who are unable 

to attend X-ray examination at the central site (see Chapter 14)

4. Examination level. Inclusion criteria for chest X-rays (see Chapter 7), proce-

dures for people who are not able to produce sputum

4.3 Case definitions (see Chapter 4)

• Eligible for sputum examination (as defined in the survey)

• Smear-positive pulmonary TB case 

• Culture-positive pulmonary TB case

• Bacteriologically-confirmed pulmonary TB case

• Individual with normal and individuals with abnormal chest X-rays

4.4 Sample size and sampling strategy (see Chapter 5)

• Parameters used to calculate the sample size and the assumptions underlying the 

estimation of the sample size:

o Prior guess of true population TB prevalence

o Precision required around the estimate drawn from the survey

o Estimated design effect

o Estimated participation rate

o Proportion of national adult population included 

• Number and size of clusters and the justification for choices made 

• Sampling strategy used, with justification for choices made

o Description of stratified sampling, if used 

o Procedures used for sampling of primary, secondary, etc. sampling units 

where applicable

5.Survey procedures and organization

5.1 Outline

• Brief overview of steps that will be performed during the survey

o Reference to subsequent sections in the protocol for more detailed infor-

mation  

o Make a note that the protocol outlines the key procedures but that SOPs will 

be developed to describe all procedures in full detail (see Section 3.3) 

5.2 Informing authorities (see Chapter 14)

• Activities to be undertaken after ethical approval to inform all respective authorities 

about the survey 

• Information and sensitization activities to take place at central, regional or local 

levels 

5.3 Pre-survey visit, cluster sensitization and community mobilization (see Chapter 14)

• Activities to be undertaken during the pre-survey visit to the selected clusters: 

o Processes for explaining the purpose and procedures of the survey to 

community members and for obtaining community consent if applicable 

o Situation assessment 
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 Accessibility of the cluster during different seasons

 Availability of electrical power

 Identification of areas to set up screening unit and field laboratory 

(if needed)

 Availability of accommodation and cooking facilities for the field 

team

o Identification of the survey population within the selected cluster and need 

for sub-sampling, if required

5.4 Survey census (see Chapter 14)

• When, how and by whom the survey census will be performed

• Reference to examples of registries in the annex of the protocol that will be used to 

record the information for all eligible adult persons and children 

• Use of available population lists or development of population lists as part of the 

survey 

• Procedures for collection of household data (e.g. assets) 

• Quality assurance procedures

5.5 Symptom screening interview  (see Chapter 4)

• Who will undergo symptom screening

• Where symptom screening will take place

• Description of field team members who will conduct the symptom screening

• Symptom screening criteria 

• Quality assurance procedures

5.6 Chest X-ray screening  (see Chapter 7)

• Who will be invited for chest X-ray screening

• Protective measures that will be taken (e.g. shielding for pregnant women), full 

details of all safety procedures in SOPs

• Who will perform and read the chest X-ray 

• Screening criteria that will be used to identify an individual eligible for sputum 

examination based on chest X-ray results 

• Referral of individuals who are sick and/or have chest X-ray abnormalities that 

require an immediate medical investigation or intervention to an appropriate medical 

facility

• Purpose and methods of central reading 

• Storage procedures of chest X-rays 

• Transportation of chest X-rays to central level

• Where and how the individual eligible for sputum examinations will be registered 

based on symptom screening

• Quality assurance procedures at field and central level

5.7  Individual eligible for sputum examination in-depth interview (see Chapters 4 and 6)

• Who is eligible for the in-depth interview 

• Who will conduct the individual eligible for sputum examination in-depth interview 

• Description of the information collected during this interview 

• Process for checking if all eligible participants attended the in-depth interview 

• Quality assurance procedures
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5.8 Sputum examination 

5.8.1 Sputum collection (see Chapter 8)

• Who will be invited for sputum examination and how are they identified 

• Number and type (spot, morning) of sputum samples to be collected with 

respective procedures

• Mention sensitization procedures for sputum collection (details in SOPs)

• Who will perform the sputum collection 

• Collection of sputum samples from special groups (e.g. pregnant women 

not undergoing X-ray, individuals who are sick and cannot come to the central 

site)

• Mention safety procedures (full details in SOPs)

• Quality assurance procedures at field and central level

5.8.2 Sputum transportation and reception of samples

• Transportation of sputum samples to central/regional laboratories 

• Mention storage procedures for sputum samples during the field work 

(details in SOPs)

5.8.3 Sputum microscopy

• Where will microscopy be done and by whom?

• Outline procedures for preparing sputum smears (details in SOPs)

• Type of staining and microscopy to be used for sputum smears

• Quality assurance procedures at field and central level

• Reporting of smear results, i.e. with whom information about sputum smear 

-positive cases will be shared and within which time frame

5.8.4 Sputum culture and drug susceptibility testing (DST) (also see Appendix 6)

• Where will culture be done and by whom

• Which sputum sample(s) will be cultured

• Type of culture to be used

• Procedures for sputum culture (note a short outline of the procedures 

should be given in the main text with reference to detailed SOPs in the annex)

• Outline of procedures for identification of TB and MOTT (mycobacterium 

other than tuberculosis) (details in SOPs)

• Outline of procedures for DST (details in SOPs)

• Quality assurance procedures

• Reporting of results, i.e. with whom information about positive cultures and 

DST will be shared and within which time frame

5.9 Data collection tools (see Chapters 6 and 15)

• Detailed overview of registries and forms including reference to annexes as ap-

propriate

• Minimum suggested list of forms and registers:

o Census register

o Symptom screening questionnaire

o Chest X-ray screening form 

o Individual eligible for sputum examination register
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o Individual eligible for sputum examination questionnaire

o Laboratory results form/register

o Specimen dispatch form

o TB case register

5.10 Mop-up procedures for non-attendees (see Chapter 14)

• Procedure for follow-up of participants that have not undergone the procedures 

they were proposed to undergo 

• Description of how those participants will be identified (e.g. crosschecking of regis-

tries) and what follow-up will be done 

5.11 Tuberculosis treatment of identified TB patients (see Chapter 11)

• Procedure for follow-up of TB cases identified in the survey 

• Procedures for collection of additional information from TB cases identified in the 

survey, where applicable (that is, HIV test result, treatment outcome) 

• Describe how information on smear and culture-positive cases and DST results will 

be shared for purpose of ensuring appropriate TB treatment and care, i.e. by whom, 

and within which timeframe

5.12 HIV-testing (see Chapter 11)

Describe

o Who is eligible to undergo HIV testing and how are they identified?

o What are the testing procedures?

o How is confidentiality ensured?

o How will the results be communicated, when and to whom?

o What are the procedures for identifying all eligible participants who have 

been approached?

o What are the mop-up procedures for eligible participants?

o How will samples be stored and transported?

o What are the plans for referral and/or treatment for persons with HIV posi-

tive results?  

5.13 Optional sections 

Optional components include risk factor studies (see Appendix 5). Describe at least 

the following for each additional test or questionnaire:

o What specific objective will the collection of such data respond to?

o Design and data collection procedures

o Who is eligible to undergo the additional procedures and how are they iden-

tified?

o What are the testing procedures?

o How is confidentiality ensured?

o How will the results be communicated and to whom?

o What are the procedures for identifying all eligible participants who have 

been approached?

o What are the mop-up procedures for eligible participants?

o How will samples be stored and transported (where applicable)? 
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6. Pilot study  (see Chapter 14)

• Procedures for and timing of piloting the study procedures 

• Process for incorporation of lessons learnt from the pilot, including procedures for updating 

SOPs, etc.

7. Monitoring and quality assurance  (see Chapters 6, 7, 8 and 15)

• Procedures in place to ensure quality data are collected at the different levels

• Monitoring procedures for the survey at different levels, including team leader to field 

teams, survey coordinator to field teams and central level, central level to field level (labora-

tory, X-ray), monitoring by the steering committee and/or external partners

• External quality assurance by a supranational reference laboratory

8. Training  (see Chapter 13)

• Organization and process of the training for the survey and the development of the training 

manual 

• Describe who will be trained for how long and at which point(s) in time 

• Make a note that the protocol outlines the key aspects but that a detailed training manual 

will be developed to describe all training aspects in full detail. A generic training manual is 

available in a web appendix (1)

9. Data management, analysis and reporting

• Data management (see Chapter 15)

o Where will data entry take place, by whom and who will be responsible to ensure 

data quality?

o Procedures for storing and transportation of survey forms or files

o Procedures for data entry, data cleaning and validation and data management 

(details in SOPs)

• Data analysis (see Chapter 16)

o Basic description and summary of data, outline of table shells

o Procedures for accounting for clustering/stratification, accounting for missing data, 

multivariate analysis, and  adjusting for demographic change

o Repeat surveys within country if applicable (see Chapter 9)

o Description of analysis of supplementary data and procedures

• Data reporting 

o Describe who is responsible for writing the final report of the survey and within 

what timeframe 

10. Survey management (see Chapter 13)

• Describe survey management 

• Organization of field operations

o Organigram 

o Reporting lines
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o Roles and responsibilities of the Steering Committee, Technical Working Group, 

Survey Teams (central and field) and Survey Director

11. Ethical considerations (see Chapter 10)

• All known and potential ethical issues in the survey

o Use of human subjects (sensitization procedures, including a description of risks 

and benefits, how risks are minimized and a guarantee of the right of every partici-

pant to refuse the procedure)

o HIV testing and notification of results (if applicable) 

o Submission of the protocol to ethical review board(s)

o Confidentiality of data 

o Informed consent and participant information sheet (see Chapter 6)

o Ethical approval 

12. Timeline of the survey

• Realistic timeline for the survey, taking into account the time needed for preparations and 

procurement

• All components of the survey, from preparation through dissemination, should be included 

in the timeline

13. Technical assistance (see Chapter 13)

• Description of a plan for the provision of technical assistance 

• What kind of technical assistance is needed and for which elements of the survey? 

14. Dissemination plan

• Plans for dissemination and publication of the project findings 

• To whom and the timeline wherein the survey results will be disseminated 

15. Budget (see Chapter 12) 

• Overall budget with key budget line in the main text with detailed budget in the annex 

16. References

• Full reference list of sources quoted in the text

3.3 Standard operating procedures

Standard operating procedures, or SOPs, document specific instructions for implementing the 

protocol.  While the protocol provides a general overview of the survey procedures, in the SOPs, 

full details of all procedures are described. SOPs should be developed through a similar consulta-

tive process as that used for the protocol. In a prevalence survey, SOPs are important to establish 

the roles and responsibilities of all team members and ensure that they perform the tasks in a 

standardized way. The magnitude and complexity of a national prevalence survey, where multiple 

survey teams are operating simultaneously, necessitates such standardization. All aspects of the 
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survey should be standardized; the SOPs can be seen as a general script to conduct the survey 

and serves as the basis for the training and will need to be followed closely. An outline of the key 

elements of the SOPs is given below. The web appendix to this book includes examples of generic 

SOPs for reference (1).

a) Background

• Role of SOPs in a TB prevalence survey

• General instructions for developing SOPs

• General format of SOPs

• SOPs in a tuberculosis prevalence survey 

b) SOP general overview

c) SOP pre-survey visit

d) SOP field data collection

• SOP survey census

• SOP enrolling participants and informed consent

• SOP symptom screening interview

• SOP suspect in-depth interview

e) SOP chest X-ray

• SOP chest X-ray at field level

• SOP chest X-ray at central level 

f) SOP laboratory procedures

• SOP laboratory field procedures

• SOP laboratory procedures for district/central level

g) SOP HIV testing

h) SOP monitoring

i)  SOP data management 

j) Optional SOP 

• SOP TB patient interview

Reference

1.http://www.who.int/tb/advisory_bodies/impact_measurement_taskforce/resources_documents/thelimebook/en/in-
dex.html. 
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Rationale

Surveys of TB prevalence assess the 

number of TB cases in a population 

according to a certain case definition. 

Comparison of the results of different 

surveys within one country and surveys 

in different countries is only possible if 

the same standard case definitions are 

applied. This chapter describes labora-

tory and survey case definitions.

Since TB prevalence surveys include 

large population numbers, screening is 

applied to identify those at highest risk 

of TB. The WHO Global Task Force on TB 

Impact Measurement recommends that 

sputum samples are collected only from 

individuals at highest risk. 

Content

This chapter describes screening tools 

and screening strategies. The following 

topics are covered:  measurement tools 

and definitions, case definitions, screen-

ing methods and screening strategies.

Lead author

Marieke van der Werf

Contributing author

Ikushi Onozaki

Chapter 4 
Case definitions and 
screening strategies

4.1 Introduction

The case definitions used in surveys comprise 

positive clinical and/or diagnostic test results 

that are required for a person to be classified 

as a case of TB (a person with TB disease). Case 

definitions need to be agreed on before data col-

lection starts, and should not be changed dur-

ing the study or the phase of data analysis and 

reporting. Information on clinical and diagnostic 

tests is collected from the individuals included in 

the survey. 

To collect clinical and diagnostic test information, 

screening is often applied to identify individuals 

at highest risk of TB. There are two main reasons 

for applying screening in TB prevalence surveys. 

Firstly, screening can substantially reduce the 

number of individuals who are asked to pro-

vide sputum for bacteriological examinations. 

If fewer sputum samples need to be collected, 

survey staff can focus on those individuals who 

do need to provide samples, which may result 

in better-quality sputum samples. Published 

surveys of national TB prevalence include study 

populations of between 22 000 and 365 000 (1). 

Also, surveys that are currently planned have 

large study populations. In most scenarios, it is 

therefore not feasible to collect sputum samples 

from all participants. Since TB bacteriological 

examinations are labour-intensive (see Chapter 

8), having much fewer samples to examine also 

improves the quality of laboratory work.
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Secondly, since bacteriologically-confirmed pulmonary TB is a rare disease even in highly prevalent 

settings where TB prevalence surveys are conducted, screening to identify subjects at high risk 

contributes to decreasing the number of false-positive laboratory results. The positive predictive 

value of a single positive laboratory result in a TB prevalence survey is lower than that in clinical 

settings because the pre-test likelihood of the individual being a case is lower. In a survey in Eritrea, 

sputum samples were collected from all eligible subjects (2). TB disease could not be confirmed in 

two thirds of the subjects with a single smear-positive result. Using screening methods, individuals 

with a high risk of pulmonary TB are identified for further examinations and those with an extremely 

low risk of the disease are excluded from additional examinations. 

TB case definitions for prevalence surveys are provided below. The screening strategy recommended 

by the Task Force as well as alternative strategies are explained, and their advantages and disad-

vantages discussed. 

 

4.2 Measurement and case definitions

4.2.1 Measurement tools and definitions
The measurement tools used in TB prevalence surveys to determine whether an individual should 

be considered a case or not are sputum smear microscopy and sputum culture. In addition, nucleic 

acid amplification (NAA) tests can be used (see Chapter 8). 

A smear microscopy examination is positive if there is at least one acid-fast bacilli (AFB) in an ap-

propriate sample in 100 immersion fields (see Box 4.1). A culture is considered positive if Myco-

bacterium tuberculosis complex (M.tb complex) is isolated from an appropriate specimen. For both 

solid and liquid culture identification of M.tb complex organisms, testing should be done either by 

using conventional methods or by molecular technology endorsed by WHO. An NAA test is TB gene 

positive when M.tb complex is demonstrated from an appropriate specimen by NAA testing. After 

the recent (2010) WHO endorsement of the utilization of NAA tests, an NAATB-positive result will 

be classified equal to a CTB-positive result (3).

 

The number of sputum samples collected from each individual will affect the prevalence estimate. In 

clinical samples of TB suspects, it has been shown that examining a third sample for smear micros-

copy will yield only a few more cases (4). It is likely that the bacillary load in individuals in a TB preva-

lence survey is lower so that more samples may need to be examined. To balance the expected bacil-

lary load and the workload, the Task Force recommends examining at least two sputum samples for 

smear microscopy. If the laboratory capacity is available to examine three sputum samples from each 

person eligible for sputum examination, this might give a higher yield. In TB prevalence surveys, spot 

specimens may be easier to collect than morning specimens. Morning samples are more frequently 

positive than spot samples. Thus, collecting at least two specimens, either two specimens one hour 

apart OR a spot specimen followed by a morning specimen the next day, is advised (4).

For culture examinations, most recent national surveys where culture was systematically introduced 

examined two or more specimens. These include surveys in Cambodia (5), China (6), Myanmar (7) 

Ch
ap

te
r 

4



41

and the Philippines (8). In Viet Nam only one specimen was examined (9). It is ideal to examine two 

or more specimens for culture. However, considering the workload and limited laboratory capacity 

in countries, the Task Force has agreed that it is acceptable to have one specimen for culture.  

4.2.2 Case definitions
Comparison of the results of different surveys within a country and surveys in different countries 

is only possible if the same standard case definitions are applied. Clinically, TB cases are defined 

as “signs, symptoms and/or radiological findings consistent with active tuberculosis” (10). In coun-

tries where laboratories performing culture and organism identification are routinely available and 

those with TB suspected signs and/or symptoms are appropriately examined, laboratory results 

alone are typically used to classify TB cases. 

However, in the context of prevalence surveys in high-burden TB countries the following limitations 

apply:

• Screening criteria are often widened in order to miss as few cases as possible. For example: 

(i) “over-reading” is encouraged during the field CXR reading, and (ii) sputum examination is 

often carried out for healthy participants and/or those with a normal CXR;

• Culture examinations are not always performed for all collected specimens. While two or 

three specimens per participant are examined by smear, only one specimen may be examined 

by culture. If so, culture confirmation will not be available for a significant proportion of 

smear-positive specimens;

• Systematic follow-up examination is often not feasible in large-scale TB prevalence surveys   

once the field team has left the cluster. Even if it is, the diagnostic capacity of local health 

services varies.

Box 4.1: Measurement definition of a positive laboratory examination 
result

Tuberculosis bacteriologically positive by culture (CTB positive): Isolation of Mycobac-

terium tuberculosis complex from an appropriate specimen. 

Acid-fast bacilli positive by sputum smear examination (AFB-S positive): At least 

one acid-fast bacilli in an appropriate sample in 100 immersion fields.

(Optional)

TB gene positive when an approved new technology is applied (NAATB positive): 

Demonstration of Mycobacterium tuberculosis complex from an appropriate speci-

men by nucleic acid amplification test. NAATB positive will be classified equal to CTB 

positive.
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In conclusion, for the same participant discrepancies may exist between their status as positive 

laboratory specimen result and bacteriologically-confirmed prevalent survey TB case. For these 

reasons, for some participants laboratory results alone cannot be applied directly to classify a 

survey participant as a prevalent survey TB case or not.

4.2.2.1 Laboratory TB case definition

For countries planning a prevalence survey it is a requirement to have quality-controlled labora-

tories that perform culture and M.tb complex organism identification. Using laboratory results, 

participants can be classified according to the definitions presented in Box 4.2. 

 

4.2.2.2 Survey TB case definition

In addition to laboratory results, other information can be used to define survey cases such as the 

results of chest X-rays and evidence from follow-up investigations. Survey TB cases are classified as 

definite or probable according to all this information (see Box 4.2).

1. A definite survey TB case is a survey participant with one CTB-positive specimen AND at least one 

of the following conditions (bacteriologically-confirmed survey TB case): 

• AFB-S positive (smear-positive TB definite case)

• CTB-positive in another specimen

• Chest X-ray abnormal finding in lung at central audited reading

• Evidence from follow-up investigations if planned in the survey protocol. 

The case definition above excludes participants with a single CTB-positive laboratory result and 

no other confirmation from the four conditions listed. For those smear-negative, culture-positive 

on a single specimen and without a CXR abnormality, follow-up investigations should be arranged 

to confirm if they are a case or not. In a national TB prevalence survey, such systematic follow-up 

investigations by the survey team may not be feasible and may therefore not be part of the survey 

protocol. However, appropriate case management should be carried out, according to local capac-

ity, first and foremost for the good of the individual, but also to ensure appropriate classification of 

the survey case (see Chapter 11 and Chapter 14). In addition to laboratory results, only the results 

of the audited (and not the field) reading of the chest X-ray (see Chapter 7) should be used to assess 

whether a person is a survey case or not. 

2. An AFB-S positive survey TB case (smear-positive TB survey case) can be a definite or probable 

survey TB case. It is a survey participant with one AFB-S positive specimen AND at least one of the 

following conditions: 

• CTB-positive (definite TB case)

• AFB-S positive in another specimen BUT not CTB (or NAATB) positive AND no isolation of 

mycobacteria other than TB - MOTT (probable TB case)

• CXR-positive at central reading AND no CTB (or NAATB) positive AND no isolation of MOTT 

(probable TB case).
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The above TB case definitions maintain consistency with those used in previous surveys as well as 

following clinical practice in countries. They also cater for countries that cannot afford to perform 

a culture examination for more than one collected specimen per participant. The case definitions 

exclude participants with a single AFB-S positive laboratory result who do not have a CTB (or NAATB 

where applicable) positive result, and who do not meet any of the other criteria for a probable TB 

case. When MOTT is isolated from a specimen without isolation of M.tb complex or an NAATB-

positive result, the case should not be categorized as a survey TB case.

There may be a small number of possible TB cases that do not meet the definition of a definite or 

probable survey TB case. Researchers (e.g. medical committee or central panel) should review and 

Box 4.2: Case definitions for TB prevalence surveys

Laboratory TB case definition

Culture-positive TB definite:  At least one CTB positive 

Smear-positive, culture-positive TB definite: CTB positive AND at least one AFB-S 

positive 

Smear -positive, NAATB-positive TB definite – optional: NAATB positive AND at least 

one AFB-S positive 

Smear-negative, NAATB-positive TB definite – optional: NAATB positive AND all 

specimens AFB-S negative

Survey TB case definition1

Definite survey TB case (bacteriologically-confirmed survey TB case): 

One CTB positive specimen AND at least one of the following conditions: 

• AFB-S positive (smear-positive, culture-positive TB definite case)

• CTB-positive in another specimen 

• Chest X-ray abnormal finding in lung at central audited reading

• Evidence from follow-up investigations if planned in the survey protocol

AFB-S positive survey TB case (smear-positive TB case): 

One AFB-S positive specimen AND at least one of the following conditions: 

• CTB-positive (definite survey TB case)

• AFB-S positive in another specimen BUT not CTB positive AND no isolation 

of MOTT (probable TB case)

• Chest X-ray abnormal finding in lung at central reading BUT not CTB (or 

NAATB) positive AND no isolation of MOTT (probable TB case)

1 NAATB-positive should be read as CTB-positive in a survey case definition when a WHO-endorsed NAA test is utilized.
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confirm all available evidence to determine if these participants should be classified as a definite or 

probable TB case, or if they are classified as not having TB. Results should be provided to all partici-

pants with positive results (see Chapter 11 and Chapter 14).

Finally, the identified laboratory and survey TB cases should be classified as: (i) new or (ii) previously 

treated cases. Within each of these categories cases should also be classified as: (i) on treatment or 

(ii) not on treatment (see Box 4.3).

4.3 Screening tools and strategies
Screening is the examination of a group of people to assess whether they are at high risk of having 

a certain condition. TB prevalence surveys include large population numbers, thus using simple 

screening tools to identify those at high risk of TB and only collecting sputum samples from those 

at high risk reduces the workload, especially for the laboratory. 

In the context of a prevalence survey, the Task Force recommends the use of two screening tools: 

a chest X-ray and a symptom questionnaire. A person is then considered eligible for sputum exami-

nation if the chest X-ray shows any abnormalities (see Chapter 7) or if the symptom questionnaire 

shows that the person has symptoms suggestive of TB.

4.3.1 Screening methods

4.3.1.1 Interviews

Symptoms and combinations of symptoms that have been used to identify individuals eligible for 

sputum examination in TB disease prevalence surveys are: (i) cough lasting at least 3 weeks; (ii) 

Box 4.3: Types of TB cases 
New case not on treatment: Patient who has never previously had treatment for 

TB for more than a month and who is currently not being treated with anti-TB 

drugs.

New case on treatment: Patient who is currently being treated with anti-TB drugs 

but has not received anti-TB treatment before the current treatment for more than 

one month.

 

Previously treated case not on treatment: Patient who has previously had treatment 

for TB for more than a month and who is currently not receiving treatment with anti-

TB drugs.

Previously treated case on treatment: Patient who has previously had treatment 

for TB for more than a month and who is currently being treated with anti-TB drugs.
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cough lasting 2 weeks or more, chest pain lasting 1 month or more, fever lasting 1 month or more, 

or coughing up blood (haemoptysis) within the past 6 months; (iii) chest symptoms; (iv) persistent 

cough; (v) coughing up sputum or blood over the past month; (vi) cough lasting for 3 weeks or more 

or sputum containing blood, or both; and (vii) productive cough lasting more than 2 weeks (1). 

Symptom screening was adopted in most recent national surveys. Chronic cough and other TB-

related symptoms were used to define “TB suspects” eligible for sputum examination. Of the study 

participants, 2–8% were in this category (see Table 4.1). Community-based TB prevalence surveys 

showed that chest X-ray was a satisfactory screening tool in TB prevalence surveys (11,12,13). Thus 

the yield of using symptom screening to detect additional cases seems to be limited. Most surveys 

introduced symptom screening in combination with CXR screening to determine the prevalence 

of “TB suspects” using the NTP definition, and to understand the effectiveness and/or limitations 

of the NTP screening criteria and routine case detection practices (see Chapter 1 and Chapter 2). 

Symptom screening also prevents missing bacteriologically-positive TB cases that are without a 

chest X-ray or without a chest X-ray abnormality, as well as those for whom an abnormality on 

the chest X-ray was missed by the screening reader. This is particularly important in the surveys 

planned after HIV became a known risk factor for TB. 

A few national surveys carried out in resource-limited settings adopted only symptom screening 

to identify individuals eligible for sputum examination. The available data show that the TB preva-

lence could be seriously underestimated in population-based surveys if only symptom screening is 

used (1). Only 30–65% of smear-positive cases screened by chest X-ray had TB screening symptoms 

in recent surveys. 

4.3.1.2 Chest X-ray

No chest X-ray abnormality is specific enough for a definite diagnosis of TB. However, chest X-rays 

are considered highly sensitive as a screening method. In prevalence surveys it is recommended 

that all included and consenting individuals have a chest X-ray taken. If the chest X-ray shows any 

abnormality (see Chapter 7), the individual is considered eligible for sputum examination. 

Traditionally, chest X-rays were used in TB prevalence surveys for screening to identify those with 

abnormalities in the lung (14). The national surveys in the Philippines and earlier surveys in Japan 

and the Republic of Korea used only chest X-ray as a screening tool. Most national surveys carried out 

during the past century used indirect chest X-ray, that is, mass miniature radiography. Recent surveys 

have adopted direct chest X-rays with full-size films using a conventional system and/or digital tech-

nology (see Table 4.1). Individuals with a shadow suspected of being TB or any abnormality in the lung 

on the chest X-ray were then considered eligible for sputum examination. Since TB in an immunocom-

promised host with a high risk of TB such as an HIV-positive individual or a person with diabetes often 

shows atypical manifestations in a chest X-ray, using chest X-ray abnormalities suggestive of TB to 

identify individuals eligible for sputum examination may not be very sensitive. Therefore, the recom-

mended definition for screening is “Any chest X-ray abnormality in the lung”. In a prevalence survey, it 

is expected that 5-20% of the study participants will meet this definition, although it should be noted 

that when read by experts (as opposed to readers in the field) the figure is about 1-6%.   
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Table 4.1 
Screening and diagnostic tools used in national TB prevalence surveys and percentage of survey participants 
that met screening criteria, 2001–2010

Country Year Interview/
symptom % CXRa type CXR screening 

criteria % Bacteriology 

Cambodia 2002
Cough lasting >3 
weeks, blood in 

sputum
7.3 Normal (P, M)

Abnormality in 
lungc 11.0

2 smears, 
2 cultures

Malaysia 2003
TB-related 
symptoms

Normal (F)
Any pulmonary 

abnormality
3 smears

Indonesia 2004
Productive cough 

any duration
8.3 Not used Not applicable

3 smears, 
1 culture

Eritrea 2005 Sputum from allb Not used Not applicable 2 smears

Thailand 2006
TB-related 
symptoms

MMR TB suspect
2 smears,
1 culture

Philippines 2007 Not applicable Normal (P) Abnormal 16.9
3 smears, 
3 cultures

Viet Nam 2007
Cough lasting >2 

weeks
4.6

Digital (M), 
MMR

TB Suggestive 4.0
3 smears, 
1 culture

Bangladesh 2008 Sputum from all  Not used Not applicable 2 smears

Myanmar 2009
Cough lasting >3 

weeks
3.3 Normal (P, M)

Abnormality in 
lungc,d 20.7

2 smears,
2 cultures

China 2010
Cough, sputum, 

haemoptysis lasting 
>2 weeks

2.1 Normal (M, F) Suspected TB lesion 1.1
3 smears, 
2 cultures

a CXR (chest X-ray): normal, conventional-type full-size film: (P = portable machine, M = mobile van; F = facility-based machine); MMR = mass 
miniature indirect type 
b 8.1% had cough lasting >2 weeks 
c Field screening reading (over-reading was encouraged)  
d Sputum from all if CXR was not taken

4.3.1.3 Infection test 

In some surveys, the tuberculin skin test was used to identify those infected with M.tb. Further 

examinations including chest X-ray and bacteriological examinations were carried out for those with 

a “positive” tuberculin test (15). This strategy, which is often used in contact tracing, helps to avoid 

unnecessary radiological exposure, particularly among children. It is reasonable to carry out further 

examinations only among those infected with TB.  However, for many reasons, the Task Force does 

not recommend screening for infection in TB prevalence surveys: children are not targeted in TB 

prevalence surveys; a certain proportion of TB patients are negative in infection screening particularly 

in settings with a high prevalence of HIV; most adults are infected with TB in high TB-prevalence 

settings, which renders tuberculin skin testing as a screening test not useful (16); new infection tests 

are still expensive and invasive (venepuncture); it takes time to get an infection screening result; and 

its effectiveness as a tool for community-level screening has not been established. 

4.3.2 Screening strategies

4.3.2.1 Recommended screening strategy 

The screening strategy recommended by the Task Force applies a combination of chest X-ray and 
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symptom questionnaire screening (see Figure 4.1). Those with abnormalities on chest X-ray or 

found to have positive symptoms during the questionnaire screening are eligible for sputum 

examination. Those without abnormalities or symptoms suggestive of TB during screening are not 

considered eligible for sputum examination and do not have to submit sputum samples.

The protocol should specify the procedure for individuals who do not have a chest X-ray taken (such 

as pregnant women who opt out or those who are unable to visit the study site). The options would 

be to collect sputum samples for culture and smear examination: (i) for all these individuals; (ii) 

for only those with any symptom; or (iii) for only those with symptoms that meet the “eligible for 

sputum examination” screening criteria.  Option (iii) may produce an underestimate of the popula-

tion prevalence.

Figure 4.1 
Recommended screening strategy in TB prevalence surveys

Symptom screening
Chest X-ray screening

No symptoms
Normal chest X-ray 

No smear microscopy
No culture

Symptoms or
Abnormality on chest X-ray 

Smear microscopy
Culture

The criteria for symptom screening used to determine who is eligibile for sputum examination 

should include:

a) The NTP definition of a “TB suspect” – this is essential; 

b) A combination of other TB-related symptoms – this is optional (pending the Task Force’s 

recommendation – see Section 4.3.2.4);

c) Any TB-related symptoms – this will apply for certain participants, such as those without a CXR.

A screening strategy using symptom screening without chest X-ray screening is not recommended 

because it will underestimate the true prevalence of TB.

4.3.2.2 Alternative screening strategy 1

In the recommended screening strategy, individuals without screening symptoms and with a nor-

mal chest X-ray will not be identified as people who are eligible for sputum examination. Thus TB 

cases without symptoms and with a normal chest X-ray will be missed. Where sufficient laboratory 

capacity is available, a strategy in which all participants are screened by questionnaire, chest X-ray 

and sputum smear examination can be considered (see Figure 4.2). In this scenario, all individuals 

with symptoms, an abnormal chest X-ray or a positive smear examination will have sputum samples 

cultured. The yield of smear-positive cases from those without any symptoms and without any 
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chest X-ray abnormality is expected to be very limited. It should only be considered if measures to 

ensure the quality of smear examinations can be implemented.  

Figure 4.2 
Alternative screening strategy 1 in TB prevalence surveys

Symptom screening
Chest X-ray screening

Sputum smear examination

No symptoms
Normal chest X-ray

Negative smear 
No culture

Symptoms or
Abnormality on chest X-ray

or Positive smear 
Culture

 

The limitation of alternative screening strategy 1 is that certain individuals with culture-positive 

pulmonary TB may not be identified through symptom assessment, chest X-ray examination or 

sputum smear screening.

4.3.2.3 Alternative screening strategy 21

The identification of all smear-positive or culture-positive individuals can be assured when sputum 

samples for microscopic smear examination and culture are collected from all eligible individuals. 

Given the high cost involved and the significant demand for laboratory capacity, this strategy has 

been used only in a few small-scale studies (16-21).

It is recommended to take a chest X-ray and complete a symptom questionnaire of all eligible 

individuals to allow comparisons with results from other surveys. 

Table 4.2 
Screening procedures for identifying bacteriologically-confirmed pulmonary TB

Strategy Identified cases Missed cases Comments 

Recommended strategy
Most S(+); most C(+) S(+) sym(–) CXR(–); 

S(–) C(+) sym(–) CXR(–)
Most common screening 

method

Alternative strategy 1
All S(+); most C(+) S(–) C(+) sym(–) CXR(–) Very intensive for the 

laboratory 

Alternative strategy 2
All S(+); all C(+) None Very intensive for the 

laboratory

S(+)= smear-positive; C(+)= culture-positive; sym(-)= no symptoms; CXR= chest X-ray; CXR(-)= normal chest X-ray; S(–) 
smear negative

1 This strategy was applied in a subnational survey carried out in Kenya. A further statement by the Task Force on this strategy will be released 
when the results of the study become available.
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Table 4.2 shows the success of each strategy in identifying bacteriologically-confirmed pulmonary 

TB. The strategies are sorted in ascending order of epidemiological information, logistic complica-

tions and cost.

Recent TB prevalence surveys reported alternative approaches. National surveys in Eritrea (22) and 

Bangladesh (23) did not use any form of screening. Sputum samples were collected from every 

study subject and examined by smear microscopy. Theoretically, such a strategy can detect all smear-

positive cases in the study population. However, collection of high-quality sputum samples requires 

efforts from both study participants and survey staff. Furthermore, this strategy will result in a large 

number of samples that need to be examined by the laboratory and thus a very high workload.  

Although this approach was listed as Strategy 4 in the first edition of this book, the Task Force’s 

subgroup on TB prevalence surveys reviewed recent experience and decided to remove this strategy 

from the list of acceptable options. 

4.3.2.4 Screening strategy for populations with high HIV prevalence

The Task Force’s subgroup on prevalence surveys cannot provide specific recommendations on 

screening strategies for high HIV prevalence settings due to insufficient data available to support 

evidence-based recommendations.

The sensitivity of symptom screening to identify TB patients is reported to be lower in HIV-infected 

populations than in non HIV-infected populations (24). In high HIV prevalence populations, 10% 

of individuals with prevalent TB denied having any symptoms at all, and only 43% would have 

been classified as a TB suspect according to current NTP guidelines (19). Thus, it should be recog-

nized that the symptom screening strategy misses cases, especially in high HIV prevalence areas. 

Some smaller scale studies (that is, not national TB prevalence surveys) have performed culture 

examination for all included individuals (16, 19, 20, 24). This corresponds with alternative screening 

strategy 2, which is not considered feasible in most circumstances, although study results provide 

insights into TB epidemiology. 

In intensified TB screening, using screening criteria such as cough of any duration, fever, night 

sweat and body weight loss is recommended (25). There are currently no published data to show 

that expanding the symptom screening criteria will provide a higher yield of TB cases in community-

based TB prevalence surveys, in the presence of quality CXR screening in which any abnormality is 

considered to make a participant eligible for sputum examination. 

The results of ongoing and planned surveys in African settings with a high HIV prevalence will be 

used to inform further discussions about whether different screening algorithms are required to 

identify individuals eligible for sputum examination in settings with high prevalence of HIV. 
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Rationale

Scientific rigour in the design of sample surveys 

is crucial to ensure that the final results are ac-

curate and representative. If the sampling de-

sign is of poor quality, the value of the survey 

will be undermined. 

Content

The chapter is structured in four major sec-

tions:

• Sampling methodology – basic concepts. 

This section explains why cluster sampling is 

the optimal sampling design for prevalence 

surveys

• Calculation of sample size. This section de-

scribes the key components of a sample size 

calculation, and shows step-by-step how to 

calculate the sample size that is required. Im-

portant concepts such as relative precision and 

the design effect are defined and discussed  

• Selection of clusters and selection of indi-

viduals within clusters. This section covers the 

definition of a cluster, the role of stratification, 

and the practical steps needed to select first 

clusters and then individuals from within a 

cluster

• Definition of the eligible survey population. 

This section explains how to define the eligible 

survey population, and why this is critical to 

the estimation of the true country-wide preva-

lence of TB.

Examples

The chapter uses examples from nationwide 

surveys carried out in Cambodia (2002, 2010–

2011), Ethiopia (2010–2011), Nigeria (2011), 

and the Philippines (2007).

Lead authors

Sian Floyd, Charalambos Sismanidis

Contributing authors 

Fulvia Mecatti, Katherine Floyd, Norio Yamada

Chapter 5 
Sampling design

This chapter has been written to ensure 

that all guidance required by the statisti-

cian advising on sampling design is pro-

vided. All survey teams should engage a 

statistician to advise on sampling design.  

All of the material should be highly ac-

cessible to statisticians and quantitative 

epidemiologists. With the exception of the 

web appendix 5.1 (1), the chapter should 

also be accessible to more general readers 

who, while not statisticians or epidemi-

ologists, are relatively numerate. Sections 

5.1, 5.3 and 5.4 should be accessible to all 

readers. Section 5.2 is more challenging in 

terms of the mathematical concepts and 

methods that are covered, but all those 

leading or managing surveys are encour-

aged to read it to grasp the essential prin-

ciples. The key principles and concepts are 

also summarized without mathematical 

equations in Box 5.1. 
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Box 5.1: Nine steps to sampling design of a TB prevalence survey for 
the mathematically faint at heart

This box is a step-by-step approach to the sampling design of a TB prevalence survey, 

and is intended for all readers. Though understanding of statistics is required to set 

up the sampling design of a survey, even those with no statistical training should 

be able to read through this summary. This box is not intended as a substitute for 

material covered in the chapter but rather as an introduction to appreciating the 

key concepts, necessary elements and steps to sampling design.

1. A prior guess of the true population prevalence

The first step involves coming up with a prior guess for the true population preva-

lence of TB, the very thing we are trying to estimate with the survey. A very good 

understanding of the epidemiology of TB in the country is required to produce this 

guess. National surveillance data summarized in the WHO Global TB Control Report, 

in conjunction with other available research data, are usually good starting points. 

A close collaboration between the statistician and local TB experts is crucial in this 

first step.

2. The relative precision

The precision of the estimate of TB prevalence drawn from a survey increases with 

the size of the survey, but so do the costs and logistical demands. The (relative) precision 

refers to “how far away” we are willing to allow the survey’s estimate of prevalence 

to be from the true national prevalence. This is expressed as a percentage of the 

true prevalence itself. In statistical terms the relative precision is translated into the 

required width of the 95% confidence interval around the TB prevalence estimate. 

Relative precision is recommended to be between 20% and 25%.

3. A prior guess about the magnitude of the so-called “design effect”

The nature of TB prevalence surveys is such that groups of people, typically several 

hundred, as opposed to individuals, are sampled from each selected area. This group 

of people is termed a cluster and the approach whereby sampling units are groups, 

and not individuals, is called clustered sampling. 

Cluster-sample surveys result in more uncertainty about the true prevalence of TB 

than would be the case with an individually-sampled survey of the same size. Thus 

sample size must be increased in a cluster sample survey, compared with a simple 

random sample survey. This is to account for the fact that inherently interdependent 

individuals sampled as part of the same cluster provide less information than would 

be the case if they were sampled individually. Individuals in the same cluster are 
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likely to be more similar to each other, in terms of TB prevalence and associated risk 

factors, than to other individuals in other clusters. In statistical terms, the design 

effect is the multiple by which the sample size must be increased, compared with 

the sample size that would be required if simple random sampling was used. The 

computation of the design effect depends on three key elements: (i) the number of 

eligible individuals in each surveyed cluster, i.e. the cluster size; (ii) the true national 

prevalence, so that a “prior guess” is needed (step 1. above); and (iii) the difference 

in the TB prevalence among clusters compared to the overall national prevalence. In 

statistical jargon, (iii) is the between-cluster variability and it is difficult to measure. 

Two methods used to measure the between-cluster variability are illustrated in Sec-

tion 5.2. Among these, preference is given to the coefficient of between-cluster vari-

ation for its (relative) simplicity. Based on the results of completed TB prevalence 

surveys, it is reasonable to assume that the coefficient of between-cluster variation 

will be at least 0.3 and perhaps as high as 0.8, and typically between 0.4 and 0.6.

 

The size of the design effect is big if:

• the prevalence of TB varies considerably among clusters, such that the mea-

sure of between-cluster variation is big. The number of survey clusters should 

be at least 50; 

• the number of eligible individuals selected for the survey in each cluster is 

big. The cluster size should be 400–1000 people;

• the prevalence of TB is expected to be relatively high, so that the prior guess 

of the true national prevalence is relatively big. 

The design effect can be predicted in two ways: 

• from the results of previous surveys; and/or 

• from an assessment of likely between-cluster variation and different choices 

of cluster size.

4. Final equation for the sample size calculation

The equation for calculating the sample size for a TB prevalence survey, corrected 

for the design effect, is shown in Section 5.2.5; examples are provided in Boxes 5.3 

and 5.4. 

5. A prior guess of the participation rate

In a field survey, some people will either not attend the initial screening, or will drop 

out during the survey. Therefore the sample size should be adjusted to allow for non-

participation in the survey. This is addressed in a straightforward way by dividing the 

sample size computed after step 4 by the expected proportion of eligible individuals 

who will participate in chest X-ray screening and symptom screening in each of the 
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sampled clusters. For TB prevalence surveys, this proportion is typically assumed to 

be 85–90%, i.e. between 0.85 and 0.9 if expressed as a proportion.

6. Stratification to ensure a representative and precise overall estimate of prevalence

TB prevalence will typically vary across different geographical regions of a country, 

generically referred to as strata. For example, the prevalence of TB could be different 

in urban and rural settings or between northern and southern geographical areas of 

the country. In this case, a stratified design should be used to increase the precision 

and representativeness of the overall country estimate of TB prevalence. In fact, the 

use of a stratified design is encouraged even for countries with small differences 

among geographical regions, or when little is known about regional-specific preva-

lences. Stratification has the potential to increase the accuracy of the final estimate 

without augmenting the required sample size.

Prevalence estimates for each stratum can be calculated but will not be as accurate 

as the overall estimate itself and should be interpreted with caution. Increasing the 

precision of prevalence estimates within each stratum is not directly linked with the 

primary objective of a nationwide prevalence survey to estimate the overall national 

prevalence of TB, and will increase total sample size and cost substantially. The only 

objective of the sample size calculation should be to achieve a reliable (precise 

and representative) estimate of the overall (national) true population prevalence 

of TB, and not to also obtain reliable estimates of prevalence within each stratum.

7.Cluster selection

Once the cluster size has been chosen (generally between 400 and 1000 for mostly 

logistical, but also statistical reasons) and the total sample size has been calculated (as 

explained in steps  1–4 above and in detail in Sections 5.2.3–5.2.6), the total number 

of clusters to be sampled is calculated as the sample size divided by the assumed 

cluster size, with a recommended number of clusters of at least 50 (see Figure 5.1). 

Then the clusters themselves need to be selected. 

The definition of a cluster as a sampling unit needs to be adapted for each country. A 

cluster could be any well-defined geographical area of similar population size. Clusters 

typically use as their building blocks census enumeration areas (EA), villages, or towns.

Cluster selection will most probably be a multi-stage process, starting from the larger 

primary sampling units, followed by smaller secondary sampling units, and so on, 

until the last level of geographical areas comprising only clusters. At each of these 

stages the selection of sampling units should ensure that the probability of selecting 

a unit is proportional to its population size, dubbed probability proportional to size 
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(PPS) sampling. The use of PPS sampling in conjunction with a fixed target cluster size 

simplifies the analysis because it avoids the need to apply population weights.

During the final stage, where a single cluster has to be selected from a selected 

geographical area, all possible clusters are listed and one is randomly selected. If 

the clusters vary considerably in their population size, which might be the case with 

towns and villages, then the cluster is selected with PPS. If the clusters are similar in 

their population size, which is expected if enumeration areas are used as the clusters 

and may also be the case with villages, then the cluster is selected with simple ran-

dom sampling – i.e. each cluster has the same probability of being selected.

8. Selection of individuals within a cluster

Once a cluster has been selected, a target number of eligible survey individuals 

(which should be as similar as possible across clusters) needs to be identified and 

invited to participate in the survey. Even though the definition of a cluster in the 

survey protocol should take into consideration the target size, it is possible for the 

total number of eligible individuals within a cluster to be either lower or higher than 

the target size. 

a) If cluster size is lower than the target size, then a neighbouring cluster must 

be randomly selected and combined with the one initially selected in order to 

reach the target size. 

b) If cluster size is somewhat higher than target size then the survey team 

might need to include the few extra individuals in the survey, to ensure buy-in 

from local people. 

c) If cluster size is much higher than target size then a sub-set of cluster 

individuals equal to target size must be randomly selected. 

In scenarios a) and c), a subset of eligible individuals from a cluster should be 

selected, respectively either from a neighbouring cluster (in addition to the 

cluster originally selected), or from within the original cluster. This can be done 

by dividing a cluster into household groups using existing household groupings, 

paths, roads, natural boundaries, etc, and the groups to be included should be 

selected at random. 

9. Eligible survey population

Eligible survey individuals should be representative of the target population. Eligibility 

of an individual is only based on: 

(i) age (aged 15 years or older); and 

(ii) residency status in the household (e.g. people living in the household for the past 

four weeks or equal to the time window between the pre-census and census visits, 

which therefore excludes individuals who move into the household in anticipation of 

receiving health care from the survey team).
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Figure 5.1 
Cluster size and number of clusters for the calculated design effect and sample size, with k=0.3, 20% relative 
precision, 85% participation rate and different combinations of TB prevalence p (per 100 000 population 
aged≥15 years)

300

250

200

150

100

50

0
400 500 600 700

Cluster size

800 900 1000

N
um

be
r 

of
 c

lu
st

er
s

p=100 p=300p=200 p=400

5.1 Sampling methodology 

The ultimate goal in sampling is to extract as representative a sample as possible from the general 

population of interest (for example, the sample should be representative of the general population 

in terms of age and sex). One way to do this would be to start from a complete list of everyone in 

the country, choose the required number of people1 at random, and then find out how many of 

them have TB. This approach, with individuals as the sampling unit, is called simple random sam-

pling. In practice, it is rare to have a complete list of the population; more commonly, estimates 

All eligible individuals should be enumerated and later classified as i) survey par-

ticipant, ii) absent or iii) did not consent to participate, in order to study potential 

biases introduced in the result. The closer the observed survey population (those 

who participated) is to the eligible survey population the better the inference on TB 

disease prevalence. 

It is equally important to enumerate and collect basic demographic information 

about children aged under 15 years and about individuals who do not comply with 

the residency condition. The former will allow the survey team to correct the TB 

prevalence estimate for demographic changes in the population, while the latter 

provides an insight into the mobility of the population in the country.

1 That is, the number needed to estimate the prevalence of TB - with sufficient precision. The concept of “precision” is discussed further in 
Section 5.2.
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of the population and its distribution are available. A second major problem is that collecting data 

from the selected sample of the population needs to be feasible in terms of cost and logistics. In 

surveys in which data can be collected without direct contact with individuals (e.g. surveys con-

ducted by telephone), simple random surveys are feasible. In surveys where direct contact with a 

large number of individuals is required (such as a TB prevalence survey), the time and cost of col-

lecting data individually from a completely random sample of the population is prohibitive. 

When simple random sampling is not feasible, an alternative approach is to use clustered sampling. 

In clustered sampling, the sampling unit, referred to as a “cluster”, comprises whole groups of peo-

ple (as opposed to individuals) in geographical proximity to each other. This is the most appropriate 

sampling design for a TB prevalence survey. The number and size of clusters to be sampled will vary 

among surveys, and both influence – and are influenced by – the calculation of sample size. Sample 

size calculations are explained in the next section. 

5.2 Sample size determination and definition of terms

5.2.1 Sample size calculations: key components
To calculate the sample size for a prevalence survey with a cluster sample survey design, the following 

five components are needed:

• The relative precision required for the estimate of the true population prevalence of 

pulmonary tuberculosis that will come from the survey;

• A “prior guess” of the true population prevalence of the primary outcome. For national 

TB prevalence surveys, the primary outcome is bacteriologically-confirmed pulmonary TB 

and the co-primary outcome is smear-positive pulmonary TB, among individuals aged≥15 

years;

• Using the required relative precision, and the “prior guess” of the true population preva-

lence of tuberculosis, the sample size required for a simple random sample survey (as 

opposed to a cluster sample survey) is calculated;

• A “prior guess” about the magnitude of the so-called “design effect” – the multiple by 

which a sample size must be increased, relative to the sample size required for a simple 

random sample survey, due to a cluster sample survey design; 

• A “prior guess” of the participation rate – that is, the percentage (proportion) of the 

eligible population that will agree to participate in the survey. 

This section explains, step by step, how to calculate the sample size for a cluster sample survey 

of pulmonary TB prevalence, knowing that less than 100% of the eligible population will agree to 

participate in the survey. A total of five equations are used to calculate the total sample size, and 

are denoted by (5.1) to (5.5) in the text.

5.2.2 Definition of terms and notation
The true population prevalence and the participation rate are relatively easy concepts to understand. 

The concepts of “relative precision” and the “design effect” are more challenging, and to explain 

them it is helpful to use mathematical notation. This subsection starts with a clear definition of the 
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mathematical notation used throughout the chapter, and then explains the concepts of “relative 

precision” and the “design effect”.

Notation
Our notation is summarized in Table 5.1. The terms that are included in the sample size equations 

(5.1) to (5.5) are highlighted.

Table 5.1  
Notation used in equations for calculation of sample size and to explain the concepts underlying calculation 
of sample size. Rows highlighted in grey show the terms entered into one or more of equations (5.1) to (5.5). 
The total sample size  is calculated from equations (5.1) to (5.5) and is highlighted in blue.

Sample size for a simple random sample survey (equation 5.1)

True population prevalence of pulmonary TB (expressed as a proportion)

“Prior guess” of the true population prevalence of pulmonary TB (expressed as a proportion)

Survey estimate of the population prevalence of pulmonary TB

Number of people included in the survey

Number of TB cases found in the survey

Relative precision, where  is a proportion greater than 0 and less than 1

Design effect (equations 5.2 and 5.3)

Cluster size, i.e. the number of eligible individuals included in the survey from each selected cluster. The 
cluster size is assumed to be constant, i.e.  is the same for each selected cluster

True prevalence of pulmonary TB in cluster 

The variance of the true cluster-level prevalences of pulmonary TB about the overall population prevalence
. This is the “between-cluster” variation, and the B subscript stands for “Between”.

The standard deviation of the true cluster-level prevalences of pulmonary TB about the overall population 
prevalence 

Coefficient of between-cluster variation. See section 5.2.4.2 for further definition
Recommended to assume  is in the range 0.4 – 0.6
See section 5.2.4.2 for guidance on how to estimate  for a particular country

Intra-cluster correlation coefficient, assumed in the context of TB prevalence surveys to take a value be-
tween 0 and 1.
If individuals in the same cluster are no more alike to each other than they are to individuals in a different 
cluster, then  is 0; at the other extreme, if in the same cluster each individual has the same value for 
TB (yes or no), and if this happens for all the clusters, then  is 1.  increases with the magnitude of the 
between-cluster variation , so it also increases as  increases

Sample size calculation, corrected for the design effect (equation 5.4)

, , , and one of  or  

Participation in the survey (equation 5.5)

Proportion of eligible individuals who are selected for inclusion in the survey and also participate in the 
survey

Statistical theory underlying calculation of sample size for a simple random sample survey (web appendix 5.1 (1))

Variance of the survey estimate  

Standard error of the survey estimate  

The between-cluster variation , and the intra-cluster correlation coefficient , are equivalent in 

what they measure but different in how they measure it:  is a relative measure constrained to be 

between 0 and 1, while   is an absolute measure (2). The coefficient of variation  is a relative 

measure that takes a value greater than 0 but is not constrained to be less than 1 (3). 
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Relative precision

Precision refers to the width of the 95% confidence interval for true TB prevalence, that is centred 

on the survey estimate . Relative precision is the width of the confidence interval, expressed as 

a proportion (or percentage) of the true population prevalence. For example, a relative precision 

of 0.2 (percentage of 20%) means that the 95% confidence interval for  is between  and 

.

In sample size calculations for TB prevalence surveys, it is recommended that the value used for 

relative precision ( ) should be between 20% and 25%. Expressed as a proportion, this means that 

 should be between 0.2 and 0.25. This requirement ensures that the 95% confidence interval 

for the value of true TB prevalence is narrow enough to be useful ( ≤0.25) but also the required 

sample size is not impractically large ( ≥0.2). 

The design effect

As explained in section 5.1, TB prevalence surveys are based on sampling all individuals in randomly 

selected geographical areas (clusters), rather than screening a completely random sample of the 

population from all parts of the country. 

The design effect for a cluster sample survey is the multiple by which the sample size must be 

increased, compared with the sample size that would be required if simple random sampling was 

used, to ensure that the estimate of the population prevalence of TB is as precise (the width of the 

confidence interval is as narrow) as that which would have been obtained from a simple random 

sample survey. 

In a cluster sample survey, observations on individuals in the same cluster are not statistically in-

dependent (individuals are likely to be more similar to each other than to other individuals outside 

the cluster) and thus each individual provides less information than would be the case with a simple 

random sample survey. For this reason, the design effect is always ≥ 1 for a TB prevalence survey.  

For those who would like to understand fundamental concepts about the design effect and its 

estimation, please see the web appendix 5.1 (1) for this chapter.

5.2.3 Calculation of sample size for a simple random sample survey
When conducting a TB prevalence survey, the sample size should first be calculated assuming that 

a simple random sample survey is to be done. The sample size is then increased by a factor equal 

to the estimated design effect (see next subsection).

The method used to calculate the sample size required in a simple random sample survey is 

presented in Box 5.2.
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Box 5.2: Method used to calculate the sample size required for a 
simple random sample survey

The sample size  for a simple random sample survey is calculated as:

             (5.1)

(for the derivation of this equation, see the web appendix 5.1 (1)). 

Thus, the sample size for a simple random sample survey depends on two things: 

the required relative precision , and the prior guess of true TB prevalence .

An important implication of this equation is that the smaller the prior guess of true 

TB prevalence , the larger is the sample size required to accurately estimate true TB 

prevalence. This is because the value of (1- ) /  increases as  becomes smaller.

A further implication of this observation is that sample size calculations should be 

done using the primary outcome of smear-positive pulmonary TB rather than bac-

teriologically-confirmed pulmonary TB, because smear-positive pulmonary TB is 

less prevalent than bacteriologically-confirmed pulmonary TB. This then ensures 

that the sample size meets survey objectives for both these primary outcomes.

Not surprisingly, the sample size also increases as the size of the relative precision 

that is required becomes smaller. This can be seen from equation (5.1), because 

is in the denominator. For an illustration of the use of equation 5.1 see example 5.1 

and example 5.2.

Example 5.1 Cambodia prevalence survey 2010–2011 (4)
The prevalence of smear-positive pulmonary TB in 2010 was estimated to be 256 per 

100 000 population among those aged≥15 years (ie =0.00256), assuming that prev-

alence has fallen by 42% since the 2002 TB prevalence survey. The relative precision 

required is 25%, i.e. =0.25. Thus the sample size , for a simple random sample 

survey, was calculated as follows:

Example 5.2 Ethiopia prevalence survey 2010–2011 (5)
The prevalence of smear-positive pulmonary TB in 2010 was estimated to be 200 

Ch
ap

te
r 

5



61

per 100 000 in the total population (i.e. including children), so that  = 0.002 in the 

total population. This was a “conservative” estimate compared with the one made by 

WHO for 2008, to allow for the fact that TB prevalence might have fallen in recent 

years as a result of DOTS expansion and other health service interventions. The 

target population for the prevalence survey is individuals aged≥15 years, and it was 

estimated that 55% of the total population is in this age group. The relative precision 

required was 20%, i.e.  =0.2. 

The prevalence estimate of 200 per 100 000 was made using the assumption that 

the prevalence of smear-positive pulmonary TB is 0 in children aged<15 years. This 

means that the prevalence of smear-positive pulmonary TB in the target population 

of individuals aged≥15 years is estimated to be 200/0.55 per 100,000 = 364 

per 100 000 (rounded up to the nearest whole number), i.e.  = 0.00364. Thus:

5.2.4 How to predict the size of the design effect
The following discussion of the design effect is based on the assumption that the number of 

eligible individuals included in the survey is the same in each cluster (as recommended in section 

5.3), even though in practice there will be some variation. 

The design effect (DEFF) can be expressed in one of two ways:

(i) Using true population TB prevalence , the coefficient of between-cluster variation , and 

cluster size  (i.e. three things);

(ii) Using the intra-cluster correlation coefficient , and cluster size  (i.e. two things).

Using (i), and assuming a constant cluster size  (i.e. that the number of individuals included in the 

survey from each selected cluster is the same for each cluster), the design effect DEFF is calculated 

as:

             (5.2)

Or, using (ii)

              (5.3)

For the derivation of these equations, please see the web appendix 5.1 (1). 
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Although (5.3) is a simpler equation than (5.2), we work from now on with (5.2). This is because it 

is easier to make a “prior guess” for  than it is to make a “prior guess” for  (this is linked to the 

fact that we have a binary outcome variable, TB yes or no). When using equation (5.2), we use our 

prior guess  as a substitute for . 

From equation (5.2), it is clear that the bigger the between-cluster variation (as measured by ), 

the bigger the cluster size ( ); and the bigger the true population TB prevalence, the bigger is the 

design effect.  

From equation (5.3), it is clear that the bigger the intra-cluster correlation coefficient  and the 

bigger the cluster size , the bigger is the design effect.

These observations illustrate a crucial point about the size of the design effect. The size of the 

design effect is big if:

• the prevalence of TB varies considerably among clusters, such that  is big; and/or

• the number of eligible individuals selected for the survey in each cluster is big, so that  

is big; and/or

• the prevalence of TB is relatively high, so that  is relatively big. 

The design effect can be predicted in two ways: 

• from the results of previous surveys; and/or 

• from an assessment of likely between-cluster variation (as measured by ) or an estimate 

of the intra-cluster correlation coefficient (i.e. ), and different choices of cluster size.

5.2.4.1 Estimating the design effect using previous survey results
If a previous survey was done in the same country, the value of  or  from this prior survey can be 

used to provide an approximate estimate of the design effect, provided that:

• the way in which clusters are defined is the same in each of the two surveys; and 

• the magnitude of between-cluster variability has not changed since the first survey.  

It is essential to consider if these are realistic assumptions. If not, then it is important to consider 

whether the between-cluster variability is likely to have increased or decreased, based on what is 

already known about changes in TB epidemiology and control since the first survey.

If there has not been a previous survey, then estimates of the value of  or  from surveys conducted 

in other countries, combined with existing knowledge of TB in the particular country being consid-

ered, can be used as a guide.

5.2.4.2 Assessment of the likely design effect, given different combinations of 
the true population TB prevalence  , cluster size , and   
As noted above, the design effect depends on three things: (i) true population TB prevalence ( ); 

(ii) the cluster size ( ); and (iii) the coefficient of between-cluster variation in TB prevalence ( ).
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True population TB prevalence

A prior guess of the true population prevalence,  , must be made to calculate the sample size for 

a simple random sample survey. This has been discussed already.

Cluster size

The choice of cluster size (that is the number of eligible individuals to be included in the survey 

from each selected cluster), and the number of clusters to be sampled, must take into account both 

logistical and statistical issues. 

Statistical issues: To ensure that the number of sampled clusters is both large enough to expect 

representative coverage of the total population and sufficient to provide a reliable estimate of 

between-cluster variation in true TB prevalence, the number of clusters to be sampled should be 

at a very minimum 30, with a strong recommendation to be at least 50. The cluster size should in 

general not be more than 1000 eligible individuals, otherwise the design effect could be greater 

than 2 with moderately high pulmonary TB prevalence (see Table 5.2) and/or the number of clus-

ters (which will be determined by the total sample size divided by the chosen cluster size) could 

be below 50. 

Logistical issues: The cluster size should be at least 400 eligible individuals and it should be fea-

sible to complete data collection for a cluster within a convenient time period (for example, one or 

two weeks). A constant cluster size (in terms of eligible individuals included in the survey) follows 

from the use of probability-proportional-to-size (PPS) sampling (for further details see Section 5.3), 

and is also the preferred approach from a logistical (and analytical) point of view. 

The coefficient of between-cluster variation  

We now explain the definition of , illustrate it with an example, and then show how we can make 

a “prior guess” about its value. Additional mathematical detail is provided in the web appendix 5.1 

(1). 

Suppose it is assumed that the variation of the true  (where  is the true TB prevalence in cluster 

i, with the total population partitioned into clusters) follows a normal distribution, centred on the 

overall true prevalence . Suppose also that the 2.5% and 97.5% centiles of the distribution of the 

, which define the usual 95% confidence interval around the overall true prevalence , are at 

and  respectively. If the  follow a normal distribution, then the 2.5% and 97.5% centiles are 

at  and  respectively, where ( ) is the standard deviation of the distribution. 

Thus in this case we have that . If we now use  to denote the standard 

deviation ( ) of the between-cluster variation in true TB prevalence, then , which 

is approximately . We illustrate this idea in Figure 5.2, with an example in which  = 

300 per 100 000 population and the 2.5% and 97.5% centiles are at 20 (0.067 ) and 580 (1.933 ) 

per 100 000 population respectively.
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More generally, and making no assumption about the shape of the distribution of the  around 

the true overall population prevalence , we can express the standard deviation  as a proportion 

 of , i.e.   =  . In the first example in the previous paragraph,  =0.4. In the second example, 

= 0.933/1.96 = 0.48. The higher the value of , the greater is the between-cluster variation.

The coefficient of variation, , of the cluster-specific TB prevalences is defined as:

 = standard deviation ( ) of the cluster-specific TB prevalences divided by the true overall 

population value. Thus, in the case of a TB prevalence survey,

Thus if  is estimated as  , then . This is “convenient”, because it means that the 

coefficient of variation  is simply a proportion (for example 0.4 or 0.48 in the examples above). In 

particular the value of  does not depend on the true overall population prevalence .

Based on the results of completed TB prevalence surveys, it is reasonable to assume that  will be 

at least 0.3 and perhaps as high as 0.8 (Box 5.3), and typically between 0.4 and 0.6. 

To estimate  for a particular country, it is helpful to consider the plausible range in the true cluster-

specific TB prevalence , from the 2.5% centile to the 97.5% centile, and to assume that the variation 

of the  follows a normal distribution centred on the overall true TB prevalence  (even though the 

actual distribution of true cluster-specific TB prevalences may be more “skewed”, and not in fact 

follow a normal distribution). 

For example, suppose that a “prior guess” of the overall true population prevalence of pulmonary 

TB is   = 300 per 100 000 population aged≥15 years. Suppose also that it is considered that the 

true cluster-specific TB prevalence ranges from a 2.5% centile of around 20 per 100 000 population, 

i.e. 0.067  = (1-0.933) , to a 97.5% centile of around 580 per 100 000 population, i.e. 1.933  = 

(1 + 0.933) . This means that the range from the 2.5% centile to the 97.5% centile is from 

 - 0.933  to  + 0.933 . Thus, assuming a normal distribution, we have that 

1.96  =0.933  so that 1.96  =0.933, and  =0.48.

 

In practice, clusters will usually be selected within strata, such as by urban/rural area or by geo-

graphical region of the country (see section 5.3.2). This means that consideration of the likely 

between-cluster variation in true TB prevalence, and thus the value of , could be first done within 

each stratum. An average of the values of  across the strata would then give the overall survey 

. This average will always be equal to or, most probably, smaller than the value of  calculated 

ignoring stratification. The latter is the most conservative and hence safest approach. 
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Figure 5.2 
Normal density graph of true cluster-specific prevalences with mean 300 and standard deviation 0.48*300, 

for  =0.48. Area under the curve is equal to 1.
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5.2.5. Final equation for the sample size, corrected for the design effect
Using equation (5.2) for the design effect, the final equation for the sample size, corrected for the 

design effect is:

           (5.4)
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Box 5.3: Estimates of  in the Philippines and Cambodia

The Philippines, 2007 (6)

In the analysis of the 2007 TB prevalence survey conducted in the Philippines (6), 

the design effects for bacteriologically confirmed and smear-positive pulmonary TB 

were 1.82 and 1.73 respectively. The average number of participants per cluster who 

were aged≥10 years was 413. Among individuals aged≥10 years, the prevalence of 

bacteriologically confirmed pulmonary TB was 660 per 100 000 population, and the 

prevalence of smear-positive pulmonary TB was 280 per 100 000 population. The 

values of  were estimated to be 0.55 and 0.79 for bacteriologically-confirmed and 

smear-positive pulmonary TB, respectively.

Cambodia 2002 (7)

In the analysis of the 2002 TB prevalence survey conducted in Cambodia (7), the 

design effect for smear-positive pulmonary TB was 1.18. The average number of par-

ticipants per cluster aged≥10 years was 528, and the prevalence of smear-positive 

pulmonary TB was 366 per 100 000 population. From the formula relating the design 

effect to population TB prevalence, cluster size, and , the estimate of  was calcu-

lated to be 0.31.

Based on the results of completed TB prevalence surveys, it is thus reasonable to 

assume that  will be at least 0.3 and perhaps as high as 0.8. In planning the sample 

size for new TB prevalence surveys, we recommend that it is assumed that  will be 

between 0.4 and 0.6, i.e. in between the two extremes illustrated here.  

Implications of different combinations of , cluster size , and true overall TB prevalence  for the 

magnitude of the design effect

Figure 5.3 and Table 5.2 illustrate the implications for the design effect of different combinations of 

the true TB prevalence  and cluster size , for each of =0.4 and =0.6. These values of  have 

been chosen as two plausible values between 0.3 and 0.8. 
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Figure 5.3 
Design effect for  =0.4, different combinations of TB prevalence p (per 100 000 population aged≥15 years) 
and cluster size
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Table 5.2 
The design effect when  =0.6, for different combinations of true TB prevalence 

(per 100 000 population aged≥15 years)  and cluster size 

TB prevalence (per 100 000 population)
Cluster 

size
100 150 200 250 300         400

400 1.144 1.216 1.288 1.36 1.432 1.577

500 1.180 1.270 1.36 1.450 1.541 1.721

600 1.216 1.324 1.432 1.540 1.649 1.866

700 1.252 1.378 1.504 1.631 1.757 2.011

800 1.288 1.432 1.576 1.721 1.866 2.155

900 1.324 1.486 1.649 1.811 1.974 2.300

1000 1.36 1.540 1.721 1.901 2.082 2.444

5.2.6 Recent examples of how to predict the design effect based on (i)  ,  , 
and  and (ii)   and 

In 2010, the design effect was predicted for two surveys due to be implemented in 2010–2011: one 

in Ethiopia (5), and one in Cambodia (4). The prediction of the design effect in these two surveys, 

based on cluster size and assumptions about either  and , or , is illustrated in Box 5.4.

5.2.7 Finite population correction
Having adjusted the sample size for the design effect, strictly speaking the next step in the calculation 

of the final sample size should be to account for the fact that in a national-level population sample 

survey, sampling is being done from a finite (although very large) population of eligible individuals in 

the country. This is because when sampling is done from a finite population there is less uncertainty 

about the estimate of true population TB prevalence, compared with a situation in which the survey 

estimate is to be used to make a prediction about TB prevalence in another setting or in the future.  
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However, although the so-called “finite population correction” is a standard and well-established 

method in the theory of sample surveys, in practice it makes only a very small difference to the 

total sample size in the context of a national TB prevalence survey. Thus we recommend that, for 

simplicity, the finite population correction is NOT made. However, for completeness we show here 

the formula that can be used to make this correction:

Box 5.4: Predicting the design effect in Ethiopia and Cambodia

Ethiopia prevalence survey 2010–2011 (5)

The prevalence of smear-positive pulmonary TB was estimated to be approximately 

364 per 100 000 population among adults aged≥15 years in Ethiopia. The cluster size 

was planned as 550. With  assumed to be 0.5, the design effect was estimated, 

using equation (5.2), as:

1 + (550-1)x0.5x0.5x0.00364/(1-0.00364) = 1.5014

Assuming a simple random sample survey, the sample size required was 26 289 (see 

Box 5.2). With a design effect of 1.5014, this needed to be increased to 39 470.

Note that this calculation of the estimated design effect should be repeated for a 

range of plausible values of , for example for each of  =0.4,   =0.5, and  =0.6; 
 =0.5 is used here for illustration.

Cambodia prevalence survey 2010–2011 (4)

From the analysis of the 2002 TB prevalence survey, the intra-cluster correlation co-

efficient ( ) was estimated to be 0.000342. For the 2010/11 TB prevalence survey, 

the conservative assumption that the intra-cluster correlation coefficient will be ap-

proximately two times higher, at 0.00075, was made. This assumption was made 

after careful consideration of likely changes in TB epidemiology and variation in TB 

prevalence across the country since 2002. With an estimated prevalence of smear-

positive pulmonary TB of 256 per 100 000 individuals aged≥15 years, and with a 

cluster size of 640 individuals aged≥15 years, the design effect is estimated, using 

equation (5.3), as:

1 + (640-1)x0.00075 = 1.4793

Thus the sample size needed to be increased from 23 949 (as estimated in Box 5.2 

assuming a simple random sample survey) to 35 428.
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where  is the number of people to be sampled as calculated from equation (5.4),  is the total 

population of eligible individuals in the country, and  is the sample size if the finite population 

correction is made.

5.2.8 Allowing for the participation rate (or non-participation rate)
In a field survey, it is expected that some people will either not attend the initial screening at all, or 

will drop out during the survey. The final step in the sample size calculation, having first adjusted 

for the design effect, is to increase the sample size to allow for non-participation in the survey. The 

calculation is straightforward. If the proportion of eligible individuals who participate in chest X-ray 

screening and symptom screening in each of the sampled clusters is expected to be a proportion , 

and the sample size after allowing for the design effect is , then the sample size must be increased 

to

            (5.5)

For TB prevalence surveys, the value of  is typically assumed to be 85%–90%, i.e. between 0.85 

and 0.9 if expressed as a proportion. In other words, it is assumed that 10%–15% of eligible 

individuals will not participate in the symptom screening survey and/or will not attend for chest 

X-ray screening. We do not allow here for loss due to sputum samples not being collected, or being 

lost or contaminated, among individuals who are eligible for sputum examination based on chest 

X-ray and symptom screening. This is because such loss is anticipated to be very small; also, 

missing value imputation can be used, as explained in Chapter 16 on the statistical analysis of TB 

prevalence surveys.

Two examples which illustrate how to adjust the sample size for the expected participation rate are 

provided in Box 5.5. 

5.2.9  Final calculation of sample size – err on the side of caution
All of the “prior guesses” made to plan the total sample size (anticipated TB prevalence, design 

effect, proportion of eligible individuals who participate fully in the survey) may be wrong to a 

greater or lesser degree. The important thing is always to err on the side of caution. If the sample 

size is too big it will cost more but a good result will be obtained; if the sample size is too small it 

will cost less but the resulting estimate may be too inaccurate to be of any use. 

It is always important to consider different scenarios (different combinations of the prior guess of 

true TB prevalence , required precision , the coefficient of between-cluster variation , cluster 

size , and the participation rate ). 
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In conclusion, sample size should be determined following a feasible scenario for which there is 

a high level of confidence that true population TB prevalence will be estimated with a relative 

precision of between 20% and 25%.

In Table 5.3 we illustrate different plausible scenarios using the example of the TB prevalence 

survey in Ethiopia (5). We show the required sample size for each of =0.2 and =0.25; the “prior 

guess” of true pulmonary TB prevalence for each of three values: 300, 364, and 400 per 100 000; 

and a “prior guess” of  of 0.4, 0.5, and 0.6. 

In this example from Ethiopia (5), cluster size is considered fixed at 550 (from a logistical perspec-

tive, this cluster size can be completed in one week); this cluster size means that even with a true 

pulmonary TB prevalence of 400 per 100 000 population and =0.6, the design effect is still less 

than 2 (from Table 5.2). 

The “prior guess” of the participation rate is also fixed at 85%, as assuming a value any higher than 

this could be over-optimistic.

Box 5.5: Adjusting for the expected participation (or non-participation) 
rate

Ethiopia prevalence survey 2010–2011 (5)

It is assumed that 85% of eligible individuals will participate. From Box 5.4, the total 

sample size required was 39 470, not allowing for non-participation. Thus the target 

sample size of eligible individuals, assuming that 85% of eligible individuals partici-

pate in the survey, is 39 470/ 0.85 = 46 435.

With the target cluster size for eligible individuals aged≥15 years kept at 550, this 

means that 46 435/550 clusters need to be selected, i.e. 85 clusters rounding up to 

the nearest whole number.

Cambodia prevalence survey 2010–2011 (4)

It is assumed that 90% of eligible individuals will participate, based on a very high 

participation rate of 96% in the 2002 TB prevalence survey. From Box 5.4, the total 

sample size required was 35 428, not allowing for non-participation. Thus the target 

sample size of eligible individuals, assuming that 90% of eligible individuals partici-

pate in the survey, is 35 428 / 0.9 = 39 364. With the target cluster size for eligible 

individuals aged≥15 years kept at 640, this means that 39 364/640 clusters need to 

be selected, i.e. 62 clusters, rounding up to the nearest whole number.
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Table 5.3 
Sample size required for different scenarios according to various values of true TB 
prevalence, the coefficient of between-cluster variation , and choice of relative 
precision, and assuming a cluster size of 550 individuals aged≥15 years, Ethiopia 
prevalence survey 2010–2011 (5)

TB preva-
lence (per 
100 000 
popula-

tion)

Relative precision

 =0.2  =0.25

 =0.4  =0.5  =0.6  =0.4  =0.5  =0.6

300 47475 53057 59881 30384 33957 38324

364 40853 46435 53259 26146 29719 34086

400 38059 43642 50465 24358 27931 32298

5.3 Selection of clusters and selection of individuals within clusters

Once the total sample size has been calculated, and the size of each cluster defined  (as explained 

in sections 5.2.4–5.2.6), the total number of clusters to be sampled is calculated as the sample size 

divided by the assumed cluster size. 

Then the clusters themselves need to be selected. Three major steps are required. The first is to 

decide on a locally-appropriate definition of a cluster. The second is to consider whether or not to 

stratify the country into a limited number of strata (for example, urban/rural; north/south). The 

third step is to select clusters, either from within each stratum (if applicable) or from the whole 

country. Each of these steps is explained in turn in the next three subsections.

5.3.1 Definition of a cluster 
The definition of cluster needs to be adapted for each country. In all cases, however, a cluster is any 

well-defined geographical area of similar population size. Clusters typically use as their building 

blocks census enumeration areas (EA), villages, or towns. 

5.3.2 Stratification 
If the prevalence of TB can be assumed to be similar across a country, then the sampling of clusters 

can be done randomly from all over the country. In practice, however, there will usually be geo-

graphical variation in the prevalence of TB. For example, the prevalence of TB can be different in 

urban and rural settings or between the northern and southern areas of a country. If geographical 

variation is thought to exist, a stratified design should be used to increase the precision of the overall 

national estimate of prevalence. 

In a stratified design, the number of clusters allocated to each stratum should be proportional to 

the share of the national population accounted for by each stratum. For example, if the country is 

stratified into urban and rural areas, and 40% of the country’s population live in urban areas and 

the remaining 60% in rural areas, then 40% of the total number of clusters required will be sampled 

from urban areas and the remaining 60% will be sampled from rural areas. A word of caution: the 
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eventual prevalence estimates for each stratum will not be as accurate as the overall estimate itself 

and should be interpreted with caution. The only objective of the calculation of sample size should 

be to achieve a reliable (precise and representative) estimate of the overall true population preva-

lence of TB, and not to also obtain reliable estimates of prevalence within each stratum.

The use of a stratified design is encouraged even for countries where small differences among geo-

graphical regions are anticipated, or when little information is available about regional variability 

in TB prevalence.1 When clusters are allocated to strata proportional to the size of each stratum, a 

stratified design ensures a balanced and fair geographical coverage of the country. 

5.3.3 Selection of clusters
Once a decision is made about whether or not to use stratification, a formal approach to determine 

which clusters are selected is needed. 

In the first instance, survey teams should identify any areas of the country that are not reachable: 

for example, areas where security is a concern, remote islands, or areas where roads are non-exis-

tent. It is then advisable to exclude these areas from the original sampling frame (see Example 5.3 

on page 75). This approach does, of course, limit the representativeness of the sample, and should 

be reserved only for situations in which there are serious safety or feasibility concerns. The larger 

the proportion of the excluded population from these areas becomes, the less representative the 

survey estimate will be of the country as a whole. The larger the excluded areas become, the more 

the survey estimates describe sub-national estimates of TB disease prevalence and should be 

disseminated as such.

  

Clusters are selected at random from larger areas such as cities or local geopolitical units (these 

have different names in different countries; zones, states, regions, districts, departments, etc.). 

Cluster selection is typically a multi-stage process, particularly in large countries (see Figure 5.4). It 

may start with the selection of large primary sampling units (PSUs), followed by smaller secondary 

sampling units (SSUs), and so on until the level of geographical areas comprising only clusters is 

reached (see Example 5.3). The number of stages will vary by country and will depend on a) how 

the country is divided administratively and b) the smallest administrative level for which data on 

population size are available.

Survey teams can also be faced with a situation where some selected clusters are not reachable, 

for reasons which were unknown at the time of cluster selection. Survey protocols should clearly 

state how the selection of further clusters to replace the ones that prove impossible to reach will 

be done. One suggestion would be to replace a cluster with another that is selected from the same 

“next-higher-level” sampling unit. For example, in the Cambodia 2010–2011 (4) prevalence survey, 

a commune is the secondary sampling unit and a district is the primary sampling unit. Thus if a 

commune is not reachable, then it can be replaced with another commune (selected at random) 

from the same district.

1 It should be highlighted that even if notifications are similar across regions, it is still advisable to use stratified sampling. Geographical varia-
tion in notifications will be an inaccurate reflection of geographical variation in TB prevalence when there is variation in factors such as access 
to care and reporting quality.
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Figure 5.4 
Schematic representation of multi-stage sampling 
Assume we selected the primary sampling unit (PSU) in purple according to probability proportional to size 
(PPS) (see Example 5.3 on how to do this), from which we would like to select one cluster. Within this PSU 
we first need to select a secondary sampling unit (SSU) in grey according to PPS. Within the selected SSU we 
need to select a third sampling unit (TSU) in blue according to PPS. Within the selected TSU we have data on 
how many clusters there are. From these, we randomly select a single cluster (for example one of cl. 1, cl. 2 
or cl. 3); with simple random sampling when clusters are approximately equally sized; with PPS when clusters 
are of largely different size. From the selected cluster, the “target” number of eligible individuals, equal to the 
selected cluster size, is included in the survey. 

cl.1

cl.2 cl.3

TSU

SSU

SSU

SSU

PSU

TSUTSU

TSU

TSU

TSU

TSU

TSU

Population data, typically collected during nationwide censuses, are critical for setting up the 

sampling frame. At each stage when a sampling unit is selected, the probability of a unit being 

selected should be proportional to its population size. This is termed probability proportional to 

size (PPS) sampling. A major advantage of using a fixed cluster size in conjunction with PPS is 

that, at the analysis stage, it is possible to use a self-weighting approach without any need to 

apply population weights (see also Chapter 16). However, sometimes in order to ensure buy-in 

from local governments and political leaders, as well as cover all areas in a country, clusters are 

allocated to, as opposed to sampled from, large geopolitical units, ensuring all these are repre-

sented in the survey (see Example 5.4). During the last stage of selecting a cluster, all possible 

clusters within the sampling frame are listed, and one cluster is randomly selected. At this last 

stage, if the clusters vary considerably in their population size, which might be the case with 
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towns and villages, then the cluster is selected with PPS. If the clusters are similar in their population 

size, which is expected if enumeration areas are used as the clusters and may also be the case with 

villages, then one cluster is selected with simple random sampling (SRS) – i.e. each cluster has the 

same probability of being selected at the final stage.

5.3.4 Selection of individuals within clusters
When a cluster is selected, cluster areas where, for example, schools, military barracks, or prisons 

are, must be immediately identified and excluded according to the survey protocol (see Chapter 3 

and Chapter 14). Once this is done, the target number of eligible individuals per cluster, as decided 

previously in the sample size calculation, need to be identified and invited to participate in the 

survey. The actual number identified and invited to participate in the survey needs to be as similar 

as possible for each cluster.

The total number of eligible individuals identified within each cluster could be either lower or 

higher than the target cluster size selected for the sample size calculation. The following is advised:

a) If the cluster size is lower than the target size, then a neighbouring cluster must be ran-

domly selected and combined with the one initially selected in order to reach the target size 

b) If the cluster size is somewhat higher (as a rule of thumb 10% of the selected cluster size 

could be allowed) than the target size, the survey team may need to include the few extra 

individuals in the survey to ensure buy-in from the community

c) If the cluster size is much higher than the target size then a sub-set of cluster individuals 

equal to the target size must be randomly selected. 

In scenarios a) and c) a subset of eligible individuals from a cluster should be selected, respectively 

either from a neighbouring cluster (in addition to the cluster originally selected), or from within 

the original cluster. This can be done by dividing a cluster into household groups using existing 

household groupings, paths, roads, natural boundaries, etc. Household groups should then be 

selected at random, until the target cluster size is reached. One way to do this is to select the first 

household group at random, and then subsequent household groups can be added in a randomly 

selected direction (e.g. clockwise from the first household group), until the target size is reached. 

It is recommended to be fair and transparent with this random selection and ensure involvement 

of the community by means of an open meeting at which the household groups will be selected. 

Inviting community members to participate in this selection process, and explaining the random 

(and hence fair) aspect of it, helps to ensure community buy-in.

Example 5.4 includes all aspects of the sampling approach used in TB prevalence surveys, as 

outlined in this chapter; stratification, multi-stage sampling, PPS, and selecting individuals within 

clusters.
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Example 5.3: PPS multi-stage sampling of clusters in Cambodia 
2010-2011

Cambodia is planning to conduct a repeat prevalence survey in 2010–2011 (4); the 

first survey was conducted in 2002 (7). In the repeat survey, 62 clusters will be sam-

pled from across the country. Clusters will be stratified into 13 from urban areas, 

and 47 from rural areas selected from districts included in the 2002 survey (7), plus 

two clusters from the remaining areas of the country. These last two clusters will 

be sampled from districts that were excluded from the 2002 survey (7) because 

of security concerns. There are four administrative geopolitical levels in Cambodia; 

provinces, districts, communes and villages. Districts have been selected as the pri-

mary sampling units, to be consistent with the first survey, and they will be sampled 

by PPS. Communes have been selected as the secondary sampling units, and will be 

sampled from within each district by PPS. Finally, villages within each of the selected 

communes will be selected with simple random sampling, on the assumption that 

villages within the same commune are fairly similar in terms of their population size. 

Therefore, a village will be the sampling unit (cluster) in the Cambodian survey (4). 

The steps required to select the 13 districts from urban areas using PPS are listed 

below. They refer to the table shown at the end of this example. Exactly the same 

logic applies every time PPS is used.

 

Steps in applying probability proportional to size (PPS) sampling

1. List all urban districts in random, in this example alphabetical, order (Column 

A) and the size of their population aged≥15 years (Column B).

2. Calculate the cumulative population (Column C). The number in the final 

row of this column is the total population aged≥15 years of the urban areas. 

In this example, the total urban population aged≥15 years is 1 909 749.

3. Determine the number of districts which will be sampled, in this example 13.

4. Divide the total population (1 909 749, the final figure in Column C) by 13, 

the number of districts we decided to sample. The result, 146 903, is called 

the sampling interval (SI).

5. Choose a number between 1 and the SI at random. This is the random start 

(RS). In this example, the RS was 127 785. Choosing the RS can be done in 

a number of ways. For example, with the RANDBETWEEN function in Excel. 

RANDBETWEEN(1,146903) will return a randomly chosen number between 

1 and the SI. 

6. Calculate the following series of 13 cumulative population points: RS; RS + 

SI; RS + 2SI; RS + 3SI; RS + 4SI; RS + 5SI; RS + 6SI; RS + 7SI; RS + 8SI; RS + 9SI; RS 
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+ 10SI; RS + 11SI; RS + 12SI.

E.g.: RS + 2SI = 127 785 + 2*146 903 = 421 591.

7. Each of these 13 numbers corresponds to a district on the list. The districts 

selected are those for which Column C, the cumulative population, contains 

the numbers in the series we just calculated in step 6.

With a starting point of 127 785 and a sampling interval of 146 903, we identify 

cumulative population points and their corresponding districts as described in step 

6 and continuing in this manner, the desired number of districts will be selected. 

Selected cumulative population points              

1. Cumulative population point included in 1st selected district:  

RS=127 785 -> district 5

2. Cumulative population point included in 2nd selected district:  

RS+SI=274 688 -> district 9

3. Cumulative population point included in 3rd selected district:  

RS+2*SI=421 591 -> district 16

4. Cumulative population point included in 4th selected district:  

RS+3*SI=568 494 -> district 23

5. Cumulative population point included in 5th selected district:  

RS+4*SI=715 397-> district 29

6. Cumulative population point included in 6th selected district:  

RS+5*SI=862 300-> district 30

7. Cumulative population point included in 7th selected district:  

RS+6*SI=1 009 203 -> district 30 (note district 30 has been selected twice, 

which means two clusters will be sampled from it.)

8. Cumulative population point included in 8th selected district:  

RS+7*SI=1 156 106-> district 32

9. Cumulative population point included in 9th selected district:  

RS+8*SI=1 303 009-> district 34

10. Cumulative population point included in 10th selected district:  

RS+9*SI=1 449 912-> district 35

11. Cumulative population point included in 11th selected district:  

RS+10*SI=1 596 815-> district 36

12. Cumulative population point included in 12th selected district:  

RS+11*SI=1 743 718-> district 41

13. Cumulative population point included in 13th selected district:  

RS+12*SI=1 890 621-> district 46
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Column A Column B Column C Column D

District
District popu-
lation aged≥ 

15 years

Cumulative 
population

Cumulative popula-
tion point selected 

for sampling

1 15598 15598  

2 5621 21219  

3 61372 82591

4 43075 125666

5 86189 211855 127785

6 15139 226994

7 27057 254051

8 16230 270281

9 9326 279607 274688

10 12933 292540

11 34628 327168

12 10356 337524

13 30630 368154

14 5504 373658

15 32595 406253

16 22550 428803 421591

17 6513 435316

18 22197 457513

19 6074 463587

20 28240 491827

21 44411 536238

22 9073 545311

23 60187 605498 568494

24 3102 608600

25 8285 616885

26 15724 632609

27 4608 637217

28 20034 657251

29 146651 803902 715397

30 206103 1010005 862300, 1009203

31 89208 1099213  

32 91961 1191174 1156106

33 128334 1319508  

34 101328 1420836 1303009

35 137411 1558247 1449912

36 74527 1632774 1596815

37 10587 1643361  

38 13073 1656434  

39 15044 1671478  

40 3411 1674889  

41 117627 1792516 1743718

42 3966 1796482  

43 65045 1861527  

44 12498 1874025  

45 10260 1884285  

46 11663 1895948 1890621

47 3156 1899104  

48 10645 1909749  

Ch
ap

te
r 

5.
   

Sa
m

pl
in

g 
de

si
gn



78

Example 5.4: Multi-stage cluster sampling in Nigeria 2011

Nigeria is planning a survey to start in 2011 (8). They will be sampling 49,000 

individuals in order to achieve a relative precision of 20% of the actual population 

prevalence. 70 clusters of 700 participants each need to be selected. The country is 

split into six geopolitical zones. The 2006 national population census estimates the 

total population as 140 million in 37 States, 774 local government areas (LGAs), and 

about 89,280 enumeration areas (EAs). On average, a state has a population of 3.8 

million, an LGA about 188 000, and there are about 1 568 people in an EA. A single 

EA comprises a cluster. 

A multi-stage sampling approach will be used: 

• Stratification: The first stage involves stratifying the country into the six 

geopolitical zones. The 70 clusters are divided into the 6 geopolitical zones 

proportional to population size. 18 clusters are allocated to Zone A, 10 to 

Zone B, 9 to Zone C, 11 to Zone D, 8 to Zone E and 14 to Zone F. 

• Stage 1: To facilitate nationwide participation and support, at least one 

cluster is chosen from each of the 37 states. The remaining 33 clusters are 

chosen from each state according to population size. This approach approxi-

mates PPS. 

• Stage 2: In each state, all available LGAs are listed and the required number 

of them is sampled with PPS.

• Stage 3: In each selected LGA, all available EAs are listed and one of them is 

selected using simple random sampling, since EAs have been defined to have 

similar population sizes (EAs are equivalent to the clusters in blue that are 

shown in Figure 5.4). The EA is then the “cluster”, from which a target number 

of individuals will be included in the survey.

• Stage 4: In each EA, all households are visited and eligible individuals invited 

to participate in the survey.

o In a situation where the population of eligible participants is less 

than 650 then a part of the next adjoining EA will be included in the 

cluster to reach the target of 700.

o In a situation where the population of eligible participants is up to 

750 then all of these participants will be included in the survey.

o In a situation where the population of eligible participants is greater 

than 750 then the target of 700 will be randomly selected using blocks 

of household groups.
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5.4 Definition of the eligible survey population

A very important aspect of sampling design for prevalence surveys is the definition of the eligible 

population that contribute towards the target cluster size. As described in Chapter 4, the eligibil-

ity of an individual is based on two things: (i) age (aged≥15 years) and (ii) residency status in the 

household (e.g. people living in the household for the past four weeks or equal to the time window 

between the pre-census and census visits - see Chapter 14). The definition of residency status 

ensures that individuals who move into the household because of the survey, in anticipation of 

receiving access to health care, are excluded. 

Eligible individuals (the ideal survey population representative of the target population) can be 

divided into two groups: a) those who actually participate (the observed survey population) and 

b) those who do not participate in the survey. The closer the participant population to the eligible 

population, the better the inference on TB disease prevalence that will be drawn from the survey. 

All eligible individuals should be invited to participate in the survey. It is likely that some people 

will not be found at home at the time of the mini-census, i.e. the census of the population in the 

selected cluster (see Chapter 14). Furthermore, of those found and invited, some will not attend 

for screening and/or some will not give their consent to participate in the survey. It is imperative 

to enumerate all eligible individuals, and classify them as: (i) survey participant, (ii) absent or 

(iii) did not consent to participate. This will allow the survey team to identify any systematic biases 

in the sampled population (e.g. young men of working age who are away at work during survey 

operations). It is essential that biases are documented so that the results of the survey can later be 

interpreted in the context of these biases. 

It is also important to enumerate and collect basic demographic information from both children 

aged under 15 years and individuals who do not meet the definition of residency. The former will 

allow the survey team to correct the TB prevalence estimate for demographic changes in the popu-

lation compared with the last available demographic data, while the latter allows an insight into the 

mobility of the population in the country.  
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ble across data collection sites and teams. 
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naires are important to ensure that the in-
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and comparable. The process of informed 
consent is necessary for any participant 
in a survey. Data collection teams must 
understand the importance of giving full 
information to participants, the necessity 
of collecting data in a standardized man-
ner and the significance of the concepts of 
informed consent and confidentiality. 
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Chapter 6 
Interviews, data 
collection tools and 
informed consent

6.1 What is the purpose of the 
interview?

The interview in a TB prevalence survey con-

sists of a set of standardized questionnaires 

that collect data to answer specific questions. 

Answers are recorded using standard forms 

or tools. For example, the enumeration or 

census form allows the demographic charac-

teristics of all members of a community to be 

captured and allows the calculation of consent 

rates among the population. It also allows the 

prevalence survey team to know whether 

those individuals who give consent are repre-

sentative of the whole population in terms of 

age and sex.

                                                                                         

The interview itself will provide information 

about the prevalence of symptoms suggestive 

of TB and also about health-care seeking prac-

tices for these symptoms in the population 

being studied. Examples include:

• What is the prevalence of TB symp-

toms in the population?

• What are the health-care seeking 

practices in the population or among 

individuals eligible for sputum exami-

nation? This includes questions about 

how many cases could have been 

missed by health service providers and 

may assist programmes to plan their 

services.
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• What are the risk factors for prevalent TB in this population, for example HIV status, 

smoking, alcohol use, socioeconomic status, prison exposure and diabetes?

The questions to be asked will vary from survey to survey depending on the population being 

studied and the specific objectives of the prevalence survey, but it is important that a clear list of 

questions be formulated before the questionnaire is designed. It is tempting to try and answer 

many different questions within one survey, but care should be taken to keep the questionnaire 

as brief and concise as possible to maintain quality and to allow time to get through all of the 

procedures necessary for the survey. Each question should be deemed to be necessary to answer 

a specific question, and thought should have been given to how the question will be analysed; it is 

unethical and wasteful to ask questions that are not ever going to be used in analysis.

Some prevalence survey protocols may choose to study known risk factors for TB. These may 

include HIV status, diabetes, smoking, alcohol use and socioeconomic factors. The pros and cons 

of including risk factor analysis in a prevalence survey are discussed in Appendix 5.  

6.2 Informed consent

Informed consent must be obtained from all participants before they take part in the prevalence 

survey. It is an ethical requirement for all routine surveillance as well as research studies following 

the Declaration of Helsinki in 1964 (1) (see Chapter 10).

Informed consent is defined as follows:

“Consent given by a competent individual who has received the necessary information, has ad-

equately understood the information and after considering the information has arrived at a deci-

sion, without having been subjected to coercion, undue influence or inducement or intimidation”

(CIOMS Ethical Guidelines (2))

Care should particularly be taken when “vulnerable groups” are being asked for informed consent. 

A vulnerable group is defined as any group with diminished autonomy and could include women, 

poor people, illiterate individuals or any group in a dependent relationship with the researchers. 

For prevalence surveys in high TB burden settings, many communities will be “vulnerable” as a 

result of poverty and illiteracy and, if the Ministry of Health or health-care staff are conducting the 

survey, in a dependent relationship with the researchers.

Information is usually given in the form of a written document, called the information sheet. This 

information may also be given using posters, songs, talks, live presentations or video/DVD. The es-

sential elements of the information sheet are:

• A description of the research and the procedures involved

• Risks of taking part in the survey

• Benefits of taking part in the survey

• Alternatives to taking part in the survey
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• Confidentiality

• Compensation

• Contact information for the investigators or researchers and ethical boards

• A statement that participation is voluntary and there will be no penalty for refusal to 

participate. This statement should include that withdrawal from the survey is permitted 

at any time. Alternative options for seeking treatment, such as through the regular health 

services, should be included. 

For TB prevalence surveys, one anticipated risk of taking part in the survey may be psychological 

distress while waiting for results or receiving the results of investigations (sputum and HIV tests 

especially). There may be stigma associated with being diagnosed with TB or HIV. Since X-rays are 

used as a screening tool, participants should be advised about radiation safety and associated risks 

(see Chapter 7).

The potential benefit from participating in the survey includes (early) diagnosis of TB (+/– HIV or 

diabetes if these are included) and access to treatment. All survey participants should be informed 

that, as an alternative to taking part in the survey, they can attend a health-care facility if they are 

concerned about symptoms or signs suggestive of TB.

Any data collected from a participant are confidential. Processes taken to maintain this confiden-

tiality should be explained, for example the use of survey numbers rather than names. Access to 

data and the use of the data to be collected should be explained to the participants, including how 

the results will be disseminated (report, publication, presentations, etc). TB prevalence surveys 

have particular challenges for informed consent as TB is a notifiable disease  in many countries. The 

information sheet must state that any individual found to have TB will be followed up, either by the 

survey team or by the responsible authorities. This means that confidentiality will be breached for 

any individual found to have TB in the prevalence survey and participants must understand this, as 

it is different from other research settings.

Compensation includes any payments made to participants to compensate them for time, travel or 

inconvenience. It is not acceptable to expect participants to pay out of pocket if they have to travel 

or to take time off work to participate in the survey, but any compensation should be reasonable so 

that it does not induce someone to take part in the survey simply for financial gain. Whether any 

compensation will be given, and the amount, needs to be decided by the survey coordinators and 

clearly stated in the information sheet.

The information sheet must be complete enough to cover all of these areas but must be culturally 

sensitive and readable by the target population; thus wording should be kept simple. It is a good 

idea to check readability using community members to help refine the wording. The information 

sheet must be translated into the appropriate languages for the survey population and should be 

independently back-translated to ensure that the meanings have not been altered in translation.
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Consent must be obtained in writing. If a participant is illiterate then a fingerprint can be used, 

witnessed and countersigned by an independent witness; that is, by another family or community 

member who should have been present at the time of information giving. Each consent form must 

also be signed by the person who conducted the informed consent process. It is usual for the par-

ticipant to keep a copy of the information sheet and a signed copy of the consent form. Individuals 

under the age of consent (this varies from country to country but is usually 16 or 18 years of age) 

will need to assent and must have their consent forms signed on their behalf by a parent or legal 

guardian. Again, cultural sensitivity must be used to assess who is considered to be appropriate to 

sign; in some societies, a father may have to sign rather than a mother, or both signatures may be 

required.

Examples of information sheets and consent forms that have been used in specific surveys are in-

cluded in the web appendix (3). These may provide useful ideas for the design of these forms, but 

each country and ethical review board may have its own standards and layout (also see Chapter 10).

6.3 Types of data collection tools

Different types of data collection tools may be used at different stages in a prevalence survey, 

depending on the objectives and design of the survey. These are shown in Figure 6.1, with the 

approximate numbers of each type of questionnaire that would be needed.

Each of the different tools can be used in a modular way, so that if a survey protocol decides to 

collect sputum from all individuals (the alternative screening strategy explained in Chapter 4) the 

questionnaires can be asked of all individuals.

 

Some survey protocols may wish to ask questions about risk factors or associations with TB. This 

will only be possible to ascertain if the risk factor in question is likely to be very significant in the 

population in question, for example HIV in high HIV prevalent settings, or socioeconomic status. 

Another option that is more efficient is to design a case-control study “nested” within the main 

prevalence survey (see Appendix 5).

All forms containing personal identifiers, such as names, addresses and survey ID numbers (see 

Chapter 15) should be kept confidential. It is essential that at least one form should link the name 

and address of the survey participant with his or her survey ID number to allow for identification of 

the participant if follow-up activities are required. Survey ID numbers should appear on all survey 

forms and questionnaires from each participant. Whether to also add the participant’s name on 

some or all survey forms is a country decision, depending on what is ethically and culturally accept-

able. Names could offer a cross-check in addition to survey ID’s, but would also require enhanced 

confidentiality measures for forms to only be handled by survey personnel.  

Table 6.1 lists the data collection tools that are discussed further in this chapter.
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Figure 6.1 
Summary and projected numbers of data collection forms

Enumeration form/register:
• Personal identifiers e.g. name, address, GPS location, study unique identifier
• Demographic details e.g. age, sex
• Socio-economic data (optional)
• Consent e.g. yes/no/excluded/absent

Questionnaire:
• Unique identifier
• Cluster identifier e.g. house-
hold, cluster
• Demographic details e.g. age, 
sex, occupation, marital status, 
ethnicity/race
• Previous/current TB
• Symptoms
• Health-care seeking behaviour
• Risk factors for TB e.g. smoking, 
alcohol, HIV, diabetes, indoor air 
population (optional)
• Socio-economic data (optional)

Screening Questionnaire:
• Unique identifier
• Cluster identifier e.g. household, cluster
• Demographic details e.g. age, sex, occupation, 
marital status, ethnicity/race
• Previous/current TB
• Symptoms

Follow up form (Optional):
• Unique identifier
• Cluster identifier e.g. household, cluster
• Follow up symptoms or action

Questionnaire for participants eligible for 
sputum examination:

• Unique identifier
• Cluster identifier e.g. household, cluster
• Reason for suspect e.g. symptoms or CXR
• Health-care seeking behaviour
• Risk factors for TB e.g. smoking, alcohol, HIV, 
diabetes, indoor air population (optional)
• Socio-economic data (optional)

Alternative designs may have all individuals answering one questionnaire or may use 
two: one for screening and one for those individuals who are suspects

Approximate numbers 
of each questionnaire 
based on 60,000 total 

survey

72,000

60,000

15,000

600

6.3.1. Enumeration/census form or register 
The objectives of the enumeration/census form or register are: 

• To collect baseline information about the survey population to identify eligible survey 

participants 

• To collect identifiers that allow for follow up of survey participants

• To identify potential biases in the population that consents to take part in the survey

Enumeration/census forms or a register will be necessary in all surveys. The enumeration form or 

register collects census-type data from all individuals in the survey area or sampling frame (adults 

and children), and asks questions about age and sex as well as other eligibility criteria, for example 

the length of residence in the area. It may be easier to collect information on adults and children 

in separate forms or registers as children are not included in the sampling frame for the survey, 

but these data may be useful for estimating the total population. The enumeration data may then 

be used for sampling purposes or to check that the individuals who consent, and are therefore 

included in the final survey, are representative of the eligible population. The data are also used to 

check consent rates overall and in specific demographic groups. The experience from many surveys 
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is that men are underrepresented in the final survey data as they are more often absent when data 

collection is being conducted and are also less likely to consent than women. The enumeration 

form allows this potential bias to be identified. 

Table 6.1 
List of data collection tools in a TB prevalence survey

Data collection tool Essential or optional

1.Enumeration or census form/register Essential

2.Screening questionnaire Essential May be combined into one ques-
tionnaire if all participants are to 
have sputum examined3.Questionnaire for participants eligible for sputum 

examination (including questions on health-seek-
ing practices)

Essential

4.Risk factor questionnaire Optional, may be asked as part of nested case-control study (see Appendix 5)

5.Follow-up questionnaire for participants found 
to have TB

Optional

It is likely that the enumeration forms or register will contain personal identifiers, such as names 

and addresses, as these will be necessary to allow for follow up of individuals who need further 

investigation or treatment for TB. Therefore, sensitive data such as test results should not be in-

cluded on the enumeration form/register. This form or register could be the one place where the 

linkage with the unique survey identification number and names or addresses will be. 

Examples of enumeration form/register that have been used in specific surveys can be found in the 

web appendix (3). 

The data collected in the enumeration form/register need to be entered into the electronic data-

base so that consent rates and information about non-consent, and the effect it may have on the 

result of the survey, can be taken into account in the data analysis (see Chapter 15 and Chapter 

16). Names should not be entered into the electronic database so that participant confidentiality 

is preserved. 

6.3.2. Screening questionnaire 
The objectives of the screening questionnaire are: 

• To collect basic demographic data from all survey participants 

• To identify those survey participants who should have a sputum sample collected for 

further investigation 

This questionnaire will contain basic demographic details such as age and sex, and may include details 

about marital and occupational status, ethnicity or racial origin if these are considered important 

factors in the epidemiology of TB in the country. Some surveys may include this information on the 

enumeration form, making it unnecessary to collect it here. All participants will be asked about 

previous and current TB and then asked for symptoms that could be related to TB. 
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Box 6.1: Case studies for symptom screening

Case 1:  Zambia – the ZAMSTAR Pilot prevalence survey1 

The Zambia South Africa TB and AIDS Reduction study (ZAMSTAR) conducted a sub-

national prevalence survey during 2005–2006 as a pilot survey for an ongoing large 

survey (80 000 individuals) that forms the primary end-point of this study. Informa-

tion from this survey has also been used to inform the plans for the national TB 

prevalence survey in Zambia.

Zambia has a high prevalence of HIV (17% in adults aged 15–49 years and 70% of TB 

patients). Therefore, if symptoms are to be used to screen participants eligible for 

sputum examination, it was considered important to understand the prevalence of 

these symptoms and their predictive value for prevalent TB in a setting of high HIV 

prevalence.

In this pilot survey of 8044 adults, sputum was collected for culture from all par-

ticipants and all were questioned about symptoms and tested for HIV. The questions 

about symptoms that were asked were:

Are you currently coughing? If so, for how long have you been coughing?

Do you currently cough up sputum or phlegm?

Do you currently cough up blood?

Do you currently have difficulty in breathing or shortness of breath?

Do you currently have fever?

Do you currently have sweating at night?

In the last month, have you lost weight (unintentionally)?

Do you currently have chest pains?

Overall, 5319 (66.1%) of the population studied answered “yes” to at least one of 

these symptoms. Of the survey participants, 1920 (23.8%) had a cough at the time of 

the interview and 581 (7.2%) had a cough of more than 3 weeks or were coughing up 

blood (i.e., would have been categorized as a “TB suspect” at the time of the survey 

and would have been asked to produce a sputum sample if this criteria for screening 

was used). Despite the high proportion of the population with symptoms of TB, 8/79 

(10.1%) cases of prevalent TB had no symptoms at the time of questioning. If screening 

criteria had been restricted to cough lasting for more than 3 weeks or haemoptysis, 

only 34/79 (43%) of prevalent TB cases would have been detected. If different screening 

algorithms had been used, including any symptom or any cough, then the screening 

would have had a better chance of identifying more individuals with prevalent TB but 

1 Source: adapted from (4). 
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would have meant that more individuals would have had to have sputum examined. 

Unfortunately, chest X-rays were not done in this study and therefore the effect of 

combining X-ray and symptom screening could not be assessed.

Analysis of the best combination of symptoms to use in this study setting (HIV preva-

lence of 25%) showed that either having a cough lasting for more than 3 weeks or 

any other two symptoms had a sensitivity of 75% with a specificity of 59%. Therefore, 

41% of the population would have needed to have sputum examined.

As a result of this pilot study, the ZAMSTAR study team decided that for their preva-

lence survey of 80 000 individuals, screening using symptoms could not be done; 

and therefore a decision was made to take a sputum sample for culture from all 

participants. 

Case 2: Viet Nam – national TB prevalence survey1

In the national TB prevalence survey in Viet Nam (2006–2007), it was initially de-

cided to use a question about cough lasting for more than 2 weeks in the screening 

questionnaire to decide whether a participant was eligible for sputum examination. 

Individuals were also eligible for sputum examination if they had a recent history of 

TB (current or in the past 2 years) or had an abnormal chest X-ray. Pilot-testing of the 

questionnaire was done in five pilot clusters (500 per cluster) and in a mix of urban, 

rural and remote areas. After pilot-testing, the proportion of participants eligible for 

sputum examination in the different sites as a result of the interview ranged from 

2.7% to 9.7% and those with abnormal X-rays from 1.4% to 10.2%. These numbers 

would have put too much pressure on the laboratories and therefore it was decided 

to amend the questions used for screening and also the X-ray criteria.

Another problem encountered by the survey team was that many individuals claimed 

they could not produce sputum samples despite coughing for more than 2 weeks. 

The Vietnamese NTP therefore decided to ask about sputum production in addition 

to duration of cough. Participants eligible for sputum examination were therefore 

limited to only those individuals who were coughing for 2 weeks or more with spu-

tum production or those with X-ray abnormalities suggestive of TB. This satisfacto-

rily reduced the proportion of individuals who were eligible to submit sputum for 

examination to 4.5% as a result of the interview and to 4.2% as a result of an X-ray 

suggestive of TB. This workload was possible within the budget and capacity of the 

laboratory. 

1 Source:  adapted from (5). 
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The symptoms used for screening (see Chapter 4) must be simple, unambiguous and culturally 

appropriate. Questions on symptoms should be hierarchically ordered: the first question about 

the symptom should ask if the interviewee has the symptom, and the second, if the response 

is positive, for how long. The symptoms used for screening are likely to be different in high HIV 

prevalent areas where it is known that cough of a shorter duration and other nonspecific symptoms 

may be necessary to adequately screen for TB.

The screening questionnaire is used to reduce the number of individuals who are eligible for sputum 

examination, and therefore reduce the number of sputum samples that need to be examined. The 

algorithm of selected symptoms typically follows international guidelines (4) or country-specific NTP 

algorithms. These algorithms are expected to identify 10–20% of the participant population who are 

more likely to have TB (see Box 6.1).

A basic screening questionnaire is provided in Appendix 1.1. This contains the minimum informa-

tion that would need to be collected, but should be adapted by countries to fit with their screening 

strategy.

6.3.3. Questionnaire for participants eligible for sputum examination 
The objective of the questionnaire for participants eligible for sputum examination is: 

• To collect detailed information about symptoms and health-care seeking practices from 

participants eligible for sputum examination.

This may be a continuation of the previous screening questionnaire for those individuals who are 

eligible to submit sputum samples or may be a separate questionnaire. Further questions will be 

asked about duration of symptoms, presence of additional symptoms and actions taken by the 

individual in response to these symptoms such as seeking health care.

In some high HIV-prevalence areas, national policy might require information about HIV from in-

dividuals eligible to provide a sputum sample (who satisfy the NTP definition of a “TB suspect”). 

In this case, participants could be asked whether they know their HIV status and whether they are 

currently taking antiretroviral therapy (ART) or isoniazid preventive therapy (IPT). HIV testing could 

also be offered to these individuals with an explanation that they can still participate in the TB sur-

vey if they opt not to have an HIV test (see Chapter 11). 

An example of a TB suspect questionnaire is given in Appendix 1.2. As with the screening ques-

tionnaire, this is the minimum information that a survey needs to collect; additional or alternative 

questions can be added depending on the needs of a specific survey protocol.

6.3.4. Risk-factor questionnaire  
The objectives of the risk-factor questionnaire are: 

• To collect data about risk factors for TB from survey participants (optional)

• To collect socioeconomic data from survey participants (optional)
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A more detailed discussion of the rationale and drawbacks of adding such a questionnaire are 

discussed in Appendix 5. An example of a questionnaire that asks about risk factors is included in 

the web appendix (3).

Socioeconomic data may be collected from all survey participants, often at a household level, as 

this will allow countries to assess whether the prevalence of symptoms, and ultimately TB, is higher 

in certain socioeconomic groups. Standardized tools exist to collect basic household level data on 

socioeconomic status, for example those used in national censuses or demographic and health 

surveys (see Appendix 5).

6.3.5. Follow-up questionnaire 
The objective of the follow-up questionnaire is:

• To collect additional information about health-care seeking practices, treatment and TB 

outcomes of individuals found to have TB in the survey.

Individuals found to have TB in the survey will need to be informed of the results. This may be the 

responsibility of the survey team or it may be that the local responsible authorities (such as the 

local TB control programme) will undertake this task. Some prevalence survey protocols may ask 

additional questions or conduct further investigations at this time; for example, if the diagnosis of 

TB is made by culture this result will come 2 months after the initial questionnaire and therefore 

repeat questions about symptoms and whether treatment has already been started could be nec-

essary. HIV testing, if not included earlier in the survey, should at least be offered for individuals 

found to have TB as per standard TB/HIV policy.

NTPs may wish to assess treatment outcomes for individuals found to have TB as a result of the TB 

prevalence survey separately from those found via routine case detection. This information can be 

collected from the TB registers if these individuals are recorded as being prevalent cases or it can 

be collected using separate data collection forms. An example of a follow-up questionnaire that has 

been used in a previous TB prevalence survey is included in the web appendix (3).

Box 6.2: Example of unambiguous phrasing of a question 

Question: “Do you sweat at night?” 

This is ambiguous as in hot weather many people may answer “yes”, but this is not 

the meaning of this question. In this case it would be better to ask: 

“Do you have drenching sweats at night, so much that you have to get up and change 

the bedclothes or your nightwear?”
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6.4 Questionnaire design

It is essential to ensure that information is collected in a standardized and unbiased manner. To 

ensure the quality of the information collected, the questionnaire must be carefully designed and 

the procedure for completing the questionnaire must be clearly described. The questionnaire 

should be named or numbered in accordance with the survey protocol and SOP such that its 

purpose is clear. 

6.4.1 Questionnaire design: personal information and confidentiality 
Each person who participates in a prevalence survey is assigned a unique personal identifier, such 

as a survey number or a bar code. This personal identifier is used to label all questionnaires and 

forms for that person (see Chapter 15). 

6.4.2 Principles of questionnaire design 
The key principle in designing a questionnaire is to ensure that the questionnaire is as clear, simple, 

and precise as possible. 

The use of the questionnaire must have clear objectives. Questions should be included only if they 

collect information that addresses the objectives: irrelevant questions should be avoided. A short 

questionnaire can be completed within a reasonable timespan, whereas people may lose patience 

and attention if the questionnaire is too long. A good strategy is to go through any proposed ques-

tionnaire and ask the following about each question:

• Why is this question being asked?

• What are the likely possible answers?

• How will this question be analysed?

Any question where the purpose and analysis plan are not clear should be removed.

Questions should be simply worded and intelligible to the general population. They should be precise 

in meaning and should not be open to ambiguous interpretation (see example in Box 6.2).

Wording that implies expectation of a particular answer should be avoided. The sequence of ques-

tions may substantially affect the quality of the responses. The questionnaire should begin with 

easy and straightforward questions and keep complicated or sensitive questions for later. Questions 

about symptoms should be asked before those about possible causes (for example, questions about 

respiratory symptoms should precede those about tobacco smoking). Questionnaires should be 

translated into the local languages used by the survey population. A translated questionnaire must 

be translated back into the original language and be checked by a different person who understands 

both languages to ensure that the meaning of the questions is properly understood and is the same 

in all languages that are used. 

It is essential to pilot test questionnaires on a small sample of individuals who are not in the survey 

to check which questions cause problems and to ensure that the flow of questions is appropriate.
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6.4.3 Questionnaire layout
The layout of the questionnaire is important and will differ depending on whether a paper or elec-

tronic version is used. Paper-based questionnaires should be laid out in a manner that is easy for 

the data collector to complete and also for the data capturer to enter into the computer. Good 

spacing is essential. It is preferable to have all of the answers in one column so that they can be 

easily checked for completeness and data entry is easier.

It is preferable not to have text answers unless they are necessary but rather to have likely options 

available. For example, the question “What is your marital status?” should not have an empty data 

field for the interviewer to complete but rather should have the possible options to be ticked or 

circled: married, single, widowed, separated, divorced, etc. If possible, coded numerical answers 

should be used throughout. All questions should have an “unknown” and “no response” option 

so that all questions should be completed by the data collector, otherwise a blank response could 

mean “unknown” or could mean “not asked”. If all likely options are not known it may be neces-

sary to have an “other” response, whereby there is space to specify the answer. Pilot-testing can 

prevent this eventuality by ensuring that most likely options have been included.

In many questionnaires some questions are only asked of those participants who answered the 

previous question affirmatively: for example, “Do you have a cough?”; and if yes, “for how long 

have you been coughing?”. These are called “skips”, and clear instructions and training need to 

be given to the data collectors to ensure quality data. If these instructions are not given, results 

become unreliable and the data need more cleaning. In electronic data collection devices, these 

skips can be built in automatically and again drop-down lists can be used for the answer options to 

minimize errors. In paper format, logical and appropriate layout together with clear instructions for 

skips ensure data quality.

The choice of using paper-based data collection instruments or electronic data collection devices 

will depend on country experience and preference and is discussed in the chapter on data manage-

ment (see Chapter 15).

6.5 Administration of questionnaires

A standard operating procedure (SOP) should be adopted for how, where and by whom each ques-

tionnaire is administered, as any of these factors may influence the responses given. Training must 

be conducted on the questionnaire, especially with respect to the language and words used, and 

potentially difficult questions. During the training, data collectors should practice the question-

naires on each other and in simulated households to ensure that they also understand the ques-

tions and responses. More detailed information with regards to training is available in the generic 

training manual in the web appendix (3).

How to ask questions

All interviewers (including census takers) must be trained in interview skills (see web appendix (3)). 
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The following areas are important in this training:

• Introduction of interviewer and the survey to the participant

• Assessment of eligibility for inclusion in the survey

• Informed consent process that must include 

a. Information-giving

b. Ability to give consent

c. Explanation that participation is voluntary

d. Confidentiality of information

• Ability to put participant at ease and ensure comfortable environment in which to ask 

questions

• All questions must be asked in the order in which they are written on the questionnaire, 

using the same wording as on the questionnaire or as has been discussed in training. It may 

be that certain questions need further explanation using different wording if the interviewee 

cannot understand it, but these should also be discussed in training 

• Avoid influencing the answers to questions by:

a. Using the same tone of voice for each interviewee and question. The tone of the 

interview should be conversational, friendly and courteous

b. Keeping facial expressions friendly and interested, but neutral 

c. Never showing surprise, shock or approval to the interviewee’s answers 

d. Avoiding unconscious reactions such as nodding the head, frowning or raising the 

eyebrows 

e. Never giving one’s own opinions or advising the interviewee 

f. Not educating the interviewee while conducting the interview to avoid interview-

ees saying what they think should be said rather than answering the actual question 

g. Not making interviewees feel as if they are taking an examination or are on trial 

• Ensure that all questions are answered. If a participant refuses to answer a question or 

cannot give an answer, the appropriate field should be completed

• Familiarization with the questionnaire so that the questions can be asked conversationally 

rather than being read stiffly 

• How to keep control of the interview, including how to deal with situations where inter-

viewees go off into irrelevant conversation and how to bring them gently back to the inter-

view. Similarly, how to allow enough time for interviewees to answer and how long to allow 

silences before repeating questions.

6.6 Quality assurance of questionnaires

Training and clear instruction are essential to ensure the quality of the data collected. The number of 

interviewers should also be kept to a minimum to reduce the magnitude of interpersonal variation. 

Pilot-testing provides an opportunity to identify any problems with a questionnaire. Trained in-

terviewers should be commissioned to perform pilot-testing. The wording of questions, their 

sequence, and the structure and overall length of questionnaires can be improved on the basis 

of the findings of the pilot-testing. 
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Field work

It is important that the field manager or supervisor checks all questionnaires at the end of each day 

during field operations to ensure they are correctly completed and to promptly identify any errors 

that could be corrected. On-the-spot correction and clarification of errors will help ensure that the 

data quality is good.

Additional quality assurance field visits should be scheduled at regular intervals throughout the 

course of the survey. The visits should focus on all aspects of the survey process to identify problems 

and to address problems noted.  The visits should be done by teams of supervisors working in the 

field. Visitors should be sensitive to the local context and be able to provide support to and build an 

ongoing relationship with field staff. It is important to assess the progress of the survey using a set 

of standardized quality assurance indicators (e.g. the proportion of men enumerated and participat-

ing in the survey in different sites) so that results can be comparable across survey sites. Such visits 

are particularly important at the beginning of data collection to ensure that logistics are running 

smoothly and to assess how well field staff are prepared.

Subsequent field visits should focus on the quality of data recorded in the field, as well as survey 

process issues such as the procedure for selection of clusters or households, response rates and 

the male: female participation ratio. During such visits, supervisors can observe the administration 

of the questionnaires to check whether field staff are using the formal translation of questions 

or paraphrasing questions, which may alter their meaning. Team supervisors should continuously 

check that data have been accurately captured, are legible and complete, and that consent forms 

have been signed appropriately.

It is also advisable to perform quality assurance on the data collected to ensure that the data 

collectors are accurately recording genuine information and that data are not being fabricated. 

Supervisors should plan to revisit a random sample of participants and re-interview them using 

data variables that are unlikely to change (e.g. age and history of previous TB) rather than more 

fluctuating variables such as symptoms. The number of re-interviews will vary depending on differ-

ent survey protocols and the availability of staff.
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Rationale

Chest X-rays are an important screening 

tool in prevalence surveys. Timely pro-

curement, meticulous planning, opti-

mum staffing, adequate training, radia-

tion safety and adherence to regulations 

on use of X-rays are important determi-

nants of the effective use of X-rays in 

prevalence surveys.  

Content

This chapter covers the following major 

topics:

• Epidemiological value of CXR

• X-ray technology and equipment

• Staff 

• Interpretation, quality assurance 

   and data management 

• Training 

• Field work with practical tips

•  Radiation safety 

Examples

Examples from Cambodia, Myanmar, Ni-

geria, the Philippines and Viet Nam are 

included in the main text and annexes. 

Viet Nam’s experience in the use of digi-

tal radiography in a prevalence survey is 

provided as a case study.

Lead authors

Narayan Pendse, Ikushi Onozaki

Contributing author

Peou Satha

Chapter 7 
Chest radiography 

7.1 Introduction

The primary purpose of using chest radiogra-

phy (the term referring to the procedure that 

provides the final result – chest X-ray, or CXR) 

in prevalence surveys is as a screening tool to 

identify participants eligible for bacteriological 

examination. Those with an “abnormal” CXR 

are categorized as “eligible for sputum exami-

nation”, although definition of a CXR abnormal-

ity has varied in past surveys.  CXR is a medical 

diagnostic procedure and can provide support-

ive evidence to confirm TB diagnosis when 

bacteriological are results inconclusive; it can 

also suggest when follow up and/or further ex-

aminations of study participants are necessary. 

Therefore, CXR must be interpreted from both 

aspects: as a screening and measurement tool 

for the survey, and as a potential clinical tool 

to benefit study participants. CXR results may 

also help in identifying quality-related issues in 

bacteriological examinations. 

During the 1950s, CXR was the only screening 

tool used in TB prevalence surveys led by WHO 

(1). However, in the past few decades, CXR did 

not find much favour with public health pro-

grammes for diagnosis and case detection of 

TB, given its low specificity and significant inter-

observer variation. Nevertheless, use of chest 

radiography in clinical management of TB con-

tinued and CXR has been an important part of 

the diagnostic algorithm. Over the last decade, 
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improvements in quality and safety, advances in digital imaging and increasing global efforts to 

harmonize CXR interpretation are driving chest radiography into the mainstream of TB case detection, 

especially among high-risk populations. In TB prevalence surveys, the introduction of chest radiogra-

phy with auto-processor or digital technology instead of fluoroscopy or mass miniature radiography 

(MMR), improves the quality of images and sensitivity as a screening tool (2). Radiation exposure has 

also decreased with technological improvements. Chest radiography is now considered a safe and 

sensitive screening tool for use in TB prevalence surveys.  

An X-ray is an important form of pictorial documentation and is a “feel-good” tool for partici-

pants taking part in the survey with some immediate feedback. It may also be a factor for higher 

participation rates, as observed in the 2002 Cambodia survey (2). Additionally, while bacteriology 

tells us only whether a particular person suffers from TB or not, a CXR allows us to analyse the 

lungs and other structures, and detect conditions other than TB.  

This chapter provides information on the use of X-rays in TB prevalence surveys (see Figure 7.1 for 

critical steps). While most of the relevant issues will be addressed, a detailed analysis of all aspects 

of X-ray use is beyond the scope of this book. Based on specific conditions and requirements, a 

separate X-ray reference manual (containing SOPs, equipment details, practical advice, interpre-

tation and training methodology etc.) should be developed by each country for use during the 

prevalence survey. If a separate manual is not desired, this information should be covered under 

the SOPs for chest X-ray. 

7.2 X-ray techniques, limitations and recent advances 

For TB prevalence surveys, a postero-anterior (PA) view of the chest CXR-PA in erect position, 

(see Picture 7.1) is required. Although lateral views (right and/or left lateral) are sometimes add-

ed in health screening programmes, there is no evidence that this contributes to identification of 

TB cases in surveys of TB in the community, while the required time (for the procedure as well as 

interpretation) and radiation dose increase significantly. 

Picture 7.1
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Figure 7.1 
Critical steps in the use of chest X-ray in the context of prevalence surveys 

IDENTIFY X-RAY
TECHNOLOGY

PROCURE

X-RAY 
TEAM

X-RAY
MANUAL

TRAIN

PILOT

PRE-VISIT

FIELD
WORK

MONITOR

POST
SURVEY

• Involve country experts, technical partners, WHO/TBTEAM etc.
• Base decision on available infrastructure (like roads, electricity, etc.), 
   regulations on radiation safety, manpower availability, cost

• Start early as it takes considerable time
• Possible facilitators–WHO, UNICEF, UNOPS, GDF, etc.

• Teaching hospital radiology staff/expert radiologist/chest physician/
   radiographer
• Achieve consenus on methodologies (interpretation, QA, etc.)

• To be developed by X-ray team. Assisted by technical partner, WHO, etc.
• Include SOPs, QA, interpretation, methodology, radiation safety, etc.

• Central X-ray team to impart training
• Include hands-on training and field simulation 

• Co-ordination of X-ray team, survey team, technical partners, experts
• Identify practical issues and how to tackle them

• Inspect site for housing X-ray equipment
• Sketch map for participant flow in X-ray area 

• Carried out by field X-ray team under supervision of team leader
• Take initiative and adapt to local factors and needs 

• To be done by central X-ray team
• Monitor for QA, interpretation consistency 

• To be done by central X-ray team
• Decide on what to do with cases who mismatch on radiological and 
   bacteriological results
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Limitations and recent advances

CXR has several limitations (Box 7.1), but recent advances (Box 7.2) have helped further its role in 

TB case detection. One such example is the considerable improvement in inter-reader and intra-

reader agreement when a standardized recording system is used (chest radiograph reading and 

recording system, or CRRS) (3). Though not important for field reading, this may be useful for a 

universal approach to central level reporting (see Section 7.8). CXR now plays an important part in 

TB prevalence surveys because the primary aim is not to make a diagnosis of TB based on the X-ray 

but to identify participants eligible for bacteriological examination. To increase sensitivity during 

the identification of individuals with the highest risk of having TB, intentional over-reading of the 

X-rays should be encouraged, that is, participants with any suspicious lung abnormality (even if it 

may not be considered typical of TB) should be referred for sputum examination. 

Box 7.1: Limitations of chest X-rays

• Two-dimensional representation of three-dimensional structure 

• Part of the lung fields not visualized due to overlapping structures 

• Intra and inter observer variability 

• No abnormalities definitive of TB, low specificity 

• Lack of a universally accepted reporting system

• Difficult to ascertain disease activity  

• Exposure to ionizing radiation 

• Special equipment (with adequate input power) needed

• Trained personnel required for operation and interpretation

Box 7.2: Recent advances in use of X-ray technology

• Improving image quality 

• Decreasing radiation dose 

• Efforts to harmonize interpretation and reporting

• Use of objective techniques like computer aided diagnosis 

• Better archiving facilities

• Possibility of electronic transmission of images (for expert opinion and quality 

   assurance, etc.)
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Example 7.1: Cambodia, 2002 (2)

Of the 3301 suspects identified from a sample of 22160, 56% were identified on the 

basis of abnormal CXR alone (using intentional over-reading), 31% on the basis of 

symptom screening alone and 13% by both CXR and symptom screening. Of the spu-

tum-positive and culture-positive cases, 96% (81/84) and 92% (174/190) respectively 

had an abnormal CXR. The sensitivity of detecting smear-positive TB cases through 

interviews only was 61.7 %, and the sensitivity of detecting bacteriologically positive TB 

was 39.1 %; the remainder were suspected on the basis of X-ray examinations. A total 

of 309 participants had a CXR abnormality but did not show bacteriological evidence, 

30% of whom were either being treated for TB or had been treated in the recent past. 

Example 7.2: Viet Nam, 2006–2007 (4) 

Of the 87 314 participants who had both the screening interview and chest X-ray 

examination, 2972 (3.4%) participants suspected of having TB were identified based 

on CXR abnormalities only, 3522 (4.0%) were identified based on productive cough 

only and 518 (0.6%) were identified based on both CXR abnormalities and productive 

cough.  Most smear-positive TB cases (89%) had CXR abnormalities consistent with 

TB. This association suggests that, together with direct smear examination, CXR may 

be an important tool in TB case-finding. 

7.3 The epidemiological value of chest X-rays   

CXRs have shown good sensitivity in identifying individuals with the highest risk of having TB, 

particularly when the criteria of “any abnormality” and “intentional over-reading” are used. Ex-

amples from country experiences are provided above. 

7.4 X-ray technology and equipment  

The X-ray technology in use is of  two types: conventional (analog, non-digital) or digital. It is important to 

highlight that both these technologies employ the same principle of X-ray production (which is non-dig-

ital); the difference is the method of recording the result. In conventional systems, the result is recorded 

and displayed on an X-ray film, while in digital systems the result is recorded on a detector and displayed 

in a digital format on a computer screen (and can also be printed on an X-ray film or paper). 
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The main X-ray technologies available for chest radiography are: 

• conventional X-ray systems with manual film processing 

• conventional X-ray systems with automatic film processing 

• digital X-ray systems (indirect) – computed radiography (CR) 

• digital X-ray systems – direct radiography (DR) or direct digital radiography (DDR).

7.4.1 Conventional systems with manual processing
Conventional systems with manual processing use an X-ray cassette with an intensifying screen 

containing the unexposed X-ray film. This is also called film-screen radiography. After exposure, the 

X-ray film is removed and processed, and an unexposed film is loaded into the X-ray cassette. The 

film processing requires special chemicals (developer and fixer) and is carried out in a dark room to 

prevent light exposure of the X-ray film. 

Advantages:  cheap; widespread familiarity with use since they have been in use for many decades; 

easy operability; simple to install and transport; durable; easy to maintain.

Disadvantages: uses films and chemicals (consumable cost); storage of films is problematic; a dark 

room is required; time and space are required for drying films, setting up a manual processing site 

in field conditions is often difficult.

Considering the workload in a TB prevalence survey (sometimes reaching 150–200 X-rays per day) 

and the difficulty in setting up a processing space in field conditions, this option is usually not 

recommended. 

7.4.2 Conventional systems with automatic film processing
Conventional systems with automatic film processing are essentially the same as conventional 

manual processing systems, but instead of manual film processing in a dark room an automatic film 

processor is used. The chemicals required for film processing are stored within the processor into 

which the exposed film is passed by means of rollers.

Advantages: reduced processing time; better processing quality compared with manual processing. 

Disadvantages: added cost (of equipment); requires stable power supply and temperature control; 

requires good-quality water (cannot run on “hard” water).

7.4.3 Computed radiography (CR)
Like a conventional system, CR uses a (special) X-ray cassette, but instead of X-ray film, an imaging 

plate is used. The exposed imaging plate does not need chemical processing but is “read” in a CR 

reader (scanner) and the result is displayed on a computer monitor. The existing data on the imaging 

plate are then erased by the CR reader and the plate is ready for the next exposure.   

Advantages: can be used with existing X-ray units (retrofit capability); cheaper alternative for 

generating digital images; no dark room required; no processing chemicals required (more envi-

ronmentally-friendly than conventional systems).
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Disadvantages: no time-saving; no reduction in staff requirements; no significant improvement in im-

age resolution (compared with film-screen radiography) or radiation protection. 

7.4.4 Direct digital radiography (DDR), also referred to as direct radiography (DR)
In DDR or DR systems, image capturing and read out are combined by using special detectors. No 

X-ray film or imaging plate is required. The results are recorded and displayed almost simultane-

ously, since no separate image processing or reading is required. 

Advantages: reduced procedure time; saves on staff requirements since system is more user-friendly; 

superior image quality; lower radiation dose; environmentally-friendly. 

Disadvantages: high initial cost; requires more sophisticated transportation; maintenance may be 

an issue in remote areas; good temperature control required.

7.4.5 Consumables and peripherals 
Some of the consumables and peripherals that can be used with different technologies are shown 

in Figure 7.2.  

Figure 7.2 
Consumables and peripherals needed for different types of X-ray equipment

Radiography technology

Conventional

X-ray films*
Processing chemicals

Electronic media
(CD, DVD) X-ray films Appropriate

paper, ink

Digital image 
archiving

X-ray film
print-out

Paper 
print-out

Digital

Computer PrinterLaser
camera

* Green or blue type available. Need to be matched with the screen used in the X-ray cassette. Generally, green screen-
film combination is preferred; film recommended is general purpose, medium-speed green X-ray film (5).
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7.5 Choice of equipment

The choice of which equipment to use for chest radiography usually rests on the factors mentioned 

below. 

7.5.1 Costs 
Resources are often limited and appropriate choices need to be made. This is not easy, given 

considerable variation in the price of various X-ray technologies. Average price estimates of X-ray 

equipment are: 

Conventional X-ray machine (excluding accessories):  US$ 10 000–30 000

Auto-processor:  US$ 5000–10 000

CR system (reader + workstation, exclusive of X-ray machine): US$ 30 000–50 000

Direct digital system: US$ 150 000–500 000

These are estimates and the actual equipment cost depends on several factors, including the number 

and type of equipment, accessories, after-sale service contract and the geographical region where 

equipment is to be supplied. Considerable reductions from the official list price may be possible 

with good negotiation. 

Apart from the initial costs, maintenance and spares may add significantly to the total costs. A 

good practice is to assess costs based on the life-cycle concept (LCC) where costs are calculated 

for the life-cycle of the equipment (taken as 8 years), including initial investment, maintenance, 

operational costs, inflation and depreciation. Also, different consumables are used with different 

technologies (see Figure 7.2) and need to be included in the total costs. For example, X-ray films 

and processing chemicals are required only for conventional systems and need to be costed when 

such systems are used. On the other hand, digital technology has a higher initial cost but saves on 

consumables. If X-ray units are mounted on trucks or vans or housed in lead-shielded containers, 

these need to be included in the total costs as well. 

7.5.2 Long-term use 
Another important factor is the use of X-ray equipment after the survey is completed. CXR can be 

done with a low-rating X-ray generator, while general radiography (for example X-ray of the lumbar 

spine) requires use of a high-power X-ray generator (higher power rating of X-ray generator and 

X-ray tube). If at the end of the survey work the X-ray unit is to be used for chest radiography only, 

the configuration may not be important. However, if it is expected that the equipment may be used 

for general radiography work in a health-care facility, it is practical to buy a higher configuration 

machine. 

7.5.3 Field conditions 
Field conditions play an important role in decision-making about what type of equipment to use. 

For example, DR systems are heavy and require good transportation facilities. Also, powerful X-ray 

units require greater input power which translates to requiring a more powerful electric generator 

(more weight during transportation). 
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7.5.4 Manpower  
Digital systems are more user-friendly and require less manpower. CR and conventional systems are 

more labour-intensive and time-consuming. Manpower may not be an important issue if adequately 

skilled personnel are available and the employment costs are not prohibitive. 

7.5.5 Radiation safety 
Since CXR requires a very small radiation dose, radiation exposure is not a major issue during chest 

radiography. Radiation exposure using conventional systems and CR is comparable, and higher than 

that with DDR systems.   

7.5.6 Workload  
High-end digital systems are good value for money in settings where workload is consistently high 

(such as in busy hospitals and X-ray departments) since they shorten the procedure time. For an 

idea about workload in prevalence surveys, the average workload handled in some surveys is 

provided in Table 7.1 (also see footnote to Figure 7.3). These figures can vary significantly: survey 

experience has shown that the average time taken per X-ray is longer initially and then decreases 

as the process gets streamlined.

Table 7.1 
Average workload in recent surveys

    
Country Simple size

Average 
number 
per day

CXR technology used

Cambodia  (2) 29303 150 Conventional + AFP

Viet Nam (4) 105000 175 Conventional and digital

Myanmar (5) 49690 175 Conventional + AFP

Philippines (6) 21960 110 Conventional
 

 AFP= automatic film processing.

Though more relevant for hospital-based situations, a suggested approach for choice of equipment 

(based on cost, workload and manpower) is provided in Figure 7.3. For example, if consistently 

heavy workload is anticipated (and adequate funds are available), DDR is the ideal choice. At the 

other extreme, conventional X-rays provide an economical but more cumbersome alternative (with 

some compromise in quality). Between the two is CR, which provides digital images at lower cost 

than DDR but at lower efficiency.   
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Figure 7.3 
Algorithm for choice of X-ray technology

Field radiography 
for prevalence survey

Non-digital Digital

Moderate
workload,
adequate

manpower

Heavy
workload

Cost constraint ++ Cost constraint +/- No cost constraint 

Moderate
workload*,
adequate

manpower

High
workload,

inadequate
manpower

Conventional
radiography

Conventional
+ AFP

Computer
radiography

Direct digital
radiography

AFP = automatic film processing; ++ = significant cost constraint (limited choice possible); +/– = no significant cost constraint.
* Workload = the average number of X-rays/hour per day (planned during the survey). In general, up to 30 (X-rays per hour) can be con-
sidered moderate workload and in excess of 40 should qualify as heavy. However, in field conditions without a fixed dark room, less than 
20 can be considered moderate and more than 30 as heavy.  It is assumed that two skilled people are available for the X-ray field work.

7.6 Radiation safety 

X-rays are ionizing radiation and can potentially cause biological damage. Children and pregnant 

women are especially vulnerable. This can lead to legal and ethical issues in using X-rays for screening 

in the community. The radiation dose from a CXR is miniscule, poses no significant risk and is compa-

rable to a few days of background natural radiation. Even for pregnant women, a CXR does not pose 

any significant risk (provided good practices are observed) as the primary beam is targeted away from 

the pelvis (7, 8).

In most countries, use of X-rays is regulated by government authorities. The radiation regulatory body 

should be engaged during the survey planning stage, and a copy of the survey protocol and the X-ray 

reference guide should be submitted. Technical specifications of the X-ray equipment and radiation 

safety measures (including as low as reasonably achievable – ALARA, use of radiation caution sign, 

use of lead aprons and monitoring devices) should also be mentioned clearly and submitted. A pre-

testing of X-ray machines (for radiation leakage) may be mandatory in some countries. 

The X-ray reference manual should contain guidance on the radiation safety practices to be ad-

opted during field work. Any advice from the radiation regulatory body should be incorporated in 
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the reference manual and followed during field work. Application to the Ethics Review Committee 

(or other equivalent body) should cover all aspects of survey field radiography.  Supervisory visits 

should be made by the central team to see that radiation safety is being observed in the field. 

Some areas which influence radiation safety, as well as relevant suggestions for each area are listed 

in Figure 7.4. 

Informed consent must be obtained from all participants (see Chapter 6 and Chapter 10); this may 

be part of the overall consent, but use of X-ray should be specifically mentioned. Good communica-

tion is important in allaying public anxiety.  An X-ray fact sheet (translated into the local language) 

can be used for this purpose (see Appendix 2.1). 

Figure 7.4 
Radiation safety; considerations and suggestions 

REGULATORY

PROCUREMENT

PROTOCOL

PRE-SURVEY

FIELDWORK

• Ensure that survey radiography conforms to the existing laws/regulations 
   for X-rays
• Engage the national radiation authority during protocol development 
   and maintain communication

• Procure from manufacturers with a good track record 
• Pre-testing of equipment before actual use (may be mandatory in some 
   countries)
• Procure radiation protection devices (refer to the X-ray reference manual 
   for details)

• X-ray reference manual should contain details of radiation safety 
   measures to be employed in the field 
• Clearance by the Ethics Commitee
• Submit copy to national radiation authority

• Employ qualified personnel only 
• Include radiation safety in training

• Apply as low as reasonably achievable (ALARA) principle 
• Ensure adherance to SOPs
• Obtain informed consent from all participants

Ch
ap

te
r 

7.
   

 C
he

st
 ra

di
og

ra
ph

y 



106

7.7 Staff

Staff who perform X-rays may be part of a central X-ray team or a field X-ray team (see also Appen-

dix 2.2). The main responsibilities of the teams are: 

Central X-ray team: 

• developing the X-ray reference manual (SOPs, interpretation method etc.)

• developing standard training methodology (e.g. standard CXR image set)

• training of field X-ray team

• monitoring and QA of field work

• classifying/reporting results CXR as per the adopted interpretation method

• post-survey assessment (including re-analysis of radiological and bacteriological mismatch 

cases, if included). 

Field X-ray team: 

• installing and de-installing X-ray equipment at survey site 

• carrying out X-ray field work as per the X-ray reference manual

• ensuring radiation safety for self, participant and general public

• interpretation of CXRs to identify participants eligible for sputum test.

Management of X-rays can be considered in two main aspects: operation and interpretation. 

Operation – The field X-ray team should consist of two radiographers1 who report to a medical of-

ficer.2 The radiographers are responsible for setting up the X-ray unit, carrying out the chest X-ray 

procedure, ensuring radiation safety for staff and participants, archiving X-ray images and docu-

ments related to X-ray work, maintaining the X-ray equipment and ensuring QA, de-installing the 

X-ray equipment at the end of field work, performing routine maintenance and basic troubleshoot-

ing, etc. An assistant should be available in the X-ray area (preferably a female, for the comfort of 

female participants) and can help with tasks such as briefly explaining to the participants about the 

procedure and what they are expected to do, allaying any anxiety they may have, guiding them to 

a changing area; a local volunteer can suffice for this purpose. The driver attached to the field team 

can be made responsible for maintaining the electric generator, ensuring fuel supply and assisting 

the X-ray team.  

Interpretation – Staff responsible for carrying out the interpretation of CXRs are; medical officer, 

radiologist and chest physician. Interpretation of CXRs should be in two stages – field and central. 

Field-level interpretation is done by the medical officer, while the central X-ray team is responsible 

for quality control of the field-level results and carrying out a detailed interpretation (for example, 

1  Some ambiguity surrounds use of the term “radiographer”. In some countries, “radiographer” and “X-ray technician” are different cadres, 
while in others the term is used interchangeably. Sometimes the term “radiological technologist” is also used. For survey purposes, a radiog-
rapher is a skilled individual who by qualification or training can perform X-rays. 
2  For the sake of simplicity the term “medical officer” is used in this chapter. Depending on country-specific scenarios, the person may be 
an adequately trained health worker or radiologist or physician or any other individual approved for the purpose of field-level interpretation 
and for supervising the field X-ray team. Although such a person is not required to provide a written X-ray opinion (since this is community 
work and not clinical practice), one should remember that X-rays are medical diagnostic procedures. Adequate training of such individuals 
on interpretation of CXRs is a prerequisite. Depending on the composition of the field team, the medical officer may also act as an on-site 
physician or team leader (see also Chapter 14). 
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classification of X-rays into the adopted classification system). At the end of fieldwork at a survey 

site, the X-ray films/images are reviewed at the central level. The medical officer should have 

undergone training on interpreting CXRs for the survey, and the radiologist and chest physician 

should be in agreement so that results can be harmonized. The reporting terms and classification 

of findings should be based on a standardized set of X-ray images, developed specifically for this 

purpose. A document containing guidelines on interpretation (or the country-specific X-ray refer-

ence manual) should be available for all X-ray team members and the team leader. 

7.8 Interpretation

No CXR abnormality is specific enough for a definite diagnosis of TB. Some past surveys have 

adopted “TB suggestive CXR findings” as a screening criterion. However, experience has shown 

that approximately 10–20% of bacteriologically-confirmed cases were from “non-TB suggestive 

CXR abnormality” or “minimal lesions” (Cambodia (2), the Philippines (6) and South Africa (9). 

Therefore, individuals with any abnormality in the lung should be considered “eligible for sputum 

examination”.  This criterion should be applied irrespective of the HIV burden in the population. 

Around 10% of participants were categorized as having “any CXR abnormality” eligible for sputum 

examination (Cambodia (2), the Philippines (6) and Viet Nam (4). At field level, the medical officer 

should classify chest X-rays as normal or abnormal. “Intentional over-reading” (X-rays where the 

interpreter is not sure whether to classify as normal or abnormal are considered abnormal) should 

be encouraged so that no suspected cases are left out. 

Normal CXR. A normal chest X-ray means clear lung fields and no abnormality detected. Participants 

with normal CXR have no radiological basis for undergoing bacteriological examination. 

Abnormal CXR. An abnormal chest X-ray means any lung (including pleura) abnormality detect-

ed on interpretation by the medical officer (e.g. opacities, cavitation, fibrosis, pleural effusion, 

calcification(s), any unexplained or suspicious shadow). Congenital abnormalities, normal variants 

and bony abnormalities including fractures are excluded by definition as are findings such as in-

creased heart size and other heart-related abnormalities. Participants with an abnormal CXR (and/

or positive symptoms) are sent for bacteriological examination. 

Field-level interpretation within a few minutes after the X-ray examination can facilitate a high 

sputum collection rate among subjects with X-ray abnormalities. If intentional over-reading on 

the spot is strongly encouraged, the central X-ray team usually finds only a few cases with active 

TB compatible shadows that are overlooked during the initial screening. By employing intentional 

over-reading it is also expected that there will be some CXRs that are labelled “abnormal” at the 

field level but “normal” at the central level. As long as this percentage is small, it is acceptable. 

Classification of CXRs into various categories (as per the adopted methodology) is to be done at the 

central level (see below). 

If the medical officer finds that an X-ray shows any abnormality that requires urgent or expert 

medical care or medication (e.g. pneumothorax, pneumonia, large pleural effusion, suspicion of 
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malignancy), the team leader is informed so that such participant(s) can be counselled and re-

ferred to an appropriate health-care facility. An X-ray film or copy may need to be provided to such 

participants. If such an abnormality is detected at the central level (after field work is completed), 

the survey coordinator should ensure that such participant(s) are informed and guided towards 

appropriate health care (see also Chapter 11). 

A more detailed interpretation can be performed at the central level. The central team should con-

sist of a radiologist and a chest physician, with the radiologist being the overall in-charge (this may 

be a legal or regulatory requirement in some countries). The central team should classify X-rays 

based on a classification decided upon earlier (as mentioned in the X-ray reference manual). One 

such classification, developed specifically for the Nigeria survey, is provided in Appendix 2.3. In case 

of an inconclusive result, an opinion from a “neutral” expert should be sought. The central panel 

may also undertake post-survey re-analysis of cases showing radiological-bacteriological mismatch 

to quality related issues in X-ray and laboratory work. All positive results are conveyed to the team 

leader for further action (see also Chapter 4). 

7.9 Training

Training of X-ray staff should be performed by a radiologist. A radiographer who has experience 

or training on use of the particular X-ray technology being used should assist the radiologist. If a 

radiologist is not available, a chest physician (with experience in radiography practice and CXR 

interpretation) can impart training.  

Radiographers should receive a minimum of 5–6 days training, including hands-on experience of 

equipment to be used in the survey (operation, routine maintenance and basic troubleshooting), 

QA and radiation safety. Training in the use of equipment should be provided directly by the manu-

facturer; this should be included in the procurement contract.

Medical officers should receive a minimum of 3 days training including orientation of the X-ray 

technology being used, and practice sessions on normal and abnormal CXRs using a standardized 

image set. 

The training should include a practice session simulating field conditions, which can be carried out, 

for example, in a factory setting. A pilot study (with the entire survey team) should be carried out 

before the actual survey work commences. 

7.10 Field work

Once the survey team arrives at the survey site, the X-ray room or area is prepared for field work. 

The radiographer unpacks the equipment and installs it at a proper place and in a proper manner 

– such that safety for participants, public and self is ensured, participant privacy is ensured and 

smooth work flow can be maintained. The X-ray manual should be consulted while preparing the 

area (see example provided in web appendix 7.1 – Open and closed scenario). Once installation is 
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complete, the equipment is checked for proper functioning. If a conventional X-ray system is being 

used, a dark room is setup or an auto-processor is installed and checked for proper functioning. The 

X-ray area or room is then clearly marked and radiation hazard signs are displayed at appropriate 

places. A restricted-entry zone is created around the area such that only X-ray staff and the partici-

pant undergoing CXR (sometimes with an attendant if the participant needs physical support) are 

allowed inside. If the X-ray equipment is pre-installed on an X-ray bus or van with lead shielding, 

preparation of the area would not be required. A restricted-entry zone around the X-ray bus helps 

maintain privacy and smooth participant flow. 

On survey examination days, participants come to the X-ray area at a scheduled time (appointments 

have been given to households during census day – see Chapter 14) after being interviewed. Once 

the participant is received in the X-ray area, a volunteer (or assistant) checks the survey identifica-

tion number and ascertains that consent has been obtained. Some surveys may require a separate 

X-ray data sheet to be used and the receptionist can start the process here. An explanation is given 

to the participant about what she or he should expect during the X-ray procedure (like breath-hold-

ing) – visual aids and fact sheets should be used for this purpose. A local health worker can perform 

this task and a female assistant or volunteer should be used for the comfort of female participants. 

Once the participant has put on the participant gown (in the designated changing area), she or he is 

guided to the X-ray procedure area. 

In the meantime, the X-ray assistant (or radiographer) prepares the X-ray unit for the new par-

ticipant. This includes loading or preparing the X-ray cassette in conventional or CR systems (not 

required for DDR systems). Demographic data of the participant are also recorded – either entered 

into a computer (as in DDR or CR systems) or mounted onto the X-ray cassette (as in conventional 

systems). 

In the procedure area, the second radiographer positions the participant for CXR after confirming 

their identity and performs the CXR. The participant is then asked to wait in the waiting area while 

the X-ray film (or image) is processed. Depending on the technology used, this may require manual 

or automatic chemical processing of an X-ray film (conventional systems), or creating a digital image 

directly on a computer (digital systems). 

Once the film/image is ready, a medical officer inspects it and carries out basic QA and field read-

ing, and records the findings on the X-ray data sheet (Picture 7.2). If the CXR findings suggest that 

the participant needs urgent medical intervention, the team leader is informed so that appropriate 

action can be taken. 

If the procedure does not need to be repeated (this may be neseccary if the image quality is not 

good enough for interpretation), the participant is asked to change clothes (ideally in a second 

changing area) and proceed to the screening verification staff. The screening verification staff then 

guide the participant towards the next step, based on the screening result. For example, a person 

with a positive symptom on X-ray screening is asked to proceed for sputum examination. Partici-

pants should be reassured that going for sputum examination does not mean that they are “TB 
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suspects”, and that based on CXR (or symptom screening) a sputum examination would help in 

further evaluation. If the participant does not qualify for a sputum examination, a data clerk checks 

that all documentation is complete before the participant leaves the survey site. At the final exit, 

participants are thanked and a gift may be given as a token of appreciation.  

Picture 7.2
Note that participants are not given an X-ray film or hard copy. In case an X-ray shows some 

abnormality that needs medical attention, a copy of the participant’s X-ray can be provided at 

the team leader’s request.  A written opinion on the CXR cannot be provided at this stage since 

the medical officer is only trained for survey related X-ray interpretation and not for making a 

detailed radiological assessment. 

7.11 Practical issues and tips

7.11.1 Procurement of equipment, accessories and consumables
X-ray equipment forms a considerable part of the total survey costs, and experience shows that pro-

curement of such equipment is a frequent bottleneck. Countries have their own procurement process 

and rules, and it helps to initiate the process early so that the equipment is available in good time. 

To do so, the choice of X-ray equipment should be finalized as early as possible. Depending on the 

type of X-ray technology chosen, a list of all items needed with the X-ray unit (such as consumables, 

peripherals and accessories) should be prepared, so that these items are procured well in advance of 

the actual field work. As an example, one such list is provided in Appendix 2.4 (see also Section 7.5.1). 

Technical partners and mechanisms such as TBTEAM (10) can assist country experts in choosing 

appropriate equipment for survey purposes, and preparing procurement lists. Laws applicable to 

the purchase of X-ray equipment should be respected; for example, in some countries the radia-

tion authority needs to be informed before the equipment is purchased or imported. International 

agencies including UNICEF and UNOPS have facilitated the procurement process in many countries.  

7.11.2 Transportation 
Since prevalence surveys are carried out in the community, the equipment has to be transported to 

field sites. Many times, sites have poor road connectivity and sometimes the equipment may have 

to be transported on carts or mules or even manually. Rarely, even this may not be possible and the 

X-ray may have to be set up at another centre and participants will need to be ferried to and fro. 
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The weight and dimensions of the equipment are thus critical factors in assessing the suitability of 

transportation.  The survey team should develop a check list (sample provided in Appendix 2.4) and 

calculate the total weight. Trucks or vans are the usual mode of transportation. Special X-ray ma-

chine mounted trucks or vans can be made available by many manufacturers (Picture 7.3). These 

are custom-made, and the X-ray area is lead shielded to provide radiation safety. Another option 

is a lead-shielded container fitted with an X-ray machine, which can be transported and deposited 

to the survey site. A limitation with these options is that reasonably good road connectivity is 

essential.  

Picture 7.3
In general, conventional systems are lighter and sturdier than digital systems, which are heavier 

and more delicate. Four- or six-wheel drive vehicles are better suited for transporting heavy equip-

ment and for rugged terrain. Costly and delicate equipment (for example, DDR) usually requires 

more sophisticated means of transport such as air suspension vehicles.

7.11.3 Total weight 
Total weight should include the weight of the X-ray equipment, consumables, electric generator 

and other accessories (as per the checklist, for example see Appendix 2.4). While the weight of 

the X-ray machine is almost always mentioned in the specifications provided, a critical factor is the 

choice of the electric generator depending on the total power requirement and availability. High 

power electric generators are heavy and may need separate transportation. 

7.11.4 Space or housing 
Since a large number of X-rays are to be taken, it is important that the X-ray unit is housed such that 

radiation safety and smooth participant flow can be ensured. A walled room such as a community hall 

or school classroom can be used for housing the X-ray unit. WHO recommends 230 mm baked clay 

brick walls as adequate for radiation protection (11). There should be no obvious sources for radiation 

leaks (such as open windows), at least in the direction of the primary beam. The radiographer should 

make sure there is no public waiting area in the direction of the primary X-ray beam. A water-level 

meter should be used to confirm that the X-ray machine is placed on a flat surface; this ensures that 

the X-ray beam is horizontal. The entire radiography unit can also be mounted on a truck. Another 

option available with some of the technologies is a 20-feet container cabin that houses the X-ray unit.
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In case a walled area is not available for radiography, open radiography can be considered. Com-

pliance with the national laws governing radiation is essential. Adequate distance from the X-ray 

source (WHO recommends at least 2 metres for ward radiography (12), to be extended as far as 

practically possible) should be measured and the areas cordoned off (see also web appendix 7.1).

7.11.5 Film processing (conventional systems only) 
Film processing is done either manually or in an auto-processor. The chemicals required for pro-

cessing are sensitive to temperature, and if temperature control is not observed this may lead 

to poor film quality. If air-conditioning or air-cooling is not available, some innovations may be 

required for adequate temperature control. Ice slabs can be used for keeping the temperature 

low in the chemical tanks (in manual processing). In the 2002 Cambodian survey (2), it was noted 

that film quality improved significantly when the auto-processor being used was kept outside the 

portable dark room (rather than inside, where the auto-processor itself generates considerable 

heat). This also highlights the need for innovative thinking to achieve good results in field conditions. 

7.11.6 Storage (consumables, hardware) 
X-ray films, chemicals, participant gowns, data sheets or other documents, lead markers and other 

consumables and hardware need to be stored. X-ray films require a lead-lined storage unit; this 

applies to conventional systems only. 

7.11.7 Generator 
In general, digital systems require more power than conventional systems. The power required 

can be estimated by adding up the power requirements of various equipment to be used (X-ray 

machine, auto-processor, workstation, view box, lights, fans, AC, etc.). Procurement of a generator 

should be considered after this has been done. A sufficient fuel supply for the generator must be 

ensured – the driver can be put in charge of this. 

7.11.8 Breakdown  
It is a good practice to keep at least one X-ray unit for backup purposes. A comprehensive mainte-

nance contract with the supplier reduces the breakdown time of equipment. For example, in the 

Viet Nam survey (4) (see Box 7.3) there were six instances of equipment breakdown and service 

engineers ensured that delays to field operations were not longer than 1–2 days. 

7.11.9 Spares 
Adequate spares should be provided to the field teams. An example is the collimator bulb in the 

X-ray machine, which sometimes fuses and can be changed immediately by the radiographer in the 

field. Another good practice is to keep at least one X-ray unit available as backup, such that it can 

be mobilized fast in case of breakdown during field work. 

7.11.10 Checklist 
A checklist containing the names and quantity of the equipment required for field work should 

be prepared (see Appendix 2.4).
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Box 7.3: CXRs in prevalence surveys – country experience (4) 

Country: Viet Nam  Period: 2006–2007  

Sample size: 105 000  Number of clusters: 70

Screening methodology: Symptom screening and chest X-ray (CXR)

CXR technology: mass miniature radiography (MMR, non-digital) and mobile digital 

X-ray

Details. All X-rays were taken and read in the field by 5 X-ray teams using 2 mobile 

MMR systems and 3 mobile direct digital X-ray units (slot scan systems) with images 

stored on CD-ROM. As the MMR systems are not fit for transportation on rough roads 

and require a mains electricity supply, they were used in easily accessible clusters. 

The digital units were mounted on highly robust, 6-wheel drive trucks and could run 

on the 6-KW generators used in remote areas.

Preparation. Pre-visits to the selected clusters during the preparation phase of the 

survey were used to evaluate the electricity supply, and the accessibility and location 

of sites for X-ray examination. 

A contract with the manufacturer to provide service backup during the survey was 

in place.

Staffing. Each X-ray team had three health workers, including 1 radiologist (image 

reading on computer, completion of result forms, storing images), 1 technician (to take  

CXRs) and one more technician (to guide participants), and 1 driver. At each cluster, 

1 local health worker was assigned for managing the participants.

The technicians in the X-ray group were responsible for simple maintenance and re-

pair of the X-ray systems. More complex maintenance and repair was provided by the 

engineers of the manufacturer in Hanoi and Ho Chi Minh City. 

Training. Before implementing the survey, all the doctors and technicians were 

trained for 2 weeks in technical aspects such as how to use the X-ray equipment, 

standardized X-ray reading,  and scoring and recording the results. 

Field work. In the field, X-ray images were interpreted as either normal; abnormal 

consistent with TB; other abnormal. The results were recorded on the reverse side 

of the questionnaire. 
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7.11.11 Appointments 
Survey teams can give hour-wise or group appointments for CXR. In the Viet Nam survey, appoint-

ments were given to groups of five participants of the same sex (see Box 7.3) to ensure better work 

efficiency. The number of X-rays per hour depends on the sample size and the radiography technol-

ogy utilized. It should be kept in mind that some extra time needs to be allowed for repeat X-rays. 

The average time taken per participant can be calculated based on the pilot survey.

Each day, about 200–300 participants were examined by digital X-ray. Each time, 5 

people of the same sex were called by the local health worker to come to the X-ray 

car and listen to the guide, change, and then have their CXR done. The total time 

needed for the CXR of 5 participants was about 8–12 minutes. The CXR images were 

read immediately and the results recorded in approximately 10 minutes. All the digi-

tal CXR images were stored on computer, disks and CDs. 

Quality control. After finishing the work at each cluster, all 70 x 70 films, CDs, and 

digital films were collected and sent to two central X-ray reading units (National Re-

spiratory Hospital, and Pham Ngoc Thach Hospital). The following were selected 

for rereading: all images scored in the field as abnormal and a random sample of 

20% of all films scored in the field as normal for the first 20 clusters, and 10% for 

all subsequent clusters. All selected films of all clusters were reread by radiologists. 

Their scoring was compared with the results in the field. When discrepancies oc-

curred, a third radiologist reread one more time. The majority decision (2/3) was 

then considered the final result. At rereading the films were scored according to the 

WHO–IUATLD standardization system. 

Problems. There were six instances when survey teams faced problems with the 

digital X-ray cars (3 for the digital X-ray car in the North, 2 in the Centre and 1 in the 

South). The engineers of the manufacturer came to the field to repair the problems; 

the interruption of the fieldwork because of problems was 1–2 days.

Conclusion: Use of digital X-ray equipment (at least for some clusters) in the Viet 

Nam prevalence survey provided good quality control, electronic storage of the im-

ages and easy transport of images for re-reading. Also, the results could be obtained 

immediately in the field.

Ch
ap

te
r 

7



115

7.11.12 Instructions 
Many survey participants may be undergoing CXRs for the first time. It is essential to instruct them 

properly. Visual aids such as charts and fact sheets should be used for this purpose. A local health 

worker or volunteer can explain in detail what the participants are expected to do (such as chang-

ing and breath-holding) in the local language or dialect. Since most participants are healthy indi-

viduals, CXRs can be taken much faster in prevalence surveys than in clinical settings, provided 

participants are instructed properly. Even with a single conventional unit, several surveys have 

managed to perform 30–40 CXRs per hour during a busy period. 

7.12 Quality assurance 

For prevalence surveys, a good-quality chest postero-anterior view of the participant is required. To 

ensure acceptable image quality, QA must be included in the training of medical officers as well as 

radiographers. Once an X-ray image is available, a basic QA test should be carried out by the medical 

officer. If the image quality is not acceptable, the X-ray has to be repeated. Medical officers can base 

their judgement on parameters such as rotation, penetration, inclusion of the entire area of inter-

est and accuracy of demographic data. In short, QA can be ensured by  employing only qualified 

individuals for radiography work, pre-survey training of radiographers and medical officers, and 

on-the-spot QA assessment by the medical officer. 

Pre-survey training of medical officers and employing a two-level assessment ensures QA in the 

interpretation of CXRs. A post-survey retrospective analysis when radiology and bacteriology 

results mismatch further enhances diagnostic accuracy. Of vital importance in ensuring quality and 

reliability in reading radiographs is the principle of accepting only films of standard size, PA view, 

correctly positioned and of acceptable technical quality. These details should be described in the 

X-ray reference manual (13).

  

7.13 Management of imaging data 

X-ray images are important pictorial documentation records. Whether using film-based or filmless 

technology, imaging data storage and management are very important. Radiographers and medical 

officers should be trained on imaging data management. The X-ray reference manual should contain 

advice on imaging data storage and management.  

If digital radiography is used for the survey, adequate backup files should be created and archived. 

In the field, the X-ray team may require IT support for proper archiving, especially if radiographers 

are not familiar with computer technology. The workstations and backup data need to be periodi-

cally checked for corrupt files and computer viruses. 

Even if conventional radiography is used, all X-ray films and relevant documents need to be 

archived. In some countries, registers may have to be maintained in addition to the X-ray data 

sheets or survey forms. 
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Rationale

Laboratory services of assured quality 

are critical for the success of TB preva-

lence surveys. All laboratories that 

are involved should be appropriately 

equipped, and adequate facilities should 

be available to receive and examine spu-

tum specimens using bacteriological or 

other applicable tests of demonstrated 

acceptable quality and proficiency, in-

cluding appropriate biosafety measures. 

Content

This chapter covers specimen collec-

tion and management, laboratory tests, 

laboratory capacity and supplies, labo-

ratory safety, training of laboratory staff, 

and both internal and external quality 

assurance.

Examples

The chapter uses collective experience 

gained from prevalence surveys in Asia 

and the  baseline ZAMSTAR prevalence 

survey in Zambia (1).
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Chapter 8 
Bacteriology

8.1 Introduction

Surveys of the prevalence of tuberculosis (TB) 

disease aim to measure the burden of bacterio-

logically-confirmed pulmonary TB in the commu-

nity (Chapter 1, Chapter 2). As such, laboratory 

tests of sputum samples (using sputum smear 

microscopy and culture) are a fundamental com-

ponent of a prevalence survey. 

The quality and quantity of the sputum speci-

mens collected should be adequate, and suitable 

arrangements should be made for their timely 

transfer to the laboratory under appropriate 

conditions. The specimens should be examined 

by well-trained and motivated workers following 

standard operating procedures (SOPs).

Laboratory procedures used in prevalence sur-

veys include smear microscopy, culture and 

identification of Mycobacterium tuberculosis 

(M.tb) complex. Proper implementation of these 

tests is essential for a valid prevalence survey, 

and is also necessary for the management of any 

TB cases that are identified. Drug susceptibility 

testing (DST) may also be done. The Xpert MTB/

RIF assay recently endorsed by WHO for the 

diagnosis of TB, MDR-TB and HIV-associated TB 

is currently not recommended for use in preva-

lence surveys primarily because of its high cost 

and the relatively low throughput of the instru-

mentation. It is not advisable to introduce a new 

technology that has not yet been implemented 
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in routine practice immediately prior to the start of a prevalence survey.

Ideally, all tests should be conducted in the same laboratory, such as the national reference labora-

tory (NRL). However, as samples often need to be transported long distances to NRLs, laboratories 

closer to survey sites may need to be used. Transport times for specimens must be kept to a maxi-

mum of five days, and ideally three or less days, to ensure valid culture examination (2). Any delay 

in processing samples requires samples to be kept at 4oC and processed within five days of speci-

men collection. A quality assurance system must be in place to ensure that all laboratories involved 

perform procedures proficiently, adequately and correctly in accordance with SOPs available on the 

WHO web site (2). Standardization of laboratory procedures is essential, particularly when more 

than one laboratory is involved.

Provision should be made for training, re-training and monitoring of laboratory personnel during the 

survey to ensure that staff follow procedures correctly and understand their duties and responsibili-

ties.

It is critical that the roll-out of a prevalence survey is scheduled according to: (i) the anticipated 

laboratory workload and (ii) laboratory capacity, in terms of both human resources and equipment, 

for processing specimens and monitoring cultures.

8.2 Specimen collection and management 

8.2.1 Specimen collection and specimen containers
Sputum specimens should be of adequate quantity (3–5 ml) and good quality (3). Clear instructions 

to survey participants on expectoration and good specimen production are critical (2), (4); ideally, 

people should be supervised to ensure the collection of a satisfactory specimen. The WHO Global 

Task Force on TB Impact Measurement recommends that examination of induced sputum should 

not be used in prevalence surveys.

Sputum specimen containers should be transparent, wide-mouthed, robust, leak-proof and screw-

capped (3), (5). They should preferably have a volume capacity of 50 ml and should allow both 

collection of the sputum sample in the field and decontamination and processing of the sample 

in the laboratory, thus decreasing the chances of culture contamination. The sputum container 

should be clearly labelled (the use of barcodes is encouraged, see Section 15.4.2) on the container 

– not on the lid – and packed correctly before transportation from the field to the laboratory.

 

Sputum specimens should be collected from all individuals eligible for sputum examination in ac-

cordance with the survey protocol. A designated survey member should explain to participants: 

• the reason why sputum examination is necessary; 

• how sputum samples are collected, preferably with a pictorial leaflet;

• how to open and close the screw cap including a demonstration;

• how much sputum volume is required; 

• the importance of producing a sputum sample of good quality for accurate diagnosis; 
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• the necessity of keeping the container clean on the outside and avoiding food particles, 

sand or dust mixing with the sputum specimen;

• not to rinse their mouth with water before giving a sputum sample, unless clean bottled 

water can be provided, since tap water may be contaminated with non-tuberculous mycobac-

teria (NTM);

• the importance of ensuring that the personal identification number (see Section 15.4.2) is 

the same on the participant card, the specimen container and the specimen register.

Sputum specimens should be collected in the open air, either at the survey base or outside the 

home of the subject during the visit. A designated area ensuring privacy for participants should 

be identified. As an infection control measure, survey staff supervising the collection of sputum 

should wear an N95 mask and should not stand directly in front of the participant, to avoid infec-

tion through aerosol inhalation.

8.2.2 Number of specimens and mode of sputum collection 
WHO recommends that at least two sputum specimens are examined in the investigation of sus-

pected pulmonary TB (6). In routine programmatic conditions these may be collected over two days 

as a spot and morning specimen, or two spot specimens may be collected one hour apart (7). There 

is no difference in diagnostic yield between these two approaches. 

In the context of a prevalence survey, two specimens should be collected, either one hour apart or 

as a spot sample followed by a morning specimen the next day (Figure 8.1). The choice depends 

on operational considerations. Experience from countries in Asia where these surveys have been 

conducted has shown the latter to be feasible. Mucopurulent sputum samples will normally not 

be obtained from the survey participants, hence the best respiratory sample produced should be 

used. Salivary specimens are also accepted in this situation. 

8.2.3 Preparation and transportation of sputum specimens in the field 
All sputum specimens must be properly labelled and the outside of the container should be checked 

for contamination with sputum. If contamination is found, the outside of the container should be 

cleaned with a disinfectant (e.g. bleach) after the screw cap has been tightly sealed. The container 

should be relabelled if the label becomes unclear. Each sputum container should be placed in a 

zip-locked plastic leak-proof bag ideally with a biohazard label on it. The specimen should be kept 

cool (at a temperature of 2–8 oC) until it reaches the laboratory. Cool-boxes (ice-pack or electrical) 

should be used for this. It is important that specimen bags or containers do not come into direct 

contact with water from melting ice or ice-packs, since water may contain contaminants which 

would affect the specimens.

Specimens should be transported safely and rapidly to the laboratory where they are to be processed. 

The selection of the laboratory processing specimens should take into account the transportation 

time so that the specimens arrive in good condition. Ideally, the time between submission and pro-

cessing of the sputum sample for culture should be three days or less, and not more than five days 

when kept in a cold chain (at a temperature of 2–8 oC). This is critical for isolation of  MTB by culture 
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from specimens. To ensure these timelines are adhered to, a designated survey member should be 

responsible for arrangements for the transport of specimens. The use of priority mail services or 

courier companies with adequate national coverage can be explored. A transportation log should 

accompany the samples to allow tracking of specimens. Dates of specimen collection and receipt 

are recorded on the transportation log. Specimens reaching the laboratory after excessive delays 

or received not under cold chain conditions should still be processed, but a note should be kept by 

laboratory staff in the laboratory register in order to allow separate analysis if necessary.

Since the time between specimen collection and processing for culture is critical and should be less 

than five days, the roll out of the survey has to be carefully scheduled so that the laboratory does 

not receive too many specimens at the same time, exceeding the laboratory’s capacity to carry out 

specimen processing. The five-day deadline corresponds to five days for specimen processing after 

collection, not five days of transportation to reach the laboratory.

8.2.4 Reception of sputum specimens in the TB laboratory
After registration of specimens in the laboratory, specimens should be visually inspected for 

leakage. If specimens are properly packed, leakage will stay inside the specimen bag and prevent 

contamination of other samples. If a specimen contaminates others, all affected specimens should 

be discarded to avoid cross-contamination and false-positive results. Specimens should only be 

removed from the specimen bags inside a biosafety cabinet (BSC).

If a specimen has leaked but only within its own bag and enough sputum remains for processing, the 

outside of the container should be carefully disinfected using a tissue drenched in disinfectant. The 

cap should be closed tightly and the tube must be clearly labelled again. If specimens have leaked 

and insufficient sputum remains for processing, the specimen container must remain unopened 

in its bag and be discarded directly into a biohazard waste bag for autoclaving or incineration. The 

field team should be notified in order to (i) take corrective action and prevent further leaks in the 

future, and (ii) collect replacement specimens from the same individual(s) if the survey team is still 

in the cluster.

8.3 Choice of laboratory tests
Decisions about which tests to do in which laboratory must take into account the need for quick 

and safe transport of specimens, the availability of competent and motivated workers and equip-

ment, and biosafety requirements. Figure 8.1 shows the recommended protocol for the choice of 

laboratory tests for a prevalence survey using a concentrated culture method. 
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Figure 8.1 
Diagram of the recommended protocol for specimen collection and processing

Participants

Individual eligible for sputum examination1

Two specimens are required. The timing of specimen collection can be either (i) the same day for 
both specimens, with an interval of 1 hour between collection of each specimen, or (ii) one speci-
men collected on-the-spot and the second collected the following morning (with the morning speci-
men used for culture examination). The choice between the two methods depends on operational 
considerations.

Transport specimens to culture laboratory in cold 
chain with transportation form

Reception, registration and creation of batch of 
specimens

AFB Non-AFB

Decontaminate specimens

Centrifuge

Sediment

Inoculate 2 culture media

Observe growth once a week

Growth (primary cultures)

ZN staining to confirm AFB

Identification test for MTB

In the field

In culture
laboratory

Concentrated microscopy, culture method, using solid or liquid media2

M.tb NTM

DST3

Positive Negative

Contaminants

AFB = acid-fast bacilli; DST = drug susceptibility testing; M.tb = Mycobacterium tuberculosis; NTM = non-tuberculous myco-
bacteria; ZN = Ziehl–Neelsen
1 According to the recommended screening strategy (see Chapter 4), these are individuals identified either through a symp-
toms screening questionnaire or a chest X-ray. All participants would be eligible for sputum examination if the alternative 
screening strategy 2 (Section 4.3.2.3) is adopted. 
2 If affordable and the laboratory is linked with a regional SRL, liquid culture is the preferred option. Otherwise, solid culture 
is also possible (also see Box 8.2).
3 This is optional and only when included as part of the survey protocol.
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8.3.1 Sputum smear microscopy 
Sputum smear microscopy detects most infectious cases and specificity is very high (97–99%) in set-

tings where the burden of TB is high (8), (9). However, the diagnostic sensitivity of smear microscopy 

compared with liquid culture is relatively low (around 60%) and decreases to around 40% in settings 

with a high prevalence of HIV. Smear microscopy is less costly to perform than culture. However, the 

workload associated with smear microscopy may become cumbersome when dealing with a large 

number of patients, especially when using conventional Ziehl-Neelsen (ZN) stains. The major factors 

that affect smear results are the thickness and size of the smear, the quality of staining, the micro-

scope and the time spent reading the smear by the microscopist. Smear preparation and staining 

must be covered by an adequate internal quality control and an external quality assessment system. 

8.3.1.1 Ziehl–Neelsen or fluorescent staining

The most widely used, standard technique for smear microscopy is the carbol-fuchsin based ZN 

staining technique. The use of fluorescence microscopy (FM) is increasing. Formerly, FM was 

based on complicated microscopes that used mercury vapour lamps. These had a limited life-

span and were environmentally harmful. The introduction of microscopes using safe, long-lasting 

light-emitting diodes (LEDs) for FM has made this technique more accessible, more affordable 

and sustainable for low-income settings. LED-FM is now recommended for AFB-microscopy by 

WHO (10). 

FM microscopy allows stained slides to be read more rapidly with a 10% higher sensitivity and equiv-

alent specificity to ZN microscopy. Typically, 100 FM slides per staff per day could be performed 

compared with 25 slides per staff per day for ZN-stained slides. As such, FM microscopy is useful in 

a survey where the workload is often high.
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Box 8.1: Diagnostic value of bacteriological sputum examinations 
(smear microscopy and culture) in the context of prevalence surveys

The tests used for the diagnosis of TB have been developed and evaluated in popu-

lations of sick people, generally self-presenting to health facilities, with symptoms 

of pulmonary TB (TB suspects). The accepted sensitivity and specificity values for 

these tests are relevant for that context. Sensitivity and specificity may vary among 

TB suspects in different settings, even within the same country. This can be caused by 

differences in HIV prevalence, access to health services and the prevalence of non-

tuberculous mycobacterial diseases. The prevalence of TB among people suspected 

of having TB can considerably alter the predictive value of these tests. It should be 

borne in mind that in prevalence surveys not only is the prevalence of TB lower than 

in sick self-presenting populations, but also that the sensitivity and specificity of the 

tests in these populations have not yet been sufficiently studied.
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For both techniques, it needs to be recognized that it will take time before a person becomes ex-

perienced in reading slides. Decisions to change methods for the purposes of the survey should 

therefore be taken with due consideration of training needs.

8.3.2 Sputum decontamination and culture
Culture is more sensitive than smear microscopy in detecting M.tb from sputum specimens, although 

its performance varies according to the procedure used. The major factors that affect the per-

formance of culture in isolating M.tb from sputum specimens are: (i) the quality and quantity of 

specimens; (ii) the time from sputum submission to processing (freshness); (iii) the decontamina-

tion protocol; (iv) the culture system used (that is solid or liquid media). The selection of the most 

appropriate culture method for a prevalence survey should take into account several factors: (i) 

where culture will be carried out; (ii) the system for transporting specimens ensuring cold chain; 

(iii) the routine method of culture in use (if any); (iv) the available facilities and equipment; and 

(v) the skills and motivation of the laboratory workers.

8.3.2.1 Culture systems: solid or liquid media

Decontamination of specimens, concentration by centrifugation and inoculation into liquid media is 

the most sensitive culture system and is recommended by WHO as the “gold standard” in diagnostic 

testing. Although liquid culture is the preferred culture system, culture using solid media provides a 

suitable alternative in the context of a prevalence survey where rapid detection is not the primary 

concern. Culture using solid media is less costly but is approximately 10% less sensitive than liquid 

culture systems. In the context of prevalence surveys, countries should use a method that is: (i) 

recommended by WHO, (ii) familiar to laboratory staff and (iii) common practice. Although direct 

culture systems are used in some drug-resistance surveys for AFB smear-positive specimens (11) 

these are not recommended for prevalence surveys or routine diagnostic testing.

The main differences between solid and liquid media are their sensitivity in isolating M.tb, the 

time to detection, incubation time, and the rate of recovery of NTM and other non-mycobacterial 

contaminants. 

The culture system selected for a prevalence survey will depend on the system that is already in 

routine use (if any), the  availability of instruments and/or incubators in an appropriate culture 

facility, the skills of laboratory staff and cost implications.

Solid egg-based media, such as Lowenstein-Jensen (LJ) or Ogawa, are the most commonly used 

media in low-income settings since they can be prepared locally. However, the preparation of 

media is cumbersome and a good quality-assurance system needs to be in place to ensure proper 

preparation and to avoid batch-to-batch variation. 

Commercially-available solid media can be procured but are expensive, logistically challenging to 

ship given the need for refrigeration, and may not be as efficient as fresh media in growing M.tb. 

One advantage of solid media is that the morphology, presence or absence of pigment, time to 

growth and quantity of the colonies grown on the media can be used for presumptive identification, 
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laboratory cross-contamination (very few colonies) and contamination with non-mycobacterium 

species. The disadvantage is that well-trained staff are needed to read the cultures, the time to 

positivity is slower than for liquid culture, the sensitivity of solid culture is approximately 10% lower 

than for liquid culture and reading of cultures is a time-consuming manual task.

WHO recommends the use of commercial liquid culture systems for diagnostic testing (13). One 

of the commonly-used liquid culture systems is the MGIT (mycobacteria growth indicator tube) 

culture system. Two types of MGIT culture systems are available: the automated MGIT system and 

the manual MGIT system. For automatic MGIT, a MGIT960 incubator is used for incubation. The 

instrument has a capacity of 960 tubes which are read continuously, and the instrument alarms 

when growth is observed in one of the tubes. The manual MGIT system requires a conventional 

incubator that, depending on the size, can hold a few thousand tubes. The culture technique is 

similar to the automatic MGIT system although tubes must be read manually (normally weekly), 

hence the time to detection cannot be measured as accurately as with the automatic MGIT sys-

tem. The advantage of the automatic MGIT system is that all readings are done automatically; the 

disadvantage is that the MGIT 960 instrument is costly and can only hold 960 tubes. The reading of 

the manual MGIT is time-consuming and comparable with reading cultures on solid media, yet still 

requires experienced staff. 

The incubation time for a culture to be declared negative using solid media is eight weeks, com-

pared with six weeks for liquid media. For prevalence surveys with a high load of samples and an 

expected low positivity rate, this means two weeks of extra incubator space are needed if solid 

media are used.

The liquid culture system is more sensitive and faster in isolating M.tb than solid media but is asso-

ciated with a higher contamination rate (14). Furthermore, when handling liquid cultures, aerosols 

are more easily generated compared with solid media although equivalent biosafety measures are 

needed for both culture systems. In the absence of good laboratory practices, the use of liquid 

culture may increase the risk of infection for personnel and the risk of cross-contamination from 

positive to negative specimens. Liquid culture systems more frequently yield NTM, since they are a 

more sensitive culture system. A rapid speciation method to differentiate M.tb complex from other 

mycobacterial species is recommended by WHO (12). 

8.3.2.2 Decontamination process

Decontamination is the most critical step when culturing M.tb. This step aims to eliminate all bac-

teria other than any mycobacteria present in the sputum specimen. The NALC-NaOH method is 

the gold standard method and is the recommended decontamination protocol for liquid culture 

systems (12). The Petroff method is also recommended by WHO for use with solid culture systems. 

The main factors affecting the effectiveness of decontamination are the final concentration of NaOH 

and the time for decontamination. The standard recommendation for the NALC-NaOH method is 

incubation in a final concentration of 1% NaOH (w/v) for 15-20 minutes. It is important to find the 

correct balance between elimination of contaminants and survival of M.tb in any given setting, 
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and some adjustment in the final NaOH concentration may be necessary (12). Monitoring of cul-

ture contamination rates is a useful performance indicator to help optimize the decontamination 

protocol.

8.3.2.3 Contaminated cultures

Contaminated cultures can be divided into two groups: (i) cultures completely contaminated with 

bacteria other than mycobacteria such that no mycobacteria can be isolated; and (ii) cultures which 

are overgrown with non-tuberculous mycobacteria so that M.tb cannot be excluded. Using solid 

media, it is useful to check after three days which sputum specimens from the same participant are 

contaminated on all tubes. Checks for contamination can be done after one incubation day when 

liquid media are used. Early recognition of contaminated specimens may allow for the collection 

of further sputum specimens from the same suspect for reprocessing; however, this is not always 

feasible. 

Re-decontamination is a cumbersome procedure and needs proper supervision. The percentage of 

M.tb that will finally be recovered is small. In a prevalence survey, it is important to decide whether 

re-decontamination is done or whether contaminated samples are deducted from the denomina-

tor. If it is decided to do re-decontamination, the cultures designated as “completely contaminated” 

should be re-decontaminated and a proper storage system of leftover decontaminated sputum sam-

ples needs to be in place. For cultures overgrown with NTM, re-decontamination is of limited value. 
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Box 8.2: Choosing between solid or liquid media for culture

Culturing of specimens in liquid media is the preferred method because of two major 

advantages compared with solid culture: higher sensitivity and shorter time required 

to identify M.tb. Liquid culture requires well-functioning laboratories, and specimens 

must reach the laboratory in a cold-chain and be processed within five days of collec-

tion in the field. A potential disadvantage (compared with solid media) is that liquid 

culture is more prone to contamination; it is also higher in cost.

 

Culturing of specimens in solid culture provides a suitable alternative in the context 

of a prevalence survey where rapid detection is not the primary concern. It is less 

costly but also about 10% less sensitive than liquid culture systems. 

In the context of prevalence surveys, countries should use a method that is: (i) rec-

ommended by WHO, (ii) familiar to laboratory staff and (iii) common practice.  

Although direct culture systems are used in some drug-resistance surveys for AFB 

smear-positive specimens (11), these are not recommended for either prevalence 

surveys or routine diagnostic testing. 
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The decontamination process can be regarded as acceptable if the final total number of contami-

nated media (not specimens) is between 2–5% of inoculated solid media or 8–10% in the case of 

liquid media.

8.3.3 Culture identification 
In a prevalence survey it is especially important to use a good identification test to differentiate 

between M.tb complex and NTM, as NTM will be isolated more frequently than in clinical prac-

tice. The choice of the appropriate identification assay mainly depends on the assays which are 

routinely used and the skills of laboratory staff. 

8.3.3.1 Immunochromatographic assay

Commercially available immunochromatographic assays using a monoclonal antibody to detect 

MPB64 are recommended by WHO as the method of choice for the identification of M.tb. These rapid 

tests have a high specificity and sensitivity and are more cost-effective than biochemical testing (15), 

(16). They can be done directly from primary solid and liquid cultures (although a subculture may be 

needed when just a few bacteria are grown on solid media) and do not require any expensive equip-

ment. Recent reports (17), (18) show that this test is ideal for identifying M.tb complex from culture 

in a low-income setting. M.tb complex strains could be missed due to mutation in the MPB64 gene. 

8.3.3.2 Biochemical testing

Most laboratories in low-income settings use biochemical testing such as niacin production, nitrate 

reduction and growth on a PNB medium to identify species. The disadvantage of these tests is that 

they are time-consuming, cumbersome to administer and have a long turnaround time because 

of the subculture on solid medium that is needed to achieve the results. Furthermore, the culture 

may be mixed with a contaminant, and therefore well-trained and experienced staff are needed to 

read test results correctly. Another commonly-used method is to look for serpentine cord factor by 

microscopy. This cord factor is an old and easy tool to screen for M.tb complex but is not specific for 

MTB and therefore must be used in conjunction with other identification tests.  

8.3.4 Drug susceptibility testing
Cultures identified as M.tb complex can undergo drug susceptibility testing (DST) if this is included 

in the survey protocol. The small number of cases expected will not yield precise estimates of the 

prevalence of MDR-TB unless the prevalence of MDR-TB is high (however, findings will help to cal-

culate the sample size needed to perform a national drug resistance survey). 

DST must be performed on pure cultures only, otherwise false results will be obtained due to the 

presence of other bacteria or mycobacteria. The extra work, on top of the considerable workload 

associated with the essential components of a prevalence survey, may not be justified if the capac-

ity of the central laboratory is limited. If DST is done, cases of drug-resistant TB must have access 

to appropriate treatment. 

The choice of the methodology used depends on the routinely used assays and the skills of the 

laboratory workers. WHO guidance on DST of first and second line drugs is available (19), (20).
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8.4 Laboratory capacity

The protocol proposed will determine (and be determined by) the laboratory capacity that is needed 

(see Example 8.1 and Example 8.2). To assure the quality and accuracy of laboratory results, it is 

important to estimate the maximum number of samples a laboratory can handle each day. The field 

team needs to be well aware of this to avoid laboratories becoming overwhelmed with samples. 

The throughput of samples is mainly dependent on the availability of staff and equipment. Main-

taining an inventory of equipment is important, and if equipment is shared with other NTP activi-

ties a clear workflow should be established to ensure that equipment is used efficiently. WHO 

guidelines and specifications for managing TB laboratory equipment and supplies are available 

from the WHO web site.1 Tools for planning and budgeting are also available from WHO.2

The most critical equipment and capacity needs can be defined as follows:   

• number of microscopes

• number and size of sinks to prepare slides

• number of biosafety class I or II cabinets

• facility with unidirectional airflow and a minimum of 6-12 air changes per hour

• number and size of centrifuges

• incubator space and how many tubes can be incubated at a time, taking into account that 

solid media tubes need to be incubated for 8 weeks and liquid cultures for 6 weeks before 

being reported as negative

• distilled water machines, and their throughput time per litre, to prepare buffer, media and 

for autoclaving and

• waste disposal equipment such as autoclaves and incinerators.

Once the availability of equipment has been established the number of laboratory staff can be 

estimated. 

It is important to maintain the routine laboratory activities of the NTP during the survey and there-

fore additional staff will be necessary, ideally people with previous experience of performing smear 

microscopy or culture of mycobacteria.

The amount of work that one well-trained and experienced laboratory worker can handle per day is:

• smear microscopy ZN reading: 25–30 smears OR

• smear microscopy FM reading: 100 smears OR

• staining 100 slides OR

• decontamination of sputum and inoculation: 20-30 specimens OR

• reading 500 solid media cultures OR

• reading 500 manual MGIT cultures.

1  www.stoptb.org/wg/gli/documents.asp
2  www.who.int/tb/dots/planning_budgeting_tool/download/en/index.html
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8.5 Training laboratory workers

All staff working with M.tb need to have adequate knowledge about high TB risk precautions (see Sec-

tion 8.8). This is important to avoid the infection of laboratory workers. Furthermore, to ensure the 

reliability of results, it is also important that staff have enough background knowledge to understand 

each step in the SOPs. The web appendix (22) includes SOPs for all the laboratory tests described in 

this chapter.
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Example 8.1:  Laboratory throughput in the baseline ZAMSTAR 
prevalence survey (1)

Four technicians are handling 100 samples each day using one centrifuge that holds 28 

tubes of 50 ml, one incubator that holds 6000 manual MGIT tubes, 1 manual reader, 1 

microscope and 2 biosafety class II cabinets (solely for the needs of the survey).

Example 8.2: Laboratory workload in the Cambodia prevalence 
survey 2010-2011 (21)

For the whole survey

The target sample size is around 40 000 individuals. If 90% of eligible individuals 

participate, there will be 36 000 participants of whom approximately 10%–15% will 

be eligible for sputum examination. This means collecting sputum from 3 600–5 400 

participants. As per protocol, each participant will submit two specimens. Therefore, 

for the whole survey, the expected number of specimens sent to the laboratory for 

smear microscopy and culture is between 7 200–10 800.

For each cluster (cluster operations are completed within one week)

The target cluster size is 640 individuals. With a 90% participation rate, the expected 

number of survey participants is 576. Between 58–87 of those (10%–15%) will be 

eligible for sputum examination. Between 116–174 specimens will be collected (two 

sputum specimens per participant) from a single cluster within a week.

Since two survey teams are operating in the field each week, the number of speci-

mens to be sent to the National TB Reference Laboratory for sputum microscopy and 

culture will be 230–350 per week.
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Staff knowledge and laboratory practices should be evaluated prior to and at the end of their 

training as well as monitoring of staff performance during the survey. This will include observation 

of practical procedures undertaken by each staff member and monitoring of the contamination 

rates of specimens processed by individual technicians. It cannot be assumed that experienced 

technicians will automatically have good laboratory techniques and have performed procedures 

according to the SOPs. All staff participating in the survey will require some refresher training to 

ensure that all staff are following the same procedures.

It is not advisable to introduce a technology that has not yet been implemented in routine practice 

immediately prior to the start of the prevalence survey unless proper training is included, with ad-

equate ongoing supervision, quality assurance and the ability to identify and resolve any problems 

encountered during implementation.

A supervisor who will monitor the laboratories and ensure that SOPs are being followed and conduct 

quality assurance should be appropriately trained. If sputum smears and cultures are being done in a 

decentralized fashion, more than one supervisor may be necessary. 

8.6 Laboratory supplies

In a prevalence survey, huge amounts of laboratory supplies are consumed per day due to the high 

number of specimens processed. Therefore, stock control of laboratory supplies needs to be well 

organized to ensure continuation of the work.

A proper stock supply system needs to be put in place and one person should be responsible. A list 

needs to be prepared with the minimum amount of consumables to be in stock for a certain period. 

The amount of supplies needed depends on several factors including: (i) the expiry date; (ii) the 

availability in the country; (iii) the time between ordering and receiving consumables from abroad; 

and (iv) the availability of storage space including a cold room.

8.7 Archiving and storage of cultures

It is recommended to store all confirmed isolates of M.tb isolated during the survey in case additional 

or confirmatory testing is needed.

8.8 Safety

For all the laboratory work described in this chapter, a laboratory with appropriate, well-maintained 

biosafety facilities, and appropriately maintained and certified equipment (especially BSCs and cen-

trifuges with safety buckets) must be in place before any work can start. Furthermore, all laboratory 

staff need access to appropriate personal protective equipment (PPE) including gloves (different sizes) 

and gowns. 
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WHO guidelines on biosafety describing all regulations for a TB facility are available at: http://www.

stoptb.org/wg/gli/documents.asp.

A safety manual needs to be in place describing all safety, emergency (such as how to handle 

spillage of live culture) and waste management regulations. This manual should be part of the 

learning materials during training. 

Sputum specimens are classified as biological materials, whereas live cultures are classified as 

infectious materials. In most low-income settings, sputum smears are prepared in an open space 

or in a ventilated room. To give more protection to the laboratory worker, it is advisable to prepare 

the smears in a BSC class I or II facility, especially in settings with a high prevalence of HIV and/or 

a high prevalence of MDR-TB. 

Cultures of M.tb may only be handled in a class I or II BSC within a certified containment facility with 

appropriate physical separation between functionally clean and dirty areas with proper airflow 

ventilation in place. All biological and infectious waste should be collected in biohazard labelled 

bags and burned, incinerated, or autoclaved.

Laboratory staff should be well trained in the operation of the BSC, and each BSC must be regularly 

maintained and certified annually to ensure proper performance. BSCs ducted to the outside may 

need to be connected to a UPS system to avoid back flow of the BSC especially in settings with 

an irregular power supply.

Medical surveillance of the laboratory staff should be in place as recommended in the WHO bio-

safety guidelines. Arrangements should be made for appropriate health surveillance of TB labora-

tory workers (i) before enrolment in the TB laboratory, (ii) at regular intervals thereafter, (iii) after 

any biohazard incident, and (iv) at the onset of TB symptoms.

Laboratory workers should be educated about the symptoms of TB and provided with ready access 

to free medical care if symptoms arise. Confidential HIV counselling and testing should be offered 

to laboratory workers. Options for reassignment of HIV-positive or immunosuppressed individuals 

away from the high-risk areas of the TB laboratory should be considered and all cases of disease 

or death identified in accordance with national laws and/or practice as resulting from occupational 

exposure to biological agents must be notified to the competent authority. 

8.9 Quality assurance

It is of great importance that a good internal quality control (QC), quality assurance (QA) and exter-

nal quality assessment (EQA) system is in place before any work is started. QC, QA and EQA help to 

measure human and/or assay error and allow assessment of whether laboratory results are trust-

worthy. It is important that EQA is done as much as possible in real time and not after the collection 

of samples is completed, so that prompt improvements can be made if necessary. Furthermore, in 

a prevalence survey the workload is high and therefore if EQA is done only at the end of the survey 
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the workload will be too high.

Laboratory staff need to be well trained in good laboratory practices (GLP) and QA to ensure 

that work is of high quality. Logbooks have to be in place to record the daily temperatures of 

refrigerators, freezers, rooms and incubators. Dates of reagent preparation and/or expiry dates 

of supplies and assays used need to be checked monthly and lot numbers need to be recorded. 

8.9.1 Creating batches
A batch is a set of samples that are processed at the same time by (ideally) the same laboratory 

technician. It is important to record for each sputum sample the batch number for each process 

done and the name of the laboratory technician performing the work in order to be able monitor 

individual staff proficiency. The size of a batch depends on the size of the equipment available and 

the number of samples one experienced person can handle. For example, the size of a batch for 

smear microscopy depends on the size of the sink but must not exceed 25 slides to ensure quality 

of work. Each sample must be processed independently and only one sample should be opened at 

any time to minimise the risk of cross-contamination. 

8.9.2 Sputum smear microscopy

8.9.2.1 Quality control of smear microscopy

For internal quality control of stain preparation and the staining process, each batch of sputum 

specimens should include one unstained known-positive (2+) (positive control) and two unstained 

known-negative smears (negative control). All smears should be kept in the slide boxes after the 

reading in the same order in which they appear in the laboratory register. All positive smears 

should be reconfirmed by another microscopist in the same laboratory at the time of smear 

examination. 

8.9.2.2 EQA of smear microscopy 

The EQA consensus document (23), which can be found at:

http://wwwn.cdc.gov/dls/ila/documents/eqa_afb.pdf 

This document defines EQA for AFB smear microscopy as a process which allows participating 

laboratories to assess their capabilities and performance by comparing their results with those of 

other laboratories in the network. EQA focuses on the identification of laboratories where there 

may be serious problems resulting in poor performance. EQA for AFB smear microscopy consists 

of three methods that can and should be combined to evaluate laboratory performance. These 

three methods are panel testing, blind rechecking and on-site supervision. 

8.9.3 Sputum specimen processing

8.9.3.1 QC sputum specimen processing

The inclusion of positive and negative processing controls in a batch of sputum specimens is NOT 

recommended as they are a potential source for laboratory cross-contamination. The best method 

to monitor the efficiency of culture is through performance indicators. The following essential 
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indicators need to be determined to assess the performance of laboratory testing:

• The proportion of AFB smear-positive samples which grew M.tb. This should be at least 95%.

• Contamination rates in solid and liquid media (whichever method was used in the survey) 

need to be determined separately and fall within acceptable limits. These are 2–5% con-

tamination on solid media and 8–10% in liquid media. Overall bacterial contamination rates 

can be determined by the sum of the number of inoculated media contaminated over the 

total number of media inoculated.

• The proportion of NTM isolated. This should remain constant in different epidemiological 

settings.

• Consistency within a case series. Single positive culture results need to be investigated as 

a possible cross-contamination event.

It is also useful to check the AFB smear-positivity rate among survey participants and the propor-

tion of AFB smear-negative, culture-positive specimens among total positive cultures, and to assess 

whether findings are consistent with other surveys in similar epidemiological settings.

The recovery rate of M.tb complex and other mycobacteria from AFB smear-positive sputum speci-

mens from cases not on anti-TB treatment (or at least not on treatment in the last 6 months) 

should be analysed carefully and used to evaluate the performance of sputum culture examina-

tions. An acceptable efficiency in a setting where the prevalence of HIV is not high would be over 

95% of the smear-positive samples being culture-positive.

8.9.4 Identification of M.tb complex
Quality control of M.tb identification relies on internal controls incorporated in immunochromato-

graphic assays. 

8.9.5 Drug susceptibility testing

8.9.5.1 QC of drug susceptibility testing

For internal QC of DST, an M.tb H37Rv suspension is inoculated according to the DST protocol and 

DST system used, per batch of samples. If H37Rv comes out resistant or if H37Rv showed no growth 

at all, the results of the test strains are considered invalid. In addition, internal resistant controls 

using strains with known resistant patterns can be tested. 

8.9.5.2 EQA of drug susceptibility testing

Phenotypic DST must be performed only after proficiency has been approved by one of the TB 

supranational reference laboratories (SRL) by exchange of a panel of M.tb strains with various drug 

resistance patterns. Agreement of test results with the SRL must be over 95% for isoniazid and 

rifampicin. 

For DST using LPA, DNA samples could be sent to another institute for re-checking. 
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Rationale

Repeat prevalence surveys, when con-

ducted at least five years apart, are 

an opportunity to study changes in TB 

prevalence during the time between 

surveys. Standardization of survey tools 

and sampling design across surveys is 

necessary, to make surveys comparable 

and to ensure that if a change is detect-

ed between surveys it is a real change in 

TB disease burden.
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and finally inference based on repeat 
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quentist) and Bayesian approaches are 

presented, as well as their advantages 

and disadvantages.
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Chapter 9 
Repeat surveys

9.1 Rationale

Repeat1 surveys of TB prevalence offer an oppor-

tunity to assess trends in prevalence of the dis-

ease within the same country. More specifically, 

repeat surveys allow: 

• an evaluation of the impact of TB con-

trol interventions and whether this is 

within anticipated levels (when such ex-

pectation is available);

• an evaluation of whether targets for 

reductions in TB prevalence have been 

reached (e.g. MDGs);

• the valuable field experience and exper-

tise that has been gained from first sur-

veys to be utilized for the improvement of 

methods and conduct of second surveys;

• data from well-designed and well-con-

ducted first surveys to be used as prior 

information to inform statistical consider-

ations, and improve estimates, for second 

surveys (see Section 9.3).

Since changes in TB prevalence are typically 

slow, repeat surveys should only be considered 

at time intervals of at least several years, such as 

for example every five years.

9.2 Sampling design and survey 
tools

The single most important consideration for a 

1  For the purposes of this chapter repeat surveys refers to a compari-
son between two surveys, although of course inferences can be made 
for a series of more than two. We refer to the former or earlier survey 
as first and to the latter or more recent survey as second. 
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country that is planning a repeat survey should be the standardization of sampling design and as 

much as possible survey tools – that is screening strategy, chest X-ray, laboratory methods – in both 

surveys, to make surveys comparable and avoid comparing apples with oranges. Only then can an 

observed change in TB prevalence between two surveys be attributed to a true change, and not 

one that is due to, for example, different screening algorithms or different radiographic technology 

not having the same sensitivity, specificity, positive predictive value and negative predictive value. 

Since knowledge on how to conduct TB prevalence surveys, as well as available tools, improve, 

researchers should use the best screening algorithm available at the time of the second survey, 

according to international standards. However, they should also ensure that data collected from 

the second survey allows for fair and direct comparison with the first. For example, let us assume 

that for the purposes of the first survey only a symptoms questionnaire was used as part of the 

screening algorithm – not a recommended approach by the Task Force, see Chapter 4 – while the 

second survey uses the current recommended screening algorithm – both a symptoms question-

naire and a chest X-ray, see Section 4.3.2.1. Data on the same symptoms collected, for the first, 

should also be collected for the second survey, in addition to data collected for specific objectives 

of the second survey. This will allow for the calculation of the best current estimate of TB preva-

lence drawn from the second survey, as well as the best estimate of change in TB prevalence 

during the period between the first and second surveys.

It would be both financially and logistically reasonable for countries that are conducting a repeat 

survey to use the same X-ray technology for the repeat survey as was used in the previous survey, 

since equipment is available and staff have already received training and acquired field experience. 

However, technological advances in digital imaging mean these more recent radiographic solutions 

have distinct advantages compared with the use of conventional film-based systems. Thus, the use 

of digital imaging technology should be preferred, even if a conventional system was used in the 

former survey. 

The same concept of standardization applies to laboratory methods, even if this is the aspect of the 

survey for which it is most difficult to implement standardization. On the one hand, comparing, for 

example, a second survey that uses the liquid sputum culture method with a first survey that used 

the solid sputum culture method, would be problematic, or even impossible, given the differences 

in sensitivity and specificity between these methods. On the other hand, with a number of new 

TB diagnostic tools in the pipeline1 it could be a mistake to ignore advances in this area even in the 

context of the high throughput of TB prevalence surveys, where the utilization of these tools might 

be impractical or too expensive. The use of both “old” and “new” methods would be a suggested 

way forward, when the associated cost implications are not prohibitive. Additionally, the prepara-

tion of archival and DNA sputum samples during a survey would offer an opportunity to later evalu-

ate “new” tests to a certain extent. This could be very helpful for knowing how the two methods 

compare for sensitivity, specificity, positive predictive value and negative predictive value, without 

it being necessary to use both methods for all sputum samples in the second of the two surveys. 

Finally, if available, studies comparing “old” and “new” methods could be utilized.

1  Global Laboratory Initiative, http://www.stoptb.org/wg/gli/
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9.3 Sample size determination

In this section we are presenting two approaches for sample size calculation of a repeat survey; one 

based on a standard frequentist approach, and the other based on Bayesian statistical theory. See 

Table 9.1 for a summary of notation used in this section.

Table 9.1 
Notation used in equations 9.1 and 9.2, used for the calculation of sample size  of a 
repeat cluster random sample prevalence survey 

Number of people to be included in the second survey

Cluster size, assumed constant across clusters (equation 9.1)

, 
Cluster size, assumed constant across clusters within the same survey, for the first and 

second survey respectively (equation 9.2)

True population prevalence of pulmonary TB (expressed as a proportion) at the time of 
the second survey

Estimate of the true population prevalence of pulmonary TB from the first survey 

, 
The coefficient of between-cluster variation of the true cluster-level TB prevalences in 

the first and second survey respectively (also see Chapter 5)

The variance of the true cluster-level prevalences of pulmonary TB, around the overall 
population prevalence at the time of the first survey, for the first survey

Estimate of the true population prevalence of pulmonary TB from the second survey, 
expressed as a reduction of 

The z-value of probability =test power 
(0.84 or 1.28 for power of 80% or 90% respectively)

9.3.1 Standard (frequentist) approach
In the case of a second survey we are interested in the difference in TB disease prevalence with 

respect to an estimate drawn from the first survey.1  Since the main reason for the conduct of a 

second survey within a country is to measure the effect of TB control, we are particularly interested 

in a decline. Let  be the overall prevalence estimated in the first of the two surveys that are to be 

compared. The between-cluster variation for the first survey can also be estimated as illustrated in 

Section 5.2. Let  denote such an estimate. As explained in Chapter 5 . 

 is an informative value for the true population prevalence  at the time of the second survey. It 

can be used as a known threshold or cut-off in defining the two competing statistical hypotheses of 

a significance test. The null hypothesis:

 

signifying either stable or increasing prevalence at the time of the second survey, versus the alter-

native hypothesis: 

 

which signifies decline in prevalence in the time period between the first and second surveys. 

1  A sample size calculation based on the precision of the estimate of the second survey, the same way as is shown in Chapter 5, could also be 
done, in addition to the approach based on a significance test described in Section 9.3.1. Typically, a repeat survey is planned when a substan-
tial reduction in prevalence of at least 30% is expected. In such situations the sample size should be first calculated based on a significance 
test. Subsequently, a confirmatory sample size calculation based on precision is also advisable.  
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Example 9.1: Country A repeat surveys 2005 and 2011 

The first national TB prevalence survey in country A (fictitious example) was carried 

out in 2005. After 6 years a second survey is planned with two primary objectives: 

to measure both the current TB prevalence and any change in TB prevalence since 

the first survey. The repeat 2011 survey is anticipated to show a large downward 

trend in TB prevalence in Country A due to DOTS expansion since 2003. The esti-

mated prevalence of smear-positive pulmonary TB in 2005 was 366 per 100 000 

population (aged≥15 years) which is the benchmark for monitoring any change. 

Thus, in the repeat 2011 survey  =366/100,000=0.00366, the null hypothesis is 

“the true smear-positive pulmonary TB prevalence  is equal to or greater than 366 

per 100,000 population” and the alternative hypothesis is “the true smear-positive 

pulmonary TB prevalence  is less than 366 per 100 000 population”. In formulae: 

0.00366 versus  0.00366

For a comparison of TB prevalence between the first and second survey, the appropriate statistical 

approach for sample size determination is no longer that based on the relative precision of the TB 

prevalence estimate. Instead, we assess the statistical evidence as in favour of either the null or the 

alternative hypothesis. As with any significance test, there are two choices to be made: (i) that of 

the significance level, usually 95%, equivalent to a 5% probability of wrongly rejecting  in favour 

of   (Type I error), and (ii) that of the power of the test (the probability of correctly rejecting   

if   is true), usually 80% or 90%. The test power is the complement of the probability of wrongly 

accepting  when   is true (Type II error) (1). It can be shown (see web appendix 9.1 for an 

assisted derivation (2)) that the equation for sample size determination of the second survey is:

 (9.1)

See Table 9.1 for an explanation of notation. For equation (9.1) to be practically implemented, a 

“prior guess” of the values of both  and  is needed. 

In the case of no clustering in the sampling design, or no variation in true TB prevalence between 

clusters, we have  =1 and  =0, =0  so that equation (9.1) reduces to the standard equation for 

simple random sampling (3). 

Notice that: 

(i) the higher the chosen power , that is, the higher the probability of correctly accepting the 

alternative hypothesis that there has been a fall in TB prevalence, when this is true, the larger the 

sample size;
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Example 9.2: Sample size calculation for country A’s repeat 
prevalence survey 2011 

According to the protocol for country A’s repeat prevalence survey in 2011 the cho-

sen power is 80% so that =0.80 and =0.8416 (as given for instance by the Ex-

cel function INV.NORM(0.8;0;1)). A 30% reduction of the smear-positive pulmonary 

TB prevalence is anticipated, leading approximately to 256 per 100 000 population 

(aged≥15 years). Thus, the prior guess on  according to  is 0.00256. The planned 

cluster size is =600 . With regards to the variability of true TB prevalence among 

clusters, from the 2005 data it was estimated that the coefficient of variation =0.31. 

Hence  =(0.31x0.00366)2=0.00113462. For the 2011 survey a conserva-

tive assumption was made suggesting as a “prior guess” =0.54 . Using equation 

(9.1) the sample size needed in the second survey to detect the anticipated decline 

with 95% significance level and 80% power is:

(ii) the greater the distance between the two competing values  and  (that is, between the 

prevalence estimate from the first survey and the assumed decrease in prevalence by the time of 

the second survey) the smaller the sample size required. On the other hand, values for  and  

that are similar to each other (small decline) would require a larger sample size. See Table 9.2 for 

some numerical examples.

Equation 9.1 calculates the sample size for the second survey ensuring a certain power (e.g. 80% 

or 90%) to demonstrate that prevalence at the time of the second survey is less than a fixed value 

based on the prevalence estimate from the first survey. This calculation should be considered as 

the absolute minimum requirement for the sample size of the second survey. 

If, on the other hand, we would like to estimate the sample size for the second survey in order to 

have certain power to detect a difference between prevalence at the time of the first survey (using   

 as the best estimate) and prevalence at the time of the second survey, it can be shown (see web 

appendix 9.2 (2)) that the sample size  of the second survey is given by equation 9.2, where   is 

the sample size of the first survey. Equation 9.2 allows for the cluster size to differ between the two 

surveys (  and  for the first and second surveys respectively):

    (9.2)
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Table 9.2 
Sample size  for the second survey calculated with the standard (frequentist) approach for different com-
binations of: (i) estimated prevalence  from the first survey, (ii) anticipated fall in TB prevalence for second 
survey (prior guess for ), and (iii) between-cluster variability in the second survey (prior guess on ). Com-
putations are based on equation (9.1), for power of 80% and 90%, with =0.3 and chosen cluster size =600

100 per 100 000 
(0.1%) 0.001

200 per 100 000 
(0.2%) 0.002

500 per 100 000 
(0.5%) 0.005

1000 per 100 000 
(1%) 0.01

0.000000063 0.00000025 0.000001563 0.00000625

Prior guess for
  with 20% 
anticipated 

decline

0.0008 0.0016 0.004 0.008

Prior guess  
80% 90% 80% 90% 80% 90% 80% 90%

0.1 149 739 201 871 77 556 104 107 34 210 45 394 19 712 25 748

0.2 150 398 203 037 78 224 105 286 34 902 46 610 20 439 27 018

0.4 153 004 207 653 80 834 109 910 37 526 51 254 23 083 31 692

0.6 157 243 215 188 84 996 117 327 41 521 58 418 26 915 38 608
  

Prior guess for 
 with 30% 

anticipated 
decline

0.0007 0.0014 0.0035 0.0007

Prior guess 
80% 90% 80% 90% 80% 90% 80% 90%

0.1 63 918 85 081 33 122 43 901 14 629 19 169 8 444 10 893

0.2 64 153 85 494 33 360 44 319 14 876 19 601 8 705 11 346

0.4 65 084 87 132 34 294 45 961 15 820 21 258 9 660 13 022

0.6 66 601 89 810 35 789 48 605 17 264 23 826 11 055 15 513
  

Prior guess for 
 with 40% 

anticipated 
decline

0.0006 0.0012 0.0003 0.0006

Prior guess 
80% 90% 80% 90% 80% 90% 80% 90%

0.1 34 398 45 133 17 835 23 303 7 889 10 193 4 563 5 806

0.2 34 500 45 313 17 939 23 485 7 998 10 381 4 678 6 003

0.4 34 907 46 024 18 348 24 199 8 413 11 105 5 101 6 740

0.6 35 573 47 189 19 006 25 353 9 054 12 232 5 724 7 840

9.3.2 Bayesian sample size computation
An alternative approach to sample size calculation for a repeat survey is that based on Bayesian 
methodology. This approach relies on substantive prior information drawn from the first of the two 
surveys about true TB prevalence at that time, as well as other information that might explain the 
change in TB prevalence over the time period between the two surveys. Consider for instance, the 
repeat 2011 survey in Country A after the 2005 survey: the second survey is expected to show a 
downward trend in TB prevalence in Country A as a result of DOTS expansion since 2003. This con-
stitutes “prior information” and can be used for inference in the second survey under a Bayesian 
approach.

Bayesian computation is mathemathically more demanding but may help to reduce the sample size 
required to show a significant difference in TB prevalence between the two surveys, compared with 
the classical (frequentist) approach illustrated in Section 9.3.1.
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The strategy for sample size determination described in Section 5.2, based on the choice of “relative 
precision” around the final estimate, is standard in statistical literature and epidemiological practice. 
Nonetheless, it has two shortcomings:

(i)  It requires a single “prior guess” on , the unknown population prevalence, the very 
parameter the survey is designed to measure. The intended precision of the final estimate is 
determined by, and is thus dependent on, this anticipated single value.
(ii)  For low anticipated values of , as is often the case for TB prevalence surveys, the stan-
dard equation for  (see Section 5.2) gives very large sample sizes which can make survey 
implementation unfeasible.

Both shortcomings can partly be addressed under a Bayesian approach to sample size determina-
tion. Under the Bayesian approach an entire probability distribution – namely the prior distribu-
tion – is assigned to describe the prior belief about the true value of . The prior distribution can 
be informed by any available information on the level and/or pattern over time of TB prevalence 
in the country. For instance, evidence such as a decline in notification rates, or an improvement in 
the performance of surveillance, can be incorporated when defining the uncertainty about true TB 
prevalence at the time of the repeat survey, through the choice of a prior distribution. Additionally, 
the entire estimation process is expected to benefit from the use of this prior distribution, with 
the result that there is a reduction in the sample size required for the desired precision of the final 
estimate. Note that the Bayesian sample size determination is based on the precision of the TB 
prevalence estimate in the second survey, with prior information from the first survey incorpo-
rated to inform anticipated values of  . This is different to the standard frequentist approach of 
sample size calculation for repeat surveys based on a hypothesis test and its associated power to 
detect a reduction in the second survey compared to the first. 

Furthermore, there are also three shortcomings of the Bayesian approach: 
(i) Bayesian approaches can seldom be implemented simply by applying formulae such as 
those that are presented and explained in Chapter 5 and Section 9.3.1. On the contrary, 

Bayesian solutions are typically based on Monte Carlo simulations (4). This, as well as the 
required use of specialized statistical software, might discourage non-Bayesian statisticians 
from their adaptation and implementation.
(ii) If a Bayesian approach is chosen for sample size determination, then a Bayesian approach 
must also be chosen for the statistical analysis in order to maintain consistency of approach. 
In fact this is the only way to achieve the precision of the final estimate that was chosen in 
the sample size calculation. 
(iii) Serious disagreements between the subjective beliefs formalized in a prior distribution 
and the empirical evidence collected from the second survey (see Section 9.4.2) should 
lead to a re-evaluation of the Bayesian model. Prior distributions should be defined care-
fully, based on data from the first survey and other available sources. While priors may 
incorporate pre-conceptions, pre-conceptions are also used to guess  values needed to 
compute sample size under the frequentist approach (see equasion 9.1).

Therefore, a decision on whether to use the classical (frequentist) or the Bayesian approach to 
sample size determination of a repeat survey should be made balancing associated advantages 
and disadvantages of both approaches. 

A number of Bayesian solutions are available, ranging from simpler approaches that mix standard 
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with Bayesian theory to more complicated, fully Bayesian, approaches. The following section 
describes a fully Bayesian solution, which requires the implementation of a seemingly complex, 
but in practice quite straightforward to implement, algorithm. This solution is expected to result in 
substantially reduced sample sizes as a result of the effective use of substantive prior information. 
All the computations in the following section assume simple random individual sampling for the 
sake of simplicity. However, the design effect correction for between-cluster variability described in 
Section 5.2 also applies here in the same way. Finally, the same mathematical notation introduced 
in Chapter 5 and summarized in Table 5.1 is used.

9.3.2.1 Informing the prior distribution 
Before we present the actual Bayesian method for sample size determination, we first discuss how 
available information about TB prevalence informs the prior distribution. The true (unknown) pop-
ulation prevalence  can be expressed as a proportion ranging between 0 and 1. Under a Bayesian 
approach it can be assumed it follows a prior Beta distribution. A Beta distribution has two param-
eters, which can be denoted by  and . The Beta distribution results in a variety of shapes for dif-
ferent combinations of  and  (see Figure 9.1).   is represented on the horizontal axis. All the prior 
information available about the true TB prevalence in the country is used to assign suitable values 
to  and . We can assess the prior parameters  and  using the method of moments, since  and 

 are in fact related to the mean and variance of the Beta distribution itself (4). Prior information is 
used to infer both the “expected value” of the true TB prevalence  and the “uncertainty” around 
this expectation. In the Bayesian framework, this is equivalent to choosing feasible values for both 
the mean  and standard deviation  of the Beta prior distribution for the true TB prevalence .1  
Therefore, the evaluation of parameters  and  follows according to the stated  and  :

  
 and   

 
  (9.3)

For example, an expected TB prevalence of 100 per 100 000 population ( =0.001) with selected  

=0.00025 for the prior Beta distribution of  leads to:

 
 and 

This Beta prior distribution is drawn in Figure 9.2.

They way in which  and  vary for different values of  and  is illustrated in Table 9.3.

 

Table 9.3 
Values of  and  for different values of  and , based on equation (9.3)

100 per 100 000 
(0.1%) 0.001

200 per 100 000 
(0.2%) 0.002

500 per 100 000 
(0.5%) 0.005

1000 per 100 000 
(1%) 0.01

Beta 
parameters

        

 = 25% 16 15967 64 31871 398 79201 1584 156815

= 50% 4 3991 16 7967 99 19800 396 39203

 = 75% 2 1773 7 3540 44 8799 176 17423

= 100% 1 997 4 1991 25 4949 99 9800

1 We require the estimate to lie between  -  and  +  
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Figure 9.1 
Shapes of the Beta prior distribution for combinations of values of parameters  and . In both 
panels, the true prevalence  is represented on the horizontal axis 
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Figure 9.2 
Beta prior distribution for TB prevalence with expected value 100 per 100 000 population ( =0.001) 
and uncertainty ± 25% on average around this expectation ( =0.00025). The true prevalence  is 
represented on the horizontal axis 

 

 

a=16
b=15976

0.002 0.004 0.005 0.006 0.010 0.0120.000

500

0

1000

1500

9.3.2.2 A Bayesian sample size determination 

Unlike the relative precision  of the final estimate discussed in Chapter 5, in the Bayesian context we 

think in terms of absolute precision . The absolute precision is simply the difference between 

what we want to estimate and the estimate we are computing from the data: = -   where 

 is the estimated TB prevalence from the second survey data. For instance =0.025 means a 

precision of 2.5 percentage points, i.e. we require the final estimate to lie between -0.025  and 

+0.025  with no greater error at a stated confidence level. Standard sample size computations 

as described in Section 9.3.1 heavily rely upon the Normal approximation of the distribution of 

possible values about the true population prevalence. This implies an underlying assumption of 

symmetry which is far from the reality of an estimate of TB prevalence drawn from these surveys 

(see Figure 9.1 and Figure 9.2). A pure Bayesian solution to sample size determination addresses 

better the skewed situation of prior belief about the true population prevalence that is typical of 

TB and estimates drawn from these surveys. Under this Bayesian solution, besides the specification 

of the prior Beta distribution as described above, a Monte Carlo simulation followed by a curve fit-

ting is also required. What follows is a simplified algorithm adapted from the Bayesian procedure 

proposed in (5):

Algorithm (9.1)

A double Monte Carlo simulation is in fact needed, involving two nested loops, henceforth named 

external (the slower) and internal (the faster).
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• fix the number  of external simulation runs

• generate  random integers  ( ) in an interval realistic for the potential sample 

size for the survey at hand, for instance between 1000 and 100 000. For each  :

• fix the number  of internal simulation runs

• generate  values of  ( ), drawn at random from the prior Beta distribution of 

assigned  and   

• generate  random values   ( ), with the  drawn at random from a Binomial 

distribution with parameters   and . For each  (integer between 0 and  ):

• compute ,  and eventually   (the latter depending on  ,  , ,  and the chosen 

confidence level e.g. 95% with its associated 1.96 z-value) as follows:

 

 

• compute the average of the  values of , once the  values of  and  have been gener-

ated and the ,  and  have been computed for each of the  values. This is a function 

of  ,  and  so that it will be denoted as :

 

The double nested simulation supplies  pairs [ ], ( ). The algorithm 

continues with a curve fitting among these pairs:

• plot the  points 
.
 The plot should show a strict (positive) linear relation-

ship

• fit an OLS (Ordinary Least Square) regression line  between the  

points plotted in the previous step. 

This gives two values, one for each of  and 
• fix the desired absolute precision  of the final estimate and

• finally compute the sample size with the following equation:

   (9.4)

Being a numerical approach, each run of the algorithm above generally provides slightly varying 

output for equation (9.4). Therefore, slightly different sample sizes are produced for the same 

precision, confidence level and choice of  ,  ,  and . As a rule-of-thumb each of the number 

of simulated series  and  should be at least 2000, possibly extended to 5000 to reach an 

acceptable stability of numerical results. 
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A Bayesian approach to sample size determination for a second prevalence survey is advised if 

there is good indirect evidence that prevalence is declining. This will allow definition of an infor-

mative prior distribution for prevalence, which will result in reduced sample size requirements for 

the second survey compared with the alternative frequentist approach. For instance, if TB notifica-

tion rates have been consistently falling since the first prevalence survey and if there is no evidence 

that case-finding and case-reporting efforts are declining, then it may be assumed that the decline 

in prevalence mirrors the decline in notification rates between the year of the first survey and the 

target year for the second survey. However, if a prior belief that prevalence is declining is too 

weak or absent, a frequentist approach requires simpler computation and should be preferred.

As already mentioned in Section 9.3.2, the Bayesian sample size calculations presented have been 

done assuming simple random sampling (SRS). Therefore, the final sample size  needs to be 

corrected for the clustered sampling design of TB prevalence surveys and its corresponding design 

effect (see Section 5.2.4).

Example 9.3: Country A’s repeat prevalence survey 2011

According to the protocol for Country A’s repeat prevalence survey in 2011, after 

careful consideration of likely changes in TB epidemiology and variation in TB preva-

lence from any source across the country since the first survey in 2005, a 42% reduc-

tion of the smear-positive pulmonary TB prevalence is anticipated, corresponding to 

a 50% decline over 10 years. This leads to an expected prevalence of approximately 

212 per 100 000 population of those aged≥15 years. A conservative evaluation of the 

variation around this expectation would be ±25%. This prior information supports a 

Beta prior distribution for the smear-positive pulmonary TB national prevalence with  

16 and 6217. Let us fix the absolute precision at  =0.00064, corresponding to 

a relative precision 25% of the expected 212/100 000 overall prevalence. Five runs 

of Algorithm (9.1) with = =2000 and  simulated in the interval (1000, 100 000), 

have shown adequate stability and provide the following results:

20814.5 20802.7 20814.3 20806.9 20805.5

among which preference should be given to the maximum, rounded up to the closest 

nearest integer: 20 815. The standard equation, under the classical approach, as given 

by equation (5.1) in Section 5.2, would have supplied a sample size of 28 893. As a 

consequence the Bayesian approach, based on available external evidence informing 

the prior distribution has led to a 28% reduction in the computed sample size.
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9.4 Inference based on the repeat survey

Inference, either frequentist or Bayesian, of TB prevalence drawn from the repeat survey must fol-

low the same approach used for the sample size determination. This is the only way to ensure the 

required precision of the final estimate. In Section 9.4.1 and Section 9.4.2 below, the frequentist  

and Bayesian approaches for (i) placing an uncertainty interval around the estimate of TB preva-

lence drawn from a single (the second) survey, and (ii) placing an uncertainty interval around the 

estimate of a difference in prevalence (expressed as a proportion) between the second and first 

surveys are discussed.

9.4.1 Inference based on the classical frequentist approach
The analysis of an estimate of TB prevalence drawn from a single survey is discused in Chapter 16. 

In the context of repeat surveys, a key point estimate that is of interest is the difference in TB preva-

lence in the second survey compared with the estimate from the first survey. The point estimate 

of the change in TB prevalence along with an associated 95% confidence interval of the difference 

between these two proportions can be calculated both with a cluster-level and an individual-level 

analysis (see Section 16.3.2 and Section 16.3.3).

For the cluster-level analysis, we estimate survey prevalence  as the average of the  cluster-

level prevalences of the second survey and  as the average of the  cluster-level prevalences of 

the first survey (see Section 16.3.2). The 95% confidence interval of the point estimate of difference 

 is calculated as shown in equation (9.5) (3).  

 
 (9.5)

Here, 1  and 0  are the standard deviations of the cluster-level prevalences in the second and 

first surveys respectively and  is the upper 2.5% value of the distribution (i.e. the quantile of 

probability 0.975) with  degrees of freedom. Finally, evidence to test the null hypoth-

esis that the two prevalences are equal, so that no change has occurred between the two surveys, 

is found based on the  test, with an associated value (through its corresponding P-value) calcu-

lated as shown in equation (9.6)

  

(9.6)

Here,  is the pooled estimate of the standard deviation of cluster-level 

prevalences from the first and second surveys combined. For this to hold, we assume that both 

standard deviations of the cluster-level prevalences in the two surveys estimate the same quantity.

For the individual-level analysis, we can estimate the difference in prevalence between the second 

and first surveys , as well as its associated 95% confidence interval, with the use of logistic 

regression models as described in Section 16.3.3. This is done using the estimated coefficient of a 

binary variable, which is equal to 0 for individuals of the first survey, and 1 for those of the second (3). 

Because logistic regression is used, the direct output from the model is an odds ratio that compares 
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the prevalence in the second survey with the prevalence in the first survey. However, it is straightfor-

ward to translate the log(odds) of pulmonary TB in each of the first and second surveys into a point 

estimate of prevalence in each of the two surveys, and thus also a point estimate of the difference in 

prevalence, , and a corresponding 95% confidence interval.

9.4.2 Inference based on the Bayesian approach 
(i) Bayesian statistical inference relies upon the posterior distribution. The posterior distribution 

follows from the updating of the prior distribution with observed survey data. For the TB prevalence 

Beta prior distribution with parameters  and  discussed in Section 9.3.2.1, the posterior distribu-

tion is still Beta but with updated parameters after observing the survey data (see Table 9.4). The 

posterior parameters are a combination of prior and observed sample information, allowing for 

practical interpretation.

Table 9.4 
Interpretation of prior and posterior parameters  and , after observing 

=TB+  number of prevalent survey cases detected and =TB- 
number of survey non-cases detected in the second survey

Prior
parameters

Interpretation

prior guess on the number of survey cases 

prior guess on the number of survey non-cases

Posterior
parameters

Interpretation

prior number of survey cases updated with the cases ( =TB+) 
detected in the survey 

prior number of survey non-cases updated with the non-cases 
(=TB- ) detected in the survey

After computing the posterior Beta parameters, the 95% confidence interval (CI)1 around the true 

TB prevalence is formed by the two 2.5% and 97.5% quantiles of the posterior probability distribu-

tion function. These values can be calculated with function  in Stata with =0.025 

and 0.975 or respectively  which will return a vector of the two de-

sired quantiles in R. 

For example, the 95% CI for true TB prevalence, with a Beta posterior distribution with =1.5, 

=15 000, has a lower bound , and 

an upper bound . See Example 9.4 for a comparison of 

the frequentist with the Bayesian approach in the calculation of 95% CI around the unknown true 

prevelance of the second survey.

(ii) After we have established the best estimate of TB prevalence with specified precision drawn 

from the second survey, we would also like to quantify the change in prevalence compared to the 

first survey. In fact, if a survey has used the Bayesian approach, having used informative priors, then 

this should be supported by strong reasons to believe that a reduction in prevalence has occurred. 

1 This is also called credible interval under the Bayesian approach as opposed to the frequentist confidence interval.
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Example 9.4: Comparing the standard (frequentist) with the 
Bayesian aproach

The estimated prevalence of smear-positive pulmonary TB in country’s A 2005 survey 

was 366 per 100 000 population (aged≥15 years). For the repeat prevalence survey 

2011, a 42% reduction of the smear-positive pulmonary TB prevalence is anticipated.

In this example we assume that the anticipated reduction is close to reality; thus the 

repeat survey is expected to detect around 212 cases per 100 000 population (366 

reduced by 42%).

The standard approach with 25% relative precision would require a sample size of 

28 893 people (for the sake of this example, we assume simple random sampling). 

Such a sample would supply a point estimate of 0.00212 and 95% CI (0.0015921, 

0.0026535), that is, between 159 and 265 cases per 100 000 population aged≥15 

years. Notice that the standard CI computation is well established and widely used in 

practice despite a symmetry assumption underlying the procedure.

The Bayesian approach, using the same prior guess on the true prevalence and with 

comparable relative precision as for the standard procedure above, would require a 

sample size of 20  815 people. Such a reduced sample would supply a point estimate 

of 0.00219 and 95% CI equal-tailed (0.001699269, 0.002820689), that is, between 

170 and 282 cases per 100 000 population aged≥15 years.

The two CIs have substantial overlap, the Bayesian only slightly larger than the stan-

dard CI despite the noticeable reduction (-28%) in sample size because it is based 

on a skewed distribution that is closer to the reality of a TB prevalence distribution. 

Notice also that the Bayesian point estimate of 0.00219 is a combination of prior and 

empirical information from sample data. It is computed as the mode (most probable 

value) of the posterior distribution, which is the prior updated with sample evidence. 

Sometimes the Bayesian point estimate is defined as the mean of the posterior, 

which in the example above would result in a point estimate of 0.00223.

After the data from the second survey are acquired we can in fact assess whether the posterior is 

consistent with our prior belief that prevalence declined compared to the first survey. We can do 

this by empirically simulating the likelihood of posterior values being higher than simulated values 

based on the data from the first survey (see Algorithm 9.2).
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Example 9.5: Comparing prevalence between second and first 
survey of country A

The first survey in country A in 2005 involving 25 000 individuals had an estimated 

TB prevalence of 366 per 100 000 population ( =0.00366) with a corresponding 

. From the method of moments in equation 

(9.3) we calculate this corresponds to a  distribution.

The second survey in 2011 had an estimated TB prevalence of 256 per 100 000 popu-

lation ( =0.00256), a set absolute precision of 2.5% around this estimate =0.025 

and a corresponding . From the method of moments 

we calculate this corresponds to a (91.5,24907.5). See Figure 9.3 for a graphical 

representation of both these Beta distributions.

 

We simulate a 50000x2 dimensional matrix where elements  of the first column are 

drawn from the first and elements  of the second column are drawn from the second 

Beta distributions. Out of 50 000, the percentage of rows where  is greater than  

is 98.7%. In Figure 9.4 the area under the curve to the right of the vertical segment 

quantifies the confidence in the interpretation that prevalence declined between the 

first and the second survey.

Algorithm (9.2)

Another numerical solution is then needed involving a large number of simulation runs.

• fix the number  of simulation runs, for example 50 000

• generate  random pairs ( , ) ( ) : 

  is drawn at random from a Beta distribution with expected value  equal to  and 

 equal to the first survey’s clustered-adjusted point estimate’s standard error (which 

can also be approximated from (h-l)/4, where h and l are the confidence bounds) 

  is drawn at random from the second survey’s posterior Beta distribution (see 

Table 9.4)

• from the resulting x2 dimensional matrix compute the number  of ( , ) couples such 

as <

• define our “confidence” that prevalence declined as expressed by the empirical probability 

. If  ≥0.95, say, then we are very confident in our interpretation.

 

In fact, Algorithm (9.2) could also be used before the sample size calculation to check if the expected 

results from the second survey will allow us to generate a large enough number of couples such that 

 is going to be sufficiently large. See Example 9.5 for an illustration of the use of this algorithm 

for the first and second surveys conducted in country A.
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Figure 9.3 
TB prevalence distributions of the first survey where elements    are 

drawn (in blue) and the second survey where elements  are drawn (in 

black) 
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Figure 9.4 
Simulated distribution of the difference between the first 
and second surveys
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Rationale

Some specific ethical issues arise when car-

rying out surveys of the prevalence of TB dis-

ease. This chapter briefly describes the ethical 

principles that govern public health, research 

and surveillance. It gives an overview of the 

purpose and functioning of ethics review com-

mittees. Finally, it discusses particular ethical 

issues in TB surveys and how to address them.
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Chapter 10 
Ethical considerations 

10.1 Introduction
Some specific ethical issues arise when 

carrying out surveys of the prevalence of 

TB disease. This chapter briefly describes 

the ethical principles that govern public 

health, research and surveillance. It gives 

an overview of the purpose and function-

ing of ethics review committees. Finally, 

it discusses particular ethical issues in TB 

surveys and how to address them.

10.2 Ethical Principles

The general conduct of research with 

human beings is guided by internation-

ally recognized principles of bioethics, in-

cluding the Nuremberg Code (1) and the 

World Medical Association’s Declaration 

of Helsinki (2). The first principle of the 

Nuremberg Code was the centrality of the 

voluntary participation of subjects with 

their informed consent. The Declaration 

built on the Nuremberg Code, adding a 

distinction between therapeutic and non-

therapeutic research, a call for institution-

al review mechanisms, and a provision for 

family members to provide permission for 

participation if the subject could not give 

consent. The revised Declaration issued 

by the World Medical Association in 2008 

reflects the deepening appreciation of the 

many elements included in fully informed 
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consent. It made clear the critical importance of ethical review by a committee independent of the 

researcher. 

In 2002 the Council for International Organizations of Medical Sciences (CIOMS) published a 

revision of its International Ethical Guidelines for Biomedical Research Involving Human Subjects 

(3). Given the increased concern about the exploitation of research populations in less-developed 

countries by investigators from sponsoring wealthy countries, the CIOMS guidelines give sustained 

attention to the steps necessary to prevent exploitation and to ensure culturally sensitive informed 

consent. Further, the guidelines underscore the obligation of investigators to protect the confiden-

tiality of the information they obtain from research participants, and emphasize issues of justice, 

such as what is owed to participants after the research and the relevance of the specific research 

to the host community.

Recently, CIOMS published a revised version of its International Ethical Guidelines for Epidemio-

logical Studies (4) which are highly relevant for surveillance and surveys.

The following central ethical principles have been generally agreed for research with human 

subjects, and equally apply for planning and carrying out TB surveys:

• first do no harm/beneficence

This refers to the ethical obligation to maximize benefits and minimize harms.

• respect for persons

This principle is crystallized in the concept of informed consent.

• treat populations and individuals fairly

This principle requires the equitable distribution of the burdens and the benefits of partici-

pation in research and surveys.

10.3 Review by an ethics committee

10.3.1 Background

Many countries and jurisdictions have laws and regulations based on the above-mentioned ethi-

cal principles recognized in internationally agreed guidelines. These laws and regulations usually 

require that all research with human subjects is subject to prior review by an ethics committee.

Surveillance is a core function of public health. There has been an ongoing debate whether sur-

veillance activities should be governed by the same ethical standards as research. Although some 

activities can unambiguously be identified as research, and others as surveillance, there is a grey 

zone of activities that cannot easily be classified. In any case, before initiating new surveillance 

projects or surveys, public health practitioners should always consult with appropriate ethics 

review committees. 

10.3.2 Purpose and objectives of ethics review

The purpose of ethics review is to ensure the rights, safety and the welfare of human subjects in a 
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research or survey. The review includes an examination of particular details of the study design and 

study context in order to balance what may be conflicting ethical principles and to determine the 

best solution in the particular setting. Not all ethical principles weigh equally, nor do all principles 

weigh the same in different contexts. For example, a health survey in an outbreak situation may 

be assessed as ethically acceptable even if a usual ethical expectation, such as privacy, cannot be 

fully ensured in this context, provided the potential benefits clearly outweigh the risks and the 

investigators give assurances of minimizing risks. It may even be unethical to reject such a study, 

if its rejection would deny a community the benefits it offers. The challenge of ethical review is to 

make assessments that take into account potential risks and benefits, and to weigh them in relation 

to each individual study. 

Ethics review requires different members of a committee to work out what may be differing initial 

opinions on the ethically best approach to a research study. The committee’s discussion, ideally, 

should result in a solution that all members agree will safeguard the rights, safety, and wellbeing 

of all study subjects or surveyed individuals. Committees also have special responsibilities to safe-

guard the well-being of more vulnerable populations including those who lack decision-making 

capacity or are less aware of the meaning of research (5). 

Membership of ethics committees should be multidisciplinary. Independence from the investiga-

tors is maintained by precluding any member with a direct interest in a proposal from participat-

ing in its assessment. The community to be studied should be represented in the ethical review 

process. This is consistent with respect for the culture, dignity, and self-reliance of the community, 

and with the aim of achieving full understanding of the study among community members. Lack of 

formal education should not disqualify community members from joining in constructive discus-

sion on issues relating to the study and the application of its findings. 

Ethics review committees should also help to ensure the implementation of ethical standards 

after the approval and the start of the survey. For example, in the follow-up, clinical monitors may 

evaluate the adherence to Good Clinical Practice and ethical standards.

10.3.3 Some key issues that an ethics review committee will address

Confidentiality

Investigators must make arrangements for protecting the confidentiality of data by, for example, 

omitting information that might lead to the identification of individual subjects, or restricting 

access to the data, or by other means. It is customary in epidemiological surveys to aggregate num-

bers so that individual identities are obscured. In many countries, TB is a notifiable disease and a 

diagnosis of infectious TB must be reported to public health officials. Where this is the case, ethics 

committees and participants should be told about the potential consequences of participating in a 

TB prevalence survey.

Information obtained about subjects can generally be divided into unlinked and linked information: 

• unlinked, when the information cannot be linked to the person to whom it refers except by 

a code or other means, and the investigator cannot know the identity of the person; 
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• linked, when the information is linked to the person by means of personal identification, 

usually the name. 

In prevalence surveys of TB disease, information is usually linked to subjects. Names and contact 

details of participants in TB prevalence surveys should only be used for the follow-up of people 

diagnosed with TB. Participant identifying information should be discarded from data for the 

purposes of statistical analysis.

When personal identifiers remain on records used for a survey, investigators should explain to 

review committees why this is necessary, how confidentiality will be protected and who will have 

access to the data. If, with the consent of individual subjects, investigators link different sets of 

data regarding individuals, they normally preserve confidentiality by aggregating individual data 

into tables or diagrams. 

Balancing personal and social perspectives

In performing reviews, ethical review committees will consider both individual and social (com-

munity) perspectives. Individual informed and free consent alone may not be sufficient to render a 

study ethical if the individual’s community finds the study objectionable.

Assuring scientific soundness

The primary functions of an ethical review are to protect human subjects against risks of harm or 

wrong, and to facilitate beneficial studies. Scientific review and ethical review cannot be consid-

ered separately: a study that is scientifically unsound is unethical in exposing subjects to risk or 

inconvenience and achieving no benefit in knowledge. Normally, therefore, ethical review commit-

tees consider both scientific and ethical aspects. An ethics review committee may refer technical 

aspects of the scientific review to a scientifically qualified person or a scientific review board/commit-

tee (which sometimes also precedes ethics review), but will reach its own decision, on the basis of 

such qualified advice, and scientific soundness. If a review committee is satisfied that a proposal is 

scientifically sound, it will then consider whether any risk to the subject is justified by the expected 

benefit, and whether the proposal is satisfactory with regard to informed consent and other ethical 

requirements.

Externally sponsored studies

Most national TB prevalence surveys are initiated and conducted by national researchers. They 

therefore need local ethical approval. Externally sponsored studies are studies undertaken in a 

host country but initiated, financed, and sometimes wholly or partly carried out by an external 

international or national agency, with the collaboration or agreement of the authorities of the host 

country. Such a study implies two ethical obligations: (i) the initiating agency should submit the 

study protocol to ethical review, in which the ethical standards should be no less exacting than they 

would be for a study carried out in the initiating country; and (ii) the ethical review committee in 

the host country should satisfy itself that the proposed study meets its own ethical requirements. 

It is in the interest of the host country to require that proposals initiated and financed externally 

Ch
ap

te
r 

10



157

be submitted for ethical approval in the initiating country, and for endorsement by a responsible 

authority of the same country, such as a health administration, a research council, or an academy 

of medicine or science. Investigators must comply with the ethical rules of the funding country and 

the host country. Therefore, they must be prepared to submit study proposals to ethical review 

committees in each country. Alternatively, there may be agreement to the decision of a single or 

joint ethical review committee. Moreover, if an international agency sponsors a study, its own 

ethical review requirements must be satisfied (see Appendix 3.1).

10.3.4 Information to be provided by investigators to the ethics committee

Typically, the investigator will have to submit a detailed survey protocol and application form (if 

such exists) comprising:

• a justification for undertaking the investigation

• a clear statement of the objectives, having regard to the present state of knowledge 

• a precise description of all proposed procedures and interventions

• a plan indicating the number of subjects to be involved

• the criteria determining recruitment of participants

• participant information sheets and forms to obtain informed consent (see Chapter 6)

• evidence that the investigator is properly qualified and experienced, or, when necessary, 

works under a competent supervisor, and that the investigator has access to adequate 

facilities for the safe and efficient conduct of the survey

• a description of proposed means of protecting confidentiality during the processing and 

publication of survey results

• a reference to any other ethical considerations that may be involved, indicating how 

international ethical standards will be respected

• a plan for case management including free treatment for all forms of diagnosed TB 

(included smear-positive and smear-negative, culture-positive drug susceptible and drug 

resistant forms), even if these are not available within the national programme in the 

country where the study is conducted

• plans for case management and referral procedures for non-TB conditions diagnosed 

during the survey 

• an insurance policy for the survey, whether or not there is a legal requirement for one

• a plan for disseminating results, including for the community being studied

• a plan to protect researchers from any risks of TB during the conduct of the study.

For more information on how to develop a proposal that meets the requirements of an ethics 

review committee, refer to the WHO website at:

 

http://www.who.int/rpc/research_ethics/guidelines/en/index.html 
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10.3.5 Informed consent   

Purpose

Informed consent1 is a process based on the ethical principles of autonomy and respect for the 

individual. The purpose of informed consent is to tell individuals about the procedures and the 

potential risks and benefits involved and to allow them to decide freely whether or not to partici-

pate in the survey. For participants to be truly informed, they must understand the implications 

of the consent. 

Information

Each potential survey participant must be adequately informed of the following in a format (verbal, 

written) and language acceptable to her/him:

• the purpose, methods and procedures of the survey 

• why and how the potential participants were selected 

• possible risks or discomforts involved and the anticipated benefits

• what treatment or referral options are available if diagnosed with TB, or with incidental 

diagnoses

• their right to abstain from participation in the survey or to withdraw consent to participate 

at any time without reprisal

• the sources of funding of the survey, any possible conflicts of interest, institutional affilia-

tions of the researcher

• description of how anonymity and/or confidentiality will be protected 

• the extent to which results will be made available to the participant and/or the community 

• requirement of notification of authorities (where applicable).

Participants should also be given an opportunity to ask questions.

Consent

Ascertaining whether the individual really understands the implications of consent is difficult. 

Allowing individuals to ask questions will help clarify the process and could increase the response 

rate. After ensuring that the subject has understood the information, the investigator should then 

obtain the subject’s freely given informed consent. If the consent cannot be obtained in writing, 

the non-written consent must be formally documented and witnessed. For more information and 

examples of informed consent sheets, refer to Chapter 6 and to the WHO website:

http://www.who.int/rpc/research_ethics/informed_consent/en/index.html 

10.4 Specific ethical issues that arise in TB surveys

Identification of drug-resistance in the absence of treatment

Drug resistance testing in the context of a TB prevalence should only be done in a setting where 

appropriate treatment is available, in particular second or third line drugs. The WHO publication 
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Guidance on Ethics of TB Prevention, Care and Control (6) gives the following recommendations in 

this case:

“…Countries should ensure that patients diagnosed through surveys are provided access to the 

most appropriate drugs. However, while countries are in the process of scaling up treatment, the 

use of drug susceptibility testing can be appropriate as an interim measure even when no second or 

third line drug treatment is available, or when the only available treatment is substandard. Among 

other benefits, establishing diagnosis in the absence of treatment can:

• provide evidence of a high prevalence of M/XDR TB in a particular country or region, which 

can promote advocacy to improve treatment capacity 

• ensure that individuals with M/XDR TB are not inappropriately treated with regular TB 

drugs, which can harm both the patient and the public health  

• guide decisions about segregating TB patients being cared for in a closed environment

• help individuals make life plans, diminish the impact of the disease on family members, 

and inform important behavior regarding infection control.  

Countries that implement surveys in the absence of treatment should do so as a temporary mea-

sure, and should establish a timetable for when treatment for M/XDR TB will be made available. 

Individuals should not be given diagnostic testing in the absence of treatment unless they have 

provided specific informed consent for this.”

Incidental conditions/co-morbidity1 

It is generally agreed that researchers should ensure that study participants receive free medical care 

and compensation for any injuries contracted as a result of their participation (4). The extent to 

which there is an obligation to provide care for non-related (“incidental”) conditions that occur during 

the study is a matter of current controversy. However, as a minimum, the investigators should refer 

the participants for appropriate care.

Stigmatization 

In TB prevalence studies where risk factor data are collected, special care must be taken to maintain 

the confidentiality of all data. A particular concern is the need to avoid community stigmatization of 

individuals identified with TB or other diseases, in particular HIV. During follow-up visits by survey 

team members in households of identified TB cases, care must be taken that the individual and 

household members are not stigmatized. The geographical, ethnic and cultural context can heavily 

influence the potential for stigma. Depending on the risk of being stigmatized, the risk/benefit ratio 

of the survey project can greatly vary. Survey teams should work with communities to determine 

the potential for stigma, and devise ways to reduce it.

Potential use of stored biological samples and related data for other research2 

Particular issues arise if the samples (for example sputum) are to be stored and used for future 

research projects. For use of such biological samples and related data, investigators should obtain 

informed consent from the participants in the survey. The consent should specify: “…the conditions 

1 See also Chapter 4 and Chapter 11
2 See also Chapter 8 - archiving and storage of cultures.
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and duration of storage; who will have access to the samples; the foreseeable uses of the samples, 

whether limited to an already fully defined study or extending to a number of wholly or partially 

undefined studies; and the intended goal of such use, whether only for research, basic or applied, 

or also for commercial purposes…” (4). For a specific Informed Consent Form Template for Storage 

and Future Use of Unused Samples, please refer to the WHO web site at:

http://www.who.int/entity/rpc/research_ethics/Informed%20consent%20for%20sample%20stor-

age.doc 

References

1. U.S. Government Printing Office, 1949. Permissible medical experiments  on human subjects. [Nuremberg Code]. In: Trials 
of War Criminals before the Nuremberg Military Tribunals under Control Council Law No. 10, Vol. 2, pp. 181-182.. Washing-
ton, D.C. Available at: http://www.hhs.gov/ohrp/references/nurcode.htm Accessed 5 August 2010.

2. Declaration of Helsinki. Ferney-Voltaire, France, World Medical Organization, 1964. Available at: http://www.wma.net/
en/30publications/10policies/b3/index.html. Last accessed 4 June 2010.

3. Council for International Organizations of Medical Sciences (CIOMS). International ethical guidelines for biomedical re-
search involving human subjects. Geneva, Council for International Organizations of Medical Sciences, 2002. Available at: 
http://www.cioms.ch/publications/layout_guide2002.pdf, accessed 2 February 2011.

4. Council for International Organizations of Medical Sciences (CIOMS). International Ethical Guidelines for Epidemiological 
Studies. Geneva, 2009.

5. WHO. Handbook for good clinical research practice: Guidance for implementation. Geneva, World Health Organization, 
2002. 

6. WHO. Guidance on Ethics of TB Care and Control. Geneva, World Health Organization, 2010. Available at: http://whqlib-
doc.who.int/publications/2010/9789241500531_eng.pdf, accessed 2 February 2011.

General references

1. Ethical issues to be considered in second generation surveillance. Geneva, World Health Organization, 2004 (http://www.
who.int/hiv/pub/epidemiology/en/sgs_ethical.pdf, accessed 6 June 2010).

2. Guidelines for surveillance of drug resistance in tuberculosis. 4th ed. WHO/HTM/TB/Geneva, World Health Organization, 
2009.422.

160

Ch
ap

te
r 

10



161

Rationale

A fundamental principle in all research 

studies is that feedback about abnormal 

test results as well as appropriate care 

for conditions detected by the study 

must be guaranteed for study partici-

pants. In the case of a TB prevalence 

survey, people will be newly diagnosed 

with TB and appropriate care needs to 

be ensured. In addition, some condi-

tions or abnormalities may be detected 

on chest X-rays.

Content

Three topics are discussed and clear 

recommendations provided for each 

of them. The first topic is TB treatment 

for participants with previously undiag-

nosed TB. The second topic is HIV test-

ing, which is relevant for all confirmed 

cases of TB and which may, in some set-

tings, be considered for a wider group 

of survey participants. The third topic is 

the follow-up of abnormalities detected 

through chest X-rays as well as other 

conditions identified during the screen-

ing process.

  

Examples

The 2002 prevalence survey in Cambo-

dia.  

Contributing authors

Donald Enarson, Nulda Beyers, Chen-Yu-

an Chiang, Emily Bloss, Haileyesus Geta-

hun, Ikushi Onozaki, Peou Satha

Chapter 11 
TB treatment, HIV 
testing and other 
critical interventions

11.1 Management and follow-up 
of confirmed or suspected TB 

A prevalence survey will typically identify around 

100–200 people with active TB. All those found 

to have TB must be immediately referred to the 

NTP for registration and TB treatment. Those 

for whom a definitive diagnosis cannot be made 

(e.g. normal chest X-ray but positive single smear 

or culture) should also be referred to the NTP. 

If drug susceptibility testing is done for culture-

confirmed cases, a clear plan for the manage-

ment of any person found to have drug-resistant 

tuberculosis should be prepared in advance (see 

Appendix 6). 

Procedures for ensuring that participants found 

to have TB are promptly informed and treated 

must be part of the SOPs of the survey. These 

procedures must be documented and approved 

by an ethics review board prior to commencing 

the survey (see also Chapter 10).  

11.2 HIV testing 

Surveillance of the prevalence of HIV among 

people with TB is one of the twelve essential ac-

tivities included in the WHO policy on collabora-

tive TB/HIV activities (1). Furthermore, HIV test-

ing of TB patients is a prerequisite for two of the 

other major interventions recommended in the 

policy: co-trimoxazole preventive therapy (CPT) 
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1 Throughout this section “offering” HIV testing in the context of TB prevalence surveys refers to either testing as part of the survey activities 
or referral to other HIV testing facilities
2 For example, in a prevalence survey there may be over-reading of chest X-rays in the field, since survey staff will tend to err on the side of 
caution so as to not miss cases.
3 Those with newly diagnosed TB can only be informed after field operations are completed). as part of survey operations may present

and antiretroviral treatment (ART) for HIV-positive TB patients. Many of the countries in Africa 

that are eligible to implement prevalence surveys (see Chapter 1), including most of the African 

countries that are among the list of global focus countries for prevalence surveys identified by 

the WHO Global Task Force on TB Impact Measurement, have already achieved high testing rates 

among TB patients as part of routine services. 

In the context of a prevalence survey, HIV testing should be offered1  to all confirmed cases of TB 

(2, 3). 

Recently, WHO guidelines include a recommendation to offer an HIV test to people who have 

sought care at a health facility and who have signs and symptoms suggestive of TB. Although this 

recommendation does not apply directly in the context of a prevalence survey (people who are 

considered to have signs and symptoms of TB in a prevalence survey are a different and larger 

group compared with those who are seen in a clinical setting),2  HIV testing may be considered for 

a wider group of survey participants, beyond those who have confirmed TB. This is especially the 

case for countries in which the prevalence of HIV is high in the general population and where HIV 

testing has become a routine service. In making a decision about whether to offer HIV testing to 

this wider group, the following points should be borne in mind: 

• Offering HIV testing during field operations must not compromise the primary survey ob-

jectives by lowering the survey participation rate. If HIV testing during field operations is 

under serious consideration, then the effect of offering HIV testing on survey participation 

should be assessed during the pilot survey. Results should then be used to inform a final 

decision on whether or not to offer HIV testing during full survey operations

• One strategy to prevent HIV testing from affecting the participation rate is to first obtain 

informed consent for participation in the TB prevalence survey. Informed consent for an HIV 

test can be done subsequently and separately, with an opt-out approach for taking samples 

for HIV tests 

• A TB prevalence survey offers an opportunity to expand HIV testing and offer enhanced 

access to HIV prevention and treatment services. This is especially relevant in countries with 

a high prevalence of HIV in the general population

• For HIV testing to be offered, services to offer appropriate care to those found to be HIV-

positive must be in place. These services include provision of ART 

• The survey should be fully consistent with national policies and practices related to HIV 

testing, in terms of whom to test, the strategy for offering a test and ensuring that test 

results are provided to those tested, maintenance of confidentiality and the type of speci-

men to use (4, 5)

• It may be difficult to ensure confidentiality and privacy when offering HIV testing during 

survey operations (as opposed to after, or separately from survey operations, as would be 

the case for people found to have TB in the survey)3 
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• The additional time required for HIV testing and follow-up may disrupt the survey process 

and more staff may be needed 

• Ensuring proper counselling and follow-up with HIV-positive people can be logistically 

challenging in the field 

• In countries where HIV testing and treatment services are not widely available, and the 

HIV epidemic state is low or concentrated, offering HIV testing to individuals suspected of 

TB - in addition to those with confirmed TB - may not be feasible. For example, there may 

be lack of nationwide coverage of HIV care. In countries in which these conditions apply, a 

better understanding of the TB and HIV co-epidemic can be obtained by following existing 

guidelines on HIV surveillance among TB patients (6). 

With the increasing availability of HIV treatment, unlinked anonymous testing for HIV (7, 8) is not 

recommended, since results cannot be traced back to individuals in need of HIV care. 

Whatever the final strategy for HIV testing, all procedures must be part of the survey SOPs. The 

strategy should be clearly described and justified in the survey protocol, and approved by an ethics 

review board (see also Chapter 10), prior to starting the survey.  

11.3 Management and follow-up of abnormalities 

In surveys that follow the screening strategy recommended in this book (see Chapter 4), chest 

X-rays will reveal abnormalities in some survey participants (see Box 11.1). These include the 

presence of cavitation, pneumothorax or a mass lesion. The types of abnormalities expected and 

the nature of action to be taken should be clearly spelt out in SOPs. Processes (and their timeli-

ness) must be systematically evaluated during the survey to ensure that these SOPs are correctly 

followed. 

A qualified individual must be assigned to promptly review all test results as they become available 

to detect any abnormality that requires prompt attention.  

During the interview component of the screening process, people with respiratory symptoms, 

such as chronic cough or difficulty breathing, or who have conditions such as asthma, chronic 

obstructive pulmonary disease, diabetes or hypertension may be identified. In all these cases, 

participants should be referred to health facilities for further examination. 
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Box 11.1: Ensuring TB treatment and interventions for other 
conditions identified during a survey: the example of Cambodia

In the prevalence survey implemented in Cambodia in 2002 (9), three interventions 

for those found to have TB or other conditions were provided. These were: 

1. Referral of people with previously undiagnosed TB to the NTP for treat-

ment;

2. Transfer to a referral hospital for participants with very serious conditions 

who needed urgent medical attention;

3. Immediate medical attention for participants with non-serious conditions. 

Most people with severe medical conditions had already sought care and treatment, 

and had not stayed in the community. For example, although 271 bacteriologically-

positive TB cases were detected in the Cambodia survey, only a few cases with mas-

sive pleurisy were detected. Similarly, only a few patients with critical conditions such 

as pneumothorax and severe malaria were identified. If an ambulance was not avail-

able, the survey team provided transportation for all those with a severe medical 

condition in one of the cars used by the survey team.

Participants who needed immediate medical attention were advised to go to a referral 

hospital or a health centre, depending on the condition. If participants agreed, it was 

not difficult for the survey team to establish a link to the local health service network 

since the district medical officer (TB supervisor) and local health workers from the 

primary care centre were often part of the survey team or accompanied the survey 

team during field operations. A referral slip was issued and, if appropriate, a second 

chest X-ray was taken at the field site to provide the patient with a film that they 

could take to the local hospital.

 

If a study participant had sought TB diagnosis and care after the survey but before 

survey results became available, it was not necessary for the local health unit to 

wait for the laboratory results from the survey. Instead, case management, includ-

ing additional smear examinations, was conducted independently from the survey. 

People with previously undiagnosed TB were informed of their results and advised 

by the central medical team through the local health service network (consisting of 

the NTP, district health office,  primary health-care centre and local health workers). 

Reimbursement for transportation costs was provided when they visited the district 

hospital. The central survey team in the NTP transferred funds for an additional inter-

view, follow-up data collection and provision of reports to district units.  
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Rationale

As with any other activity in TB control, 

a prevalence survey needs to be care-

fully budgeted and sources of financing 

identified. All survey protocols should 

include a clear description and justifica-

tion of the budget and sources of fund-

ing (see also Chapter 3).

Content

This chapter covers five major topics:

• The total budget required for a preva-

lence survey;

• The major factors that affect the total 

budget that is needed for a survey;

• The main components of a budget for 

a prevalence survey and how to cost 

them; 

• Why the budget for a prevalence sur-

vey may exaggerate the real cost of the 

survey; and

• Sources of financing from which re-

sources can be mobilized. 

Examples

Examples from several countries in Afri-

ca and Asia are included, with case stud-

ies from Cambodia and Ethiopia.

Lead authors

Inés Garcia, Katherine Floyd

Contributing authors

Sai Pothapregada, Ikushi Onozaki

Chapter 12 
Budgeting 
and Financing

12.1 What is the total budget 
required for a prevalence survey?

The total budget required for a prevalence sur-

vey is typically in the range US$ 1–2 million in 

Asia and US$ 1–4 million in Africa (Table 12.1). 

The budget per survey participant ranges from 

around US$14-29 in Asia and US$25-67 in Africa.

An explanation of why larger budgets are re-

quired in African countries is provided in Section 

12.2.4.

12.2 Major factors that influence 
the size of the required budget 

Major factors that influence the size of the total 

budget that is needed include:

• Sample size, number of clusters and 

nature of the terrain. These affect the 

number of survey teams needed, the 

length of field operations and the form of 

transportation required; 

• X-ray equipment. Different technolo-

gies are available for screening survey 

participants, which vary in cost (see Chap-

ter 7). The type of equipment that can be 

used is also determined by national regu-

lations on radiation exposure;

• Staff costs. In some countries, a specific 

budget is required for additional staff to 

manage the survey and conduct field op-

erations. In others, this is not necessary 

because existing staff are used.
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12.2.1 Sample size, number of clusters and nature of the terrain
The sample size and the number of clusters (see also Chapter 5) affect how many survey teams are 

required, how much equipment is needed, and the length of field operations. Typically, a survey 

will require at least three but not more than five survey teams. Field operations should typically 

be completed in 6–10 months, with a maximum of one year (from pilot survey to completion of all 

field operations). The greater the number of clusters that are in relatively inaccessible areas with 

difficult terrain, the higher the budget for items such as vehicles or other forms of transportation.

Table 12.1 
Examples of recent budgets for prevalence surveys (1)

Region Country Budget 
(US$ millions)

Year of Survey 
(actual or planned)

Sample 
size

Budget per 
survey 

participant

Africa Malawi 1.4 2010 49,000 29

Tanzania 1.5 2010 60,000 25

Rwanda 2.2 2010 42,000 43

Mali 2.0 2012 80,000 25

Nigeria 2.0 2010 49,000 41

Ethiopia 2.8 2010 46,500 60

Ghana 3.0 2010/2011 100,000 30

Uganda 3.2 2010 55,000 58

South Africa 4.0 2010 110,000 36

Kenya 4.2 2011 72,000 58

Zambia 4.0 2010 60,000 67

Asia Viet Nam 2.0 2007 105,000 19

Philippines 0.9 2007 30,677 29

Bangladesh 0.7 2007/2008 50,000 14

Myanmar 0.8 2009/2010 50,000 16

Pakistan 2.2 2010 133,000 17

China 2010 260,000 Not available

Cambodia 1.1 2010 38,400 29

Thailand 2.3 2011 76,331 29

12.2.2 X-ray equipment 
There are three main types of X-ray systems (2, 3), and the decision about which one to use will 

have a big impact on the survey budget. These are: 

• Mass miniature radiography (MMR). This was used in the past, but is no longer recom-

mended since it exposes a person to significant radiation (it also has a relatively large power 

requirement and produces a low-quality image);

• Conventional X-ray machines. These can include either manual or automatic (but non-digital) 

film processing; and

• Digital X-ray machines. There are two major types of digital machines: computer radiography 

(CR) or direct digital radiography (DDR). CR requires an imaging plate that goes in a cassette 

and a scanner or reader. The plate is then read by a scanner to digitalize the image. DDR uses 
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a new class of detectors which perform both image-capture and image-readout in one pro-

cedure, with no need for either cassettes or imaging plates. A receptor allows the image 

to be viewed directly on a computer screen. With certain types of DDR machines, these 

images can be saved as a pdf file. There are four types of DDR systems to choose from: a 

flat panel detector system; a 2D or charge-coupled device; a slot-scanning system; and a 

photon-counting system.  

A full description of conventional and digital X-ray machines is provided in Chapter 7.

Conventional X-ray machines typically cost US$30 000–50 000 each. DDR machines cost more than 

US$ 100 000 each. In between these two options are CR machines, which cost around US$ 55 000 

each. Actual prices paid vary; the quoted price can often be negotiated downwards (there are 

examples where actual prices paid were 30% less than the listed price). 

The number of X-rays systems needed per survey varies. For the ideal duration of 6–8 months with 

3–5 survey teams, the number of X-ray machines corresponds to the number of survey teams. 

Some countries using conventional X-ray machines may decide to purchase an additional back-up 

machine. This is also the case for geographically distant regions where an extra X-ray machine and 

team might be needed. The total budget for X-ray equipment is likely to be US$ 90 000–US$ 250 000 

if conventional X-ray machines are used, US$ 165 000–US$ 275 000 if CR machines are used and 

US$ 300 000–US$ 500 000 if DDR machines are used.

Besides the cost of the equipment itself, the following points need to be kept in mind:

• Conventional X-ray machines have the lowest initial equipment cost and maintenance 

costs are also relatively low. However, they require intensive use of consumables (film and 

chemicals to develop the film), a dark room, and staff to develop the films. When automatic 

film processing is used, additional skilled maintenance and water purification are required;

• Major advantages of CR and DDR are that they are quicker, there is no need for chemicals 

or a dark room and there is no waste to be disposed. However, they may not be suitable for 

very remote areas where maintenance may be problematic;

• The cost of the receptor needed for DDR is much higher than the other two alternatives, 

and maintenance is more difficult and expensive.

The choice of X-ray equipment can be constrained by national regulations related to radiation. In 

particular, national or regional regulations may preclude the use of X-ray machines in open spaces. 

This means that either containers need to be purchased, or infrastructure in which to conduct 

X-ray screening must be identified. Budgets need to reflect both the equipment and associated 

infrastructure needed to comply with these regulations. 

12.2.3 Staff costs
A survey requires a central survey team that leads and manages survey design and implementation. 

Staff are also needed to manage and implement field operations. Whether or not a specific budget 

is needed for such staff varies among countries. In several Asian countries, surveys have relied on 
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staff already employed by the NTP and/or local staff at the community level who are employed by 

the Ministry of Health (or equivalent), with no budget required for the survey per se. In contrast, 

in African countries planning surveys in 2010 and 2011, a specific budget for a central survey team 

and the staff needed for field operations has been necessary. 

12.2.4 Main reasons for higher budgets in African countries
The main reasons why larger budgets are required in African countries are as follows:

• Longer time required for survey implementation. For security reasons, field operations 

often have to be conducted during a more restricted period of the day in African countries, 

compared with Asian countries;

• Regulations related to the use of chest X-rays. In several African countries, regulations 

restrict the type of equipment that can be used in the field. The equipment that can be used 

tends to be more expensive;

• Need to recruit additional staff. As noted above, it has usually been possible for surveys to 

be designed, planned, managed and implemented by existing NTP staff in Asian countries. 

In African countries, fewer staff are available and budgets need to allow for the recruitment 

of additional staff to manage the survey and conduct field operations;

• More items need to be procured. In Asian countries, inputs needed for surveys are more 

likely to be available already. In Africa, some items need to be purchased. Examples include 

vehicles and laboratory equipment;

• Awareness raising and advocacy. In Africa, relatively large budgets have been included 

for advocacy and communication (for example, in the budget for the survey in Ethiopia4, 

these items amount to US$ 250 000; see Figure 12.1). In Asia, such activities have typically 

accounted for a very small share of the budget. This is mainly because Information Education 

and Communication (IEC) materials have usually been available prior to the survey, as part 

of advocacy and communication efforts within the NTP.

12.3 The typical components of a budget for a prevalence survey 

The main components that need to be budgeted for in a prevalence survey are illustrated in Figure 

12.1. The major items are:

• Staff. A central survey team is needed at national level to lead and manage survey opera-

tions. Staff at central level are also needed to manage and analyse data, and to disseminate 

findings. Staff are required at local level for field operations;
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Figure 12.1 
The budgets for the 2010–2011 prevalence surveys in Cambodia and Ethiopia, by major line item (4, 5)
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* Zero budget required for Cambodian survey since staff salaries already covered by NTP/Ministry of Health and funding for technical assis-
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Figure 12.2 
The budgets for the 2010–2011 prevalence surveys in Cambodia and Ethopia, 
by phase (4, 5)
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• X-ray equipment and related accessories and consumables. These are essential to 

implement the screening strategy recommended in this handbook, in which all survey 

participants are screened on the basis of symptoms and a chest X-ray (see Chapter 4). The 

exact type of equipment and supplies required will depend on whether conventional or 

digital technologies are used for X-rays (as explained above);

• Laboratory equipment and supplies. Depending on the existing availability and capacity 

of laboratories, the items to be budgeted for include incubators, deep freezers, centrifuges, 

microscopes, autoclaves and consumables for both smears and culture examinations. A 

specific budget may also be needed for transportation of samples;

• Computer equipment and supplies. These are required for the central survey team, and 

are essential for data management and analysis. They may also be needed in the field; 

• Survey documentation and field supplies. Examples include logbooks, questionnaires, 

banners, and T-shirts;

• Training. Training is required in reading of chest X-rays, interviews, laboratory operations, 

and survey and data management;

• Field operations. These include a pilot survey, visits to clusters in advance of full survey 

operations, and the survey itself;

• Workshops and meetings. These include workshops and meetings for the central survey 

team and committees established to provide oversight to the survey, workshops and meet-

ings for awareness raising and advocacy, and workshops to finalize and disseminate results;

• Technical assistance. Technical assistance is often required throughout the survey, espe-

cially in countries in which surveys have not been done for many years (or in which they 

have never been done). In the early phase of planning, technical assistance may be needed 

to draft and finalize study protocols, and to develop an implementation plan. At a later 

stage, assistance may be needed for activities such as selection of clusters, pre-visits to 

selected clusters, training of survey teams, advice on data management, and advice during 

the pilot survey and field operations. In recent surveys, it has also been standard practice to 

involve international experts in mid-term reviews, analysis of data and the dissemination of 

preliminary results and associated feedback;

• Ethical review. In some cases, a fee may need to be paid for the review and clearance of a 

survey protocol by relevant ethical committees; and

• Dissemination. This includes preparation of a survey report, final review and agreement 

of results, workshops to disseminate results and publication of findings in scientific journals.

 

It is useful to structure the budget in four main parts (see Figure 12.2), to cover (i) inputs and 

activities that are needed throughout the survey, (ii) inputs and activities that are needed in the 

preparatory phase, (iii) inputs and activities that are needed during the implementation phase and 

(iv) inputs and activities that are needed after field operations are completed. The main items to 

budget for in each case are as follows:

• Throughout the survey. Budget items include staff salaries and associated costs (for 

example, staff insurance) for the central survey team and technical assistance;

• Preparatory phase. Budget items include any vehicles, equipment and supplies that need 

to be procured for field operations, maintenance of equipment and vehicles, recruitment of 
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survey teams, training, meetings, awareness-raising and advocacy, development and printing 

of documentation (for example, forms, questionnaires and interviewer guides) and ethical 

clearance;

• Implementation phase. Budget items include the staff needed for the survey teams, 

transportation costs (for example, fuel) for activities such as a pilot survey, pre-visits to 

clusters and full survey operations, and data management;

• Post-field operations phase. Budget items include analysis of data and preparation of a 

report to summarize survey methods and results, a workshop to discuss and finalize results, 

a workshop to disseminate results, and the preparation and submission of manuscripts.

Budgeting should be done using the so-called ingredients approach, in which (i) the quantity of 

units of each item is specified separately from its unit price and (ii) the total budget is calculated by 

multiplying quantities by unit prices. 

A detailed example of a template that could be used (and adapted as necessary) to develop a 

budget for a prevalence survey is provided as Appendix 4. This is not intended to be a fully compre-

hensive or exhaustive list. However, it does identify the most important items for which a budget is 

likely to be needed. For specific components of the survey, the central survey team should consult 

with relevant experts (for example, experts in radiology, laboratory work and data management) to 

ensure that all necessary items are included.

The WHO TB planning and budgeting tool http://www.who.int/tb/dots/planning_budgeting_tool/en/ 

can also be used to develop a detailed budget for a prevalence survey, in line with the template 

presented in this appendix, as part a comprehensive plan for TB control. 

12.4 Why the budget for a prevalence survey may underestimate or 
exaggerate the true cost of a survey

The budget for a prevalence survey may under or over-state the true cost of a survey. The true cost 

of a survey is defined as the market value of all resources used in the survey. When the value of 

the time of staff needed to manage a survey and implement field operations is not included in a 

survey budget because those staff are already employed by the NTP or Ministry of Health, and/or 

the survey makes use of volunteers who are not paid, the survey budget will be less than the true 

cost of the survey. On the other hand, when the budget includes the full purchase price of equip-

ment (e.g. laboratory equipment, X-ray machines), vehicles and other items with a useful life that 

extends beyond the completion of the survey, the survey budget will be higher than the real cost of 

the survey. For example, if a survey takes 1 year to complete and the useful life of X-ray machines, 

vehicles and laboratory equipment is 8 years, the real cost of these items for the survey itself will 

be only a bit more than one eighth of their purchase price (the total cost is divided by a factor that 

allows for the need to pay the full cost of these items upfront, rather than spreading the payment 

over time). For any items with a useful life that extends beyond the end of the survey, survey man-

agers should, wherever possible, purchase models that will be useful once survey operations are 

completed. For example, if X-ray equipment is purchased then it is important to select models that 
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can be used within health facilities or for active case-finding after the survey is completed, and for 

which maintenance contracts can be obtained. 

The benefits of a survey may also extend beyond the survey itself. For example, prevalence surveys 

can help build skills and expertise in data management, X-ray reading and monitoring and evaluation; 

they may also catalyse the expansion of laboratory capacity to conduct culture examinations. 

12.5. Sources of funding for prevalence surveys

High level political and administrative commitment is essential to successfully undertake prevalence 

surveys. Surveys need to be viewed as priority both by national and provincial/regional administra-

tors, so that the necessary funding can be mobilized and to ensure the quality of survey design, 

preparations, implementation and analysis. 

As with any other component of TB control, the main sources of funding for prevalence surveys 

include domestic budgets, donor financing from bilateral and multilateral donors, and donor 

financing from foundations. Bilateral donors that have contributed funding for prevalence sur-

veys include the Japanese government (for example, Cambodia), the Dutch government (for 

example, Viet Nam and Ghana) and USAID (for example, the survey planned in Pakistan). Na-

tional governments that have funded prevalence surveys include those in China (for example, 

the survey in 2010) and South Africa (the survey planned in 2010/2011). The Bill and Melinda 

Gates Foundation along with the European Union’s 3-Diseases Fund provided financing for the 

2009/2010 survey in Myanmar. 

The single biggest source of funding for prevalence surveys planned since 2006 is the Global Fund. 

The importance of the Global Fund in financing surveys in Africa planned from 2010 onwards is 

especially striking. In most African countries, the Global Fund is the only or by far the most impor-

tant source of funding (for example, Ethiopia, Kenya, Malawi, Nigeria, Rwanda, Tanzania, Uganda, 

Zambia).  

To mobilize funding for prevalence surveys from national governments and donor agencies, it is 

essential that the importance of undertaking a survey is demonstrated, supported with a techni-

cally sound proposal, a detailed workplan and budget. The budget should be clearly presented (for 

example as shown in Appendix 4) and the budget items - in particular the items that account for 

the biggest share of the total survey budget - clearly justified. Where appropriate, demonstration 

of cost-sharing and use of existing resources will be helpful. Resource mobilization efforts will also 

be facilitated if the budget justification includes an explanation of how the inputs and activities 

included in the budget (such as X ray equipment and laboratory strengthening) will have benefits 

that extend beyond the survey itself (see also Section 12.4).
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Rationale

Implementing a prevalence survey in-

volves numerous activities that need to 

be carried out according to standard-

ized procedures and within a short time 

frame. This can only be accomplished 

when there is clear agreement on the 

tasks that need to be performed by 

each team member, and when the im-

plementation of these tasks is properly 

supervised.

Content

This chapter describes the proposed job 

descriptions for all survey team mem-

bers and discusses the lines of super-

vision that are needed for successful 

implementation.  It details the training 

needs for all activities that need to be 

carried out during the survey.

Examples

Examples from the survey in Bangladesh 

(2007–2009) and the United Republic of 

Tanzania (in preparation) are given.

Lead author

Frank van Leth

Contributing authors

Ikushi Onozaki, Peou Satha, 

Hoa Nguyen Binh

Chapter 13 
Survey organization 
and training

Organizing a prevalence survey is a large under-

taking that entails not only the design of the 

study protocol but also the detailed planning of 

field activities, supervision strategies and train-

ing modules. This chapter focuses on the super-

vision structure of the survey, the key players in 

the survey organization and the training needs 

for all survey staff.

13.1 Lines of supervision 

Strong lines of supervision are needed through-

out the survey to ensure its proper implementa-

tion. This implies that there needs to be focused 

attention on how this is going to be achieved, 

with careful consideration of the qualifications 

and experience of key personnel. An organogram 

of a possible supervision structure is depicted in 

Figure 13.1. The Steering Committee has overall 

responsibility for the survey, the survey coordi-

nator has day-to-day responsibility, and the team 

leaders have responsibility for field activities.

13.1.1 Steering committee and 
Principal Investigator
The steering committee (SC) is ultimately 

responsible for designing the study, maintain-

ing the quality of the study’s conduct and writ-

ing the final study report. It therefore monitors 

and intervenes, if needed, throughout the full 

process of survey design, implementation and 

analyses. The committee comprises representa-

tives of stakeholders such as the NTP, the public 

health service, local research institutions and, 

possibly, the funding agency. These members 
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are joined by the investigators and other experts not otherwise involved in the survey. Given the 

diverse constitution of the committee, it is good practice to appoint a principal investigator (PI). 

This person is the liaison for communication outside the SC.

The committee can choose to outsource all or part of its responsibilities to a research institute 

(public or a contracted research institution). However, the act of outsourcing does not mean that 

the committee has outsourced its responsibilities. It should therefore be made clear (by formal 

contract) what can be expected from the research institute with respect to deliverables, human 

resources and financial arrangements. It is better to transfer the entire responsibility for conduct-

ing the survey to an organization that is capable of conducting the survey by itself, rather than to 

outsource only parts of the survey. This ensures a consistent and integrated approach to imple-

mentation. However, this might be difficult for the laboratory parts of the survey, for which a single 

institution often does not have adequate capacity. The chosen outsourcing organization should 

implement appropriate quality assurance and quality control measures in the survey to ensure that 

good-quality data are generated. Examples of outsourcing can be found in several surveys. In the 

United Republic of Tanzania (1), implementation of the planned prevalence survey will be partly 

outsourced to the National Institute for Medical Research, which has also been closely involved in 

designing the survey from the start. However, the principal investigator and the survey coordinator 

are from the NTP. In Bangladesh (2), all survey activities were outsourced to a renowned research 

institute, including that of the role of the principal investigator and the survey coordinator. The role 

of the NTP was organized through its chairmanship of the SC.

13.1.2 Survey coordinator
The day-to-day management of the survey is the responsibility of the survey coordinator who 

is appointed by the SC. Communication between the SC and the survey coordinator is primarily 

through the PI. In large countries, a coordinating team consisting of the central survey coordinator 

and several regional coordinators for administrative subdivisions may be needed. Although the 

main work of the survey coordinator is managing the implementation of the survey, it is strongly 

advised that this person be appointed as soon as possible in order to be actively involved in the 

design of the study.

The survey coordinator supervises the work of the different field teams that collect the data. For this 

there needs to be close collaboration between the survey coordinator and the team leaders. In some 

recent surveys, it was difficult for the survey coordinator to spend enough time in the field; supervi-

sion is then mainly done by assessing the field reports of the team leaders in a timely manner. These 

reports are drawn up after finalizing the activities in a cluster, and are sent to the survey coordinator. 

The reports highlight the number of subjects enrolled in the survey, contain a tabulation of all activi-

ties performed, and discuss problems encountered and solutions implemented. Attention should be 

given to the communication between the survey coordinator and the field team leaders: after a field 

team has left the cluster it will be almost impossible to rectify structural mistakes in data collection 

from this cluster since tracing the participants will not always be easy. A possible solution is to have 

representatives from the coordination team in the field during crucial parts of the data collection. 

These individuals form the “eyes and ears” of the survey coordinator and can ensure that field activi-

ties are properly supervised and that problems are addressed in a timely manner.
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13.1.3 Team leaders and departmental heads
The full survey team consists of central and field divisions, each responsible for activities at their 

respective levels. Within the central division will be several groups responsible for a specific task 

(e.g. laboratory, data management, X-ray), often carried out by well-defined departments in a hos-

pital or research institute. The departmental heads of these central divisions are responsible for 

the proper implementation of the survey activities, and report directly to the survey coordinator. 

The heads of each field team are responsible for implementing field activities in their appointed 

clusters. Each head is also responsible to the survey coordinator, but can be more directly super-

vised (and assisted) by the field supervisors if needed.

13.1.4 Field team members
The number and composition of the field teams depends on the design and size of the survey. 

Examples of the composition of the field team can be found in the web appendix (3). It is recom-

mended that each field team has a fixed component and a flexible component. The fixed compo-

nent refers to those individuals who carry out the technical activities and remains the same for all 

clusters. The flexible component refers to those individuals who assist the survey team in their own 

cluster (or clusters in their responsible administrative area such as a province or district), and there-

fore changes among clusters. The flexible component allows adaptation to local circumstances (e.g. 

assisting the census takers, tracing participants), while the fixed component guarantees standardized 

survey procedures across the clusters. 

13.2 Advisory functions

The SC and the survey coordinator need to be advised on a range of technical issues. This is best 

done by forming a technical advisory group. In addition, there needs to be a medical director 

who can advise the field team leaders and the survey coordinator. This person can be part of the 

SC, although a separate advisory role can also be envisioned. The place of these activities within 

the overall set-up of the survey is highlighted in Figure 13.1.

13.2.1 Technical Advisory Group
The SC and the survey coordinator should be advised by a technical advisory group (TAG). This 

group provides technical input (e.g. on census, radiology, microbiology, epidemiology) for the 

activities of the SC and consists of experts in these fields. Collaboration with the group is intense 

during the design of the survey and the SOPs. During implementation of the survey, communication 

between the SC, survey coordinator and technical advisory group is more on an ad-hoc basis, 

although it is advised to have members of the TAG present at the regular meetings of the SC.

The role of the epidemiologist and statistician in the TAG deserves special mention. The involve-

ment of such individuals is important to ensure that issues related to sampling and data analyses 

are implemented correctly. Also, during the implementation of the survey, issues can arise that 

need their attention, such as an unexpectedly inaccessible cluster that needs to be replaced or a 

need to subsample within a large selected cluster.
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13.2.2 Medical director
The medical director is responsible for medical decisions related to the case management of survey 

participants. This is not restricted to participants identified with TB, but extends to all medical 

situations that can occur during screening of survey participants (see Chapter 11). The medical 

director can be part of the SC or serve as a separate adviser.

13.3 Qualifications and tasks for survey staff

The scale of a prevalence survey calls for the implementation of a large number of related activities 

within a short period of time. This requires an organizational framework that covers all managerial 

and advisory levels in preparation, execution and reporting. Each level (and each individual) has its 

own terms of reference and responsibilities, which should be clearly described. This section pro-

vides general descriptions of the qualifications needed and possible broad job descriptions. These 

should be adapted according to local circumstances. This also holds true for the suggested time 

allotment in the case of a part-time activity. This should be seen as an indication only and will 

depend on the experience of the person executing this part-time activity.

Remuneration for the activities should be based on the extent of the work performed and the 

practices in the country. Activities that need a full-time commitment of the individual, such as the 

survey coordinator, the team leaders and the fixed-team members, can be remunerated through 

specially drawn-up contracts which include appropriate details. Part-time activities, such as members 

of the SC, TAG, departmental heads and the flexible team members, can be remunerated through 

a per-diem system. 

13.3.1 Principal investigator
Within the steering committee, the principal investigator is responsible for all survey activities. This 

function can be performed part-time (e.g. 20%).

Qualifications: 

• preferably at least 5 years of managerial experience in the field of public health

• strong managerial skills, including being able to delegate tasks

• extensive knowledge of TB

• extensive knowledge of population-based surveys

• working within or having access to an organization that has an infrastructure supporting 

population-based surveys

Job description: 

• assemble a survey team that has all the expertise needed to design, implement, and 

analyse the survey

• liaise with the Ministry of Health and other governmental departments

• work closely with internal and external technical consultants

• liaise with the survey coordinator on a frequent basis

• secure funding for the conduct of the survey
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13.3.2 Survey coordinator
The survey coordinator is the focal point for day-to-day management of the survey. This is a full-time 

job, which will be difficult to combine with other NTP activities.

Qualifications:

• preferably at least 3 years of research experience in the field of public health

• strong managerial skills

• knowledge of public health research and epidemiology

• knowledge of TB

• expertise in field work

Job description:

• involved in all preparatory stages of the survey, including its design

• prepare the field manual and SOPs

• prepare the training manual and study materials

• arrange the training of all staff

• plan the fieldwork

• arrange pilot-testing and its evaluation

• supervise the fieldwork

• supervise data management

• assess monitoring reports from both survey teams (central and field)

• assess monitoring reports from external technical consultants

• prepare monitoring reports for the PI and SC

• liaise with the PI on a regular basis

• liaise with local officials in the survey clusters (during pre-survey visits and actual field work)

• report without delay any major problems in preparation, execution or data management 

of the survey

13.3.3 Field team leaders
Team leaders supervise the field work performed by the survey team, with the aim of ensuring that 

all activities are carried out in full and according to the protocol. This is a full-time job. The total 

number of team leaders needed depends on the organization of the field activities. In Bangladesh 

(2) and the United Republic of Tanzania (1) the surveys were planned such that two teams would 

work at the same time in different clusters. As of mid-2010 South Africa planned to have around six 

to eight teams working at the same time. It must be realized that the number of field teams can be 

larger than the number of teams actually working at the same time. Many countries opt to rotate 

field activities among teams so as to allow for an adequate amount of rest for each field team. 

There must be a balance between the number of field teams and the standardization of activities, 

as well as of overall supervision. Therefore, the number of teams should not be too large.

Qualifications:

• preferably at least 2 years of experience in field work for research projects

• managerial skills
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• knowledge of TB

• expertise in field work

• team player and motivator

• attention to detail and accuracy when conducting administrative procedures

Job description:

• visit selected clusters before fieldwork

• provide final map of area to be sampled 

• lead the field team

• be responsible for logistics and organization during fieldwork

• coordinate the day-to-day fieldwork

• liaise with local, district and provincial authorities on issues regarding fieldwork

• provide a final field report to the survey coordinator at the end of fieldwork in each cluster

• liaise with the survey coordinator (and field supervisors) on a regular basis

• report, without delay, any problems in implementing the survey protocol in the field

13.3.4 Departmental heads
The departmental heads are the team leaders at the central level. They are responsible for the 

accurate performance of technical activities. They are often not specifically recruited for the survey 

but their cooperation is requested from the organizations to which they are appointed. This activity 

can be performed part-time (10%).

Job description:

• be responsible for logistics and organization during the survey work

• ensure that technical work is implemented according to appropriate standards

• coordinate the day-to-day survey work

• provide regular field reports on the survey work

• liaise with the survey coordinator on a regular basis

• report without delay any problems in implementing the survey protocol

13.3.5. Fixed team members
The team members who work in all clusters are the fixed-team members. They implement all tech-

nical field activities. These are full-time functions.

Qualifications

• preferably experience in field work in a research setting

• experience in the assigned task

• good administration and organizational skills

• adequate social skills to interact with the survey population

Job description:

• administration

• census taking

• interviewing
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• sputum collection

• X-ray taking and reading

• sputum microscopy

• data validation

13.3.6 Flexible team members 
Team members who only work in one cluster are the flexible team members. These are usually 

individuals from the local community. They assist the survey team in implementing the survey in a 

single cluster. This is a full-time job done for a short period of time (1 or 2 weeks of field activities 

within a single cluster).

Qualifications:

• preferably experience in field work in a research setting

• knowledge of local language(s) spoken in the cluster

• knowledge of the area where the activities are carried out

• adequate social skills to interact with the survey population

Job description:

• site preparation

• organization of flow of subjects in the field site

• assistance with census taking

• tracing of survey subjects

• assistance with sputum collection

• transport of sputum samples

• feedback of positive laboratory results

13.3.7 Data manager
Special mention of the role of data managers is warranted since their contribution to survey design 

and survey implementation is often underestimated. A detailed description of this task can be 

found in Chapter 15. This function is a full-time job.

Qualifications:

• team leader and motivator

• proven extensive experience with large-scale surveys

• appropriate skills for building and maintaining relational databases

• able to carry out merging of databases

• able to carry out and validate double data-entry procedures

• analytical skills to provide summary statistics and identify systematic entry errors

• good administrative skills including maintenance of adequate documentation

Job description:

• lead the data management unit

• coordinate all steps in data management
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• prepare database and data entry screens

• be responsible for the validation of double-entered data files

• ensure that data are properly stored and backed up

• check validated data files regularly for systematic errors (cleaning)

• be responsible for completion of regular data management reports

• liaise closely with members of the data management group

• liaise with the survey coordinator on a regular basis

• report without delay any problems encountered in data management

13.3.8 Technical advisory group
The technical advisory group advises the SC and the survey coordinator on all technical aspects of 

the survey. The main focus is on the design of the protocol and the SOPs, but ad-hoc advice during 

actual field work should also be available. Members perform these activities on a part-time basis. 

Their workload will be different in different phases of the survey, ranging from adhoc meetings dur-

ing the implementation phase to more intensive involvement during the design phase.

Terms of reference:

• advise on the survey protocol

• produce the technical parts of the field manual or SOPs  

• advise on the procurement of equipment and supplies

• advise on the design, pre-testing and production of study materials

• provide technical assistance in training and pilot-testing

• provide ad-hoc advice during survey implementation

• have representatives in the SC

13.3.9 Medical director
The medical director is responsible for medical decisions related to the case management of survey 

participants. This is a part-time activity (10%).

Terms of reference:

• advise on management of medical conditions identified among survey participants

13.4 Staff recruitment

It is unlikely that all staff needed for the survey will be readily available at the implementing institu-

tion. Recruitment of staff should not be delayed until close to the start of the survey. Experience 

shows that staff – and especially staff for the field teams – are not easily found and recruited. 

Long periods of time spent in the field are not suitable for everybody. Furthermore, there should 

be ample time to train all staff before survey implementation. Besides staff for the field work, the 

central departments involved should also consider hiring extra staff, although this depends on the 

amount of work that has to be carried out for the survey in addition to day-to-day activities. In-

volvement in a national prevalence survey generates a large amount of work that needs additional 
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human resources. If not taken care of, both the day-to-day work of these departments as well as 

the survey conduct will be jeopardized.

Staff can be identified through routine recruitment procedures in the country. Given the temporary 

nature of the jobs, it is worthwhile to assess the possibilities of recruiting staff on a secondment 

basis from universities, research, or nongovernmental organizations in the country. Incentives for 

retaining staff should also be considered. This can not only be adequate remuneration for the work 

done, but also the future work prospects after completion of the survey. Even a formal certificate 

stating the experience in field work acquired would enable staff to look for other appointments in 

the same field of work after completion of the survey. Despite these measures, (high) staff turn-

over is possible and should be taken into account. Procedures should be in place for rapid replace-

ment and training of newcomers.

13.5 Training

The training of staff is important to ensure that procedures are fully conducted and standardized 

throughout the survey, under all specific survey conditions. The survey coordinator should make 

arrangements for such training, either in the institution implementing the survey or in another 

organization that has resources for the training. In the latter case, the type of training required 

must be made very clear to the institution conducting the training. All staff members should be 

systematically trained and assessed before being declared suitable for the post to which they have 

been recruited. This is required for all staff including, for example, the team leader, the census 

taker, the coordinator, the X-ray technician, the secretary to the coordinator, the sputum collector 

and all field workers. Staff from the central department should also be trained in survey activities. 

It is wrong to assume that technical day-to-day procedures at the central level are similar to proce-

dures in a survey setting.

An expert panel has developed a generic training manual for use in prevalence surveys. This manual 

describes the objectives, content, and methodology for training of survey staff. Being generic, it 

needs adaptation to local circumstances. The full manual is available at the web appendix (courtesy 

of the KNCV Tuberculosis Foundation) (3). A summary of the manual is given below.

13.5.1 Training set-up
The set-up of training follows the proposed composition of the survey team with a central team 

and a field team. It is advised to have all staff trained together at the same time. This ensures good 

team-building and staff awareness of the activities performed by others. The format described in 

the training manual is one of a 5-day seminar. This first day is a plenary session for all staff. The next 

three days are dedicated to specific activities that need to be carried out by the different teams. 

Some of these training activities can be run in parallel. Part of the final day is reserved for another 

plenary session, which is used for feedback from the training or team-building activities. Additional 

time may be needed to cover all topics if the survey team has insufficient general experience. The 

pure technical training for the use of X-ray machines, X-ray reading and laboratory activities are 

often done in advance to develop enough capacity prior to other training activities with the rest of 
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the survey team. After the training it is advised to have a small-scale field exercise in the community 

before the actual pilot study. This will help to built capacity within the survey team.

13.5.2 Training modules
Module A: Introduction to a prevalence survey

This module describes the rationale and the design of the survey, as well as the roles and responsi-

bilities of the different teams involved. There is a strong emphasis on the need for standardized data 

collection methods and the role of SOPs. The training is done through presentations, discussions and 

group work. The responsibility for this module lies with the survey coordinator in collaboration with 

the technical assistance consultant, both of whom also serve as facilitators. All survey staff follow 

this module. Other modules are team-specific (see Table 13.1).

Module B: Central laboratory

Module B is designed for all TB laboratory staff working at the central level of the survey. The focus 

is on technical issues related to TB diagnosis through smear microscopy and culture. In addition, 

the specific survey conditions are highlighted with respect to administration, handling of a large 

volume of specimens and preparations for external quality-control procedures. The methodology 

used is a combination of presentations, discussions and proficiency testing. The head of the central 

TB laboratory is responsible for the conduct of the training.

Module C: Central radiology

This module is designed for all radiology staff working at the central level of the survey. The focus is 

on technical issues related to TB diagnosis through chest X-ray. The specific survey conditions with 

respect to administration, handling of large volume of X-rays and preparations for external qual-

ity control procedures are also highlighted. The methodology combines formal presentations and 

practical exercises. The head of the radiology department is responsible for the implementation of 

the training.

Module D: Survey management

This module is specifically for the survey coordinator and members of the coordination team. If there 

is a formal monitoring team, then these members also have to be trained in this area. The PI, in col-

laboration with the technical assistance consultant, is responsible for this training. The focus is on 

leadership, rapid identification of problems during the survey, assessing monitoring reports, and com-

munication with the PI and SC. The methodology is mainly through discussions and role play. It would 

be of great value if apart from this training, the survey coordinator can visit surveys that are already 

in progress in other countries, to gain hands-on experience.

Module E: Data entry, cleaning and validation

Module E is geared towards the data manager and their team. The main focus is on a comprehensible 

discussion of the formal data management plan (see Chapter 15), including administration, creating 

back-ups, data entry and assessing inconsistencies in the data. The methodology is explained through 

practical exercises with the survey database under the responsibility of the data manager.
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Module F: Census taking and interviewing

This module is designed for all staff in the field teams who are interviewing potential survey par-

ticipants. The objectives are to be aware of ethical issues involved in performing such interviews, 

to learn interviewing techniques (such as adequate probing), to be able to select the appropriate 

study population (inclusion and exclusion criteria) and administrative skills. Apart from presenta-

tions and discussions, practical exercises and a field trip to “real households” are used. The respon-

sibility for this training lies with the survey coordinator. However, training in census-taking might 

be best performed by somebody from the central bureau of statistics with ample field experience.

Module G: Field radiology

This module is designed for all radiology technicians who perform the X-ray screening in the field, 

and is implemented under the responsibility of the head of the radiology department. The trainees 

learn safety regulations, technical issues involved in chest radiography, storage of images and admin-

istration. This module is largely a hands-on training in survey activities.

Module H: Field specimen collection

Specimen collectors are trained in approaching study participants, technical issues on specimen 

collection (sputum, blood (optional)), packaging and storage of specimens, preparations for speci-

men shipment and administrative issues. This module is mainly a hands-on training of survey 

activities. The responsibility lies with the head of the TB laboratory department. This module is 

also intended for field microscopists, for whom there is additional attention to staining and reading 

slides under field conditions. Survey samples do not become part of the routine EQA activities in 

the country, but will be subjected to study-specific quality-assurance strategies.

Module I: Field data management

This module is intended for the team leaders and focuses on all activities needed for adequate 

monitoring of data collection and administration. The methodology is a combination of presenta-

tions, discussions and practical exercises. There is a strong emphasis on communications between 

the field tram leaders and the survey coordinator. The survey coordinator in collaboration with the 

data manager is responsible for this training module.

13.6 Technical assistance

The organizing institution (NTP or research institute) is advised to team up with a technical agency 

to obtain assistance in all aspects of the design, implementation, analysis, and dissemination of the 

survey. The currently available technical agencies work closely together within a Task Force headed 

by WHO (4). This assures that surveys are designed and implemented in similar ways in different 

countries. This close cooperation also ensures that all involved have access to a wealth of experi-

ence that is accumulating with each implemented survey.

The choice of technical agency is up to the organizing institution. Often it is the agency that is already 

involved with the NTP on a programmatic level and/or on other research activities.  There needs to 

be a clear request from the organizing institution towards the technical agency before assistance to 
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survey activities can be given. There needs to be an adequate budget line and associated funding 

to accommodate this technical assistance (see also Chapter 12).

13.6.1 Role of the technical agency
The main role of the technical agency is to assist in all stages of the prevalence survey, which 

range from initial assessment, through design and implementation, to analysis and dissemination 

of results. All activities should be agreed upon within a formal Memorandum of Understanding. 

Despite the involvement of the technical agency throughout the survey, the organizing institution 

(through the SC of the survey) remains ultimately responsible. Also, the communication with all 

partners in the survey, including the technical agency, is part of the responsibility of the organizing 

institution. Proposed Terms of Reference for the technical agency are as follows:

• To identify along with the SC and PI the possible bottlenecks in the progress of the survey 

at all stages

• To provide technical assistance or facilitate provision of TA by other identified partners

• To serve as a member of the technical advisory group (or SC)

• To assist in finalization of the protocol, SOPs, field manual, training manual and budget

• To assist the survey coordinator in the implementation of the survey at all stages

• To arrange regular monitoring visits of field activities

• To assist in data analysis and dissemination of results
 

Figure 13.1 
Survey supervision structure

Research Organization

Steering Committee

Field Supervisors

TAG*

Medical 
Director

Principal Investigator

Central team

Head of Departments

Laboratory Radiology Data manager Logistics Flexible part Fixed part
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Survey Coordinator

* TAG: Technical Advisory Group
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Table 13.1 
Training schedule

Survey team Sub team Key tasks Modules* Specific content Method

Central Survey 
coordinator

Management A, D • Managerial skills
•Identifying implementation problems
• Assessing monitoring reports
• Communication

• Presentations
• Discussions
• Group work

Central Data 
manage-
ment team

Data entry

Data 
management

A, E • Implementing data management plan
• Administration
• Identifying inconsistencies
• Data entry, cleaning and validation

• Presentations
• Practical exercises

Central Laboratory 
team

Quality assess-
ment of field 
laboratory

Sputum culture

A, B • Technical training
• Specimen handling, storage and shipment
• Quality control measures

• Presentations
• Practical exercises

Central X-ray team Quality assess-
ment of field 
X-ray

Final diagnosis

A, C • Technical training
• Handling and storage of large volume images
• Quality control measures

• Presentations
• Practical exercises

Field Team lead-
ers

Management A, I • Managerial skills
• Monitoring data collection
• Identifying inconsistencies
• Administration

• Presentations
• Practical exercises
• Group work

Field Census 
team

Census taking A, F • Ethics
• Population selection
• Interview techniques
• Administration

• Presentations
• Practical exercises
• Field visit

Field Interview 
team

Interview taking A, F • Ethics
• Population selection
• Interview techniques
• Administration

• Presentations
• Practical exercises
• Field visit

Field Sputum 
team

Sputum 
collection

A, H • Technical training
• Storage, packaging and transportation of 
specimens

• Presentations
• Practical exercises

Field Laboratory 
team

Microscopy

Sample 
packaging

A, H • Technical training
• Storage, packaging and transportation of 
specimens
• Microscopy in field conditions

• Presentations
• Practical exercises

Field X-ray team Screening X-ray A, G • Safety
• Technical training of radiographic images
• Storage and shipment images

• Presentations
• Practical exercises

* See Section 13.5.2 for an explanation of modules
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Rationale

To carry out the field operations of a TB 

prevalence survey smoothly, careful prepa-

ration, planning and management beyond 

what is included in the survey protocol are 

essential. Countries often encounter unfore-

seen challenges during field operations. We 

present practical experience from successful, 

recently conducted surveys in order to help 

preparations in other countries where sur-

veys have never been organized or not been 

organized for a long time.  

Content

This chapter explains the principles of field 

activities and gives practical tips on activities 

from assessment visits to reporting results 

including local government and commu-

nity involvement. Technical details of survey 

tools are covered elsewhere and are not part 

of the remit of this chapter. National TB prev-

alence surveys cannot be carried out without 

the close involvement of local government, 

local health service networks and commu-

nities. Field operations should be planned 

carefully with appropriate field assessment 

and field tests of the survey instruments. 

Examples

This chapter is based on experience from 

surveys that used the screening strategy and 

cluster size recommended by the Task Force. 

Experience gained from surveys in China, Ke-

nya, the Philippines and Viet Nam is used.

Lead author

Ikushi Onozaki 

Contributing authors 

Frank van Leth, Peou Satha, Hoa Nguyen Binh, 

Thomas Anthony, Charalambos Sismanidis

Chapter 14 
Field Operations

14.1 Timelines

The choice of cluster size is based on sta-

tistical considerations and operational fea-

sibility/logistic challenges (see Chapter 5). 

To complete field operations in a cluster 

of less than 1000 individuals, the size the 

Task Force recommends, a 7–10 day cycle 

is often adopted (e.g. Cambodia (1), Myan-

mar (2), Philippines (3, 4)). Box 14.1 sum-

marizes the timelines of basic field activities 

for a cluster of 500–650 participants. The 

assumption is that 150–180 chest X-rays 

(CXRs) can be taken per day, although expe-

rience from Viet Nam (5) and Myanmar (2) 

shows that more than 200 CXRs per day can 

be achieved.

 

The field operation schedule should be 

planned considering several factors such as 

logistics (distance and required time of trav-

el, refuelling), weather conditions, national 

and local events, maintaining the health of 

staff, time for reporting of the completed 

cluster work and preparation for the next 

cluster. The number of teams that can work 

at the same time in different clusters is of-

ten dependent on the capacity of culture 

laboratories. 

The Cambodian survey (1) had three field 

teams. Each week two teams were per-

forming field operations while the third 
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team was on a break (resting). Each field team worked for 2 consecutive weeks (completing work in 

2 clusters) and then summarized progress made, replenished material, and rested the third week. 

During the break or on the way back to the base, senior members of the survey field team (team 

leader and a census taker) visited future clusters a few weeks before the team actually performed 

the field operations there.  

Often field teams visit different clusters in consecutive weeks, without returning to base. When a 

field team visits more than one cluster, it is advisable to visit the most logistically difficult cluster 

last in order to avoid postponement of operations in the other clusters. For example, very remote 

clusters that may require additional days to get to, or densely populated urban clusters that may 

require weekend operations, should be visited as the last cluster of a cycle (i.e. clusters visited 

consecutively without returning to base), or should be visited independently and not part of a 

cycle. 

Box 14.1: Basic field activities1

1. Assessment visit (first pre-visit): Survey planning and preparation stage 

2. Pilot survey 

3. (second) Pre-visit: 3–5 weeks before cluster work

____________________________________________________________________ 

4. Cluster operations2 

• Day 1: Arrival and setting up with local collaborators

• Day 2: Census - Confirmation of eligible subjects

• Day 3: Examination-1

• Day 4: Examination-2 

• Day 5: Examination-3 & first sputum shipment for culture to the laboratory

• Day 6: Examination-4 mainly for non-attendees (mop-up operations)

• Day 7: Final sputum collection and second sputum shipment for culture to 

the laboratory. Move to next cluster, or back to base

____________________________________________________________________

5. Feedback of survey results 

• Within a few weeks: Report with smear (and final CXR) results

• Within a few months: Report with culture results

• After survey completion: Thank you letter and full report

1 Based on national surveys in Cambodia (1) and Myanmar (2).
2 In surveys where a provisional diagnosis of smear-positivity is made in the field, the schedule of activities will differ slightly.
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14.2 Standard Operating Procedures/Field Survey Implementation 
Manual

The field activities should be carried out according to Standard Operating Procedures (SOPs). Some 

countries call them Field Survey Implementation Manual - see Chapter 3. It is important that SOPs 

cover how different components of the field activities of the survey link with each other, since team 

work is essential and most procedures are interlinked. There can never be too much detail in the 

description and what to do in certain anticipated situations because there is often no opportunity 

in the field to contact the survey coordinator quickly when the field manual gives no answer to an 

unexpected problem. 

Examples, case studies, and frequently asked questions (FAQs) will help staff to understand the 

SOPs. This component of the SOPs is a living document, and during the survey material will be 

added to allow for sharing of experience among the field teams, lessons learned from challenges in 

the field, and to ensure standardized responses across teams.

14.3 Mobilization and involvement of local government and 
communities

The success of fieldwork during a TB prevalence survey depends upon close cooperation with the 

communities where the survey is being conducted. Close cooperation is possible only when the 

project is supported by stakeholders beyond the public health services, when community leaders 

are consulted by the research team, and when community members are properly informed about 

the objectives and the conduct of the survey. 

Full support for the survey from the Ministry of Health (MOH) is vital, even though the survey itself 

may be carried out by a third party such as a research institute outside the MOH. This support 

should be communicated to all relevant authorities at the administrative levels that are involved in 

the implementation of the survey, such as states, provinces, districts, and local communities. One 

has to consider carefully which channels to use for this communication. There are two obvious 

routes:

• The MOH directly informs local health and relevant authorities and asks for cooperation 

with the research team; or

• The NTP uses its decentralized infrastructure to inform local authorities.

Whichever route is chosen clearly depends on the country, but in all instances the goal must be that 

the research team gets full cooperation from the relevant authorities within the local administra-

tive unit and the communities where the survey is being conducted. For example, the MOH may 

notify central down to intermediate levels, and the local health service/NTP network may be used 

to notify peripheral levels.

However, most important is direct contact with the community. Three occasions are often utilized to 

facilitate cluster-community involvement: the assessment visit, the pre-visit and cluster operations.
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The fact that local authorities and community leaders support the survey does not guarantee that 

the community members will cooperate with the research team. There are several things that can 

be done to improve community participation. Much of this can be done upon arrival in the community. 

Specifically, it will help to:

• Provide adequate information to the community, for example, by explicitly defining:

o all target groups in the community that should be informed; 

o the message to be conveyed; 

o the means of conveying the message; and 

o the timing of providing the information. 

• Making sure that field activities create minimal intrusion. 

The message conveyed to the community should be simple and to the point. How the message is 

phrased should be carefully considered. Neutral phrasing and simple wording is best. Visual aids 

such as a leaflet will help (see Figure 14.1). The essential parts of the message are: 

• the objective(s), time and venue of the survey; 

• an explanation of the methods to be used (X-ray, questionnaires, sputum examinations); 

• the benefits (early detection and treatment) and risks, possible disadvantages  to the 

participant; and

• a clear description of the process that will be followed if any abnormality (TB or other lung 

disease) is detected. 

A more detailed message about the survey and its processes will be given to individual participants 

during the process of obtaining informed consent (see Chapter 6 and Chapter 10). There are many 

different ways in which these messages can be conveyed to community members, for example via 

community meetings. The research team should discuss with the community leader which method 

is most appropriate for the community. Having a focal person from within the community taking 

part in conveying the message will strengthen the trust of the community members in the survey 

team. 

Field activities have to be designed to minimize inconvenience to community members in order to 

ensure their cooperation. The most appropriate way involves a careful trade-off between the need 

for certain activities and the convenience of the participants. 

Issues to consider in carrying out the survey activities are: 

• timing including the season (e.g. rainy season, harvesting season); 

• location (survey base); and 

• the frequency of required visits.

The working hours of the research team should be tailored to the activities of the community, and 

not the other way around. For example, in urban settings residents may have fixed working hours 

during the week and more availability during evenings and weekends.
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Figure 14.1 
Poster and leaflet for national survey in China (6)

A celebrated Chinese folk singer 
Ms Peng Liyuan, China’s national 
ambassador for the control and 
prevention of TB, is inviting people 
to attend the TB screening pro-
gramme of the prevalence survey.  
“Early detection of the disease 
leads to early cure and disease 
prevention”. The venue and target 
population (residents, aged 15 or 
more) and the contents of examina-
tions are shown.
The leaflet was also distributed to 
illustrate what examinations will be 
carried out. It also explains that the 
examinations are free and treat-
ment is also free of charge when TB 
disease is detected.

 

14.4 Field activities

The field activities of a TB prevalence survey should include the pilot survey, preparation visits, field 

data collection, and follow-up activities. 

14.4.1 Assessment visit (the first pre-visit)
The local communities where the survey is being implemented should be visited by a central 

research team member and/or a local TB programme coordinator in the preparation stage of the 
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survey. This visit is typically arranged enough time in advance before the survey operation plan is 

finalized. When this work is delegated to local coordinators, they should be instructed properly 

about the survey and their responsibilities. The objectives of this first contact are to:

• explain the objectives and procedures of the survey to relevant local authorities and 

community leaders;

• obtain consent and confirm the commitment of local authorities and community leaders 

to implementing the survey; 

• assess the availability of population/household lists (see Section 14.4.4.2); and 

• assess the situation for the research team, accessibility, seasonal conditions, sleeping 

location, food availability etc.

A checklist should be developed to collect information from every cluster in order to achieve these 

objectives. During the assessment visit, the availability of population data should be carefully 

assessed and depending on population lists from each survey cluster, the survey census plan will 

need to be developed accordingly. 

The survey field operation schedule should only be finalized after completing a full assessment 

of all the candidate clusters. There are, for example, weather conditions, seasonal accessibility, 

harvest and local festivals which should be considered in order for the visiting schedule of field 

operations to be finalized. 

The assessment visit is vital in establishing a good working relationship between the local commu-

nities and the research team. It is therefore important that the right people within a community 

are met by senior, high-ranking representative(s) of the research team or local TB programme. At 

this stage, to avoid creating unrealistic expectations, it is important to make local authorities and 

community leaders understand that: 

• this is a (national) survey; 

• it is still a plan; 

• the survey may not be able to cover whole communities; 

• part of the community (e.g. a particular village or household groups) receiving examinations 

will be defined at a later stage.

After this first contact, local authorities and community leaders should be kept informed via local 

health authorities and/or the NTP about the progress of survey preparations and the tentative 

schedule of field operations. 

14.4.2 Pilot Survey
When the SOPs are ready and training is completed, a pilot survey should be carried out in one or 

two clusters a few weeks or a month before launching field data collection for the survey proper. 

Depending on preparedness and country experience, an actual survey cluster may be used as a 

pilot cluster. However, when the country has not had recent experience of similar activities, it is 

advisable for the pilot cluster to be outside the list of chosen survey clusters.
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When two pilot surveys are planned, the first pilot cluster should be selected from a logistically easily ac-

cessible area, such as a sub-urban setting. All survey instruments should be tested during the pilot. 

Additional human resources, such as supervisory staff or trainers, should be put in place to provide 

direct monitoring and/or on-the-job training for the field teams. A second pilot cluster should be 

selected to be as similar as possible to a typical survey cluster. The pilot survey should be operated 

with the same number of staff that will participate in the actual survey field operations. The SOPs 

should be adapted after the pilot survey according to experience and reality in the field. When a 

country employs a stratified sampling design (see Chapter 5) a pilot survey in each stratum should 

be considered if at all feasible. 

  

Below we present some examples of problems identified during pilot surveys, which were rectified 

before full field operations commenced. 

1. Cambodia (1); Visual aids with photos of the pilot site to explain survey procedures 

were developed after they found difficulties explaining the survey procedures to people 

who are illiterate or those who were absent during home visits. Each household was given 

a small notebook. On the front and back covers were photos of procedures in the survey, 

while the first few pages contained information on the survey rationale, benefits, and risks. 

The rest of the notebook was empty and could be used by individuals or households for 

their own purposes. Given the usefulness of the notebook, it is less likely to be thrown away 

after reading, as is often the case with leaflets.

2. Cambodia (1) and Myanmar (2); National reference laboratories in both countries are 

internationally certified and successfully completed national drug resistance surveys. How-

ever, some of the laboratory results in pilot surveys were questionable. Laboratories were 

not accustomed to the large quantity of specimens with poor quality. Systematic contami-

nation was observed in Cambodia (1), while excessive de-contamination processes were 

observed in Myanmar (2). Rectifying these problems by retraining staff and adjusting survey 

procedures accordingly delayed the start of the survey by a month in Cambodia (1). 

3. Bangladesh (7), Myanmar (2) and China (6); Difficulties in involving urban/sub-urban 

populations in the pilot survey were experienced. These were overcome by putting in place 

enhanced community involvement strategies.  

14.4.3 (The second) Pre-visit 
The second official contact will be a pre-visit a few weeks or a month before the cluster operation. 

The senior member(s) of the field survey team should visit the cluster with the responsible local TB 

coordinator and/or district health officer(s). One full day may be required per cluster.

The purposes of the cluster visit include:

• Discussing and finalizing the survey operational plan including logistics and local human 

resource management plan with local stakeholders; 

• Mapping the cluster areas and excluding some facilities such as schools and correctional or 

military institutions from the sampling unit according to the inclusion and exclusion criteria;

• Defining the sampling area (see Section 5.3.4). When the sampling design does not require 

a selection of part of the final sampling unit, the second pre-visit becomes rather simple; 
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• Discussing the community mobilization plan to facilitate participation in the survey;

• Providing campaign materials such as posters and leaflets; 

• Giving orientation to local health workers or equivalent personnel in order to prepare 

household lists of the survey areas.1 

The survey team should identify which community members need to be approached in order to 

ensure high community participation. Possible such members are local health-care providers (gov-

ernmental, nongovernmental, private), community-based organizations, and community leaders 

(such as religious leaders and teachers). 

The team will explain the details of the survey operations to community leaders. Firstly, it is essen-

tial to designate survey sampling areas (i.e. household groups) according to the survey sampling 

design as laid out in the protocol (see Chapter 5) in a transparent manner when only part of a 

cluster/village is studied (e.g. village with a larger population than the target cluster size). Then, in 

consultation with the community, the exact site of the survey base will also be decided, and local 

volunteers will be appointed. Orientation of local staff to prepare the household lists is one of the 

essential activities of this pre-visit.   

It is advisable to inform the eligible individuals, identified from the community, about the survey, 

shortly before the actual survey takes place. This task can be done by a team that precedes the 

actual field team by just a short period and/or by community leaders and health workers during 

the period between the pre-visit and actual survey operations (typically a couple of weeks). 

The Advocacy Communication Social Mobilization/Information Education Communication (ACSM/

IEC) units of the national and local TB programmes often show an interest in carrying out TB health 

education during these visits. Such activities targeting the survey cluster must not be held because 

they will potentially create a bias: people may take action (such as seek care) prior to the survey, 

owing to the knowledge they got through the special health education programme; or people may 

declare TB symptoms falsely in order to seek further medical examinations and receive care from 

the survey team. Local programme managers and health workers should be instructed appropri-

ately to not take the initiative and perform such interventions in selected clusters before the survey 

operation. 

Several cluster villages may not have access to stable electricity and clean water, in which case the sur-

vey team will need to bring a generator and water supplies. In particular, an auto-film processor needs 

a stable electrical supply via a good quality generator, in comparison with other survey equipment. 

The capacity requirement of the generator should be assessed carefully with an electrical engineer. A 

bigger capacity is not always better, since the generator is possibly the heaviest piece of equipment for 

the team to carry. Rental from the local community is always an option. During the pre-visit, the team 

should identify the availability of a back-up generator from the local community. Tents and furniture 

such as desks and chairs are also usually available locally. Access to local markets with bottled water, 

local facilities with freezers to produce ice or ice packs, etc. should be studied in advance. 
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14.4.4 Cluster Operations (field data collection days)

14.4.4.1 Arriving in the community

The team leader, clerks and the census/interview unit may arrive one day earlier than, or on the 

same day as the CXR and laboratory units. Basic preparations on the day of arrival are:

• greeting community leaders;

• meeting with relevant persons including volunteers;

• receiving prepared household lists;

• counting the number of tentative eligible subjects; 

• deciding if it is necessary to add some blocks/household groups to reach the required 

sample size or to omit some household blocks when too many eligible subjects are expected;

• developing a precise household visit plan for the census i.e. who from the census team will 

visit which block in which order with which local volunteers; 

• organizing a community meeting if needed; 

• setting up a survey site: clear, visible instructions. Poster, banner, balloons, etc. 

The survey team should wear some sort of uniform (even if just a T-shirt) with a name tag. Local 

volunteers should receive a similar sort of uniform in a different colour to distinguish them from 

the survey team members. Security considerations are essential; the local police office should be 

contacted in advance. Night guards may be recruited. 

14.4.4.2 Census (household visit)

A population census for the designated survey area is usually carried out by the field survey team 

members in collaboration with the local community. It is essential to get appropriate persons trusted 

by the community members, such as lady health volunteers, to accompany the survey team. 

The time needed to conduct the census may depend on the following factors:

• Sampling method;

• Cluster size and area (population density); 

• Availability of an updated household population list from a local office; 

• Other survey components such as a household assessment of socio-economic status.

One day is usually enough to complete a simple survey census of 150–200 households with 500–

700 eligible subjects (1000 population), by 3–4 census team members, provided the household list 

has been prepared in advance by local health workers or authorities. If more days are needed in 

larger clusters, this does not mean that other activities have to delayed until the cluster census is 

complete. Eligible individuals from the first days of the census can be examined the next day, while 

census taking continues in other parts of the cluster, while the census unit is exempted from the 

interview work at the survey base.  

Even in countries where vital registration data are not officially available, local community offices or 

public health facilities often keep household lists updated for various purposes such as the Expanded 

Programme of Immunization, the Maternal and Child Health Programme and agricultural develop-

ment projects. Local health workers may copy such household population lists onto the survey house-

hold form in advance, during the period between the pre-visit and the arrival of the survey team. 
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When such household population lists do not exist or there is no chance to develop such a list by 

local stakeholders, the survey census may take 2 days or more per cluster. The census is a good 

opportunity for the survey team to establish communication with the community, and as a result 

make follow-up and mop-up activities easier to carry out. If a census by the field team is not fea-

sible, a dedicated census team should visit the cluster a few days or weeks in advance (or along 

with the pre-visit team) to complete the census. It is crucial that it is clear when individuals should 

be added or removed from this initial household population list during the census.

The objectives of the census (by means of household visits) are:

• To brief a household member on survey activities (information sheet/leaflet may be 

distributed) and request participation.

• To allocate a survey household number to each household (this is a unique number for 

each household in a survey cluster – see Chapter 15). The household number may be pasted 

on the entrance or wall of the house (with the permission of the household member).

• To interview a household member to verify the household list.

• To delete from the list those who passed away or who have not lived or stayed in the 

household for the duration defined in the protocol.

• To add to the list those who are eligible but do not appear on the initial household list as 

prepared by community members.

• To provide a unique individual survey number to all individuals including children (depending 

on the survey database/analysis design – see Chapter 15).

• To evaluate the eligibility for invitation to survey examinations according to the criteria 

defined in the survey protocol (note: this should be done regardless of the expected avail-

ability on the survey day, or willingness to participate). 

• To issue individual invitation cards with the expected day and time slot (e.g. Wednesday 

afternoon 14:00-17:00).  

• (optional) To collect socio-economic information. 

The census teams go around the designated area to visit every household. Each team should con-

sist of at least a census taker (interviewer) and a local assistant. A few teams may move together 

under the guidance of the survey team leader to visit different houses in the same area simultane-

ously, especially when the end point of the household sampling has not been identified in advance 

or when there are security concerns. If the survey area is clearly defined in advance and all eligible 

people are invited, each team may be allocated specific household groups or blocks in advance in 

which to conduct the census. 

In a TB prevalence survey, all household members above a certain age (e.g. ≥15 years) in a limited 

area such as village, ward, or household block are often sampled as eligible subjects. Taking all 

people from a limited area decreases the workload of the census. Since a TB survey needs to invite 

participants to the survey base (chest X-ray site), getting consent is often easier when all members 

of the household are invited rather than inviting only one person; it also keeps the distance to the 

survey base short because less households are needed to reach the target sample size. 
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The census is a good opportunity to convince people to come to the survey site. Information that 

aims to facilitate the obtaining of individual consent during survey examination days may be dis-

tributed during the census. It is also important to explain the necessity of consent from a parent or 

a guardian and assent from the minor when youths under the age of 18 are found in a household. 

After completing the census visit, the household lists are compiled to count the number of eligible 

samples (invitees). The household lists can be utilized as a survey register by receptionists during 

survey examination days. 

During the Myanmar (2) survey, the census was carried out during Sundays since the chance of 

meeting at least one adult in the household is higher compared to weekdays. 

14.4.4.3 Survey examination days

Before welcoming the survey participants the team leader should ensure everything is ready. The 

roles of all team members and volunteers should be re-confirmed. It is important that they under-

stand the flow of participants as well as the forms/survey instruments, since the location/position 

of each unit may vary from cluster to cluster. Figure 14.2 shows an example of participant and 

document flow.

14.4.4.3.1 Reception, informed consent and interview

At the central site the survey participants are welcomed by a receptionist (a team member). A 

local health worker may assist the receptionist and local volunteers will assist participants to create a 

queue if many arrive at the same time. The receptionist checks the participant’s invitation card 

(containing the survey ID) against the census form (survey registry) to confirm eligibility. The 

receptionist also prepares a survey individual record form so that it can be sent to the interview 

section. 

A group orientation session by a survey team member to explain survey procedures, risks and 

benefits may be organized either before or after the reception. If consent forms are given to 

participants during home visits or group orientation before reception then the signed consent 

forms can be collected by the receptionist; otherwise, interviewers should collect them prior to 

the screening interview. Those who need more explanation will be provided with an additional 

information sheet (fact sheet) and they may meet a team leader or other designated staff if they 

ask for further information. 

For people with disabilities, and when a country’s ethical review allows, the guardian’s consent 

is sufficient to involve them in the survey. Family members may provide screening information 

instead of the participant. When it is difficult for them to take examinations they should not be 

forced to participate.  

There may be unexpected guests from outside the cluster, or other non-eligible people, who 

arrive seeking medical examinations. It may be appropriate to ask local community leaders to 

handle these people to explain properly why they cannot be included in the survey, and local 
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health workers should be consulted if those people are sick. The local health worker may request 

a team physician to see the patient if it is urgent. The team leader or a physician may decide, on hu-

manitarian grounds, to take chest X-rays, especially in remote areas where such examinations are 

rarely available. This could also happen for political or psychological reasons. Such instances should 

be recorded, and most importantly their results should not be included in the survey dataset.

Figure 14.2 
Flow of participants and floor plan of the survey site

Group instruction

Reception

Laboratory 
technician Data checker

Counselling
re-interview X-ray reader

Screening interview
(KAP study)

X-ray
reception

Waiting space

Waiting space

Sputum 
collection

X-ray

Participants with Invitation

Participant with ID

X-ray 
image

Survey form

Team leader

EXIT

It is important for the survey team to design the floor plan of the survey site to prevent the flow of key documents from crossing over the 
flow of survey participants. (Blue arrows: document flow; Black arrows: participant flow).

14.4.4.3.2 Individual screening interview

Interviewers call participants for individual screening interviews. During data collection, both name 

and survey number are usually used as identifiers. It is ideal that both male and female interviewers 

are available, and female participants are allowed to choose a female interviewer. However, when 

interviewers are medically qualified staff, interviewers of a different sex may be well-accepted. To 

have interviewers who speak the local language(s) or dialect(s) is also important in some settings. 

The elderly often do not speak the official national language.  

One of the advantages of having the interview at the central survey site is that the interviewer 

is able to call upon a physician from the team when they themselves cannot judge what the 
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1  During the national prevalence survey in the Philippines (4) the individual interview was initially planned to take place during the home visit. 
However, it was later adapted to also take place at the survey chest X-ray site, after it became clear that not all eligible household members 
could be identified even after one or two home visits.

participants replied to key questions. This is a common problem when participants report currently 

receiving “TB treatment”. Since we expect only a few cases on treatment per cluster, it may be 

possible for all those on TB treatment to be interviewed by a qualified physician or clinical officer. 

 

The screening interview can be completed within a few minutes if interviewees are healthy. For 

those who have TB suspected symptoms, a further interview about treatment-seeking behaviour 

will be carried out either by the same interviewer or by another interviewer, such as a qualified medi-

cal professional, after the chest X-ray examination. 

After the interview, the individual’s survey form is handed over to the chest X-ray section, unless 

participants are exempted from a chest X-ray examination.1  With this process chest X-ray readers can 

see what symptoms individuals reported (or not) during their interview. It is important to emphasize 

that chest X-ray readers should identify individuals eligible for sputum examination solely on the 

basis of their chest X-ray and irrespective of symptoms they reported during their interview. 

14.4.4.3.3 Chest X-ray

Chest X-ray (CXR) equipment may be installed in a bus, a shielded container, another building/

house or even a tent. The installation needs to comply with the rules of the national radiation 

regulation authority, even though it is not realistic to expect every survey cluster to be inspected 

by them. The chest X-ray section should be clearly distinguished from other areas. A restricted area 

should be set up to protect people other than concerned staff and an examinee from radiation 

exposure.

Since many of the participants will never have had a chest X-ray taken before, visual aids such as a 

poster to show how chest X-rays are done might help. The instruction may be given to participants 

in groups while they are waiting. It is ideal to have two dressing spaces with curtains. A female as-

sistant may help female participants to prepare for their X-ray. 

Although the flow of image media varies according to the type of X-ray imaging used, the image will 

usually be available within 10 minutes when an auto-processor or digital system is used. A physi-

cian or radiologist carries out field (or screening) reading of the images to determine eligibility for 

sputum examinations. The field reader may call the team leader when he/she detects an abnor-

mality that needs urgent medical intervention and referral of the patient to an appropriate medical 

facility (see Chapter 7 and Chapter 11).

14.4.4.3.4 Data check and completion of screening (Exit) 

All individual forms are handed to a data checker (exit clerk), who checks that all necessary parts 

are completed. If not, the form will be sent to the appropriate section to be completed. For those 

with any abnormalities, as defined in the survey protocol and/or SOPs, the participant will be in-

structed about the necessity for sputum examination or given any further instructions as necessary. 
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Depending on the qualifications and capacity of a data checker, s/he may need to work closely 

with a TB supervisor or the team leader to provide appropriate advice to survey participants with 

any positive screening result. An additional interview and further data collection may be required 

according to the protocol. When a participant is eligible for sputum examination, the laboratory 

assistant will be introduced to them who will guide them to the laboratory section. The sputum ex-

amination request form is then filled in. When a participant is not eligible for sputum examination, 

they are informed that their participation is completed and are thanked for their participation. A 

small gift and/or compensation for transportation costs, if needed, is often given. 

14.4.4.3.5 Sputum examinations

Clear instructions (according to SOPs) should be given to participants on how to produce sputum 

(see also Chapter 8). Visual aids often help. Even during busy times, the laboratory section will have 

at most 5-6 participants eligible for sputum examination per hour (approximately 10-20% of survey 

participants). Producing sputum can be extremely difficult for some participants. When participants 

are seen to be trying hard, even saliva-like specimens should be accepted. Laboratory staff should 

not refuse or discard such a specimen (see Chapter 8). 

After collecting a spot specimen, the staff will give instructions on how to collect either a second 

specimen one hour later, or a morning specimen. If a morning specimen is requested, it is impor-

tant to clarify if the participants will bring the specimen to the collection site or if staff will visit their 

houses to collect the specimen.

In addition, if several family members of a single household are requested to produce morning spu-

tum specimens, it is necessary to clearly indicate which sputum container belongs to whom. Small 

stickers with different colours on sputum cups for the same household may help to avoid confusion, 

especially when some cannot read. 

Performing both smear and culture examinations in the same reference laboratory is strongly 

encouraged.   

14.4.4.3.6 Mop-up operations

Census forms should be reviewed daily by the team leader to monitor the participation of eli-

gible people. Some eligible people may not know where and when the survey operations take 

place; some elderly and sick people may not come even if they are willing to participate; some who 

missed their appointment may believe they can no longer participate. Mop-up operations should 

be done to increase the participation rate as much as possible. Announcements may be made by 

community members to facilitate high participation. A survey team car could be used to bring the 

sick, elderly, and handicapped to the survey site. If some people are unable to come to the survey 

site, interviews and sputum sample collection could be carried out in their houses. 

Survey hours may be extended on a specific day of the week to accommodate the lifestyle of par-

ticipants who are employees. This is particularly true in urban or suburban areas. 
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14.4.4.3.7 Transportation of sputum samples

It is often necessary to establish the survey’s own transportation system for sputum specimens, 

since most countries do not have a reliable and regular courier system with reverse cold chain 

(from periphery to central). 

Since each team may have 2–4 cars, a team car may be used to transport sputum specimens to the 

laboratory in cool conditions every two days. For example, Tuesday spot, Wednesday morning and 

spot and Thursday morning specimens may be sent to the laboratory on Thursday morning, and 

Thursday spot, Friday morning and spot and Saturday morning specimens sent to the laboratory 

on Saturday morning. 

An air courier might be necessary for some clusters. Country airlines often offer discounted prices 

for official duty travel. When public transportation is used, local laboratory staff carrying samples 

inside a cold box could be the most reliable and feasible option. 

Samples often arrive at a referral laboratory during the weekend. It is very important to make sure 

laboratory staff are present to receive the samples and that enough space is available to store 

samples safely at the correct temperature. 

14.4.4.3.8 Community involvement beyond data collection

While there are already quite a few local community members who assist during census and survey 

operations at the survey base, further community involvement beyond data collection is often 

associated with a much higher acceptability of survey activities by the community and hence leads 

to a higher participation rate. During the national survey in Cambodia (1) and a sub-national survey 

in Kenya (8), survey teams hired the services of the local community to cook meals for the team 

and to wash uniforms and gowns used during X-ray examinations. These activities do not violate 

the general principle of “minimal intrusion” to the community but at the same time also offer 

something back to the community.     

14.4.5 Feedback of survey results
Although the survey objectives may be achieved by quality field data collection and central work, 

proper feedback of the survey results is one of the most important duties of the survey team.  

Activities conducted during the field work should be reported to local authorities and the com-

munity when a survey team leaves a cluster. A summary report may include the following items: 

• number of participants; 

• number of chest X-rays taken;

• number of subjects eligible for sputum examinations; 

• number of subjects who submitted sputum specimens; 

• number of subjects referred for care; 

• remarks.

Since prevalence surveys study healthy individuals in a community, it is very important to make 

every possible effort to avoid “false positive” diagnoses. Laboratory field results should not be 
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directly communicated to survey participants, especially if there are discrepancies between screening 

and laboratory results. If smear examinations are carried out in the field (not the recommended 

approach) by the survey team on the spot, the team leader should review all available information 

on the survey participant who has a “positive” smear result before deciding on the appropriate 

instructions. Such a review sometimes finds errors such as a mix-up of sputum cups within a house-

hold.    

After a team leaves a cluster, several reports will be sent from the survey central unit to the rel-

evant local health unit. Individual examination results will be communicated to participants earlier 

than official dissemination reports. The method of communicating individual results, particularly 

to those who need further medical intervention such as TB treatment, should be clearly defined in 

the SOPs (see Chapter 10 and Chapter 11). Quality TB treatment under the DOTS strategy is now 

available in most villages in most countries around the world. However, access to the diagnostic 

centre may vary a lot among clusters. The team leader should discuss how results will be delivered 

and how further action will be taken with the local TB programme officer and with community lead-

ers. There will, on average, only be about 10 people who will need these arrangements in a typical 

cluster with 600-700 participants. It is important for the central team to send a “zero” report to the 

local TB coordinator and community if no cases were found. 
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Rationale
Data management is aimed at producing 
high-quality data on individual charac-
teristics and aggregated indicators such 
as TB prevalence. Managing survey data 
appropriately ensures that the data are 
accurate, reliable, precise and complete. 
Correctly processed data are verifiable 
with source documents (primary data) 
and follow the data protocols in the sur-
vey, within the set timelines. Data integri-
ty and confidentiality must be preserved.

Content
This chapter covers the data management 
procedures and processes. The following 
topics are described:

• Organizational aspects such as staff-
ing and responsibilities;
• Data Management Unit and Data 
Management Plan;
• Data sources, data linking, data 
monitoring and data flow, data trans-
fer, data sorting and filing, data entry, 
data cleaning and validation, data 
storage, progress analysis and reports, 
and confidentiality; and
• Database development and data 
processing tools.

Examples 
Examples are included from nationwide 
prevalence surveys carried out in Viet 
Nam (2008), the United Republic of Tan-
zania (in preparation) and Pakistan (in 
preparation).
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Chapter 15 
Documents and data 
management

 15.1 Introduction

Data management consists of the processes 

and procedures for collecting, monitoring, 

handling, storing, processing, validating and 

archiving data from the start of the prevalence 

survey to its completion. It aims to produce a 

reliable and high-quality dataset so that preva-

lence survey results can be analysed and re-

ported as described in Chapter 16.

Data are collected and transferred between 

different locations while conducting a preva-

lence survey, either on paper, on film or elec-

tronically. These data must be managed prop-

erly to ensure that they are accurate, reliable, 

precise and complete, while always maintain-

ing confidentiality and data integrity. For key 

messages on documents and data manage-

ment see Box 15.1.
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Figure 15.1 
Flow of data in a TB prevalence survey using the recommended screening strategy described in Chapter 4

X-ray unit(s)
(re-reading)
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(culture and DST)

Survey cluster sites

Data Managment Unit

This chapter lists the essential documents of a TB prevalence survey (Section 15.2), describes 

organizational aspects of data management (Section 15.3) and discusses the procedures around 

data logistics (Section 15.4). Section 15.5 covers the development of databases, choice of software 

packages and considers alternatives for data collection in the field. For a checklist on data manage-

ment issues in preparation for a prevalence survey see web appendix 15.1.

15.2 Documents

All essential documents pertaining to the prevalence survey should be stored safely at least until 

the final report has been published.

Essential documents include

• signed protocol and amendments, if any;

• information given to survey participants (informed consent form and any other written 

information);

• financial reports of the survey;

• signed agreements between involved parties, for example between investigator(s) and 

sponsoring agency or contracted research organizations, including access to data, reports, 

and publications;

• dated, documented approval or favourable opinion of institutional review board or inde-

pendent ethics committee;

• check list to identify and document the required steps for each of the survey activities;
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Box 15.1: Key messages

1. A Data Management Plan documenting all data management procedures and pro-

cesses should be developed before the survey to ensure all data management activities 

are correctly and uniformly followed. 

 

2. A central Data Management Unit headed by an experienced data manager should 

be established to take overall charge of data management activities. The survey 

coordinator must make certain the data manager is involved from the early planning 

stages of the survey to oversee the design and development of data collection forms 

and databases to ultimately ensure accuracy and consistency in collection, entry and 

validation of data.  

 

3. A personal identification number (PIN) should be assigned to keep track of and link 

participant data. All data collected from individuals on forms and registers require a 

PIN to uniquely identify a person in the survey (that is, each PIN identifies only one 

person, and each person is only identified by one PIN). 

 

4. All data management steps and procedures, such as data collection forms, data 

entry screens, transfer of data and feedback loops, should be pilot tested to ensure 

that illogical or missing steps are identified and corrected before starting the survey.

 

5. The choice of software used in the survey should be guided by the expertise of the 

data manager and a database developer; preferably, the software package should 

include a relational database with robust security. Validation and consistency checks 

can be used in data entry screens for quality control. Data should be entered and 

checked continuously during data collection. 

 

6. Electronic data entry has, in the past, been mainly conducted away from the field 

by dedicated data entry clerks at a central Data Management Unit. The spread of 

portable computing devices such as laptops, notebooks, personal digital assistants 

(PDAs) and mobile phones, and the increasing availability of electronic communica-

tions such as mobile phone networks and the Internet are increasingly making direct 

data entry in the field a more practical option.

 

7. All essential documents and electronic files pertaining to the prevalence survey 

should be securely stored. It is important to consider the amount of storage space 

that will be required for paper forms from the start.  All survey staff handling data 

(both on paper and electronically) should respect the confidentiality of the information 

collected.
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• signature logs and other forms documenting who completed which activities when and in 

what sequence;

• completed informed consent forms;

• completed questionnaires for each scheduled study visit to capture all of the necessary 

data collected from and reported for each individual, including documentation of correc-

tions to questionnaires;

• chest X-rays and laboratory tests (e.g. established quality control and /or external quality 

assessment for sputum microscopy, culture, and chest X-ray);

• instructions for handling biological samples (e.g. sputum samples and cultures);

• reports of monitoring visits;

• Data Management Plan (including SOPs), data management progress reports, database 

dictionary and metadata documentation; and

• progress reports, annual reports and final survey report.

15.3 Organizational aspects of data management

The principles described in this chapter will need to be adapted and fine-tuned to the specific cir-

cumstances in which a prevalence survey is conducted.

15.3.1 Data Management Plan
A plan documenting appropriate data management (Data Management Plan) should be developed 

before the survey.1 The survey coordinator must take responsibility for implementing such systems 

to ensure that the integrity of survey data are preserved. The Data Management Plan describes the 

procedures and processes to ensure that all data management activities correctly follow the data 

protocols in the survey.

This Data Management Plan should include the following data management aspects: 

• organizational aspects of data management;

• data management training for data management staff;

• data acquisition and form handling; 

• confidentiality of data;

• electronic data capture, if applicable; 

• completion of questionnaires and other survey-related documents and procedures for 

correcting errors in such documents; 

• coding/terminology for patient characteristics and medical history (i.e. data dictionaries/

meta data/definitions/data coding and labeling/database documentation); 

• data entry and data processing; 

• data validation;

• data quality assessment (i.e. reliability of data) and quality assurance; 

• data storage (i.e. secure, efficient, and accessible storage of paper documents and 

electronic files) and duration of storage; and 

• data archiving. 

Ch
ap

te
r 

15

1 Some country-specific Data Management Plans have been developed with technical assistance from the KNCV Tuberculosis Foundation. 
These plans can serve as an example for other countries and, with permission from the NTPs, are downloadable on KNCVs web site: http://
www.kncvtbc.nl/Site/Professional.aspx.
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15.3.2 Staffing and responsibilities
It is essential to establish a central Data Management Unit (DMU) headed by an experienced data 

manager (see Section 13.3.7 for essential qualifications) to take overall charge of data management 

procedures and processes. The survey coordinator must ensure the data manager is involved from 

the early stages of planning for a survey. The survey coordinator may decide to split data manage-

ment activities over regional units covering one or several clusters plus a central Data Management 

Unit. The data manager retains overall responsibility for data management and should be part of 

the team that produces the final Data Management Plan. 

To ensure continuity of data management processes a deputy data manager should be appointed 

to assist or replace the data manager when needed.

 

Other data management personnel may include staff for sorting and filing paper documents at the 

central level, data entry clerks or operators, and optional regional data manager(s) to oversee data 

management for several clusters and to transfer documents and data to the central Data Manage-

ment Unit. Other personnel, such as chest X-ray team leaders or laboratory staff, should also share 

data management responsibilities and ensure timely delivery of forms to the central Data Manage-

ment Unit. 

The responsibilities of the data manager are: 

• ensuring uniformity and continuity of data collection, data entry and data validation; 

• monitoring data management processes; 

• monitoring activities of data management staff; and

• reporting progress and possible problems to the survey coordinator and the survey com-

mittee.

Recommended terms of reference for the data manager should include (see also Section 13.3.7): 

• participating in the study design, and particularly in the design of forms and registers; 

• participating in the design of the Data Management Plan; 

• coordinating all procedures and processes in data management activities at central and, if 

applicable,  regional levels; 

• advising the survey coordinator on data management issues; 

• ensuring that all forms and registers are ready and suitable for data processing and/or 

data entry and that all forms and registers include the standardized personal identification 

numbers; 

• supervising the implementation of electronic systems for data collection and/or data 

entry, validation, and backup, according to documented specifications; 

• ensuring that both electronic data entry and data validation are continuous processes and 

that no backlog of unprocessed paper forms and registers builds up;

• validating double-entered data sets or partly double-entered data sets and correcting data 

entry errors; 

• checking data sets regularly for systematic errors and inconsistencies; 

• defining the roles and responsibilities of staff involved in data management activities;
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• ensuring that all paper documents are properly stored and that electronic data management 

system files are stored securely and backed up regularly;

• ensuring that the confidentiality of documents and data sets is guaranteed at all times; 

• guaranteeing that all data management staff are trained;

• ensuring that all needed equipment, storage facilities and software tools are in place; and 

• reporting at least each quarter to the survey coordinator on the progress of data manage-

ment and on the completeness and quality of the data. 

15.3.3 Data management register 
The Data Management Unit should keep a register (an example is given in web appendix 15.2) that 

contains cluster information on whether and when: 

• registers and forms from the field were received; 

• additional forms (e.g. laboratory forms, X-ray  central (re-)reading forms) were received; 

• forms and registers were entered into the electronic database and by whom; 

• specific data sets were validated and by whom; 

• validated data sets were modified and by whom; 

• any specific data files are stored by name and date (if applicable) and by whom.

  

15.3.4 Progress reports 
The data manager should produce a written report (an example is given in web appendix 15.3 ) 

periodically (e.g. quarterly), to summarize progress in data management processes, to document 

the quality of data, and to describe problems and solutions. Progress reports are a basis for 

discussion and decisions by the steering committee, and for technical recommendations by other 

partners. 

15.4 Procedures and data logistics

This chapter distinguishes between forms, registers and reports. A form contains information about 

a single person; a register contains information about groups of persons such as household members; 

a report presents aggregated data about the progress of a survey.

 

15.4.1 Data sources
The following forms and registers usually contain the source data for survey analyses (see Chapter 6 

for more details and examples): 

• Census register (denominator) 

One for each cluster. The census register contains basic information about all surveyed 

persons within a cluster, including persons who do not satisfy eligibility criteria. 

• Individual questionnaires

Individual questionnaires like the ‘Individual symptoms screening form’ (see Chapter 6 for 

an example) are administrated by the field investigators. 

• Laboratory forms

Laboratory forms for sputum examinations are sent together with sputum samples to the 

laboratories that will carry out the examinations. Results of laboratory examinations (smear 
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or culture) are recorded in separate forms which are sent to the Data Management Unit for 

data processing.

• Chest X-ray forms

Chest X-ray readings at field level and central (re-)readings are recorded in special forms  

which are sent to the Data Management Unit for data processing.

Other forms and registers to be used for data collection but not for entry into the survey database 

include:

• Eligible for sputum examination (or suspect) register

One for each cluster. The eligible for sputum examination register contains individual re-

cords for all individuals who require full investigation for TB. These should include complete 

information, including chest X-ray readings. This register is the main data source for indi-

viduals eligible for sputum examination and should be linked to the census register using 

personal identication numbers. This register is to be used in the field.

• Specimen dispatch form

Kept at the laboratory, specimen dispatch forms contain data on timelines and transport 

details of sputum specimen batches from clusters to the laboratory. Data entry is optional 

to assess transportation time.

• Data management register

Serves to monitor the data management processes and is kept by the data manager.

• Monitoring report form

Serves to monitor various aspects of data quality and completeness at cluster level. It should 

be sent from the field to the central Data Management Unit. 

15.4.2 Generating and using unique Personal Identification Numbers 
All data on forms and registers relating to individuals should use personal identification numbers 

(PINs) to uniquely identify a person in the survey. A PIN identifies only one person, and each person 

is only identified by one PIN. The PIN is a key piece of information allowing the data manager to link 

the data collected on different forms about one person, thereby creating a unique digital record 

for each person in the survey’s final data set. PINs also make it possible to check electronic records 

against the original paper forms and registers. The PIN should have the same layout on all forms 

and registers as well as on the data entry screens and should be clearly shown in form headings.

There must be a robust and reliable way of creating unique PINs. A commonly-used method is to 

create a PIN based on the number of clusters in the survey, the number of households within one 

cluster and the number of individuals within one household within one cluster.

Example:

 
Cluster number Household number Individual number

PIN: # # # # # # #
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In this example the cluster number has two digits with a maximum of 99 (if the number of clusters 

exceed 99 then 3 digits are needed). The household number within a cluster has 3 digits with a 

maximum of 999 (if the number of households can exceed 999 then 4 digits are needed). The individual 

number within a household has 2 digits with a maximum of 99 (if the number of individuals can 

exceed 99 then 3 digits are needed). In this method each cluster number is unique (between 1 and  

99) but the household number is only unique within one cluster and the individual number is only 

unique within one household and one cluster. The result is a unique PIN for each survey individual. 

An advantage of this method is that once each cluster has been allocated a unique number, survey 

staff working within a cluster can start allocating household and individual numbers without fear 

of creating PINs that may be in use by another cluster. Survey staff at cluster level can assign PINs 

independently without the need for any central control.

Barcodes

Barcode labels and scanners are being increasingly used in prevalence surveys to record PINs. 

Using barcode labels can reduce transcription errors. Using handheld barcode scanners reduces 

data entry errors thereby ensuring accurate linking of all digital records for each participant. An 

example of the use of barcodes is given in Box 15.2.

Using barcode technologies requires considerable advance planning. It will not always be the most 

favourable way to handle identifiers. While choosing between using barcode labels or manually 

generated PINs, consider the following aspects in the design of data management and field logistics:

• Using barcodes is easier when every participant follows an identical procedure. This is not 

the case with the recommended screening strategy (Chapter 4) in which the taking of sputum 

samples depends on the results of symptom and chest X-ray screening. This means that 

matching data in field conditions is needed and that bar-coded slides and sputum containers 

cannot be prepared in advance. 

• An obvious pitfall is the accidental allocation of a duplicate PIN to more than one person. 

To avoid this shortcoming it is recommended that where possible barcode labels are prepared 

in advance for the survey by the central Data Management Unit.

15.4.3 Supervision of data collection
Supervision of data collection in the field should take place as quickly as possible after data collection 

so that surveyed individuals can still be approached to check any errors or discrepancies. 

Initial data monitoring should be done before the completion of fieldwork in each cluster. The field 

team leader (or survey team member acting on his/her behalf) should ensure that all registers and 

forms are checked and completed or updated as necessary. All remarks and corrections by the field 

team leader should be clearly documented. Forms and registers should be checked for completeness 

and consistency before the completion of the fieldwork in each cluster. If they are found to have 

missing data or inconsistencies, field team members should be approached to provide clarification. 

The forms and registers should then be completed or updated. Changes made at this stage should 

be done in such a way that both previous and new information remain legible. The date of each 

modification and the initials of the person who made the change should be recorded.
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Box 15.2: The use of barcode labels and scanners to manage the PIN 
in the ZAMSTAR-TB  prevalence survey

In the central Data Management Unit: Dedicated software is used to prepare bar-
coded PINs for every participant. In this example the PIN consists of respectively one 
digit to indicate the country, 2 digits for the survey, 2 digits for the cluster and 5 digits 
to represent the individual. 

 

In the field: Every consenting individual on the household enumeration form gets a 
unique bar-coded PIN assigned, and matching forms and biological specimens are 
labeled with the same barcode number.
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15.4.4 Data and document flow
The next sections on data transfer, sorting/filing and data entry are based on a data management 

protocol where data are collected in the field using paper forms and registers, which are then 

forwarded to the central Data Management Unit for electronic data entry. The processes for data 

transfer, sorting, filing and entry establish specific workflows plus checks and balances to ensure 

that all data are collected and entered accurately into the electronic database. Alternative work-

flows and checks and balances will need to be developed if direct data entry in the field or data 

entry at sub-national levels are used, but the goal remains the same.

15.4.4.1 Data transfer

When electronic data entry takes place at a central Data Management Unit, procedures need to 

be clearly established to ensure that all paper-based forms and registers used in the field are 

accounted for. Examples include establishing a document tracking system based on serial numbers 

or making backup copies of forms and registers in the field. The cost and added complication of 

making backup copies should be weighed against the risk of losing the paper forms and registers 

during deliveries.

An example of such procedures could be as follows. At the field level, the completed or updated 

forms and registers are forwarded to the central Data Management Unit. Original forms and registers 

are copied using either carbonated paper copy sheets or photocopiers. The original forms and 

registers are sent to the central Data Management Unit as soon as the field activities in one cluster 

have been finished. The copies are kept by the field team as a backup in case the original set gets 

lost during transport. The copies are kept by the field team until the next cluster has been finished. 

The next data transfer includes both the original forms and registers from the second cluster and 

the backup copies from the previous cluster. This is repeated until field activities have been fin-

ished. The field team leader keeps records of all packages delivered, and the data manager keeps 

records of all packages received. A dedicated form (see web appendix 15.4 for an example) is used 

to monitor deliveries.

In the laboratory or in central Data Management Unit: PIN is captured electronically 

by scanning the barcode.
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15.4.4.2 Data sorting and filing 

As soon as forms and registers arrive at the central Data Management Unit the data manager 

should record what has been received from the field to monitor the transportation process. Infor-

mation (number of forms and completeness) should be entered in the data management register. 

Forms and registers should be sorted, counted, numbered and filed by the data management staff. 

A filing system should be used so that individual forms can be easily found if needed. This means 

that the filing and storage system should be organized numerically, according to the PIN, for 

example by using numbered boxes. The data manager should oversee this process and make sure 

that the correct forms are made available for data entry. The data management register should be 

checked regularly to see which forms and registers have been received and processed.

15.4.4.3 Data entry 

Data entry should be conducted by designated data entry clerks or operators using pre-designed 

data entry screens (see database development, Section 15.5). This should be a continuous process 

taking place as soon as possible after the arrival of forms and registers from the field to prevent 

large numbers of unprocessed forms and registers from piling up.

Password protection and electronic signatures:

Data entry systems should use electronic signatures (passwords):

• To ensure that individuals have the authority to proceed with data entry, the data entry 

system should be designed so that individuals need to enter electronic signatures, such as 

username/password combinations, at the start of any data entry session. 

• To ensure that entries are attributable, each entry to an electronic record, including any 

change, should be made under the electronic signature entered at the beginning of the 

session. The printed name of the individual who enters data should be displayed on the data 

entry screen throughout the data entry session. This is intended to preclude the possibility of 

a different individual inadvertently entering data under someone else’s name. If the name 

displayed on the screen during a data entry session is not that of the person entering the 

data, then that individual should log off then log on again under their own name before 

continuing.

• Individuals should work only under their own usernames/passwords and should not share 

these with others. Individuals should not log on to the system in order to provide another 

person access to the system. 

• Passwords should be changed at regular, pre-established intervals. 

• When someone leaves a workstation, that person should log off the system. Failing this, 

automatic logoff may be appropriate for long idle periods. For short periods of inactivity, 

there should be some kind of automatic protection against unauthorized data entry. An 

example might be an automatic screen saver that prevents data entry until a password is 

entered.
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15.4.5 Data validation
Once entered into a computer, electronic data should be checked for errors and extreme values, 

and all inconsistencies should be corrected, so that data sets accurately reflect the values written 

on the forms and registers. When needed, requests for clarifications may be generated and sent 

back to the field teams to try to correct data errors.

Data validation at the time of data entry

Basic data validation at the time of data entry such as checking for invalid dates, numbers such as 

age outside plausible ranges, invalid codes for categorical data and logical consistency checks is 

essential to minimize data entry errors (see also database development, Section 15.5).

Double data entry

Double data entry can be used to reduce errors in transcription from paper to electronic records: 

the same records are entered separately by two different data entry clerks and the records are 

compared to ensure they are identical. The data manager should validate double-entered records 

using a validation program, with differences shown in case-based and in aggregated reports. Details 

of the procedure should be documented. Discrepancies should be checked against the original 

paper forms and registers. The validation procedure includes checking and cleaning for duplicates. 

A record should be kept of errors found and the steps taken to address them. 

The potential benefit of double data entry of all variables for tens of thousands participants should 

be balanced against the extra amount of work that would be involved (1, 2).  

If double data entry for all variables is not considered feasible, the following alternative procedure 

is recommended: 

• Double data entry is done on key variables such as age, sex, symptoms, laboratory and 

X-ray results in 10% of randomly-chosen forms and registers when these variables cannot 

be validated through logical checks and tabulations. The 10% random sample is chosen 

independently for each form or register.

• A maximum of 1% of errors on previously-identified key variables is allowed. If the error 

rate detected by double-entry is more than 1% then reasons for this should be investigated. 

The data manager may decide that 100% double data entry is needed, or that data entry 

operators need additional training. 

Regular data validation procedures

Data validation should be carried out regularly until all the data have been entered and processed 

and the final survey data set has been validated. Frequency tables can be prepared for all variables 

to check for extreme values. Variables related to each other can be cross-tabulated to check for 

inconsistencies. Distributions and scatter plots of variables should be prepared and examined to 

monitor data quality.

If data are transformed during processing, it should always be possible to compare the original 

data with the processed data. A mechanism such as an automated audit log should be in place to 
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document changes in the database and data dictionary, keeping a record of past and new values 

where data are corrected, along with dates when the changes were made. Alternatively, updated 

data files can be stored under different names (e.g., by appending the current date) while retaining 

older versions so that changes can be tracked if necessary.

Validation of all positive results in the survey dataset

It is essential to ensure that all positive cases are captured accurately in the final survey dataset. 

This should not depend on whether complete or partial double data entry has been adopted. Since 

relatively few positive cases will be found the following manual checks must be in place:

• All individuals with positive laboratory results and positive central X-ray readings should 

be selected from the database. These records should be cross-checked again one by one 

with the original forms and registers. Inconsistencies must be corrected after case by case 

confirmation by the data manager. In some cases where doubts arise about the accuracy of 

laboratory results it may be necessary to check the laboratory’s original records rather than 

the laboratory results form sent to the Data Management Unit.

• Search through the laboratory and X-ray forms and registers for all positive results and 

ensure that these are all captured correctly in the database.

  

15.4.6 Data storage and backup 
Several data sets are created during a survey, leading eventually to the final merged, checked and 

validated dataset which will be used for analysis.

Security and access control

The datasets and associated electronic files used in the survey should be held securely with appro-

priate access controls in place to ensure that only authorized survey staff can view, edit or delete 

them. The location of the files will depend on the infrastructure in place in the field and at the central 

Data Management Unit. This could range from stand-alone computers to networks with secure file 

servers operated by dedicated IT staff, and even extending to hosting on remote data centres. In all 

cases, the data manager should be responsible for ensuring that data files are held securely and for 

authorizing appropriate access to the data files. 

Protection

The data manager should ensure that computers used have effective and up-to-date anti-virus 

programs and firewalls and are protected physically from risks such as theft, power breaks or 

power surges (e.g. by using Uninterrupted Power Supply units). 

Backup and disaster recovery

All electronic files making up the central data management system (i.e. data files and application 

files such as programs for data entry, storage and validation) should be backed up regularly according 

to a fixed schedule documented in the Data Management Plan. A typical schedule would be a weekly 

full backup and a daily incremental backup, or even full daily backups. Data should be backed up 

at the end of the day on each day that data are entered. Backup storage media such as tapes and 

external hard drives, should be stored in a safe place at two or more separate locations, preferably 
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separate buildings to protect against disasters such as fire or theft. Backup media should be clearly 

labeled and used for data backup only. There should be enough backup media available to hold 

the individual backups defined in the schedule (for example the two most recent full backups and 

the two most recent incremental backups). Backups should be tested regularly to ensure that the 

entire data management system can be restored to create a working system.

15.4.7 Analysis and reports
Progress analysis should be done systematically, e.g. every three months, to monitor data collection 

by: 

• Providing additional checking of the quality of the data. 

• Showing whether all items needed for the analysis are captured by the data collection 

procedures. 

• Showing whether expected numbers of sputum samples tested and of TB cases identified 

are correct. 

Details of the interim analyses should be described in a standard operating procedure. 

  

15.4.8 Confidentiality 
All survey staff handling data (both on paper and electronically) should respect the confidentiality 

of the information collected.

All paper forms and registers that allow an individual to be identified should be kept securely under 

lock at the Data Management Unit, under the supervision of the data manager, until data entry has 

been completed, data have been validated, the survey has been completed and published. 

Equally, access to any electronic data files (both working copies and backups) that allow an individual 

to be identified should be strictly controlled under the supervision of the data manager. Protective 

measures such as securing data storage media using encryption or passwords could be considered, 

especially if media are at risk of theft (e.g. if stored off-site or if carried in the field). Analyses and 

published reports must never contain the names of surveyed individuals. 

15.4.9 Archiving 
All essential documents pertaining to the prevalence survey should be stored safely at least until 

the final report has been published. Survey management may wish to adopt the recommendation 

of the Good Clinical Practice guidelines for clinical trials (3) to store all documents for at least 3 

years after the survey has finished. There should be a clear procedure for if, when and how the 

paper documents will be archived or destroyed, always ensuring that confidentiality is not violated. 

Equally, there should be a clear plan for if, when and how the electronic data files will be archived 

or destroyed, always ensuring that confidentiality is not violated. Ideally, the final validated survey 

electronic dataset should be archived so that it can be used or re-analysed in future.

Ch
ap

te
r 

15



223

15.5 Tools

Database development

The development of an electronic database for processing and storing all data collected in the 

prevalence survey is a critical step. A crude estimation of the number of data points that need to 

be entered in the TB prevalence survey in Tanzania is 1.5 million (4). This highlights the need for a 

system that is easy, reliable and robust.

Type of database

There are two types of database: relational or flat. A relational database stores information about 

different topics (e.g. X-ray readings or sputum/culture results) and levels of aggregations (e.g. 

individuals or clusters) in separate dedicated tables. All tables are linked using specific key fields; 

for individual-based information this will be through the survey PIN. 

A flat database, on the other hand, stores all information in a single table. The result is that the 

database will have empty cells for the majority of individuals (for example, only a small number of 

persons included in the household census will be eligible for sputum examination). This is not only 

inefficient in terms of storage but it also leads to a huge data file which is difficult to navigate during 

data entry and analysis. 

Data about survey participants arrive on different forms and registers at the Data Management 

Unit at different times from different sources (e.g. Figure 15.1). These data need to be linked 

together using the PIN. Relational databases do this instantly and check that links are always valid 

through ‘referential integrity’, without the need for any additional processing by data entry clerks. 

Therefore a software package using a relational database is strongly recommended.

Content

The database must contain all the data items needed to produce the tables and analyses described 

in Chapter 16. This means that details of all persons listed in the census register need to be in 

the database, not only details of participants. It should be possible to distinguish between eligible 

and ineligible persons, to identify reasons for ineligibility and to identify eligible persons who did 

not attend or who did not give consent (see also web appendix 15.5 UML diagram). The database 

should also include the classification of identified TB cases as defined in the study protocol and as 

discussed in Chapter 4.

Data entry screens

Easy-to-use data entry screens are essential for efficient and accurate data entry. These screens should 

look as similar as possible to the paper forms and registers used in the field, and be built using the 

same numbering scheme and language(s). This minimizes data entry errors. Most software packages 

provide these capabilities, though some provide easier development tools than others. The software 

package must have the capacity to save data in the entry fields at any point in time (rather than only at 

the end of the screen). At the same time, navigation forward and backward within the screen should 

be feasible and easy as well as navigating between different data entry screens.
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The principles of good questionnaire design are covered in Chapter 6. It is worth repeating here 

that forms and registers should also take into account ease of data entry and checking when they 

are being designed. For example:

• using closed as opposed to open-ended or free-text questions;

• ensuring that all questions include  ‘other’ or ‘no response’ or ‘not applicable’ response 

categories which aids form checking because there should be a response for all questions;

• if options are coded and entered numerically in the database it is helpful to display the 

codes both on the forms and on the data entry screens, for example:

Sex:    1. Male           2. Female      

Data validation/consistency checks

The software package for database development should be able to implement validation and 

consistency checks at the time of data entry. Such checks reduce data entry errors. 

Data entry screens should include validation checks that are invoked at the time of data entry. 

These checks capture common errors such as invalid dates and can also check for numbers outside 

plausible ranges (e.g. age), or that only options within a drop-down list are selected (e.g. educa-

tion level, smear result). Except for the unique identifiers (PINs), it is best not to use must-enter 

(mandatory) fields to avoid problems entering data from partially-filled paper forms. In many simple 

database programs, data entry is stalled when a mandatory field cannot be filled due to missing 

information on the data capture form. Given the large amount of data in the survey, this is bound 

to happen. In more sophisticated programs, mandatory fields can be circumvented but then one 

must be prepared to deal with automatically generated query reports, which asks for a rigid data 

management process.

In case of double data entry (see Section 15.4) the software package should be able to identify and 

resolve differences between the two data sets.

Data analyses

The database should be able to store the data in such a way that easy access to analysis is guaranteed. 

Statistical analysis packages used for data analysis can either be part of the database system or, 

preferably, one of the major specialized and more sophisticated statistical software packages. 

In either case, data held in the database should be easily accessible for analysis, either through 

directly reading the database (for example by ODBC connections) or through data export/import 

routines. 

The process of database development

The database developer should be part of the design team of the survey, but this is unfortunately 

often overlooked. He/she can advise on data capture procedures, types of data, and the design of 

the data capture form. This minimizes the collection of data in a format that cannot be processed by 

a database or that is difficult to analyze in a reliable way. The developer designs the database based 

on approved data capture forms (e.g. questionnaires) and makes sure that data entry screens mimic 

these forms. 
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In developing the database, the following issues should be considered:

Data tables

The database should be relational and with each table able to be accessed independently (this 

means that there is no particular order in which forms need to be entered). Make sure that each 

table has an entry for a unique identifier such as the Personal Identification Number (PIN, see 

Section 15.4.2). It is advisable for each part of the PIN (cluster number, household number and 

individual number) to be entered separately to allow for validation and reporting based on each of 

these elements. If preferred, the database can have a field that automatically combines these three 

elements into a single number that can be used for merging tables. However, this step can easily be 

executed in the analysis process itself.

Database documentation

The data manager is responsible for documenting the database development and contents such 

as data dictionaries and metadata. These documents should be stored together with the original 

database software and at least should be kept available as part of the survey documents archive 

until the preparations for the next prevalence survey start.

Testing

Data entry, validation and data management are essential parts of the pilot testing phase of a 

survey. All entry screens should be tested to make sure they accurately capture the information 

recorded in the paper forms and registers. This ensures that illogical steps in data entry screens 

are identified, and problems associated with the unique identifiers can be solved. Also merging 

of tables from different levels of aggregation should be formally tested. The data manager should 

produce a report on the issues identified during the pilot phase, which should then be discussed 

by the steering committee. This may result in changes to the database design, data entry screens 

and/or the paper forms.

Choice of software package

It is beyond the scope of this book to discuss all available choices of software for developing and 

running databases for prevalence surveys. The choice varies from relatively basic software that can 

run on a stand-alone desktop computer, to complex server-based database systems in a wide area 

network where remote sites are connected to a central database. 

The main recommendation is that the choice of software used in the survey should depend most 

on the experience and preference of the database developer and the data manager. One needs a 

package with which local experts feel familiar and for which they can get technical support when 

needed. It is no use choosing a complex database system if the data manager or the database 

developer feels uncomfortable with it. The choice will also depend on other circumstances like 

financial resources, the availability of technical support, and local infrastructure such as the avail-

ability of networks and wireless facilities.
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However there are some minimum standards we strongly recommend to be included in the chosen 

package:

• Relational database: this ensures the implementation of referential integrity (i.e. ensure 

consistency between the different tables/datasets on identifiers);

• Robust security and access control.

Additionally other elements in the checklist below can provide guidance in making a choice:

• Concurrency: can more than one person work with the database at the same time?

• Scalability: can tables be scaled to large datasets without degradation of response times?

• Data entry design: does the package provide good screen design and navigation?

• Interface: does the software offer import/export/link data facilities using industry-standard 

formats and techniques (such as SQL and ODBC)?

• Change tracking: does the package offer an audit trail to track and log the changes made?

Field data entry

Electronic data entry has, in the past, been mainly conducted away from the field by dedicated data 

entry clerks at a central Data Management Unit. The spread of portable computing devices such 

as laptops, notebooks, personal digital assistants (PDAs) and mobile phones, and the increasing 

availability of electronic communications such as mobile phone networks and the internet, are now 

making direct data entry in the field a practical option.

At the present state of technology the use of mobile phones, notebooks and laptops (stand alone 

and/or internet based data collection solutions) are in general not recommended for TB prevalence 

surveys given the limited battery life of those devices. However, new technologies and rapidly 

improving infrastructure will lead to more knowledge in the use of these new tools in prevalence 

surveys in different country settings. Some countries have already planned the use of digital tools 

like PDAs and global positioning system (GPS). In Box 15.3 the pros and cons of using PDAs com-

pared to paper-based data management protocols are described. An example of the use the use of 

GPS for collecting geographic coordinates (latitude and longitude) is provided in Box 15.4.
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Box 15.3: Use of Personal Digital Assistants (PDAs) in the ZAMSTAR 
TB prevalence survey

In 2010 the Zambian South-African TB and AIDS Reduction study (ZAMSTAR) began 

using PDAs in a TB prevalence survey in 24 communities targeting a total of 120 000 

persons. PDAs were used to capture the enumeration of households, questionnaire 

data and biometric data, such as blood glucose, weight, height, and HIV-test results. 

The TB screening strategy in the ZAMSTAR survey differed from the recommended 

screening strategy in this book, in that sputum for culture was obtained from every 

participant.

  

To avoid early breakdown of PDAs due to damage in the field, so-called ‘rugged’ PDAs 

with a long battery life were used. PDA data were downloaded on a daily basis to a 

desktop computer in a regional office and subsequently sent to the Data Manage-

ment Unit office by e-mail. 

The main advantage of using PDAs is the “real-time” electronic availability of col-

lected data. Whilst paper-based systems require transport and subsequent data en-

try, uploading and synchronizing of PDA data can be done on demand. This enables 

team leaders and field managers to monitor the performance of field teams imme-

diately and to make operational adjustments, if necessary. Another major advantage 

is that data validation can be done while interviewers are in the field with the survey 

participants. For example, skipping of questions can be programmed into the PDA, 

inconsistencies between questions (such as recorded age and date of birth) can be 

corrected immediately when an error message appears on the screen, and the PDA-

program can make sure a question is answered before proceeding to the next ques-

tion. Finally, a reduction in data entry costs could be an advantage of PDAs, although 

this needs to be balanced against the purchase of expensive equipment and the need 
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for higher qualified staff for development of the data capturing program and for data 

management.

Use of PDAs when applying the TB prevalence strategy of screening on symptoms and 

X-ray as recommended in this book, will be more challenging. This is because different 

data sets are collected depending on participants’ symptoms and X-ray field readings. 

As a result, synchronization between data collected on different PDAs might be neces-

sary. Another downside of PDAs is the higher error rates in filling in questionnaires 

compared to paper. It is easier to tick a wrong option on a PDA than it is to cross out or 

change a wrong option on a paper form. Finally, using a PDA has limitations for the type 

of questions one is interested in. The screen is limited so not many (long) questions fit 

on one page and entering free text is tedious.

Box 15.4: Use of GPS in TB-prevalence surveys 

Devices for collecting geographic coordinates (latitude and longitude) are widely 

available. In addition to devices which are dedicated specifically for navigation 

purposes, there is also a wide range of PDAs and smart-phones available that are 

equipped with built-in GPS or can be connected to an external GPS. 

Recording of household geographic coordinates by the TB prevalence field teams 

can be beneficial for a number of reasons. Firstly, follow-up visits (e.g. in the case of 

a positive laboratory result or an abnormal X-ray), are pivotal in most TB prevalence 

surveys to enable further clinical examination. Secondly, a system for randomly re-

visiting households can be put in place to monitor the performance of field teams. 

Another reason for tracking households using GPS is for subsequent studies, which 

may be designed based on the findings of the prevalence survey (e.g. treatment out-

comes, follow-up of household contacts). In most western countries capturing 

address details will ensure the possibility of finding households. However, in some 

developing countries, or in informal settlements, address details will not suffice. A 

“Track Back” or “Go To” function is present on most handheld navigation devices and 

can be used to return to the location of the household. By entering the longitude and 

latitude of a household into a GPS device, the “Track Back” function helps the teams 

to navigate to the location of the household by indicating the direction to go with an 

arrow in a compass and showing the distance remaining to the household.
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Collected GPS data can be plotted on a map. Depending on the sampling strategy, 

this gives study managers the opportunity to monitor whether all households in a 

cluster have been enumerated and visited.

ZAMSTAR (ZAMbian South-African TB and AIDS Reduction study) uses a combination 

of Google Earth images, maps of administrative areas (clusters) and GPS data col-

lected by field teams, to monitor the coverage of clusters by field teams.

 

Finally, household latitude and longitude can provide the basis for a range of spatial 

analyses often requiring the use of Geographic Information Systems (GIS). Examples 

of questions that can be answered include the determination of geographic cluster-

ing of TB cases, the association between prevalent TB and distance to the nearest 

diagnostic centre or population density, and the association between health seeking 

behaviour and the distance to the nearest clinic.
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PART IV
Analysis and reporting
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Rationale
The analysis of cluster sample surveys is not simple for a 
number of reasons, including properly accounting for the 
clustered feature of the data. A robust interpretation of 
survey results involves a careful investigation of potential 
sources of error and bias. A major source of potential bias 
is the one due to missing data. Individual-level analyses are 
preferable to clustered-level analyses because, among oth-
er things, they facilitate missing value imputation. The Task 
Force recommends five individual-level regression model 
analyses. Consistency of results across these five models 
would suggest that findings are robust. It is essential that a 
statistician supervises the development of an analysis plan, 
the analysis itself, and the interpretation of the results.  

Content
This chapter covers five major topics:

- Core survey data (interview, chest X-ray screening, TB 
symptom screening, smear and culture results, health-
seeking behaviour); describing and understanding 
these data, and assessing their completeness and inter-
nal consistency
- Clustered-level analysis to estimate TB prevalence
- Individual-level analyses to estimate TB prevalence; 
five regression models accounting for clustering and in-
corporating missing value imputation
- Missing value imputation; why is it necessary, impor-
tant concepts, implementation  
- Understanding why TB cases are missed by national TB 
programmes.

Examples
The chapter presents an extensive list of recommended ta-
ble shells for tabulation and cross-tabulation of core survey 
data. Main analyses tables presenting results from regres-
sion models are populated with data from the Philippines 
survey (2007).

Lead authors
Sian Floyd, Charalambos Sismanidis

Contributing authors
Emily Bloss, Rhian Daniel, Philippe Glaziou, 
Edine Tiemersma

Chapter 
16 
Analysis and 
reporting
16.1 Introduction 

Estimating the point preva-

lence of TB disease (for ex-

ample as a proportion) from 

a nationwide prevalence 

survey is not as simple as 

counting the number of TB 

cases and dividing it by the 

total number of eligible sur-

vey participants. Instead, be-

cause of the clustered sam-

pling approach used in these 

surveys (see Chapter 5), the 

calculation of TB point preva-

lence, and the uncertainty 

surrounding this estimate, 

must take into consideration 

the clustered design. Failure 

to do so will almost certainly 

understate the uncertainty 

surrounding the point esti-

mate (that is its standard er-

ror), and may also affect the 

point estimate itself. 

Surveys, as with all epide-

miological studies, never go 

exactly according to plan and, 

as a result, potential sources 

of error or bias are intro-

duced in the results. A com-

mon deviation from the pro-

tocol is one associated with 
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assumptions made to calculate the sample size. If, for example, either the observed prevalence is 
lower, or the between-cluster variability is greater than anticipated (hence a larger design effect), 
the prevalence estimate will be less precise than was intended. A potential source of bias is the 
inaccurate population representation in terms of probability proportional to size of district, for 
example, by using out-of-date census data. Another source of bias could be the representativeness 
of the sample of people who actually participate in the survey, compared with those eligible to do 
so. This can become clear if one can imagine that people who do not participate are at a higher 
or lower risk of having TB disease than those who do. Such shortcomings associated with these 
surveys have to be accounted for and corrected, when appropriate, in the analysis.

This chapter is structured and presented in such a way as to illustrate how the Task Force suggests 
an analysis report of a prevalence survey should be set out to provide a comprehensive and trans-
parent description of survey data related to the primary objective of estimating the prevalence 
of pulmonary TB. The first part of the report (see Section 16.2) describes the data and assesses 
its completeness and internal consistency. Apart from providing an overview and understanding 
of the “core data” (by which we mean the data that are essential for all TB prevalence surveys 
to collect), this part also identifies potential biases due to deviations from the sampling frame or 
missing data. The second part (see Section 16.3) defines the outcomes analysed and describes the 
methods used to estimate point prevalence, accounting for both the sampling frame and the miss-
ingness of survey data. The third part (see Section 16.4) presents the main results according to each 
of the outcomes analysed. These include point prevalence as estimated according to all methods, 
as well as the association between age and sex and being a prevalent TB case. The fourth and final 
part (see Section 16.5) summarizes results and presents concluding remarks about the survey and 
its findings, putting it within context both nationally and internationally. 
This chapter uses data from a nationwide prevalence survey carried out in the Philippines in 2007 
(1) to illustrate the use of methods and reporting requirements for prevalence surveys.

It might seem like an attractive option to use estimates of prevalence and duration of TB disease 
drawn from these surveys in order to derive incidence (2, 3). However, unbiased duration measure-
ments can only be estimated through specific projects and not through these surveys. If tubercu-
losis patients identified during the survey are interviewed about the duration of their symptoms, 
then the measured average duration obtained from the surveyed individuals will not represent 
the average duration of other patients in the same country who were not included in the survey. 
The reason is that the natural history of the disease has been affected by the survey investigations 
(most patients were typically not diagnosed with active TB prior to the survey), resulting in an av-
erage duration of disease shorter on average than the duration of disease in other patients in the 
country. Unless there is a way to estimate how much shorter this average duration of disease is, 

then duration measurements from the survey may not be very useful to derive incidence.

16.2 Description and assessment of the completeness and internal 
consistency of the core data

Sections 16.2–16.5 describe how to assess the completeness and internal consistency of the core 

data, as might be done in an analytical report. This analysis assumes there are three strata (or 

geographical areas) in the survey; in reality, the number of strata, if any, will differ by country.
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Initially, for the report it is important to describe the number of strata and clusters and the number 

of clusters within each stratum.  It should be possible to classify all surveyed individuals by stratum, 

cluster, age, and sex, and all should have a unique personal individual identification number. 

Of the total number of households identified in the clusters, it is recommended to describe the 

number and percentage of households that agreed to provide information on household member-

ship, including age and sex of household members. Differences across strata in the number and 

percentage of households agreeing to and refusing to provide household information can also be 

assessed. Analyses should then be restricted to households that agreed to provide information on 

household composition.

The total number of eligible individuals surveyed in each cluster is expected to be close to the tar-

get cluster size, but there will be some variation around this target number (see Chapter 5). This total 

number includes all eligible individuals aged 15 years or older who were listed on the household 

census, whether or not they were present on the day of the census and whether or not they agreed 

to participate in the survey. Table 16.1 shows individuals in the survey by eligibility status (and reason 

for ineligibility, e.g. non-resident of the household); overall and by sex, age group, and stratum. 

For households that have been enumerated, Table 16.2 shows the breakdown of eligible individuals 

according to whether they were not present on the day of the census and did not participate in 

survey, present but did not consent, or present and consented to at least the chest X-ray or interview 

during the survey. The number and percentage of individuals are shown by sex, age group, stratum 

and cluster among eligible individuals.

Table 16.1 
Breakdown of all individuals identified by the survey into eligible and ineligible (by reason for 
ineligibility); overall and by sex, age group, and stratum

Ineligible 1 Eligible TOTAL
(All)

Reason 1 Reason 2  Reason 3

n2 %3 n2 %3 n2 %3 n4 %3 n

Sex5 Male

Female

Age (years) 0–4

5–14

15–24

25–34

35–44

45–54

55–64

65+

Stratum5 Stratum 1

Stratum 2

Stratum 3

TOTAL

1 Reasons for ineligibility are spelt out in the survey protocol and typically include: i) those aged less than 15 years of age, 
and ii) those not resident in the household (depending on country definition); 2 Number of participants with reason for 
ineligibility; 3 % of all individuals enumerated in census; 4 refers to N1 in Figure 16.1; 5 Restricted to individuals who are 
“age-eligible” i.e. aged≥15 years.
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Figure 16.1 shows the number of individuals who were enumerated and who participated in the 

various stages of the survey. 

Figure 16.2 is a simple way to visually inspect whether there are age and sex differences between 

the two populations that are being compared. There are two population comparisons we are 

recommending for TB prevalence surveys, which give useful insight into the success (or not) of 

the survey sampling design: (i) country vs. eligible survey populations and (ii) eligible vs. survey 

participant populations.

Figure 16.1 
Schematic diagram of numbers of participants screened for tuberculosis in the 
prevalence survey as according to the survey protocol

Individuals enumerated
in census

N

Eligible study population
N1   (%)

Participants
(screened by at least one method)

N2   (%)

Participants symptoms
screening* 

N3   (%)

Participants screened by 
both methods 

N5   (%)

At least two sputum 
smears examined 

N7   (%)

At least one culture
performed 

N8   (%)

Participants chest X-ray
screening* 

N4   (%)

Total number of individuals eligible for sputum examination 
N6   (%)

• n eligible by both screening methods
• n eligible by symptoms screening only
• n eligible by chest X-ray screening only

Ineligible individuals:
• n children
• n adult non-residents

Non participants:
• n not present
• n present but no consent

Smear-positive, culture-positive**:
Smear-positive, culture-negative**:

Smear-positive, culture not done/contaminated**:

Smear-negative, culture-positive**:
Smear not done, culture-positive**:

Positive bacteriological result**:

n
n
n

n
n

n

(% of S+cases)
(% of S+cases)
(% of S+cases)

(% of C+cases)
(% of C+cases)

 Subscripts are used to allow reference of different numbers throughout this chapter;
* Assuming that, according to WHO’s recommendations, at least symptoms screening and chest X-ray 
examination will be applied;
** For definitions of a positive smear and culture, see Section 16.3.1.
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Table 16.2 
Breakdown of eligible individuals, n(%), into non-participants and participants (present and 
consented to one or both of X-ray and interview); overall and by sex, age group, and stratum

Non-participants1
Participants

(interview and/or chest 
X-ray)

TOTAL
(eligible)

n %2 n3 %2 n4

Sex Male
Female

Age (years) 15–24
25–34
35–44
45–54
55–64
65+

Stratum Stratum 1
Stratum 2
Stratum 3

Cluster Cluster 1
Cluster 2
Cluster 3…5

TOTAL
1 Includes individuals who were not present on the day of the survey, or those who were present but did not consent to 
chest X-ray and sputum examination; 2 % over total eligible; 3 refers to N2 in Figure 16.1; 4 refers to N1 in Figure 16.1; 5 Plus 
additional clusters.

Figure 16.2 
Distribution by age and sex of the national adult population (panel A) compared with the distribution by age 
and sex of the survey population (panel B). Example from Viet Nam (16)

–20%

15–24

25–34

35–44

45–54

55–64

65+

–10% 0% 10% 20%

Men Women

A

–20%

15–24

25–34

35–44

45–54

55–64

65+

–10% 0% 10% 20%

Men Women

B

16.2.1  Interview data
The number and percentage of individuals with a chest X-ray and/or symptom screen, among those 

eligible, are presented in Table 16.3.  

Among those eligible, the percentage of individuals with a chest X-ray are presented overall, as well 

as by sex, age group, stratum and cluster in Table 16.3. Table 16.3 also describes the overall number 

and percentage of individuals with a symptom screen among individuals eligible for an interview, 

as well as the number and percentage of individuals with a symptom screen by sex, age group, 

stratum and cluster.  

Ch
ap

te
r 

16
.  

 A
na

ly
si

s 
an

d 
re

po
rti

ng



238

Table 16.3 
Coverage by chest X-ray and symptom screening

Chest X-ray screening Symptom screening

N1 n2 %4 n3 %4

Sex Male
Female

Age (years) 15–24
25–34
35–44
45–54
55–64
65+

Stratum Stratum 1
Stratum 2
Stratum 3

Cluster Cluster 1
Cluster 2
Cluster 3…5

TOTAL

1 Number eligible (N1 in Figure 16.1); 2 Number with outcome (N4 in Figure 16.1); 3 Number with outcome 
(N3 in Figure 16.1); 4 % over total eligible; 5 Plus additional clusters.

16.2.2 Chest X-ray screening and quality assurance 
Among all participants who had x-rays taken, Table 16.4 shows the number and percentage of 

individuals with chest X-ray reading results that were classified as normal, abnormal and unknown 

by the field reader overall and by sex, age group, stratum and cluster. 

Of the total number of X-rays read in the field, Table 16.5 shows the number and percentage of X-rays 

which were re-read at central level or had a missing result.  Cross-tabulation of the field X-ray result 

by the central X-ray result can show the percentage overall agreement in X-ray results between the 

results from the field reading and the central reading (see Table 16.5). More importantly, it shows 

how many individuals were assessed as not eligible for sputum examination based on the field 

chest X-ray reading, but who were eligible for sputum examination according to the central reading 

of the X-ray. This gives information as to how many TB cases might have been missed by the survey.
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Table 16.4 
Field chest X-ray reading

Normal1 Abormal1 Unknown2
TOTAL

(of those with 
an X-ray)

n % n % n % n3

Sex Male
Female

Age (years) 5–14
15–24
25–34
35–44
45–54
55–64
65+

Stratum Stratum 1
Stratum 2
Stratum 3

Cluster Cluster 1
Cluster 2
Cluster 3…4

TOTAL
1  For definitions of normal and abnormal field chest X-ray readings, see Chapter 7; 2 Unknown may include re-
sults which are inconclusive due to poor X-ray technique, indeterminate and/or missing; 3 Refers to N4 in Figure 
16.1; 4 Plus additional clusters.

Table 16.5 
Correspondence between field and central reading of chest X-ray

Chest X-ray, field reader
Chest X-ray, central reader Normal1 Abormal1 Unknown2 TOTAL

n % n % n % n3

Normal1

Abnormal consistent with TB1

Abnormal inconsistent with TB1

Unknown2

NUMBER NOT READ
TOTAL

1 For definitions, see Chapter 7; 2 Unknown may include results which are inconclusive due to poor X-ray tech-
nique, indeterminate and/or missing; 3 Refers to N4 in Figure 16.1.

16.2.3 TB symptom screening
Table 16.6 shows the percentage of individuals with reported TB symptoms (note that the number 

of symptoms that are enquired about may vary by country protocol, so the exact number and type 

of symptom is not specified here). The number and percentage of individuals with TB symptoms by 

sex, age group, stratum and cluster is shown, as well as the number and percentage of individuals 

found to have any TB symptom. 

Ch
ap

te
r 

16
.  

 A
na

ly
si

s 
an

d 
re

po
rti

ng



240

Table 16.6 
Current TB symptoms

Symptom 1 Symptom 2 Symptom 3... Any symptom

N1 n2 %3 n2 %3 n2 %3 n2 %3

Sex Male

Female

Age (years) 15–24

25–34

35–44

45–54

55–64

65+

Stratum Stratum 1

Stratum 2

Stratum 3

Cluster Cluster 1

Cluster 2

Cluster 3…4

TOTAL

1Number with interview data on TB symptoms (N3 in Figure 16.1); 2 Number with symptom; 3 Percentage 
with symptom over total number of those with interview data on TB symptoms; 4 Plus additional clusters.

16.2.4  Smear and culture results 
Table 16.7 shows the smear results for each specimen separately, as well as for both specimens 

combined, among individuals who were eligible for sputum examination. Smear results are reported 

as positive, negative or not available and are cross-tabulated by: a) field X-ray reading, b) eligibility 

for sputum examination according to reported symptoms and c) eligibility for sputum examination 

according to either X-ray or reported symptoms. 

Table 16.7a presents smear results for each specimen, by smear grading. 

Table 16.8 presents culture results for each specimen separately, as well as for both specimens 

combined, among individuals who were eligible for sputum examination. Culture results are reported 

as positive, negative, inconclusive or not available and are cross-tabulated by: a) field X-ray reading, 

b) eligibility for sputum examination according to reported symptoms and c) eligibility for sputum 

examination according to either X-ray or reported symptoms.

Table 16.8a presents culture results for each specimen separately, with a focus on contamination 

rates and non-tuberculous mycobacteria NTM. 
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Table 16.9 presents combined smear and culture results overall as well as by sex, age group, stratum 

and cluster. The combined smear and culture results are categorized as: i) smear-positive, culture-

positive (S+C+), ii) smear-positive, culture-negative (S+C-), iii) smear-negative, culture-positive (S-

C+), iv) smear-negative, culture-negative (S-C-) and v) not available if either of smear or culture is 

not done, result is missing or contaminated.

Table 16.9 
Combined smear and culture results. Breakdown of bacteriological results for all individuals who 
were eligible for sputum examination1 ; overall and by sex, age and cluster

S+ C+ S+ C- S- C+ S- C- Not available4 TOTAL

n2 %3 n2 %3 n2 %3 n2 %3 n2 %3 N6

Sex Male

Female

Age (years) 15–24

25–34

35–44

45–54

55–64

65+

Stratum Stratum 1

Stratum 2

Stratum 3

Cluster Cluster 1

Cluster 2

Cluster 3…5

TOTAL

1 Smear and culture results used in this table are the combined result based on both sputum samples; 2 Number in the group; 
3 % over total eligible for sputum examination; 4 Not available = not done, result missing or contaminated for either smear or 
culture; 5 Plus additional clusters.

Table 16.10 presents the combined smear and culture results in the categories outlined above by: 

a) field X-ray reading, b) central X-ray reading, c) eligibility for sputum examination according to 

reported symptoms and d) eligibility for sputum examination according to either X-ray or reported 

symptoms.

Finally, Table 16.11 presents HIV testing results for all of the bacteriologically-confirmed pulmonary 

TB  cases that were identified by the survey. 
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Table 16.10 
Combined smear and culture results1 tabulated by chest X-ray readings in the field as well as 
central, and eligibility for sputum examination according to a) symptoms only, and b) symptoms 
or X-ray 

S+ C+ S+ C- S- C+ S- C- Not available4 TOTAL

n2 %3 n2 %3 n2 %3 n2 %3 n2 %3 N

Field X-ray reading
Normal5

Abnormal5

Unknown

Central X-ray reading
Normal

Abnormal consistent with TB

Abnormal inconsistent with TB

Unknown

Eligible for sputum examination according to symptoms6

No

Yes

Unknown

Eligible for sputum examination according to field X-ray or symptoms
No

Yes

TOTAL

1 Smear and culture results used in this table are the combined result based on both sputum samples; 2 Number in the group; 
3 % over total eligible for sputum examination; 4 Not available = not done, result missing or contaminated; 5  For definitions see 
Chapter 7; 6 According to national TB control programme definition.

 

Table 16.11 
HIV testing results of all bacteriologically-
confirmed1 pulmonary TB cases

TB survey case

HIV testing result n2 %3

Negative
Positive

Not done
TOTAL
1 For definition see Chapter 4; 2 Number in the group; 
3 % over total eligible for sputum examination.

16.2.5 Why are TB cases missed by national TB control programmes?

Prevalence surveys of TB disease provide a unique opportunity to identify some of the main 

reasons why confirmed survey TB cases with symptoms suggestive of TB were not diagnosed and/

or reported to the national TB control programme (NTP) prior to survey investigations. Knowing the 

main reasons for failing to diagnose or report a TB case helps understand and address weaknesses 

in NTPs, including policies of screening and case finding. This section provides advice on indicators 

and questions that may be used to assess programme performance and adapt tuberculosis control 

policies based on survey findings.
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Patients may not have been diagnosed and/or reported as TB cases prior to the survey for the 

following main reasons:

• Financial or geographical barrier to accessing general health services

• Some patients may have sought medical care but investigations to diagnose TB were not 

initiated or were incomplete or falsely negative, or else, TB laboratory services were not 

available

• TB was diagnosed but not reported to public health authorities.

Barriers to accessing health services will result in late diagnosis or death from tuberculosis, for 

those individuals who do not self-cure. A specific section of the patient questionnaire (see Chapter 

6) may include questions to determine why survey participants eligible for sputum examination 

based on symptoms failed to seek medical care. 

The following indicators should be computed, with adjustment for clustered sampling design accord-

ing to recommendations in this chapter.

(i) Indicators related to participants eligible for sputum examination based on symptoms1 

(also see Table 2.1)

1. Percent of participants eligible for sputum examination based on symptoms, 

reporting having not sought medical advice for treatment of their symptoms (see 

Appendix 1.3, questions 1-2); M3/M1 from Figure 16.3.

a. Among them, percent reporting a financial barrier; M7/M3 from Figure 16.3.

b. Among them, percent reporting having no health insurance; M8/M3 from 

Figure 16.3.

c. Among them, percent reporting a geographical barrier to accessing health 

services; M9/M3 from Figure 16.3.

2. Percent of participants eligible for sputum examination based on symptoms, 

reporting having sought medical advice for treatment of their symptoms (see Ap-

pendix 1.3, questions 1-2); M2/M1 from Figure 16.3.

a. Among them, percent reporting sought advice in a public clinic or hospital. 

This indicator may be defined separately for initial medical contact and last 

medical contact (see Appendix 1.3, question 3); M4/M2 from Figure 16.3.

b. Among them, percent reporting sought advice in a private clinic/hospital 

(see Appendix 1.3, question 3); M5/M2 from Figure 16.3.

c. Among them, percent reporting sought advice at a traditional healer (see 

Appendix 1.3, question 3); M6/M2 from Figure 16.3.

3. Proportion of symptomatic prevalent  TB cases confirmed during the survey, who 

reported that:

a. they could not afford to pay for their prescribed investigations (see Appen-

dix 1.3, question 4); N26/N13 from Figure 16.4.

1 These indicators can also be used for prevalent TB cases identified by the survey.
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b. they could not access free medical services; N27/N13 from Figure 16.4. This 

indicator should be compared between confirmed TB cases and symptomatic 

individuals not confirmed with TB (see Appendix 1.3, question 5).

(ii) Indicators related to TB patients on treatment at the time of survey investigations (also 

see Table 2.1)

4. Ratio of TB patients diagnosed with TB prior to the survey and currently on treat-

ment (N3+N5+N10+N14 from Figure 16.4), over prevalent TB patients confirmed during 

the survey (N4+N6 from Figure 16.4). A high ratio will indicate a high level of perfor-

mance of the national TB programme expressed in terms of the capacity to capture 

most incident cases.

5. Among patients diagnosed with TB prior to the survey and currently on treatment 

- (N3+N5+N10+N14) from Figure 16.4 - mean duration between onset of symptoms and 

start of treatment. This indicator will provide information about the duration of disease 

prior to diagnosis under routine programme conditions, but the information is 

expected to be imprecise due to low numbers (see Appendix 1.3, question 8).

6. Among patients diagnosed with TB prior to the survey and currently on treatment, 

percent reported to NTP; (N7+N11+N20+N29)/(N3+N5+N10+N14) from Figure 16.4. This 

indicator will provide information on the coverage of TB reporting but is expected to 

be imprecise due to low numbers.

7. Among patients diagnosed with TB prior to the survey, currently on treatment 

and not reported to NTP, percent diagnosed in the public sector; (N15+N24+N22+N31)/

(N8+N12+N21+N30) from Figure 16.4.1 This indicator will provide information on 

providers failing to report TB, but is expected to be imprecise due to low numbers 

(see Appendix 1.3, question 6).

8. Average cost of care reported by patients (see Appendix 1.3, question 9).

16.2.6 Do variations in notification rates between sub-populations of interest 
reflect true differences in TB disease burden?

It is often observed that TB case notification rates are higher among men, or higher in certain geo-

graphical areas. In order to interpret such differences in case notification, it is recommended to 

compute ratios of notification rates over measured prevalence rates specific to sub-populations of 

interest and to compare them. 

For instance, if notification rates among men are higher than notification rates among women, a 

concern may be that women do not access health services as well as men. However, if the ratio of 

notified over prevalent cases is similar between men and women, sex differences in notification 

rates may be interpreted to reflect sex differences in disease burden. In this example, the survey 

results would not provide evidence to support the hypothesis that on average, women have less 

access to health services than men. 
1 This indicator is useful for countries where not all public health facilities report TB cases to the NTP. 
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On the other hand, whenever a large difference between the notification/prevalence ratio is 

observed between sub-populations of interest, systematic differences in the performance of 

diagnostic or reporting of TB may be suspected. Such differences should be investigated and ad-

dressed through changes in relevant policies for TB control, in order to improve overall TB control 

performance.

It should be noted that prevalence surveys are generally not powered to detect statistical differ-

ences in prevalence between sub-populations. The proposed approach to compute ratios of notifi-

cation to prevalence rates does not aim at showing statistically significant differences in prevalence 

between sub-populations, but aims at comparing patterns in notifications to patterns in prevalence 

in order to identify potential weaknesses in policies for case finding and reporting.

Figure 16.3 
Flow of survey participants eligible for sputum examination based on symptoms 

Eligible for sputum examination based on symptoms*
M1  (%)

Having sought care
M2  (%)

sought care public
M4  (%)

sought care private
M5  (%)

sought care healer
M6  (%)

financial barrier
M7  (%)

no health insurance
M8  (%)

geographical barrier
M9  (%)

Having not sought care
M3  (%)

Participants
N

• Not eligible for sputum 
examination
• Eligible for sputum exami-
nation based only on chest 
X-ray

 Subscripts are used to allow reference of different numbers throughout this section.
* Definition of eligibility for sputum examination based on symptoms, according to survey protocol.
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16.3  Estimation of pulmonary TB prevalence: methods of analysis

This section presents the different definitions of the TB case outcome recommended by the Task 

Force, to allow for both within-country and between-country comparisons with past and future 

surveys. It also presents the methods of analysing survey data both at the cluster and individual 

levels. Particularly for the individual level analyses, five recommended logistic regression models 

are presented, all of which account for the cluster sample survey design and three of which attempt 

to correct for the bias due to missing data. Methodology for handling missing data is presented in 

some detail, because standard statistical software packages have implemented missing value impu-

tation only relatively recently. All analyses for examples shown in this chapter are done using Stata 

(4), but other statistical software such as SAS (5) or R (6) could alternatively be used.

16.3.1 Outcomes analysed
The estimation of prevalence based on at least three outcomes defining a TB case is recommended. 

The number of outcomes should be defined according to the individual survey protocol and reflect 

associated survey objectives. 

Definitions for acid fast bacilli positive by sputum smear examination and tuberculosis bacteriologically 

positive by culture positivity can be found in Chapter 4 (Box 4.1). TB survey case definitions can be 

found in Chapter 4 (Box 4.2). 

16.3.2 Cluster-level analyses
The cluster sample survey design means that if an individual-level analysis is done without taking 

account of the clustering, then the confidence interval for the value of true TB prevalence will 

be too narrow. A simple solution to account for the clustering is to aggregate the individual-level 

data to the level of the cluster, so that the cluster (rather than the individual) becomes the unit of 

analysis. 

This “simple solution” is recommended if the number of clusters is less than 30. TB prevalence 

surveys typically include 50 or more clusters, so that strictly speaking a cluster-level analysis is 

not essential. Nevertheless, this method is recommended as the first step in the analysis because 

it is simple and transparent, and also because it requires a careful description of the variation in 

cluster-level TB prevalence. This is an important feature of the data that should be described well 

and summarized graphically.

For a cluster-level analysis, TB prevalence among survey participants is calculated separately for 

each cluster, and the average cluster-level prevalence  is calculated 

Where  is the number of clusters and  are the cluster-specific TB prevalence values for each of 

the clusters, for . An approximate 95% confidence interval is calculated based on the 

observed between-cluster variation. Specifically:
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• the standard deviation ( ) of the cluster-level prevalences is calculated

• the standard error ( ) of the mean across clusters is calculated as , where  is the 

number of clusters.

• An approximate 95% confidence interval is calculated as the mean prevalence across 

clusters, plus or minus two times the standard error of the mean.

A histogram should also be plotted to show and understand the distribution of cluster-level TB 

prevalence. 

16.3.3 Individual-level analyses
Apart from using cluster-level estimates and combining them to estimate the population prevalence, 

as shown in the previous section, individual-level analyses can also be performed (7). The most 

crucial characteristic of such analyses is that they take clustering of individuals into consideration. 

Another important advantage of individual-level analyses is that they facilitate adjustment of the 

estimation of TB prevalence according to the effects of other important participant characteristics, 

such as age and sex. Finally, it is only individual-level analyses that allow an investigation of the 

extent to which the bias introduced by the incompleteness of the data can be corrected (8). 

Individual-level analyses are performed using logistic regression models because the outcome is 

binary (a participant either is or is not a TB case). The use of two types of these logistic regression 

models is recommended, with and without multiple imputation. These are: a) with robust standard 

errors based on observed between-cluster variability and b) random effects logistic regression. 

Both of these types of models account efficiently for the clustering of individuals and allow 

handling of missing data by imputation techniques (9). Random effects logistic regression models 

are the preferred approach to quantifying the association between risk factors and TB prevalence. 

However, these models do not always converge (that is, produce results) because their estimation 

process is complicated and computationally demanding. Additionally, it is important to carry out 

model checks to ensure that the random effects model fit is robust and results are reliable (7). Fur-

thermore, the estimation process of these models produces a “shrunken” estimate of the overall 

nationwide TB prevalence, especially true when outliers exist among the observed cluster-specific 

TB prevalence estimates. Therefore, robust standard error logistic regression models are the pre-

ferred models for the estimation of the overall nationwide TB prevalence.

For each of the two outcomes estimating TB prevalence defined above, five logistic regression 

models should be investigated and their results presented. Comparing results across models should 

reveal the robustness of the estimates derived using different analytical approaches and model 

assumptions. If the estimates of TB prevalence and their confidence intervals are found to be similar 

across estimation methods, this would increase our confidence in the quality of the survey and the 

reliability of the results. If estimates and their confidence intervals vary greatly then results of the 

survey should be interpreted within these limitations.

(i) Robust standard errors (Model 1). This model does not account for variation in the number of 

individuals per cluster, or correlation among individuals in the same cluster, when estimating the 

point prevalence of pulmonary TB. Equal weight is given to each individual in the sample. However, 
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the model does correct for clustering (by using the observed between-cluster variation) when 

estimating the 95% confidence interval, and can control for the strata that were part of the survey 

design. This model exactly corresponds to the classical analysis of surveys (svy commands with 

Stata), when one does not need to adjust for sampling weights. This is indeed the case in the self-

weighting survey design for nationwide TB prevalence surveys. This model is restricted to survey 

participants (=N2 in Figure 16.1).

(ii) Robust standard errors with missing value imputation (Model 2). This model uses (multiple) 

missing value imputation for individuals: a) without a field chest X-ray result and/or symptom 

screening, and b) for individuals with a positive chest X-ray result or TB symptoms but without 

smear and/or culture results, in order to include all individuals who were eligible for the survey in 

the analysis (=N1 in Figure 16.1). This model allows for both the clustering in the survey design and 

the uncertainty introduced by imputation of missing values when estimating the 95% confidence 

interval for the prevalence of pulmonary TB.

(iii) Random-effects logistic regression (Model 3). This model takes account of both clustering and 

variation in the number of individuals per cluster, when estimating both the point prevalence of 

pulmonary TB and its 95% confidence interval. As with Model 1, this model is restricted to survey 

participants (=N2 in Figure 16.1).

(iv) Random-effects logistic regression with missing value imputation (Model 4). This model takes 

account of both clustering, and variation in the number of individuals per cluster when estimating 

both the point prevalence of pulmonary TB and its 95% confidence interval, and also incorporates 

imputation of the missing data. It includes all individuals who were eligible for the survey in the 

analysis (=N1 in Figure 16.1).

(v) Robust standard errors with missing value imputation (for individuals eligible for sputum 

examination), and inverse probability weighting (applied to all survey participants) (Model 5). 

Missing value imputation is used for individuals eligible for sputum examination (defined as having a 

field chest X-ray reading that was abnormal and/or TB symptoms) for whom data on one or more 

of the Central chest X-ray reading, some symptom questions, and smear and culture results were 

not available. Survey participants are defined for this analysis as individuals who had a chest X-

ray that was technically adequate and also participated in the symptom screening survey. Inverse 

probability weighting is then used to correct for differentials in participation in the survey by age, 

sex, and cluster. Through the combination of imputation of missing data and the use of weights, 

the analysis aims to represent the whole of the survey eligible population (=N1 in Figure 16.1), but 

the weights are applied only to individuals who were screened by both chest X-ray and symptoms 

(=N5 in Figure 16.1).
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16.3.4 Missing value imputation

16.3.4.1  Why is missing value imputation necessary?

There will always be missing outcome data in TB prevalence surveys. For example:

(i) some eligible individuals do not participate in the symptom screening survey

(ii) some eligible individuals do not attend for chest X-ray screening, do not consent to having 

an X-ray done, are excluded from chest X-ray screening on medical grounds such as preg-

nancy, or for technical reasons the X-ray could not be done on the day(s) they attended

(iii) some individuals with an abnormal X-ray, and/or with TB symptoms, or who were 

eligible to provide sputum on the basis that they attended for chest X-ray but were unable 

to have an X-ray done due to technical or medical reasons, do not provide 2 sputa for 

bacteriological diagnosis of TB

(iv) some individuals who are eligible for sputum examination provide 2 sputa, but one or 

both sputa are lost or contaminated and so smear and/or culture results are missing

A prevalence estimate that uses only individuals with complete data on pulmonary TB will be biased 

except under the strong assumption that those with full information are a random subset of the 

eligible study population. Methods that incorporate missing value imputation are unbiased under 

a weaker assumption (see below), and thus imputation is valuable both for obtaining a more valid 

estimate of TB prevalence and in assessing the bias of simpler approaches.

However, it should always be possible to collect virtually complete data during the household 

census on a few key individual characteristics that are risk factors for pulmonary TB, in particular 

an individual’s age or birth year and sex. The stratum and cluster for all eligible individuals is always 

known.

It is important to stress that multiple imputation of missing data is not a good substitute for 

collecting the data in the first place. It is essential to keep missing data on outcome variables 

(symptom screening, chest X-ray, and smear and culture results) and key explanatory variables 

(individual characteristics known to be risk factors for TB) to a minimum. Hence, all of community 

sensitisation, repeat visits and tracing of missed individuals, and minimizing procedural and labo-

ratory errors (such as chest X-ray machines not working and culture contamination) are essential, 

even if we can try later to reduce the harmful impact of missing data in the analysis.

16.3.4.2  Important concepts for missing value imputation

Three key types of missing data are distinguished in the literature. These need to be understood in 

order to take proper account of missing data in the analysis (9, 10, 11). The three types are explained 

below, in the context of data being missing for the primary outcome variable of pulmonary TB, yes 

or no.

(i) Missing completely at random (MCAR); no adjustment required

This occurs when the probability that an individual has missing data on pulmonary TB is NOT related 

to either a) the value of the outcome (that is, TB case yes or no) or b) an individual characteristic that 
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is a risk factor for the outcome (for example age, sex, stratum, cluster, TB symptoms). If data are 

MCAR, then we can restrict our analysis to the individuals who DO participate fully in the survey, 

and an unbiased estimate of true pulmonary TB prevalence will be obtained. It is very unlikely 

that MCAR will be true overall. However, among participants who were eligible to have sputum 

taken and also provided 2 sputum samples, it may be reasonable to assume MCAR if the only 

reason for smear and culture results being missing is laboratory contamination or loss of samples.

(ii) Missing at random (MAR); missing value imputation required

This occurs when the probability that an individual has missing data for the outcome variable of 

pulmonary TB (yes or no) IS related to individual characteristics such as age, sex, stratum, and TB 

symptoms. However, WITHIN groups of individuals who are the same for age, sex, stratum and TB 

symptoms, the probability of data being missing on the outcome variable is NOT associated with 

its value (that is, TB case yes or no). Missing value imputation is implemented with the assumption 

that MAR is true. The observed prevalence of pulmonary TB, stratified on at least an individual’s 

age, sex, stratum, and TB symptoms, is used to predict TB (yes or no) for individuals for whom data 

are missing. In this way an unbiased estimate of true pulmonary TB prevalence in the population 

can be obtained.

(iii) Missing not at random (MNAR); missing value imputation and also sensitivity analysis 

required

This occurs when, even if we stratify individuals on characteristics that are known to be risk factors 

for TB (such as urban or rural area of residence, age, sex), the probability of an individual having 

missing data on the outcome variable (that is, TB case yes or no) is different for individuals who 

have TB compared with individuals who do not have TB. In this situation, we cannot “correct” the 

estimate of pulmonary TB prevalence simply by using missing value imputation based on the patterns in 

the observed data. A sensitivity analysis is required for this situation. We describe a simple method 

for this, and it is an area of ongoing research (12).

It is important to be aware that the observed data themselves cannot explain which of (i), (ii), or 

(iii) is true. In practice the aim is to impute data in a way that makes the MAR assumption plausible.  

Where possible, it is valuable to collect information such as the reason for not participating at all, 

or being willing to answer questions but not to undergo chest X-ray screening, in order to make a 

more informed assessment of the plausibility of the MAR assumption.

16.3.4.3  Describing and understanding the patterns of missing values

Before implementing missing value imputation, the first step of the analysis should always be to 

describe and understand the patterns of missing values. 

Specifically, at least the following should be summarized:

• the proportion of eligible individuals who participated in the symptom screening survey;

• the proportion of eligible individuals who had a field chest X-ray reading;

• the proportion of eligible individuals who both participated in the symptom screening 

survey and had a field chest X-ray reading;
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Box 16.1: Multiple missing value imputation for analysis of 
bacteriologically-confirmed pulmonary TB

Multiple missing value imputation is done using regression models, using a procedure 

called “imputation by chained equations”. In the context of a TB prevalence survey, it 

is expected that age, sex, stratum, and cluster are known for all individuals. But there 

will be missing data on TB symptoms (yes or no, for each symptom in the symptom 

screening questionnaire), central chest X-ray reading (normal or abnormal), and the 

primary outcome of bacteriologically-confirmed pulmonary TB (yes or no).

The imputation is implemented as follows:

(1) “Starting values” are assigned to all the missing data. For each variable, 

these “starting values” are obtained from a random sample of the values 

from individuals for whom data are not missing. Thus the “starting values” are 

“borrowed at random” from available data.

(2) For each variable with missing data, a model is then fitted with this par-

ticular variable as the outcome and other variables as explanatory variables. 

This is done sequentially, in order of the proportion of data that are missing 

and starting with the variables with the least missing data. 

(3) For example, suppose the first step is to impute values of cough with a 

duration of 2 weeks or more, yes or no. The imputation model will be a lo-

gistic regression model with cough (yes or no) as the outcome variable, and 

each of age group, sex, stratum, other TB symptoms, central chest X-ray read-

ing, and bacteriologically-confirmed TB as explanatory variables. Note that 

age should be grouped and included in the model as a categorical variable 

(because it is unlikely that the risk of TB follows a linear trend with age), for 

example 15–24 years, 25–34 years, 35–44 years, 45–54 years, 55+ years. Age 

should be grouped in such a way that the risk of TB is similar within each age 

group, and the particular grouping used may vary by country. Note also that 

only individuals with the “cough” variable observed are used in this step – i.e. 

when fitting each univariable imputation model the “borrowed imputations” 

from  (1) are used only for the explanatory (independent) variables for that 

imputation model. The “borrowed imputations” for the dependent variable 

(in the particular imputation model being fitted, with cough yes or no being 

the dependent variable for this model) are discarded.
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The fitted imputation model is then used to obtain a predicted probability 

that an individual has a cough of 2 weeks or more duration (yes or no). Taking 

into account the uncertainty about the estimate of this predicted probability, 

a value of 0 (cough = no) or 1 (cough = yes) is imputed for each individual for 

whom data on cough were not available.

Next, the observed and newly imputed data on cough, combined with the 

observed and “starting values” on other variables, are used to predict a sec-

ond variable (the one with the second least amount of missing data). This 

might be coughing blood, yes or no. Exactly the same procedure is followed as 

above. Then the same thing is done for central chest X-ray reading, normal or 

abnormal, again using a logistic regression model. Finally, a logistic regression 

model with bacteriologically-confirmed TB as the outcome variable, and age 

group, sex, stratum, TB symptoms, and central chest X-ray reading as explana-

tory variables, will be fitted. If the ratio of the prevalence of bacteriologically-

confirmed TB in women compared to men varies by age group (among indi-

viduals with complete data), it will also be necessary to include an interaction 

between age group and sex in the imputation model.

(4) After this process has been completed once for each variable with missing 

data, then a dataset has been created in which all missing values have been 

imputed using a regression model. These newly imputed values are then used 

as “starting values” for the next iteration of the process.  It is necessary to 

cycle through this process at least ten and preferably twenty times, in order 

to obtain one “reliable” imputed dataset in which the imputed values are not 

dependent on the original “starting values”. 

(5) Then the process in (1) to (4) is repeated several times, in order to obtain 

several imputed datasets (thus “multiple” missing value imputation). It is 

recommended to use at least five imputed datasets, and it will be safer to 

use ten. It is important to check that the prevalence estimate is little changed 

if ten rather than five imputed datasets are used. If so, it is better to use ten 

imputed datasets, in which case it is important also to verify whether there is 

little difference between using ten and twenty imputed datasets. It is unlikely 

that more than twenty imputed datasets will be needed.
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• among individuals eligible for sputum examination, the proportion with two sputum 

samples collected;

• among individuals eligible for sputum examination, the proportion with smear and culture 

results from 0, 1 or 2 sputum samples

These five summaries should be done both overall, and also broken down by individual risk factors 

for pulmonary TB such as age group and sex and stratum (area of residence). Essentially, these sum-

maries are covered among the tables that are shown in Section 16.4.1. They are mentioned again 

here because it is essential to understand the extent of, and patterns, of missing data:

a) in order to understand the possible biases that may result from an analysis that is re-

stricted to (i) survey participants who also have complete data on chest X-ray result (normal 

or abnormal) and symptom screening, and (ii) among those eligible for sputum examination, 

complete data on smear and culture results;

b) in order to choose appropriate imputation models to use when implementing multiple 

missing value imputation, to aid the plausibility of the “missing at random” assumption. 

Individual characteristics that are both risk factors for TB and also predictive of data being 

missing (e.g. age, sex) can be considered as “confounding” variables that must be included 

in the imputation model.

16.3.4.4  Implementation of multiple missing value imputation

There are 2 primary outcomes in a TB prevalence survey:

(i) bacteriologically-confirmed pulmonary TB

(ii) smear-positive pulmonary TB

Imputation should be done separately for each of these two outcomes. We explain in Box 16.1 how 

missing values are imputed for the analysis of bacteriologically-confirmed pulmonary TB. For the 

analysis of smear-positive pulmonary TB, the method is identical except that the variable “smear-

positive pulmonary TB, yes or no” is included in the analysis instead of “bacteriologically-confirmed 

pulmonary TB, yes or no”.

The process of creating the imputed datasets can be implemented in Stata 10 using the ice command, 

in Stata 11 using a suite of commands (mi) for multiple imputation, and also in other statistical 

packages such as  R. It is important to note that the ice command in Stata 10 does not allow for 

correlation among individuals in the same cluster. However, recent work has suggested that if this 

correlation is very low (as has been found to be the case in completed TB prevalence surveys) then 

the results from the missing value imputation are very similar with or without allowing for this 

correlation (13). Also, because TB symptoms (yes or no for each symptom) and the central chest 

X-ray reading (normal or abnormal) are included as variables in the imputation model, at least part 

of the correlation among individuals in the same cluster will be explained by the model. Including 

cluster as a “fixed effect”, i.e. as an explanatory variable in the imputation model, is not recom-

mended given the low number of TB cases in proportion to the number of clusters (for example 

136 bacteriologically-confirmed pulmonary TB cases from 50 clusters in the Philippines 2007 TB 

prevalence survey (1). 
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The overall point prevalence of TB and 95% confidence interval is calculated for each imputed 

dataset using either Model 2 (logistic regression model with robust standard errors) or Model 4 

(random-effects logistic regression model). In both cases, only the overall point prevalence of 

pulmonary TB and its 95% confidence interval is estimated, thus there are no explanatory variables 

included in the model for this stage. Then an average of the estimates of TB prevalence from each 

of the imputed datasets is calculated, with a 95% confidence interval that takes into account both 

a) the variation in the estimate of point prevalence among imputed datasets and b) sampling 

variation including the effect of the clustering in the survey design. In Stata 10, this can be done 

using the mim command and in Stata 11 using the suite of commands mi for multiple imputation. 

In summary, if (i) the percentage of individuals with missing data is not too high (for example not 

above 15%) (ii) data are “missing at random (MAR)” (iii) appropriate imputation models are used, 

and (iv) the data from the imputed datasets are combined in an appropriate way, then we can be 

confident that we can obtain an unbiased estimate of TB prevalence in the eligible population.  

We can also obtain a valid 95% confidence interval for the prevalence of TB, allowing for both 

the clustering in the survey design and the uncertainty introduced by the imputation. If any of 

these four requirements are not met, then multiple imputation cannot be relied upon to provide 

a valid estimate of the prevalence of pulmonary TB. If the percentage of individuals with missing 

data is more than 15%, but there is confidence that requirements (ii), (iii), and (iv) are met, then 

it remains useful to apply multiple imputation but the interpretation of the results must be more 

cautious.

The estimate of the prevalence of bacteriologically-confirmed TB from the analysis using multiple 

imputation of missing values should then be compared with the analysis that was restricted to 

individuals with complete data, to assess if the analysis ignoring the missing data is biased. If the 

results are substantively different, then it is very important to try to understand the reasons for the 

difference.

16.3.4.5  Multiple imputation combined with inverse probability weighting

While it is possible to use only multiple imputation to adjust for the missing data, and this is the 

most efficient approach provided the imputation models are specified appropriately, an alternative 

approach is to use a combination of multiple imputation (MI) and inverse probability weighting 

(IPW) (11, 14). With this approach, imputation is used to fill in missing values only when there can 

be a high degree of confidence that the imputation model is correctly specified (and thus that the 

MAR assumption is plausible). In the context of TB prevalence surveys, this means it is used only 

among individuals who participated fully in the survey: those who answered the symptom screening 

questionnaire, and also either had a chest X-ray that was technically adequate or had sputum taken 

because they were unable to have a chest X-ray done.

Such individuals can be divided into two groups:

(i) Eligible for sputum examination – individuals with an abnormal X-ray, and/or positive on 

symptom screening, and/or unable to undergo chest X-ray screening
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(ii) Ineligible for sputum examination – individuals who had a normal chest X-ray, and were 

also negative on symptom screening.

Individuals who were ineligible for sputum examination are assumed not to have TB, and are coded 

as negative for pulmonary TB. For those eligible for sputum examination, multiple imputation is 

used to fill in missing data on the chest X-ray reading, and on pulmonary TB in the case of smear 

and/or culture results being missing. This is implemented in exactly the same way as described in 

Section 16.3.4.4 above. Each of the imputed datasets for those eligible for sputum examination is 

then combined with the data on individuals who were ineligible for sputum examination, to give 

(for example) 10 imputed datasets that have missing values filled in and include all individuals who 

participated fully in the survey.

For each imputed dataset, a point estimate for population TB prevalence and a 95% confidence 

interval for it is then calculated, using robust standard errors and weights. Weights are calculated 

for each combination of cluster, age group, and sex. This is done by a) counting the number of 

eligible individuals in each combination of cluster, age group, and sex (N) and b) counting the 

number of survey participants in each combination of cluster, age group, and sex (n). The weight for 

each individual is then equal to N / n, for the particular combination of cluster/age group/ sex that 

they are in.  Then an average of the estimates of TB prevalence from each of the imputed datasets 

is calculated, together with a 95% confidence interval. In Stata 10, this can be done using the mim 

and svy commands. 

For this approach to give an unbiased estimate of pulmonary TB prevalence, it is still necessary for 

data to be MAR within categories defined by each combination of cluster, age group, and sex. In 

other words, the assumption is being made that after stratifying on cluster, age group and sex, the 

prevalence of pulmonary TB is the same in survey participants and non-participants. So the advan-

tage of using IPW combined with MI, rather than just MI, is that it is relatively simple and transparent 

to calculate the probability of survey participation by cluster, age group and sex, compared with 

adjusting for non-participation through the use of a multivariable imputation model (15). 

It is useful to use both (i) multiple imputation only and (ii) multiple imputation combined with 

inverse probability weighting, to know whether the estimate of the prevalence of pulmonary TB 

and its 95% confidence interval is sensitive to the choice of analytical approach. If the results are 

similar from the two models, this is reassuring. If the results are not similar, then it is necessary to 

consider the differences in the assumptions made by the two approaches and to make a judgement 

as to which one is most likely to be valid.

16.3.4.6 Sensitivity analysis; a simple method

It is recommended always to do a sensitivity analysis, because the MAR assumption cannot be 

tested and so it is important to know how much the TB prevalence estimate changes if instead it is 

assumed that data are MNAR. A simple way to implement a sensitivity analysis is to base this on the 

M imputed datasets that were created using the methods described in Section 16.3.4.4. Suppose 

for this example that five imputed datasets were created, i.e. M=5.
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Suppose next that the number of “imputed” TB cases, among individuals for whom data on pulmonary 

TB were missing, is denoted by ti, for the ith imputed dataset, i=1 up to 5. Then the first step is to 

assume that the number of imputed TB cases ti, is either an under-estimate or an over-estimate of 

the true number of TB cases among individuals with missing data on pulmonary TB.  For example, 

it could be assumed that the true number of TB cases among individuals with imputed data on 

pulmonary TB is two times higher than the number of cases that were actually imputed, i.e. 2ti. The 

implicit assumption being made is that individuals who did not participate in the survey have twice 

the risk of being a TB case as equivalent individuals (by age, sex, and stratum) who did participate. 

At the other extreme, it could be assumed that there were 0 cases of TB among non-participants. 

In order to implement the sensitivity analysis, two such “extremes” should be defined.

For the “extreme” in which the risk of TB is twice as high among non-participants as in  participants, 

the next step is to estimate the total number of TB cases in the survey population separately for 

each imputed dataset. This total number is calculated as t+2ti, where t is the number of TB cases 

that were actually identified by the survey. Then, taking the average of the value of t+2ti across the 

five imputed datasets gives an estimate of the number of pulmonary TB cases in the eligible survey 

population. The final step is to divide this average number of TB cases by the number of eligible 

individuals in the survey population, to give an estimate of TB prevalence. If the proportion of the 

eligible population that did not participate is low (say <15%), then the overall estimate of TB preva-

lence will not change very much even if prevalence among non-participants is assumed to be twice 

as high as among participants.

For the “extreme” in which there are 0 TB cases among non-participants, the prevalence of TB is 

estimated simply as the observed number of TB cases divided by the total eligible survey population.

For an example where this method is applied see Box 16.2.

16.4 Estimation of pulmonary TB prevalence: presentation of results

In the following example from the Philippines (1) individuals aged≥10 years were recruited into the 

survey, and results presented here are based on this population for illustration purposes. This is 

different from the recommended population of individuals aged≥15 years, but the analysis approach 

and presentation are the same.

The results of a cluster-level analysis of the Philippines 2007 national survey (1) are summarized 

in Table 16.12, and the distribution of the cluster-level prevalence of bacteriologically-confirmed 

pulmonary TB is summarized in Figure 16.5.

Ch
ap

te
r 

16
.  

 A
na

ly
si

s 
an

d 
re

po
rti

ng



260

 

Table 16.12 
Prevalence of pulmonary TB per 100 000 population, 
among individuals aged≥10 years, Philippines, 2007

Bacteriologically-
confirmed Smear-positive

Point estimate 660 270
SD among clusters 520 340

SE of population prevalence 520/√50 340/√50
95% CI 520–810 170–360

Figure 16.5 
Distribution of cluster-level prevalence of bacteriologically-confirmed pulmonary TB among 50 clusters, 
Philippines, 2007
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16.4.1 Outcome 1: Bacteriologically-confirmed pulmonary TB

Using Model 2 as an example, TB prevalence based on bacteriological results, with an individual 

defined as having TB if they were one or both of smear-positive and culture-positive, was estimated 

at 660 (530-800) (see Table 16.13a). Stratum-specific prevalence estimates were very similar for all 

three strata.

There was strong evidence of a difference in TB prevalence between males and females, and the 

difference was also large (see Table 16.13b). The odds ratio for TB comparing females to males was 

0.38 (0.26–0.56), suggesting women were almost three times less likely to be a case compared to 

men. The crude prevalence estimate among females was 370 (260-510), compared with 970 (780-

1180) among males. There was a strong trend for the prevalence of bacteriologically confirmed TB 

to increase with age. The odds were reduced by approximately one-third from one age group to the 

next lowest, with an OR of 0.64 (0.57–0.72) for each change in age group. 
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Table 16.13a 
Prevalence of pulmonary TB (per 100 000 population) as estimated based on culture and/or smear 
positive results 

% (95% Cl) Model 11 Model 22 Model 33 Model 44 Model 55

Overall point prevalence 660 (520–810) 660 (530–800) 600 (460–730), P0=0.004 620 (480–750), P0=0.004 680 (530–830)

Point prevalence by 
stratum

Metro Manila 670 (100–1240) 640 (160–1120)  580 (200–1100) 590 (250–930) 710 (100–1320)

Other urban 660 (470–860) 680 (500–860) 610 (390–830), P0=0.004 640 (420–850) 700 (490–910)

Rural 660 (450–870) 650 (460–850)  590 (400–770) 610 (430–790) 660 (440–870)

n/N (%, 95% CI)

Overall crude6 prevalence 136/20 544 (660, 560–780)

Stratum crude6 prevalence

Metro Manila 15/2 253 (670, 370–110)

Other urban 50/7 519 (660, 490–880)

Rural 71/10 772 (660, 520–830)

1 Robust standard errors; 2 Robust standard errors with missing value imputation; 3 Random-effects logistic regression; 4 Random-effects logistic 
regression with missing value imputation; 5 Robust standard errors with missing value imputation and inverse probability weighting;  6Crude 
prevalence is calculated as the total number of individuals with a positive smear and/or culture result divided by the total number of individu-
als who have been screened for TB by chest X-ray and/or interview. Confidence interval for this estimate is calculated with exact binomial 
probability theory; 0 P-value calculated as a result of likelihood ratio test of rho=0 in the random-effects model, equivalent to testing a null 
hypothesis of no between-cluster variation (which is the same thing as no within-cluster correlation).

Table 16.13b 
Sex and age specific crude pulmonary TB prevalence estimates (per 
100 000 population) and odds ratio (OR) (95% CI) as estimated based on 
bacteriologically-confirmed TB 

OR (95% Cl), P-value Model 11 Model 22

Sex
Male 1 1

Female 0.38 (0.27–0.54), P0<0.0001 0.38 (0.26–0.56), P0=0.004
Age group (years)

0.64 (0.58–0.71), P0<0.0001
per 1 unit decrease using 65+ 

as reference

0.64 (0.57–0.72), P0=0.002
per 1 unit decrease using 65+ 

as reference

15–24
25–34
35–44
45–54
55–64 

65+ 
n / N (%, 95% CI)

Sex crude3 prevalence 
Male    97/10 042 (970, 780–1180)

Female    39/10 502 (370, 260–510)
Age crude3 prevalence (years)

15–24 
25–34 11/6280 (180, 90–310)
35–44 20/ 4016 (500, 300–770)
45–54 20/ 3338 (600, 370–920)
55–64 31/2815 (1100, 750–1560)

65+ 54/4095 (1320, 990–1720)

1 Robust standard errors; 2 Random-effects logistic regression; 3 Crude prevalence is calculated as 
the total number of individuals with a positive smear and/or culture result divided by the total 
number of individuals who have been screened for TB by chest X-ray and/or interview. Confi-
dence interval for this estimate is calculated with exact binomial probability theory; 0 Calculated 
as a result of the Wald test.
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16.4.2 Outcome 2: Smear-positive pulmonary TB

Table 16.14a 
Prevalence (per 100 000 population) of smear positive pulmonary TB 

% (95% Cl) Model 11 Model 22 Model 33 Model 44 Model 55

Overall point prevalence 270 (180–360) 280 (190–370) 220 (130–300), P0=0.01 240 (150–330), P0=0.01 270 (170–380)

Point prevalence by 
stratum

Metro Manila 440 (000–1000) 430 (000–870)  350 (40–650) 360 (80–650) 450 (000–1010)

Other urban 240 (130–340) 250 (150–360) 200 (90–320), P0=0.022   230 (100–350) 250 (130–360)

Rural 250 (140–360) 260 (150–360)  210 (110–320) 230 (120–340) 250 (140–360)

n / N (%, 95% CI)

Overall crude6 prevalence    55/20 546 (270, 200–350)

Stratum crude6 prevalence

Metro Manila 10/2253 (440, 210–810)

Other urban 18/7521 (240, 140–380)

Rural 27/10 772 (250, 170–360)

1 Robust standard errors; 2 Robust standard errors with missing value imputation; 3 Random-effects logistic regression; 4 Random-effects lo-
gistic regression with missing value imputation; 5 Robust standard errors with missing value imputation and inverse probability weighting ; 6 
Crude prevalence is calculated as the total number of individuals with a positive smear result divided by the total number of individuals who 
have been screened for TB by chest X-ray and/or interview. Confidence interval for this estimate is calculated with exact binomial probability 
theory; 0 Calculated as a result of likelihood ratio test of rho=0 in the random-effects model, equivalent to testing a null hypothesis of no 
between-cluster variation (which is the same thing as no within-cluster correlation).

Table 16.14b 
Sex and age specific crude pulmonary TB prevalence estimates (per 100 
000 population) and OR (95% CI) as estimated based on smear-positive TB 
cases 

OR (95% Cl), P-value Model 11 Model 22

Sex
Male 1 1

Female 0.55 (0.31–0.97), P0=0.04 0.55 (0.32–0.96), P0=0.03
Age group (years)

0.58 (0.49–0.69),P0<0.0001
per 1 unit decrease using 65+ 

as reference

0.58 (0.47–0.70), P0=0.007
per 1 unit decrease using 65+ 

as reference

15–24 
25–34 
35–44 
45–54 
55–64 

65+ 
n / N (%, 95% CI)

Sex crude3 prevalence 
Male 35/10 043 (350, 240–480)

Female 20/10 503 (190, 120–290)
Age crude3 prevalence (years)

15–24 
25–34 1/6280 (20, 1–90)
35–44 9/4016 (220, 100–420)
45–54 8/ 3338 (240, 100–470)
55–64 13/2815 (460, 250–790)

65+ 24/4097 (590, 380–870)

1 Robust standard errors; 2 Random-effects logistic regression; 3 Crude prevalence is calculated as 
the total number of individuals with a positive smear and/or culture result divided by the total 
number of individuals who have been screened for TB by chest X-ray and/or interview. Confi-
dence interval for this estimate is calculated with exact binomial probability theory; 0 Calculated 
as a result of the Wald test.
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Using Model 2 as an example, smear-positive TB prevalence was estimated to be 280 (190-370), 

while the stratum-specific estimates are 430 (0-870), 250 (150-360) and 260 (150-360) respectively 

for Metro Manila, other urban, and rural areas (see Table 16.14a).

There was strong evidence of a difference between males and females for the prevalence of smear-

positive pulmonary TB (see Table 16.14b). The odds ratio comparing females to males was 0.55 

(0.32–0.96). The crude prevalence estimate among females was 190 (120-290), compared with 350 

(240-480) among males. The odds were reduced by approximately 40% from one age group to the 

next lowest, with an OR of 0.58 (0.47–0.70) for each change in age group.

Box 16.2: Sensitivity analysis for the outcome of bacteriologically-
confirmed pulmonary TB

For bacteriologically-confirmed pulmonary TB, among individuals aged≥10 years 

there were 136 TB cases among 20 544 survey participants, a “crude” prevalence of 

662 per 100 000 population aged≥10 years. 

In each of 5 imputed datasets, the number of imputed TB cases was 10, 15, 15, 18 

and 20, with the imputation implemented assuming that data were MAR. Thus the 5 

imputed datasets included 146, 151, 151, 154, and 156 bacteriologically-confirmed 

TB cases respectively, for an average of 151.6 cases. The total survey population was 

22 867 individuals aged≥10 years. Thus the prevalence of bacteriologically-confirmed 

TB was estimated as 663 per 100 000 population aged≥10 years, very similar to the 

“crude” prevalence of 662 per 100 000 population aged≥10 years.

If we then assume that the “true” number of TB cases among non-participants was 

twice as high as in the imputed datasets, then we can assume that we should in fact 

have imputed 20, 30, 30, 36, and 40 TB cases respectively in each of the 5 imputed 

datasets. Thus the 5 imputed datasets would include 156, 166, 166, 172, and 176 TB 

cases respectively, to give an average of 167.2 cases. Thus the prevalence of bacte-

riologically-confirmed pulmonary TB would be 167.2 divided by 22 867, i.e. 731 per 

100 000 population aged≥10 years.

At the other “extreme”, if we assume that there were 0 TB cases among non-participants, 

then the prevalence of bacteriologically-confirmed pulmonary TB in the total eligible 

survey population would simply be 136 divided by 22 867, 

i.e. 595 per 100 000 population aged≥10 years.
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16.4.3 Design effects and value of the coefficient of variation 
Based on Model 1, from Section 16.4.1 and 16.4.2 the design effects  (see Chapter 5) were 1.82 and 
1.73 for the prevalence of bacteriologically-confirmed pulmonary TB (based on positive smear or 
culture) and smear-positive pulmonary TB, respectively. The corresponding values of  were 0.55 
and 0.79 respectively. The values of  and the design effect are useful not only to assess the effect 
of the clustering on the precision of the survey prevalence estimates, but also to inform planning 
and design of future surveys especially in terms of sample size calculations.  

16.5 Summary and conclusions

Concluding remarks should refer to the quality of the survey in terms of how many cases it is 
expected to have missed, the prevalence of TB disease in the country, and how the survey findings 
relate to, and complement, existing knowledge about TB epidemiology and control in the region.
Here are some recommendations for what to include in summary remarks when reporting the 
results of a prevalence survey: 

i) the coverage of the survey population for chest X-ray, interview, and symptom screening 
ii) percentage of abnormal X-rays missed by the field reader of the chest X-ray when compared 
with the central X-ray reading
iii) missing data for chest X-ray, interview, smear and culture results
iv) smear and culture results
v) TB prevalence as measured according to each of the outcomes
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Appendices
1. Examples of questionnaires

The following are examples of the two main questionnaires needed for TB prevalence surveys: the screening questionnaire 
and the questionnaire to be asked of participants who are eligible to give a sputum sample. Two different questionnaire layouts 
are given so that country teams can assess which type of layout they may want to use. In each questionnaire the questions 
asked are the minimum necessary, but country teams should consider their specific circumstances and may choose to ask 
about different symptoms or to add or subtract questions that are important to them.

In the web additional material to accompany this book, country examples are given that contain the complete set of forms 
or questionnaire used for specific surveys in the past. These may be helpful as countries design their own forms and 
questionnaires. In this web appendix, examples of census or enumeration forms, informed consent, information sheets, risk 
factor questionnaire and follow-up questionnaires are included.

1.1 Screening questionnaire

Interview date _____________ Interviewer _____________ Cluster number _____________

ID number ________________ [Name ______  1 ____________________________________] 

Age _____________ (years)  Sex Male   Female 

Report for examination Date ___________  Time ___________  Place ___________

Fill in before X-ray examination:   

1.  Are you on TB treatment now?  1. yes   2. no 

2. Have you been on TB treatment before?  1. yes   2. no  3. don’t know 

THE FOLLOWING QUESTIONS SHOULD REFLECT THE SCREENING ALGORITHM DECIDED UPON BY THE 

COUNTRY TO IDENTIFY THOSE ELIGIBLE FOR SPUTUM EXAMINATION BASED ON SYMPTOMS:

3. Do you have a cough?    1. yes  2. no (go on to Q5)  

4. Have you had this cough for more than 2 weeks?  1. yes  2. no 

5. Do you cough up sputum (field worker explain)  1. yes  2. no 

INDICATE WHICH (COMBINATION OF) QUESTIONS ARE DECISIVE FOR SPUTUM EXAMINATION 
AND INDICATE THAT HERE

 = TB symptom eligible to take sputum samples

End of questionnaire

Please move on to chest X-ray

OTHER QUESTIONS THAT ARE TO BE ASKED TO ALL PARTICIPANTS AFTER ENROLMENT CAN BE ADDED TO 
THIS QUESTIONNAIRE (FOR EXAMPLE, PROFESSION, MARITAL STATUS, SOCIOECONOMIC SCORE, RISK 
FACTORS FOR TB).

1 Name is added here in the questionnaire for easy identification of the suspect and follow up; name should not be entered into the electronic 
database to safeguard confidentiality. 
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REVERSE SIDE OF FORM (to be completed by the X-ray team):

X-ray taken yes , date__________________  Film/photo number__________________ 

   no  If no, why not? __________________

X-ray result         Normal

          Abnormal

          Not interpretable

Final result screening

  Eligible for sputum examination  yes   no 

    (Note: eligible for sputum screening includes those with abnormalities on X-ray and/or symptoms reported)

Only if yes:

Entered in sputum examination register yes   no 

1.2 Questionnaire for participants eligible for sputum examination

CLUSTER NUMBER INDIVIDUAL NUMBER

 

INT_CODE Interviewer’s code            

Q02_DAT  Date today                     
D D M M Y Y Y Y

  

Q03_SEX  Sex            
M F

1 2

Q04_DOB Date of Birth (01/01/1800 if unknown)   
D D M M Y Y Y Y

Q04_1_DOB If not known, what was your age in years 

  on your last birthday? (999 if unknown)                       

I would like to ask you about your health

Q05_ETB  Has a doctor or health worker ever told you that you had TB? 
No
0

Yes
1

Unknown
9

(If yes continue. If No/unknown go to Q 08)
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Q06_WTB In which month and year did you start treatment? 

  (include dates of current treatment)                      M M Y Y Y Y

 Q06_1_SE1 First time treated for TB   

 Q06_2_SE2 Second time treated for TB   

 Q06_3_SE3 Third time treated for TB   

                 unknown

 Q06_4_SE4 Cannot remember the year       9

 

 Where was your TB treated? (mark one option per episode of TB) 1st 2nd 3rd Unk  

 Q07_1_WTR Public clinic or hospital   1       1       1       1

 Q07_2_WTR Private clinic or hospital   2       2       2       2

 Q07_3_WTR Traditional healer    3       3       3       3

 Q07_4_WTR Other      4       4       4       4

 If other, specify: 

 Q07_5_WTR Not treated    5       5       5       5

I would like to ask you about any health problems you may be experiencing

Q08_CC  Are you currently coughing?     
No
0

Yes
1

Unknown
9

(If No/unknown continue.  If yes  go to Q 11)

Q08_1_CDUR  If yes, how long have you been coughing for?  (weeks)                   

Q09_CCP  Do you currently cough up phlegm or sputum?  
No
0

Yes
1

Unknown
9

 

Q10_CCB  Do you currently cough up blood?   No
0

Yes
1

Unknown
9

Q11_CP  Do you currently have chest pain?   
No
0

Yes
1

Unknown
9

  (If Yes, continue.  If No or Unknown, go to Q12)

Q11_1_CPDUR  If yes, for how long?  (weeks)     

Q12_F  Do you currently have fever?    
No
0

Yes
1

Unknown
9

  (If Yes, continue.  If No or Unknown, go to Q13)

Q12_1_FDUR  If yes, for how long?  (weeks)     

 

Q13_NS  Do you currently have drenching night sweats 

  (so that you have to change your bedclothes)?  

No
0

Yes
1

Unknown
9

  (If Yes, continue.  If No or Unknown, go to Q14)
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Q13_1_NSDUR  If yes, for how long?  (weeks)     

Q14_WL  In the past month, have you unexpectedly lost weight? 
No
0

Yes
1

Unknown
9

Q15_OS  Do you currently have any other symptom?  
No
0

Yes
1

Unknown
9  

(If Yes, continue.  If No or Unknown, go to Q16)

Q 15_1_OST  If yes, what?     

Q16_CSH  Thinking about these current symptoms, 

  did you consult with someone for help?  
No Yes
0 1

  (If yes continue. If no go to Q26)

Q16_1_CWW Where did you first go for help? 

  Government or community clinic   1

  Private clinic or hospital    2

  Provincial or District Hospital   3

  Pharmacy     4

  Traditional healer     5

  Other      6

  If other, specify: 

Q17_SAS  Did anyone ask you to give a sputum sample?  
No
0

Yes
1

Unknown
9

  
(If Yes, continue.  If No or Unknown go to Q21)

Q18_DGS  If yes, did you give sputum?    

No
0

Yes
1

Unknown
9

  (If Yes, continue.  If No go to Q20.  If Unknown go to Q21)

Q19_WSR What was the result? (one option) Positive for TB 1

      Negative for TB 2

      Awaiting Result 3

      Unknown  4
   (Go to Q21)

Q20_NHS  If you did not hand in a sputum sample, why not? 

   Could not produce sputum   1

   Could not get to the clinic or health centre 2  

   Did not consider it important   3   

   No sputum container   4

   Other     5

   If other, specify: 



270

Q21_CXR  Did someone ask you to go for an X-ray?  No
0

Yes
1

Unknown
9 

(If Yes, continue.  If No or Unknown, go to Q24)

      

Q22_DGX  If yes, did you have an X-ray?   
No
0

Yes
1

Unknown
9

  
(If No, continue.  If Yes/Unknown go to Q24)

Q23_NHX  If you did not have an X-ray done, why not? 

   Could not get to the clinic or health centre 1

   No money for X-ray    2

   Did not consider it important   3

   Other     4

   If other, specify: 

Q24_GAM Were you given any medicine?   
No
0

Yes
1

Unknown
9

  Finish the interview here ___________________________________________________ 

Q25_NSH  If you did not seek help for these symptoms, why not?

   Could not get to the clinic or health centre 1

   Did not consider it important   2

   No money available to be seen  3

   Already on treatment   4

   Other     5

   If other, specify: 

Thank you for your time

NOTE: ADDITIONAL QUESTIONS FOR ALL PARTICIPANTS ELIGIBLE FOR SPUTUM EXAMINATION SHOULD BE 
ADDED HERE.  COUNTRIES HAVE ASKED QUESTIONS ABOUT DISTANCE TO HEALTH CENTRE, LEVEL OF 
EDUCATION, PROFESSION AND MARITAL STATUS.  IN HIGH HIV PREVALENT AREAS, IT WOULD BE ADVISABLE 
TO ASK ALL PARTICIPANTS WHO ARE ELIGIBLE FOR SPUTUM EXAMINATION WHETHER THEY HAVE BEEN 
TESTED FOR HIV AND IF THEY ARE WILLING TO DISCLOSE THEIR STATUS. IF SO, IT WOULD ALSO BE 
IMPORTANT TO KNOW WHETHER THEY ARE TAKING ANTIRETROVIRAL THERAPY OR ISONIAZID PREVENTIVE 
THERAPY.
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1.3 Questionnaire to understand why cases are missed by the NTP

Questions to understand why cases are being missed by the NTP should be carefully selected to limit their number. This is to 
ensure that the questionnaire can be administered rapidly and its administration does not slow down overall survey operations 
on the field. All symptomatic patients and patients currently on TB treatment may be asked the following questions, after 
adaptation to the local language, cultural context and pilot testing. Some of the following questions include slightly more 
information than necessary for the indicators in Section 16.2.5:

1. Have you sought medical care for your symptoms?   |__| No  |__| Yes

2. If not, for what reasons (select any reason or reasons that apply):

 Insufficient resources to pay for transportation to the health centre |__|

 The nearest clinic/health centre was too far   |__|

 I could not pay for medical services     |__|

 I did not feel sick enough     |__|

 I could not afford to stop working     |__|

 I was told to go back to my home town where I am registered in the

 public clinic      |__|

3. If you sought medical advice, where did you go to?   Initially  Lastly

 A traditional practitioner clinic    |__|  |__|

 A pharmacy       |__|  |__|

 The nearest public health centre    |__|  |__|

 A hospital      |__|  |__|

 A private clinic      |__|  |__|

4. If you consulted at a public or private clinic or hospital, what happened?

 I was prescribed chest-X rays but could not pay for them  |__|

 I had chest-X rays taken      |__|

 I was asked to submit sputum samples    |__|

 I was given free TB drugs     |__|

 I was prescribed drugs but could not pay for them  |__|

 I was prescribed blood tests but could not pay for them  |__|

 Blood tests were done     |__|

5. Do you have a health insurance or if not, can you access free medical services?    

        |__| No  |__| Yes

6. If you were diagnosed with TB and are still on treatment, who informed you that you had TB:

 A doctor at a public clinic or hospital    |__|

 A doctor at a private clinic or hospital    |__|

7. If you were diagnosed with TB and are still on treatment, did you have to pay for the TB drugs?   

        |__| No  |__| Yes
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8. If you were diagnosed with TB and are still on treatment, for how many weeks have you had symptoms 

before starting treatment? 

               |__|__|

9. Approximately how much money overall did you spend for treatment of your symptoms, including transportation 

costs and loss of income? 

         USD |__|__|__|__|
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2. Chest radiography

2.1. Chest X-ray fact-sheet for survey participants

Definition

A chest X-ray is a picture of the chest obtained by using X-rays. A small dose of radiation is used to 

create this image. It is one of the most common medical tests done. 

Reasons for getting a chest X-ray done

Chest X-rays are done to look for abnormalities of the heart, lungs, bones, or blood vessels in the 

chest. In a hospital or clinic, your doctor may order an X-ray if you have certain symptoms, such as: 

• bad or persistent cough 

• difficulty in breathing 

• coughing up blood 

• chest pain 

• chest injury 

• fever

Chest X-ray is also often taken before any surgical or medical procedure. X-rays are widely used 

for health or TB screening programmes such as for those who are in environments where TB is 

prevalent, TB contacts, new recruits and visa applicants. 

Chest X-ray and children 

Children are more susceptible to the effects of X-rays and are excluded from prevalence surveys.

Chest X-ray and pregnancy 

Chest X-rays are done using a very small dose of radiation. Radiation exposure above a certain dose 

is associated with some health problems for the mother as well as for the unborn child. However, 

no significant health risk is recognized by the radiation dose used for taking an X-ray. Radiation 

exposure from one chest X-ray is equivalent to a few days of average natural exposure from the 

environment (sun light, space, ground etc).  

It is acknowledged that the risk for a baby, by properly performing an X-ray of the pregnant mother, 

is negligible. Chest X-ray is a safe examination.  Moreover, attention is paid to restrict the area of 

exposure to the chest only and avoid direct exposure to the abdomen and reproductive organs. 

Further, a metal cover (lead shield) over the lower abdomen also prevents unnecessary exposure. 

However, in many places and if possible, X-rays are traditionally avoided during pregnancy. If you 

are pregnant or think you may be pregnant, and you are not reassured about safety, please share 

your concern with the interviewer, doctor or X-ray receptionist. Chest X-ray may be waived, 

particularly when you do not have any health concern (you are healthy and you do not have any 

symptom). However, if you have had a TB patient around you in the preceding 2–3 years or if you 

have any symptom, an X-ray is a helpful tool to identify your health problem earlier. 
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What if you would not like to undergo chest X-ray for any reason?

You can tell your interviewer or X-ray staff that you would not like to undergo an X-ray examination. 

Any person can decline the chest X-ray, even without disclosing the reason. 

What is the usual procedure followed? 

Before the X-ray

The X-ray technician will verify your identity. You will be asked to remove all jewellery and metal 

accessories from the waist up. You may be asked to wear a gown or T-shirt if your clothes are not 

appropriate for the examination.  A lead apron (cover) may be placed over your hip and waist (to 

protect your abdomen and pelvis). This is done to minimize the risk of radiation.

During the X-ray

Undergoing an X-ray is like being photographed. For a chest X-ray, the picture is usually taken from 

the back. An X-ray technician will position you. You will stand against the X-ray machine with your 

hands up or placed on your waist. You will then be asked to take a deep breath and hold it while the 

X-ray is being taken. You will also be asked to stay as still as possible when the X-ray is taken. You 

may notice that the film cassette feels cool to your skin. 

After the X-ray

After the X-ray, you will be asked to wait while it is checked for quality. If the quality is satisfactory, 

you will be asked to change and wait for further instructions. 

How long will It take?

The X-ray itself will take less than a second. About 3–5 minutes might be needed to prepare and 

position you, and for you to change. 

Will it hurt?

No. Remember, having a chest X-ray done it is like having your picture taken.

When do I get to know the result?

A doctor will look at your X-ray a few minutes after the procedure and decide if you need a sputum 

examination. Request to submit sputum does not mean that you have some illness, but only that 

it is advisable to test further. If the doctor detects some condition that needs further check-up or 

urgent treatment, she or he will talk to you and explain what further needs to be done, and where. 

Within a few weeks, your X-ray will be looked at by a specialist. If the specialist detects any 

abnormality, your x-ray will be looked up by some more specialists to arrive at a proper diagnosis. 

In case you need further follow-up or treatment, the report and advice by the group of specialists 

will be given to you through the district health office. We will make efforts to send a feedback as 

early as possible. However, sometimes it may take a few months, especially if we need sputum 

examination results to corroborate the X-ray findings.  
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2.2 Staff requirement for chest X-ray team

FIELD TEAM

Position Number

Radiographer 02

Assistant or volunteer (patient handling, paperwork, etc.) 01

Multipurpose help (equipment set up, generator, etc.) 01

Medical officer (trained in quality assurance and interpretation of chest X-ray) 01

CENTRAL TEAM

Position Number

Radiologist 01

Chest physician (or radiologist) 01

Neutral expert 01

2.3 Interpretation of chest X-ray at central level
 
Field level

See Section 7.8

Central level

Remember that this radiological assessment is for a TB prevalence survey and not a hospital-level 

or “clinical” radiology reporting aimed at making an exact etiological diagnosis. The aim is to classify 

X-rays on the basis of presence or absence of radiological abnormalities frequently associated with 

TB. It is also understood that some overlap may exist between radiological abnormalities seen in 

TB and other infectious or non-infectious diseases, and for this purpose an experienced radiologist 

is expected to carry out this interpretation. It is also understood that in some cases it may not 

be possible to definitively comment on disease activity, since smouldering disease may be seen in 

treated cases or the disease may be reactivated with little or no radiological change. 

Keeping these in mind, the radiologist can classify chest X-rays into any of the following six categories:

 N = normal

• AD-NS = abnormality detected – not significant

• ADS-NA = abnormality detected, significant – no active disease

• ADS-NTB = abnormality detected, significant – not tuberculosis

• ADS-TB = abnormality detected, significant – tuberculosis

• ADS-U = abnormality detected, significant – unclassified

• Normal. No abnormality is detected on the chest X-ray. Normal anatomical variants and 

frequent degenerative findings (such as Azygos lobe, unfolded aortic arch, degenerative 

vascular calcification, prominent superior vena cava, cervical rib, and accessory or hypoplastic 

ribs) are considered normal and classified in this category. 
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• Abnormality detected – not significant. Chest X-ray images where the radiologist detects 

some abnormality but is convinced of its clinical insignificance from the point of view of 

pulmonary TB. Examples include bone fracture (any type), scoliosis or kyphosis, extrapul-

monary soft tissue masses such as goitre, dextrocardia, abnormal cardiac contour, signs of 

Mitral stenosis, aortic aneurysm and abnormalities of pulmonary vasculature. 

To avoid complications, abnormal cardiac size (cardiomegaly, or enlargement of any particular 

chamber) is also classified in this category, since it bears no relation to pulmonary TB and 

also because in isolation it is a poor indictor of cardiac disease in the population.   

• Abnormality detected, significant – no active disease. Chest X-ray images that show 

significant abnormality but the radiologist is certain that they do not point to any active 

disease. Examples include pleural thickening, evidence of prior surgery such as lobectomy 

or pneumonectomy, classical fibrosis, residual and/or calcified scars and densely calcified 

nodules without any peripheral satellite lesions. 

• Abnormality detected, significant – not tuberculosis. Chest X-ray images where significant 

abnormality is detected but the radiologist is certain that the cause is non-tubercular. 

Examples include emphysema, classic bronchiectasis, classic lobar consolidation with air 

bronchograms (conventionally labelled as bacterial pneumonia), spiculated or stellate masses 

(which suggest neoplastic nature), canon ball metastases and pulmonary congestion or other 

vascular abnormalities. 

• Abnormality detected, significant – tuberculosis. Chest X-ray images that show abnormal-

ities usually associated with pulmonary TB. Examples include cavitation, apical involvement, 

parenchymal opacities with or without pleural effusion, parenchymal opacities with medi-

astinal or hilar lymph node enlargement, isolated lymphadenopathy, diagonal parenchymal 

involvement, miliary parenchymal mottling, and involvement of typical tubercular sites such 

as apices and upper segments of lower lobes. Although not typical of TB, isolated pleural 

effusion and pneumothorax are included here. 

All cases where the radiologist, during the course of usual practice, would have noted the 

impression using terms such as “suggestive of TB”, “consistent with TB”, “most likely TB”, 

“most probably TB”, “probably TB” (that is, where the radiologist is reasonably sure that the 

etiological cause is TB but is hesitant to volunteer a diagnosis in writing) should be classified 

in this category.

• Abnormality detected, significant – unclassified. Chest X-ray images where significant 

abnormality is detected but the radiologist is not sure if the etiology is tubercular or non-

tubercular. Example could be multiple non-homogenous nodular opacities, bizarre patterns 

etc. It is emphasized that this category be reserved for cases where considerable uncertainty 

exists, and not be used for ‘convenience’ sake.
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2.4 X-ray equipment check-list

Serial number Item Quantity
per team

Total quantity required (as-
suming 6 survey teams)

1 X-ray machine with chest stand 1 7

2 CR reader and workstation (80 GB internal memory and mini-
mum 43 cm display monitor) with UPS

1 7

3 CR imaging plates (at least 2 of 14’–17’) 3 18

4 Computer peripherals (external mouse, external keyboard) 1 each 7 + 7

5 Lead aprons 0.25 mm Pb thickness 4 24

6 Lead screens 1 6

7 Software license (central team) – 1

8 Power generator 1 6

9 Lead side markers (R/L) 1 6

10 A/C system* or fans 1 6

11 Participant’s disposable changing gowns 700 50 000

12 External hard drive 500 GB 1 7

13 External hard drive 1 TB – 2

14 X-ray data sheets 700 50 000

15 Multipin extension board 1 6

16 Long, foldable table 1 6

17 Foldable chairs 1 6

18 Foldable curtains (for changing areas) 2 12

19 Logbook 1 6

20 Radiation caution sign 1 6

21 Wood hangers for lead aprons 3 18

22 X-ray film badges 3 21

* If required, as per field condition.
Note: where applicable, all equipment has to be accompanied with maintenance/troubleshooting/operating manuals

Major items to transport Weight Dimension of cases

X-ray machine with chest stand 100.6 kg 1.6 m x 0.7 m x 0.8 m (LxWxH)

CR reader and workstation 45 kg 0.5 m x 0.35 m x 0.6 m

Power generator 123 kg 1.0 m x 0.7 m x 0.7 m

Miscellaneous (accessories etc.) 50 kg 7 + 7

Estimated total weight Approx 325 kg  
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Ethical Issues Comments

1. General aspects

• Before submitting the protocol to an Ethical Review Committee, 
it is essential that it is approved by scientifically qualified persons 
or by a panel.
• Even though ethical issues will be referred to throughout the 
protocol and will appear in the consent and other survey forms, 
it is essential that they are properly summarized in one dedicated 
part in the protocol.

2. Informed consent form (ICF)

This consists of 2 distinct but related documents – the information 
sheet that provides all the information about the research study 
in an easy to understand ‘lay person’s’ language, and the consent  
certificate/form, on which the signature or thumb-print of the 
participant is obtained. 

a. Language of the ICF

• Should be in the language understood by the particular partici-
pant giving consent. However, ICFs are commonly first developed 
in the language in which the research protocol is going to be 
reviewed and once it is approved by the Ethical Review Commit-
tee, it is translated into the language understood by the research 
participant. The reverse could also be done i.e. develop the ICF 
in the language that is understood by the research participant, 
and then translate it in the language understood by the reviewers.

b. Assent from minors

• In general, parents/guardians provide consent on behalf of the 
minors and should be present with the minor during the informed 
consent process. Parental consent should be accompanied by an 
“assent form”, which allows children/minors to agree (or not) to 
take part in the research. The age from which an assent form is 
required depends upon country guidelines, but should take into 
account the intellectual development of the child. Usually assent 
forms are required from the age of 7 upwards.
• If no parent/guardian is present, an adult mentor or an influential 
member of the community known to the minor and recognized 
legally as being responsible for the well-being of the minor should 
be present.
• The parent/guardian is responsible for the welfare of the minor 
and should therefore be involved in the survey interview (see 
Chapter 6) when information on, for example, TB symptoms and 
history are collected. However, in surveys where add-on studies 
are conducted and specific parts of the interview involving sen-
sitive questions on risk factors such as sexual behaviour, smoking, 
pregnancy status, etc. the attendance of the parent/guardian 
might compromise the response from the minor. In these situations 
it would be advisable to ask parents/guardians not to participate 
in these specific parts of the minor’s interview. 
• Separate parental consent and assent forms are required. Special 
attention should be paid to the minor who does not wish to take 
part in the research.

3. Ethical aspects

3.1 Example check-list for submission of a TB prevalence survey 
protocol to an Ethical Review Committee
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c. Consent from illiterate, elderly 
and disabled (e.g. persons with 
hearing impediments)

• A literate relative should be asked to explain the contents of the 
information sheet and the consent form to the participant. This 
could be done, for example, using sign-language or any means of 
communication understandable to the participant.
• Not essential to have separate information sheets.

d. Should consent be asked sepa-
rately for each of the procedures 
during field operations (interview, 
X-ray, sputum collection)?

• This is not essential, but all procedures should be clearly de-
scribed in the information sheet.
• It is essential to include in the ICF and inform during the inter-
view that participation is voluntary and that participants have the 
right to withdraw from the survey at any stage with no need for 
explanations, or refuse survey procedures (e.g. X-rays, sputum 
examination). Refusal to participate in the survey or specific sur-
vey procedures should not compromise the rights of any partici-
pant in accessing health care or other community services.

e. Informing subjects about field 
procedures

• It is essential that participants are well informed about field 
procedures before signing the consent form. Detailed information 
should be provided on the information sheets and during the 
process while consent is obtained. This includes: i) approximate 
time it would take the participant to conclude field cycle, ii) the 
number of visits to the test facility and the number of times field 
team members will visit the participants home, iii) how results 
will be made available, iv) whether participants will be contacted 
again if sputum samples are lost or found to be insufficient, v) 
whether participants agree to be contacted on the telephone, vi) 
the referral for treatment system and the availability of free treat-
ment for tuberculosis.
• Survey staff responsible for obtaining consent have to be espe-
cially trained in order to be able to clarify any questions about 
field procedures.

f. Informing participants about 
participation risks and benefits 
(earlier diagnosis, and treatment)

• It is essential that participants are well informed about the risks 
of participating in the survey before signing the consent form. 
Specific information should be provided in the information sheets. 
Survey staff responsible for obtaining consent, with the help of 
the field doctors/radiologists, have to be especially trained in order 
to be able to clarify any questions on such issues.
• There is a minuscule risk resulting from radiation exposure. 
Procedures used to minimize this risk – like the abdominal shield 
to be used by women who are or may be pregnant – need to be 
properly described.
• There is a risk of stigmatization of participants asked to submit 
sputum samples (particularly if home visits are needed for those 
who do not voluntarily bring their morning sputum samples to the 
field site) and of participants found to have tuberculosis. This risk 
should be minimized as much as possible and measures used to 
minimize it should by properly described to the whole community 
and individually to the participants before and during the survey 
procedures.
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g. Informing participants about 
the confidentiality measures, and 
the need to notify public health 
authorities

• The information sheet should include information about the 
limits of confidentiality especially if there are requirements for 
notification to a public health authority.

h. Informing participants about how 
the results will be disseminated, 
and how they will be informed 
about the overall outcome of the 
survey

• Participants generally like to know the outcome of the survey, 
and whether or not their contribution has been helpful to society. 
They should be informed how the results of the survey will be 
disseminated, including to survey participants.

3) Methods used by field workers to 
ensure participation

• No coercive methods should be used and participants should 
not receive inducements to participate.
• Caps, t-shirts or other small gifts can be used for information 
purposes and to motivate the community to participate, but 
should be distributed to all, irrespective of participating status 
(e.g. including distribution for children under 15 years).
• Financial compensation for transportation costs and time taken 
away from work/employment can be used, but its purpose needs 
to be well explained in the information sheet and during the pro-
cess while consent is obtained. All clusters should have the same 
financial compensation policy.
• Transportation of elderly and handicapped participants to and 
from the field site can be provided.

4) Ensuring that participants are informed 
about TB, MDR-TB and/or other morbidi-
ties diagnosed during survey

• X-ray films and digital images are not usually distributed to pa-
tients during the survey, but participants should be briefly orally 
informed about the results by the field radiologists and should be 
offered the possibility of contacting the local TB programme office 
in order to be notified with the audited X-ray reading from the 
central panel.
• During field operations, a written chest X-ray report should be 
issued by the field radiologists for participants who are found in 
the X-ray readings to need urgent medical intervention.
• If in the course of the survey procedures any participant shows 
symptoms of extra-pulmonary TB or other pulmonary conditions, 
the person should be referred to the national TB programme for 
appropriate services for diagnosis and management.
• Positive lab results should be communicated to patients as soon 
as possible. This should usually be the task of the local TB pro-
gramme officers, who should get in contact with the patient or 
guardian/parent in person or by telephone. After informing the 
newly found patient about his/her disease status, the local TB 
programme officer should tell the patient that his/her case will be 
notified to the TB information system, should briefly explain the 
treatment system and should refer the patient to the nearest TB 
treatment facility.
• Negative lab results are not usually actively informed to partici-
pants, but participants should be offered the possibility of contacting 
the local TB programme office to be informed about their results.
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5) Ensuring that participants have access 
to appropriate treatment for TB, MDR-TB 
and/or other morbidities diagnosed 
during survey

• A plan for case management and referral procedures for TB 
and non-TB conditions diagnosed during the survey must be 
clearly described in the protocol. Ideally, the plan should mention, 
among other details, that: 

o Local medical services including the local TB treatment 
units are aware that participants in need of further diag-
nostic procedures and patients identified by the survey will 
be referred to them for immediate follow-up;
o TB drugs, including second line drugs if MDR-TB cases are 
identified by the survey, are readily available for treatment 
initiation;
o TB patients identified by the survey are also provided 
with an opportunity for HIV counseling, testing and treat-
ment as per national guidelines.

6) Safety

• X-ray procedures and radiation protection must be clearly 
explained to the communities, survey field workers and survey 
participants. 
• Women of child-bearing age (the age interval should be defined 
in the protocol) should be asked if they are or may be pregnant 
and, if so, should use an abdominal lead shield during the X-ray 
exposure.
• The protocol must clearly describe if and how sputum samples 
will be collected from persons who refuse to be X-rayed (includ-
ing women who are or may be pregnant and who refuse to be 
X-rayed).
• Health insurance is not usually provided by the survey, but it is 
advisable to allocate part of a contingency budget to cover emer-
gency health expenses of field and coordinating staff during sur-
vey operations.

7) Confidentiality

• Arrangements for protecting the confidentiality of data must be 
clearly described, e.g. which survey staff members will have ac-
cess to identification data and what will their training be in this 
regard.
• Important to remind the Ethical Review Committee that in most 
countries TB is a notifiable disease that must be reported to public 
health officials.
• Linkage of survey data with surveillance records from the TB 
notification system may be of relevance to the survey. This task 
should be performed by TB programme officials, who are usually 
the ones with legitimate access to the identification data of noti-
fied cases, as per national guidelines. It is essential to describe 
who will be responsible for and how these procedures will be 
done.

8) Dissemination of results

• A plan with an adequate timeline for results dissemination 
should be clearly described in the protocol.
• The protocol must specify how and when survey results will be 
disseminated to collaborating partners and sponsors.

9) Collaborating partners and sponsors • Need to be listed in the protocol and in the information sheet.

10) Storage of data, samples and cultures 
after the survey

• A plan for data storage, including records with identification 
data, should be described.
• Samples and cultures should be discarded after the survey, as 
per national guidelines.
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3.2 10 steps for obtaining informed consent in practice

1. Ensure audiovisual privacy and explain how confidentiality is respected in the course of the 

survey.

2. Apply general rules on counseling and good communication. 

3. Listen carefully and address the participant’s concerns; give him/her the time he/she needs to 

understand and to make a decision.

4. Give all the necessary information on the study procedure and the related tests that will be 

performed. Include the following information to the participant:

• Explanation of the study methods and procedures and related potential risks and benefits;

• What kinds of tests will be performed and the reasons why;

• The services that are available in the case of a positive TB test result, including what 

treatment options are available;

• The fact that the test results will be treated confidentially and will not be shared with anyone 

other than health care providers directly involved in providing services to the patient. In 

case that there is mandatory name-based reporting for TB, it should also be communicated 

beforehand;

• In the event of a positive TB-test result, encouragement of disclosure to other persons 

who may be at risk of exposure to TB;

• If applicable, the information that a sample might be used for the purposes of additional 

tests or research, beyond the original survey. 

5. Ask the participant if he/she has any questions, and answer them.

6. Check that the participant has understood. You can do this by asking him/her to repeat points 

that may be difficult or important, or by using other words to reiterate the most important issues.

7. Correct any misunderstanding. 

8. Ask the participant if he/she would like to consult with another person, for example a family 

member, before making a decision. Do not pressure him/her to make a decision before he/she is 

ready.

9. Ask the participant for his/hers consent in participating in the survey

10. Document the informed consent, either on a consent form or, if the consent was verbal, as a 

note in the participant file.
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Activity

Funding needs

Unit Cost 
US$

Quantity
required

Total 
budget

US$ 

THROUGHOUT SURVEY OPERATIONS

1. Staff and insurance

- Survey manager

- Assistant to survey manager

- Data manager

- Other (to be listed as appropriate)

2. Technical Assistance

Missions in preparatory phase

Missions during survey implementation

Missions after field operations are completed

PREPARATORY PHASE

1. X-ray equipment and accessories1 

- X-ray generator

- X-ray imager

- X-ray reader 

- X-ray tube

- Filtration

- Exposure control

- Collimator

- Ovarian shield

- Gonad shield

- Mobile stand (for X-ray unit)

- Electric or other type of generator 

- X-ray protective screen

- Protective lead apron

- Lead marker set

For conventional technology with manual or automatic film processing

- X-ray film cabinet

- X-ray cassette with intensifying screens

- X-ray viewing box

- Dark room

For digital X-ray technology using computed radiography and direct digital system

- Laser camera

- Printer

- Digital x-ray imager for CR

- Cassettes for CR

4. Budgeting for a prevalence survey: an example template

This template can be used to prepare a budget for prevalence survey. It can be adapted according to the 
country context - for example, items can be added or deleted according the exact types of X-ray technology or 
laboratory equipment that are needed.

1 Quantities will vary depending on the number of survey teams. 
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Activity

Funding needs

Unit Cost 
US$

Quantity
required

Total 
budget

US$ 

2. X-ray consumables1

- Water supply source of running water

- Log books for data entry

For conventional technology with manual or automatic film processing

- X-ray film green type

- X-ray chemical developer

- X-ray chemical fixer 

For digital X-ray technology using computed radiography and direct digital system

- Appropriate paper

- Ink

- X-ray films

3. Laboratory equipment1 

-Incubator

-Deep freezer

-Biosafe centrifuge

-Incipesor

- Autoclave

-Fluorescence microscope

4. Laboratory consumables1

- Staining kit

- Culture tube 

- Other materials for culture

- Other materials for smears

5. Vehicles/transport

- Rental

- Purchase

6. Computer equipment and supplies1

- Desk top

- Laptop

- Software 

- Printer

- Wireless Internet connection

- Paper

- Ink cartridges

7. Maintenance1

8.Training (including fees and per diems)

- Chest X-ray reading

- Survey management

- Laboratory operations (smear and culture)

- Interviews

- Data management

1 Quantities will vary depending on the number of survey teams. 
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Activity

Funding needs

Unit Cost 
US$

Quantity
required

Total 
budget

US$ 

9. Survey documentation and field supplies1

- Handbooks

- Registry

- Laboratory log book

- Banners

- T-shirts

10. Meetings and Workshops

 - Executive Committee

- Technical Committee

- Orientation workshop

11. Ethical Review

SURVEY IMPLEMENTATION

1. Field staff and insurance1

- Field team leader

- Field team member

- Observer

- Driver

- NTP staff at local level

- Local Authority representatives

- Volunteers

- Data management

- Security guards

2. Other staff and insurance (not listed above)

-  Staff for central reading of X-Rays

3. Pilot survey (operations)

- Fuel, per vehicle (or other mode of transport)

- Car rental

- Desk, chair rentals

4. Pre-visit to each cluster (operations)

- Community visit by team leader, staff (and driver)

- Listing of households (to be done by local authorities or volunteers)

5. Field operations in all clusters

(any costs not included above)

- Per diems (per person or per survey team)

- Car rental (per car)

- Fuel (per car or other mode of transport)

- Mid-term review and evaluation

- Central reading of X-rays

POST-FIELD OPERATIONS

1. Analysis of data and preparation of survey report

2. Final review and agreement of results

- Joint reading and diagnostic panel

3. Workshops

- Preliminary result workshop

- Dissemination workshop

4. Publication in scientific journal

TOTAL

1 Quantities will vary depending on the number of survey teams. 
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5. Social determinants and risk factors

Introduction
Measures of socioeconomic status (SES) and exposure to various risk factors for TB may be included 

in a TB prevalence survey for three main reasons:

1. To determine the association between prevalent TB and SES and exposure to various risk 

factors

2. To estimate prevalence of exposure to specific TB risk factors in the population

3. To assess association between SES and health seeking behaviour

Below a detailed explanation is provided.

Determining the association between TB and SES and exposure to various risk factors

TB is more common among the poor, among people in lower SES groups, and among people with 

poor living conditions (1). The nature and gradient of these associations vary across countries. By 

including measuring of SES in a prevalance survey, valuable data about the distribution of TB can 

be obtained, which will help identify appropriate control strategies. 

There are many risk factors and social determinants of TB. The link between TB and crowding, 

undernutrition, HIV, and several medical conditions that impair host defence against M. tuberculosis, 

has long been established. HIV increases the risk of TB more than 20-fold. Silicosis seems to be an 

equally strong risk factor. Recent meta-analyses have established that smoking, diabetes mellitus, 

undernutrition and alcohol abuse increase the risk of active TB 2-3 fold (2)–(5). Other possible 

risk factors include indoor air pollution (pollutants from burning solid fuels such as coal, charcoal, 

wood, dung and crop residues in open fires or inefficient traditional stoves), mental illness, illicit 

drug use, chronic helminth infection, and range of other chronic diseases and treatments. 

Many of these factors can have considerable relevance for TB control. Globally, it has been estimated 

that about 16% of incident TB cases can be attributed to HIV, while between 10% and 27% can 

be attributed to the less potent but more common risk factors diabetes, alcohol abuse, smoking 

and undernutrition, respectively (6). Diminishing these risk factor in the population would poten-

tially lead to significant reduction in TB incidence and prevalence, while augmentation could lead 

to increased burden, or a maintained high burden despite high quality TB control. However, the 

importance of the different risk factors varies a lot across regions and countries due to different 

prevalence of the risk factors. 

The evidence base is incomplete for most of these risk factors, and data is especially scarce from 

low- and middle income countries were TB burden in high. Importantly, the relative risk of TB 

associated with these factors may vary across populations due to interactions between different 

factors. The relative importance of different risk factors may therefore vary with local epidemiology 

of the risk factors, as well as local TB epidemiology. A TB prevalence survey can be used as one of 

the platforms for analytical studies of the relationship between various risk factors and TB disease. 
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This can help improve the understanding of local TB epidemiology as well as contribute to the 

global evidence base on TB risk factors and determinants.

  

SES can be measured as part of the census (see below). However, obtaining information on all 

relevant risk factors requires extended individual interviews, which may be costly and time consuming 

if done on the entire study sample. There are several ways to make such a study in a more efficient 

way. One alternative design for the collection of the data required to determine the association 

between TB disease and SES and exposure to various risk factors is a “nested case-control” study 

performed after the TB cases have been identified by the main survey. After the survey results 

become available, one or more members of the research team have to personally inform the TB 

cases of their disease status. This occasion would be a good opportunity to interview the cases 

and/or their family members, as well as a selection of appropriate controls, about exposure to 

various risk factors. Another possible design is to do the in-depth data collection on risk factors for 

all TB suspects, after the screening step. It would require a much larger number of study subjects 

for the in-depth data collection compared to only including confirmed cases, but the advantage 

would be that the survey team would not have to go back to the identified cases after they have 

been confirmed. A control sample could also be included at the same time, either among people 

who have been screened negative for TB, or using the whole study sample as sampling frame and 

prepare a list of random numbers for each cluster which are put against the census the evening 

before the screening activities. Well-designed, conducted, analysed and interpreted case-control 

studies require the involvement of experienced researchers. Countries who do decide to add these 

onto their surveys are strongly advised to plan for specific technical assistance towards this respect.

It is important to stress that in a prevalence survey one will typically identify not many more than 

a hundred TB patients, making it difficult to assess associations with sufficient power in case of 

weak association and/or rare exposures. However, the power may be sufficient when the assumed 

relative risk is above 2 and the prevalence of the risk factor is more than 10% and less than 90%.  

Figure 1 provides sample size (for number of cases) estimates for different assumptions of relative 

risk and prevalence of exposure. For the analysis of associations, the control group would not need 

to include all non-TB cases since the statistical power is normally saturated at around 4 controls 

per case.

Estimating prevalence of exposure to specific TB risk factors in the population

For countries where data on exposure to a variety of risk factors is not available, e.g. those that 

have not recently participated in a Demographic and Health Survey, a TB prevalence survey can be 

an opportunity to collect such data and, for repeated surveys, to monitor changes in the prevalence 

of such risk factors over time. This would be important to understand the reasons for change in TB 

prevalence over time. “Piggy-backing” on a TB prevalence survey is possible because the estimated 

prevalence of TB is much smaller than the estimated prevalence of its supposed risk factors, so that 

the size of the population studied (required sample size) would be more than enough to adequately 

measure most of them.
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Figure 1 
The sample size (cases, vertical axis) needed to detect a given odds-ratio 
for a particular risk factor as a function of the prevalence of the risk factor 
(horizontal axis) and the odds-ratio (inset numbers)
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Measurement of exposure to risk factors requires additional questions in the questionnaire and 

may also involve the measurement of biological markers, such as height and weight, and/or clinical 

investigations, e.g. for HIV, nutritional status and diabetes. Since, as explained above, the sample 

size required for the measurement of exposure to risk factors is smaller than the overall sample size 

of the TB prevalence survey, the collection of such additional data can be done in just a sub-sample of 

the eligible population, e.g. performing a systematic sampling of every 10th individual that presents 

to the field site, though appropriate sample size estimations should be performed to inform the 

final protocol. 

Assessing the association between SES and health-seeking behaviour

Health-seeking behaviour and previous and ongoing treatment should be assessed at least for all 

TB cases identified in the survey, and ideally for all TB suspects too (see Chapter 4). If SES data is 

collected in the census, the health seeking pattern can be compared between different socioeconomic 

groups, which will help target efforts to improve equitable access to quality TB services. 

Furthermore, comparing the SES profile of people with TB identified in a prevalence survey with 

the SES profile among people registered for treatment in the national TB programme provides a 

measurement of equity in access. Such comparison would require a concurrent survey of patients 

in the NTP. For a programme with equitable access, the SES profile would be similar among TB cases 

identified in the community as those diagnosed and treated in the programme. 
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A note of caution

Irrespective of the reasons to include measurements of socioeconomic status (SES) and exposure 

to various risk factors for TB in a TB prevalence survey, the collection of such data will increase the 

time required for interviews or the number of interviews and the overall complexity of the survey 

(such as training needs, logistics, time required for data entry and validation). Collecting data 

beyond that needed for a survey of TB prevalence should only be attempted if it will not compromise 

the primary objectives of the survey. Any additional information should be collected only after 

careful consideration of the impact on the survey, the importance of the data and the likelihood 

that it will provide useful information for interpreting the results of the survey or future trends in 

prevalence, and making use of the most efficient sample size and smart study designs. 

Measurement approaches and instruments
The factors to study and the variables to include will depend on the objectives of the survey, which 

should, in turn, be guided by the existing knowledge about the epidemiology of TB and its deter-

minants in the given population. Therefore, all the items listed below may not have to be included 

in the survey instrument(s). 

Household interview

Socioeconomic status

Direct measurements. SES can be measured directly by assessing income and expenditure data. 

Reliable data collection is, however, difficult for several reasons. Income might come from informal 

sources like home-grown produce by subsistence farmers, or generating income might incur con-

siderable costs which have to be taken into account. Monetary translation of income received in 

kind must incorporate validation and depreciation of the goods. Furthermore, income can be 

markedly seasonal (7), and individuals may be hesitant in providing information about income. 

Measuring expenditure is generally less problematic. Individuals can employ a strategy to transfer 

their expenditure by saving or borrowing funds. In this way, expenditure has fewer transitory qualities 

attached and seems to better reflect a long-term situation. If SES has to be measured directly, 

then expenditure is the preferred index. Interpretation of the estimates of directly measured SES 

needs to incorporate the size and composition of the households if SES of households needs to 

be compared directly. Directly measured SES gives estimate of absolute wealth and can be used 

to formulate poverty lines. Income and expenditure data are collected in the Living Standard 

Measurement Surveys (LSMS) conducted by the World Bank in a large variety of countries, settings, 

and time points. These surveys have a relatively small sample size of 2000–5000 households (8). 

The surveys are elaborate and can take several hours to conduct. Clearly this is not feasible within 

most TB prevalence surveys.

Indirect measurements. The indirect measurement of SES tries to capture information on assets 

of the household that are related to wealth. The literature describes a variety of ‘assets-scores’ 

and a variety of techniques to analyse these scores. The assets-score approach is relatively quick 

and easy to perform and is the method of choice for incorporating into a TB-prevalence survey. 
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A typical assets-score incorporates information on three domains: access to safe water and/or toilet 

facilities, housing quality, and possession of durable goods. In several studies these asset-scores 

have shown adequate correlation with directly measured expenditure, and can therefore be inter-

preted as a measure of long-standing wealth (9), (10). The assets-score ranks households within the 

study population relatively to each other. The assets-score can therefore not be used to formulate 

poverty lines. 

Pre-defined assets-scores are available from the World Bank and Demographic Health Surveillance 

(DHS) reports for many countries. These assets-scores are country-specific but do have many 

variables in common. The information includes the factor score that needs to be given to a house-

hold based on the absence or presence of an item from the assets-score. These factor scores can 

only be used in the analysis of the newly collected data if all items are assessed in exactly the same 

way as described in the assets-score. If not, a new relative weighting of the items needs to be done. 

Pre-defined published assets-scores are often seen as outdated and not suitable for current 

research on SES. Constructing a novel assets-score for use in a TB prevalence survey is possible. 

Variables to be included need to be thoroughly assessed by experts in the field using a valid theo-

retical framework. Close collaboration with social scientists is recommended. It is advised to incor-

porate at least variables denoting each of the three domains described above. Given the fact that 

SES measured by an assets-score gives only a relative scoring within the study population, a well 

constructed score is of more importance than a possible comparison with data from older surveys.

If the items are not identical to the pre-defined list with known factor scores then the factor scores 

need to be re-established. There are multiple ways of doing this. If expenditure data are available 

from the same or at least a comparable setting, then a regression model can provide coefficients 

which can be used as factor scores for further classifications. Another way of obtaining factor 

scores is by estimating the relative weights of each item by Principal Component Analysis (PCA) 

(11). Proper handling of the covariance structure between variables is warranted and might need 

the help from epidemiologists or statisticians who have experience with these types of analyses. 

When all households are classified by their assets-score, the results are summarized by terciles or 

quintiles. These categories are then used as a dependent variable in other regression analyses, or 

as a stratification variable. 

When selecting and developing questionnaires to assess socioeconomic status for use in TB preva-

lence surveys, it is important to bear in mind that:   

• Questions should be country-specific. Although international asset lists have been proposed, 

the contribution of particular assets to a household’s socioeconomic status can be substan-

tial. 

• If a previous survey of socioeconomic status is used in the design of a questionnaire, the 

questions used may no longer be appropriate. 

• In some settings, different questions may be needed in urban and rural areas. For example, 

the source of drinking water or the type of cooking fuel may be more strongly associated with 

poverty in urban than in rural areas. However, having different instruments for different 
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clusters run the risk of introducing errors in the data collection and interpretation.

• Ownership of various assets can be ascertained most easily, efficiently, and accurately 

when visiting houses while taking the census for the survey. Most items can be seen and 

only few questions need to be asked.  

• Validated questionnaires, in particular those designed to determine assets, may appear 

to be rather long, but this is mainly because many are multiple-choice items with many re-

sponse options, and each response option has been assigned an individual weight. The total 

number of items is typically between 9 and 17, but these can usually be answered rapidly. 

Information on household assets that best predict socioeconomic status and DHS data and asset 

score sets are available for many countries, especially in Africa http://www.measuredhs.com. 

Experiences of different approaches to assess SES in TB prevalance surveys in The Philippines, 

Vietnam, Bangladesh, and Kenya have recently been published (12). 

Other indicators that are associated with socioeconomic status include education level, occupation, 

ethnicity, migration status. Available national standard instruments and classifications of these 

variables should be used if possible.  

Indoor air pollution from solid fuel use

The extent of exposure to indoor air pollution due to combustion of solid fuel is determined by:

(i) Type of fuel used for cooking and other household energy needs. Burning crop residues 

or dung tends to be more polluting than burning wood; charcoal and coal are less polluting 

than wood and while kerosene and liquefied petroleum gas are the least polluting of all.

(ii) Type of stove. A semi-surrounded or closed stove with a combustion chamber burns fuel 

more cleanly and efficiently than an open fire or open stove. A suitable chimney or hood will 

move much of the pollution outside.

(iii) Cooking location. Different people in the same household will have different levels of 

exposure depending on the time they spend in different more or less polluted parts of the 

home and the extent to which they do the cooking. Cooking in a room where people sleep 

will increase exposure, cooking in a separate room or building or even outdoors will decrease 

exposure.

(iv) Ventilation. Good ventilation or a semi-open structures as is often found in tropical cli-

mates, disperse the smoke more efficiently than do poorly-ventilated, well-insulated houses 

as are often found in cold climates.

The questions presented here (see Figure 2) or modifications thereof have been used as part of 

several nationally representative household surveys, including the World Health Survey (WHO), 

the Demographic and Health Surveys (ORCMacro/USAID) and the Multiple Indicator Cluster Survey 

(UNICEF) (13)–(18). Four questions, concerning the main fuel used for cooking, the type and venti-

lation of stove, the place where the cooking is done and the overall ventilation, provide basic infor-

mation on household cooking practices. Three further questions may be used to provide informa-

tion on heating; how often is it needed, what fuel is used and in what kind of heating stove. These 

questions have been shown to work well in a variety different geographical and cultural settings 
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but the questionnaire should always be adapted to reflect local conditions. Different types of fuel 

that are used in particular places may need to be included, different categories of stoves with suitable 

graphics should reflect local practice, questions on heating may not be needed in hot climates.

Figure 2 
Examples of questions to assess indoor air pollution

 

 

1. Open fire 2. Surrounded fire

Unprotected fire; pot or griddle is supported with rocks, mud or 
other materials

Fire is partially or completely surrounded; pot or griddle is sup-
ported with rocks, mud or other materials

3 . Surrounded fire with sunken pot 4. Stove with combustion chamber

Fire and pot are completely surrounded by mud or metal; pot is 
sunken into the stove

Fire is surrounded by a combustion chamber, usually “L” shaped, 
inside the stove

5. Two or three pot stove 6. Griddle stove

Fire is surrounded; heat goes directly to two or three pots Fire is surrounded; the pot is placed on top of a metal or clay cook-
ing surface

7. Sunken pot stove

Fire and pot are surrounded; the pot is sunken into the stove
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Figure 2 (cont.) 
Examples of questions to assess indoor air pollution

 

Next question

What type of cooking stove is used in your house?

Where is cooking usually done?

Do you heat your house when it is cold?

What type of fuel do you mainly use for heating?

What type of heating stove is used in your 
house?

Gas
Electricity

Gas
Electricity

No Yes

 Kerosene   Agriculture/crop
 Coal   Animal dung
 Charcoal   Shrubs/grass
 Wood   Other

 Kerosene  Agriculture/crop
 Coal  Animal dung
 Charcoal  Shrubs/grass
 Wood  Other

 Open fire/stove without chimney/hood
 Open fire/stove with chimney/hood
 Closed stove with chimney
 Other

 In a room used for living/sleeping
 In a seperate room used as kitchen
 In a seperate building used as kitchen
 Outdoors
 Other

 Open fire/stove without chimney/hood
 Open fire/stove with chimney/hood
 Closed stove with chimney
 Other

What type of fuel does your household mainly use for cooking?
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Crowding

There is no widely accepted definition of crowding, applicable across different geographical and 

cultural settings. The Demographic and Health Surveys use two simple questions to determine 

crowding:

1. The total number of people in a household 

2. The number of bedrooms in the household

From these variables, number of people per room can be calculated. Definition of crowding varies 

between >2 per room to >3 per room. 

Another often used measure is average floor area per household member, which can be calculated 

if a question about the total household floor area is added. However, there is no well-established 

cut-off point for these variable.  

In order to assess ventilation, a question about number windows (which can be opened) in the 

household. 

Individual interview

Smoking

While there is no globally accepted, standard survey protocol for estimating tobacco use or exposure 

to tobacco smoke, many surveys have been done (www.who.int/infobase). Many countries now 

carry out ‘STEPS’ surveys, under the guidance of the WHO and these included a range of potential 

risk factors including not only smoking but also diabetes, malnutrition, body-mass index and several 

others [http://www.who.int/chp/steps/manual/en/index.html]. Ideally, both active and passive 

smoking should be assessed. Suggested questions are listed in Table 1.

Active smoking. Questions 1 to 4 in Table 1 are intended to determine an person’s current and past 

smoking status. Questions 5 and 6 are intended to estimate the duration and amount of smoking.    

Passive smoking. Question 7 is intended to estimate the extent of exposure to other people’s 

smoke.

Smokeless tobacco use. Tobacco may be used in ways other than smoking. Question 8 is intended 

to establish the use of tobacco in ways that do not involve smoking. 
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Table 1 
Assessment of tobacco exposure, modified from the Global Adult Tobacco Survey

I am going to ask you some questions about your exposure to tobacco.  Unless I say otherwise, 

I am asking about smoking tobacco, including (fill in with locally appropriate examples such as 

cigarettes, bidis, cigars, pipes). 

1.  Do you currently smoke tobacco on a daily basis, less than daily, or not at all.

  Daily …………………… ___ → 5

                 Less than daily ……. ___ → 2

  Not at all ……………. ___ → 3 

2.  Have you smoked tobacco daily in the past?

  Yes ………………………. ___ → 5

  No ………………………... ___ → 6

3. In the past, have you smoked tobacco on a daily basis, less than daily, or not at all?

Note: If respondent has done both “daily” and “less than daily” in the past then respond ‘Daily’. 

 Daily ………………….. ___

 Less than daily …… ___ 

 Not at all …………… ___ → SKIP TO QUESTION 7

4.  How long has it been since you last smoked daily?

 ___ Years OR 

 ___ Months → 8

5.  How old were you when you first started smoking tobacco?

 ___ Years old

6. On average, how many cigarettes (bidis, etc. depending on what is most typically smoked in the 

population) do you currently smoke on days that you smoke?

Note: If respondent reports the activity, but less than once per day, leave the field blank and check 

the box to the right.  If the respondent reports in packs or cartons, probe to find out how many are 

in each and calculate total number.   

 ___ per day, or 

 ___ mark here if less than 1/day but more than 0

7. In the past week, approximately how many times have you been exposed to the tobacco smoke 

of others at home, work, or in public places (where exposure is for a minimum of five consecutive 

minutes each time)?

 Not at all ……………………………………….……  ___

 A few times a day on some days ………….……….. ___

 Many times a day on some days………………….  ___

 A few times a day on most days …………………. ___

 Many times a day on most days …………………. ___

8. Do you currently use smokeless tobacco (including, for example, spit or chewing tobacco) on a 

daily basis, less than daily, or not at all?

 Daily ………………….. ___

 Less than daily …… ___

 Not at all …………… ___
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Undernutrition

Undernutrition is a very wide concept that includes a range of different types of micro- and 

macro-nutrient deficiencies. 

Antropometric measurements, for example weight for height indices (such as Body Mass Index), 

upper mid-arm circumference, and skin-fold thickness, indicate general nutrition status. Obtaining 

weight and height measurement of study subjects enables an estimate of prevalence of chronic 

undernutrition, usually defined as Body Mass Index of <18.5 kg/m2, whereas severe chronic un-

dernutrition is usually defined as BMI <16 kg/m2 . Practical advice on how to measure weight and 

height under household survey conditions are provided in WHO’s “STEPwise approach to surveil-

lance” (STEPS) (19). For details see section 4 of the STEPS user manual 

(http://www.who.int/chp/steps/Part3_Section4.pdf). 

As an alternative or complement to BMI, the Mid Upper Arm Circumference (MUAC) can be mea-

sured. MUAC is a measure of energy deficiency in both adults and children. In adults, MUAC<22 cm 

in women and <23 cm in men may be indicative of a poor nutritional status (20). However, precision 

of this measurement is generally poorer than for BMI.

To obtain information about micro- and macronutrient deficiencies, it is normally necessary to do 

blood tests, and hence this is unfeasible in most prevalence surveys. However, studies in a sub-

sample may be possible. Advice on how to measure vitamin and mineral status is provided, for 

example, by the US CDC (21). 

Establishing a causal relationship between undernutrition and TB based on cross-sectional data is 

not possible, since tuberculosis leads to wasting as well as a range of micro-nutritional deficiencies. 

In order to study effect of malnutrition on risk of TB, one would need to ascertain the nutrition 

status before the disease occurred. An indirect measurement of history of undernutrition can be 

obtained by asking questions about food security in the past. One of example of an instrument 

for this is the Household Food Insecurity Access Scale (http://www.foodsec.org/News/tr/nut/hfias.

pdf) (22). 

Alcohol

Below are suggested questions for a 3 item set of questions about alcohol consumption which can 

be used to establish drinking status, volume of consumption and volume of high-risk consumption 

(23). 

Drinking status can be ascertained from Q.1, with abstainers defined as those who reported never 

drinking any alcoholic beverage in the past year and drinkers defined as all others. A crude mea-

sure of volume can be calculated as a product of the overall frequency of drinking (days per year 

as estimated from the midpoints of the frequency categories in Q.1) x the number of drinks usually 

consumed (Q.2) x the assumed ethanol content of a standard drink. A. In the absence of any pre-

existing information on the consumption distribution, an estimate of six drinks may be used as the 

assumed quantity consumed on days of drinking 5+ drinks.  An assumption of five drinks on each of 
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those days would represent the most conservative possible estimate, and countries with patterns 

of very heavy consumption may choose a number considerably higher than six drinks.  

1. In the past year, how often did you drink any alcoholic beverage, for instance, beer, coolers, 

wine, spirits or fermented cider? (SHOW RESPONDENT CARD CONTAINING RESPONSE 

CATEGORIES OR READ CATEGORIES ALOUD.)

 Every day

 Nearly every day

 3 to 4 times a week

 1 to 2 times a week

 2 to 3 times a month

 Once a month

 7 to 11 times in the past year

 4 to 6 times in the past year

 2 or 3 times in the past year

 Once in the past year

 Never drank any alcoholic beverage in past year 

 Never in my life

 (SKIP REMAINING ALCOHOL Q.)

2. How many drinks did you USUALLY have on days when you drank alcoholic beverages in 

the past year?  By drink, I mean the equivalent of a 33 cl glass, can or bottle of beer or cooler, 

a 20 cl glass of wine, or 4 cl of spirits, not counting any mixer, water or ice.

  _______________ Number of drinks

3. In the past year, how often did you drink five or more drinks of any alcoholic beverage 

or combination of beverages in a single day? (SHOW RESPONDENT CARD CONTAINING 

RESPONSE CATEGORIES OR READ CATEGORIES ALOUD.)

 Every day

 Nearly every day

 3 to 4 times a week

 1 to 2 times a week

 2 to 3 times a month

 Once a month

 7 to 11 times in the past year

 4 to 6 times in the past year

 2 or 3 times in the past year

 Once in the past year

 Never drank five or more drinks in past year

Diabetes

Question about previously diagnosed diabetes and any ongoing treatment with anti-diabetic medi-

cines can easily be added to a prevalence survey instrument. People who have been diagnosed 
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with diabetes by a doctor but are not on medication may still have diabetes. It should be noted that 

in many populations the true prevalence of diabetes is more than double the diagnosed prevalence 

as diabetics are unaware of their condition especially if they have intermediate hyperglycaemia. 

Ideally, people should be tested for diabetes by measuring their blood glucose concentration after 

fasting overnight (fasting capillary blood glucose or FCG) or 2 hours after receiving 75 g of glucose 

orally (oral glucose tolerance test or OGTT). However, this involved substantial additional costs and 

logistic requirements and probably unfeasible in most settings. The OGTT is more sensitive than the 

FCD which depends on the persons adhering to the fasting. If OGTT are not available FCG may be 

used for epidemiological purposes but only has a sensitivity of about 70% (24). The WHO criteria 

for measuring diabetes are given in Table 2 (25), (26).

Table 2 
WHO criteria for diagnosing diabetes (25), (26)

WHO 1999 Diagnostic Criteria

Diabetes

Fasting glucose ≥7.0 mmol/l

2-h glucose or
≥11.1 mmol/l

IGT

Fasting glucose <7.0 mmol / l 

2-h glucose and
≥7.8 and <11.1 mmol/l

IFG

Fasting glucose 6.1 to 6.9 mmol/l

2-h glucose and 
≥7.8 and <11.1 mmol/l

It is often hard to know if diabetes is type I or type II. It is often assumed in epidemiological studies 

that diabetes diagnosed before the age of 30 and requiring insulin within one year of diagnosis is 

Type I; all other diabetes is Type II.
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6. Drug susceptibility testing in population-based TB prevalence 
surveys

Introduction
Drug-resistant TB has become an increasing problem in many parts of the world, worsening treat-

ment outcomes and forcing affected patients to endure treatment regimens that are lengthier, 

costlier and with more deleterious side effects. In addition to the clear benefits to patients for 

diagnosing drug resistance, including appropriate adjustment of treatment regimens and imple-

mentation of infection control measures, national TB control programmes also have a vested interest 

in measuring and monitoring the burden of drug resistance at the patient population level. Not 

only can such information provide an indicator of overall programme effectiveness, but information 

gained from surveillance of drug resistance can allow programmes to better plan for enrolment of 

drug-resistant patients onto treatment and establish standardized and empirical treatment regimens.   

In 1994, WHO and the Union launched the Global Project on Anti-tuberculosis Drug Resistance 

Surveillance1, which serves as a common platform for country, regional and global level evalua-

tion of the magnitude and trends in drug resistance (1). Since its inception, the Global Project has 

collected, analysed and reported data from 114 countries on the frequency of drug resistance pat-

terns. Five reports presenting the findings have been published, including most recently the fourth 

report of the series Anti-tuberculosis drug resistance in the world (2) and Multidrug and extensively 

drug-resistant TB (M/XDR-TB): 2010 global report on surveillance and response (3).

Principles of drug resistance surveillance
Within the framework of the Global Project, drug resistance data are collected from national 

surveillance systems in countries that have the capacity to conduct routine DST of all TB patients, 

and from specially-designed cross-sectional surveys of sampled TB patients (that is, drug resistance 

surveys) in resource-limited settings.

 

The methods used in drug resistance surveillance are described in detail elsewhere (4), but in short, 

the data collected must meet the following three main criteria of the Global Project:

1. Data must be representative of the TB patients in the country or sub-national area under 

study. Furthermore, when a survey is conducted, a sample size should be used that allows for 

sufficient precision in the resulting proportion of patients found to have multidrug-resistant 

TB (MDR-TB);2

2. Patients’ histories of previous treatment must be carefully determined to distinguish 

between drug resistance among new (that is, never previously treated) TB cases and previ-

ously treated TB cases; and

3. Laboratory methods for DST must be selected among those that are WHO-recommended.3 

The gold standard methods for performing DST use solid or liquid culture, or line probe 

1 More information on the Global Project on Anti-tuberculosis Drug Resistance Surveillance can be obtained by visiting the website of the 
Global Project: www.who.int/tb/challenges/mdr/surveillance, or contacting the WHO secretariat at tbdrs@who.int
2 MDR-TB: Mycobacterium tuberculosis with resistance to at least isoniazid and rifampicin.
3 For the most up-to-date WHO policy recommendations on laboratory methods, visit the website of the Global Laboratory Initiative of the 
Stop TB Partnership: http://www.stoptb.org/wg/gli 
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assays for detecting rifampicin resistance as a proxy for MDR-TB (5), (6). Selected non-com-

mercial methods have also been recommended by WHO under strict programmatic condi-

tions as interim alternatives to conventional methods (7). Furthermore, laboratories must 

demonstrate proficiency in performing DST through participation in a quality assurance 

programme in collaboration with a partner Supranational Reference Laboratory (SRL). The 

SRL network, comprising 29 laboratories, was initially established to provide external quality 

assurance to the Global Project, via proficiency testing, rechecking of strains, and provision 

of other technical assistance to countries conducting surveys.

At a minimum, drug resistance surveys aim to measure the susceptibility of patients to isoniazid (H) 

and rifampicin (R), which allows for the evaluation of the burden of MDR-TB; among MDR-TB pa-

tients, susceptibility to the fluoroquinolones and second-line injectable agents most often used in 

the setting should also be measured, in order to evaluate the burden of extensively drug-resistant 

TB (XDR-TB).1

While in the past, countries have been encouraged to perform drug resistance surveys periodically, 

recent initiatives to strengthen laboratory capacity are opening the door for surveillance based on 

data from routine DST, allowing for trends to be more accurately monitored. An increasing number of 

countries are gaining the ability to routinely conduct DST among previously treated patient groups 

and others at elevated risk for MDR-TB. Routine DST of all previously treated patients should be 

considered a priority for all countries. As an interim measure until routine DST can be established 

among all TB patients, sentinel surveillance systems using a selection of laboratory or treatment 

sites can also be considered to provide data for monitoring trends among new patients.

Role of population-based TB prevalence surveys in drug resistance surveillance
The proportion of subjects in a prevalence survey found to have TB is normally small, and as a 

result, the numbers of detected cases with various drug-resistance profiles can be expected to be 

quite limited. The resulting proportion of TB cases with multidrug-resistance is thus likely to have 

a weak precision that would not meet the usual standards of a drug resistance survey; the point 

estimate could thus be misleading. Furthermore, drug resistance surveys take special measures 

to carefully determine the patients’ histories of previous treatment. For example, medical records 

are checked when possible, and questions are asked to the patients to help recall any episodes of 

previous treatment. Because corresponding efforts are not usually made in prevalence surveys, a 

patient with a previous history of treatment may be miscategorised as a new case, or vice versa. 

As a result, the frequency of drug-resistant strains in circulation could be over- or under-estimated.

Despite potential biases and limited precision, as well as the need to take into account additional 

costs and logistics, testing for drug susceptibility of the TB patients diagnosed in a prevalence sur-

vey can provide rough estimates of the frequencies of various drug resistance patterns in the TB 

patient population. Keeping in mind their limitations, such estimates can be used as a temporary 

measure in MDR-TB control and planning efforts until a proper drug resistance survey can be con-

ducted. The proportion of TB cases found to have MDR-TB in a prevalence survey can also be used 

1  XDR-TB: Mycobacterium tuberculosis with resistance to isoniazid and rifampicin (MDR-TB), plus additional resistance to at least one fluoro-
quinolone and at least one second-line injectable agent.
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in the calculation of a sample size for a drug resistance survey, in order to arrive at the desired 

precision.

There may also be specific research objectives that warrant inclusion of DST in prevalence surveys. 

For example, one research question could be whether prevalent TB cases have on average a longer 

duration of disease than cases presenting to clinical services, because of longer diagnostic delays, 

which could be related to the bacterial fitness of M. tuberculosis isolates. A programme might want 

to investigate whether the isolates from cases detected during the prevalence survey have different 

resistance patterns from cases presenting at clinical services.

It should be kept in mind that testing patients for drug susceptibility in a prevalence survey can also 

give rise to additional ethical issues, as described in detail in Chapter 10: Ethical considerations.
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8. Process used to develop the handbook

The production of this handbook began in January 2010. By the end of February and in consultation 

with partner agencies and institutions, a draft outline of the book including proposed authors (also 

see Author selection process) was produced. All of the proposed authors were recognized experts 

in the field of TB prevalence surveys. Particular attention was also given to inviting a geographically-

balanced and representative group. Each proposed author was contacted and asked if they would 

be willing to contribute; all accepted. The basic structure and content of the first edition of the 

book were largely maintained. A new introductory chapter was added to provide more background 

on the rationale for conducting surveys (Chapter 1), as was a chapter on repeat surveys (Chapter 9) 

which are being implemented in an increasing number of countries. 

Each chapter was written by a small group of authors with relevant expertise and experience, rang-

ing from two to eight people. Each chapter had one to three lead author(s) as well as between one 

and seven contributing authors (who were expected to draft particular sections of the chapter and/

or to comment on the overall structure and content). A first meeting of the expert group of lead 

authors took place in March. This focused on discussion of new or updated recommendations that 

would feature in the second edition; consensus was reached on almost all points. By May the first 

draft was produced and sent out to all authors for review. A second meeting of lead authors was 

held in June. Comments on all chapters were provided and discussed, and the contentious issues 

that remained after the first meeting were resolved. The second draft of the book was produced 

by the end of July, and circulated once more to all authors as well as to 26 peer reviewers (also see 

Peer-review plan). Peer review was completed by September and final changes to address those 

comments were made by the end of October. The editing, layout and proof-reading of the book was 

completed by February 2011.

Author selection process

Authors were selected on the basis of their expertise and experience related to TB in general and 

population-based surveys of the prevalence of TB disease in particular, while also paying attention 

to geographical representation. Most authors from the first edition were involved in the production 

of this second edition. Survey coordinators from Asian countries (Viet Nam, Cambodia, Myanmar) 

where surveys were recently completed (between 2007 and the beginning of 2010) were invited to 

be authors. As of 2010, no national survey following the methods recommended in the book had 

been conducted in an African country since the 1950s (with only one survey in total). However, 

there was one research team (ZAMBART) in Zambia that had recently conducted a survey among 

the general population. To benefit from this experience in the African context, several members 

of the ZAMBART team were invited to be authors. All remaining authors were invited on the basis 

of their technical expertise. Additional authors from countries were not invited, given the limited 

number of countries in which surveys had been successfully implemented at the time the book 

was written.



305

Peer-review plan

In addition to all authors, multiple other peers reviewed the book. These were identified through 

technical and financial partners, as well as from the NTPs of countries where prevalence surveys 

were being planned. All reviewers received the Introduction and the first two chapters. These were: 

Chapter 1. Why, what, where and how?; and Chapter 2. Survey goal, objectives and indicators. 

Reviewers were also sent any other chapter(s) that their expertise and experience allowed them to 

critically review. All chapters were reviewed by at least 1 and up to 7 reviewers. 
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