
1301_0339_COUV_1_4.indd   11301_0339_COUV_1_4.indd   1 31/01/13   14:3231/01/13   14:32

dos = 0,85 cm





iiii

WHO Library Cataloguing-in-Publication Data

Assessing tuberculosis under-reporting through inventory studies.

1.Tuberculosis - epidemiology. 2.Disease notification – methods. 3.Health surveys. 
4.Population surveillance. I.World Health Organization. 

ISBN 978 92 4 150494 2			   (NLM classification: WF 205)

© World Health Organization 2012

All rights reserved. Publications of the World Health Organization are available on the 
WHO web site (www.who.int) or can be purchased from WHO Press, World Health 
Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel.: +41 22 791 3264; fax: 
+41 22 791 4857; e-mail: bookorders@who.int). 

Requests for permission to reproduce or translate WHO publications –whether for sale or 
for non-commercial distribution– should be addressed to WHO Press through the WHO 
web site (www.who.int/about/licensing/copyright_form/en/index.html).

The designations employed and the presentation of the material in this publication do not 
imply the expression of any opinion whatsoever on the part of the World Health Organization 
concerning the legal status of any country, territory, city or area or of its authorities, or 
concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent 
approximate border lines for which there may not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply 
that they are endorsed or recommended by the World Health Organization in preference 
to others of a similar nature that are not mentioned. Errors and omissions excepted, the 
names of proprietary products are distinguished by initial capital letters.

All reasonable precautions have been taken by the World Health Organization to verify the 
information contained in this publication. However, the published material is being 
distributed without warranty of any kind, either expressed or implied. The responsibility 
for the interpretation and use of the material lies with the reader. In no event shall the 
World Health Organization be liable for damages arising from its use.

Printed in France
WHO/HTM/TB/2012.12

Cover images
Bottom left: ©WHO/Gary Hampton; all other images: ©WHO/Davenport.



iiiiii

ACKNOWLEDGEMENTS	

INTRODUCTION

Inventory studies: what, why, where and how?
What is an inventory study?
Why are inventory studies important and where are they relevant?
Goal and objectives
Essential ingredients required for an inventory study to be feasible 
and successful
Enabling factors that greatly facilitate implementation of an inven-
tory study
Limitations of capture–recapture methods

Study design
Study design 1: measuring the level of TB under-reporting by simple 
random sampling of well-defined geographical areas and prospec-
tive data collection among all health-care providers in those areas
Study design 2: measuring the level of TB under-reporting and es-
timating TB incidence using capture–recapture methods with pro-
spective data collection among all health-care providers in selected 
areas
Study design 3: retrospective analysis of existing databases
Time to notification
Study design 4: prospective data collection and lot quality assurance 
sampling to assess if TB under-reporting is minimal

Contents

v

vii

1
2
2
6

7

10
11
12

14

17

26
31
34

35
44

CHAPTER 1 
1.1
1.2
1.3
1.4

1.5

1.6
References

CHAPTER 2 
2.1

2.2

2.3
Appendix 2.1
Appendix 2.2

References



iviv

Preparing and implementing an inventory study
Study protocol
Inventory study team
Field activities: mapping of providers and data collection
Data collection and management
Monitoring
Ethical considerations
Supervision checklist
Budget template
Budget for monthly visits and incentives in the 2010 inventory study 
in Yemen
Instructions to health-care providers (Yemen 2010)

Record-linkage 
Deterministic and probabilistic record-linkage
The main steps in the record-linkage process
An example of record-linkage
Record-linkage software programs

Data analysis and reporting
Data description
Adjustments for sampling design
Missing data	

Capture-recapture modelling
Models using two-data sources
Models using three-data sources
An example of capture-recapture modelling: Iraq
Alternative models: the example of Iraq
Limitations

46
47
47
50
53
57
58
60
62

65
66
67

68
69
70
77
80
83

84
85
86
89
90

91
92
94
94

101
109
111

CHAPTER 3 
3.1
3.2
3.3
3.4
3.5
3.6

Appendix 3.1
Appendix 3.2
Appendix 3.3

Appendix 3.4
References

CHAPTER 4 
4.1
4.2
4.3
4.4

References

CHAPTER 6 
6.1
6.2
6.3
6.4
6.5

References

CHAPTER 5 
5.1
5.2
5.3

References



vv

Assessing tuberculosis under-reporting through inventory studies was prepared by a core writing 
team of Ibrahim Abubakar,1 Amal Bassili,2 Ana Bierrenbach,3 Emily Bloss,4 Katherine Floyd,5 
Philippe Glaziou,5 Ross Harris,1 Knut Lonnroth,5 Fulvia Mecatti,6 Alexandra Pavli,5 Charalam-
bos Sismanidis,5 Hazim Timimi,5 Mukund Uplekar,5 and Rob van Hest.7 The group was coordi-
nated by Philippe Glaziou with broad guidance from Katherine Floyd.

Professional affiliations:
1.	 Health Protection Agency, United Kingdom of Great Britain and Northern Ireland (UK)
2.	 World Health Organization Regional Office for the Eastern Mediterranean Region, Cai-

ro, Egypt
3.	 Freelance Consultant
4.	 Centers for Disease Control and Prevention, Atlanta, Georgia, United States of America 

(USA)
5.	 World Health Organization Headquarters, Geneva, Switzerland
6.	 University of Milan-Bicocca, Italy
7.	 Metropolitan Public Health Service Rotterdam-Fijnmond, the Netherlands

In addition to the core writing team, we thank Neal Alexander (Tropical Epidemiology Group, 
London School of Tropical Medicine and Hygiene, UK), Dankmar Böhning (Southampton Sta-
tistical Research Science Institute and Department of Mathematics, Southampton University, 
UK), Sian Floyd (Tropical Epidemiology Group, London School of Hygiene and Tropical Med-
icine, UK) and Andrew Thompson (Medicines and Healthcare products Regulatory Agency, 
London, UK) for their careful reviews of and input to the chapters on study design (Chapter 
2) and data analysis and reporting (Chapter 5). We thank Andreas Reis (WHO) for reviewing 
content on ethical aspects of inventory studies. We also thank Eugene McCray and Phil Lobue 
(Centers for Disease Control and Prevention, USA) and Akira Shimouchi (Japanese Anti-Tu-
berculosis Association) for their careful reviews of the entire document. 

The findings and conclusions in this report are those of the authors and do not necessarily rep-
resent the official position of any of the agencies listed above. Any remaining errors remain the 
responsibility of the core writing team. 

Funding for the development of the guide was provided by the United States Agency for Inter-
national Development (USAID), including through the USAID Tuberculosis CARE I, Cooper-
ative Agreement No. AID-OAA-A-10-000020. Funding was also provided by the Bill & Melinda 

Acknowledgements



vivi

Gates Foundation.

The document was edited by Karen Ciceri (WHO), and its layout and cover designed by Rania 
Spatha (consultant). 

The authors declared no conflict of interest, financial or personal, in preparing this publication.



viivii

Authors: Philippe Glaziou, Alex Pavli, Emily Bloss, Mukund Uplekar, Katherine Floyd

The World Health Organization (WHO) declared tuberculosis (TB) a global public health emer-
gency in 1993, when an estimated 7–8 million cases and 1.3–1.6 million deaths occurred each 
year [1]. In 2011, there were 8.3–9.0 million cases and 1.3–1.6 million deaths from TB. Despite 
the availability of treatment that can cure over 90% of cases, TB remains the second leading 
cause of death from an infectious disease worldwide after the human immunodeficiency virus 
(HIV), which caused an estimated 1.7 million deaths in 2011 [2]. 

Global targets for reducing the burden of disease caused by TB have been set for 2015. The tar-
get set within the United Nations Millennium Development Goals (MDGs) is that TB incidence 
– the number of new cases of TB arising each year – should be falling by 2015. The Stop TB 
Partnership has set two additional targets, which are to halve rates of TB prevalence and mor-
tality (per 100 000 population) by 2015 compared with 1990. To assess whether these targets are 
reached, and to build a foundation for better measurement of progress in the post-2015 period, 
robust monitoring and evaluation of trends in the burden of TB are essential. 

In 2006, WHO established a Global Task Force on TB Impact Measurement with the following 
mandate:
•	 To produce a robust, rigorous and widely endorsed assessment of whether the 2015 tar-

gets for reducing TB incidence, prevalence and mortality are achieved at global, regional 
and country levels; 

•	 To regularly report on progress towards these targets in the years leading up to 2015; and
•	 To strengthen national capacity in monitoring and evaluation of TB control. 

To fulfill its mandate, the Task Force defined three strategic areas of work for the period 2007–
2015: 

•	 Strengthening routine surveillance. This includes improving data quality, increasing 
the proportion of total TB cases and deaths accounted for by surveillance data, and en-
hancing the collection, management, analysis and use of data, for example through elec-
tronic systems. The ultimate goal (beyond 2015) is direct measurement of TB incidence 
from data on reported (notified) TB cases and direct measurement of TB mortality from 
national systems for registration of deaths (in which all causes of death are accurately 
coded using international classification standards) in all countries. 
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