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Foreword 

The Institute of Tropical Hygiene at the University of Heidelberg  has a long and fruitful tradition 
concerning health research in developing countries. Since the foundation of the Evaluation and Project 
Consulting Working Group (EVA PLAN) in 1987 many health research projects in numerous develo-
ping countries world wide have been carried out including baseline studies, controlling and evaluation 
of projects, teaching and education in health measures . These activities were supported by the Ger-
man Association of Technical Cooperation and the Credit Bank for Reconstruction of the German 
Federal Ministry of Development. 

Already in 1986 a first health project was started in cooperation with Burkina Faso and others follo-
wed in the further years which led to a very fruitful continuous collaboration. A highlight was the 
establishment of the “Sonderforschungsbereich 544: Control of Tropical Infectious Diseases” by the 
German Research Foundation (DFG) at the University of Heidelberg in 1999. With this a basic finan-
cial sponsorship of the Nouna Health Research Center could be realized.  

Based on the great experience of the scientists of the Institute for Tropical Hygiene of the University 
of Heidelberg in health projects in developing countries since 1986 and the intensification of the coo-
peration with highly acknowledged scientists in Burkina Faso in the last years not only single research 
projects but already a whole programme of health research could be developed . A highly remarkable 
scientific outcome of these efforts has been arranged in the submitted commemorative publication, 
edited by Heiko Becher and Bocar Kouyaté. I want to congratulate all authors of this publication. This 
is for me a wonderful demonstration of collaboration between scientists in the international field 
which is concerned with health problems that urgently have to be solved . I hope this will not only 
motivate those scientists who are already committed to go ahead working in this field but will also 
activate young scientists to go into this important field of research. 

October 2004  

Hans-Günther Sonntag , Dr. med. Dr. h.c. 
University Professor for Hygiene and Medical Microbiology 
Dean of the Medical Faculty, University of Heidelberg 



Foreword 

Ce document que vous avez entre vos mains est le témoin d’une coopération scientifique et techni-
que exemplaire dans le domaine de la recherche en santé entre le Ministère de la santé de mon pays 
et l’Université de Heidelberg en Allemagne. Cette coopération autour du Centre de Recherche en 
Santé de Nouna (CRSN) a permis non seulement de créer de la capacité  dans le domaine de la re-
cherche en santé mais aussi et surtout de fourniture régulièrement des informations aux décideurs 
pour mieux orienter notre politique de santé. Les publications contenues dans ce document illustrent 
la richesse et la qualité de la  production scientifique du CRSN de 1999 à 2004. 

C’est pourquoi, je voudrais exprimer ma gratitude à toutes les institutions de coopération scientifi-
ques aussi bien nationales que bilatérales ou multilatérales qui ont apporté leur contribution à 
l’édification de ce centre de recherche qui constitue aujourd’hui une référence au Burkina Faso  et 
dans la région .  Je ferais une mention spéciale pour le réseau des sites de surveillance démographi-
que dans les pays en développement appelé  INDEPTH. Par son dynamisme, INDEPTH a permis un 
échange scientifique fructueux entre le CRSN et d’autres institutions similaires en Afrique, en Asie 
et bientôt en Amérique Latine. 

Enfin, j’exprime le vœux qu’à l’instar du Centre de Recherche en Santé de Nouna, notre volonté de 
faire de la recherche en santé un outil au service du développement devienne une réalité de tous les 
jours. 

Prof. Jean Gabriel OUANGO 

Secrétaire Général du Ministère  
de la Santé du Burkina Faso Octobre 2004 



Foreword 

The CRSN is a remarkable success story. Hundreds of kilometers away from the capital or any other 
major city, the Center was built up from scratch through the firm commitment of the Burkinian Min-
istry of Health and the University of Heidelberg. With the generous and far-sighted support of the 
Land of Baden Württemberg, it has established itself as a regional center of excellence for health 
research. It has assumed a leading role in the network of some 30 similar research institutions from 
the south (INDEPTH). The research output described in this book speaks for itself. 

More than any other comparable research center we know Nouna has consequently pursued a holis-
tic view of research, combining disciplines that rarely “talk” to each other: anthropology and mo-
lecular biology, geography and economics, mathematics and sociology, demography. The term from 
the improving health: from gene to society is not a euphemism but has become a strong leitmotif for 
the Center. The demographic surveillance system, meticulously and rigorously refined over the 
years not only provides a precise population denominator for studies, but also serves as a platform 
bringing different strands of research together. 

Setting up research capacity in many relevant disciplines might be considered in our modern days as 
“lack of focus”. However, it was done not only by choice, but also dictated by necessity, since the 
health problems poor countries face cannot and will not be solved through single “silver bullet” in-
terventions, but only through the carefully orchestrated innovations in health systems and interven-
tions. Since the research focus “Tropical Medicine” (TMH) and the special research grant (SFB) 
“Control of Tropical Infectious diseases (SFB 544)” at Heidelberg University try to achieve a simi-
lar interdisciplinary approach to health research, there clearly is a meeting of the minds. There is 
also a strongly personal aspect to this collaboration: many researchers on both sides became friends 
over the long years of collaboration. This adds the dimension of the heart to that of the mind and 
makes this collaboration so durable and creative. 

We would like to thank the staff of the Center, particularly Dr. Bocar Kouyaté; its visionary leader, 
congratulate them on their success against many odds and look forward to an ever closer coopera-
tion. 

Heidelberg, October 2004 

                                      
Speaker of TMH Research Focus                       Speaker of the SFB Collaborative 

grant 

Prof. Rainer Sauerborn Prof. Hans-Georg Kräusslich  



Preface 

The constitution of the WHO states in the first article:  “The objective of the World Health Organiza-
tion shall be the attainment by all peoples of the highest possible level of health”.  In few places of the 
world this aim has been achieved. For Sub-Saharan Africa in particular, there is a long way to go. And 
within Sub-Saharan Africa some countries are better off than others. Burkina Faso is one of the poor-
est countries with high population density and limited natural resources resulting in poor economic 
prospects for the majority of its citizens.  

Fortunately, there are efforts of various kinds to improve the situation. In the course of globalisation, 
most of these efforts are international. This book describes the results of a collaboration between 
health scientists in Nouna / Burkina Faso  and Heidelberg / Germany. It gives an example of system-
atic efforts to develop research partnerships and structures for capacity building between an institution 
in the north (University of Heidelberg, Germany) and a developing country in the south (Burkina 
Faso). It shows how such a collaboration can contribute to achieve the objective of the WHO as stated 
above. Some practical difficulties that arise for research institutes in developing countries are de-
scribed in a letter to THE LANCET in the year 2000: 

Five years after the official founding of the Nouna Health Research Center (CRSN) it is time to look 
back, and to look forward for new projects to come.   

Reprinted with permission from Elsevier (The Lancet, 2000, Vol. 356, p. 1035) 



What has been achieved so far was only possible with the technical support of INDEPTH Network 
and the financial support of institutions and foundations. The Ministry of Research, Sciences and Art 
of the federal state Baden-Württemberg, Germany, generously contributes to maintain the infrastruc-
ture of the CRSN.  A special research grant by the German Research Foundation (DFG) with the title 
“SFB 544 - Control of Tropical Infectious Diseases” has been in place for almost sixth years. It 
greatly helped to conduct projects in different fields of health sciences such as clinical research, epi-
demiology and health systems research.     

This book is structured into five chapters beginning with an introductory chapter. In the first section of 
this chapter, the leading persons who build up and maintained the collaboration between Nouna and 
Heidelberg describe the history from 1970 until today. This is followed by a brief description of the 
data and information exchange between both institutions. The next section describes the INDEPTH 
network in which Nouna is embedded. The last two sections of this chapter give a more general over-
view on specific ethical issues which arise in health research in developing countries, and on routine 
health information systems. Chapter two is devoted to clinical research and begins with an overview 
on studies on malaria and AIDS which were performed or are ongoing. The other subsections are 
reprinted papers form this area, presented in chronological order of publication. Similarly, chapter 
three deals with epidemiological studies, with an introduction and subsequent reprints of scientific 
publications, and chapter four which gives scientific results on health system research. Finally, chapter 
five presents results of and ongoing studies on biochemistry-based health care research which will 
gain further importance in the next future of this collaboration. 

We thank our colleagues from both institutions who supported us in all stages of this project and they 
are too many to be mentioned here by name. The secretarial support of Ms Elke Braun van der Ho-
even is gratefully acknowledged, as well as the editorial support by the Springer Verlag, and the ex-
cellent collaboration with the editor, Mr. Clemens Heine. We also thank the publishers of the articles 
reprinted in this volume who generously allowed the reproduction. We hope this book will motivate 
others to build up, to maintain and to further develop collaborations of similar nature.  

BOCAR KOUYATÉ, NOUNA, BURKINA FASO    

HEIKO BECHER, HEIDELBERG, GERMANY 

OCTOBER 2004
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1 Introduction 

1.1 HISTORY OF CRSN: from a project to an  
institution 

In early 1970’s, the institutions in charge of the cooperation between Germany and Upper Volta 
(Burkina Faso) were working closely to improve the health conditions of the population in Burkina.  It 
was an intensive collaboration to assess the intervention through health system research. Before 1990, 
it was an evaluation of the intervention.  In 1992, a collaborative research project between the Minis-
try of Health in Burkina Faso and the Department of Tropical Hygiene and Public Health of Heidel-
berg University in Germany was established. It was named Projet de Recherche Action pour 
l’Amélioration des Services de santé (PRAPASS); the Centre de Recherche en Santé de Nouna 
(CRSN) is a research institution, which started in early October 1999 by a transformation of PRA-
PASS into a national research institution. In the following sections of this chapter, the history of this 
collaboration is outlined. 

1.1.1  Twenty years of collaboration  
Heidelberg-Nouna  

HANS-JOCHEN DIESFELD

Leopoldstr. 6, 82319  Starnberg, Germany 

Tel: 00 49 8151 12143 
Fax: 00 49 8151 773780 

Email: h-j.diesfeld@urz.uni-heidelberg.de 

Since 1975, in the framework of Burkina Faso – Germany cooperation in the health sector, the Ger-
man Volunteer Service (DED) has actively participated, in collaboration with the German Technical 
Cooperation (GTZ), in the improvement of basic health services. Over the years, a growing number of 
rural hospitals (Centre Médical) were equipped by German medical doctors and nurses, during a pe-
riod where only very few Burkinan doctors were available and when there was still no Medial Faculty. 
Those German doctors and nurses got their specific preparatory training at the Department of Tropical 
Hygiene and Public Health, Heidelberg University, where they were given information about the latest 
internationally discussed and recommended health policies and - programmes. This was the time, 
when the health policy of Burkina Faso ( then Upper Volta), following the implementation of the 
principles and strategies of the WHO/UNICEF -“Alma Ata Declaration” of 1978 on “Primary Health 
Care”, experienced a radical change from a rather curative, hospital-centred to a more decentralised, 
population-based comprehensive health care concept of health policy. 

By 1982 15 Health Districts with their Rural Hospitals and their peripheral health stations and village 
health posts in Western, North and Northwest Provinces of Burkina Faso were participating in this 
“Programme Amelioration des Services Sanitaires Ruraux”, under the Ministry of Health of Burkina 
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Faso with assistance of DED and GTZ. The District Hospital Nouna, Kossi province was one of the 
very first to be included in this programme. The first German physician, Dr. Habicht with the German 
theatre nurse Mrs. Rosemary Kempers arrived in Nouna already some years earlier in 1974 before he 
was followed by a sequence of German physicians from the German Volunteer Service. In November 
1982, at the request of the Ministry of Health of Burkina Faso and the German Volunteer Service  an 
evaluation mission was carried out by the Department of Tropical Hygiene and Public Health, Univer-
sity of Heidelberg, headed by me in collaboration with the late Dr. A. K. Pangu and Dr. A. Stroobant.

The objective of this mission was not only to look into the performance, efficacy and effectiveness of 
this Burkinan-German collaboration but also to identify problems of utilisation of health services and 
their possible reasons. One of the recommendations of this mission was to intensify the interaction 
between the Medical Districts supported by DED as a kind of pilot region and the Ministry of Health 
through an iterative process of monitoring, feed back, planning and adjustment process. The German 
Voluntary Service agreed to assign one medical officer to concentrate on this process. 

At this point of time, 1983/84, the European Parliament had decided to establish a Programme for 
Science and Technology for Development with special emphasis on cooperation between European 
research institutions with partners in developing countries with the particular aim to strengthen re-
search capacities. One of the main topics was health research, at that time rather ill-defined. The 
European Commission, Directorate for Research and Technology (DG XII) was put in charge of this 
programme and the first calls for research proposal were published in 1984. Having been somehow 
involved in this conceptual discussion as a scientific representative of Germany, member state of the 
European Union, I had the chance to plead a case for including Health Systems Research into the 
scope of the research profile. 

This gave us the chance, together with the Burkinian Ministry of Health and in partnership with the 
Department of Public Health, Faculty of Health Sciences, University of Ouagadougou to formulate a 
number of research questions on the efficiency, efficacy and utilization of mother and child health 
services and the primary health care programmes in Burkina Faso. The objectives of the research were 
the measurement of the quality, effectiveness and utilization of preventive and curative health services 
at the district and community level. The main hypotheses were that the actual provision of services is 
not in line with the need of high risk groups and that the coverage of programs and acceptance by the 
population is deficient. The aim of the study was to provide empirical data for a better adaptation of 
health programs to local needs. This implied the personal feed back of the results and their discussion 
at central and local levels in order to help to improve the performance of services as well as to design 
subsequent intervention studies jointly with the local authorities. 

The research proposal was intensely discussed between members of the “Departement des Etudes et 
Planification” of the Ministry of Health and the Department of Tropical Medicine and Public Health 
of Heidelberg University and the Department of Public Health of the University of Ouagadougou. The 
Ministry of Health decided that the research area should be in the Kossi Province (Fig. 1) and in the 
catchment area of Solenzo Medical Centre, where Nouna was the next reference hospital, and where 
one of the researchers from Heidelberg University, Dr. Rainer Sauerborn had been Médecin Chef 
from 1979 to 1982. Finally the research proposal was accepted by the Ministry of Health and submit-
ted to the European Commission, DG XII. 

2
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 Figure 1: “Districts Sanitaires” with Solenzo and Nouna  

This was a time when Health Systems Research was still in its infancies and the discussion on appro-
priate research methods was still ongoing. Qualitative versus quantitative methods and the triangula-
tion of different methods was still not at all an accepted approach, in particular by epidemiologists. 

[under STD 1 – TDS –M-053-D(B)] for the period 1984 – 1988 and the study took off immediately. A 
conceptual framework was developed to investigate determining factors influencing perception of 
health problems by the population and the respective healer choice and their interaction with the cho-
sen health care system. In order to examine the provider and user of services and their interaction as 
well as the potential non-user the study design comprised the following elements: a representative 
stratified household survey in the catchment area Solenzo Centre Medicale of different strata of health 
services in order to describe the socio-economic status, health and health seeking behaviour, the strata 
being chosen according to accessibility to various levels of health services. User survey in various 
strata of health services, provider survey in the respective health units by non-participatory observa-
tion, description of services and interviews with health personnel was performed. 

There was a tripartite collaboration from the beginning: Ministry of Health seconded Dr. Adrien 

Nougtara as the national researcher, the Faculty of Health Sciences had been very interested and its 
then Dean, Professor R. M. Ouiminga had been very helpful in encouraging three medical students, 
Gaston Sorgho, Joseph Bidiga and Lougousse Tiebelesse, to join as junior researchers under the su-
pervision of the then Head of the Department of Public Health, Professor Francois Cannone. The 
University of Heidelberg seconded Dr. Rainer Sauerborn from the Pediatric Department of the Uni-
versity Hospital as the German field researcher and myself as the Principal Investigator, responsible 
towards the European Commission. 

At last, the research proposal was accepted by the European Commission and the Regional Panel 
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DED and GTZ were extremely helpful in providing technical assistance and transport, beyond the 
means at our disposition through the research grant. The personal commitment and untiring support by 
Dr. Cornelius Oepen and Dr. Eberhard Koob has to be gratefully acknowledged. 

The field research was completed by 1985 and the analysis of the data as a kind of participatory 
evaluation of results with the health services at peripheral and central level took place in two seminars 
in 1986. This was a specific methodological approach of action research where all parties concerned 
were involved. 

On December 13, 1986, even before the final report of the research was compiled, the three medical 
students from Burkina Faso defended their theses successfully before the Faculty of Health Sciences, 
myself serving as the “président du jury”. This was the first time in Burkina Faso, that medical stu-
dents attempted to do their thesis work “in the field” of day to day basic health care up country and 
not within the protected area of the University Hospital. In the course of this event a “Faculty Partner-
ship” between the Faculty of Health Sciences in Ouagadougou and the Medical Faculty of Heidelberg 
was inaugurated officially and the Dean, Professor Ouiminga was invited and took part as an official 
representative of his University at the ceremonies commemorating the 600th anniversary of the Uni-
versity of Heidelberg on October 14, 1986. From then onwards, for a number of years there was a 
fruitful collaboration between the two faculties, in different clinical fields, beyond the health systems 
research area. Encouraged by this experience, the Department of Public Health of the University Oua-
gadougou established until to date, observational field research by medical students as part of their 
curriculum. As a consequence of the evaluation seminars the Ministry of Health summoned in De-
cember 1988 a seminar in order to plan a project for action research for the next three years, again 
submitted to the European Commission and approved [STD 2 TS2-0306 (DB)] in 1990 under the title 
“Action research on the utilization of health services in Burkina Faso”. Projet Recherche Action pour 
l’Amélioration des Soins de Santé (PRAPASS). A “Comité de Coordination de la Recherche-Action” 
(Fig. 2) was formed at the Ministry of Health which this time was the principal investigator answer-
able to the research funding European Commission. This time the Ministry of Health chose the catch-
ment area around the Centre Médical Nouna as the study site.  

The study aimed to assess the output and outcome of newly organized rural health services. The major 
health policy changes to be tested were:  

• the participation of the target population in the financing and management of health services 

• the enhancement of service quality through standardization of medical tasks 

• an increased attraction by better integration of services, 

• the introduction of a delivery system of essential generic drugs, 

• the strengthening of mother’s skills in treating key childhood illnesses. 

The study population comprised of all households in the catchment area of Nouna hospital and three 
health centres (excluding Nouna town), altogether 6000 households with approx. 30.000 individuals. 
Health impacts were monitored in terms of changes in age and cause specific mortality using annual 
censuses and monthly vital events registration and verbal autopsy of all deaths of children during the 
survey period. A subsample of 600 households was studied by periodic household surveys. They 
yielded information on any change in health service utilization, health care expenditure and in time 
lost due to illness. 
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This Demographic Surveillance System (DSS) exists till today and enables the Ministry of Health to 
become in November1998 part of the INDEPTH Network (International Network of Demographic 
Evaluation of Populations and Their Health) which has today 36 members from 19 countries in Africa, 
Asia, Oceania and Latin America covering a population of 1.2 million in Africa alone (see chapter 
1.3).

In 1992 during a contract holder meeting of the Commission of the European Communities, Director-
ate XII, Science, Research and Development the two EC funded research projects, the completed and 
the ongoing one, were presented and methodology and relevance of health systems research was dis-
cussed in a large international scientific forum. The new research programme studied a number of 
different topics. Several new full time and part time research assistants were engaged in executing the 
different research topics and running the more and more expanding research station in Nouna.  Two 
full time physicians, formerely medical doctors under DED working in Burkina Faso Mathias Bor-

chert and Justus Benzler could be gained to run the field station and executing and supervising the 
various field activities and managing the data processing. They were supported by a Physician, sec-
onded from DED, Dr. Rolf Heinmüller.  Specific studies were carried out by and together with burk-
inian colleagues such as Dr. Hien Mathias, Dr. Nougtara Adrien, Dr. Ibrango or Mrs Nikiema-

Heinmüller. Interim researchers from ORSTOM, Prof. Michel Garenne, from the Department of 
Tropical Hygiene and Public Health, Heidelberg University, like Gérard Krause, Ulrike Hornung or 
Ulrich Wahser. The Ministry of Health provided a suitable building complex within the compound of 

MSAS: Ministère de la Santé et d’Action Sociale (Principal investigator) 
ESSSA: Ecole Supérieure des Sciences de la Santé (Université de Ouagadougou, Faculté de 

Médecine, Dépt. De Santé Publique) 
UNI HD: Université de Heidelberg, Département d’Hygiène Tropicale et de la Santé Publique, 

Germany 
ORSTOM: Office de Recherche Scientifique et technique outremer, Paris, Ouagadougou 
DEP: Direction des Etudes et de la Planification du MSAS 
GTZ/SVA: Deutsche Gesellschaft für Technische Zusammenarbeit / Deutscher Entwicklungs-

dienst 
DPS: Direction Provinciale de Santé (Nouna, Province de Kossi) 

Figure 2: Comité de Coordination de la Recherche-Action 
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the District Hospital of Nouna, a former epidemiological field station. Field investigators, interviewers 
and data entry clerks had to be recruited and trained.  

During the first years there was the problem of only sporadic public electricity supply, supported by a 
generator, which made the increasing demand by upcoming modern information technology rather 
difficult and cumbersome. Telephone and facsimile communication with the Heidelberg Tropical 
Institute were quite difficult. The maintenance of laptops for the registration and monitoring of all the 
incoming data from the DSS under the prevailing climatic and environmental conditions was quite 
stressful for the researchers and the growing number of specifically trained data collectors and com-
puter operators. Transport was still a problem which thanks to the support of DED and GTZ could be 
overcome. 

Research topics aiming at improving child health, equity and efficiency implications of prepayment 
schemes and health insurance in Burkina Faso were compared with similar experiences in Ghana, the 
capacity and willingness to pay for health services was studied in cooperation with GTZ/DED, the 
effect of quality assurance on utilisation in rural health services or drug utilisation patterns and quality 
of prescription with the introduction of the Governments Essential Drug Programme (MEG) were all 
based on the functioning DSS. 

The list of publications in the annex is impressive. The iterative process between Ministry of Health 
and Research Station in Nouna and its team and the growing number of successfully completed re-
search projects led to an increasing acceptance of this kind of scientific cooperation by the Ministry of 
Health. This and the continuous efforts from the researchers side to look for further funds and spon-
sors and favourable developments in the process of acceptance of Health Systems Research interna-
tionally, within the University of Heidelberg and within the German scientific and research sponsoring 
community ( EU-INCO-DC and DFG) as well as the Ministry of Higher Education of the Federal 
State of Baden Württemberg paved the way towards a very important and visionary move by the Gov-
ernment of Burkina Faso to establish the  “Centre de Recherche en Santé de Nouna (CRSN)” in Octo-
ber 1999 in close partnership with the University of Heidelberg. 

This is an example of consistent and persistent systematic efforts to build on the basis of scientific 
achievements, academic partnership between health research and health policy. This effort being to-
tally in line with the health research funding policy of the European Community and the European 
Commission to develop research partnerships and structures for research capacity building between 
Europe and countries in Africa, Asia and Latin America ( EC-INCO-DC), has helped over the past 
twenty years to secure sufficient project-specific research grants to develop this cooperative structure. 

The constant and critical question asked by all international research funding organisations, in particu-
lar the European Commission, is what impact does health systems research have on national health 
policy, health research policy and national capacity building. This project, supported by an increasing 
number of externally funded research projects and increasing basic funding by the ministry of health, 
Burkina Faso, has become one of the very few positive examples and a showpiece of the European 
Commission’s health research funding policy. 
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1.1.2 Transformation into a national research center: 
the CRSN 1999 to today and the  
Heidelberg – Nouna collaboration 

BOCAR KOUYATE 

Centre de Recherche en Santé de Nouna, BP 02 Nouna, Burkina Faso 

Tel.: 00226-20-537043 

Email: bocar.crsn@fasonet.bf 

RAINER SAUERBORN

University of Heidelberg, Department of Tropical Hygiene and Public Health, Im Neuenheimer Feld 
324, 69120 Heidelberg, Germany   

Tel.: 0049-6221-565344 

Email: rainer.sauerborn@urz.uni-heidelberg.de 

In this chapter, we trace the quantum leap, the Nouna research site took when it was transformed from 
a bundle of assorted projects (PRAPASS) to a national research institution. 

The institutional architecture 

The way in which a research center, even more so, a research cooperation, is set up, tells a lot about its 
ownership, its efficacy and long-term sustainability.  

In 1999 the Ministry of Health of Burkina transformed the project into a permanent research institu-
tion directly affiliated to the general secretariat. The initiative for this move came from the former 
Secretary General of the Ministry,  Bocar Kouyaté, and Rainer Sauerborn who established a formal 
research cooperation between the nascent Center and the Department of Tropical Hygiene and Public 
Health, he chairs at the University of Heidelberg.  

This was more than an organizational change and reflected the increasing ownership the Ministry took 
in the research. This step also meant that the national scope and relevance of the research carried out 
in Nouna was recognized. While the local communities, the district and the province in which Nouna 
is situated remained important stakeholders with whom the center engages and to whom the research-
ers feed-back their results, the main target for exchange and feedback would henceforth be the na-
tional level. Figure 1 illustrates the change in institutional affiliation from the district level (bottom 
right square) to the national level. 
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Figure 1: Institutional affiliation: From Project (see white box at the bottom) to a National Research 
Center directly reporting to the Secretary General of the Ministry of Health. 

The interaction between researchers and decision-makers, a crucial element of health systems re-
search, was greatly enhanced. In an iterative way, research results were communicated to and dis-
cussed with decision-makers, both local, regional and national, their feedback, in turn, influenced the 
direction of research, e.g. how new policies were formulated and then field tested.  

Figure 2 illustrates this continuous and long-term exchange between decision-makers and scientists 
using as an example the topic of health care financing. Over a period of more than two decades, this 
dialogue led to several policy innovations which finally culminated in pilot testing a complex opera-
tion of community-based insurance. 
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Figure 2: The iterative and long-term exchange between researchers and decision-makers, using the 
policy issues of health care financing and quality of care as examples.

Initial research, stimulated by the evaluation of a German development cooperation project 
(DED/GTZ) by Jochen Diesfeld and colleagues (see preceding chapter), had pointed to serious under-
utilization of health services and its main cause: the high costs which the households of the sick had to 
bear to obtain care. In addition the timing of the costs, i.e. regardless of the season of the year, posed a 
great problem to households. In a joint workshop the Ministry of Health of Burkina Faso gave Nouna 
researchers the green light to explore prepayment systems, particularly health insurance. Based on 
evidence from a series of epidemiological, anthropological and economic studies, community-based 
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insurance scheme was designed in a joint effort of Ministry, local community and research team. This 
insurance scheme is currently being implemented, accompanied by a randomized community trial to 
assess its effectiveness and to understand potential weaknesses in order to further improve the policy. 

At the same time the link between the new CRSN and the University of Heidelberg was strengthened 
and formalized. An agreement of research cooperation was signed between the Ministry and the De-
partment of Tropical Hygiene and Public Health. The Land Baden-Württemberg agreed to fund the 
core expenses of the Center as a support of the large collaborative grant (SFB544) which an interdis-
ciplinary group of researchers from Heidelberg University had just been awarded.  

Both the CRSN and the network of researchers in Heidelberg have been guided by international scien-
tific advisory boards, each of whom invited an observer of the other board to their meetings to in-
crease research coordination. Figure 3 shows the structure of the research cooperation, complete with 
the faculty partnership mentioned in the previous chapter. 

MINISTRY 
of HEALTH

National Steering
Committee

Intl. Scientific
Advisory Board

INSP

CRSN University
Heidelberg

State Baden-
Württemberg

DFG
(federal)INDEPTH

Agreement of cooperation

Research Cooperation between the CRSN and the University of Heidelberg

Faculty partnership
BURKINA FASO GERMANY

UNIVERSITY
of OUAGA

CNRFP

Centre Muraz

Medical Faculty

Figure 3: Institutional set-up of the research cooperation, both nationally and internationally 

Strengthening the Center’s scientific capacity 

This is an essential ingredient of our cooperation. It aims at both the individual researcher and the 
research environment. There were three CRSN staff members trained in Heidelberg at the M.Sc. 
(Master of Community Health and Health Management in Developing Countries) level, and a number 
of colleagues have finalized their doctoral degree (Dr. med. or Dr. sc. hum.) or are currently working 
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on it. Improving general research conditions is much more difficult to tackle, yet crucial for building 
capacity.  

Courses held at Nouna have been another important part for capacity building. These courses covered 
important aspects in biostatistics, epidemiology, anthropology, programming, grant proposal writing, 
and others. They were held by scientists from Heidelberg and lasted between one and two weeks.  The 
number of participants was an average ten to fifteen. Most of the participants were members of the 
CRSN, in some cases young researchers from Ouagadougou, or from the Kossi health district took 
part.  The CRSN offered good facilities for such short courses, and usually the benefits of these 
courses exceeded the teaching subjects. The regular personal contact between researchers from both 
institutions was intensified leading to a better mutual understanding.     

A lot has been achieved in terms of information access (internet access, establishment of a library with 
5000 hardcopies of selected published papers). The challenge ahead lies in a closer integration in the 
national scientific community (university and extra-university research centers) through training of 
national students and through joint research.  Opening up of national career paths for accomplished 
CRSN scientists is another issue that needs to be tackled. 

The international scientific advisory board, composed of eminent scientists from Canada, Germany, 
Mali and Burkina Faso has been very helpful in guiding both the research agenda and the improve-
ment of research skills of the team. 

An integral part of research capacity of any Center carrying out population-based and clinical research 
is an active and vigilant ethics committee. In the absence of a national ethics committee, the Center 
created a local one which encompassed technical skills (a lawyer) and represented the values of the 
local communities through members from a wide range of religious, ethnic, gender and age groups. 

National and international integration of the CRSN 

Nationally, the CRSN is known as one of several cooperating health research centers, perhaps the one 
with the most comprehensive agenda. The link with the university is still weak and remains to be 
strengthened. 

Internationally, the center cooperates with dozens of partners both in the north and the south which 
include Karolinska Insitut, Leeds University, London School of Hygiene and Tropical Medicine, Insti-
tut Pasteur, NIH, WHO, the International Labor Office and, of course, Heidelberg University. With 
other developing countries, the CRSN took the lead in initiating and in steering a network of 28 such 
research sites which is described in chapter 1.3. 

Broadening the research agenda along four axes 

The PRAPASS project had kept an exclusive focus on health system research (first axis). With the 
creation of the CRSN and the award of a large interdisciplinary research grant (SFB 544 “Control of 
Tropical Infectious Diseases”) to its partners in Heidelberg, the research agenda broadened to com-
prise three additional axes:  
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The first addition in 1999 was lab-based biomedical research (second axis). A parasitological lab was 
equipped guided by Prof. M. Lanzer, biochemical and entomological lab facilities were soon added, 
including an insectarium which holds the complete life cycle of the malaria transmitting mosquito 
Anopheles gambiae. 

The third research axis, clinical patient-oriented research, was only added recently (2004) guided by 
Drs Ali Sié and Thomas Junghanss. Both research partners agreed that the routine health facilities 
serving the study population needed to be improved. The Medical Faculty of Heidelberg University 
and the Ministry of Health each posted one senior physician to the health district of Nouna whose task 
has been to oversee and guide the quality improvement in the district hospital and its satellite health 
centers. 

The forth axis is the most recent addition to the Center’s portfolio: The environmental dimension of 
health. This involves mapping the changes of land cover (surface water, vegetation, i.e. mosquito 
breeding sites) and continuously recording meteorological data in order to track the environmental 
factors which influence malaria transmission. 

Ground-based data are used to validate satellite data on land cover, temperature and rainfall which in 
the long run will serve as a cost-effective means to monitor and predict the transmission of selected 
infectious diseases on a national, perhaps regional scale. 

Through new additions to the scientific team, the CRSN staff reflects this multidisciplinary approach. 
Today, the team comprises an impressive array of skills in public health, clinical medicine, demogra-
phy, economics, sociology, anthropology, pharmacology, biology, geography, biostatistics, computer 
sciences and entomology. 

The platform or backbone which holds the diverging research agendas together is the so-called demo-
graphic surveillance system (DSS). This means that the health and vital events of an entire population, 
as distinct form a sample thereof, is surveyed on a prospective and continuous basis. Each and every 
one of the 65 000 inhabitants in 44 villages of the research zone is registered and visited every three 
months. Every hut is displayed in a geographical information system linking the database up with an 
electronic map. Figure 4 shows the DSS as the centerpiece of the different research disciplines. 

It provides an always up-to-date denominator for population-based research, allows individuals to be 
sampled for example for enrolment in clinical trials and to be unequivocally retrieved. The DSS forms 
a sampling frame for surveys and anthropological studies and links morbidity data to socioeconomic 
and environmental factors that might influence the disease under study. Two further examples may 
illustrate the universal usefulness of the DSS: It allows studying how the distribution of mosquito 
populations relates to the geographic pattern of malaria incidence. Molecular markers of malaria host 
susceptibility or of parasite resistance to antimalarials can be traced within the population across time 
and space.  
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Figure 4: The demographic surveillance system (DSS) as the focal point of different research disci-
plines 

The path towards financial sustainability 

Research is costly and funding scarce, particularly in low income countries. On the other hand there 
are huge amounts of funds available for first-class research proposals. Some funding agencies make 
particular efforts to build research capacity during the life-time of a project. The art of squaring the 
circle consists in 1) cooperating with supportive research institutions in the north in joint projects, 
initially led by them. 2) aiming to be principal investigator if at all possible, in collaborative projects 
with established partners in the north. This has been increasingly the case in the past three years and 
reflects increasing skills in proposal writing and competent mastery of research methods on the part of 
Center staff. 3) Joining hands with other partners in the south in networks whose critical mass en-
hances the chances of acquiring soft money research grants. The INDEPTH network described in 
chapter 1.3. is an example for such an endeavor.  

Since its creation in 1999, the CRSN has consequently followed this path. It has now a portfolio of 
more than 15 projects including several large grants where a staff member of the CRSN is principal 
investigator. Successful acquisition of research funds paves the way to financial sustainability, or 
doesn’t it? 
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The total revenue of the Center has more than doubled in 4 years, from 230,000 Euro in 1999 to 
570,000 in 2003. Figure 5 illustrates the steady increase of self funding, which reached 52 % in 2004. 
The contribution of the Burkinian Ministry of Health, largely in covering personnel cost, has slightly 
increased in relative terms from 10% in 1999 to 13.4% in 2003. In absolute terms this means that the 
amount the Ministry contributes has more than doubled in the last 4 years.  

Research revenue, CRSN 2001-2003
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Figure 5: Increasing self-funding of the CRSN which still relies on modest core funding 

In contrast the funding of the Land of Baden Wuerttemberg has remained quite stable in absolute 
terms. Its relative share has considerably fallen from an initial 60% to about 33%, in 2003.  While this 
is a great success for such a young center, it shows that it is very hard to fund such a sophisticated 
research center exclusively based on soft money. The core funding, in German “Grundausstattung” 
cannot be borne by the host country. In fact, even a German university enjoys a considerable amount 
of core funding. The collaborating Department of Tropical Hygiene and Public Health had roughly a 
similar proportion of core funding through public budgets: 44% versus 56% of acquired research 
grants. It is inconceivable and unfair to require a research institution from one of the poorest countries 
to operate without such core support. 

There is therefore a need for a modest, but sustained core funding by international solidarity. Of the 
other 28 similar research institutions, Sweden funds the core expenditures of no fewer than 5 such 
research centers, the Wellcome trust 3, the Rockefeller foundation 2, the CDC 1 etc.. Given that the 
majority of such centers are much older and had thus a longer period for capacity building and net-
working, the success of the CRSN to draw more than 50 % of its revenue from competitive grants is 
all the more impressive. 
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The future of the CRSN therefore depends both on continued strengthening of scientific capacity in 
Nouna, its effective partnerships both with the south and the north. It does, however, also rely on a 
visionary funding institution in the north who is committed to provide moderate funds (in the order of 

200,000 Euro annually) for many years to come.
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1.2 Nouna DSS Data structure, data exchange 
and routine epidemiologic procedures  
HEIKO BECHER, GABRIELE STIEGLBAUER, YAZOUME YÉ

University of Heidelberg, Department of Tropical Hygiene and Public Health, Im Neuenheimer Feld 
324, 69120 Heidelberg. Germany   

Tel.: +49 6221 565031 

Email: Heiko.becher@urz.uni-heidelberg.de 

Epidemiology is one of the key fields of research in the Nouna-Heidelberg collaboration. The respec-
tive research results are outlined in chapter three, whereas in this chapter some of the necessary organ-

allow an effective collaborative work.   

Most of the past epidemiological activities were based on the Nouna DSS population. More recent 
studies try to put data from this study population into a broader national and international – African – 
context. The INDEPTH network has played an important role in that respect (see chapter 1.3). In 
order to allow an effective joint project work between scientists working in Nouna and Heidelberg, 
well-functioning data management and exchange procedures are necessary. The data exchange be-
tween Nouna and Heidelberg has been designed progressively over about the last ten years; however, 
it was put in writing in October 1999 in Nouna after a meeting with Heidelberg and Nouna team. It is 
a system which takes the technical conditions in both institutions into account and is well functioning. 
Some key features are given below: 

The Nouna DSS uses a self designed and developed relational database based on Microsoft Access. 
The database is designed for longitudinal data entry and management and allows first stage systematic 
consistency and plausibility check. The database structure is comprised of five entities (tables or files) 
related to each other by one to one and one to many relationships. These entities are: Individual, 
Membership, Household, Residence and Observation: 

Individual. This entity contains invariant records, mainly demographical characteristics 
(name, sex, date of birth, ethnic and religion ) on individuals who reside or have ever resided 
in the DSS area. Records are uniquely identified by the individual ID. To allow genealogical 
linkage this entity also includes the ID and name of the mother and father. 
Household. The household entity stores information (head of household, geographical loca-
tion to allow linkage with the Geographical Information System, date of entry of creation of 
the household) of a particular social group, a household defined as a group of people living 
together and sharing food and production. The household is composed of one or several 
members and can be linked to the Membership entity through household unique identifica-
tion. 
Membership. Membership record establishes the link of an individual to a particular house-
hold. Data on relationship within household members are stored. 

isational structures are presented which are the basis  for descriptive and analytical studies and which 
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Residence. This entity contains variant information, susceptible to changes over time, like 
residence, marital, occupation and education status. An individual residence episode within 
study area or household is defined by the date of entry (birth, in migration) and date of exit 
(death, out migration). Similarly, marital, occupation and education status can also change 
with a starting and ending date. Residence can be linked to individual entity by the individual 
ID.
Observation. Individuals are visited four times a year to update information. The source of 
observation entity keeps track of the observations that led to any new information; therefore, 
information of type of observation (census or vital registration survey) and date of observa-
tion are stored. Records on the interviewer who did the observation is also included. 

The database has been in use for several years with minor modifications and has proved to be effec-
tive for the researchers needs. A conversion into other database systems was under discussion but has 
not taken place. Data entry takes place in Nouna with five well trained data entry clerks. A data-entry 
supervisor is responsible for data quality security matters. He is supported by a fully trained computer 
scientist, who is responsible for updating the database programme and developing other database 
(household survey) links to the DSS. 

In regular intervals a copy of the original ACCESS-database with anonymous (according to the na-
tional data regulation) individual data is stored and transferred to Heidelberg. Until about the year 
2000 this was done with ZIP-discettes, which has now been replaced by CD-ROM. In order to guaran-
tee data security, the sealed CD is brought by visiting scientists from Nouna to Heidelberg. Raw data 
are not sent by mail or by internet. The DSS database is regularly updated two times a year. Old ver-
sions are stored to allow verification of published results at any time in the future.   

The database is stored in Heidelberg on a central server with limited access to the core group at the 
Department of Tropical Hygiene and Public Health. This procedure guarantees that researchers in both 
institutions have access to an identical database. 

For more sophisticated procedures for checking data consistency and for most epidemiologic analyses, 
we use the statistical software package SAS.  The data of relevant ACCESS tables are extracted and 
imported into this software.  

Within SAS a data checking procedure is installed, which checks the imported data for inconsisten-
cies, mainly in date variables (date of birth, date of entry, date of exit). Inaccurate data are corrected 
and set to new plausible values. Should there be data records with completely lacking information or 
apparently implausible information which cannot be corrected, these are excluded.  A listing with 
these implausible data is given back to the CRSN for further clarification and correction. 

After cleaning the data, a SAS master data file for the routine statistical analysis of the DSS data is 
generated, including all valid records and relevant variables. The actual data concerning cause of 
death (Verbal Autopsy database) supplements this file. 

On demand or request, data for different research topics from SFB-groups are retrieved, provided in a 
user-friendly form according to the particular needs.  
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The SAS master data file is the basis of a statistical routine for a menu-guided analysis of the DSS 
data (based on a SAS program) und for generating an epidemiological report including basic epidemi-
ological and demographic measures e.g. the annual population size (midyear population, person 
years), age specific death rates, crude death rates and age standardized death rates and graphical pres-
entations.  

The routine analysis modules are currently in a development process and will be established and 
evaluated in close cooperation with the CRSN Nouna. 

As an example of the graphical output, figure 1 shows the age pyramid of the Nouna DSS population 
as of December 31st, 2001. 

Figure 1: Age pyramid, Nouna DSS, December 31, 2001 
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1.3 INDEPTH Network: Generating Empirical 

Population and Health Data in Resource-

constrained Countries in the Developing World 

OSMAN A. SANKOH AND FRED BINKA

On behalf of the INDEPTH Network 

INDEPTH Network Secretariat, P.O. Box KD 213 Kanda, Accra, Ghana 

Tel./Fax:+233 21 254752 

Email:  osman.sankoh@indepth-network.org 

  fred.binka@indepth-network.org 

Abstract 

There is a general lack of a reliable information base to support the longitudinal identification, assessment and 
monitoring of population health status and of cost-effective interventions for disease and associated socio-
economic issues in resource-constrained countries in the developing world. Demographic surveillance systems 
(DSSs) such as the Nouna DSS in rural Burkina Faso, have been used to generate empirical population and health 
data at the household level in such settings. In these information systems, geographically-defined populations, 
mostly in rural areas, first determined by an initial census, form dynamic cohorts associated with residential units 
and households. Cohort sizes increase by births and in-migration and decreases by deaths and out-migration. Data 
are collected via survey cycles and verbal autopsies on total and cause-specific mortality, morbidity and disabil-
ity, pregnancies and fertility, socio-economics, and lifestyle. Demographic surveillance systems are a viable, 
increasingly affordable but under-used solution to the dearth of empirical population and health data, especially in 
the poorest countries often without efficient national vital registration systems. Since 1997 efforts started to har-
ness the collective potential of DSS field sites in addressing the void in empirical population and health data in 
the developing world. These efforts led to the constitution of the INDEPTH Network in 1998 which is currently 
composed of 36 DSS field sites in 19 countries in Africa, Asia, Oceania and Latin America. This chapter presents 
the processes for and examples of the generation of empirical population and health data in resource-constrained 
countries such as Burkina Faso in the developing world. The discussion is anchored on the cross-site activities of 
the INDEPTH Network in which the Nouna DSS in Burkina Faso is a member.  

It is evident today that countries that can monitor mortality and its causes are those that have made 
substantial progress in health and social security1. This ability enables the countries to guide more 
effectively the performance of their national health systems. On the contrary, in many countries in the 
developing world such as Burkina Faso, many births, lives and deaths are never officially recorded. 
With this lack of functioning national vital registration systems, demographic surveillance systems 
(DSS) established in small sample or sentinel areas, mostly rural but also in urban areas, generate em-
pirical, longitudinal, population-based health information in countries where the burden of disease is 
high. Among the earliest demographic surveillance system sites that continue today are the Matlab 
DSS in Bangladesh established in 1960, Niakhar DSS in Senegal established in 1962, Bandafassi DSS 
in Senegal established in 1970, Ballabgarh DSS in India established in 1972 and the Bandim DSS in 
Guinea-Bissau established in 1978. 
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After identifying the potential contribution the DSS could make to understanding population and 
health dynamics in the developing countries, members of 17 initial field sites from 13 countries in 
Africa and Asia with continuous demographic evaluation of populations and their health formed the 
INDEPTH Network (www.indepth-network.net). These countries include Burkina Faso in West Af-
rica. The INDEPTH Network mission focuses on the need to collect and analyze reliable data from 
resource-poor countries and to support capacity building in these countries. Today, there are 36 field 
sites in 19 countries. These sites include the Nouna DSS operated by the Nouna Health Research Cen-
ter in Burkina Faso. Figure 1 shows the distribution of countries with INDEPTH field sites. Table 1 
provides a list of INDEPTH member sites as of mid-2004 with the years they were established and the 
populations under continuous evaluation. 

Figure 1: Countries with Demographic Surveillance System (DSS) Field Sites participating in the 
INDEPTH Network 
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Table 1: List of current INDEPTH DSS member sites 

Africa

Country Name of DSS site/host institution Start Year Population 

Burkina Faso Centre de Recherche en Sante de NOUNA 1992 60,000

Burkina Faso Centre National de Recherche et de forma-
tion sur le Paludisme (OUBRITENGA) 

1993 150,000 

Burkina Faso Observatoire de Population de Ouagadou-
gou (Quagadougou Urban Health and 
Equity Initiative, Burkina Faso) 

2002 5,000 

Ethiopia Butajira Rural Health Project 1987 35,000 

Gambia Farafenni Field Station 1981 16,000 

Ghana Navrongo Health Research Centre 1993 139,000 

Guinea Bissau Bandim Project 1978 101,000 

Kenya Kisumu Project 1992 55,000 

Kenya African Population Health Research Cen-
tre (Nairobi) 

2000 60,000 

Mali Observatoire de Population a Kolondieba 1997 10,000 

Mozambizue  Manhica  1996 35,000 

Malawi Karonga Prevention Study 2002 40,000 

South Africa Agincourt Health and Population Pro-
gramme 

1992 63,000 

South Africa Dikgale Demographic and Health Study 1995 8,000 

South Africa Africa Centre Demographic Information 
System 

1999 75,000 

Senegal Niakhar 1962 29,000

Senegal Bandafassi 1970 11,000

Senegal  Mlomp 1985 8,000 

Tanzania Adult Morbidity and Mortality Project 
(Dar es Salaam) 

1992 70,000 

Tanzania Adult Morbidity and Mortality Project 
(Hai)

1992 154,000 

Tanzania Adult Morbidity and Mortality Project 
(Morogoro) 

1992 120,000 

Tanzania Ifakara Health Research and Development 
Centre 

1996 55,000 

Tanzania Tanzanian Essential Health Intervention 
Project (TEHIP) Rufiji Project 

1999 90,000 

Uganda Rakai Project 1989 12,000 

Asia 

Country Name of DSS site / host institution Start Year Population 

Bangladesh Matlab 1960 212,000 

Bangladesh Health System and Infectious Disease Sur-
veillance (HSID) 

1982 127,000 

Bangladesh Watch Project 1996 90,000 

India Ballabgarh DSS (All India Institute of 1972 41,000 
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Medical Sciences (AIIMS) 

India Vadu Rural Health Project, KEM 
Hospital, Pune District, India (Vadu) 

2002 64,000 

Indonesia Community Health Nutrition and Research 
Laboratories. (Purworejo) 

1994 18,000 

Thailand Institute for Population and Social Re-
search, Mahidol University 
(Kanchanaburi) 

2000 43,000 

Vietnam Epidemiological Field Laboratory for 
Health Research (Filabavi) 

1998 50,000 

Vietnam Chililab-Chi Linh District 1998 64 000 

Oceania

Country Name of DSS site/ host institution Start Year Population 

Papua new Guinea Wosera DSS, PNG Institute of Medical 
Research  

2003 140,000 

Latin America 

Country Name of DSS site/ host institution Start Year Population 

Nicaragua Center for Demographic and Health Re-
search (CIDS), Leon University 

2003 55,000 

Source: INDEPTH Network2

The field sites such as the Nouna DSS, provide longitudinal, population-based health information in-
cluding data on all births, deaths, causes of death and migration for sample populations. The generated 
empirical data enable levels, patterns, causes and trends of mortality to be identified and set the stage 
for the monitoring and evaluating a wide range of innovations in health care as well as social, eco-
nomic, behavioral and health interventions and research studies. 

Demographic Surveillance Systems  

in the developing world 

A DSS such as the one operated by the Nouna Health Research Center in rural Burkina Faso, is a set 
of field and computing operations to handle the longitudinal follow-up of well-defined entities or pri-
mary subjects (individuals, households, and residential units) and all related demographic and health 
outcomes within a clearly circumscribed geographic area. Unlike a cohort study, a DSS follows up the 
entire population of such a geographic area. 

In such a system, an initial census defines and registers the target population, usually the total resident 
population of a geographically bounded area. From the populations shown in Table 1, the average site 
population is 70,000 people. After the initial census, regular subsequent rounds of data collection at 
prescribed intervals make it possible to register all new individuals, households, and residential units 
and to update key variables and attributes of existing subjects. The core system provides for monitor-
ing of population dynamics through routine collection and processing of information on births, deaths, 
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and migrations and is often complemented by various other data sets that provide important social and 
economic correlates or contexts of population and health dynamics.  

A DSS operates in a defined demographic surveillance area (DSA). For example, the Nouna DSS op-
erates in the Kossi Province in Northwest Burkina Faso. This is an area with clear and permanently 
delineated boundaries, and is recognizable on the ground by physical features. DSSs collect data dur-
ing rounds or cycles of visits to registered and new residential units in the demographic surveillance 
area.

Every DSS is required to define the population under surveillance. Thereafter, a set of inclusion crite-
ria must be applied to distinguish eligible from ineligible individuals or subjects (e.g. de facto resi-
dents) within each subject category. To know the size of the registered resident population at any time, 
a DSS collects information about three events that alter this size, namely, births, deaths, and migra-
tions. Pregnancies and their outcomes for all women registered in the DSS are recorded regardless of 
the place of occurrence of such events. Deaths of all registered and eligible individuals are recorded, 
regardless of the place of death. Some DSSs such as the Nouna DSS, collect more detailed informa-
tion about deaths to establish the cause of death, generally through verbal autopsies. Deaths are usu-
ally identified continuously through community key informants. Update rounds also identify deaths as 
well as check those already identified by community key informants.  

Furthermore, migrations in and out of demographic surveillance areas are important considerations in 
a DSS because they influence the registration of births and deaths. Meaningful and identifiable seg-
ments of time started and ended by events, including births, deaths, migrations, and other events such 
as nuptiality or marital status are of interest. Most DSSs collect information about events such as mar-
riage and divorce. Other events recorded by DSSs depend on their complexity and research interests 
but may include the change of a head of household, a household’s formation or dissolution, or the 
construction or destruction of building structures. 

Generating DSS indices and measures 

Demographic estimates undertaken in the DSS sites employ both indirect and direct methods, using 
retrospective single-round surveys and prospective multi-round ones2. Selection and establishment of 
the demographic surveillance area are prerequisites of any DSS site. Depending on the nature of a 
particular research project, which may be hosted in a DSS site, sites employ probability or non-
probability sampling methods, or both, in drawing their sample population from within the demo-
graphic surveillance area. The INDEPTH Network2 has described in detail common procedures for 
DSS data collection.  

Typical indices / outcome measures generated by these efforts are total and cause-specific mortality 
based on empirical data. Further information generated empirically includes morbidity and disability, 
pregnancies and fertility, socio-economics, and lifestyle. All field workers are made aware of ethical 
concerns and key respondents, especially household heads sign an informed-consent form at the outset 
of most research activities, especially those which are based on the DSS.     

Table 2 shows an example of data produced by INDEPTH sites including the Nouna DSS, on infant 
and child mortality for the 1995-99 period. More recent data are being analyzed for new Network pub-
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lications. A new INDEPTH standard age population2 that more appropriate reflects the young popula-
tions in developing countries was used to standardize the infant and child mortality rates. Hence, the 
rates have not been compared with others published by other international organizations which often 
use standard age populations that are based on aging populations in industrialized countries. 

Table 2: Infant and child mortality at 19 INDEPTH sites, 1995-99 

DSS Site                          IMR per 1000                        Male (per 1000)                                                   Female (per 1000)            
                                                                     1q0          4q1            5q0              1q0/4q1            1q0               4q1            5q0           1q0/4q1

Agincourt, South Africa 16.93 15.06 17.52 32.32 0.86 16.63 17.35 33.69 0.96 

Matlab treat.a, Bangladesh 50.58 47.38 15.92 62.54 2.98 59.88 20.88 79.51 2.87 

Matlab comp.b, Bangladesh 70.05 65.96 23.67 88.08 2.79 80.24 21.64 100.15 3.71 

Mlomp, Senegal 45.18 48.24 42.61 88.80 1.13 49.42 51.57 98.60 0.96 

Hai, Tanzania 67.13 66.78 26.73 91.73 2.50 56.54 26.68 81.71 2.12 

Dar es Salaam, Tanzania 71.13 66.38 50.86 113.86 1.30 67.20 52.49 116.16 1.28 

Butajira, Ethiopia 67.82 65.62 57.73 119.56 1.14 71.09 62.20 128.87 1.14 

Ifakara, Tanzania 93.22 76.12 52.23 24.37 1.46 86.09 50.27 132.03 1.71 

Nouna, Burkina Faso 40.85 34.31 107.53 138.15 0.32 42.71 106.82 144.97 0.40 

Manhica, Mozambique 72.65 85.75 68.91 148.75 1.24 59.37 60.41 116.19 0.98 

Farafenni, The Gambia 74.65 68.04 110.47 171.00 0.62 66.46 109.12 168.32 0.61 

Rufiji, Tanzania 143.00 147.54 37.54 179.55 3.93 175.60 33.10 202.88 5.31 

Navrongo, Ghana 109.59 106.58 83.54 181.21 1.28 102.96 73.23 168.65 1.41 

Gwembe, Zambia NA 105.24 87.26 183.32 1.21 111.94 78.78 181.90 1.42 

Morogoro, Tanzania 116.73 105.24 87.26 183.32 1.21 111.94 78.78 181.90 1.42 

Oubritenga, Burkina Faso 96.49 102.25 95.97 188.41 1.07 91.88 104.84 187.09 0.88 

Niakhar, Senegal NA 89.80 146.84 223.45 0.61 72.16 129.14 191.98 0.56 

Bandim, Guinea-Bissau NA 112.37 129.78 227.57 0.87 101.52 128.31 216.80 0.79 

Bandafassi, Senegal 124.88 138.60 134.59 254.54 1.03 116.43 114.29 217.42 1.02 

Note: IMR, Infant Mortality Rate (Number of deaths of infants <1 year old per 1000 live births in a given year); 
NA, not available;  

1q0, probability that a newborn will die before reaching its first birthday;  

4q1, probability that a child that has reached its 1st birthday will die before its reaching 5th birthday;  

5q0, probability that a newborn child will die before reaching its 5th birthday;  

1q0/4q1, ratio of probability of death faced by children before and after their 1st birthday. 
a Treatment area 
b Comparison area

The results in Table 2 show a wide range in the level of child mortality, but except at the very low and 
very highest levels, no geographical clustering is apparent. The probability that a newborn dies before 
reaching its fifth birthday ranges from 32 to 255 per 1000 for males and from 34 to 217 per 1000 for 
females. For Nouna DSS in Burkina Faso, the probabilities were 108 per 1000 for males and 107 per 
1000 for females. The infant mortality rate for the Nouna DSS was 40.9 per 1000 for the 1995-99 pe-
riod. The Agincourt site in South Africa recorded a comparatively very low level of child mortality, 
followed by the cluster comprising Matlab sites in Bangladesh, Mlomp in Senegal, and Hai in Tanza-
nia. The lowest levels are found in South Africa and Asia, and the highest levels are reported from 
West Africa. Highest levels of infant mortality were recorded by Bandafassi in Senegal, Morogoro in 
Tanzania, and Navrongo in Ghana.  
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Processing DSS-generated data 

The DSS sites have a generic data system for storage of data that enables data rules and concepts to be 
standardized across sites. Sites have developed software systems to maintain a consistent record of 
significant demographic events in their populations. To support field operations and routine cleaning 
of data, the sites also keep track of where, when, and by whom a particular event was recorded and 
include fields to designate the place a migrant is moving to or from. The processes involved in devel-
oping DSS software are time-consuming, and prone to conceptual and programming errors due to the 
complex DSS systems. INDEPTH is developing data models that will simplify this process. Some 
technical details for the Nouna DSS are given in 1.2.  

Assessing the quality of DSS-generated Data 

Potential errors in data generated by DSS operations may take the form of coverage errors, resulting 
from omission or repeated counting of persons, or content errors, arising from incorrect reporting of 
the characteristics of respondents. It is therefore necessary to establish whether the data are of reason-
able quality. A variety of quality control procedures are used at the field, data-processing, and analysis 
stages. Careful, methodological, and conscientious interviewing is required. Trained fieldworkers and 
supervisors are used to monitor data quality through regular supervisory visits, form checking, and re-
interviews.  

Statistical procedures are also used to determine the completeness of coverage and reliability of the 
data. Re-interviews of representative samples are done and individual records are matched case-by-
case from two data sources. Also absolute and relative numbers from successive periods of the DSS 
are compared to identify deviations from expected patterns. In addition, a population pyramid that 
gives a detailed picture of the age–sex structure of the population is used to assess the quality of age 
reporting.  

Determining Cause of Death 

Practical experience working at DSS sites has shown that information on cause of death is only some-
times available from death certificates, since most deaths are neither attended by doctors nor medi-
cally certified through post-mortem autopsy. Therefore death registration is frequently incomplete, 
and even when death certificates are available, diagnoses reported are often non-specific. Conse-
quently, published statistics on both cause-specific and overall rates of mortality in such countries 
would mostly consist of extrapolations.   

The method that is commonly used to measure cause-specific mortality where data on cause of death 
are lacking or inadequate is the verbal autopsy method3-4. There was need to improve the situation 
regarding the dearth of data on cause-specific mortality in resource-constrained communities where 
the use of clinical autopsies will not be available or possible. Verbal autopsies are done for deaths to 
registered members of the demographic surveillance area. Such deaths are notified to the system by 
community key informants and also at household survey update rounds. Verbal autopsies involve spe-
cially trained interviewers who interview relatives about signs and symptoms related to the terminal 
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event using a structured questionnaire. The information from completed questionnaires is then sum-
marized and interpreted to give a likely cause for each death.   

The most common method for ascribing causes of death from verbal autopsy questionnaires is when 
the completed questionnaires are reviewed by one or more physicians who ascribe probable causes of 
death3-5. All parts of the questionnaire, particularly any open-ended sections, are thus incorporated 
into the diagnosis. For verbal autopsies to be comparable, they need to be based on similar interviews, 
and the cause of death needs to be arrived at in the same way in all cases. Thus standardization and 
local validation of the verbal autopsy tool is important since sensitivity and specificity can be affected 
when there is a bias in the information being collected.3

A standardized verbal autopsy instrument has recently been developed by the INDEPTH Network 
through a series of workshops in which representatives from DSS sites in the developing world and 
from other external institutions such as WHO participated. This instrument can be downloaded from 
the INDEPTH website (www.indepth-network.net). Several INDEPTH sites have started using the 
INDEPTH tool and a few sites are now considering validation and reliability tests of the verbal au-
topsy tool. DSS sites are finding the method of verbal autopsy as the most viable one for determining 
the most likely cause of death in especially in rural areas where most deaths take place at home. 

Measuring Health Equity in Small Areas 

Many recent publications on inequalities and health6-8 and those which focus on global health equity 
have indicated renewed commitments and a need for empirical research and evidence-based interven-
tions in these areas. Many policies that are geared towards addressing the needs of the global poor are 
largely based on indirect estimates and on data from urban centers and health facilities that do not 
accurately reflect their experience.   

The DSS sites located mostly in the rural areas make it possible to explore and engage in the long-
term assessment of health equity9.  Case studies recently completed at DSS sites have shown that in all 
these areas real differentials exist in social and material wealth, health status, and in the use of health 
services.10 Nouna DSS worked on health inequalities in district of Nouna in rural Burkina Faso.11 The 
studies show that tools and concepts for measuring health status are far more developed than those for 
measuring deprivation and disadvantage. Some DSS sites focused on measures of material wealth and 
poverty through the creation of composite proxies of income/expenditure based on ownership of 
household assets or individual attributes such as educational attainment and occupation, while others 
explored well-being in terms of social support and networks.  The magnitude of the disparities varies 
by site and by indicator used, and depending on factors considered. For instance, sites which divided 
the households or population studied into quintiles, revealed significant inequalities between the bot-
tom and top 20% for almost all health status and service use indicators, with the top 20% being con-
sistently better-off than the bottom 20%. The extent to which these inequality and inequity gradients 
can be flattened over time will be a measure of how successful pro-poor policies are. The INDEPTH 
Network is now funding projects that develop intervention studies or manipulate existing interventions 
to have a pro-poor focus in order to inform policy.  
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Knowledge from DSS 

Numerous publications from DSS sites show the strides by these sites in remote areas to monitor mor-
tality and its causes, and also demonstrate how much knowledge taken for granted that has come from 
DSS sites. Many of the most important cost-effective health interventions now in use in developing 
countries were originally tested and proven in DSS sites. A collection of publications from DSS sites 
is available from the INDEPTH website. The DSS provides a platform for a wide range of health sys-
tem innovations as well as social, economic, behavioural and health interventions, all closely associ-
ated with research activities. Consequently, apart from the core activities involving measuring mortal-
ity, many of the DSS sites conduct specific studies in areas including the following, depending on 
their current priorities: Cause specific mortality; Health equity; Malaria; HIV/AIDS; Migration and 
urbanisation; Reproductive health; Adult health, chronic disease and aging; Ethics; and applications of 
research to policy and practice.  

DSS sites in Africa and Asia have been contributing to national efforts. For example, since its incep-
tion in 1989, Navrongo DSS in northern Ghana has rapidly gained recognition as a world leader in 
developing-country health research. Its first study, which found that providing Vitamin A supplements 
to children below the age of five reduced the number of deaths by one fifth, led to the program’s adop-
tion throughout Ghana. Its second study found that bed nets soaked in permethrine cut child deaths by 
17 per cent. As a result, bed net provision has been incorporated into health policies across Africa. 
And its third study, which found that moving nurses into communities and mobilising community 
volunteers to help them reduced overall fertility and mortality, is now part of Ghana’s national health 
care policy and has sparked international interest.  

Matlab DSS in Bangladesh, which is part of the Public Health Sciences Division of The International 
Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B) has been developing and promoting 
realistic solutions to the major health, population and nutrition problems facing the poor people of 
Bangladesh and other settings. Its work has had major impacts on local, national and international 
health policy in the realms of diarrhoeal and infectious disease, nutrition, population programmes and 
child survival strategies. Family planning strategies tested at Matlab have been adopted nationwide 
and led to Bangladesh’s recognition at the 1994 United Nations Conference on Population and Devel-
opment in Cairo as a family planning success story. Also, the Matlab rural intervention for vaccine 
trials yielded important findings on the effectiveness of injectable and oral cholera vaccines. The oral 
cholera vaccine tested by the Centre is now recommended by the World Health Organisation. 

As well as influencing policy at local and national levels, several INDEPTH DSS sites have partici-
pated in major international efforts to improve health in developing countries. For example, the 
Ifakara DSS (Tanzania) took part in a multi-country study funded by the Gates Foundation to deter-
mine the effect of intermittent preventive anti-malarial drug treatment on children. The study found 
that intermittent treatment helped control malaria among children under the age of five. The DSS sites 
at Manhica (Mozambique) and Kisumu (Kenya), along with a site in Mali, are at the forefront of 
global efforts to develop a malaria vaccine. They are testing the three vaccines that are at the heart of 
the Malaria Vaccine Initiative’s current work. The project is co-funded by USAID.   
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Conclusion 

The core DSS outputs are mortality rates (all-cause and cause-specific), life tables, fertility rates and 
migration rates. The systems can also produce numerous demographic, health and poverty indicators 
for understanding trends and determinants for population characteristics, household characteristics, 
health status and disease burdens, access and use of health services, etc. They can also be used as plat-
forms for analyzing trends in cause-specific mortality, morbidity, fertility and migration, understand-
ing causal and contextual determinants, informing priorities for health research and development, and 
for measuring impact of interventions and reforms. However, it should be noted that although DSSs 
generate high quality data, the conditions for data collection in the remote areas have their limitations. 
These include underreporting of cases or incomplete recording of events. DSS sites strive to ensure 
that such limitations are addressed over time so that there is no meaningful negative impact on the 
data produced. 

The INDEPTH Network harnesses the collective potential of DSS sites in resource-poor countries in 
the developing world. INDEPTH cultivates cross-site activities through comparative studies and ex-
change of experiences on critical common problems. It generates longitudinal data and analysis that 
can be used to impact ongoing health and social reforms, inform health and social policy and practice 
and contribute to governmental, NGO, private and community health efforts. The Network broadens 
the scope of health research by addressing the emerging agenda of non-communicable diseases and 
aging, accidents, violence and injury, and the problems associated with vulnerable populations. It is 
important to note that INDEPTH continually improves the methods and technologies used by member 
sites to ensure all participating groups have access to the most valid and appropriate methodologies 
available. Finally, INDEPTH generates visibility and recognition for the Network itself and member 
sites among critical constituencies, including academic, government and international agencies and 
donors. 
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History of ethical codices for biomedical research 

Ethical principles with regard to medical interventions in humans have already a long history. The 
Hippocratic Letters have been written some 2.500 years ago, and four of its six stated principles are 
still fully relevant to modern medicine. However, these principles were rarely applied in the past and 
the results of unethical experiments on humans have even regularly been published, particularly dur-
ing the first half of the 20th century. 

The Nürnberg Codex resulted directly from the Doctors Trial after Second World War. In this trial, 23 
persons (mainly German medical doctors), were accused of crimes against humanity during their 
brutal experiments with prisoners in concentration camps during the National Socialist regimen. The 
Nürnberg Codex, which was formulated in 1947, was the first internationally recognised codex on the 
conduct of medical experiments on humans. However, despite the existence of international accepted 
ethical principles and guidelines there were still a number of unethical studies implemented in the 
second half of the 20th century. Examples from the USA are the experiments on soldiers with radioac-
tivity in the 1950s and the infamous Tusgegee Study in a population of afro-american men which 
lasted until the 1970s. The societal changes in the Western World which started in the 1970s finally 
led to a greater awareness of ethical issues in biomedical research. This resulted in individual ques-
tioning of the paternalistic physician-patient relation as well as in more public awareness for human 
rights issues which were already fixed in the UN Declaration of Universal Human Rights from 1948.  

The Declaration of the World Medical Association from Helsinki (1964) and its subsequent revisions 
in Tokyo (1975), Venedig (1983), Hongkong (1989), Somerset West (1996), and Edinburg (2000) is a 
consequent development from the Nürnberg Codex. The Declaration of Helsinki with its currently 
thirty-two paragraphs remains the best known and accepted international ethical codex in the field of 
biomedical research on human subjects, despite the fact that its latest version has only been approved 
by 44 of 195 UN member states and that it is legally not binding (WMA 2002). 
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 Today, the Declaration of Helsinki is no longer the only internationally relevant ethical codex. Of 
particular importance are: 

The International Ethical Guidelines for Biomedical research Involving Human Subjects of the 
Council for International Organisations of Medical Sciences (CIOMS), with its particular goal to 
translate the Declaration of Helsinki into guidelines which are practicable in developing countries 
(1982, 1993, 2002) (CIOMS/WHO 2002) 

The International Ethical Guidelines for Epidemiological Research Involving Human Subjects of 
the Council for International Organisations of Medical Sciences (1991) 

The Guidelines on Good Clinical Practice of the World Health Organisation, which are of rele-
vance to drug registration in the EU, USA and Japan (1995) 

The Guidelines of the International Conference of Harmonising the Technical Prerequisites for 
the Registration of Pharmaceuticals for Use in Humans, which are also of relevance to drug regis-
tration in the EU, USA and Japan (1996) 

The Guidelines of the Nuffield Council on Bioethics (Medical Research Council UK, Nuffield 
Foundation, Wellcome Trust) on The Ethics of Clinical Research in Developing Countries (1999) 

The Guidelines of UNAIDS on Ethical Aspects during the Conduct of HIV Vaccine Trials (2000) 

The Convention of Human Rights of the European Council, which is legally binding for member 
states (2004) 

The European Guidelines for Adaptation of Legislation and Administration regarding Implemen-
tation of Good Clinical Practice during the Conduct of Clinical Studies on Pharmaceuticals in 
Humans, which are also legally binding for member states (2004) 

Definition of biomedical research (CIOMS) 
Progress in the prevention and treatment of human disease depends on different kinds of studies in the 
field of physiology and pathophysiology, epidemiology, anthropology, and clinical medicine. Re-
search involving human subjects may employ either observation or physical, chemical or psychologi-
cal intervention. 

Biomedical research involving human subjects thus includes: 

Studies of a physiological, biochemical or pathological process or of the response to a specific 
intervention – whether physical, chemical or psychological – in healthy subjects or patients. 

Controlled trials of diagnostic, preventive or therapeutic measures in larger groups of persons, 
designed to demonstrate a specific generalizable response to these measures against a background 
of individual biological variation. 
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Studies designed to determine the consequences for individuals and communities of specific pre-
ventive or therapeutic measures. 

Studies concerning human health-related behaviour in a variety of circumstances and environ-
ments.  

Biomedical research is principally different from routine medical practice, although clinical studies 
may frequently become integrated into health service delivery. However, in the treatment of diseases 
where no standard of care exists, no clear differentiation can be made between experiments and pub-
lished case series (CIOMS/WHO 2002).  

General ethical principles (CIOMS) 
All research involving human subjects should be conducted in accordance with three basic ethical 
principles, namely respect for persons, beneficence and justice. 

Respect for persons incorporates at least two fundamental ethical considerations: 

respect for autonomy, which requires that those who are capable of deliberation about their per-
sonal choices should be treated with respect for their capacity for self-determination, and  

protection of persons with impaired or diminished autonomy, which requires that those who are 
dependent or vulnerable be afforded security against harm or abuse. 

Beneficence refers to the ethical obligation to maximize benefits and to minimize harms. This princi-
ple gives rise to norms requiring that the risks of research be reasonable in the light of expected bene-
fits, that the research design be sound, and that the investigators be competent both to conduct the 
research and to safeguard the welfare of the research subjects. Beneficence further proscribes the 
deliberate infliction of harm on persons. This aspect is sometimes expressed as a separate principle – 
nonmaleficence (do not harm). 

Justice refers to the ethical obligation to treat each person in accordance with what is morally right 
and proper. In biomedical research the principle refers primarily to distributive justice, which requires 
the equitable distribution of both the burdens and the benefits of participation in research. Special 
provision must be made to the rights and welfare of vulnerable persons. 

Sponsors of research or investigators cannot be held accountable for unjust conditions where the re-
search is conducted, but they must refrain from practices that are likely to worsen unjust conditions. 
Neither should they take advantage of the relative inability of developing countries or vulnerable 
populations to protect their own interests, by conducting research inexpensively and avoiding complex 
regulatory systems of industrialized countries in order to develop products for lucrative markets. In 
general, the research project should leave communities in developing countries better off than previ-
ously, and should be responsive to their health needs in that any product developed is made reasona-
bly available to them (CIOMS/WHO 2002). 
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Ethical guidelines in biomedical research (CIOMS) 

1. Ethical justification and scientific validity of biomedical research involving human beings

The ethical justification of biomedical research is the prospect of discovering new ways of benefiting 
people`s health. Such research can be ethically justifiable only if it is carried out in ways that respect 
and protect the subjects of that research and are morally acceptable within the communities in which 
the research is carried out. Moreover, because scientific invalid research is unethical in that it exposes 
research subjects to risks without possible benefit, investigators and sponsors must ensure that pro-
posed studies conform to generally accepted scientific principles and are based on adequate knowl-
edge of the pertinent scientific literature. 

2. Ethical review committees

All proposals to conduct research involving human subjects must be submitted for review of their 
scientific merit and ethical acceptability to one or more scientific review and ethical review commit-
tees. The review committees must be independent of the research team, and any direct financial or 
other material benefit they may derive from the research should not be contingent on the outcome of 
the review. The investigators must obtain their approval before undertaking the research. The ethical 
review committee should conduct further reviews as necessary in the course of the research, including 
monitoring of the progress of the study. 

3. Ethical review of externally sponsored research

An external sponsoring organisation and individual investigators should submit the research protocol 
for ethical and scientific review in the country of the sponsoring organisation, and the ethical stan-
dards applied should be no less stringent than they would be for research carried out in that country. 
The health authorities of the host country, as well as a national or local ethical review committee, 
should ensure that the proposed research is responsive to the health needs and priorities of the host 
country and meets requisite ethical standards.  

4. Individual informed consent

For all biomedical research involving humans the investigator must obtain the voluntary informed 
consent of the prospective subject or, in the case of an individual who is not capable of giving in-
formed consent, the permission of a legally authorised representative in accordance with applicable 
law. Waiver of informed consent is regarded uncommon and exceptional, and must in all cases be 
approved by an ethical committee. 

5. Obtaining informed consent: essential information for prospective research subjects

Before requesting an individual`s consent to participate in research, the investigator must always pro-
vide the following informations: that participation is voluntary, withdrawl will be possible without 
penalty, design and details of the study, risks and benefits to individuals and respective communities, 
right to data access, availability of safe and effective products after the study, existence of alternative 
interventions, privacy and confidentiality, provision of medical care, and compensation for harm. 

6. Obtaining informed consent: obligations of sponsors and investigators

Sponsors and investigators have a duty to refrain from unjustified deception, undue influence, or in-
timidation, to seek consent only after ascertaining that the prospective subject has adequate under-
standing of the relevant facts and of the consequences of participation, to obtain from each subject a 
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signed form as evidence of informed consent, and to renew the informed consent if new information 
becomes available. 

7. Inducement to participate

Subjects may be reimbursed for lost earnings, travel costs and other expenses incurred in taking part 
in a study, and they may also receive free medical services. Subjects, particularly those who receive 
no direct benefit from research, may also be paid or otherwise compensated. The payments should not 
be so large, however, or the medical services so extensive as to induce prospective subjects to consent 
to participate in the research against their better judgement. All payments, reimbursements and medi-
cal services provided must have been approved by an ethical review committee. 

8. Benefits and risks of study participation

The investigators must ensure that potential benefits and risks are reasonably balanced and risks are 
minimised. Interventions or procedures that hold out the prospect of direct diagnostic, therapeutic or 
preventive benefit must be justified by the expectation that they will be at least as advantageous in the 
light of foreseeable risks and benefits as any available alternative. Risks of interventions that do not 
hold out the prospect of direct benefit must be justified in relation to the expected benefits to society. 
The risks presented by such interventions must be reasonable in relation to the importance of the 
knowledge to be gained. 

9. Special limitations on risk when research involves individuals who are not capable of giving 

informed consent

When there is ethical and scientific justification to conduct research with individuals incapable of 
giving informed consent, the risk from research interventions that do not hold out the prospect of 
direct benefit for the subject should be not greater than the risk attached to routine examination. Slight 
increases above such risk may be permitted when there is an overriding scientific rationale and when 
an ethical review committee has approved them. 

10. Research in populations and communities with limited resources

The sponsor and the investigator must make every effort to ensure that the research is responsive to 
the health needs and the priorities of the population or community in which it is to be carried out, and 
that any intervention or product developed, or knowledge generated, will be made reasonably avail-
able for the benefit of that population or community. 

11. Choice of control in clinical trials

Research subjects in the control group of a trial of a diagnostic, therapeutic or preventive intervention 
should receive an established effective intervention. In some circumstances it may be ethically accept-
able to use an alternative comparator, such as placebo or no treatment. Placebo may be used when 
there is no established effective intervention, when withholding an established effective intervention 
would expose subjects to, at most, temporary discomfort, or when use of an established effective in-
tervention as comparator would not yield scientifically reliable results and use of placebo would not 
add any risk of serious and irreversible harm. 
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12. Equitable distribution of burdens and benefits in the selection of groups of subjects in re-

search

Groups or communities to be invited to be subjects of research should be selected in such a way that 
the burdens and benefits will be equitably distributed. The exclusion of groups or communities that 
might benefit from study participation must be justified. 

13. Research involving vulnerable persons

Special justification is required for inviting vulnerable individuals to serve as research subjects and, if 
they are selected, the means of protecting their rights and welfare must be strictly applied. 

14. Research involving children

Before undertaking research in children, the investigator must ensure that the research might not 
equally well be carried out with adults, the purpose of the research is to obtain knowledge relevant to 
the health needs of children, a parent or legal representative has given permission, the agreement of 
each child has been obtained to the extent of the child’s capabilities, and a child’s refusal to participate 
or continue in the research will be respected. 

15. Research involving individuals who by reason of mental or behavioural disorders are not 

capable of giving adequately informed consent

The investigator must ensure that such persons will not be subject of research that might equally well 
be carried out on normal persons, the purpose of the research is to obtain knowledge relevant to the 
health needs of this group, the individual consent has been obtained to the extend of that person’s 
capabilities, and permission is obtained from a responsible family member or legal representative. 

16. Women as research subjects

Investigators, sponsors or ethical review committees should not exclude women of reproductive age 
from biomedical research. However, a thorough discussion of risks to the pregnant woman and to her 
foetus is a prerequisite for the woman’s ability to make a rational decision. If participation might be 
hazardous to a foetus or a woman if she becomes pregnant, a pregnancy test and access to effective 
contraceptive methods has to be guaranteed.  

17. Pregnant women as research participants

Investigators and ethical review committees should ensure that pregnant women are adequately in-
formed about the risks and benefits to themselves, their pregnancies, the foetus and their subsequent 
offspring, and to their fertility. Research should only be performed if it is relevant to the particular 
health needs of pregnant women or her foetus, or to the health needs of pregnant women in general, 
and, when appropriate, if it is supported by reliable evidence from animal experiments, particularly as 
to risks of teratogenicity and mutagenicity. 

18. Safeguarding confidentiality

The investigator must establish secure safeguards of the confidentiality of subjects` research data. 
Subjects should be told the limits, legal or other, to the investigators` ability to safeguard confidential-
ity and the possible consequences of breaches of confidentiality. 

19. Right of injured subjects to treatment and compensation

Investigators should ensure that research subjects who suffer injury as a result of their participation 
are entitled to free medical treatment for such injury and to such financial or other assistance as would 
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compensate them equitable for any resultant impairment, disability or handicap. In case of death as a 
result of their participation, their dependants are entitled to compensation. Subjects must not be asked 
to waive the right to compensation. 

20. Strengthening capacity for ethical and scientific review and biomedical research

Many countries lack the capacity to assess or ensure the scientific quality or ethical acceptability of 
biomedical research proposed or carried out in their jurisdiction. In externally sponsored collaborative 
research, sponsors and investigators have an ethical obligation to ensure that biomedical research 
projects for which they are responsible in such countries contribute effectively to national or local 
capacity to design and conduct biomedical research, and to provide scientific and ethical review and 
monitoring of such research. 

21. Ethical obligation of external sponsors to provide health-care services

External sponsors are ethically obliged to ensure the availability of health care services that are essen-
tial to the safe conduct of the research, treatment for subjects who suffer injury as a consequence of 
research interventions, and services that are a necessary part of the commitment of a sponsor to make 
a beneficial intervention or product developed as a result of the research reasonably available to the 
population or community concerned (CIOMS/WHO 2002).   

HIV/AIDS and research ethics 

The international discussion on ethical aspects of biomedical research in developing countries was and 
still is very much influenced by the development and the consequences of the HIV/AIDS pandemic. A 
paper which was published in The New England Journal of Medicine in September 1997 and two 
accompanying editorials in The New England Journal and in The Lancet sharply critized a group of 
externally financed placebo-controlled trials on the prevention of perinatal HIV transmission carried 
out in eleven developing countries of Africa, Asia and America (Lurie and Wolfe 1997; Angell 1997; 
Anonymous 1997a). They argued that using placebo would be unethical, as a study which was pub-
lished in The New England Journal three years before had clearly shown a major reduction of perina-
tal HIV transmission associated with a complex antiretroviral drug regimen in industrialised countries 
and has thus to be considered the international standard. If this standard would not be systematically 
implemented in HIV/AIDS research, they argued, exploitation of poor countries by rich countries 
would be guaranteed. During the major controversial discussion over the following years, many ex-
perienced scientists from both industrialised and developing countries argued against such a view 
which was considered totally unrealistic and should even be judged as ethical imperialism (Varmus 
and Satcher 1997; DeCock et al. 1997; Anonymous 1997b, Anonymous 1997c; Aaby et al. 
1997;Phanuphak 1998; Merson 1998; Lallemant et al. 1998; Gambia Government/MRC Joint Ethical 
Committee 1998; . Their main argument was that if always the highest international standard has to be 
implemented for the comparator group in poor developing countries, many trials of importance to the 
health of populations in such countries would be made impossible. Thus low-cost technologically 
appropriate solutions for HIV/AIDS and other major public health problems could no longer be de-
veloped for the populations who most urgently need them. 

The international discussion on this ethical conflict finally resulted in a Note of Clarification on Para-
graph 29 of the Declaration of Helsinki, which for the first time authorised the use of placebo even if 
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an effective international standard exists provided that there are overriding scientific arguments to do 
so (WMA 2002). These aspects were also appropriately included into the adaptation of the CIOMS 
Guidelines in 2002, although here the conflicting views could not be totally reconciled (CIOMS/WHO 
2002).  

The ethical complexities associated with HIV/AIDS research will continue to fuel the international 
discussion on ethical aspects of biomedical research in developing countries (Cleaton-Jones 1997; 
Barry 1998; Angell 1998; Angell 2000; Richards 2002; Tusker and Slack 2003; Mukherjee 2003; 
Fitzgerald et al 2003; Berkley 2003). In particular the internationally funded large studies on 
HIV/AIDS vaccines which are currently starting will again be accompanied by a critical discussion. 
Some questions of importance to the ethics of such studies concern the right to lifelong treatment of 
research subjects being found to be HIV infected or having become infected during studies, the stigma 
associated to vaccine-induced HIV seroconversion, the conflict between the right to treatment and 
prevention and the scientific interest to measure endpoints such as virus load and seroconversion, and 
the right of study communities to be provided with an affordable vaccine in case of success. 

Summary and outlook 

The application of ethical principles does not principally differ between industrialized and developing 
countries. However, cultural differences and in particular the huge differences in income and in the 
availability and quality of medical services can produce conflicts when implementing externally sup-
ported biomedical research on human subjects in developing countries. Ethical conflict mainly con-
cerns the following four areas: 

Individual informed consent 

In many communities of developing countries individual consent can only be asked after permission 
of community leaders has been obtained. Moreover, the concepts of biomedical research are usually 
not easy to explain to the often uneducated study subjects which is likely to impair the validity of 
individual informed consents (Préziosi et al. 1997). 

Comparator in clinical trials and respecting local research priorities 

Here the main aspect remains the exceptional use of a comparator other than an established effective 
intervention (international standard) in controlled clinical trials. This concerns situations in which an 
established effective intervention is not available and unlikely in the foreseeable future to become 
available, usually for economic or logistic reasons. The scientific and ethical review committees must 
be satisfied that the established effective intervention cannot be used as comparator because it would 
not yield scientifically reliable results that would be relevant to the health needs of the study popula-
tion (Varmus and Satcher 1997). 

Ethical review committees 

Local, institutional or national committees which are capable to undertake scientific and ethical re-
view of research proposals do not always exist in developing countries or do not have a sufficient 
capacity for their tasks. Thus, the sponsors and investigators of externally supported studies often 
have a strong obligation to support capacity building for scientific and ethical review in developing 
countries. 
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Obligation of external sponsors to provide health-care services 

Although sponsors are, in general, not obliged to provide health-care services beyond that which is 
necessary for the conduct of the research, there is a moral obligation to do so particularly in countries 
where the standard of care for many diseases in practice is no treatment. The extent of services always 
needs to be negotiated beforehand and should be clearly stated in the research protocol. It also has to 
be clarified beforehand how an effective intervention will be made available to the study population 
and community after the end of the study. This is particularly challenging in the increasing number of 
studies on chronic diseases, which often require lifelong treatment (Cleaton-Jones 1997). 

Beside the already mentioned ongoing ethical conflicts in the area of HIV/AIDS, there are a number 
other reasons why we can expect an even intensified discussion in the field of ethics of biomedical 
research in developing countries in the near future. As a result of the rapid progress in biotechnology, 
the number of health products (drugs, vaccines, etc.) available for testing in humans will continue to 
increase. This development is accompanied by recent major improvements in supporting biomedical 
research in developing countries through private foundations (e.g. Bill and Melinda Gates Foundation, 
Clinton Foundation) and international partnerships (e.g. European and Developing Countries Clinical 
Trial Partnership, Global Fund against AIDS, tuberculosis and malaria). Finally, the increasing inter-
national emphasis on the importance of evidence-based decisions in health will further accelerate the 
implementation of biomedical research in human subjects in developing countries. Future ethical 
conflicts during conduct of such studies can only be solved through mutually respectful partnerships 
between scientists from industrialised countries and their colleagues from developing countries. 
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Abstract 

We describe the functions of health information systems in developing countries and sketch the prin-
ciples to be followed when designing such a system or reforming an existing one. 

1.5.1 Sources of health information 

Obtaining, and rationally using, information on all aspects of health is vital for the well-being of peo-
ple in developing countries. In economically rich countries the lack of a coherent overall structure for 
collecting and exploiting health-related information renders many parts of the health services less 
efficient but the ensuing waste usually remains bearable. In poor countries, it becomes disastrous. In 
many developing countries including Burkina Faso health planners have therefore started very early to 
think about health information and attempted to build mechanisms for obtaining and handling it. They 
have almost always hurt themselves at obstacles like lack of material resources, scarcity of trained 
manpower, and insufficient administrative services. In some countries, overly bureaucratic health 
administrations have presented an additional difficulty. However, these difficulties have overshad-
owed the main problem: the absence of clear ideas about the objectives and functions of the various 
mechanisms for dealing with health information, and the lack of rigorous structural principles and 
technical rules for designing, implementing, and operating them. It is in fact these conceptual ele-
ments that allow us to overcome many of the afore-mentioned material hurdles. 

When talking about health information we will be taking a global view from the beginning, i.e. look at 
the health services as a whole. Thus we are dealing with clinical, epidemiologic, economic, and ad-
ministrative information. Most information of relevance can be represented numerically, i.e. in the 
form of data or indicators, if necessary upon previous coding. 

Health information in developing countries flows from three sources, well distinguished in principle 
although overlapping and interacting in practice. The first one consists of sample surveys where a 
sample of people, families, communities, or institutions like rural health centres is taken and informa-
tion in the form of data about these “sampling units” is recorded. The data may concern the moment 
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of selecting the sample only, or some or all units sampled may be followed over a certain period to 
give rise to a longitudinal study. In particular, the sample may be fixed once for all. For instance, 
faced with the problem of obtaining reliable information regularly from all communal health centres 
of a given country, health planners have sometimes selected so-called sentinel centres whose capabili-
ties were enhanced by furnishing some laboratory equipment, paying additional trained staff, and 
ensuring better communications. Sentinel centres may, however, furnish biased information because 
the measures taken to upgrade the selected centres alter the health situation there. More people may 
indeed be attracted to use these facilities, better treatment can influence the dynamics of the transmis-
sion of infectious diseases, and additional health education will reduce the incidence of many ailments 
including injuries. Recently, the concept of a sentinel centre was extended by installing Demographic 
Surveillance Systems (DSSs) in various “field sites”, i.e. in geographically defined populations, in 
order to monitor their health and demographic status. Finally, since 1998, an “International Network 
of field sites with continuous Demographic Evaluation of Populations and Their Health in developing 
countries” (INDEPTH) is being built up in order to link existing field sites, to strengthen them, and to 
enhance their visibility and use. This is described in chapter 1.3 of the present volume. 

The second source of health information is composed of research studies, in particular epidemiologic 
ones. In contrast to normal sample surveys, they focus on relations between variables of a different na-
ture like exposure and disease outcome, and they are designed with a view of one or several specific 
questions. A large part of the present volume (chapter five) is devoted to them. There is, of course, an 
inherent relation between this and the aforementioned source of information since the epidemiological 
studies reported in chapter five are based on the population of the Nouna DSS or a sample taken from it. 

The third source of health information, which is the subject of the present chapter, is the daily work of 

the health services themselves, be it clinical or preventive, accounting or managing. The underlying 
idea is to exploit to a maximum the information that arises more or less automatically during the nor-
mal activities of the health worker, and to do it with a minimum of additional work and structures. A 
mechanism to this end is called a Health Information System (HIS). Its functions are to collect, trans-
mit, and analyze information from the health care system in a routine fashion. It is based on registers 
and reports within the network of health institutions. The funding of HIS is thus not based on research 
grants, as a DSS often is, but on the national health budget. 

In line with the principle of being rooted in normal health care activities, a HIS ought to cover the 
whole country and all health facilities. It should serve all users of health information and all essential 
objectives of health care. It needs to be closely coordinated with the other two sources of health in-
formation regarding definition of concepts, notations, choice of topics. In particular, for obvious but 
unfortunately often forgotten reasons of efficiency, sample surveys and special research studies should 
not be undertaken if the results can just as well be obtained from the HIS. 

In the following section we shall have a closer look at the users and objectives of a HIS, and in the 
final one we shall deal with its design and structure. 

1.5.2 Objectives of a health information system 

Different users have different ideas about the objectives of a HIS. Hence let us describe the various 
users first. In most existing HISs, health authorities like district and provincial health departments and 
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the Ministry of Health have been considered the main beneficiaries. In many countries, institutes and 
networks devoted to special tasks like hygiene and prevention, controlling tuberculosis or malaria, and 
mother and child health, exist and use partial HISs that are separated from the one of the Ministry of 
Health. In addition, a plethora of so-called vertical programmes have appeared in order to handle 
particular health problems. An early example was Control of Diarrhoeal Diseases (CDD), a recent one 
the eradication of poliomyelitis. They were mostly planned by WHO but implemented by other inter-
national or national, governmental or non-governmental organizations. Each programme is run verti-
cally, from its top administration down to the basic providers of health care, and its managers have 
usually felt the need for a partial HIS of their own. 

Some functions of a HIS are quite classical. Health authorities including managers of vertical pro-
grammes use it for obtaining indicators like incidence or prevalence of the main diseases, mortalities 
and case fatalities and information on health facilities and staff including their activities, on logistics 
of drugs and vaccines, and on expenses. One objective in doing this is to publish health statistics and 
health yearbooks, another one is yearly budgeting, and a third one is general management of the health 
services. In fact, sometimes the term “Health Management Information System” is being employed 
instead of HIS, which is misleading because a comprehensive HIS needs to include information that is 
remote from management, especially information of an epidemiologic nature. Building a separate 
information system devoted to management only will necessarily result in redundancies and ineffi-
ciencies.  

In addition to these general classical tasks there is a more specific, and equally classical, one, namely 
epidemic surveillance of infectious diseases. Most developing countries do not have an extended 
health insurance system, but when building one, a general HIS could certainly provide the information 
needed for operating it. A separate information system for health insurance is superfluous. 

A potentially very important but still little considered objective of a HIS is the planning and imple-
mentation of health strategies along the lines of vertical programmes, but more adapted to the situa-
tion of a specific country. The main issue at hand is to regard several health problems and several 
options at a time in order to attack them in a global way and to set priorities given the existing means 
and the expected benefits. Another one is to plan strategies for handling new problems not yet covered 
by specialized institutions or vertical programmes like the nicotine addiction pandemic. 

The functions of a HIS described up to here are global in the sense that they concern the whole coun-
try. The users are health authorities at the top of the hierarchy, and information reaches them via re-
ports. Remember, however, that the source of information in the system is the routine work within the 
basic health facilities that are in direct contact with the population for curative and preventive activi-
ties. These basic facilities are also themselves users of information. Clinical work, i.e. case-
management in the largest sense, can profit tremendously from recording and exploiting data on a 
consultation or a case. In addition, there is what WHO once called “epidemiology at the basis”, which 
concerns a smaller geographic or administrative entity, usually a commune. For example, knowing 
and interpreting indicators on the frequencies of the various diseases including traumata that present 
themselves at a communal health centre not only has a practical value for guiding the centre but also 
an educative one; it can be a motivation for the health worker as well. There may even be simple but 
illuminating epidemiologic studies based on the registers of the HIS only that link an incidence to a 
social or geographic risk factor. Data on expenses, sale of drugs and the like allow the local manage-
ment of a health centre or hospital. Finally, the totality of data that have been registered in a health 
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facility makes it possible to monitor and evaluate its overall performance as well as that of some of its 
components or procedures, for instance the quality of diagnostic rules that are not based on laboratory 
tests but only on clinical symptoms. 

For an example of a HIS, or rather of all partial HISs, in a developing country that possesses a well-
structured network of communal health centres, see the report on Vietnam by Krickeberg (1999). 

1.5.3 Design of a health information system 

In spite of a long history of attempts to design HISs for specific purposes, it is only recently that the 
underlying principles have been investigated in a systematic way (Krickeberg 1994, 2003; Lippeveld 
et al. 2000).  

We have mentioned in the beginning several obstacles of a general nature to building a good HIS. 
Having described the typical users, we are now in a position to talk about a more specific, and formi-
dable, one, namely the egoism of the various players in the health sector. As said above, some special-
ized institutes and many vertical programmes insist on operating their own partial HIS and these par-
tial systems are little coordinated. This represents an intolerable burden on the health worker in basic 
health facilities who has to keep many registers, usually in the form of heavy books, and to file a large 
number of reports of varying structure and layout in many directions to the detriment of her or his 
medical activities. This problem plays a key role in the structural principles on which a HIS should 
rest, and in the technical rules to be followed in order to satisfy all essential requirements. Once it is 
solved, many of the other difficulties can be overcome much more easily.  

Most basic principles have already appeared in the preceding discussions. Thus the HIS needs of 
course to have been designed in view of its objectives. It must contain rules for analyzing and exploit-
ing the information gathered. It has to be integrated which means that the same system serves all users 
and all uses, be it curative clinical work, prevention, management, etc. Given its objectives, it should 
be minimal, should not contain redundant information, registers or reports, should not produce super-
fluous information, and should function at minimal cost. This has, in particular, an implication regard-
ing the flow of information. Routine reports must be filed only from and to institutions as really 
needed, following operational priorities and not hierarchical dictates.  

The HIS ought to be simple and practical and have a clear and transparent structure so it can easily be 
handled and perhaps even liked by health workers at all levels, from those in communal health centres 
to those in the Ministry of Health. This is indeed the best way to motivate the health staff to handle the 
system correctly, which in turn is indispensable for getting closer to another basic though unattainable 
desideratum, reliability. Moreover, only a well-structured HIS can be computerized although there 
have been quite a few attempts, always futile, at saving a badly designed system be the use of com-
puters. The information system must also be flexible so it can easily be adapted to changes of all kind: 
changes of the epidemiological situation, changes of the structure of the health system or of health 
strategies and medical knowledge and techniques, economic and sociologic changes of the country, 
and changes in information technology. 

There have to be clearly defined rules that tell health officials what to do about wrong or missing 
information, i.e. there have to exist error-correcting procedures. 
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The design of a HIS with a view of these principles and requirements needs to be based on a few tech-
nical concepts and rules, all of them fairly elementary and often evident. We will have to recall them 
here, though, because there is no general agreement on the definition of the basic concepts, and the 
importance of rigorous rules is largely underestimated. For details, see Krickeberg (1994, 2003, 2004).  

Information as it is being registered and treated in the form of data may concern anything: people, 
institutions, objects, actions etc; these are the underlying units. In any concrete situation, the first thing 
to do is to specify well the so-called target population, which consists of all units in question. For 
instance, a unit may be a child under 5 living at a given moment in a given village, and the target 
population is composed of all these children; or the target population may consist of all consultations 
done during a certain month in a certain health centre. Data are the values of one or several variables. 

A variable is, mathematically speaking, a function defined on a target population. For example, for the 
first target population mentioned before, the variable “age” assigns, to each child, his or her own age. 
All the values together, indexed by the respective children, form the data. For the second target popu-
lation, the variable “diagnosis” attributes, to every consultation, the diagnosis made, properly coded. 
A register is a concrete, explicit, and usable representation of the data of one or several variables, 
usually on paper or on a computer disk. We will not enter into technical details like sub-registers or 
linked registers. 

An indicator, in contrast to data, concerns a target population as a whole, but not individual units. It 
depends on one or several variables defined on the same target population. Two examples, concerning 
our first and second example of a variable, respectively: the mean age of these children, and the num-
ber of “diarrhoea” cases recorded. In practice, an indicator is a summary statistic, computed from all 
the values of the underlying variables as recorded in a register. 

Registers are the fundamental, and often neglected, components of a HIS. They need to obey the fol-
lowing “golden” rule: in any basic institution, there is only one register for a given target population,

i.e. for a given type of unit. For example, it is mandatory that there exist, in a health centre or a ward 
of a hospital, only one register of consultations, not a “general” one for the Ministry, and one more for 
each vertical programme and for other special purposes. 
Well-designed registers are in particular the main tools  for the local use of the HIS sketched above. 
Their multiple functions demand a clear definition of the variables involved.  

The second function of a register, namely to serve as the basis of the routine reports to be filed, should 
also follow rigorous structural rules. This applies both to paper-based and computer-based HISs. We 
note first that most information contained in routine reports is in the form of indicators, be they epi-
demiologic, economic, or others. The transmission of data on individual units, e.g. on cases, from one 
institution to another one is indeed rare and mainly restricted to epidemic surveillance and registers of 
special diseases. For indicators resulting from clinical activities which are the most prominent ones, 
the structural rule in question looks like this: the clinical act giving rise to the data, the immediate use 
of these data in the act itself, their recording in the relevant register, and the drawing up of the reports 
based on these data, have to be integrated conceptually and technically. In particular, the layout of the 
register and that of the reporting forms need to be closely coordinated so as to allow calculating the 
indicators and writing the report in a single, transparent, and almost automatic operation. 

In this way, many indicators of quite a different nature can be easily computed and transmitted to 
various institutions and according to needs that may change, all based on the same registers and on the 
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same variables. However, on no account should there exist a register that is not tied operationally to 
some function within the health system and whose only purpose is to calculate and report indicators. 

There have been attempts at designing HISs by starting with a list of the indicators to be covered in 
view of the goals of the system. This idea may be tempting at first sight but is in fact naïve. Such lists 
have always been long and very much subject to debate, they leave no room for flexibility, and they 
are at variance with the basic structural principles as outlined above. What we have to fix in the be-
ginning are the variables needed; doing this well is crucial. The second step will then be the design of 
the registers. 

Reliability of information is a particularly difficult problem in the context of a developing country. 
Statistical standard procedures to assure quality of data and indicators can only be applied to a rather 
limited extent. Motivation of the health worker is a somewhat more efficient measure but gaps and 
errors will remain. The topic of what to do when confronted with them has many facets. The available 
theory concerns errors and missing data in a single statistical, in particular epidemiologic study. In the 
realm of HISs, however, we have to handle them routinely, e.g. for every monthly report of a district 
health administration to its superiors. To this end, simple rules and algorithms need to be developed 
which can function under the specific conditions. This is the subject of ongoing research. 

The manifold practical and organizational problems that arise when one starts to implement a HIS 
have been very well described in detail by Lippeveld et al. (2000). They should on no account be 
underestimated. They are not the subject of the present article, though. 
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2  Clinical Research 

2.1  Overview 

2.1.1 Malaria studies in Nouna, Burkina Faso 
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Introduction  

Malaria is the most frequent vector-borne disease in the world. The absolute number of individuals at 
risk for malaria has increased up to three billion in 2002 worldwide (Hay et al., 2004). Sub-Saharan 
Africa, including Burkina Faso, is the most severely affected region in the world.  

Malaria is holoendemic but seasonal in the Nouna study area. Transmission of malaria is intense in the 
villages surrounding Nouna town, with an Entomological Inoculation Rate ranging from 100 to 1000 
infective bites per person per year (Traoré 2004). Plasmodium falciparum is the dominating malaria 
parasite, but P. ovale and P. vivax also occur mainly as a mixed infection with P. falciparum (Müller 
et al. 2001, chapter 2.2). Malaria tropica is consequently a major cause of morbidity and mortality in 
young children of this region, and most clinical malaria episodes occur during or shortly after the 
rainy season which usually lasts from June until October (Müller et al. 2001, chapter 2.2; Müller et al. 
2003a, chapter 3.6  Traoré 2004).   

Soumaya, the local illness concept closest to the biomedical term malaria, covers a broad range of 
signs and symptoms (Okrah et al. 2002, chapter 3.3). Djokadjo and Kono are local terms for the more 
severe disease manifestations associated with jaundice and convulsions respectively. While Soumaya

is known by most of the population to be caused by mosquitoes, the more severe manifestations of 
malaria are often thought to be caused by supernatural forces. As a consequence, such atypical 
manifestations are often first seen by a traditional healer. We are currently analysing the data from an 
anthropological study, which has been carried out in 2003/2004, on the role of traditional healers in 
the treatment of atypical malaria presentations in the study area. 

Malaria treatment seeking behaviour in the Nouna area depends on a number of factors such as 
perceived cause and severity of the disease, income, and accessibility of health services (Müller et al. 
2003a, chapter 3.6). Most treatment thus takes place in the households, and only a small proportion of 
febrile illness episodes are seen in local health centres. Chloroquine and paracetamol, which are often 
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bought in shops and through local drug sellers, are the most frequent western drugs used against 
uncomplicated malaria in this rural area of Burkina Faso. However, traditional treatment is still used 
alternatively or in addition to western treatment in a substantial proportion of malaria cases (Okrah et 
al. 2002, chapter 3.3; Müller et al. 2003a, chapter 3.6). 

Anaemia is highly prevalent in young children of the study area, but surprisingly malaria was not 
identified as the main risk factor for severe anaemia in a longitudinal study over the main malaria 
transmission season in 1999 (Müller et al. 2003, chapter 2.4). Instead of malaria, malnutrition was 
significantly associated with severe anaemia development in this large prospective study (Müller et al. 
2001, chapter 2.2; Müller et al. 2003b, chapter 2.4). Moreover, there was some evidence from 
analysing verbal autopsy data that cerebral malaria and not severe anaemia causes most of the 
malaria-deaths in young children of the study area (Müller et al. 2003a, chapter 3.6; Traoré 2004).  

The association between protein-energy malnutrition  (PEM) and malaria has been discussed 
controversially for a long time. A large cohort of preschool children has been followed in the Nouna 
area for a six months period over the main malaria transmission period. There was no association 
between PEM and malaria morbidity, but malnourished children had a more than two-fold higher risk 
of dying than non-malnourished children (Müller et al. 2003c, chapter 2.6). Moreover, a randomised 
double-blind placebo-controlled trial on zinc supplementation in young children of this area with a 
high prevalence of malnutrition showed no effect of the intervention on malaria morbidity (Müller et 
al. 2001, chapter 2.2).  

Chloroquine resistance and the development of 
alternative malaria drugs 

The increasing resistance development against the well-known malaria drug chloroquine is considered 
a major public health disaster in Sub-Saharan Africa (SSA). While in most of the southern and eastern 
African countries chloroquine failure rates had reached already a level which required a change in the 
malaria first-line treatment during recent years, chloroquine has remained the official first-line drug in 
many western African countries including Burkina Faso until today. However, chloroquine resistance 
is also increasing in Burkina Faso and it is only a question of time until a change in policy will be 
required. The chloroquine treatment failure rate in young children followed over a period of 14 days 
has been shown to be 10 percent and thus still acceptable in 2001 in the villages surrounding Nouna 
town (Müller et al. 2003d, chapter 2.5). This finding of a failure rate around 10 percent in the rural 
CRSN study area has been confirmed by a chloroquine efficacy study carried out in the frame of a 
multi-centre study on the effects of malaria home treatment in 2003 (unpublished observations). 
However, a clinical study carried out on young children of Nouna town in 2003 demonstrated a very 
high failure rate of around 30 percent (unpublished observations). Although the other affordable 
malaria drug pyrimethamine-sulfadoxine (which is the current official second-line malaria drug) has 
not been used much in Burkina Faso and thus been shown to be still highly effective, resistance to this 
drug is expected to develop rapidly in case of widespread monotherapy (Müller et al. 2004, chapter 
2.8).
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Combination therapy has now become the new paradigm in malaria control, and artemisinin-based 
combination therapy (ACT) is widely recommended because of the rapid action of the artemisinin 
component against the parasites and the lower probability of resistance development when using two 
effective drugs together. However, the costs of ACT are still 10-20 times higher compared to 
chloroquine or pyrimethamine-sulfadoxine monotherapy, supply is currently not sufficient for the 
huge amount of malaria cases particularly in SSA, potential partner drugs which are both synergistic 
and have a comparable short half-life are currently not available, and considerably cheaper pragmatic 
non-ACT have been shown to be even more effective in a number of African countries. Moreover, 
external support of systematic ACT through the Global Fund may not be sustainable for all of SSA. 
Against this background, the Ruprecht-Karls-University Heidelberg in collaboration with the CRSN 
has started the development of an affordable alternative malaria drug combination called BlueCQ 
(Schirmer et al. 2003, chapter 5.2). This combination consists of chloroquine and the old malaria drug 
methylene blue. Animal experiments and in vitro tests were promising and three subsequent safety 
studies conducted in 2003 in healthy volunteers in Heidelberg, in G6PD deficient adult men in 
Burkina Faso, and in young children with uncomplicated falciparum malaria in Burkina Faso have 
shown no relevant side effects of BlueCQ (Müller et al. submitted). A BlueCQ dose-finding study has 
now been started at the beginning of the rainy season of 2004 in Nouna town. If a likely effective 
BlueCQ dose regimen will be identified, a phase III efficacy trial comparing chloroquine with 
BlueCQ and other potential alternative drug combinations will follow. 

The role of insecticide-treated mosquito nets in 
malaria control 

In five large randomised and controlled field studies carried out in African countries with very 
different malaria transmission intensity, insecticide-treated mosquito nets (ITN) have consistently 
been shown to reduce all-cause child mortality by around 20 percent and malaria morbidity by around 
50 percent. However, as all these studies have only followed children over short periods of time and 
as there was some evidence from ecological studies on higher malaria mortality in hypo/mesoendemic 
as compared to hyper/holoendemic areas, there remained a considerable concern that the interference 
of ITN protection with the development of immunity could even lead to harmful effects of the 
intervention in high-transmission areas. Against this background we had designed and implemented a 
large controlled ITN trial in young children of the whole rural CRSN study area since June 2000. A 
total of 3.400 newborns were individually randomised to ITN protection from birth until their 5th

birthday versus ITN protection from months 6 until their 5th birthday. Preliminary data analysis points 
to no differences in mortality between groups and a significant morbidity advantage in protecting 
children since birth. Moreover, we were one of the first research groups who tested the efficacy of a 
prototype of a promising long-lasting ITN in Africa (Müller et al. 2002, chapter 2.3). 

The challenge of the coming years thus lies in achieving a high coverage with ITN protection of 
young children and pregnant women in rural SSA. There is currently an ongoing and highly 
controversial discussion about two different models: The first one is on providing ITN free of charge 
to all African households of malaria endemic areas, while the second one is on distributing ITN 
through a social marketing system. Both are supported through limited evidence from a few pilot 
projects. We consider these two approaches as not mutually exclusive and are planning from 2005 
onwards to study the effectiveness of distributing long-lasting ITN free of charge to pregnant women 
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attending antenatal care services in half of the peripheral health centres of Nouna Health District, 
compared to a distribution system based on social marketing. 

Conclusions and outlook 

Like most of the other SSA countries, Burkina Faso will have to live with malaria for the years to 
come. However, although the disease cannot be eradicated with current technology in the highly 
endemic areas, a number of effective interventions are now available. These are first of all the 
provision of early diagnosis and prompt treatment of malaria episodes with an effective first-line drug, 
and secondly the prevention of a significant proportion of malaria episodes through protection with 
ITN. As access to modern health facilities will remain limited in the rural areas of SSA in the near 
future, home treatment of febrile episodes in children is considered a promising supplementary 
measure and needs to be further evaluated. Although nutritional interventions have unfortunately not 
been shown to have a direct impact in malaria control, long-term strategies to reduce the high 
prevalence of childhood malnutrition are urgently needed for Burkina Faso and other SSA countries. 
For malaria control, scaling up the implementation of effective malaria combination therapies, ITN 
and home treatment should be considered the primary goal of national programmes in all of the 
malaria endemic areas of SSA. The CRSN in collaboration with the Heidelberg University will 
continue to contribute with relevant clinical and epidemiological research to such a development. 
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Abstract 

As an extension of the ongoing collaboration between the Centre de la Recherche en Santé de Nouna (CRSN) and 
the University of Heidelberg, a newly designed service for HIV voluntary counseling and testing (VCT) and 
prevention of mother-to-child-transmission (PMTCT) was introduced at the Centre Médical avec Antenne Chi-
rurgical (CMA) in Nouna, rural Burkina Faso. In order to increase field acceptability of the PMTCT program, 
trained collaborators of the CRSN and the CMA conducted a community sensitisation program as well as indivi-
dual interviews and focus group discussions (FGDs) with different population groups in Nouna town. Information 
on knowledge, attitudes, and operational preferences regarding HIV/AIDS, VCT, PMTCT and related health 
services allowed us to adapt the design of the PMTCT program in order to minimise the risk of stigmatisation for 
the participants. The program, which is based on national guidelines for VCT and PMTCT services in Burkina 
Faso, was launched in July 2003 and attracted an increasing number of female users during the first months of its 
activity. Data from an anthropologic field study on breast feeding and breast pathologies in lactating women 
together with information on the uptake of the service (including HIV prevalence in pregnant women and the 
frequency of MTCT in Nouna) as well as results of forthcoming community surveys will be used for continuous 
adaptation of the program to the needs of the population. 

Approximately half of the world's 38 million HIV-infected persons are women, and 700,000 infants 
were infected last year through mother to child transmission (UNAIDS 2004). A woman infected by 
HIV can transmit the virus to her child during pregnancy, during delivery or while breastfeeding 
(Newell 1998). Mechanisms of breast-milk transmission, however, are not yet fully understood. HIV 
has been detected in breast milk (Nduati 1995) and a meta-analysis of studies of mother-to-child 
transmission (MTCT) via breast-milk illustrated a cumulative probability of postnatal MTCT of at 
least 9.3% at 18 months of age (BHITS 2004). Preventing mother-to-child transmission (PMTCT) has 

55



become a major focus of HIV control programs (DeCock 2000). Short course regimens for PMTCT 
are being disseminated in high prevalence settings and new treatments are under investigation (Bul-
terys 2004). While numerous studies demonstrate the "proof of concept" for VCT and PMTCT, suffi-
cient experience has not yet evolved to allow delineation of best practice for either intervention, and 
there is evidence of substantial variation in the public acceptance of these services in different settings 
(Rutenberg 2003).   

Social factors such as differences in local perception of risk, cultural independence of women, social 
security, ethnicity, or religion may all impact the acceptance of VCT and PMTCT, and better under-
standing of such associations will influence program design and implementation. In Western Europe 
and North America health care authorities have increasingly encouraged patients to contribute to the 
planning and development of health services (Crawford et al. 2002). Underlying these incentives is the 
belief that involving patients leads to more accessible and acceptable services and improves the health 
and quality of life of patients. A report from Preston Hall Hospital, Maidstone, U.K., decribed a dou-
bling of the number of clients accepting HIV testing simply by introducing a more "user-friendly" 
HIV testing protocol after consultation with client groups (Read and Wincelaus 2003). Similar strate-
gies may be applied in developing countries in order to increase field acceptability of VCT and 
PMTCT services (Rutenberg 2003).  

In collaboration with the Ministry of Health of Burkina Faso, the National Program for PMTCT of 
HIV was extended to Nouna in 2002. In the research project A6 of the collaborative research grant 
“Control of tropical infectious diseases” we tried to identify local awareness of HIV, local perceptions 
of risk, public demand for services, and perceived obstacles to accessing VCT and PMTCT interven-
tions. 

Women's knowledge, attitudes and risk perception 
regarding HIV/AIDS  

In spring 2002, a random household survey was conducted among 300 women aged 15 to 29 years 
and living in Nouna town to investigate knowledge, attitudes and risk perception regarding HIV/AIDS 
(Sarker, in press). Using the Nouna DSS (see chapter one for details) a weighted random sample from 
the census list of 3,026 (15-29 year old) women residing in one of the seven sectors of Nouna town 
was drawn from a total population of 21,430. Five local interviewers were recruited and trained in the 
use of the study questionnaire which was translated into the local language Djula. Risk perception on 
HIV/AIDS and disease related knowledge was assessed in personal interviews. The nature of the 
study and questionnaire was explained to all participants; they were assured about confidentiality and 
had to provide verbal consent.  

Women living in Nouna had a high level of HIV/AIDS related knowledge, with few incorrect beliefs 
about virus transmission (Table 1). In contrast to this relatively good knowledge, nearly two-thirds of 
the study population was unaware that a person can be HIV positive without showing any symptoms. 
Accordingly, the understanding that a person infected with HIV can be asymptomatic but nevertheless 
infective needs to be addressed more agressively.  Women currently living in Nouna had far more 
knowledge (77%) about MTCT compared to a study conducted in Bobo-Dioulasso, Burkina Faso six 
years ago (8%), consistent with a general increase in awareness about HIV vertical transmission 

56



world-wide. However, 38% of women did not know any means of PMTCT prior to the presentation 
about short-course therapy provided within the context of the study. ‘Avoiding breast-feeding’ as a 
means to avoid infecting the baby with HIV was listed by just under two-thirds of women.  However, 
there is no charitable service offering infant formula in Nouna, and given the high rates of infant mal-
nutrition and death in Burkina Faso, national recommendations for HIV-infected women to continue 
breastfeeding for 4 months and start weaning after that appear appropriate.  

Table 1: Answers of women who had heard of HIV/AIDS (n=275) to questions regarding HIV test-
ing, PMTCT services and HIV positive status disclosure in Nouna town (DSS-based survey in spring 
2002). 

Yes (%) 

If a woman feels at risk of having AIDS, do you think she would like to do a test ? 190  (69%) 

If a woman is HIV+, could she convince her partner to have an HIV test? 237 (86%) 

Would a woman take her baby for HIV testing?  228 (83%) 

If a woman is pregnant, do you think that she would like to have an HIV test? 253 (92%) 

If a woman is pregnant and learns that she has HIV, what do you think she would 

prefer to do thereafter?:  

• Take medication (to reduce the chances that the baby has HIV) 

• Undergo an abortion  

• Trust in God    

• Does not know  

207 (75%) 

  5 (2%) 

56 (20%) 

 7 (3%) 

If a woman knows that she is HIV positive, could she share that with her partner ? 171 (62%) 

If a woman knows that she is HIV positive, could she share that with her family ? 148  (55%) 

If a woman knows that she is HIV positive, could she share that with her friends? 75 (27%) 

Willingness to undergo HIV testing if a woman feels at risk was high (69%) and increased to 92% 
after a short presentation of the planned PMTCT program. Regarding maternity care, women de-
manded an improved staff performance and reduced service and medicine cost. In summary, this 
young female population possessed a high level of HIV/AIDS knowledge, while condom prevention 
knowledge was quite low.  Willingness to participate in a HIV testing program was very high as 
seemed the expressed demand for a PMTCT program. 

Perceptions about women’s ability to disclose HIV positive status (multiple answers possible): 
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Men's knowledge, attitudes and risk perception  
regarding HIV/AIDS  

In summer 2002, a regional focus-group study was undertaken in 4 sectors of Nouna town among 
married men, aged 25 to 50 years, and living as heads of a court or household. Following a pre-test in 
a mixed ethnic group, additional participants were recruited from five ethnic groups living in town 
(Mossi, Peulh, Samo, Marka, Bwaba; n=74). Alternatively, participants were required to hold an oc-
cupation as civil servants ("fonctionnaire"; n=8), these participants met as a separate group. Trained 
collaborators of the CRSN identified and recruited participants for the study. The promoters followed 
strictly the selection criteria for recruitment. The size of the seven discussion groups ranged from 6 to 
22 participants. 

Participants generally knew that HIV/AIDS can be transmitted by heterosexual relationships, dirty 
objects (e.g. knives), and contact with blood and used syringes. Transmission from mother to child 
during birth was also mentioned. Less frequently, transmission of HIV/AIDS was attributed to mos-
quito bites, sharing food with people suffering from AIDS, and circumcision. It was known that pro-
phylaxis of HIV/AIDS is possible by the use of preservatives during sexual intercourse. Other ways of 
prevention mentioned include fidelity between partners, sexual abstinence, strict observation of reli-
gious rules, HIV-testing before marriage and good education and socialisation. The fight against pov-
erty may also help to prevent AIDS. Most of the discutants stated that there is currently no African 
drug available for the treatment of HIV/AIDS. 

People talk about AIDS only on special occasions (e.g., a neighbor or a family member suffering or 
dying from AIDS). In families there is communication about modes of prevention both between hus-
bands and wives and between parents and adolescent children. In married couples a positive test result 
in one of the partners may be followed by divorce. Overall, men are in favor of the organisation of a 
VCT service in the community and the use of antiretroviral prophylaxis for PMTCT. However, sev-
eral individuals raised the question how to deal with the enormous social problems which may poten-
tially arise. It is generally perceived that women cannot freely talk about a positive test result with 
their husbands or other family members. Disclosing the serostatus in a couple, especially if it is dis-
cordant, may cause severe conflicts and may have a deep impact on the perception of the VCT and 
PMTCT service.  

Most but not all discussions concluded that husbands and wives should be tested together. Nearly 
unanimously it was stated that the test results should be available immediately, i.e. the same day. 
People should be prepared psychologically before receiving a positive test result. The counseling staff 
must be able to keep secrets and respect confidentiality. Men preferred to be counseled by men, 
women should be counseled either by male or by female counselors. 

Women's attitudes and risk perception regarding 
breastfeeding  

In order to obtain detailed information regarding knowledge, attitudes, beliefs and practice of breast-
feeding of women in Nouna, qualitative data were collected through in-depth interviews with 37 
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women who had experienced problems during  previous periods of breastfeeding, participant observa-
tion in households of lactating women and focus group discussions using questionnaires, tape re-
cordings, photo documentation and a diary. An ethnologist (J.H.) recruited study participatants during 

January to March 2003. The study showed that women perceived breast milk as the best and cheapest 
way to nourish an infant. Breast milk gives “strength” and identity to the child and establishes the 
emotional bond between mother and infant. Breast milk also has a dangerous potential of causing 
diarrhea and transmitting disease, e.g. HIV. However, the inability to breastfeed an infant was per-
ceived as the most serious threat to the infant’s life since poverty does not allow the mother to buy 
artificial food if breastfeeding is not possible. Perceived causes for breast pathologies which may 
challenge the women's ability to breastfeed are listed in table 2.  

Table 2: Reasons for breast problems during lactation given by women in Nouna town (n=37; multi-
ple answers were possible) 

Causes for breast pathologies mentioned Number of women 

Lateral sucking of the child (pulling of nipple) / wrong practices of
breastfeeding 

9

Parasites (entry of worms) 7 

Coughing/belching of the child during breastfeeding 
(Although this is known to cause swelling but not abscess) 

4

"balls" which are not exploded during process of "l’ecrasement" 4 

Sorcery, enemy who sends illness (maladie surnaturelle) 4 

God (Dieu) 4 

Large breasts 2 

Plugging in coins inside the bra  2 

The infant didn’t drink enough maternal milk 2 

Non-compliance with prohibitions (protect the breast, wearing of
shoes and fula), biting of the nipple, hygiene, small white crumbs 
("choses") are not to remove from the mammary gland, eating of
pieces of the broom (not hygienic meals), drinking of sour water, be-
ing left by the infant's father, war (Ivory Coast) etc. 

Each 1 

No reason reported (« Je ne peux pas connaître la cause ») 12 

It was concluded from this ethnological field study that interventions for the prevention of mother-to-
child transmission of HIV in rural Burkina Faso should (a) promote exclusive breastfeeding, (b) aim 
at prevention and appropriate treatment of breast pathologies during lactation in collaboration with 
indigenous healers, (c) help women to establish a relationship of trust towards the PMTCT service and 
(d) address health education programs on PMTCT and infant feeding issues not only to women in 
reproductive age, but also to other family members involved in decision making on the use of eco-
nomic resources of the household.  

announced meetings with women living in randomly chosen neighborhoods in Nouna town from 
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Community sensitization in Nouna town  
and introduction of the service 

Activities for community sensitisation and social mobilisation regarding VCT and PMTCT were un-
dertaken from April to December 2003 by the team in Nouna. These activities consisted in organised 
meetings with the complete staff of the CMA, the ethics committee at the CRSN, numerous women's 
and patient's organisations, religious leaders, veterans' associations, local administative authorities, 
workers' unions, trade unions, staff and pupils of colleges and high schools. A total of 1752 persons 
were thus contacted and informed about VCT and the PMTCT service in Nouna. In general, these 
persons appreciated the launching of the program and expressed their willingness to take the responsi-
bility for further social mobilisation and expanding information regarding the service in the commu-
nity. 

The PMTCT program started in July 2003. After 6 months of regular activities the staff at Nouna had 
performed group counseling on HIV, testing and PMTCT for 532 attendees of antenatal care at the 
CMA (393 pregnant women). In the same period a total of 1197 pregnant women had attended antena-
tal care. Thus, group counseling had reached approximately one third of all pregnant women in ante-
natal care. Individual counseling was requested by 563 pregnant women (47% of all women in antena-
tal care), 429 (76%) of these women agreed to HIV testing. Thus, 36% of all pregnant women in ante-
natal care accepted an HIV test. An algorithm describing the sample flow for laboratory testing is 
shown in figure 1. 

Hb concentration, blood group, VDRL (all pregnant women) 

HIV serology (all women who accept VCT) 

2 different rapid screening tests (Determine, Genie II)

quality control by ELISA (Behring und Murex) 

Western Blot INNO-LIA: confirmation & distinction between HIV-1 and HIV-2 

CD4 counts, viral load, PCR and molecular analysis (gag-pol-env) 

Figure 1: Flow chart showing the sample flow of laboratory testing in the Nouna PMTCT program 

A positive HIV test result was obtained in 21 women (5% of tested), 408 blood samples were sero-
negative for HIV. In 345 cases post-test counseling was performed (80% of those tested; 19 seroposi-
tive and 305 seronegative women). 25 male partners were tested as well. In 24 cases post-test counsel-
ing was performed (1 seropositive and 23 seronegative male partners). One seropositive partner did 
not return for communication of the test result and post-test counseling. 

As of April 2004, ten of the HIV positive women had delivered and seven of them had completed the 
nevirapine protocol and are currently being followed up. Blood and breast milk samples were col-
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lected from mothers and blood spot samples from newborns at specified time points post delivery. 
Analysis by PCR and sequencing revealed that CRF02.AG and CRF6.cpx are the two major strains 
circulating in Nouna, similar to a previous study in Burkina Faso. Furthermore, PCR analysis of early 
samples from children indicated that one of them was infected. Infection probably occurred before 
delivery since the sample on the first day after delivery was already positive. This transmission was 
associated with a low CD4 T cell number (<200 cells /mm3) in the mother. 

Discussion 

The newly launched joint PMTCT service of the CMA and the CRSN is highly accepted by the popu-
lation in Nouna and has immediately reached and maintained a high level of acceptance among preg-
nant women attending antenatal care at the CMA. Nearly half of the women requested individual 
counseling on HIV/AIDS, its transmission and prevention. More than three quarters of women who 
received individual counseling accepted an HIV test and nearly two thirds wanted to know the test 
result and returned for post-test counseling (80% of women who were tested). Thus, the strategy of 
voluntary group counseling, followed by individual counseling and testing on demand of the client 
(even at a later time point) and individual post-test counseling (all services offered to pregnant women 
and their male partners) seems to be successful among antenatal care attendees in Nouna. However, 
only 6% of the male partners of women who accepted VCT agreed to be tested together with their 
wives. This is in sharp contrast to the declarations of men in Nouna during the focus group discus-
sions in the year before. 

The Centre Médical St. Camille in Ouagadougou, the capital of Burkina Faso, also offers a compre-
hensive PMTCT service in collaboration with the national PMTCT program. After 9 months of regu-
lar activities, the Centre reports an acceptance rate for VCT (pre-test counseling) of approximately 
22% (Centre Médical St. Camille 2003). However, nearly all of these women have undergone HIV 
testing and have received their test results during post-test counseling. As observed in Nouna, only 
approximately 7% of sexual partners accepted VCT. It may be speculated that the low rate of male 
partners tested may be largely due to lack of general antiretroviral therapy. Accordingly, there is little 
perceived benefit to male partners. In many PMTCT sites, expansion of the program to include com-
bination antiretroviral therapy to HIV-positive women with low CD4-counts and their male partners is 
currently being implemented (PMTCTplus) and this is also planned for Nouna. It may be anticipated 
that availability of PMTCTplus will significantly increase the rate of male partners tested and it will 
be important to monitor this closely. 

In a publication on field acceptability and effectiveness of services to reduce MTCT of HIV in West 
Africa, Meda et al. (DITRAME-ARNS 049 Study Group 2002) described a high acceptance of HIV 
pre-test counseling and testing in pregnant women (ca. 90%). However, only approximately 30% of 
these women did return for post-test counseling and recruitment into a clinical trial of PMTCT. In 
contrast, in St. Camille only 22% of women participated in VCT, but >90% of these agreed to be 
tested and returned for their test results. The current numbers in Nouna are between these two figures. 
It appears likely that there are multiple reasons for the observed differences in acceptance rates of 
VCT and in participation in the PMTCT program (see below). One important aspect may be how 
vigorously participation is recommended at a specific site. In some cases, all women attending antena-
tal care are strongly encouraged to participate in VCT, while in other sites (e.g. St. Camille), women 
are informed about the service but have to actively choose VCT (“opt-in” versus “opt-out” strategy). It 
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appears likely that “opt-out” programs have a significantly higher rate of VCT participation with a 
relatively lower return rate, while “opt-in” programs – e.g. St. Camille – have a lower rate of VCT-
participation with a very high return rate. In the case of Nouna, participation in the VCT program is 
recommended by the counselor, but not vigorously advocated and this may explain why the relative 
numbers in Nouna are in between those observed in the DITRAME study and in St. Camille, respec-
tively. 

Despite the fact that efficacy of antiretroviral prophylaxis of MTCT was proven and the entire process 
of care was free of charge, a significant part of women who had agreed to be tested for HIV did not 
want to know their test results in all studies. In the DITRAME study, the authors suggested that this 
may be due to a long delay in the availability of test results, a bad quality of staff-client interactions, 
lack of treatment for HIV-infected mothers, and the fear of negative social consequences as potential 
reasons for this refusal. They suggested that women's partners should be involved in decision making 
regarding HIV testing and treatment in order to increase the uptake of pregnant women in a MTCT 
reduction programme. 

In summary, information obtained during our study and from the review of published literature may 
help in the continuous process of updating the Nouna PMTCT service and its adaptation to the ex-
pressed needs of the population. Current plans include the enlargement of the capture area to the sur-
rounding villages as well as the availability of antiretroviral combination therapy for HIV-infected 
women and their partners who participate in the research project. Immunologic and virologic research 
aiming at identifying protective factors for HIV-transmission during breast-feeding will address the 
important question of how seropositive mothers can safely feed their uninfected infants. 
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Effect of zinc supplementation on malaria and other
causes of morbidity in west African children: randomised
double blind placebo controlled trial
Olaf Müller, Heiko Becher, Anneke Baltussen van Zweeden, Yazoume Ye, Diadier A Diallo,
Amadou T Konate, Adjima Gbangou, Bocar Kouyate, Michel Garenne

Abstract
Objective To study the effects of zinc
supplementation on malaria and other causes of
morbidity in young children living in an area
holoendemic for malaria in west Africa.
Design Randomised, double blind, placebo controlled
efficacy trial.
Setting 18 villages in rural northwestern Burkina
Faso.
Participants 709 children were enrolled; 685
completed the trial.
Intervention Supplementation with zinc (12.5 mg
zinc sulphate) or placebo daily for six days a week for
six months.
Main outcome measures The primary outcome was
the incidence of symptomatic falciparum malaria.
Secondary outcomes were the severity of malaria
episodes, prevalence of malaria parasite, mean
parasite densities, mean packed cell volume,
prevalence of other morbidity, and all cause mortality.
Results The mean number of malaria episodes per
child (defined as a temperature >37.5°C with >5000
parasites/�l) was 1.7, 99.7% due to infection with
Plasmodium falciparum. No difference was found
between the zinc and placebo groups in the incidence
of falciparum malaria (relative risk 0.98, 95%
confidence interval 0.86 to 1.11), mean temperature,
and mean parasite densities during malaria episodes,
nor in malaria parasite rates, mean parasite densities,
and mean packed cell volume during cross sectional
surveys. Zinc supplementation was significantly
associated with a reduced prevalence of diarrhoea
(0.87, 0.79 to 0.95). All cause mortality was
non-significantly lower in children given zinc
compared with those given placebo (5 v 12, P = 0.1).
Conclusions Zinc supplementation has no effect on
morbidity from falciparum malaria in children in
rural west Africa, but it does reduce morbidity
associated with diarrhoea.

Introduction
The annual incidence of malaria is about 300-500 mil-
lion cases, causing between 1.5 and 2.7 million deaths.1

Tropical Africa accounts for 90% of the morbidity and

mortality attributed to malaria; severe disease and
death mainly occur among infants in remote rural
areas.2 3 Prevailing poverty, lack of functioning health
services, climatic and environmental change, and the
rapid spread of chloroquine resistance contribute to a
deteriorating malaria situation in Africa.1–6

Zinc deficiency is common in children in
developing countries.7 It has been associated with an
increased susceptibility to a variety of infections
because of its effects on the immune system.8 In several
studies, mainly from Asia and Latin America, zinc sup-
plementation has been shown to have therapeutic and
preventive effects on acute and chronic diarrhoea, dys-
entery, and pneumonia.9–22 Only two studies have pro-
vided data on the possible efficacy of zinc supplemen-
tation in reducing morbidity from malaria.23 24 We
aimed to test the hypothesis that zinc supplementation
reduces morbidity from falciparum malaria in African
children.

Participants and methods
Study area
Our study took place between June and December
1999 in the Nouna district of northwestern Burkina
Faso. This area is a dry orchard savanna, populated
mainly by subsistence farmers of different ethnic
groups. Malaria is a major cause of morbidity and mor-
tality in children in this region, with most transmission
occurring during and shortly after the rainy season
from June to October.

The main staple food is millet, so children usually
receive a diet with little protein. Food intake is particu-
larly low during the rainy season, when workload and
disease incidence are high.25 As in most of sub-Saharan
Africa, zinc supplementation for the control of
diarrhoea is not available in Nouna.

Study design
Our study was designed as a randomised, placebo con-
trolled, double blind efficacy trial. We identified eligible
children from the demographic surveillance system of
the Centre de Recherche en Santé de Nouna.26 Eligible
children were aged between 6 and 31 months at enrol-
ment and were permanent residents in 18 of the 39
villages of the study area. We recruited children by lot-
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tery (names were drawn blindly at random from a box);
30 from 12 small villages and 60 from six larger
villages. Children were allocated zinc or placebo in
blocks of 30 (15 zinc, 15 placebo) by computer gener-
ated randomly permutated codes (prepared by the
World Health Organization). We excluded children
with serious underlying illness, and we excluded from
the final analysis those who were absent from the study
area for more than 14 consecutive days. Assuming a
mean of one malaria episode per child per season and
allowing for 20% loss to follow up, we used a sample
size of 720 children to detect a 20% reduction in
episodes of falciparum malaria with 90% power
(� = 0.05).

The children were given 12.5 mg (half a 25 mg tab-
let) zinc sulphate (Biolectra Zinc, Hermes Arzneimittel,
Munich) or placebo daily (except Sundays) for six
months. This dose has been recommended by the
WHO and has been used successfully in randomised
controlled trials in children in developing countries.9–23

The tablets were identical in appearance and taste.
They were stored in waterproof plastic tubes labelled
with the child’s identification number. Fieldworkers
based in the villages provided the tablets and were also
trained to take finger prick blood samples and to pre-
pare blood films. They were visited twice weekly by
supervisors who checked their work, collected com-
pleted forms and blood slides, and regularly reported
to the study physician based in Nouna (AB). The study
supervisors performed random checks of the
fieldwork.

The children were seen daily, except for Sundays,
by their fieldworker, who took their axillary tempera-
ture with an electronic thermometer (Digital Classic,
Hartmann, Germany) and filled in a structured
questionnaire based on the parents’ reported morbid-
ity symptoms of their child, visits to the healthcare pro-
viders, and any Western or traditional treatments
received. If temperatures were 37.5°C or higher, blood
samples were taken and thick and thin blood films pre-
pared. If children were sick during the visits the parents
were advised to take them to the local health centre.

Three cross sectional surveys were undertaken at
baseline (June), mid-study (September), and the end of
the study (December). The children were examined by
the same physician (OM) during visits. Data on
personal characteristics and risk factors (age, sex,
ethnicity, use of mosquito nets), clinical data (history,
symptoms, temperature, spleen size by Hackett grade,
weight, height or length, mid-arm circumference), and
parasitological data (thin and thick blood films) were
collected from all the children, whereas packed cell
volumes and serum zinc concentrations were
measured only in random subsamples of 100 children.

Laboratory procedures
Blood was usually taken by finger prick, and the packed
cell volume was measured in the field with a portable
microhaematocrit centrifuge (Compur Microspin,
Bayer Diagnostics, Germany). Blood films were kept in
closed slide boxes until transportation to Nouna (two
or three times a week during longitudinal follow up
and daily during cross sectional surveys). They were
stained with Giemsa at the Nouna hospital laboratory
and transported to the Centre National de Recherche
et de Formation sur le Paludisme in Ouagadougou for

reading. The films were examined by two laboratory
technicians and checked by a third investigator in cases
of discrepancy. Blood films were analysed for the
species specific parasite density per microlitre by
counting against 500 white blood cells and multiplying
by 16 (assuming 8000 white blood cells per microlitre
of blood). If no parasites were seen in 400 fields on the
thick film a negative result was declared. A 10%
random sample of blood films was re-examined at the
laboratory of the Heidelberg School of Tropical Medi-
cine, showing an overall 97% concordance for Plasmo-
dium falciparum parasitaemia. Venous blood was kept
in a cold box until centrifugation on the same day in
Nouna. Serum samples were stored at − 20°C until
zinc determination at the Heidelberg University
laboratory by flame atomic absorption spectrometry
(Perkin-Elmer 1100 B, Germany).

Statistical analysis
Data forms were checked by supervisors before
computer entry (version 97, Microsoft Access) at the
Centre de Recherche en Santé de Nouna. Parasitologi-
cal data were entered into EpiInfo (version 6.0) at the
Centre National de Recherche et de Formation sur le
Paludisme, and the data were transferred to the Centre
de Recherche en Santé de Nouna. All data were
checked for range and consistency, and all parasito-
logical data and data from cross sectional surveys were
double entered. Any differences were resolved by
checking against the original case record forms. The
randomisation code was broken after the database was
closed. Analysis was by intention to treat.

The primary outcome was the incidence of clinical
episodes of falciparum malaria (in the presence or
absence of P malariae or P ovale). An episode was
defined as an axillary temperature of 37.5°C or higher
with at least 5000 parasites/�l and no other obvious
causes for the fever. This is similar to the case definition
used in studies from the Gambia.27 Additional
definitions of fever and any parasite count and a para-
site count of 100 000/�l or more were also applied as
they represent traditional case definitions for mild and
heavy infections.

Secondary outcomes were the duration and sever-
ity of falciparum malaria episodes, the prevalence of
other causes of morbidity, and all cause mortality. Diar-
rhoea, fever, and cough were calculated by the number
of child days of the respective disease divided by the
total number of days of observation. We also
investigated the mean species specific prevalences and
densities of malaria parasites, mean packed cell
volume, mean spleen grade, and mean values for
anthropometric measurements during follow up visits
for the cross sectional surveys.

The relative risk of falciparum malaria in children
supplemented with zinc was calculated as the ratio of
incidence densities between the zinc and placebo
groups. We defined incidence densities as the number
of P falciparum episodes divided by the number of days
of observation. Relative risks, 95% confidence intervals,
and P values were calculated. To exclude recrudescent
malaria episodes, the individual observation time was
defined as the time interval from the first to last day of
observation minus 20 days for each defined episode. In
a Poisson regression model we modelled the individual
number of malaria episodes as a function of treatment
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with and without adjustment for covariates (age,
weight, and height at start of study; sex; ethnic group).
In addition, we analysed the effect of treatment on
mortality with a proportional hazards regression
model both with and without adjustment for
covariates. We performed �2 analysis to test differences
in distributions and t tests to compare arithmetic
means. All analyses were done with SAS (version 6.12).

Ethical aspects
We received ethical approval for our study from the
ethical committee of the Heidelberg University
Medical School and the Ministry of Health in Burkina
Faso. The trial was explained to the Nouna health dis-
trict authorities, the villagers, and the head of each par-
ticipating compound. Oral consent was obtained from
the parents and carers of the children before
enrolment. Sick children seen during surveys or visits
by the supervisors were treated in the village or
referred to Nouna hospital free of charge.

Results
Of 713 eligible children (one village had only 23 chil-
dren of the required age group), 709 were enrolled and
randomised to either zinc (n = 356) or placebo
(n = 353). The children were not treated for 4349 days
in total owing to absence, an average of 6.3 days per
child (2163 zinc, 2186 placebo). Overall, 661 of 685
children (96%) were examined during the cross
sectional surveys (figure).

Table 1 shows the characteristics of the children at
baseline in June. The two groups were similar, except
for the children being slightly older in the zinc group
(18.7 v 17.5 months, P = 0.03). At baseline 26% of the
children were aged 6-12 months, 27% were 13-18
months, 26% were 19-24 months, and 21% were 25-31
months.

The prevalence of malnutrition was high at
baseline (table 2), with 36.3% of children below –2 z
score for height for age (stunting) and 24.6% below the
–2 z score for weight for height (wasting). The effects of
zinc on anthropometric measurements will be
published elsewhere.

Serum zinc values paired for June and September
were available for 81 children (41 zinc, 40 placebo;
table 2). Mean zinc concentrations at baseline were
11.7 �mol/l, with no differences between the two
groups, and 72% of the children were zinc deficient
according to the reference laboratory’s threshold of
13.0 �mol/l. After three months (mid-study survey),
children in the zinc group had significantly higher
serum zinc concentrations than children in the placebo
group (15.3 v 12.4 �mol/l, P = 0.005), and the
proportion of zinc deficient children significantly
declined in the zinc group but not in the placebo
group (11/41 v 28/40, P = 0.0001).

Spleen enlargement (Hackett score > 1) was
common at baseline and increased significantly until
the end of the study (87% in zinc group v 98% in pla-
cebo group, P = 0.001; table 2 ). At the height of the
rainy season (September) a quarter of the children
reportedly slept under an untreated mosquito net the
night before their visit, with no significant differences
between the zinc and placebo groups (24% v 27%).
Parasitological results were available for 511 of 661

(77%) and 615 of 661 (93%) children at baseline and at
the end of the study, respectively (table 2). Overall, P
falciparum was the most common parasite (99%), and
most of the children who had P malariae (6%) and P
ovale (10%) also had P falciparum. The prevalence of
falciparum malaria (1.4% in zinc group v 6.2% in
placebo group, P = 0.001) and of P falciparum, P
malariae, and P ovale parasitaemia (62.8% v 89.6%,
P = 0.001; 4.2% v 13.2%, P = 0.001; 0.6% v 20.2%,
P = 0.001), and the mean density of P falciparum (2909
v 7954, P = 0.001) increased significantly over the study.
Mean packed cell volume values, measured in 70 chil-
dren (39 zinc, 31 placebo) at baseline and at follow up,
significantly decreased from 32.0 to 29.1 over the study
period (P = 0.001). No differences were found in
clinical or parasitological characteristics between the
two groups, either at mid-study (data not shown) or at
the end of the study.

Table 3 shows the results for morbidity at follow up
in the longitudinal study. Parasitological results were
available for 2065 of 2324 (89%) febrile episodes. Over
the six months of the study, the mean number of
episodes of falciparum malaria a month was 0.38
(parasite density >1/�l), 0.28 (>5.000/�l), and 0.02
(>100 000/�l), with no differences between the zinc
and placebo groups at any of the respective three para-
site thresholds (relative risk 0.99, 95% confidence inter-
val 0.89 to 1.11, P = 0.94; 0.98, 0.86 to 1.11, P = 0.77;
1.00, 0.64 to 1.60, P = 0.91). This finding remained the
same after analysis of the effects of zinc on the
incidence of P falciparum by age group (data not
shown). No difference was found between the two

Eligible children
(n=713)

Randomised
(n=709)

Assigned zinc
(n=356)

Assigned placebo
(n=353)

Analysed (n=341)
  Alive (n=336)
  Died (n=5)

Excluded owing to
prolonged absence

(n=15)

Excluded owing to
prolonged absence
(n=9)

Analysed (n=344)
  Alive (n=332)
  Died (n=12)

Excluded owing to severe illness (n=3)
Emigrated (n=1)

Trial profile

Table 1 Characteristics of participants at baseline. Values are numbers (percentages)
unless stated otherwise

Baseline

Zinc group (n=332) Placebo group (n=329)

Mean (range) age (months) 18.7 (6-31) 17.5 (6-31)

Boys 165 (50) 160 (49)

Ethnic group:

Marka 155 (47) 149 (45)

Mossi 63 (19) 66 (20)

Bwaba 66 (20) 64 (20)

Peulh 35 (11) 42 (13)

Others 13 (4) 8 (2)
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groups for mean temperature (38.3°C in zinc group v
38.3°C in placebo group) and mean parasite density
(44 529 v 44 316) during episodes of falciparum
malaria (>37.5°C with >5000 parasites/�l).

Table 3 also shows the effects of zinc supplementa-
tion on the number of reported days with other
morbidity outcomes. No differences were found in the
number of days with fever (relative risk 1.01, 0.95 to

1.07, P = 0.62) and the number of days with cough
(1.05, 0.97 to 1.15, P = 0.22) between the two groups,
but the number of days with diarrhoea was significantly
lower in the zinc group (0.87, 0.79 to 0.95, P = 0.002).

More children in the placebo group than zinc
group died during the study (12 v 5), but this difference
did not reach significance. The estimated relative risk
in the survival analysis with a proportional hazards
model was 0.41 (0.15 to 1.19, P = 0.1). The relative risk
did not change appreciably (0.47) when covariates
were adjusted for.

Discussion
We found no evidence for zinc supplementation being
effective against falciparum malaria in a population of
west African children with a high prevalence of malnu-
trition and zinc deficiency. Recipients of zinc were no
different for number of episodes of falciparum malaria
or any other malariometric measurement than the
recipients of placebo. This was so for all age groups
and was consistently seen during both the longitudinal
study and the cross sectional surveys.

Our study was a large randomised controlled trial,
which had reasonable power to detect a moderate effi-
cacy of the intervention. Case detection was intense
and sustained, loss to follow up was small, and
individual randomisation made systematic errors
unlikely. Dilution of the intervention through field-
workers mixing up the allocation of zinc or placebo
also seems unlikely owing to training and supervision.
Moreover, the intervention was followed by a
significant increase in serum zinc concentration in the
zinc group, whereas zinc concentration remained
unchanged in the placebo group.

Our results do not confirm the findings of two
community based studies on zinc supplementation
and malaria.23 24 One study, on children aged 7-28
months in the Gambia, showed 32% fewer clinical epi-

Table 2 Clinical and parasitological data at baseline and end of study for cross sectional survey. Values are means (ranges) unless
stated otherwise

Baseline End of study

Zinc group (n=332) Placebo group (n=329) Zinc group (n=334) Placebo group (n=327)

Clinical characteristics

Weight (kg) 8.8 (4.9-15.0) 8.6 (3.4-15.0) 9.9 (5.9-16.1) 9.6 (3.9-16.1)

Height (cm) 76.1 (62-94) 75.4 (56-99) 81.0 (65-97) 80.2 (58-99)

No (%) with enlarged spleen* 272 (87) 275 (87) 300 (97) 288 (98)

No (%) with temperature >37.5°C* 27 (8.1) 16 (4.9) 30 (9.0) 32 (9.8)

No (%) with clinical malaria† 4 (1.6) 3 (1.2) 18 (5.7) 20 (6.7)

Packed cell volume (%)‡ 32.6 (26-44) 31.7 (24-38) 28.6 (18-38) 29.7 (22-36)

Parasitological characteristics

No (%) with Plasmodium falciparum density:

>1/�l 154 (60.1) 169 (65.5) 287 (90.3) 264 (88.9)

>5000/�l 20 (7.9) 31 (12.0) 128 (40.3) 122 (41.1)

>100 000/�l 0 (0) 0 (0) 1 (0.3) 3 (1.0)

Mean P falciparum density/�l 2754 3090 7602 8333

No (%) with P malariae density >1/�l 10 (4.0) 11 (4.3) 46 (14.5) 35 (11.8)

Mean P malariae density/�l 914 219 674 907

No (%) with P ovale density >1/�l 1 (0.4) 2 (0.8) 68 (21.4) 57 (19.2)

Mean P ovale density/�l 16 345 348 498

Zinc measurement§

Serum zinc (mmol/l) 11.5 (5.2-27.2) 11.9 (5.6-20.5) 15.3 (4.8-30.2) 12.4 (5.0-27.4)

*Individuals with missing data were excluded from denominator.
†Temperature > 37.5°C, >5000 parasites/�l.
‡In paired subsample of 70 children (39 zinc, 31 placebo) at baseline and end of study.
§In paired subsample of 81 children (41 zinc, 40 placebo) at baseline and mid-study.

Table 3 Effect of zinc supplementation on febrile episodes of falciparum malaria and
other causes of morbidity

Morbidity Zinc group Placebo group Relative risk (95% CI)†

Febrile episodes* (No of children)

No of episodes with parasite density >1/�l:

0 26 44

0.99 (0.89 to 1.11)

1 116 98

2 128 115

3 51 69

4 19 17

5 1 1

No of episodes with parasite density >5000/�l:

0 69 78

0.98 (0.86 to 1.11)

1 138 133

2 104 92

3 24 30

4 5 11

5 1 0

No of episodes with parasite density >100 000/�l:

0 306 310
1.0 (0.64 to 1.6)1 34 33

2 1 1

Reported symptoms (child days)

Fever 2133 2095 1.01 (0.95 to 1.07)

Cough 1006 949 1.05 (0.97 to 1.15)

Diarrhoea 869 997 0.87 (0.79 to 0.95)‡

Observation time was 49 086 child days for zinc group and 49 021 child days for placebo group; for
analysis of incidence of falciparum malaria, children were removed from numerator and denominator for
20 days after malaria episode.
*Temperature >37.5°C and specified parasite density.
†Based on Poisson regression model.
‡P=0.002.
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sodes of malaria in children given zinc compared with
those given placebo after follow up over 15 months.23

This was, however, a small study on 110 children
matched for age and sex, zinc supplementation was
given only twice weekly, no information was provided
on the methods for diagnosis of malaria, and the effects
on malaria were only of borderline significance. The
other study looked at the effects of zinc supplementa-
tion on morbidity from malaria in 274 children aged
6-60 months in Papua New Guinea.24 The children
were randomly assigned to 10 mg zinc gluconate or
placebo for six days a week for 10 months. The trial
reported a 30-35% reduction in attendances to a
health centre due to malaria in those children
receiving zinc compared with those receiving placebo.

Even mild zinc deficiency can impair multiple
mediators of host immunity.8 Some evidence shows
that zinc deficiency predominantly affects the cell
mediated immune system.28–32 In this context, our
inability to show an effect of zinc supplementation on
morbidity from malaria may provide evidence for cell
mediated immunity being less important in malaria in
humans. Furthermore, such a hypothesis would be
supported by the overwhelming evidence for malaria
not behaving as an opportunistic infection in African
children with HIV or AIDS.33–35

Overall, 17 of the 709 (2.4%) children died during
the study, which confirms the unacceptably high level
of childhood mortality from malaria in rural African
regions.1–3 We found a tendency for zinc to be
protective against all cause mortality, which could be a
real finding given the known effects of zinc on gastro-
intestinal and respiratory infections.9–22 This is sup-
ported by our finding of a significantly lower
prevalence of diarrhoea in children given zinc rather
than placebo. Our study was not designed to look in
detail at the effects of zinc on other causes of morbid-
ity, and such findings must be interpreted with caution.
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CORRESPONDENCE

Severe anaemia in west
African children: malaria or
malnutrition?

Sir—H Verhoef and colleagues 
(Sept 21, p 908)1 show that
intermittent administration of iron 
has a more pronounced effect 
on the haemoglobin status of 
Kenyan children than sulfadoxine-
pyrimethamine.

We have done an analysis of risk
factors for severe anaemia in a cohort 
of young children in rural Burkina Faso.
The cohort consisted of 709 children
aged 6–31 months, who were recruited
for a randomised placebo-controlled
trial on the effects of zinc supple-
mentation on malaria morbidity.2

Village-based morbidity surveillance
took place over the main 
malaria transmission period in 1999
(June to December), supplemented 
by two cross-sectional clinical 
surveys which included anthropometric
measurements. Malaria is holoendemic
but highly seasonal in the area.

Anaemia status, defined by packed
cell volume measurements (Compur
Microspin, Bayer Diagnostics,
Germany) during the December
survey, was available for 544 (79%) 
of the 685 children successfully
followed up. The mean packed 
cell volume was 29·2% (range 18–38),
and 77 (14%) were defined as 
being severely anaemic (packed cell
volume �24%). The mean SD 
scores for height-for-age (HAZ),

Children with severe anaemia (n=77) Children without severe anaemia (n=467) Odds ratio (95% CI)

Height-for-age –1·99 (1·40) –1·39 (1·36) 0·72* (0·60–0·86)
Weight-for-age –2·44 (1·13) –1·76 (1·12) 0·58* (0·46–0·73)
Weight-for-height –1·62 (0·79) –1·21 (0·89) 0·58* (0·43–0·78)
Number of falciparum malaria 1·29 (1·04) 1·31 (0·97) 0·92† (0·71–1·18)
episodes in previous 6 months
Falciparum malaria �10 days before 2/75 32/435 0·32† (0·07–1·39)
haemoglobin measurement (yes/no)

Data are mean (SD) unless otherwise stated. *For continuous anthropometric score, odds ratio refers to increase of 1, adjusted for sex and age. †Adjusted for sex,
age, and weight-for-age.

Association between severe anaemia, falciparum malaria, and malnutrition in young west African children

Plasmodium falciparum per �L)
over the 6-month observation 
period, for the prevalence of
falciparum malaria within 10 days
before the December survey, and 
for their mean HAZ/WAZ/WHZ 
SD scores. In logistic regression
analyses (adjusted for age and 
sex), anaemia was not associated 
with the frequency of malaria
episodes, nor with malaria prevalence.
However, it was significantly
associated with malnutrition, defined
as HAZ, WAZ, and WHZ of –2 or less
(table).

These data contribute to the
growing evidence for the importance
of malnutrition in the development 
of anaemia in young children living 
in malaria-endemic areas.3 Given
the well known grave implications 
of malnutrition on morbidity and
mortality, programmes with the 
aim of improving the health of 
young children in developing
countries need to put much more
emphasis on improving the overall
nutritional situation of young
children.4,5 Finally, these findings 
also have implications for use of
anaemia as an outcome in malaria
control trials.

*Olaf Müller, Corneille Traoré, 
Albrecht Jahn, Heiko Becher

*Department of Tropical Hygiene and 
Public Health, Ruprecht-Karls-University, 
INF 324, 69124 Heidelberg, Germany (OM, AJ,
HB); and Centre de Recherche en Santé de
Nouna, Burkina Faso (CT)
(e-mail: Olaf.Mueller@urz.uni-heidelberg.de)

1 Verhoef H, West CE, Nzyuko SM, et al.
Intermittent administration of iron 
and sulfadoxine-pyrimethamine to 
control anaemia in Kenyan children: a
randomised controlled trial. Lancet 2002;
360: 908–14.

2 Müller O, Becher H, 
Baltussen van Zweeden A, et al. Effect of
zinc supplementation on malaria 
and other morbidity in west African
children: randomised double blind 
placebo controlled trial. BMJ 2001; 322:
1567–72.

3 Nussenblatt V, Semba RD. Micronutrient
malnutrition and the pathogenesis of
malarial anaemia. Acta Tropica 2002; 82:
321–37.

4 Rice AL, Sacco L, Hyder A, Black RE.
Malnutrition as an underlying cause of
childhood deaths associated with infectious
diseases in developing countries. Bull World
Health Organ 2000; 78: 1207–21.

5 Müller O, Jahn A, von Braun J.
Micronutrient supplementation for malaria
control—hype or hope? Trop Med Int
Health 2002; 7: 1–3.

weight-for-age (WAZ), and weight-
for-height (WHZ) were –1·6, –2·0,
and –1·2, respectively, in June; and
–1·5, –2·0, and –1·3, respectively, in
December.

We compared children with 
and without severe anaemia for 
the number of falciparum malaria
episodes (fever plus �5·000
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Summary We report on a 14-day study on the efficacy of chloroquine for treating uncomplicated falciparum

malaria in young children of a malaria holoendemic area in rural Burkina Faso. In this community-based

study, the overall treatment failure rate was 12/120 (10%), with no differences between villages.

This supports the evidence for a still sufficient efficacy of chloroquine in north-western Burkina Faso.

keywords malaria, chloroquine, resistance, Africa, Burkina Faso

Introduction

Chloroquine has been the mainstay for malaria control in

sub-Saharan Africa (SSA), but the emergence of chloroqu-

ine-resistant Plasmodium falciparum has put into question

the efficacy of this well-known drug (Trape 2001). In fact,

increasing resistance has already convinced several SSA

countries to replace chloroquine as first line drug for

treatment and prophylaxis (Nuwaha 2001). It has been

suggested to change to a new first-line drug when the

prevalence of RIII parasitological resistance has reached the

range of 14–31%, or when the mean duration of clinical

response decreases to <14 days (Sudre et al. 1992; Bloland

et al. 1993). We report data on the efficacy of chloroquine

treatment in young children of a rural area of Burkina

Faso with high P. falciparum transmission intensity.

Methods

The study was nested into an ongoing cohort study on the

long-term effects of insecticide-treated mosquito nets (ITN)

in young children from six villages of Nouna Health

District in north-western Burkina Faso. These villages

belong to the research zone of the Centre de Recherche en

Santé de Nouna (CRSN), consisting of Nouna town and

41 of the surrounding villages. They were purposely

selected to represent the rural study population in its

sociocultural, demographic and geographical diversity. The

Nouna area is a dry orchard savanna, populated mainly by

subsistence farmers of different ethnic groups.

Cohort children were visited daily by village-based field

staff for temperature measurement and recording of

relevant data during illness episodes. In case of fever, blood

films were taken and the films were examined by two

experienced microscopists of the Nouna Health Research

Centre. Malaria is holoendemic but highly seasonal in the

area (Müller et al. 2001). Approval for the study was

granted by the Ethical Committee of the Heidelberg

University Medical School and the Ministry of Health in

Burkina Faso.

Cohort children were consecutively enrolled from July

until October 2001 if they fulfilled the following inclu-

sion criteria: age ‡6 months, falciparum malaria

(‡37.5 �C axillary temperature + ‡5.000 P. falciparum

parasites per microlitre in the absence of another obvious

fever cause), absence of antimalarial treatment during

past 2 weeks, informed oral consent. All study children

received fully supervised treatment with 25 mg/kg body-

weight of chloroquine (drugs taken from the essential

drug stock of Nouna Health District) over 3 days.

Enrolled children were followed clinically over a 14-day

period, and a systematic blood slide was taken on days

7–10. For the evaluation of treatment outcome, we used

a modified definition of the WHO protocol for assess-

ment of therapeutic efficacy of antimalarial drugs in

areas with intense transmission (WHO 1996). We

defined early treatment failure (ETF) as development of

severe malaria on days 1–3 or axillary temperature

‡ 37.5 �C on day 3 in the presence of parasitaemia on

days 7–10, and late treatment failure (LTF) as develop-

ment of severe malaria and/or axillary temperature

‡37.5 �C on days 4–14 in the presence of parasitaemia

on days 7–10 without previously meeting the criteria of

ETF.
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Results

A total of 120 children were recruited and there was no

loss to follow-up. The mean age was 10.4 months (range

6–15), and the male/female ratio was 0.71. Mean tem-

perature on day 0 was 38.7 (range 37.5–40.7), and mean

P. falciparum density was 38 400 (range 5500–287 000).

On days 7–10, 32/120 (27%, 95% confidence interval

19–35%) children were still parasitaemic (mean P. falci-

parum density 3620, range 50–23 000). The overall

treatment failure rate was 12 of 120 (10%, 95% confid-

ence interval 5–15%), with six of 120 (5%) being ETF and

six of 120 (5%) being LTF. None of the children developed

severe malaria, and there were no differences in parasito-

logical and clinical failure rates between villages (Table 1).

Discussion

After standard treatment with chloroquine, we found a

parasitological failure rate of 27% and a clinical failure

rate of 10% in children aged 6–15 months. This significant

discrepancy supports the evidence for a rapid development

of immunity in young children exposed to intense malaria

transmission (WHO 1996).

The first cases of in vitro and in vivo chloroquine

resistance in Burkina Faso were seen in 1983 and 1988,

respectively, and reported clinical failure rates after use of

chloroquine for treatment of uncomplicated malaria in

children were around 5% in the early 1990s (Guigemdé

et al. 1994). Our finding of a low chloroquine clinical

failure rate in a representative group of young children

from rural Burkina Faso provides further evidence for

chloroquine remaining sufficiently effective after many

years of resistance occurence in parts of West Africa

(Guigemdé et al. 1994; Brasseur et al. 1999; Plowe et al.

2001).
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Village Parasitological failure Clinical failure

Koro* 8/25 5/25

Seriba 4/16 2/16
Dionkongo 7/18 2/18

Bourasso* 5/27 1/27

Sikoro 7/27 2/27
Kodougou 1/7 0/7

Total 32/120 (27%) 12/120 (10%)

* Village with a health centre.
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Summary Both malaria and protein–energy malnutrition (PEM) are highly prevalent in young children of sub-

Saharan Africa, and the association between PEM and malaria continues to be discussed controversially.

We analysed the association between PEM, malaria morbidity and all-cause mortality in a cohort of 709

children aged 6–30 months in a malaria holoendemic rural area of Burkina Faso. Study children were

followed over the main malaria transmission period (June–December) in 1999 through longitudinal

malaria surveillance complemented by three cross-sectional clinical surveys. There was no association

between PEM and malaria morbidity, but malnourished children had a more than two-fold higher risk of

dying than non-malnourished children.

keywords Africa, Burkina Faso, malaria, malnutrition, mortality

Introduction

Nutritional status is considered to be one of the major

determinants of host resistance to infection (Keusch 1979;

Gershwin et al . 1985). Malnutrition is estimated to cause

about half of the world’s 12 million annual deaths in

children less than 5 years of age as well as substantial

proportions of infectious disease morbidity (Pinstrup-

Andersen et al. 1993; Rice et al. 2000). The relation

between nutritional status and mortality is well documen-

ted, with decreasing nutritional status being associated

with increasing risk ratios of mortality (Van den Broek

et al. 1993; Garenne et al . 2000; Rice et al. 2000). More

than half of the global burden of childhood deaths is

caused by diarrhoea, acute respiratory illness (ARI),

malaria and measles, conditions which can easily be

prevented or treated (Tulloch 1999). In sub-Saharan Africa

(SSA), malaria alone is estimated to kill around one million

children every year (Snow et al. 1999).

Young children of SSA are the group most affected by

both poor nutrition and malaria, and the relation between

both conditions continues to be discussed very controver-

sially. While a number of studies provided substantial

evidence for protein–energy malnutrition (PEM) being

associated with reduced malaria morbidity, others have not

seen such associations or even demonstrated that PEM is

associated with more severe manifestations of malaria

(McGregor 1988; Shankar 2000). Against this background

we studied the association between PEM, malaria

morbidity and all-cause mortality in a cohort of West

African pre-school children.

Subjects and methods

Study area

The study was conducted in Nouna Health District in

northwestern Burkina Faso. Nouna is a dry orchard

savannah, populated almost exclusively by subsistence

farmers of different ethnic groups. There is a short rainy

season, which usually lasts from June to October. Mal-

nutrition is highly prevalent in the study area and malaria

is holoendemic, with most transmission occurring during

or shortly after the rainy season. HIV/AIDS is still a rare

disease in this rural area of Nouna Health District.

Patients

In 1999, we had undertaken a randomized double-blind

placebo-controlled trial on the effects of zinc supplemen-

tation on malaria morbidity. The main finding was that

zinc supplementation had no effect on malaria morbidity

(Müller et al. 2001). During this trial, 709 children aged

6–30 months were recruited from 18 villages of the

Nouna Health Research Centre (CRSN) study area in

Nouna Health District. Anthropometric and malario-

metric data were systematically collected during three

cross-sectional surveys (6 of 99, 9 of 99, 12 of 99), and
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685 children were successfully followed up over the

6-month study period.

To survey malaria morbidity, children were seen daily

except on Sundays by village-based fieldworkers who took

the axillary temperature with an electronic thermometer

(Digital Classic, Hartmann, Germany) and filled in a

structured questionnaire on further parent-reported infor-

mation. If a temperature of 37.5 �C or higher was

measured, a finger prick blood sample was taken and a

thick and thin blood film were prepared. The parents of

children found to be sick during daily visits were advised to

take them to the nearest local health centre for diagnosis

and treatment. During cross-sectional surveys, children

were seen and examined by the same physician during all

visits. Children found sick during surveys were treated

appropriately or referred to Nouna Hospital free of charge.

Mothers of malnourished children received intensive advice

on feeding practice, and were offered admission to the

Nouna Hospital Feeding Centre in case of severe malnu-

trition. Demographic and risk factor data (age, sex,

ethnicity, mosquito net protection in September, socio-

economic status defined through possession of radio/

bicycle/motorbike), clinical data (history, symptoms, tem-

perature, spleen size by Hackett grade, weight, height/

length, mid-arm circumference), and parasitological data

(thin and thick blood films) were collected from all

children. Demographic and socio-economic baseline vari-

ables are shown in Table 1.

Laboratory procedures

Blood films were Giemsa-stained at Nouna Hospital

Laboratory and then transported to the Centre National de

Recherche et de Formation sur le Paludisme in Ouaga-

dougou for reading. All films were examined by two

experienced laboratory technicians using a · 100 oil

immersion lens and · 10 eyepieces. In case of significant

discrepancy between the results of the two technicians,

blood slides were read by a third investigator. Blood films

were analysed for the species-specific parasite density per

microlitre by counting against 500 white blood cells and

multiplying by 16 (assuming 8000 white blood cells per

microlitre of blood). Slides were declared negative if no

parasites were seen in 400 fields on the thick film.

Anthropometric measurements

Weight was measured during each of the three surveys,

while height/length was measured only during the baseline

and the end-of-study survey. Weight was measured with

one Salter hanging spring scale with 100-g gradations,

which was calibrated and checked daily before and after

use. Children were allowed to wear a minimum of light

clothes. Recumbent length and standing height were

measured with a locally produced length board with an

upright wooden base and a movable headpiece and a

simple anthropometer, respectively. Measures included

weight to 0.1 kg and height/length to 1.0 cm. Anthro-

pometric measurements were usually performed by the

same fieldworker following standard techniques. The SD

scores for height-for-age (HAZ), weight-for-age (WAZ),

and weight-for-height (WHZ) were calculated in compar-

ison with the NCHS reference population, using Epi Info,

version 6.0. Stunting, underweight and wasting were

defined as HAZ £ )2, WAZ £ )2, and WHZ £ )2,
respectively (WHO Working Group 1986).

Mortality follow-up

Mortality follow-up took place through the existing

Demographic Surveillance System (DSS) of the CRSN

(Sankoh et al. 2001). The routine activities of the DSS

include three-monthly visits to all households in the CRSN

study area, with registration of all births, deaths and

migrations.

Table 1 Distribution of demographic and socio-economic

baseline variables

n %

Sex

Male 335 48.9

Female 350 51.1

Age (months) (6/1999)
6–12 174 25.4

13–18 185 27.0

19–24 181 26.4
>24 145 21.2

Ethnic group

Dafing 311 45.4

Bwaba 141 20.6
Mossi 132 19.3

Peulh 79 11.5

Samo 12 1.8

Others 10 1.5
Bednet use (9/1999)

No 489 71.4

Yes 168 24.5
Missings 28 4.1

Socio-economic status

Low 67 9.8

Middle 229 33.4
High 299 43.7

Missing 90 13.1

Total 685 100.0
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Statistical analysis

Malaria incidence was calculated by dividing the number of

falciparum malaria episodes by the number of days of

observation. A falciparum malaria episode was defined as

an axillary temperature of 37.5 �C or higher with at least

5000 parasites per microlitre and no other obvious causes

for the fever. Additional definitions of fever and parasite

counts of ‡1 and ‡100 000/ll were also applied. To exclude

recrudescent malaria episodes, the individual observation

time was defined as the time interval from the first to last

day of observation minus 20 days for each defined episode.

We compared children with malnutrition (mean HAZ/

WAZ/WHZ £ )2) and without malnutrition (mean HAZ/

WAZ/WHZ > )2) for falciparum malaria incidence over

the 6-month study period using Poisson regression and

all-cause mortality (over a 1-year follow-up period) using

logistic regression; children with no anthropometric

measurements to calculate the HAZ/WAZ/WHZ scores at

the first survey were excluded from the respective analyses.

Possible confounding factors (age, sex, ethnicity, village,

mosquito net use, and socio-economic status) were taken

into account. Relative risks, 95% confidence intervals, and

P-values were calculated using the statistical software

package SAS and using PROC GENMOD for Poisson

Regression, PROC LOGISTIC for logistic regression and

PROC CORR SPEARMAN for assessing the relation

between age and number of malaria episodes.

Ethical aspects

Approval was granted by the Ethical Committee of

Heidelberg University Medical School, the Ethical Com-

mittee of the World Health Organization and the Ministry

of Health in Burkina Faso. Prior to study participants�
recruitment, the trial was explained in detail to all district

authorities and village meetings were held to explain the

purpose, methods, benefits and risks of the study to the

population. The trial was also explained to the respective

head of each participating compound and oral consent was

sought from the parents and caretakers of study children

before enrolment.

Results

Of 685 children followed up for malaria incidence over the

6-month observation period, 232 (36%), were stunted,

314 (48%) underweight and 132 (20%) wasted based on

the respective mean HAZ, WAZ and WHZ values. The

median number of falciparum malaria episodes over

the observation period according to the three case defini-

tions (‡37.5 �C + ‡1 P. falciparum parasites/microlitre;

‡37.5 �C + ‡5000 P. falciparum parasites/microlitre;

‡37.5 �C + ‡100 000 P. falciparum parasites/microlitre)

were 2 (range 0–5), 1 (0–5) and 0 (0–2) respectively. The

mean SD scores for HAZ, WAZ, and WHZ were )1.6,
)2.0, and )1.2 at baseline, respectively; and )1.5, )2.0,
and )1.3 after 6-month follow-up, respectively (Table 2).

There were no differences in falciparum malaria incidence

between malnourished and non-malnourished children

after adjustment for possible confounding variables

(Table 3).

During the 6 months of the randomized controlled trial

17 of 685 (2.5%) study children died; after 12 months of

observation, 28 of 685 (4.1%) of the study children had

died. After adjustment for possible confounding variables,

malnourished children had a more than two-fold higher

risk of dying than non-malnourished children, with a

Table 2 Distribution of anthropometric

variables by sex and survey Male Female

n mean SD n mean SD

First survey (6/1999)

HAZ 322 )1.69 1.49 326 )1.42 1.39
WAZ 321 )2.03 1.29 332 )1.87 1.15

WHZ 320 )1.28 1.09 325 )1.20 0.95

Second survey (9/1999)

HAZ
WAZ 292 )1.89 1.26 307 )1.73 1.12

WHZ

Third survey (12/1999)

HAZ 309 )1.60 1.43 307 )1.45 1.34
WAZ 307 )1.99 1.18 319 )1.93 1.13

WHZ 305 )1.30 0.95 306 )1.33 0.83

SD ¼ standard deviation; HAZ ¼ height for age; WAZ ¼ weight for age; WHZ ¼ weight

for height.
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relative risk of 2.4 [confidence interval (CI) 1.0–5.7,

P ¼ 0.05] for stunted children, 2.7 (CI 1.0–7.3, P ¼ 0.05)

for underweight children, and 2.8 (CI 1.1–6.7, P ¼ 0.02)

for wasted children (Table 3).

Discussion

We measured the association between PEM and malaria

morbidity in a well-defined population of young children

exposed to high P. falciparum transmission intensity. There

was no association between PEM and the incidence of

falciparum malaria, using the case definition of fever plus

at least 5000 P. falciparum parasites per microlitre, and

after controlling for possible confounding factors. Addi-

tional comparisons using traditional case definitions for

mild and heavy infections did not change this result. As

zinc supplementation assigned randomly to study children

was not found related with malaria, it is unlikely to be a

confounder (Müller et al. 2001). These findings are in

contrast with a number of older studies, which claimed

that PEM is associated with decreased malaria morbidity,

as well as with some more recent studies providing

evidence for PEM being associated with increased malaria

morbidity (McGregor 1988; Shankar 2000). A variety of

designs have been used in such studies, ranging from

hospital-based case–control studies on malaria morbidity

and mortality to community-based cohort studies on

malaria incidence, and from experimental studies in

animals to famine interventions in human populations.

Most of these studies have obvious methodological limi-

tations, and are thus difficult to interpret (Shankar 2000).

However, in our study we also have to take into account

that parasitaemia is not a very good measure of malaria

morbidity.

Protein–energy malnutrition is considered to be one of

the most important risk factors for overall morbidity and

mortality in childhood, particularly in SSA (Murray &

Lopez 1997). The strongest evidence for this association

comes from observational community-based cohort studies

(Rice et al. 2000). As even in cohort studies the direction of

the effect can be confused through intermittent illnesses

resulting in nutritional deterioration, we chose a PEM

definition likely to avoid such bias.

In our study, mortality was significantly associated with

a low HAZ, WAZ and WHZ. This supports the evidence

for both acute malnutrition (wasting) and chronic mal-

nutrition (stunting) being associated with mortality

(Pinstrup-Andersen et al. 1993; Rice et al. 2000). Our

findings on the high prevalence of malnutrition and the

association between PEM and all-cause mortality in a

typical population of young West African children thus

confirms the major impact of this risk factor on overall

childhood mortality in SSA (Murray & Lopez 1997).

Evidence points to diarrhoea and ARI being the most

important causes of deaths related to malnutrition in

childhood, while the association between PEM and malaria

mortality continues to be discussed controversially (Rice

et al. 2000; Shankar 2000). As the majority of young

Table 3 Association between protein–energy malnutrition, falciparum malaria and all-cause mortality

Malaria defined as Total mortality

‡37.5 �C ‡37.5 �C ‡37.5 �C
‡1 parasite/microlitre ‡5000 parasites/microlitre ‡100 000 parasites/microlitre

n RR* ME PDO 95% CI RR* ME PDO 95% CI RR* ME PDO 95% CI Deaths n (%) RR** 95% CI

HAZ

>)2 416 1.0 753 55 901 1.0 545 60 061 1.0 48 70 001 12 (2.9) 1.0
£)2 232 1.0 406 30 791 0.9–1.1 1.0 300 32 911 0.9–1.2 0.8 20 38 511 0.5–1.4 15 (6.5) 2.4 1.0–5.7

P-value 0.87 0.59 0.44 0.05

WAZ
>)2 339 1.0 620 45 616 1.0 448 49 056 1.0 38 57 256 6 (1.8) 1.0

£)2 314 1.0 553 41 643 0.9–1.1 1.0 407 44 563 0.9–1.2 0.8 29 52 123 0.5–1.4 21 (6.7) 2.7 1.0–7.3

P-value 0.98 0.68 0.49 0.05

WHZ
>)2 513 1.0 926 68 911 1.0 669 74 051 1.0 53 86 371 14 (2.7) 1.0

£)2 132 1.0 228 17 365 0.9–1.2 1.0 172 18 485 0.9–1.2 1.0 14 21 645 0.5–1.8 13 (9.8) 2.8 1.1–6.7

P-value 0.99 0.58 0.94 0.02

* RR based on Poisson regression model adjusted for age, sex, ethnicity, village (region), mosquito net use, socio-economic status.

** RR based on logistic regression model adjusted for age, sex, ethnicity, village (region), mosquito net use, socio-economic status.
ME ¼ number of malaria episodes; PDO ¼ person days of observation; HAZ ¼ height for age; WAZ ¼ weight for age; WHZ ¼ weight

for height.
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children’s deaths in SSA occur at home, verbal autopsy is

the only method to estimate cause-specific mortality rates.

Unfortunately, it is not very reliable for determining deaths

caused by the major diseases in SSA children, and

particularly not for malaria (Snow et al. 1992; Todd et al.

1994). Verbal autopsy is likely to become even more

unreliable with the emergence of HIV/AIDS as a major

determinant of childhood deaths in SSA (Müller &

Garenne 1999).

Our results confirm PEM being a major risk factor for

all-cause mortality in West African children but provide no

evidence for PEM being associated with malaria morbidity.

Acknowledgements

We thank Ms Gabriele Stieglbauer at the University of

Heidelberg for her assistance in data management and

statistical analysis. The work was supported by a grant

from the World Health Organization, and by the Deutsche

Forschungsgemeinschaft (SFB 544, Control of Tropical

Infectious Diseases).

References

Garenne M, Maire B, Fontaine O, Dieng K & Briend A (2000)
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Malnutrition and micronutrient deficiencies are highly prevalent
in developing countries, and it has been estimated that malnu-
trition is the underlying cause for up to 50% of all deaths
among children in these populations.1–5 Zinc is important for a
number of biological functions, and zinc deficiency has been
associated with complications in pregnancy and childbirth,
lower birthweight and poor growth in childhood, reduced

immuno-competence, and increased infectious disease morbid-
ity.6–8 As there are no reliable biochemical indices of marginal
zinc status, controlled supplementation trials are the best method
to study the relation between zinc deficiency and health
parameters in human populations.9 A number of such trials
have consistently demonstrated an association between zinc
supplementation and major reductions of morbidity due to
respiratory infections and diarrhoea in young children of devel-
oping countries.10 More recently, a controlled trial on zinc sup-
plementation during pregnancy has been able to demonstrate a
reduced frequency of diarrhoea, dysentery, and impetigo in low
birthweight infants born to mothers in the zinc-supplemented
group.11

The impact of zinc supplementation on growth parameters
has also been studied in countries of Asia, Latin America, and
Africa. Trials in different populations of young children from
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these countries have provided conflicting results on the effects
of zinc supplementation on growth. While some have found 
no effect, others provided evidence for zinc supplementation
increasing growth velocity.12–20 In a meta analysis of 25 studies,
there were small but highly significant effect sizes for changes in
height and weight of +0.22 SD and 0.26 SD respectively with
zinc supplementation.12

We undertook a randomized placebo-controlled zinc supple-
mentation trial in young children of rural Burkina Faso. Results
on morbidity outcome have been published elsewhere.21 Here
we report our findings on anthropometric measurements
associated with zinc supplementation during this trial.

Subjects and Methods
Study area

The study area was in the Nouna Health District in north-
western Burkina Faso. The trial took place June–December
1999. The Nouna area is a dry orchard savanna, populated
almost exclusively by subsistance farmers of different ethnic
groups. The rainy season usually lasts from June until October,
and the average annual rainfall is 700 mm. The main staple food
in the study area is millet, with young children usually receiving
a diet that contains very little protein. Traditional rearing of
animals is practised mainly for income generation. During the
rainy season, when villager‘s workload as well as disease
incidence are high, food intake is particularly low.22

Study design

The study design has been described in detail.21 In brief, children
aged 6–31 months at enrolment were recruited by lottery from
18 villages of the study area of the Centre de Recherche en Santé de
Nouna (CRSN).23 Children found to have serious underlying
illness were excluded from enrolment. Children were individu-
ally allocated supplementation with zinc or placebo in blocks of
30 (15 zinc, 15 placebo) by computer-generated randomly
permutated codes (prepared by WHO/Geneva). Study children
were supplemented with 12.5 mg (half of a 25-mg tablet) of
zinc sulphate or placebo every morning (except Sundays) during
a 6-month period. Zinc and placebo tablets were identical in
appearance and taste (Biolectra Zinc, Hermes Arzneimittel
GMBH, München, Germany). Supplementation was done
through village-based fieldworkers supervized through specific
fieldsupervisors and a Nouna-based study physician (AB).
Compliance with the supplementation was systematically
investigated in all study children in October 1999. On a semi-
quantitative measurement scale (very good, good, acceptable,
difficult, bad) and based on specific standard guidelines, com-
pliance was judged as acceptable or better in 80% of study
children by the responsible field staff.

For surveillance of morbidity, mortality, and periods of
absence, children were seen daily except Sundays by their
respective fieldworker. In addition, three cross-sectional sur-
veys were undertaken at baseline (June), mid study (Sep-
tember), and end of study (December). Children were seen and
examined by the same physician (OM) during all survey visits.
Anthropometric measurements were made on all children, while
serum zinc level was measured in a random subsample of 100
children.

Laboratory procedures

Venous blood taken during the surveys was kept in a cold box
until centrifugation, which was done on the same day in Nouna.
Serum samples were stored at –20°C until zinc determination
took place at the Heidelberg University laboratory by flame
atomic absorption spectrometry (Perkin-Elmer 1100 B,
Germany).

Anthropometry

Weight and mid-upper-arm circumference (MUAC) were
measured during each of the three surveys, while height/length
was measured only at baseline (before supplementation) and
the end-of-study survey. Weight was measured with one Salter
hanging spring scale with 100-g gradations which was
calibrated and controlled daily before and after use. Children
were allowed to wear a minimum of light clothes. Recumbent
length and standing height were measured with a locally
produced length board with an upright wooden base and a
moveable headpiece and a simple anthropometer respectively.
MUAC was taken with a flexible non-stretch measuring tape.24

Measures included weight to the nearest 0.1 kg, height/length
to the nearest 1.0 cm, and MUAC to the nearest 0.5 cm.
Anthropometric measurements were usually performed by the
same fieldworker following standard techniques.25 The SD
scores for height-for-age (HAZ), weight-for-age (WAZ), and
weight-for-height (WHZ) were calculated in comparison to the
National Center for Health Statistics (NCHS) standard popu-
lation, using Epi Info, version 6.0.26 Age calculations were
based on the precise information available through the existing
demographic surveillance system in the study area.24 Stunting,
underweight, and wasting were defined as HAZ �–2, WAZ
�–2, and WHZ �–2 respectively.27

Statistical analysis and data management

Field data forms were checked manually by supervisors for
completeness before independent computer entry (Microsoft
ACCESS, version 97) at the Centre de Recherche en Santé de Nouna.
All data were checked for range and consistency, and survey
data were double-entered. Any differences were resolved by
checking against the original case record forms. The random-
ization code was broken after the database was closed.

All analyses were done with SAS (version 8.1). Differences
among zinc supplementation and placebo group with respect to
the anthropometric measures were analysed as follows. For
each child we calculated the individual 6-month difference. The
effect of zinc supplementation as well as possible confounding
factors (age, sex, height and weight at baseline, ethnic group)
on these differences were investigated using a linear regression
model (SAS PROC REG). Changes in anthropometric measures
were also analysed seperately for children who were stunted at
baseline (HAZ �–2).

Ethical aspects

Approval was granted by the Ethical Committee of the Heidelberg
University Medical School and the Ministry of Health in Burkina
Faso. The trial was explained in detail to local authorities, to
study village populations and to the respective head of each
participating compound. Oral consent was sought from the
parents and caretakers of study children before enrolment.
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Results
The trial profile is given in Figure 1. Of 713 children eligible for
the study (one small village only had 23 children of the required
age group), 709 children were enrolled and randomized to
supplementation with zinc (n = 356) or placebo (n = 353).
Children were not supplemented on 4349 days in total due to
absence: average 6.3 days missing for each child (2163 zinc,
2186 placebo). During cross-sectional surveys, 661/685 (96%)
of study children were examined at baseline, mid study, and
end of study respectively.

Baseline data

In June 1999, the overall age distribution of study children was
as follows: 26% were 6–12 months, 27% were 13–18 months,
26% were 19–24 months, and 21% were 25–31 months old. Of
zinc supplemented children, 165/332 (50%) and 160/329
(49%) of placebo children were male. Overall, 304/661 (46%),
129/661 (20%), 130/661 (20%), and 77/661 (12%) of study
children belonged to the ethnic group of Marka, Mossi, Bwaba,
and Peulh respectively. Zinc and placebo groups were similar at
baseline regarding all demographic parameters, except that zinc
children were slightly older compared with placebo children
(18.7 versus 17.6 months).

The prevalence of malnutrition was high at baseline, with
36.3% of children below –2 z score for height for age (stunting)
and 24.6% below the –2 z score for weight for height (wasting).
The children in our study were not significantly different from
the normally poor nutritional status in the Sahel region.28

Baseline characteristics of study children by treatment group are
shown in Table 1.

Follow-up data

Paired serum zinc values for June and September (baseline and
mid-study survey) were available for 81 (41 zinc, 40 placebo) of
study children. Mean zinc levels at baseline were 11.7 µmol/l
with no differences between zinc and placebo group, and 72%
of study children were zinc deficient according to the reference
laboratory defined threshold value of 13.0 µmol/l. In September
(mid-study survey), after 3 months of supplementation, children
in the zinc group had significantly higher values compared with

placebo children (15.3 versus 12.4 µmol/l, P = 0.005) and the
proportion of zinc-deficient children has significantly declined
in the zinc but not the placebo group (11/41 versus 28/40, 
P = 0.0001).

Changes in length/height, weight, MUAC, and scores for
WAZ/HAZ/WHZ after 6 months of intervention are shown in
Table 2. Linear growth averaged 5 cm over the 6-month period,
which can be considered as normal. However, weight gains were
rather low (about 1 kg) so that gains in weight for age, weight for
height, and arm circumference tended to be negative. There were
however no significant differences between treatment and
placebo groups, even after controlling for sex, ethnic group, age,
weight, and height at baseline. When considering changes in
anthropometric indicators for stunted children only (HAZ �–2),
there was again no significant effect of zinc on growth
parameters.

Discussion
It has been estimated that 42% of children less than 5 years old
who are living in low-income countries are stunted (HAZ �–2),
a situation which has changed little over recent decades.3 High
incidence rates of infectious diseases in combination with poor
nutritional quality of traditional diets contributing to insufficient
food intake are considered the main causes of malnutrition in
such populations.1,29

We also found a high prevalence of stunting in this rural West
African study area, a situation furthermore complicated by a
high prevalence of wasting. The nutritional indicators were
particularly bad in children aged 12–24 months (data not shown),
which is typical for young children in rural Africa where bulky
weaning diets of low energy density prevail.

Given the low intake of animal products in the study area,
the existence of a high prevalence of zinc deficiency in young
children is very likely. This is supported by the finding of low
serum zinc levels in the study population, and by the significant
increase of serum zinc levels in children supplemented with
zinc compared to control children.

In this study, we have not found any significant effect of zinc
supplementation on nutritional indicators at a level verifiable
with standard anthropometric equipment in developingFigure 1 Trial profile

Table 1 Baseline characteristics of study children in intervention and
control group

Zinc (n = 332) Placebo (n = 329)

Age (months) 18.7 ± 7.0 17.6 ± 6.5
Height (cm) 76.0 ± 6.7 75.3 ± 6.5
Weight (kg) 8.8 ± 1.8 8.6 ± 1.9
MUACa (cm) 13.6 ± 1.3 13.6 ± 1.5
HAZb –1.6 ± 1.3 –1.5 ± 1.6
WAZc –2.0 ± 1.1 –2.0 ± 1.3
WHZd –1.2 ± 1.0 –1.3 ± 1.0

Data are mean ±SD.
a Mid-upper-arm circumference.
b Height-for-age Z score.
c Weight-for-age Z score.
d Weight-for-height Z score.

A few study children were missing individual measurements for length 
(n = 37), weight (n = 32), MUAC (n = 31), HAZ (n = 37), WAZ (n = 32), and
WHZ (n = 40).
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countries. However, these results have to be interpreted with
caution, as the study was not primarily designed to measure the
nutritional effects of zinc.21 Moreover, the pattern of observed
growth velocity is not usual in this age range, and is due primarily
to the heavy presence of malaria during the rainy season.

The differences between zinc and placebo groups were
indeed remarkably small, so that if there is any nutritional
impact of zinc supplementation it is likely to be of small magni-
tude. However, it should be noted that differences tended to be
in the expected direction, that is slightly higher weight and
height gains and smaller losses in MUAC in zinc-supplemented
compared with not zinc-supplemented children, especially in the
subgroup of stunted children. It remains therefore possible that
a larger trial might have detected minor differences between
groups in favour of zinc supplementation.

Small but real effects of zinc on nutritional improvement
have been considered likely in a recent meta-analysis of pub-
lished studies.12 Moreover, there is evidence for such effects
primarily being attributed to the effects of zinc on increasing
appetite and decreasing infectious disease morbidity.20 Growth
velocity changes, that might be associated with the reduced
diarrhoea morbidity observed in our study population, appear
to have been small and were not detected by our anthro-
pometric procedures followed here.21

There is now increasing evidence for a number of micro-
nutrients being implicated in linear growth, not just zinc.30

Consequently, it has been shown in a Chinese population that
supplementation with zinc plus other micronutrients was
superior compared with zinc alone in increasing growth
velocity.16 It has furthermore been shown that zinc was an
effective micronutrient in children with relatively better
nutritional status, whereas those with poorer nutritional status
were deficient in other nutrients that limited the response to
zinc supplementation.15 As the nutritional status of our study
children was rather poor, this might further explain our non-
significant results. Such an interpretation is furthermore
supported by the lack of an effect on growth velocity in children

of all three zinc supplementation trials from Africa which were
included in the meta-analysis,12 as well as by newer studies on
children with a poor nutritional status from Mexico and
Jamaica.14,31 The obvious policy implications would be to avoid
single-nutrient interventions in favour of multinutrient
programmes in populations of young children with a high
prevalence of malnutrition.

It is noteworthy to comment on our results in the light of the
meta-analysis by Brown et al.12 In our study the estimated effect
of zinc supplementation on change in weight is +0.08 kg with
95% CI (–0.03, 0.18) which corresponds to 0.11 SD. Given the
study size of our trial, an observed difference of about 0.14 SD
of weight gain would appear significant with P = 0.05. In the
meta-analysis an effect size of 0.26 SD was calculated (95% 
CI: 0.17, 0.36). Although our results are in line with several of
the studies included, overall our study therefore does not
support the general conclusion of the meta-analysis. For height
we have a similar result. Since our study appears larger than
each single study, inclusion would have a considerable impact
towards a lower overall effect.

In conclusion, zinc supplementation had no measurable
effect on growth velocity in young children in rural Burkina
Faso. If a small but real effect of zinc on nutritional develop-
ment exists, such an effect will not be of major public health
importance.
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All children HAZa �–2 baseline

Zinc (n = 332) Placebo (n = 329) P-valueb Zinc (n = 119) Placebo (n = 112) P-valueb

Difference (95% CI) Difference (95% CI)

Gain in height 5.0 ± 2.2 4.9 ± 2.1 0.45 5.1 ± 2.5 4.8 ± 2.4 0.52
(cm/6 months) 0.13 (–0.21, 0.48) 0.22 (–0.44, 0.88)

Gain in weight 1.0 ± 0.7 0.9 ± 0.7 0.16 1.1 ± 0.7 0.9 ± 0.7 0.11
(kg/6 months) 0.08 (–0.03, 0.18) 0.16 (–0.034, 0.35)

Change in MUACc –0.3 ± 1.0 –0.4 ± 1.1 0.13 –0.1 ± 1.0 –0.3 ± 1.1 0.22
(cm/6 months) 0.13 (–0.04, 0.29) 0.17 (–0.11, 0.45)

Change in HAZ 0.06 ± 0.8 –0.02 ± 0.8 0.24 0.3 ± 0.8 0.3 ± 0.8 0.46
0.08 (–0.05, 0.20) 0.08 (–0.13–0.29)

Change in WAZd –0.002 ± 0.6 –0.08 ± 0.6 0.13 0.2 ± 0.6 0.07 ± 0.6 0.12
0.08 (–0.02, 0.18) 0.13 (–0.032, 0.30)

Change in WHZe –0.09 ± 0.8 –0.1 ± 0.7 0.72 –0.01 ± 0.9 –0.1 ± 0.8 0.38
0.02 (–0.10, 0.15) 0.11 (–0.13, 0.34)

Data are mean ±SD.
a Height-for-age Z score.
b Effect of zinc on anthropometric variables by t-test.
c Mid-upper-arm circumference.
d Weight-for-age Z score.
e Weight-for-height Z score.
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Abstract
The efficacy of pyrimethamine-sulfadoxine in the treatment of uncomplicated falciparum malaria in
young children of a malaria holoendemic area in rural Burkina Faso is reported. Of 28 children
treated with a standard single dose of pyrimethamine-sulfadoxine and followed-up over 14 days,
only one Late Treatment Failure and four Late Parasitological Failures were observed, all with low-
grade parasitaemia. In this area of very restricted use of pyrimethamine-sulfadoxine, the drug
appears to be still sufficiently effective in the treatment of malaria. These findings provide further
evidence for the justification of continued use of pyrimethamine-sulfadoxine as a second-line
treatment for malaria in Burkina Faso.

Background
The first cases of in vitro and in vivo chloroquine resistance
in Burkina Faso were seen in 1983 and 1988, respectively,
and reported clinical failure rates after use of chloroquine
for treatment of uncomplicated malaria in children were
already around 5% in the early 1990s [1]. More recently,
the clinical failure rate of chloroquine in pre-school chil-
dren was shown to be around 10% in western Burkina
Faso [2,3]. These findings have led to the conclusion that
chloroquine still remains sufficiently effective after many
years of resistance occurrence in this part of West Africa.

Little information exists on the dynamics of resistance
development towards pyrimethamine-sulfadoxine, the
usual second-line treatment choice in African countries
with moderate chloroquine resistance. In Burkina Faso,
only very low parasitological and clinical failure rates dur-
ing use of have been reported in the past [1,2].

The efficacy of pyrimethamine-sulfadoxine in a rural area
of north-western Burkina Faso is reported.

Methods
The study took place in six representative villages of the
research area of the Centre de Recherche en Santé de Nouna
(CRSN) in north-western Burkina Faso [4]. The Nouna
area is a dry orchard savanna, populated mainly by sub-
sistence farmers of different ethnic groups. Malaria is
holoendemic but highly seasonal in the study area [4].

The study was nested into an ongoing insecticide-treated
bed net (ITN) study [5]. All ITN cohort children from the
six villages visited during a cross-sectional survey in Octo-
ber 2002 were enrolled if they fulfilled the following
inclusion criteria: age >6 months, falciparum malaria
( 37.5°C axillary temperature + 2.000 Plasmodium falci-
parum parasites/ l blood in the absence of another obvi-
ous fever cause), absence of antimalarial treatment during
previous two weeks, informed oral consent. All study chil-
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dren received a fully supervised single-drug treatment
with 1/2 tablet Fansidar (12.5 mg pyrimethamine plus
250 mg sulfadoxine), taken from the essential drug stock
of Nouna Health District. Children were observed for an
hour after treatment. In the event of vomiting, they
received another 1/2 tablet Fansidar.

Enrolled children were seen daily by village-based field
staff over a 14-day period and, in case of fever ( 37.5°C
axillary temperature), blood films were taken. Systematic
blood slides were taken from all study children on day 0,
3, 7 and 14. Blood films were examined by two experi-
enced laboratory technicians of the CRSN.

For the evaluation of treatment outcome, a modified def-
inition of the WHO protocol for assessment of therapeutic
efficacy of anti-malarial drugs in areas with intense trans-
mission was used [6]. Early Treatment Failure (ETF) was
defined as development of severe malaria on days 1–3 or
axillary temperature 37.5°C on day 3 in the presence of
parasitaemia, and Late Treatment Failure (LTF) as devel-
opment of severe malaria and/or axillary temperature

37.5°C on days 4–14 in the presence of parasitaemia
without previously meeting the criteria of ETF. Late Para-
sitological Failure (LPF) was defined as the presence of
parasitaemia on day 7 and/or day 14. Approval for the
study was granted by the Ethical Committee of the Heidel-
berg University Medical School and the Ministry of Health
in Burkina Faso.

Results
Of 357 cohort children seen during the survey, 40 chil-
dren (11%) were febrile and of those only 4 children had
no detectable malaria parasitaemia. Overall, 28 children
met the inclusion criteria and were enrolled into the
study. At baseline, the mean age of these study children
was 23 months (range 9–32), 17/28 (61%) were male, the
mean temperature was 38.1°C (range 37.5–39.9), and the
mean weight was 9.5 kg (range 5.5–12.9). The median
baseline number of P. falciparum trophozoites was
13.100/ l (range 2.000–177.000), and 9/28 (32%) study
children had P. falciparum gametocytes on day 0.

There was no loss to follow-up. No ETF was observed and
only one LTF occurred in a 26 months old and 10.0 kg
weighing male child, who had fever (38.7°C) and a low-
grade parasitaemia (50/ l) on day 14. In addition, 7/28
(25%) study children still had measurable parasitaemia
on day 3 (50–475/ l) without fever, and 4/28 (14%)
study children had a LPF with low-grade parasitaemias
(75–250/ l), two on day 7 and two on day 14 (all male).
On day 7 and/or day 14, P. falciparum gametozytes were
seen in 19/28 (68%) of study children.

Discussion
The findings from this study confirm the still very low
level of resistance to pyrimethamine-sulfadoxine in West
Africa [2,7-9]. The likely reason for the continued efficacy
of pyrimethamine-sulfadoxine is the low level of drug
pressure in these areas, where the large majority of malaria
cases is still treated with chloroquine [10]. These findings
justify continued use of pyrimethamine-sulfadoxine for
malaria second-line treatment in Burkina Faso, as in most
of West Africa.

However, the question of which drug or drug combina-
tion should be the successor of chloroquine for malaria
first-line treatment once this has reached unacceptable
high failure rates remains largely unsolved for the poor
malaria-endemic countries in sub-Saharan Africa (SSA)
[11,12]. Although, with regard to its still high efficacy,
pyrimethamine-sulfadoxine would be a promising candi-
date for replacing chloroquine in West Africa, resistance is
predicted to occur rapidly when the drug is used alone
[11,13]. Artemisinin combination therapy (ACT) is now
recommended by the World Health Organization as a
first-line treatment for malaria, but these combinations
are comparably very expensive and their use in malaria
control programmes will thus not be possible in many
countries of SSA without sustainable external support
[11,14]. The combination of amodiaquine and pyrimeth-
amine-sulfadoxine has recently been shown to be even
more effective than ACT, and this combination has now
been chosen as a pragmatic interim solution by some
countries of SSA [15,16]. Finally, the implications on the
long-term effectiveness of intermittent pyrimethamine-
sulfadoxine preventive treatment during pregnancy need
to be taken seriously into consideration when using
pyrimethamine-sulfadoxine as a first-line malaria therapy
regimens in SSA [17].
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3.1 Introduction 

During the last five years, in collaboration between CRSN and Heidelberg University, a number of 
epidemiological studies have been performed, are ongoing, or are in the planning stage. The epidemi-
ologists have benefited from the Nouna DSS, which provides a rich database and is ideally suited as a 
sampling frame for various epidemiological studies. The DSS procedures for data entry, data checking 
and data exchange between the partner institutions are described in chapter 1.2. 

There are common sequences of epidemiologic research: Often, in a first descriptive part standard 
measures such as incidence, prevalence and mortality are presented. This is usually followed by an 
analytical part in which risk factors for total mortality or specific diseases are identified and quanti-
fied.  However, before epidemiological research is possible, basic conditions have to be fulfilled like, 
for example, the accessibility to the field. This has been made possible through the setup of the DSS.  

A full sequence of this kind has been gone through since the foundation of CRSN: The DSS data had 
been collected for several years and were waiting for epidemiological analysis.  Since data on morbid-
ity and mortality are sparse in developing countries, DSS data provide a valuable source. The descrip-
tion of mortality of the population in space and time was a relevant topic which has been addressed in 
the joint epidemiologic investigations.  Results from these studies are presented in chapters 3.2, 3.4 
and 3.5. In a further analytical step, risk factors of childhood mortality were identified and quantified 
in a paper given in chapter 3.7, and a detailed analysis of malaria morbidity and mortality in a cohort 
of young children was described in another paper, given in chapter 3.6. 

The analysis of the longitudinal DSS data showed a high infant and childhood mortality, comparable 
to other West African countries. 

In the following section, some of the ongoing studies and recent results are outlined. 
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Ongoing epidemiological studies 

Risk factors for childhood mortality in Burkina Faso: a com-
parison of data from a national survey and information from 
the Nouna DSS 

This investigation is part of the second round of the collaborative research grant SFB 544 described 
above. In this study, we evaluated the accuracy of data obtained from a Demographic and Health 
Survey (DHS) with regard to risk factors for childhood mortality, using information gained from the 
Nouna Demographic Surveillance System (DSS) run by the CRSN. Using birth histories available 
from the DHS survey Burkina Faso 1998-99, a household survey which was planned to be representa-
tive for the whole country, we performed a survival analysis of childhood births in a similar fashion as 
had already been done for DSS data alone. All live births of the period 1994-98 (n=5953) were taken 
into account and a distinction was made between urban and rural areas. Similar information (on 12905 
children) is available from the Nouna DSS, which now includes a total population of about 60 000
inhabitants. We used all-cause childhood mortality as outcome variable (877 and 932 deaths from 

A simultaneous estimation of hazard rate ratios by a Cox regression model yields similar estimates for 
the DHS and DSS data, in line with previous findings. Moreover, we estimate that the mothers of 
1.5% of children of the DSS were deceased, thus underreporting of child deaths in DHS surveys is not 
very high. 

These findings demonstrate that, despite some limitations, DHS surveys are broadly comparable to the 
presumably more precise DSS data, and are therefore a valuable tool for assessing the importance of 
risk factors for childhood mortality in sub-Saharan Africa. This will help us to investigate new meth-
ods of estimating childhood mortality for a whole country, based on DSS data and knowledge about 
the distribution of the main risk factors. 

Seasonal patterns of  mortality in the Nouna DSS  

Few data exist on the seasonal pattern of mortality in sub-Saharan Africa. Yet age-specific mortality 
data and these data are both needed to inform health policy and target specific interventions. 
We analyzed the mortality data from the Nouna DSS. During the nine-year observation period from 
1993 to 2001, a total number of 4098 deaths were recorded in 39 villages with a population of around 
32000. We investigated seasonal patterns of mortality by (i) date of death and (ii) date of birth for five 
different age groups: infants (<1 year), children (1-4), young people (5-14), adults (15-59), and older 
people >60 years. Calculating age-specific death rates by month of death is straightforward. We as-
sessed the relative effect of each month of death using the floating relative risk method. Additionally, 
we modeled the seasonal effect with Poisson regression using a sine function with a 12-month period. 
To investigate the effect of date of birth, we calculated age specific death rates for cohorts born in 
different months. We applied a method which allows the calculation of a mean in circular distributions 
to detect date of birth as a mortality indicator. 

DHS and DSS). 
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The crude mortality is 14.5/1000 (95% CI 14.1-15.0). Overall mortality is consistently higher during 
the dry season (November until May) compared to the rainy season (June until October) (see figure 1). 
Mortality peaks in the early dry season for all age groups except in infants, where the highest mortal-
ity rates are observed around the end of the rainy season. Children aged 1-4 years have an intermedi-
ate pattern with highest mortality rates around the end of the rainy season but additionally also during 
the early dry season. For infants, we found a strong association between being born during the period 
September to February and mortality. 

Figure 1: Nouna DSS, Mortality rates per 1000 by month  

Infectious diseases and particularly malaria can explain this excess mortality in young children around 
the end of the rainy season. In contrast, the excess mortality in the other age groups during the early 
dry season remains largely unexplained. Specific infectious diseases, such as meningitis and pneumo-
nia, are likely to be its main causes. The association between being born around the end of the rainy 
season and mortality in infant is likely due to malaria deaths in areas of high transmission intensity 
occurring in the second half of infancy. 

Bayesian and GIS mapping of childhood mortality 

Various geographic information systems (GIS) are now widely used to map the distribution of dis-
eases and mortality. However, the mapping of raw mortality rates has been found to be inappropriate 
since it does not account for the spatial heterogeneity of the population at risk. Therefore, Bayesian 
techniques have been suggested as a solution to the problem. 

The original death rates are presented in a map in figure 2. 
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Figure 2: Distribution of standardized death rates in the Nouna DSS villages, averaged over the pe-
riod 1993 to 1998.  

We calculated annual mortality rates for each of the 39 villages of the study area using midyear popu-
lations of children under five. We then used two mapping techniques. Firstly, we used the GIS soft-
ware ArcView to map the crude mortality rates. Secondly, we smoothed the data by the method of 
empirical Bayes estimation. We then made use of the geostatistical prediction method of Kriging to 
spatially interpolate the data for successive years. 

No spatial pattern is identifiable from the circles representing mortality rates drawn on the map using 
ArcView. The circles are scattered over the study area and comparing annual distributions between 
them is difficult. The maps produced by the Bayesian technique also do not show a clear spatial trend 
pattern. However, they indicate the tendency of villages in the north-eastern region to produce higher 
incidence or risk values, confirming the results of an earlier study reporting a significant cluster of 
high childhood mortality in that same area. 

When drawing maps, estimates of disease incidence/mortality should account for the difference in 
population density to reflect the distribution of risk. Raw mortality rates should be first multiplied by a 
factor, in our case 1000, before they are plotted by any GIS approach. The Bayesian smoothing tech-
nique addresses the issue of heterogeneity in the population at risk and it we therefore recommend it 
for explorative mapping of disease/mortality. In this study, we have seen that the Bayesian method is 
helpful for visual identification of clustering in the northeastern part of the study region. 
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Mortality of twins and antenatal care  

Only few data on child mortality among twins in sub-Saharan Africa exist. We intend to assess the 
twinning in rural Burkina Faso with respect to prevalence and mortality. Beyond being an important 
risk factor for maternal and child mortality, multiple pregnancy has also gained attention as a tracer 
condition for assessing the quality of antenatal screening and referral. 

Thus, the comparison of population-based twinning rates and hospital-based twinning rates reflects 
the effect of antenatal detection and referral and allows assessing the coverage of obstetric care in this 
high risk group. 

We analyzed population-based data (deliveries, life births, deaths) from the Nouna DSS. All births in 
the period from 1.1.1993 to 31.12.1998 were included and followed up until the 30.04.2002. 9457 
deliveries with 9610 life births were recorded in the surveillance area (population 30988 in 1998) in 
this study period. 

In addition, we derived health service data from a document review in health facilities in Nouna Dis-
trict for the years 1994 to 2001. The District Hospital provides obstetric care for the entire district with 
its 252,000 population (1998). 

We estimated age and sex specific mortality risks, both by standard methods and adjusted mortality 
risks. 

Mortality of twins is high with one out of three dying before reaching the age of five years. This is 2.5 
times the mortality risk of singletons. Among twins, mortality is particularly high in the neonatal pe-
riod (RR 5.16; CI: 3.6 – 7.5) and in twins born to mothers above the age of 35 (RR 5.12; CI: 3.5 – 
7.6). The overall population-based twinning rate is 1.6 % (CI: 1.4 - 1.9), compared to a hospital-based 
twinning rate of 2.8% (CI: 2.2-3.1). Still, most twins (90.5%) were delivered outside a hospital setting. 
The high neonatal mortality in twins points to the need for special care in pregnancy, childbirth and 
post partum. Maternity services fail to cover adequately the vast majority of multiple pregnancies. 

From epidemiologic research to action: An example 

In the final section of this chapter we briefly describe the sequence of action that led from a descrip-
tive epidemiological study to a project in a particular village in the DSS study area. 

The analysis of the DSS data showed that infant and childhood mortality in the Nouna region is high, 
comparable to most countries in Sub-Saharan Africa. However, a closer scrutiny of the data showed 
that there is a considerable variation in the mortality rates between the 39 villages within the DSS. 
Using advanced techniques to analyse spatial and time-spatial patterns, we found that the north-east 
part of the study region had a significantly increased mortality compared to the rest (see chapter 3.2). 
One particular village, Cissé, had an extremely high death rate for all years within the observation 
period 1993-1998, with a peak yearly childhood mortality rate of 138.5 per 1000. 

To investigate the reasons for this alarming finding, we did the following: We visited the village for a 
direct inspection of the local living conditions, and we performed a case-control study in which fami-
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lies from Cissé and another village with comparably low childhood mortality were included. Families 
with a recent death of a child formed the cases, and families with a surviving child of comparable age 
formed the controls. Case and control families were interviewed on several factors (lifestyle, nutrition 
etc.) suspected to be related with childhood mortality. From another clinical study (chapter 2.2) which 
also included children from Cissé, it was found that the children from that village had a significantly 
lower weight than children from other villages. 

While the case-control study – which was not very large – gave some indication on risk factors, the 
prevalence of these was not that different in both villages as to explain the observed difference in 
mortality. The visit of the village, however, showed that the water supply in Cissé was worse than in 
other villages. 

A little later a charity organisation was founded in Heidelberg called “Friends of Nouna”. The city of 
Heidelberg as well as several companies were successfully approached to collect funds for projects 
which may be useful to improve living conditions in the Nouna DSS area. In a local meeting with 
representatives of the village Cissé and the Friends of Nouna, projects were discussed and it was de-
cided to build a new well in Cissé and to improve the hygienic conditions of the existing wells. In the 
beginning of 2004, the digging of the well reached ground water in a depth of 38 meters, and the fi-
nalisation of the construction was in Summer 2004. In a small ceremony, the well will finally be 
“opened” in parallel to the symposium to celebrate the 5th anniversary of the CRSN. 
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3.2 Clustering of childhood mortality in rural 

Burkina Faso 

SANKOH OA, YE Y, SAUERBORN R, MÜLLER O, BECHER H

Int J Epidemiol. 2001 Jun; 30(3):485-92 

Reprinted with permission from Oxford University Press  
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In the developing world, morbidity and mortality continue to
show a pattern characterized by high childhood mortality, mainly
due to infectious diseases. The World Health Organization1

states that ‘despite the extraordinary advances of the 20th
century, a significant component of the burden of illness globally
still remains attributable to infectious diseases …’ It therefore
states the need to develop more effective health systems as
one of the challenges to be addressed in order to improve the
world’s health. ‘The goal must be to create health systems that
can: improve health status; reduce health inequalities; enhance

responsiveness to legitimate expectations; increase efficiency;
protect individuals, families and communities from financial loss;
and enhance fairness in the financing and delivery of health
care’.

Until now, there is no routine registration of births and deaths
in most of the developing world. Information on basic
demographic measures often stems from demographic surveil-
lance systems (DSS). Usually, these systems are based on initial
census of a population of limited size, often in the order of some
ten thousands of individuals, followed by an active follow-up in
which births, deaths, in- and out-migration are recorded. Active
follow-up consists of information from specific community
informants or regular house-to-house visits to the respective
population at which events in the period since the preceding
visit are obtained.

The development and evaluation of effective programmes 
to reduce the burden of disease requires a detailed knowledge
of disease or mortality distribution and causal pathways. This
knowledge could be derived from analytical epidemiological
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studies that use as a platform large-scale health surveys and the
above described demographic surveillance systems (DSS) in
which causal relationships between risk factors and diseases or
mortality are investigated. Benzler and Sauerborn2 recommend
that in cases where general population-wide intervention
programmes are too expensive to implement, it is necessary to
limit such programmes to high risk units where certain adverse
health effects are more likely to occur. Therefore, investigating
whether the distribution of adverse health outcomes in a
population are either random or not should be an important
primary objective before starting a programme for primary and
secondary prevention of infectious diseases. It is necessary to
determine whether there are clusters where adverse health
outcomes seem to aggregate. If this is the case, there is need to
identify the causes of such clustering, to enable local health
personnel to identify them by means of simplified scores, and
to develop specific health care strategies targeted at these
clusters.

Statistical methodology to identify disease clusters is under
constant development. A general review of clustering methods
is provided by Hertz-Piciotto3 and examples of specific appli-
cations are given by Hjalmars et al.,4 Britton,5 Kulldorff et al.6

and Kulldorff.7 In this paper we employ the Kulldorff spatial
scan statistic8 for the identification of and testing for clusters of
childhood mortality.

The paper is organized as follows: First, we describe the main
characteristics of the DSS population on which most of the
analyses are based. We then describe the study population from
a controlled trial9 which turned out to be useful for supporting
the findings and give an outline of the statistical methods used.
Following the results we discuss our findings in the light of
immediate and future impact on public health and their possible
limitations.

Study populations

Geographical description

The study area is within the rural province of Kossi in
northwest Burkina Faso with the town of Nouna as its
administrative headquarters (Figure 1). Burkina Faso is a
landlocked country in West Africa with an estimated gross
domestic product (GDP) per capita purchasing power parity of
$1000 (CIA10), and an estimated cumulative mortality rate up
to age 5 years of 182 for males and 172 for females (World
Health Report11). The population is about 11 million (1997),
with 56% children under 15 years, and an annual population
growth rate of 2.6%. The country is predominantly rural; about
80% of the population live in rural areas. The rural provinces
have an inadequate health delivery system compared to the
urban areas.

With an area of 7464.44 km2, Kossi province has a population
of 240 000 and a population density of 32 inhabitants per
square kilometre. Of the population, 50.16% are female and
49.84% male. In all, 18.7% of the population are projected to
be children aged 0–5 years in 2000.

The DSS population

The DSS in rural Burkina Faso comprises the entire popula-
tion of 39 villages with approximately 30 000 people and

approximately 4800 households within the province of Kossi.
The villages are in the catchment area of three dispensaries with
attached maternity clinics staffed by a nurse and a midwife. In
1992, the first census was carried out. A control census was held
in 1993, and a further complete census was held in 1998. Since
1992 Vital Events Registrations (VEE) have been carried out
through the visits of trained interviewers to each village. These
interviewers ask three key informants if any deaths, births or
in- and out-migration have occurred in the preceding month
since the previous visit.12 In the VEE, births, deaths and
migrations were recorded with the cause of death determined
by verbal autopsy according to the method of Anker et al.13 The
database for this paper included a follow-up of the population
until 31 December 1998.

Randomized controlled trial cohort

In June 1999, a cohort of 686 children aged 6–31 months in 
a subsample of the DSS study villages was enrolled for a
randomized placebo-controlled trial on zinc supplementation in
which a possible effect on frequency of malaria episodes was
investigated.9 Children for the study were recruited from 16 out
of 39 study villages (blocks of 30 and 60 children randomly
sampled from small and big villages respectively), and prospect-
ively followed up for a period of 6 months through daily
household visits. Information on deaths was recorded during
this trial. The data of this study are used here for the purpose of
validating the results from the DSS database.

Statistical methods

Mortality ratios for the DSS data
We calculated the childhood death rates (DR) by village i,

i = 1,…,39 for years j, j = 1993,…,1998 using where

nij denotes the midyear population of children aged 0–4 years in
village i at year j, and dij the corresponding observed number of
deaths. In order to identify villages in which the death rate was
significantly above average, an exact 95% CI for each rate was
based on the Poisson distribution of the observed number of
deaths.14 A rate was considered significantly above average if
the overall rate of the respective year was below the lower value
of the confidence interval of the village rate, a procedure
commonly used in descriptive epidemiology.15 An overall
temporal trend in rates was analysed by applying a Poisson
regression model of the form dij = log(nij) + µ + β . j where
i = 1,…,39, j = 1993, 1994,…,1998 and tested for Ho : β = 016

using the software package EGRET.17

Method to investigate disease clustering
As briefly outlined in the introduction, several methods for
disease cluster analysis have been suggested. We chose the
Kulldorff spatial scan statistic8 in which the spatial distribution
of the population is taken into consideration as follows.

A circular window is imposed on a map by the spatial scan
statistic and it allows the centre of the circle to move across the
study region. For any given position of the centre, the radius of
the circle changes continuously so that it can take any value
between zero and some upper limit. The circle is therefore able
to include different sets of neighbouring villages. A village is
captured if it lies in the circle.

The method creates a set containing an infinite number of
distinct circles. Each of these circles could contain a different set

DR
d
nij

ij

ij
=
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of neighbouring villages and each of the circles is a potential
cluster of childhood mortality in the Kossi study area. For each
circle, the spatial scan statistic calculates the likelihood of
observing the observed number of cases inside and outside the
circle. The circle with the maximum likelihood is defined as the
most likely cluster, implying that it is least likely to have
occurred by chance. For each circle, the method tests the null
hypothesis against the alternative hypothesis that there is at
least one circle for which the underlying risk of mortality is
higher inside the circle as compared to outside. Generally, the
method tests the null hypothesis that the risk of children dying
is the same in all villages in the study area.

Let N be the total number of deaths in the study area, n the
observed number of deaths within the circle, and λ the expected
number of deaths in the circle under the null hypothesis. Let
the number of deaths in each village follow a Poisson distri-
bution. Hence the likelihood ratio for a specific circle is there-
fore proportional to

(1)

where LA(D) is the likelihood under the alternative hypothesis
that there is a cluster of elevated annual mortality rates in age
group 0–4 in a specific circle D, L0 is the likelihood under the
null hypothesis, and I is an indicator function that is equal to 1
when the circle has more deaths than expected under the null
hypothesis, and 0 otherwise. Maximizing (1) over all circles
results in the one that constitutes the most likely mortality
cluster. The test statistic is

(2)

Kulldorff8 has derived the likelihood ratio test and provided the
properties of the test statistic. We have used SaTScan 2.118 to
perform the calculations. The P-value of the statistic is obtained
through Monte Carlo hypothesis testing, where the null
hypothesis of no clusters is rejected at an α level of 0.05 exactly
if the simulated P-value is � 0.05 for the most likely cluster. The
program gives the most likely cluster with the corresponding 
P-value. If other clusters not overlapping with the most likely
cluster are identified, these are also given by the program with
their corresponding P-values. We applied this method both to
the DSS population (each year separately) and to the zinc study
population.

Kulldorff et al.4 have extended the spatial scan statistic into
a space-time scan statistic. In this case, the window imposed
on the study area by the statistic is cylindrical with a circular
geographical base and with height corresponding to time. The
centre of the base is one of several possible centroids located

throughout the study area and the height reflects any possible
time interval. The cylindrical window is then moved in space
and time. This was applied to the DSS data for the time window
1993–1998.

Results
The focus of this section is on the results from the DSS data. As
noted earlier, the results from the randomized control cohort
study are used here to validate the results from the DSS
database.

The DSS population

Table 1 provides summary data for all 39 villages in the study
area. The average yearly death rate (per 1000) for children
under 5 for the 6-year period was 35. This corresponds to a
cumulative rate up to age 5 years of 1–exp(–5 × 0.035) = 0.16
which is close to the estimated country-wide rate reported by
the WHO. There is a decline towards the end of the observation
period. We investigated whether there is a trend in the rates.
Using the full observation period, no significant trend was
observed. However, considering the possibility of some under-
reporting of deaths in the first year (1993) of observation which
may have resulted in the course of establishing the field pro-
cedures, we omitted the first year from the analysis and found
a highly significant decreasing trend in mortality (P � 0.001).

Table 2 shows crude death rates (per 1000) per year for each
of the 39 villages in Kossi province (ordered according to the
population size in the villages).

We calculated the death rates (per 1000) per year for each of
the 39 villages in Kossi province and the confidence intervals
for the rates. We then checked whether or not these contained
the overall average. In the second column of Table 2 are mean
midyear populations of children under 5 years old. Although
there was some variation in the number of children within a
village over the years, the population between the villages
differed up to a factor of about 15. The variation in rates in
almost all the villages can mainly be attributed to chance. An
exception is the village of Cissé which has rates significantly
above average in the last three years of the observation period
(1996–1998). The fact that these rates for Cissé appeared
consistent for consecutive years gives a first hint that chance
alone cannot explain these patterns. The following analysis
further strengthens this point.

Space and space-time scan statistic results of the
DSS population

Table 3 presents the results of the purely spatial analysis
scanning for high rates using the Poisson model for 1993
to1998. No statistically significant cluster was identified for
1993. A statistically significant cluster (P = 0.0051) comprised of
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Table 1 Total childhood mortality in the study area. (Summary data for all 39 villages.) Demographic surveillance systems study population

1993 1994 1995 1996 1997 1998 Total (1993–1998)

Total no. of deaths 151 195 172 204 147 162 1031

Midyear population children �5 4720 4786 4899 4840 4895 5323 29 463

Death rate (per 1000) 35.0 44.7 38.6 46.2 32.8 33.5 35.0

95% CIa 29.91–40.11 38.94–50.38 33.37–43.87 40.38–51.94 27.96–37.66 28.78–38.16 32.89–37.09

a Based on normal approximation.
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the census areas of 15 villages including Cissé and Labarani was
identified for 1994. In all 106 cases of childhood mortality were
observed (78.2 expected) and the cluster had a relative risk of
1.4. No statistically significant cluster was identified for 1995. For
1996 the identified statistically significant cluster (P � 0.001)
comprises the village of Cissé; 18 childhood mortality cases
were observed (5.5 expected) with a high relative risk of 3.3.
Cissé was also identified as a statistically significant cluster 
(P � 0.001) for 1997 (17 childhood mortality cases observed,

3.9 expected, overall relative risk 4.4). A significant second
cluster (P � 0.001) was identified for 1997. This cluster com-
prises seven villages (61 cases observed, 37.4 expected, relative
risk 1.6). For 1998, the statistically significant cluster (P � 0.001)
identified comprises the census areas of five villages including
Cissé and Solimana (37 cases observed, 18 expected, relative
risk of 2.0).

The scan statistic was thereafter applied to perform a spatio-
temporal analysis. The results are presented in Table 4. It is seen
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Table 2 Total childhood mortality in 39 villages in the Kossi province. Demographic surveillance systems study population

Name of village Total no. Mean population Death Rate (per 1000)

of deaths sizea 1993 1994 1995 1996 1997 1998

Goni 86 405 52.6 36.8 43.3 43.8 12.2 24.2

Koro 73 319 36.7 41.3 41.0 56.8 19.5 26.0

Kemena 72 310 40.8 19.4 28.2 48.8 60.6 33.3

Toni 34 255 10.5 15.0 19.5 41.0 34.2 16.5

Kamadema 64 244 50.3 79.4 55.6 71.7 64.3 60.6

Bourasso 40 237 33.5 30.2 40.4 23.5 17.0 26.4

Solimana 47 230 37.2 63.1 39.5 31.0 13.5 60.4

Kodougou-B 32 194 5.0 20.4 19.3 58.2 17.4 40.6

Nokuy-Bobo 35 189 11.2 31.4 25.1 55.0 34.1 29.1

Ouette 31 166 6.6 85.5 55.9 5.8 23.7 15.5

Sobon 42 161 41.4 73.8 40.0 25.2 59.8 43.0

Seriba 42 150 68.8 50.0 45.8 50.7 20.0 43.5

Pa 40 141 22.2 44.8 58.4 53.7 35.7 6.6

Sikoro 18 137 14.6 15.2 6.6 78.7 8.1 13.4

Cissé 76 135 80.7 51.9 69.9 138.5 131.8 80.5

Tissi 16 133 15.9 37.0 23.6 37.0 0.0 22.6

Lekuy 13 126 15.4 31.8 23.1 32.5 17.0 7.9

Sampopo 18 109 29.1 56.6 19.4 9.3 26.1 25.0

Dionkongo 33 107 46.3 75.5 77.8 46.7 26.8 42.4

Labarani 25 104 86.2 120.0 27.3 19.4 29.4 26.3

Dankoumana 28 90 13.7 68.5 68.2 93.0 40.8 37.4

Boune 27 86 76.1 75.0 66.7 34.5 74.1 11.4

Tebere 14 84 0.0 40.5 12.4 22.7 32.3 52.1

Biron-Marka 6 83 11.6 11.8 11.5 12.2 0.0 12.4

Dennissa-M 3 83 0.0 25.6 0.0 12.2 0.0 0.0

Barakuy 6 81 0.0 0.0 11.4 11.4 26.0 24.1

Boron 14 73 50.0 30.3 54.8 0.0 25.3 23.8

Dembelela 12 67 29.4 29.0 27.8 31.8 33.9 28.2

Dokoura 12 59 55.6 50.0 0.0 31.8 50.9 17.9

Tonsere 12 56 40.0 40.0 18.2 17.9 67.8 31.8

Diamasso 6 52 20.4 0.0 18.9 62.5 0.0 17.9

Limini 7 51 21.3 20.4 40.0 37.0 0.0 18.5

Denissa-Marka 6 40 45.5 0.0 54.1 0.0 0.0 0.0

Sirakorosso 2 33 0.0 27.8 0.0 27.8 0.0 0.0

Zanakuy 1 31 0.0 0.0 0.0 0.0 33.3 0.0

Dina 5 26 41.7 41.7 41.7 0.0 37.0 32.3

Lei 4 25 0.0 40.0 95.2 0.0 0.0 31.3

Sien 5 24 0.0 55.6 43.5 90.9 0.0 29.4

Biron-Bobo 3 17 0.0 0.0 100.0 0.0 0.0 0.0

OVERALL 4911 35.0 44.67 38.6 46.2 32.8 33.5

Bold numbers indicate mortality rates significantly (P � 0.05) above average in the respective year.
a Arithmetic mean of midyear populations.

Villages in bold print were selected for the Zinc Study.
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that the village of Cissé was identified as a statistically significant
cluster (P � 0.001) for the period covering 1996–1998 (47 cases
observed, 14.4 expected, overall relative risk for this period 3.3).
The identified statistically significant secondary clusters were
the village of Kamadema (P = 0.02) for the 1994–1996 period
(48 cases, 25.2 expected, relative risk 2.0).

Since the village of Cissé was consistently identified as
belonging to clusters of significantly higher childhood mortality,
we decided to omit this village and apply the statistic again.
Only the following two statistically significant clusters were
identified. For 1994, a significant cluster (P = 0.01) included the
villages of Dankoumana, Sampopo, Koro, Ouette, Zanakuy,
Sien, Seriba, Solimana, Diamasso, Boune, Limini, Sirakorosso,
Dina, Dionkongo, Tissi, Lei and Labarani (97 cases, 71.2 expected,
overall relative risk 1.3). This is the northwestern region of the
study area to which Cissé also belongs. For 1997, a significant
cluster (P � 0.001) included the villages of Kenema, Dembelela,
Toni, Pa, Sobon, Dakoura and Kamadema (61 cases, 34.0 expected,
overall relative risk 1.8). This cluster has also been identified as
a secondary cluster in the first analysis. For all other years, no signifi-
cant clusters were found. In Figure 1 the clusters are displayed.

The results after omitting Cissé show that the significant
cluster in 1994 remains unaffected (the same villages except
Cissé form a cluster, P = 0.01). For 1995 and 1996 no significant
cluster was identified. For 1997 the previously identified
secondary cluster was identified. For 1998 the previously iden-
tified cluster except Cissé (Solimana, Sien, Seriba) was again
identified, however not significant (P = 0.1). These results show
that while Cissé seems to be the village with the strongest increase
in mortality, the whole subregion appears to be conspicuous.

The scan statistic was also applied to scan for clusters of
significantly lower mortality. No such cluster was identified.
This may provide a good evidence of no systematic under-
reporting in certain villages versus others.

The DSS database provides information on some other
variables possibly linked to childhood mortality. In particular,
we investigated the variables ‘distance to next health centre’,
‘religion’ and ‘ethnicity’. The increased risk for children in Cissé
appeared to be independent of these factors: The nearest health
centre to Cissé is 18 km away, only slightly above average for all
villages (range: 0–34 km, mean 11.3 km). The predominant
ethnic group in Cissé is the Peulh in contrast to the surrounding
villages. However, the Peulh have an overall childhood
mortality which is below average. The most frequent religion in
Cissé is Islam (94.3% in Cissé, 60.5% in the total study region).
However, the overall mortality in Muslims is below average.
Thus, all these factors do not explain the increased risk.

The randomized controlled trial cohort

Table 5 shows the data from the Zinc study. We observed 17
deaths in the observation period, which corresponds to a
mortality rate of 57 per 1000 person-years (95% CI: 32.7–89.3).
We did not distinguish between treatment and placebo groups
because (1) zinc supplement was not shown to have an effect
on malaria mortality or morbidity and (2) the randomization
unit was the child and not the village. This is higher than the
rate for the age group 0–4 in the total DSS population, which
may partly be explained by the lower age of this cohort. In all,
13 out of the 17 deaths are concentrated in the two villages in
the study area (Cissé [7 deaths] and Solimana [6 deaths]).

Space scan statistic results of the randomized controlled trial cohort
Using data from the Zinc study shown in Table 5, a purely
spatial analysis scanning for high rates was carried out. The
statistically significant most likely cluster (P � 0.001) of
childhood mortality identified comprises the villages of Cissé,
Tissi, Dionkongo, Sériba and Solimana (14 cases recorded, 5.7
expected). The cluster has a high relative risk of 2.4. All the five
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Table 3 Total childhood mortality in Kossi province for 1993–1998 using purely spatial analysis scanning for high rates; Demographic surveillance
system study population

Year Type Location Cases Expected Relative risk P-value

1993 Most likely Lei, Sien, Solimana Seriba, Cissé 29 17.6 1.7 0.26

1994 Most likely Dankouma, Sampopo, Koro, Ouette, 
Zanakuy, Sien, Boune, Limini, Sirakorosso,
Dina, Dionkongo, Tissi, Lei, Cissé, 
Labarani 106 78.2 1.4 0.01

1995 Most likely Sampopo, Dankouma, Koro, Sien, 
Ouette, Lei, Seriba, Dina, Solimana, 
Dionkongo, Tissi, Cissé, Diamasso, 
Boune, Limini 79 62.0 1.3 0.31

1996 Most likely Cissé 18 5.5 3.3 �0.001

1997 Most likely Cissé 17 3.9 4.4 �0.001

Secondary Toni, Dembelela, Kamadema, Pa, Sobon, 
Dokoura, Kemena 61 37.4 1.6 �0.001

1998 Most likely Lei, Sien, Solimana, Seriba, Cissé 37 18.4 2.0 �0.001

Table 4 Total childhood mortality in Kossi province for 1993–1998 using space-time analysis scanning for high rates; Demographic surveillance
system study population

Type Location Time frame Cases Expected Relative risk P-value

Most likely Cissé 1996–1998 47 14.4 3.3 �0.001

Secondary Kamadema 1994–1996 48 24.2 2.0 0.02
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villages are located in the northeastern part of the study area
and are close to each other (Figure 1).

Discussion
Data from this DSS have been collected since 1993, and many
efforts have been made to provide as complete and accurate a
database as possible. For example, in order to minimize errors
in data collection, interviewers use pre-printed database
registration forms. Three field supervisors examine the ques-
tionnaires in the field to check if the data collected by the
interviewer makes sense. Among several steps, the supervisors
take a sample of the completed questionnaires and return to the
households to verify the information they contain.

However, irrespective of the above efforts, the conditions for
data collection in rural parts of developing countries have their
limitations. It is not possible to achieve a record of all deaths. The
question is whether underreporting of cases or other incomplete
recording of events (birth, in- and out-migration) could have had
an impact on our results. If, for example, in several villages a
constant underreporting of cases had occurred, this would have
an immediate effect on our results. Although we cannot rule out
the possibility that some infant deaths remained unreported, we
do not have evidence of differential underreporting of cases
between the villages. The non-existence of clusters with signifi-
cantly lower total childhood mortality in the study area indicates
that there was no systematic underreporting in some villages.

The following characteristics hold in the whole study region
and not specifically in some parts of it: (1) the death rates
obtained from the DSS are well within the order of magnitude
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Figure 1 Map of study area showing location of significant clusters of higher total childhood mortality rates in 1994, 1996, 1997 and 1998

Table 5 Study population and number of deaths by village.
Randomized controlled trial cohort

Name of village No. died during Total no. of children
study period in the  study

Biron Marka 0 26

Bourasso 0 59

Cissé 7 60

Dankoumana 0 29

Dionkongo 1 30

Kodougou Bobo 0 57

Koro 0 55

Labarani 0 30

Nokuy Bobo 2 53

Ouette 0 30

Sampopo 0 30

Seriba 0 60

Sikoro 0 57

Solimana 6 52

Tebere 1 29

Tissi 0 29

OVERALL 17 686
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expected, when compared with other DSS results (e.g. Bergane
et al.19). (2) The interviewers who visited the villages and
collected the information were well trained according to
standardized procedures. (3) The information used in this paper
was total mortality only, rather than cause-specific mortality.
The latter was much more difficult to obtain from the data set
with sufficient reliability, as the causes of death were basically
obtained by verbal autopsy from the mother, and it is often
difficult to decide on a particular cause of death from that
information. In several cases, the cause of death is unknown.
However, the majority of cases included in this analysis were
from infectious diseases (malaria, diarrhoea), often in com-
bination with malnutrition. As an immediate consequence from
our findings, a qualitative study is underway with the aim to
scrutinize possible causal factors with in-depth interviews.

Using the method for analysing temporal trend described
above, we found a significant decrease in childhood mortality
over the observation period when omitting the birth year
(1992) from the analysis. However, this was a data-driven
procedure as the rate for 1993 was found to be considerably
lower than in the years after. Therefore, the significant finding
of a decreased trend must be considered as a trend rather than
a definite finding, and more years of observation are needed
before one can conclude that the childhood mortality in the
DSS catchment area is decreasing significantly.

In the study by Benzler and Sauerborn2 which used the main
components of the DSS in Nouna, several attributes of
newborns and households were used as potential predictors of
childhood death in a cohort of 1367 newborn children in the
study area from 1992 to 1994. The authors found an average
mortality rate of 6.8% per year. However, specific patterns of
death rates by village have not been reported in their analysis.

In our study we analysed the DSS data as to a possible spatial-
temporal pattern of mortality. The result of a very pronounced
cluster of higher rates with the centre of the cluster being the
village of Cissé is rather alarming. This finding is supported by the
results from the randomized controlled trial described above as in
this trial excess mortality was again observed in the village of Cissé.
Thus, we strongly believe that our finding on clustering of total
childhood mortality in the Nouna region is indeed real and not due
to systematic bias. We looked at the distribution of exact date of
death, in particular in the village of Cissé, to look for seasonal peaks
in mortality. We found a surprisingly uniform distribution over the
years which does not support the hypothesis that an infectious
disease outbreak has occurred causing the excess mortality.

A possible drawback of the analysis using the Kulldorff method
is that clusters are defined as circles. This feature has some
implications which must be considered in the interpretation of

the results: (1) if a village with low mortality is surrounded by
villages with high mortality, it is always included in the cluster
although some characteristics of this village may be different
than the others; and (2) if a clustering of cases is, say, along a
river, a circle is not the appropriate form to detect it. The first
feature can be observed in the analysis of the controlled trial
cohort, where the two villages with high numbers of deaths are
surrounded by others in which no deaths or only one death was
recorded. By construction of the test statistic, all these were also
included in the cluster identified.

This study may be regarded as a first step in prioritizing areas
for analytical studies. In general, malnutrition, malaria, diarrhoea,
measles, and acute respiratory infections remain the major
causes of childhood disease and death in most of rural Africa.20

Childhood mortality is also on the increase in many parts of
Africa, partly due to the consequences of the AIDS epidemic
and partly due to increasing resistance of malaria parasites to
the main first-line therapy drug chloroquine.21 Although little
is known about the prevalence of HIV in the Nouna study area,
there is little evidence today to suggest that HIV/AIDS con-
tributes much to childhood mortality in rural Kossi province.

Studies in other parts of Africa have documented significant
space-time clustering of malaria. For instance, Snow et al.22

report a space-time clustering of severe childhood malaria on
the Coast of Kenya with seasonal peaks in incidence of severe
malaria comprising discrete mini-epidemics. Similar studies on
the microepidemiology of malaria are now underway in the
Nouna study area, and the results are likely to help us better
understand the observed clustering of mortality in the area.
There is some evidence that the cultural pattern of hygiene and
health-seeking behaviour contributing to the observed
differences in health outcomes (Müller, unpublished results) in
the Nouna study area.
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KEY MESSAGES

• A demographic surveillance system in a rural area in Burkina Faso provides data for childhood mortality analysis
(1993–1998).

• The spatial scan statistic was used to identify spatial and space-time clustering of childhood mortality.

• Regions of different sizes, however, always including one particular village with significantly increased mortality,
were identified.

• Data from a controlled trial which included this particular village showed a similar result.

• Available demographic and other variables (e.g. ethnicity, religion) did not explain the finding.
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1 Ministry of Health, Public Health Division, Accra, Ghana
2 Centre de Recherche en Santé de Nouna, Nouna, Burkina Faso
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Summary Malaria-related knowledge, attitudes and practices (KAP) were examined in a rural and partly urban

multiethnic population of Kossi province in north-western Burkina Faso prior to the establishment of a

local insecticide-treated bednet (ITN) programme. Various individual and group interviews were

conducted, and a structured questionnaire was administered to a random sample of 210 heads of

households in selected villages and the provincial capital of Nouna. Soumaya, the local illness concept

closest to the biomedical term malaria, covers a broad range of recognized signs and symptoms.

Aetiologically, soumaya is associated with mosquito bites but also with a number of other perceived

causes. The disease entity is perceived as a major burden to the community and is usually treated by both

traditional and western methods. Malaria preventive practices are restricted to limited chloroquine

prophylaxis in pregnant women. Protective measures against mosquitoes are, however, widespread

through the use of mosquito nets, mosquito coils, insecticide sprays and traditional repellents. Mosquito

nets are mainly used during the rainy season and most of the existing nets are used by adults, particularly

heads of households. Mosquito nets treated with insecticide (ITN) are known to the population through

various information channels. People are willing to treat existing nets and to buy ITNs, but only if such

services would be offered at reduced prices and in closer proximity to the households. These findings

have practical implications for the design of ITN programmes in rural areas of sub-Saharan Africa (SSA).
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Introduction

Of the estimated annual 300–500 million clinical malaria

cases and 1.5–2.7 million deaths that are directly attribut-

able to malaria, the great majority occur in young children

of remote rural areas of sub-Saharan Africa (SSA) (WHO

1997; Snow et al. 1999). As malaria control mainly relies

on early diagnosis and prompt treatment with effective and

affordable first-line antimalarial drugs, the rapidly increas-

ing level of resistance to chloroquine in SSA is likely to

contribute substantially to observed reversals in child

mortality rates (Müller & Garenne 1999; Trape 2001).

For more than two decades now, insecticide-impregna-

ted bednets and curtains (ITN) have raised renewed

interest as a tool in malaria control. In Africa, five major

trials in areas of different malaria transmission intensities

have documented a reduction in all-cause mortality of

young children associated with ITN protection (Alonso

et al. 1991; D’Alessandro et al. 1995; Nevill et al. 1996;

Binka et al. 1997; Habluetzel et al. 1997). A meta-analysis

of all randomized controlled trials showed an overall

protective efficacy against all-cause mortality and malaria

disease episodes of 18 and 45%, respectively (Lengeler

1998).

ITNs have since become an integral part of the global

malaria control strategy and the global ‘Roll Back Malaria’

partnership (World Bank 1993; Nabarro & Tayler

1998). Until today, the distribution of ITN through the
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governmental health system and the sale through the

private sector by a social marketing approach are the two

major strategies for implementing community-based ITN

interventions in SSA (Lines 1996).

To date, however, experience with local factors influ-

encing the effectiveness and sustainability of ITN pro-

grammes remains limited. In the Gambian National

Impregnated Bednet Programme (NIBP), the introduction

of fee-for-service was accompanied by a sharp drop in

impregnation coverage from 85% during the first year to

14% in the second year (D’Alessandro et al. 1995). An

evaluation of the activities of the NIBP during its third

year showed that offering insecticide through private

channels leads to increased impregnation coverage, and

that providing insecticide through maternal and child

health services is effective in targeting young children

(Müller et al. 1997). More recently, in Tanzania, a major

ITN social marketing pilot project achieved high coverage

of the intervention, which was associated with a sub-

stantial reduction in malaria morbidity in young children

(Armstrong-Schellenberg et al. 1999; Abdulla et al. 2001).

Prior to the intervention, a number of ITN programmes

conducted community-based research to elucidate com-

munity knowledge, attitudes, and practices (Procacci et al.

1991; Aikins et al. 1993, 1994; Ettling et al. 1994;

Gyapong et al. 1996; Van Bortel et al. 1996; Vundule &

Mharakurwa 1996). Much of this research was based

exclusively on survey research. Only in the late 1990s,

triangulated public health research using both qualitative

and quantitative approaches to data collection was

promoted (Agyepong et al. 1995; Gyapong et al. 1996;

Agyepong & Manderson 1999; Rashed et al. 1999) and

anthropologically informed studies were undertaken

(Agyepong 1992; Winch et al. 1994; Makemba et al. 1996;

Winch et al. 1996; Binka & Adongo 1997; Winch et al.

1997). Profound, long-term ethnographic research related

to malaria and its prevention is still an exception and much

needed (Hausmann Muela et al. 1998).

This body of research suggests that mosquito nuisance,

perceived malaria risk, household income and other

household variables such as ethnicity, age and gender are

the most important determinants of mosquito net owner-

ship and use (Aikins et al. 1993, 1994; Winch et al. 1994;

Gyapong et al. 1996; Zimicki 1996). As mosquito nuisance

is one of the major determinants for use of mosquito nets,

compliance is usually much lower during the dry season

than the rainy seasons (Winch et al. 1994; Zimicki 1996;

Binka & Adongo 1997).

As an exploratory study prior to a district-based ITN

programme in northwestern Burkina Faso, we conducted

descriptive research on community factors associated with

malaria prevention including mosquito net use. We also

examined issues of acceptability of ITNs by the local

population.

Methods

Study area

Our study was conducted in the research zone of the Centre

de Recherche en Santé de Nouna (CRSN), Burkina Faso

(Kouyaté et al. 2000). Nouna, the capital of Kossi province,

is situated about 280 km northwest of Ouagadougou. The

CRSN study area comprises Nouna town (20 000 popula-

tion) and a rural area of 41 villages (35 000 population).

Most of the population belongs to the Marka, Mossi,

Bwaba, Peulh and Samo ethnic groups. The main socio-

economic activity is subsistance farming. Malaria is holo-

endemic but markedly seasonal, with most transmission

and disease occurring at the end of the rainy season, which

usually lasts from June to October (Müller et al. 2001).

The study focused on 10 of the 41 rural CRSN study

villages and all sectors of Nouna town. The villages were

purposely selected to represent the rural study population

in its socio-cultural, demographic and geographical

diversity.

Study design

The study was exploratory and descriptive in nature, using

both qualitative and quantitative approaches to data

collection. The research team comprised of the investiga-

tors and four trained interviewers who were familiar with

the local setting and the local languages. All questionnaires

were translated into Dioula, the lingua franca of the study

area, and were pre-tested before being administered. The

survey instrument was informed by findings of the

qualitative research.

Qualitative research

Focus group discussions (FGD), individual interviews and

key informant interviews were conducted in four of the 10

study villages and in Nouna town. Ten FGDs (five with

men and five with women) were held with groups of 10

participants each. We selected participants with at least

one child below 5 years in their household, because we felt

that they would have more specific experience with malaria

and would be able to contribute more to the discussions.

The discussions dealt with community knowledge of

malaria-related concepts, and attitudes and practices

regarding malaria prevention and treatment. We deliber-

ately focused on naturalistic illness concepts close to the

biomedical concept of malaria, relevant and amenable to
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the mosquito net programme as a public health interven-

tion, at the expense of a more elaborate ethnographic

investigation of local illness terminologies and taxonomies,

supernatural aetiologies and their ethnographic context

(Hausmann Muela et al. 1998). The local illness termino-

logy reported by FGD participants was supplemented by

information from semistructured interviews with 40

persons of mixed ethnicities in Nouna town. We also

conducted nine key informant interviews with medical

personnel, local tailors and traders of mosquito nets, users

of mosquito nets, traditional healers and ambulant drug

peddlers. The interviews assessed the respondents’ beliefs

concerning malaria aetiology, nosology and prevention,

and their practices on current malaria prevention and

treatment measures including pattern of mosquito net

ownership and use.

Raw field notes and tape recordings were first transcribed

and translated. The data were processed and analysed with

ATLASATLAS.ti, a software package for qualitative data analysis,

using a pre-established code list (ATLAS.ti 1997).

Quantitative research

Concepts and categories emerging from qualitative

research informed the construction of the survey instru-

ment, notably the definition of variables. Respondents were

sampled through a modified Expanded Programme for

Immunization (EPI) cluster sampling methodology. This

was carried out by first dividing the CRSN study area into

two geographical clusters, urban and rural. The urban

cluster comprised Nouna town while the rural cluster

comprised a random sample of six of the 10 purposely

selected villages for this study. In the second stage, the

urban cluster was subdivided into seven subclusters (all

seven Nouna sectors), and the rural cluster into six

subclusters (all six study villages). Overall, 210 households

were selected proportional to the size of the geographical

cluster, and the participating households were finally

chosen at random in each cluster. A structured question-

naire was administered to the heads of the selected

households. The questions focused on socio-demographic

characteristics, ownership and use of mosquito nets,

factors determining the possession and use of mosquito

nets, knowledge and acceptability of insecticide-impreg-

nated mosquito nets and the knowledge and practice of

other malaria prevention and treatment methods.

The data were analysed with the Statistical Package for

Social Sciences (SPSS) for Windows 95. Simple proportions

were used to describe the parameters investigated.

Approval was granted by the Ethical Committee of the

Heidelberg University Medical School and the Ministry of

Health in Burkina Faso.

Results

Description of the study population

Most of the study population was within the age range

20–40 years and the great majority was illiterate. All

respondents in the qualitative research with the exception

of two FGD participants and four key informants were

farmers, with different ethnic background. While roughly

half of the participants on the qualitative interviews and

discussions were females, the great majority (87%) of the

heads of households interviewed during the survey were

males. Of those, 80/210 (38%) were from Nouna town

and 130/210 (62%) were from the six villages. The

distribution of ethnicity was as follows: Bwaba 71/210

(34%), Marka 55/210 (26%), Mossi 46/210 (22%), Samo

26/210 (12%), Peulh 9/210 (4%) and others 3/210 (1%).

Most respondents were married (190/210 90%) and

most were in a monogamous union (137/190 72%).

Knowledge and awareness of malaria

There is no one-to-one equivalent for the biomedical

concept of malaria in any of the local languages. The

Djoula term soumaya, a broad syndromic entity, is closest,

and generally used in public health discourse to commu-

nicate with the population on malaria-related matters.

Soumaya literally means ‘a state of being cold’. Although

most people acknowledge that mosquitoes can transmit

soumaya, other aetiological factors such as humidity,

exposure to rain and cold are widely being held as

causative factors.

Soumaya is unanimously considered a serious illness, as

expressed by the following citation from one of our FGDs:

‘When we hear of soumaya, it is a serious illness Because

it is the mother of all illnesses. All illnesses which have not

yet developed, begin to appear when you have soumaya.

Headache, backache, constipation, all come from soumaya.’

Soumaya is perceived to manifest through different signs

and symptoms, the more general ones being headaches,

constipation, muscle weakness, eye pains, stomach pains,

fever, tiredness, cold, itching of hands, neck and back pain.

According to our respondents, these symptoms indicate a

simple type of malaria common to adults as well as

children. The more serious reported manifestations of

soumaya are jaundice, dizziness and joint pains. The latter

symptoms were associated with the Djoula term djokadjo,

which means ‘yellow eyes’. All the ethnic groups further

knew of djokadjo as an illness common in adults and

children.

Virulent fevers with convulsions during childhood are

often interpreted as resulting from an ibou bird (translated

as kono in local language and engoulevent in French
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language) flying during full moon over the village taking

away the soul of the child. A variety of preventive efforts

are undertaken to avoid this, for example, women clap

their hands when they see an ibou flying over a village at

night. Pregnant women are forbidden to sleep outside

during full moon.

The serious types of malaria were perceived as very

problematic and characterized by severe suffering of

victims. Participants of our FGDs considered the disease

very disturbing, especially in households with children.

Some of their typical statements are captured in the

following citations: ‘When we hear of soumaya, and we

have children, our heart is not at peace. Soumaya in any

way is a true problem among us here If your child is sick

and lying down how do you get money to care for him.

You either think of the work on the farm or the child and

you must leave one to do the other Soumaya is a big

thing because a lot of our children are losing their lives

from it ’

Some of the reported impact is economic and social

distress and hardship, including the inability to work.

During our FGDs, it was emphasized that soumaya is an

illness burden particularly during the high time of agri-

cultural activities when households have depleted most of

their food stocks and have neither time nor money for

transport and treatment.

Most FGD participants stated that mosquitoes cause

soumaya. This was partly explained by mosquitoes trans-

mitting the disease from a sick person to a healthy one, and

partly through dirty water deposits responsible. Typical

statements were as follows: ‘There are also a lot of

mosquitoes here, if they bite you, after biting a sick person,

you know that the sickness has come. The wicked soumaya

does not leave any part. It is the mosquito, which brings all

that ’ ‘The mosquitoes which live in water, when they

bite you, they leave the water under your skin. That can

also give you soumaya’.

The interview participants reported a number of other

causes for soumaya, ranging from specific food to hygiene

and poverty (Table 1).

Malaria treatment and prevention

Malaria treatment was often reported to be a combination

of both modern and traditional methods. Depending on the

type of malaria and its severity, people usually started with

some traditional therapy, followed by modern treatment in

case of failure. For serious disease, the nearest health centre

was the most frequently cited option.

Malaria was reportedly cured with ‘anti malaria drugs’

such as chloroquine, paracetamol and aspirin, which were

bought from merchants or governmental health services.

Table 1 Perceptions of the causes and the mechanisms of soumaya

Number of times mentioned during

FGDs (n 10)

Perceived causes of soumaya Perceived causal mechanisms involved Frequency %

Mosquitoes Sucking blood 10 100
Deposition of dirty water under the skin

of victims

6 60

Poverty and lack of means Inability to provide good care, to prevent

disease or to purchase treatment

10 100

Poor personal and environmental hygiene Favours indirectly the growth of
various parasites

6 60

Fruits (i.e. mangoes), shea nut, leaves of
fresh beans, sugary foods, condiments

(i.e. Maggi)

Eating food items considered cold in
terms of property

6 60

Kono (bird) Flies over the house at night 5 50

Fatigue Weakening of the body 4 40

Dirty food Eating 3 30

Dust Entering one’s chest 2 20

Cold, particularly cold rains Cold temperatures, rain water falling

on ‘chilling’ persons

2 20

Inheritance + environmental factors Sick mother gives birth to sick child 1 10

Tropical Medicine and International Health volume 7 no 3 pp 240–248 march 2002

J. Okrah et al. Community factors associated with mosquito nets

2002 Blackwell Science Ltd 243

119



Although there was evidence for incorrect dosages in

several instances, perceived effectiveness was emphasized

by many respondents: ‘We often treat malaria by taking

antimalaria drugs. That is to say, you can even have the

germ in the organism, but if you take antimalaria products,

they completely neutralize the germ.’

Most respondents reported the regular use of traditional

treatments like flowers of eucalyptus plants, acacia, citro-

nella, papaya, guava and leaves and roots of the neem tree.

The herbs were used in various combinations, the common

one being eucalyptus plants with acacia and neem leaves.

They are reportedly boiled, and the concoctions drunk,

bathed in or perfused, depending on the perceived severity

of the illness. However, unlike biomedical drugs, the

effectiveness of the herbal treatments was considered

uncertain, as expressed by some respondents: ‘When one

has soumaya, we uproot the leaves and bathe it is a

question of chance. For some people it works, others use

the traditional plants in vain and go to the hospital.’

Specific malaria prevention measures reported during the

FGD were the use of chloroquine for pregnant women, the

use of mosquito nets, the evacuation of dirty stagnant

water, and the use of a specific plant (Djoula: Fariwêgnè

yiri) as an insect repellent in rooms. The most frequently

mentioned specific practice against mosquitoes reported

from participants in the survey was the use of mosquito

coils (142/210 68%). Mosquito coils and insecticide

sprays were sold, under various brand names, in the local

markets. Most of the measures against mosquitoes targeted

at the perceived mosquito nuisance rather than for malaria

prevention.

A statement from a key informant, a health officer, is

summarized below: ‘As for the preventive measures in

general, it is individual protection. At the moment, where

we can say something better is only with pregnant women.

All the rest, we cannot say that any measure is in place ’

Mosquito net prevalence, characteristics and use

Forty-nine percent (103/210) of respondents in the survey

reported at least one mosquito net in their household (21%

owned one, 13% two, and 15% more than two mosquito

nets). More urban households compared with rural

households owned mosquito nets (55% vs. 34%).

About two-thirds of the nets were rectangular, white and

synthetic, of various origins and sold in the local markets.

The materials are usually imported from Europe or Asia,

and the mosquito nets produced by local tailors. Some

were locally made mosquito nets and curtains, made from

thick cotton. These were particularly preferred by older

individuals, as a means to provide warmth during the

colder periods of the year. Most mosquito nets were used

for more than 3 years (60/103 58%). Most of house-

holds had devices on their walls (77/103 75%) and/or

ceiling beams (63/103 62%) for fixing nets. Seventy-

three percent (75/103) of respondents used their mosquito

nets only during the raining season, only 12/103 (12%)

used their nets throughout the year.

Adult men were the group who reportedly used mos-

quito nets most often (35/103 34%), followed by

mothers with young children (20/103 19%) and elderly

persons (17/103 17%) (Table 2).

Cost of mosquito nets and factors associated

with net ownership

Most mosquito nets were purchased at local markets and

the shops of Nouna, while a few were purchased in the

major towns of Bobo Dioulasso and Ouagadougou. The

price for a mosquito net ranged from 9 to 22 US$ (mean

9.2 US$), depending on material and size. High costs of

these mosquito nets were the most frequently stated reason

for not owning nets.

Ninety-five percent (98/103) of households owning

mosquito nets used them as a measure against the nuisance

of mosquitoes. Only a minority stated other reasons, such

as privacy, protection against cold, flies and falling debris

(8/103 8%).

Acceptability of insecticide-impregnated

mosquito nets

Among the respondents owning mosquito nets, 42/103

(41%) had ever heard about the method of treating nets

with insecticide. Of these, 13/42 (31%) obtained the

information from health personnel, 11/42 (26%) from

friends and neighbours, and 18/42 (42%) from the media

(radio, television, newspapers). All these respondents were

interested in the future use of treated nets, mostly because

they felt it would provide them with better protection

against mosquitoes (90/103 87%). Only a minority

Table 2 Mosquito net use in households by age and sex

Persons using nets Frequency %

Children under 15 years alone 4 4
Young children and their mothers 20 19

Adult men alone 35 34

Adult women alone 5 5

Elderly persons 17 16
Couples 12 12

Other 10 10

Total n 103 100
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stated that treated nets would provide them with better

protection against illnesses (3/103 3%). When asked

about how much money they would be willing to spend on

net treatment, the majority did not want to spend more

than 0.5–1 US$ on treatment (Fig. 1).

Most rural and urban respondents stated that they

would prefer to have mosquito net treatment services close

to their home (78/103 76%); a few wanted to have such

services to be established centrally at Nouna hospital and

the surrounding health centres (22/103 21%).

Asked about the type of assistance needed to enable

them to acquire new mosquito nets and/or to get existing

ones treated with insecticide, 38/103 (37%) of respondents

wanted them for free, 46/103 (45%) indicated their

preference for reduced prices, and 10/103 (10%) preferred

the nets to be provided on credit.

Discussion

Soumaya, the local equivalent to malaria, is considered a

widespread and important health problem in northwestern

Burkina Faso. As particularly young children of this area

are experiencing a number of soumaya episodes during

each rainy season, a significant additional burden is put on

families at the time when agricultural work is most

demanding and resources are most limited (Sauerborn

et al. 1996; Müller et al. 2001). Soumaya manifests

through various signs and symptoms. Although the

majority of our study population knew that mosquitoes

cause malaria, other natural and supernatural causes for

malaria were frequently stated during interviews. These

local perceptions of malaria are strikingly similar to

findings from other malaria-endemic areas of SSA

(Makemba et al. 1996; Ahorlu et al. 1997; Minja et al.

2001; Tarimo et al. 2000).

As in most of SSA and depending on accessibility, costs

and on whether the entity is perceived as a ‘normal’ or an

‘out of order’ illness, malaria symptoms in our study area

were usually first treated with traditional herbal remedies

and/or available western drugs (Deming et al. 1989;

Guiguemde et al. 1994; Ruebush et al. 1995; Djimde et al.

1998; Nsimba et al. 1999; Hausmann Muela et al. 2000;

Thera et al. 2000). Only in case of non-response or clinical

deterioration, and depending on distance to the next health

care facility, as well as on funds and time available for

transport and treatment, patients visited formal health

services. Although it is reassuring that western drugs are

considered more effective as compared with traditional

treatment, the fact that most villages in our study area are

several kilometres away from the next health centre results

in the great majority of illness episodes not being seen by

trained health staff. There are major problems associated

with this type of treatment-seeking behaviour. First, few

cases are treated with an effective antimalarial drug in a

timely manner (chloroquine is the officially recommended

first line treatment in Burkina Faso). Second, biomedical

drugs are frequently dosed incorrectly. For example,

chloroquine is often given as a single dose, but sometimes

daily for weeks. Third, dangerous drugs are frequently

administered, for example aspirin and tetracycline are

often given to children in case of fever. As a result, it is

rather common that patients present with already

advanced disease at health centres or hospital (unpublished

observations).

However, it has repeatedly been demonstrated that the

effectiveness of malaria control in SSA can be increased

substantially through involving communities and partic-

ularly through training of the mothers of young children on

correct antimalarial drug use (Menon et al. 1988; Pagnoni

et al. 1997; Kidane & Morrow 2000). In our study area, a

project focusing on training of village-based women groups

in malaria treatment has recently shown to be feasible

(Gerhardus et al. 2000).

Malaria prevention in our holoendemic study area is

restricted to prescription of chloroquine prophylaxis to

pregnant women during antenatal care visits. In reality,

antenatal care coverage is strongly associated with living in

Nouna town or in one of the few villages with a health

Figure 1 Amount of money mosquito
net owners are willing to pay for net

treatment with insecticide

1 US$ 650 CFA.
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centre (unpublished observations). Prevention of mosquito

bites through use of specific repellent plants, burning of

mosquito coils and use of mosquito bednets is common.

However, as also reported from many other places in SSA,

these measures are primarily targeted against the nuisance

of mosquitos and not against malaria (Aikins et al. 1994;

Van Bortel et al. 1996; Zimicki 1996).

There are great variations in the proportions of house-

holds using mosquito nets in malaria-endemic communities

of SSA (Zimicki 1996). While some countries such as The

Gambia have a strong tradition of using mosquito nets for

several purposes, mosquito net use is not very common in

Ghana and Malawi (Binka et al. 1994; D’Alessandro et al.

1994; Ziba et al. 1994). Thus, the households of CRSN

study area demonstrate intermediate rates of mosquito net

ownership in the SSA context. Our findings confirm the

higher mosquito net ownership rates in urban compared

with rural areas observed in other SSA countries (Zimicki

1996).

In our study area the majority of existing mosquito nets

were used by adult male heads of households instead of

those at greatest risk for severe malaria, namely young

children and pregnant women. A predominance of mos-

quito net use by male adults has also been observed in other

SSA countries like Ghana and Tanzania, while in The

Gambia young children and pregnant women were more

frequently protected with mosquito nets than older children

and non-pregnant adults (Aikins et al. 1994; D’Alessandro

et al. 1994; Zimicki 1996). We also found that only a

minority of households which own mosquito nets in our

study area use them throughout the year. This supports

similar findings regarding the influence of seasonal varia-

tions on mosquito net use from other SSA countries (Winch

et al. 1994; Zimicki 1996; Binka & Adongo 1997). These

findings have to be taken into consideration during the

design of information/education/communication (IEC)

messages within the framework of ITN programmes.

Mosquito nets are rather expensive in Burkina Faso, and

this was the most important reason for households not

owning mosquito nets. Many respondents had already

heard about the benefits of treating mosquito nets with

insecticides, the majority through the media, and all were

interested in impregnation. When asked about their will-

ingness to pay for treatment of existing mosquito nets, the

majority were prepared to pay up to around 1 US$ for this

service and most would like to find the service close to their

homes. There was also a strong argument for subsidy of

mosquito net purchase and treatment. These findings

demonstrate the barrier of existing high prices on mosquito

net coverage in poor rural communities of SSA and have to

be taken into consideration during implementation of ITN

programmes.
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stable au Burundi. Tropical Medicine and International Health

1, 71–80.

Vundule C & Mharakurwa S (1996) Knowledge, practices, and

perceptions about malaria in rural communities of Zimbabwe:

relevance to malaria control. Bulletin of the World Health

Organization 74, 55–60.

Winch PJ, Makemba AM, Kamazima SR et al. (1994) Seasonal

variation in the perceived risk of malaria: implications for the

promotion of insecticide-impregnated bed nets. Social Science

and Medicine 39, 63–75.

Winch PJ, Makemba AM, Kamazima SR et al. (1996) Local

terminology for febrile illnesses in Bagamoyo district, Tanzania

and its impact on the design of a community-based malaria

control programme. Social Science andMedicine 42, 1057–1067.

Winch PJ, Makemba AM, Kamazima SR et al. (1997) Social and

cultural factors affecting rates of regular retreatment of

mosquito nets with insecticide in Bagamoyo District, Tanzania.

Tropical Medicine and International Health 2, 760–770.

World Bank (1993) World Development Report: Investing in

Health. Oxford University Press, New York.

World Health Organization (1997) World malaria situation in

1994. Weekly Epidemiological Record 72, 269–276.

Ziba C, Slutsker L, Chitsulo L et al. (1994) Use of malaria

prevention measures in Malawian households. Tropical Medi-

cine and Parasitology 45, 70–73.

Zimicki S (1996) Promotion in Sub-Saharan Africa. In: Net Gain.

A New Method for Preventing Malaria Deaths (eds C Lengeler,

J Cattani & D de Savigny) World Health Organization, Geneva,

pp. 111–148.

Tropical Medicine and International Health volume 7 no 3 pp 240–248 march 2002

J. Okrah et al. Community factors associated with mosquito nets

248 2002 Blackwell Science Ltd

124



3.4 Mortality patterns, 1993-98, in a rural area 

of Burkina Faso, West Africa, based on the 

Nouna demographic surveillance system  

KYNAST-WOLF G, SANKOH OA, GBANGOU A, KOUYATE B, BECHER H

Trop Med Int Health. 2002 Apr; 7(4): 349-56 

Reprinted with permission from Blackwell Publishers Ltd. 

125



Mortality patterns, 1993–98, in a rural area of Burkina Faso,

West Africa, based on the Nouna demographic

surveillance system

G. Kynast-Wolf1, O. A. Sankoh1, A. Gbangou2, B. Kouyaté2 and H. Becher1
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Summary The Nouna demographic surveillance system database was analysed for the period 1993–98. Basic

demographic parameters, age-specific and age-standardized mortality rates were calculated and a

seasonal variation in mortality was analysed. Poisson regression was used to model the calculated

mortality rates and to investigate the seasonal mortality pattern. Both the population distribution by age

and the mortality rates reflect a typical pattern of population structures and total mortality in rural

Africa as a whole: high childhood mortality and a young population (about 60% are up to age 25; about

10% above age 64). We identified a significant seasonal pattern with highest mortality rates in February.

Demographic surveillance systems in Africa provide a viable method for the collection of reliable data on

vital events in rural Africa and should therefore be established and supported.
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Introduction

In 1978, African delegates joined the representatives of

other nations in endorsing the Alma Ata Declaration,

which committed all governments to the common goal of

achieving ‘Health for all’ by the year 2000. A major task of

epidemiologists is to assess to what extent this ambitious

target has been realized.

Good descriptive epidemiological data are required,

and the difficult task of collecting and presenting them

was started in a rather heterogeneous way in Africa.

A comprehensive volume on mortality and morbidity data

in sub-Saharan Africa (Feachem & Jamison 1991)

highlighted achievements in the 1980s and shortcomings in

terms of lack of data for a large number of countries.

During the 1990s, the white spots on mortality maps

gradually became smaller, but most estimates of overall

mortality are subject to error and bias – especially for

sub-Saharan Africa – as reliable mortality statistics cover-

ing the total population hardly exist (Cooper et al. 1998).

Consequently, many countries in Africa are now taking

steps towards providing a reliable information base to

support health development. An increasing number of field

sites operating demographic surveillance systems (DSS) is

being established in rural areas to continuously monitor

geographically defined populations. To coordinate the

activities of the sites, an International Network of Field

Sites with Continuous Demographic Evaluation of Popu-

lations and THeir Health in Developing Countries

(INDEPTH; see http://www.indepth-network.org for the

vision and goals of the network as well as its current

activities) was established in Dar es Salaam, Tanzania, in

1998. Many DSS sites in Africa collaborate with interna-

tional research institutions. For example, the Nouna DSS

in Burkina Faso, on which this study is based, collaborates

with the Department of Tropical Hygiene and Public

Health at the University of Heidelberg in Germany.

Sankoh et al. (2001) analyse a subset of the Nouna DSS

data by concentrating on the clustering of children under

five in the study area. They use a space and space–time scan

statistic proposed by Kulldorff (1997) to identify clusters

and test for their statistical significance. The paper reports

several statistically significant clusters of higher childhood

mortality rates comprising different sets of villages; one

specific village was consistently identified in the study

population, indicating non-random distribution of
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childhood mortality. The authors conclude that their ‘study

may be regarded as a first step in prioritizing areas for

follow-up public health efforts’.

In another study, Würthwein et al. (2001) discuss the

measurement of the local burden of disease (BOD) with

respect to years of life lost (YLL) using the same DSS

population. The DSS data exhibit the same qualitative

BOD pattern as the Global Burden of Disease Study

(GBDS) although with different ranking of the diseases.

Würthwein et al. recommend that ‘local health policy

should be based on local BOD measurement, rather than

on extrapolations that might not represent the true BOD

structure by cause’.

Unlike the aforementioned studies, this paper attempts a

descriptive statistical analysis of data from the Nouna DSS

in order to get a general picture of total mortality in the

study area for the observation period, 1993–98. Various

statistical methods used to analyse total mortality (i.e.

mortality without reference to specific cause) are presented.

We briefly describe the study population, discuss the

statistical method used, present basic demographic

parameters including age-specific and age-standardized

mortality rates and discuss the results of an analysis of

seasonal variation in mortality in the study area for the

observation period.

Materials and methods

Study area and population

A comprehensive description of the study area and study

population can be found elsewhere (Baltussen et al.

2000; Sankoh et al. 2001; Würthwein et al. 2001).

Briefly, Nouna Health Research Center (Centre de

Recherche en Santé de Nouna, CRSN) is located in the

Nouna Health District in the northwest of Burkina Faso.

With an area of 7464 km2, Nouna Health District,

which is identical to the administrative province of

Kossi, has a population of 240 000 inhabitants and a

population density of 32 inhabitants/km2. It covers 16

basic health facilities referred to as Centre de Santé et de

Promotion Sociale (CSPS), one district hospital, and one

medical centre. The main ethnic groups in are Dafing,

Bwaba, Mossi, Peulh and Samo. The Dioula language

serves as lingua franca.

The predominantly rural study area includes the semi-

urban town of Nouna. It is dry orchard savanna, populated

almost exclusively by subsistence farmers and cattle

keepers. The region has a sub-Sahelian climate with a mean

annual rainfall of 796 mm (range 483–1083 over the past

five decades). Although formal schools have existed in the

area since 1935, most children do not attend them; many

attend informal koranic schools. More than 70% of the

population are illiterate.

The DSS of the CRSN has conducted regular population

censuses since 1992. In 1992, the study population

consisted of 26 626 individuals. By 1998, this number had

risen to 31 782. During the study period of this paper

(1993–98), the DSS covered 39 villages, the catchment area

of three CSPS. In 2000, a new census enhanced the DSS,

which now includes the semiurban town of Nouna and two

additional villages, representing the catchment area of the

district hospital in Nouna and four CSPS after a redistri-

bution of responsibilities. The total population of the DSS

is now about 55 000, and it further comprises a vital events

registration (VER) system recording births, deaths, and

in- and out-migration and routine verbal autopsy (VA)

interviews to be able to analyse mortality data by cause of

death (Chandramohan et al. 1998; Anker et al. 1999;

Würthwein et al. 2001).

To ensure data reliability, quality control procedures

were implemented at various stages of the survey during

the field phase in Nouna. Generally, in all surveys of the

CRSN, a random sample of 5–10% of the households was

re-interviewed by a supervisor. During data entry, a system

of systematical, mutual control was implemented and data

entry routines contained a set of logical checks and

consistency checks for many basic variables, e.g. sex, age

and the period of residence in the study area. Multiple

entries into the study area and individuals with missing

values in the key variables were deleted from the database,

or replaced by plausible values if possible.

Statistical methods

In this section, we introduce relevant parameters used for

the description of epidemiological and demographic sur-

veillance data. Further details are given in dos Santos Silva

(1999).

Mortality rates

Crude death rates, age-specific death rates and age-

standardized death rates for appropriate time intervals

were calculated based on person-years (PYs) (dos Santos

Silva 1999). A PY is the exact time an individual in the

study area was under risk. These were exactly calculated

for individuals staying in the study area for each year of

the observation period using an SAS macro. Crude death

rates were standardized by using the Segi world popu-

lation (Segi 1960; Estève et al. 1994). Ninety-five per

cent confidence intervals for crude and age-standardized

death rates were calculated using the normal

approximation.
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Poisson-regression model for mortality rates

Poisson regression was used to model the mortality rates

(Breslow & Day 1987). We considered the following

variables in the analysis: mortality rate as the dependent

variable and the sex, age, calendar year and month as

explanatory variables. The Poisson model was applied for

the entire observation period, 1993–98, as follows.

To assess the effect of age, mortality rates were modelled

as a continuous function of age. The method of fractional

polynomials (Royston & Altman 1994) was used to

identify the model which best describes the data. Other

covariables taken are calendar year (as a categorical

variable) and sex. The variable calendar year was consid-

ered to investigate a time trend.

To investigate whether mortality depends on the season

of the year, monthly mortality rates were used. PYs and

deaths over the total observation period were calculated

for each month. A total of 702 observations were

excluded from the analysis because of missing informa-

tion. The resulting data were used to calculate the

monthly age-specific death rates by sex. The null hypo-

thesis was that the value of the mortality rates was

independent of the month of the year. This was tested by

first estimating the effect of the month as a categorical

variable, and a simple function applied to get a continuous

description of the effect. We used a sine function of the

form

g(month) ¼ sin½ðmonthþ kÞ � p=6�; ð1Þ
where k can take the value 1, …, 6 (assuming a period of

12 months). For this analysis, we assumed a constant

mortality rate over the observation period. A similar model

but with calendar year as additional covariable was also

fitted. The Poisson regression analysis was carried out

using the SAS-procedure PROC GENMOD with a log-link

function (SAS Institute 1997).

Results

Basic demographic parameters

Table 1 shows the population distribution by age and sex

at two specific time points, 31 December 1993 and 31

December 1998. The age distribution for both males and

females is similar. More than 60% of the population is

below 25 years of age. From 1992 to 1998, the population

of both sexes rose steadily from 26 626 to 31 782 persons.

This is an increase of 19.4%, with a mean yearly

population growth rate of 3.0%.

For the entire observation period, 1993–98, the Nouna

DSS data set comprised a total of 41 915 individuals

Table 1 Population distribution for the Nouna DSS at the end of 1993 and 1998

31 December 1993 31 December 1998

Males Females Males Females

Age group n % n % n % n %

<1 549 3.9 489 3.6 661 4.1 675 4.3

1–4 2094 15.0 2024 14.8 2360 14.7 2236 14.3

5–9 2366 16.9 2276 16.6 2578 16.0 2385 15.2
10–14 1868 13.4 1632 11.9 2309 14.3 2108 13.4

15–19 1517 10.9 1419 10.4 1666 10.4 1457 9.3

20–24 1035 7.4 983 7.2 1278 7.9 1256 8.0

25–29 838 6.0 880 6.4 978 6.1 970 6.2
30–34 784 5.6 769 5.6 783 4.9 872 5.6

35–39 567 4.1 617 4.5 780 4.8 766 4.9

40–44 470 3.4 523 3.8 542 3.4 605 3.9

45–49 433 3.1 478 3.5 476 3.0 528 3.4
50–54 354 2.5 434 3.2 432 2.7 459 2.9

55–59 284 2.0 310 2.3 353 2.2 425 2.7

60–64 295 2.1 322 2.4 273 1.7 272 1.7
65–69 219 1.6 216 1.6 258 1.6 285 1.8

70–74 146 1.0 168 1.2 175 1.1 171 1.1

75–79 82 0.6 86 0.6 104 0.6 116 0.7

80–84 54 0.4 60 0.4 51 0.3 55 0.4
85+ 21 0.2 15 0.1 39 0.2 45 0.3

Total 13 976 100 13 701 100 16 096 100 15 686 100
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(20 432 males, 21 483 females, i.e. a male/female ratio of

0.95). A total of 135 individuals with missing sex or age

were excluded from the data set. A total of 4886

individuals immigrated into the study area and 5640

individuals emigrated. The PYs of emigrating people were

calculated up to the date of emigration. In the end the

41 915 individuals included in the analysis contributed

collectively to 174 445 PYs (88 464 for males and 85 981

for females). The overall mean follow-up time is 4.1 with

median 5.0 (range 0–6) years. On average 1355 births were

registered per year. The distribution of PYs in the age

groups is as follows: 18.3% fall in the age group 0–4 years,

40.0% in the age group 5–19, 37.7% in the age group

20–64 and 4.0% in the age group 65+.

Figure 1 shows the age pyramid of the population of

Nouna DSS for 1993–98 based on the average PYs of each

age group by sex over the years 1993–98. The pyramid

looks typical for sub-Saharan Africa: many young and few

old people.

Overall mortality

A total of 1274 male and 1217 female deaths were

recorded during the observation period 1993–98. Taking

into account the 174 903 PYs (including the few persons

with unknown ages), a crude death rate of 14.4/1000 for

males and 14.1/1000 for females was calculated. The

under-five mortality rate (U5MR) is 33.6/1000 for the

same period. Male and female crude death rates are similar

over the observation period.

The annual PYs, deaths and crude death rates (Kynast-

Wolf et al. 2001) show that the highest crude death rates

were observed in 1994 and 1995, with a peak in 1994 for

females (16.6/1000) and in 1995 for males (15.6/1000).

They were standardized using the Segi world population to

get the age-standardized death rates shown in the tables. In

most cases, crude death rates are slightly lower than age-

specific death rates.

Figure 2a,b illustrates age-specific death rates of males

and females for two calendar periods (1993–95, 1996–

98). Death rates among infants and children under 5 are

high: about 40% (for males often well over 40% but

slightly under 40% for the last two years 1997 and 1998)

of all deaths per year. Infant death rates are higher in

males than in females. About 20% of the deaths occur at

ages above 65. For these age groups, however, the

mortality rates differ substantially by year, possibly

because of the small numbers of individuals in these age

groups that invariably yield large random variations

between years.

Table 2 shows the crude and age-standardized death rates

by sex for both calendar periods. The age-standardized
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Figure 1 Population pyramid of Nouna demographic surveillance system (DSS) (1993–98).
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death rate for females dropped from 16.7/1000, 95% CI

(15.3, 18.2), in the first period (1993–95) to 13.6/1000,

95% CI (12.4, 14.8), in the second period (1996–98).

Mortality for both male and female infants fell consider-

ably (males: 59.8/1000 to 44.0/1000; females: 54.6/1000

to 28.4/1000). Childhood mortality (age 1–4) remained

relatively unchanged in both periods. The rates for the

succeeding seven age groups maintained a similar slowly

decreasing pattern with increasing age for both males and

females. We found a decreasing trend in mortality for the

two periods 1993–95 and 1996–98 (P ¼ 0.04).

The results of the Poisson regression show that the risk

of mortality is not significantly associated with sex

(P ¼ 0.46). Hence, we omitted these variables from the

model. Testing second-degree fractional polynomials, we

found one which yielded the best fit for the data. The

estimated regression coefficients led to the following

function of the rate by age:

Rate(age)¼expð�2:6565þ0:0010�age2�0:6459� ffiffiffiffiffiffiffi

age
p Þ:

ð2Þ
The result is displayed in Figure 3. The fit is very good and

shows the usual bathtub shape of rates.

Seasonal variation in mortality

With the assumption that the two main seasons in Burkina

Faso (rainy season June–October and dry season Novem-

ber–May) may have some effect on mortality, we investi-

gated possible seasonal variability in the rates. We

calculated the age-standardized death rates and crude

death rates for each month by sex for the entire observa-

tion period (Kynast-Wolf et al. 2001); the latter are plotted

in Figure 4 with 95% confidence intervals.

The data and their illustration in Figure 4 show a

distinct pattern. For males and females, the mortality rates
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were high in the months of November until May and

relatively low in the months of June until October. There

was a peak in the month of September. We assumed that

this pattern could have been affected by the data of the first

age group (<1 year), but when we excluded infants from

the data and repeated the analysis, this did not affect the

seasonal pattern. We also investigated age groups (1–4,

5–19, 20–64, 65+) separately (data not shown), and a

similar seasonal trend was observed in all although because

of smaller numbers the effects were not as clear as for the

total group.

The identified seasonal pattern was then modelled using

Poisson regression. The function describing the rate ratio

(RR) depending on months was estimated as:

logRR(month) ¼ 0:31� sin½ðmonthþ kÞ � p=6�: ð3Þ
The best fit of the model was got when the constant k was

taken as 1. The results indicate a highly significant

(P < 0.001) monthly effect on mortality in the study area

with the highest mortality observed in February and the

lowest in July and August. Figure 5 illustrates the RRs for

each month using the sine function (1).

Discussion

Descriptive epidemiological studies play an important role

in medical research: information on mortality patterns is

needed for the evaluation of health politics, identification

of health hazards, planning of public health activities, and

for many other issues. Such studies are very valuable

especially where few epidemiological and demographic

data exist. This study contributes to knowledge on general

mortality in Burkina Faso and confirms the relevance of

DSS as a viable means for collecting valid data on Africa’s

rural populations. As many such systems are established,

new sets of valid data on Africa’s populations will

replace the ‘guesstimates’ which have so far been charac-

teristic of international publications on Africa’s rural

populations.

The population is ascertained by field workers who visit

households and collect the data. Newborns who die within

the first days of life may not always be recorded (Kouyaté,

personal communication), and infant mortality may

therefore be slightly underestimated. Another study is

underway to estimate the magnitude of this possible bias.

Table 2 Person-years, crude and age-standardized death rates by calendar period

Males Females

1993–95 1996–98 1993–95 1996–98

Person-years 42 547 46 076 41 567 44 713

Crude death rate (SE) 14.7 (0.59) 14.1 (0.55) 15.0 (0.60) 13.3 (0.55)
95% CI 13.5–15.9 13.0–15.2 13.8–16.2 12.2–14.4

Age standardized* death rate (SE) 15.8 (0.72) 15.2 (0.68) 16.7 (0.74) 13.6 (0.62)

95% CI 14.4–17.2 13.9–16.5 15.3–18.2 12.4–14.8

*Standardization according to the Segi world population.
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We used the Segi world population to standardize

calculated crude death rates because most published rates

are based on it and thus the results of this paper can be

compared directly with previously published work. For

developing countries in particular and in the absence of a

standard population for Africa, the Segi population is a

good choice because its artificial distribution is similar to

that found in developing countries. As a result, calculated

crude and standardized rates are rather similar. The WHO

has recently introduced a new standard to replace it to take

into account the increasing life expectancy in the last

decades in most countries. However, the age structure of

this new population differs from those in the countries in

sub-Saharan Africa.

Poisson regression modelling was a useful means to

describe mortality rates from DSS. It provides a convenient

and intuitively appealing method to graphically illustrate

mortality patterns. Appropriate software for its imple-

mentation is readily available.

High childhood mortality continues to be a disturbing

feature of public health in many developing countries.

However, in Nouna infant mortality decreased over the

observation period, which was confirmed by Sankoh et al.

(2001). This promising sign needs to be verified in the next

few years. Mortality rates for the age groups 5–14 and

15–64 did not change; those for people above 64 showed a

decline, but the numbers are too small to allow firm

conclusions. Remarkably, males and females in Nouna

showed a very similar mortality pattern across all age

groups.

As reported in the results, a highly significant seasonal

effect on mortality was identified. Our observation of high

mortality rates in the dry season contrasts with a previous

study in The Gambia (Jaffar et al. 1997) which reports

high mortality rates in the rainy season. The reasons for

this difference are still unclear. A cause-specific analysis in

further investigations may bring some light to this finding.

This paper has considered all-cause mortality. To
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determine the cause of mortality, VA are used in the Nouna

DSS. This method is useful for a number of diseases, even

infectious ones (Garenne et al. 2000). Cause-specific

mortality will be reported in forthcoming publications.
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Summary

Based on a demographic surveillance population from 39 
villages in rural Burkina Faso, we describe mortality patterns
in adults (15–59 years) and older people (�60 years), and 
discuss seasonal trends in mortality. During the study period
1993–1998, 589 deaths in adults and 593 deaths in older 
people were recorded from an average adult and older 
people population of 13 550. The crude all-cause mortality
rate per 1000 for adults was 7.3 (95 per cent confidence inter-
val (CI) 6.7–7.8) and for older people 55.8 (95 per cent CI
51.3–60.3). The probability of dying before age 60 after
reaching age 15 was 34 per cent for males and 32 per cent for
females. Malaria and diarrhoea, recorded through verbal
autopsy, accounted for 21 per cent of total deaths in adults
and 22 per cent in older people. A seasonal trend in mortality
for older people with a peak in February was identified. The
study shows that malaria is an important cause of death in
adulthood.

Keywords: adult mortality, old age mortality, demographic
surveillance system, verbal autopsy

Introduction

Unlike childhood mortality, adult (15–59 years) and old-age
(�60 years) mortality has not been a major research focus in
sub-Saharan Africa (SSA). Hence, there is little knowledge of
the mortality patterns in these groups even though they suffer
from a much broader range of communicable and non-commu-
nicable diseases (NCDs). For instance, Kaufmann et al.1 have
noted the scarcity of information on cause of death among
adults in SSA.

One of the few projects focusing on adults is the Adult Mor-
bidity and Mortality Project (AMMP) in Tanzania, established
in 1992 by the Tanzanian Ministry of Health in collaboration
with the UK University of Newcastle upon Tyne, to investigate
the role of NCDs in the overall disease burden in Tanzania.2,3

The project estimated for its population in 1997 that ‘the pro-
portion of all deaths occurring to those between 15 and 60 years
of age may equal or exceed that of deaths to children under 5’.2

Based on the Nouna Demographic Surveillance System (DSS)
operated since 1992 by the Nouna Health Research Centre in
Burkina Faso,4 we have analysed the mortality patterns of
adults and older people in the region. We present the results of a
descriptive analysis of all-cause and, to a limited extent, cause-

specific mortality patterns in adults and older people for the
Nouna health district covered by the Nouna DSS for the period
1993–1998. Only deaths caused by malaria and diarrhoea have
been specified.

Materials and methods

Study area

Figure 1 shows the study area in NW Burkina Faso, West Africa,
with an estimated population of about 11 million, of whom 80 per
cent live in rural areas. Kossi has an area of 7464.44 km2 and a
population of about 240000.

The study area comprises 39 villages around Nouna town,
the headquarters of the Nouna Health District. The distance
from village to the few local health centres ranges from 0 to 
34 km. The village population ranges from 121 to 2346 persons.

The Demographic Surveillance System (DSS)

The database for this study is based on the DSS of the Nouna
Health Research Centre, which has been described before.4 The
variables registered during vital events registration include births,
deaths, pregnancies, and migration in and out of the household, as
well as information on all the dates related to these events. The
DSS database also contains data on household economics and
maternal health. The causes of death are determined by the verbal
autopsy (VA) method.5 However, this procedure is currently
being implemented in the Nouna DSS, so the percentage of deaths
with associated cause is still low. Hence we concentrate on total
mortality for most analyses.
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Statistical and demographic methods

The methods used are similar to those applied elsewhere to
describe infant and childhood mortality4 in the same area. Briefly,
crude death rates and 95 per cent confidence intervals (CIs) were
calculated based on the normal approximation, or for smaller
sample sizes (n � 20) using exact Poisson CIs.6 Poisson regression
modelling7 was used to investigate patterns of mortality rates
(age-specific death rates, ASDR) by season. Life tables were con-
structed according to Preston et al.8

Results

Basic demographic parameters

The total population size (all ages) in 1993–1998 (on 31 Decem-
ber) for both sexes rose steadily by 14.5 per cent from 27 473 per-
sons in 1993 to 31 476 persons in 1998, with a mean yearly
population growth rate of 2.8 per cent. The two adult age groups
(15–59 and �60 years) made up a little more than 50 per cent of
the total population. The old-age group (�60 years) made up
about 6 per cent of all adults. The population size of the adult
age group (15–59 years) was 12 599 persons in 1993 and rose by
15 per cent to 14 484 in 1998, with a mean annual growth rate of
2.8 per cent. For the old-age group (�60 years) the population
size also rose steadily by 7.3 per cent from 1670 persons in 1993
to 1792 persons in 1998. The mean annual growth rate was 1.4
per cent compared with 27 per cent for the entire country.

All-cause adult and old-age mortality

The Table gives the annual distribution of deaths, midyear pop-
ulations and mortality rates by sex with their 95 per cent CIs.
The all-cause adult death rate of 7.3 per 1000 for the total obser-
vation period is much lower than that of 35.0 per 1000 children
under five in the same study region and period as reported by
Sankoh et al.9 There were slightly more female adult deaths than
male ones, 307 versus 282; this was the case also for the old-age
mortality by sex by year (304 versus 289). There is high all-cause
old-age mortality of (55.8 per 1000) collectively for 1993–1998.
The data show that older women generally have a higher mor-
tality than men.

Cause-specific adult and old-age mortality

As malaria and fever are not easily distinguishable causes through
verbal autopsy, they are combined in this analysis. The rest of the
causes are put under ‘other causes’, because for a large percentage
of deaths no cause is available. Our results show that both
malaria and diarrhoea account for about 39 per cent for female
and 33 per cent for male of all deaths of known causes occurring
in both adults and old-aged people in the study area.

Seasonal variation in mortality

Figure 2 illustrates the seasonable variation (by month) in the
mortality rates with 95 per cent CIs for adults and older people.
For the two age groups a trend toward lower rates in the months T
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May–October (rainy season), and higher rates in November–
April was observed.

The mortality rates achieved a peak in February and August.
The results indicate a highly significant (p �0.001) seasonal
effect on mortality in the study area in the two age groups. The
highest mortality rates were observed in the months of February
and April and the lowest in the months of July and August. We

looked at rate ratios for each month compared with November,
used as reference month. Both age groups show a remarkably
similar mortality pattern by month.

Life tables

We calculated the probability of dying before age 60 after reach-
ing age 15 to be 34 per cent for males and 32 per cent for females.

Fig. 2 Death rates by month and 95 per cent CIs for adults (15–60 years) and old people (�60 years).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month
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The probability of dying in the 5 year age intervals remained less
than 10 per cent for both sexes until 50–54 years. It increased
steadily to 45 per cent for women and 51 per cent for men in the
interval 80–84 years. The life expectancy for females at birth is
51 years, and slightly lower for males. However, given age 15,
the expected age at death is 65 years. This clearly shows the large
impact of childhood mortality on life expectancy in this popula-
tion.

Discussion

The adult and old-age mortality patterns identified are largely
consistent with the general pattern identifiable in most of SSA.
For instance, Kitange et al.3 reported a crude all-cause adult
mortality range of 6.1 per 1000 a year for women in Hai and 15.9
per 1000 a year for men in Morogoro rural area in Tanzania,
East Africa. We report an average of 6.9 per 1000 for men and
7.5 per 1000 for women.

A seasonal trend in mortality for older people was identified
in the Nouna data: higher rates from November to April with
a peak in February and lower rates from May to October. This is
strikingly similar to the seasonal trend in mortality in children in
the same study region for this DSS population. Kynast-Wolf 
et al.4 reported higher total mortality from November to May
with a peak in February and lower rates from June to October.

The VA method still remains the most viable option to deter-
mine cause of death in rural Africa. In this study, it led to results
that reflect the reality of the problem. For instance, about 20 per
cent of the adult and old-age deaths in both males and females
reported from our analysis are attributable to malaria and diar-
rhoea. This agrees with Setel et al.,10 who reported malaria and
diarrhoea as among the major causes of adult deaths in three
DSS sites in Tanzania.

Finally, although there is some degree of uncertainty result-
ing from the probability of underreporting of adult deaths, it is
reasonable to conclude that adult mortality in the Nouna DSS
has remained low over the years. If the impact of the HIV/AIDS
epidemic could be contained in the study area, coupled with 
the implementation of effective interventions to address the 
devastating impact of malaria, we do not foresee an increase in
adult mortality in the Nouna area in the near future.
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Summary objective To describe the pattern of fever-associated morbidity, treatment-seeking behaviour for

fever episodes, and cause-specific mortality in young children of a malaria-holoendemic area in rural

Burkina Faso.

methods In a longitudinal community-based intervention study, 709 representative children aged

6–31 months were followed daily over 6 months (including the main malaria transmission period)

through village-based field staff.

results Of 1848 disease episodes, 1640 (89%) were fever episodes, and of those, 894 (55%) were

attributed to malaria (fever + ‡5000 parasites/ll). Eighty-five percent of fever episodes were treated,

mainly with chloroquine and paracetamol, 69% of treatments took place in households, 16% in local

health centres, 13% in villages, and 1% in hospitals. Treatment-seeking in a health centre or hospital

was associated with accessibility and disease severity. Cerebral malaria and malnutrition-associated

diarrhoea were the most frequently diagnosed causes of death. While most children with a post-mortem

diagnosis of diarrhoea had not received any treatment, children who died of malaria had often

received insufficient treatment. In particular, there was a lack of an appropriate second-line treatment

at formal health services after chloroquine treatment had failed to resolve symptoms.

conclusions These findings call for more effective prevention and treatment of malaria, malnutrition

and diarrhoea in rural African communities, as well as for better supervision of existing malaria

treatment guidelines in formal health services.

keywords malaria, cerebral malaria, chloroquine, treatment-seeking behaviour, mortality, diarrhoea,

malnutrition, Africa, Burkina Faso

Introduction

Malaria remains the most important parasitic disease and

is globally responsible for 300–500 million fever episodes

and 1.5–2.7 million deaths per year (WHO 1997). The

greatest burden of malaria is in sub-Saharan African (SSA)

where it has been estimated that 40% of fever episodes are

caused by malaria (Brinkmann & Brinkmann 1991). Most

malaria deaths occur in young children of rural SSA areas

with little access to health services (Greenwood et al.

1987a; WHO 1997; Snow et al. 1999). This situation is

now aggravated through the increasing development of

resistance by Plasmodium falciparum to existing and

affordable first-line drugs such as chloroquine and

sulphadoxine–pyrimethamine in most countries of SSA

(Trape 2001).

The success of malaria treatment strategies is closely

linked to the behaviour of patients and caretakers of young

children. Treatment-seeking behaviour usually depends on

the local epidemiology of malaria, access to health care

providers, costs of services, attitudes towards providers,

perceived severity of disease, age, sex, educational level,

socio-economic status, and cultural beliefs about the cause

and cure of illness (Deming et al. 1989; Greenwood

1989; Reuben 1993; McCombie 1994; Tanner & Vlassoff

1998; Molyneux et al. 1999; Baume et al. 2000). Although

it has been suggested that fever is more likely than other

symptoms to prompt caregivers to seek treatment in formal

health services, self-medication through pharmacies and

drug sellers is consistently the most common response

when people first experience symptoms that could be

malaria (Dabis et al. 1989; McCombie 1994). Underdosing

of antimalarials received through public or private sector

providers is virtually universal, and costs, side-effects and

resistance development of drugs used are of increasing

concern (McCombie 1994; Ruebush et al. 1995; Tanner &

Vlassoff 1998; Baume et al. 2000; Nshakira et al. 2002).

But there is little information on the impact of treatment-

seeking behaviour on the outcome of malaria illness.

We describe here the pattern of febrile morbidity,
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treatment-seeking behaviour and cause-specific mortality

in a cohort of young children in a rural area of Burkina

Faso with high P. falciparum transmission intensity.

Methods

Study area

The study was conducted in 18 villages of the research zone

of the Centre de Recherche en Santé de Nouna (CRSN) in

Nouna Health District in north-western Burkina Faso

(Kouyaté et al. 2000). Nouna is a dry orchard savanna

area, populated almost exclusively by subsistence farmers

of different ethnic groups. There is a short rainy season

which usually lasts from June until October. Malaria is

holoendemic and childhood mortality is high, with marked

differences between villages (Müller et al. 2001; Sankoh

et al. 2001). Malnutrition in young children is also

frequent, with the highest prevalence during the rainy

season (Müller et al. 2001). Formal health services in the

CRSN research zone are restricted to four village-based

health centres and the district hospital in Nouna town. The

current policy of the Burkina Faso Ministry of Health is for

all fever cases with no other obvious cause to be treated

presumptively as malaria, with chloroquine as the first-line

drug and sulphadoxine–pyrimethamine, second-line.

Study participants

Data for this study were taken from the data bank of a

randomized controlled trial (RCT) on the effects of zinc

supplementation on malaria morbidity conducted in the

CRSN research zone in 1999 (Müller et al. 2001). During

this trial, a representative sample of 709 children (356

intervention and 353 placebo group) aged 6–31 months

(mean 18 months) at enrolment in June 1999 were

recruited from 18 villages of two health-centre defined

subareas (Koro and Bourasso) and followed over a

6-month period.

Field methods for data collection are described elsewhere

(Müller et al. 2001). Briefly, study children were visited

daily over the main malaria transmission period (June to

December) by village-based field staff for temperature

measurement and malaria slide preparation from finger-

prick blood in case of fever. As the field staff was not

medically trained, they did not treat sick children but

regularly advised the child’s caretaker to seek diagnosis

and treatment at the next governmental health centre

(where the availability of trained staff and sufficient drug

supply is guaranteed). All relevant signs and symptoms

of children were recorded in a standard questionnaire

during daily visits. Moreover, a comprehensive

questionnaire was filled in for each disease episode which

included information on specific signs and symptoms as

well as place, time and type of treatment received. A

disease episode was subjectively defined as any significant

impairment of the health of a study child, a fever episode

was defined as a disease episode with ‡37.5 �C axillary

temperature, and a malaria episode was defined as a fever

episode accompanied by a P. falciparum parasite density

of ‡5000/ll and no other obvious cause for the illness.

All mothers or guardians of study children who had died

during the 6-month observation period were interviewed in

depth by the study physician shortly after the event. The

final post-mortem diagnosis was based on the results of this

interview together with the detailed clinical and parasito-

logical information available through the daily visits to all

study children. Simple proportions were used to describe

the parameters investigated.

Ethical aspects

Approval for the RCT was granted by the Ethical Com-

mittee of the Heidelberg University Medical School, the

Ethical Committee of the World Health Organization in

Geneva and the Ministry of Health in Burkina Faso. Before

the study was implemented, the protocol was explained in

detail to the communities of the study area, and oral

informed consent sought from the community leaders, the

heads of households, and the parents of study children.

Study children were examined by a physician during three

cross-sectional surveys, and sick children were treated in

the village or were referred to Nouna Hospital free of

charge. In addition, parents were regularly educated

regarding prevention and treatment of malnutrition.

Results

Morbidity

Detailed information onmorbidity was available from 1848

disease episodes recorded over the 6-month observation

period in 666 of the 709 children (median three episodes,

range 0–9). Of these, 1640 of 1848 (89%) were fever

episodes (median duration 4 days, range 1–96), and 894 of

1640 (55%) of fever episodes were attributable to falcipa-

rummalaria. Febrile episodes were frequently accompanied

by diarrhoea, vomiting and cough, with vomiting being

more frequent in febrile than non-febrile episodes (14% vs.

6%) and diarrhoea/dysentery being more frequent in non-

febrile than febrile episodes (53% vs. 23%). Convulsions

and coma were always associated with fever. Accidents

(12 of 16 were burns) were rare. The distribution of self-

reported morbidity by fever status is shown in Table 1.
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Treatment-seeking behaviour

Of 1640 recognized fever episodes, 1386 (85%) were

treated. Overall, 2228 treatments were provided during

these fever episodes: 1541 of 2228 (69%) with drugs or

traditional remedies available in the household, 360 of

2228 (16%) in a local health centre, 290 of 2228 (13%) in

the village (shops, village health workers, traditional

healers), and 20 of 2228 (1%) in a hospital. Treatment-

seeking at formal health services (health centre/hospital)

was largely influenced by location of the household. The

highest frequencies of health centre/hospital visits per child

during the 6-month study period were in the two villages

with an existing health centre (1.7 in Bourasso and 0.8 in

Koro) and in a village close to a hospital of the

neighbouring district (1.7 in Nokui-Bobo). The mean

number of health centre/hospital visits per child during the

6-month study period was 0.5, ranging from 0.03 to 0.07

in the villages of Sampopo and Cisse, respectively, to 1.7 in

Bourasso and in Nokui-Bobo. While there were no

differences in the overall number of mean treatments per

child between the two study subareas of Bourasso and

Koro, the mean number of health centre/hospital visits in

Bourasso subarea was higher than in Koro subarea (0.8 vs.

0.3). There was no association between the length of fever

episodes and visiting a health centre or hospital, but

children with ‡38.5 �C temperature were more likely to

visit a health centre or hospital than children with

<38.5 �C (19% vs. 12%). Of the few fever episodes with

reported convulsions, four of 13 (31%) were treated at a

health centre or hospital.

Of 2228 treatments provided during 1386 fever epi-

sodes, 1180 (53%) were chloroquine, 426 (19%) were

antipyretics (mainly paracetamol), 283 (13%) were tradi-

tional remedies, 56 (3%) were oral rehydration solution,

45 (2%) were tetracycline, 43 (2%) were quinine, 30 (1%)

were ampicillin/amoxicillin, 29 (1%) were cotrimoxazole,

and four (0.2%) were pyrimethamine–sulphadoxine.

Overall, 73% of fever episodes were treated with chloro-

quine alone or in combination with other drugs, mainly

antipyretics (Table 2). While chloroquine and antipyretics

were usually available at the household/village level,

quinine treatment was observed in similar proportions at

household/village and health centre/hospital level, and

most antibiotic treatment (except tetracycline) and the few

treatments with pyrimethamine–sulphadoxine were mainly

reported from the health centre/hospital level (Table 3).

Mortality

Of 709 cohort children, 17 children (2.4%) died over the

6-month observation period (median age 20 months, range

Table 3 Proportions of fever treatment provided at household/
village level compared with health centre/hospital level by treat-

ment category in a cohort of 709 young children in rural Burkina

Faso

Treatment

category

Household/

village (%)

Health centre/

hospital (%)

Chloroquine 1049/1180 (89) 131/1180 (11)

Antipyretics 369/426 (87) 57/426 (13)

Traditional remedies 283/283 (100) 0/283 (0)
Oral rehydration solution 26/56 (46) 30/56 (54)

Tetracycline 45/45 (100) 0/45 (0)

Quinine 22/43 (51) 21/43 (49)
Ampicillin/amoxicillin 3/30 (10) 27/30 (90)

Cotrimoxazole 5/29 (17) 24/29 (83)

Pyrimethamine–sulphadoxine 0/4 (0) 4/4 (100)

Table 2 Treatment during fever episodes in a cohort of 709 young

children in rural Burkina Faso

Treatment

category

No. of

episodes Proportion %

Chloroquine (CQ) 558 40

CQ + antipyretics 266 19

CQ + traditional remedies 67 5
CQ + antipyretics + traditional remedies 28 2

CQ + tetracycline 45 3

CQ + other drugs 53 4
Antipyretics 48 3

Traditional remedies 87 6

Quinine 22 2

Antibiotics 12 1
Others 200 14

Total 1386 100

Table 1 Distribution of self-reported morbidity by fever status in

1848 disease episodes in a cohort of 709 young children in rural

Burkina Faso

Febrile episodes

N ¼ 1640 (%)

Non-febrile episodes

N ¼ 208 (%)

Diarrhoea 353 (22) 93 (45)

Dysentery 18 (1) 18 (9)
Vomiting 233 (14) 13 (6)

Cough 232 (14) 38 (18)

Dyspnoea 24 (1) 4 (2)
Rhinitis and/or otitis 73 (4) 15 (7)

Pyodermia 45 (3) 15 (7)

Convulsions 13 (1) 0 (0)

Coma 6 (0.4) 0 (0)
Accidents 0 16 (8)
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11–32). The most frequent post-mortem diagnosis was

malaria with 7/17 (41%) and diarrhoea with six of 17

(35%) cases, while malnutrition (mainly marasmus) was

documented in six of 17 (35%) children (four of six

diarrhoea cases) (Table 4). Of cases with a malaria

diagnosis, six of seven showed typical signs of cerebral

malaria (fever, convulsions, coma), and three of seven

showed signs of respiratory distress. Thirteen of 17 (76%)

deaths occurred in just two of 18 villages (Cisse and

Solimana) (Table 4).

The median duration of the final disease episode was

5 days (range 1–31), and 10 of 17 (59%) children had

not received any specific treatment during those episodes

(three of seven malaria cases, five of six diarrhoea cases).

Treatments during final disease were chloroquine com-

plemented by traditional remedies (four of seven),

paracetamol (three of seven), tetracycline (one of seven),

and cotrimoxazole (one of seven). Two children with

malaria had also visited a health centre during their final

disease episode, and one child had been brought to a

hospital. None of the children seen at a health centre

had received appropriate second line treatment for

malaria (Table 4).

Discussion

This paper describes the pattern of morbidity, mortality

and health seeking behaviour in a large cohort of young

children from a randomized placebo-controlled trial on the

effects of zinc supplementation on malaria (Müller et al.

2001). As it has been shown that the intervention influ-

ences diarrhoea (but not malaria) morbidity and probably

all-cause mortality, the data reported here are not fully

representative for the pattern of morbidity and mortality in

the population studied. Moreover, the treatment-seeking

behaviour may have been influenced by the presence of

field staff in the villages and their advice to visit a health

centre in case of illness. Although these effects are not

likely to be large, they may have led to an underestimate of

morbidity and mortality rates as well as to an overestimate

of treatment-seeking at health centres/hospitals.

The great majority of disease episodes in young chil-

dren of our study area was associated with fever and

about half were attributed to falciparum malaria, which

confirms the major impact of malaria in this age group in

endemic areas (Greenwood et al. 1987a; Brinkmann &

Brinkmann 1991; Snow et al. 1999). Fever and malaria

Table 4 Treatment-seeking behaviour during final disease and causes of death in 17 children of a cohort study in rural Burkina Faso

No. Village Sex Treatment during FD

Dur FD

(days) Diagnosis

Date and age

(mo) of death

1 S F None 5 Malaria 11/99 (13)

2 S M HH nine dbd (CQ, PAR), HH six dbd (TET),

HC three dbd (PAR), one dbd (TRA)

9 Malaria 9/99 (14)

3 N M HH one dbd (CQ, TRA) 2 Malaria 8/99 (13)
4 T F None 1 Malaria 11/99 (21)

5 S M HH 21 dbd (PAR, CQ, TRA), HC 16 dbd (CQ, COT) 21 Malaria 10/99 (20)

6 N F None (died at hospital arrival) 1 Malaria 7/99 (21)
7 S F HH four dbd (CQ), HH two dbd (PAR, TRA) 4 Malaria 7/99 (29)

8 C F HC three dbd (PAR) 3 Diarrhoea

Malnutrition

6/99 (11)

9 C F None 7 Diarrhoea
Malnutrition

7/99 (13)

10 C F None 5 Diarrhoea 7/99 (16)

11 C F None 5 Diarrhoea

Malnutrition

10/99 (20)

12 C F None 5 Diarrhoea 10/99 (28)

13 C M HC four dbd (ORS) 5 Diarrhoea

Malnutrition

7/99 (30)

14 S M None 30 Anaemia

Malnutrition

12/99 (32)

15 D M None 30 Malnutrition 11/99 (19)

16 S M HH five dbd (TRA) 5 Pneumonia 6/99 (28)
17 C M None 31 Hepatitis 11/99 (18)

FD, final disease; Dur, duration; mo, months; C, Cisse; N, Nokui; S, Solimana; T, Tebere; F, female; M, male; HH, household; HC, health

centre; dbd, days before death; CQ, chloroquine; PAR, paracetamol; TET, tetracycline; COT, cotrimoxazole; ORS, oral rehydration

solution; TRA, traditional treatment.
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episodes were frequently accompanied by diarrhoea,

vomiting and cough, which has also been recognized in

other malaria endemic areas of SSA (Rooth & Björkman

1992; Müller et al. 1996; Rogier et al. 1999).

Most fever cases in study children received some form of

treatment, with multiple treatment being common and

most treatment taking place at the household/village level

through left-over drugs from former disease episodes,

drugs bought from shops or a minority of still functioning

village health workers, and through treatment by tradi-

tional healers. Only few treatments took place at the health

centre/hospital level, and the frequency of such visits was

associated with subarea and distance to the health centre/

hospital as well as with a more severe illness presentation.

Treatment was usually with chloroquine, the official first-

line treatment for uncomplicated malaria in Burkina Faso,

often accompanied by antipyretics (mainly paracetamol)

and traditional remedies. These findings support similar

observations from other malaria endemic regions of SSA

and point to the importance of accessibility to formal

health services in rural SSA (De Francisco et al. 1994;

McCombie 1994; Ahorlu et al. 1997; Baume et al. 2000;

Théra et al. 2002). While most antibiotic treatment for

young children was provided through the formal health

sector, tetracycline treatment took place at household/

village level. This observation is disturbing and calls for

better education on the dangers of antibiotic treatments in

general and tetracycline treatment in the case of children

in particular, in respective communities.

A large proportion of deaths in study children was

caused by malaria and diarrhoea, which supports the major

importance of these two diseases in young children of rural

SSA (Jaffar et al. 1997; Garenne et al. 2000). The obser-

vation of significant clustering of childhood mortality in a

few villages of the CRSN study area has already been

described (Sankoh et al. 2001). The pattern of cause-

specific mortality in our cohort children and the lack of

effective treatment in most deceased diarrhoea cases,

together with the findings from a case-control study on risk

factors for childhood mortality provide strong evidence for

untreated diarrhoea with underlying malnutrition being

responsible for the observed excess mortality in the village

of Cisse (Ndah 2001). As a consequence of these findings,

an intervention is under way to improve the water hygiene

in the village of Cissé and a discussion on new strategies to

reduce malnutrition in young children has been initiated at

the national level.

Surprisingly, most of the deceased study children with a

malaria diagnosis showed typical signs and symptoms of

cerebral malaria before death. This finding is not in

agreement with the opinion of severe anaemia being the

most common cause of malaria deaths in areas of high

transmission intensity but could probably reflect the

influence of a more seasonal distribution of transmission

(WHO 2000). However, although the validity of our post-

mortem diagnosis can be considered much superior to

classical verbal autopsy procedures because of the addi-

tional parasitological and clinical information available,

this retrospective method is known for an overall low

sensitivity and specificity in the diagnosis of malaria (Snow

et al. 1992; Todd et al. 1994; Quigley et al. 1996). Finally,

the small number of deaths in our cohort calls for some

caution in the interpretation of findings.

It has been reported that certain illnesses are considered

best treated by modern health services, while others are

considered best treated by traditional methods, and often a

mixture of both is sought (McCombie 1994). Severe

manifestations of malaria like cerebral malaria and severe

anaemia were often not associated with malaria by the

people, and traditional healers were more likely to be

consulted in such cases (McCombie 1994; Baume et al.

2000). However, these observations were neither suppor-

ted by the health seeking behaviour in our cohort children

with a postmortem diagnosis of cerebral malaria, nor by

the findings from an exploratory anthropological study on

malaria in the area (Okrah et al. 2002).

The observation that two of seven children with a

malaria diagnosis had died within the first 24 h after onset

of symptoms supports the evidence for a possible rapid

development of malaria disease in young children (Green-

wood et al. 1987a,b; Molyneux et al. 1989; Mabeza et al.

1995). Moreover, four of seven children with a malaria

diagnosis died despite having received chloroquine treat-

ment during their final illness. This is quite disturbing and

could either be caused by an insufficient drug level (as a

result of false dosage, low drug quality or vomiting/

diarrhoea) and/or by the level of emerging chloroquine

resistance in the area (Müller et al. 2003). Even more

disturbing is the observation of a largely insufficient

treatment at the peripheral health centres, with one of the

deceased children having received only paracetamol, and

one having received chloroquine again instead of an

appropriate second-line treatment. This supports similar

findings on the poor quality of malaria treatment in

peripheral health services of Burkina Faso and elsewhere in

SSA (Dürrheim et al. 1999; Baume et al. 2000; Krause &

Sauerborn 2000; Font et al. 2001; Nsimba et al. 2002).

In conclusion, malaria is the major cause for morbidity

and mortality of young children in the Nouna area of rural

Burkina Faso. Multiple treatment at home is the most

frequent response to febrile illness, and health care-seeking

at formal health services depends on accessibility and

disease severity. While diarrhoea mortality was associated

with malnutrition and lack of treatment, malaria mortality
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was associated with a rapid development of severe

disease, with symptoms of cerebral malaria, and with

non-use of an appropriate second-line treatment. These

findings call for more effective prevention and treatment

of malaria, malnutrition and diarrhoea in the rural

communities of SSA, as well as for better supervision of

existing malaria treatment guidelines in formal health

services.
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4 Health systems research  

4.1 Introduction 

In a very broad sense, a health system is the organization by which an individual's health care is 
provided. From an economic perspective, healthcare may be viewed as just another product or service 
to be purchased by an individual, however, in that simple definition the huge amount of problems are 
not visible that arise in health system development in developing countries.  

In a series of studies, performed jointly by members of the CRSN and the University of Heidelberg, 
health systems research in the Nouna DSS area forms another major research focus.  One of the 
ultimate goals is to implement a health insurance for the Nouna population. This is a major 
undertaking which is not achievable within a short time frame. In the following chapters some 
relevant milestones are presented which will hopefully lead to this final goal.     
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4.2 Measuring the local burden of disease.  

A study of years of life lost in sub-Saharan 

Africa 

Int J Epidemiol. 2001 30(3): 501-8 

Reprinted with permission from Oxford University Press.  
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An effective health policy necessitates a reliable characterization
of the burden of disease (BOD) and its distribution by cause.
The Global Burden of Disease Study1 (GBDS) is a major step
towards the development of such a rational information-based
health policy. It provides a comprehensive assessment of epi-
demiological conditions and the disease burden for all regions of
the world in an attempt at facilitating priority setting in health
policy and research, and the development of cost-effective health
interventions.

A fundamental problem for less developed regions, in
particular those of sub-Saharan Africa (SSA), is the dearth 
of epidemiological and demographic data.2 In the absence of
routine vital event registration in most of this region, the GBDS
extrapolated the epidemiological data that was available
(mainly from a vital registration system in South Africa), using
cause-of-death models and expert judgements.3 These results
await validation by thorough analyses of mortality and
morbidity in SSA.

In this paper we present the results of a study measuring 
the BOD in a health district in rural Burkina Faso. In a study
population of 31 000 people under demographic surveillance,
deaths are recorded via a vital events registration system, and
causes of death are assigned through verbal autopsy (VA). Our
principal objective is the analysis of locally measured BOD 
by cause of death, age, and gender in direct comparison with 
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Methods This study presents locally measured BOD data for a health district in Burkina
Faso and compares them to the results of the GBDS for SSA. As BOD indicator,
standard years of life lost (age-weighted YLL, discounted with a discount rate of 3%)
are used as proposed by the GBDS. To investigate the influence of different age and
time preference weights on our results, the BOD pattern is again estimated using,
first, YLL with no discounting and no age-weighting, and, second, mortality figures.

Results Our data exhibit the same qualitative BOD pattern as the GBDS results regarding
age and gender. We estimated that 53.9% of the BOD is carried by men, whereas
the GBDS reported this share to be 53.2%. The ranking of diseases by BOD share,
though, differs substantially. Malaria, diarrhoeal diseases and lower respiratory
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ing in their respective order. Protein-energy malnutrition, bacterial meningitis
and intestinal nematode infections occupy ranks 5, 6 and 7 in Nouna but ranks
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the GBDS results. A special emphasis is laid on the ranking of
diseases by disease burden. We ask whether local health policy
needs to be based on local BOD measurement. Furthermore,
providing estimates based on two different indicators (YLL and
deaths) and on two alternative YLL specifications concerning
age-weighting and discounting, we investigate the robustness of
our conclusions.

Study Population and Methods
Burkina Faso had an estimated population of approximately
10.7 millions in 1998.4 This small West African state is divided
into 11 administrative health regions, which comprise 53 health
districts overall, each covering a population of 200 000–300 000
individuals. At least one health care facility in each district is 
a hospital with surgery capacities.5 The districts themselves are
again sub-divided in smaller areas of responsibility which are
organized around either a hospital or a so-called CSPS (Centre
de Santé et de Promotion Sociale), the basic health care facility
in the Burkinian health system.

The Nouna health district, which is identical to the province
of Kossi, covers 16 CSPS, one district hospital and a population
of roughly 230 000 inhabitants.6 In this district a demographic
surveillance system (DSS) has been implemented, surveying 
the population of four CSPS with a study population of 31 280
inhabitants (mid-year population 1998). Periodically updated
censuses (the first census was performed in 1992, a first control
census in 1994, and a second control census in 1998) are
supplemented by a vital events registration system, recording
approximately every 3 months births, deaths and migrations.
For each recorded death, the cause of death is determined through
VA.7–9 Age was assessed through identifying the date of birth.
This was done either based on birth certificates (only in a relatively
small number of cases), or using a ‘local events calendar’ which
incorporates seasonal landmarks, feasts, political events, and
village events (e.g. initiation rites, death of a village headman,
famines, etc.).10

Some 4–16 weeks after a death is recorded, a structured
questionnaire is administered to the best informed relative(s) of
the deceased by lay people having a minimum education of 
10 years of schooling. The review of the questionnaires is
performed independently by two physicians. Three causes of
death can be assigned to each case. An underlying cause has to
be assigned, which is used as the cause of death in our study,
since our results are aimed at informing health policy. In the
case of malnutrition, for example, a child might die from a super-
vening acute disease, but to be successful, health policy must
aim to improve nutrition instead of promoting intervention
against the supervening disease. Additionally, one associated
cause of death and one immediate cause of death can be
assigned. If the two physicians do not agree on the underlying
cause of death, a third physician is consulted as a referee. If his
determination agrees with one of the initial diagnoses, the case
is coded accordingly. If not, the case is coded as undetermined.

Of the 464 deaths analysed, 10 deaths (2.2%) were not
classified according to the International Classification of
Diseases, 10th Revision (ICD-10), and for 76 deaths (16.4%) a
cause of death could not be ascertained. Instead of distributing
the undetermined cases proportionately across the disease
categories as was done in the GBDS, we left them in a separate

residual category. A proportional redistribution of these cases
would only overstate the precision of our estimates.

Numerous conceptually different measures have been
proposed for measuring the BOD, for instance mortality rates,
different forms of years of life lost11,12 (YLL), and disability-
adjusted life years (DALY),13 with the latter comprising YLL as
one of their major elements. We concentrate on standard YLL
according to the methodology proposed in the GBDS. On the
one hand, we want to ensure comparability, and on the other
hand, deaths and remaining life expectancy can be measured
relatively reliably by cause and typically contribute most to the
overall BOD in SSA. The GBDS, for example, attributes 77% of
overall BOD in SSA to YLL, whereas only 23% are attributed to
years lived with disability, the morbidity measure of the GBDS.

For our analysis individual YLL were calculated for all
recorded 464 deaths in the Nouna health district over a period
of 17 months (November 1997 to March 1999), and cross-
classified by age, gender, and cause of death. The measure is not
standardized according to population size or age,14,15 since our
major objective is the characterization of the local burden 
of disease in Burkina Faso, not a cross-country comparison of
standardized figures.

For each individual i, years of life lost due to premature death
are calculated as

where a is the age of the individual, L(a) is the remaining life
expectancy at age a, r is the discount rate, and k and β are the
parameters of the age-weighting function. In particular, k = 1
implies full age-weighting, and k = 0 no age-weighting. The
YLL(0.03,1) are the benchmark mortality measure in the GBDS.

To test the possibility that the deviations of our results from
the GBDS can be explained through mere sample variation, 
we applied a χ2 goodness-of-fit test. The distribution of the 
null hypothesis is the multinomial distribution of deaths over
distinct disease categories of the GBDS. The test statistic is

with Ej = n*pj, where pj is the expected probability of disease
category j as published by the GBDS and n is the sample size. Oj
is the number of deaths of category j that occur in the sample.
The test is based on the distribution of deaths over distinct
cause-of-death categories instead of YLL, since a test statistic
computed with YLL would not be χ2-distributed. The test is
asymptotically valid if Ei �5 ∀ i. Categories with an expected
occurrence of deaths of less than 5 were grouped together to
fulfil this prerequisite.

Results
Appendix Table 1 documents YLL by cause of death, sex, and
age group, using a format identical to the tables presented in the
GBDS. The classification system is the one used in the GBDS,
which can basically be translated into the ICD-10 system.
Overall mortality is divided into three broad disease categories I
(communicable, maternal, perinatal, and nutritional conditions),
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II (non-communicable) and III (injuries). Their respective 
BOD shares are 90.0% for Nouna as compared to 76.7% for 
the GBDS for group I, 4.2% for group II compared to 12.9% 
and finally 5.8% and 10.5% for group III, respectively. (In this
calculation we excluded YLL caused by war from the GBDS
figures to ensure comparability in a case where the deviation
can obviously and easily be reduced.)

The differences across gender between our results and the
GBDS are minor. We estimated that 53.9% of the BOD is carried
by men, whereas for SSA the GBDS reported this share to be
53.2%. However, 51.0% of the population in Nouna are men,
as opposed to 49.4% in the GBDS. Therefore, in relative terms
the burden of disease is slightly lower for men in Nouna.

Figure 1 displays the distribution of the results across age
groups. The two bottom bars contrast the standard YLL(0.03,1)
for Nouna with the GBDS results. Young age groups (up to 
14 years of age) account for the overwhelming majority of
estimated YLL both for Nouna and in the GDBS, however, their
relative fraction is somewhat smaller in our Nouna study. The
most striking difference occurs for small children (0–4 years),
with the GBDS attributing almost 7 percentage points more to
this age group (60.6% as compared to 53.7%). The two upper
bars of Figure 1 are discussed below.

Table 1 provides a ranking of diseases by YLL that they have
caused. For the GBDS, the ranking is also shown if the BOD is
measured in DALY. In both our study and the GBDS the same
three diseases occupied the first three places if measured in YLL,
only varying in their specific rank. In our study population
27.7% of all estimated YLL were caused by malaria in contrast
to 10.8% for SSA as given by the GBDS, where it only takes
rank 3 (rank 4 in terms of DALY). In Nouna, malaria is followed
by diarrhoeal diseases with a share of 20.5% of total disease
burden, and by lower respiratory infections with a share of

11.7%. In the GBDS diarrhoeal diseases take rank 1 and lower
respiratory infections take rank 2, in YLL as well as in DALY; in
terms of DALY, unintentional injuries outrun malaria in taking
rank 3.

An apparent feature of the data is that for the GBDS the BOD
is much more evenly distributed across the diseases, whereas for
Nouna more than half of the BOD measured in YLL was caused
by the three major causes of death. Beyond rank three, sub-
stantial differences emerge. Three of the ten leading causes of
YLL in the GBDS are not among the major ten causes of YLL 
in Nouna (intentional injuries, tuberculosis and malignant
neoplasms), and the same holds for three of the ten leading
causes of DALY (tuberculosis, neuro-psychiatric conditions, and
maternal conditions). Protein-energy malnutrition occupies
rank 5 in Nouna but only rank 15 in the GBDS, intestinal
nematode infections are at rank 7 in Nouna but only at rank 38
in the GBDS. Meningitis is at rank 6 in Nouna in contrast to
rank 27 for the GBDS.

A χ2 goodness-of-fit test explores whether the differences 
in ranking between Nouna and the GBDS can be explained
through mere sample variation, thus indicating whether, if 
we observed another sample, we would probably get the same
ranking. The computed test statistic is χ2 = 391, while the critical
value is χ2

(k=18, 0.995) = 37.2. The null hypothesis is rejected.
There clearly seems to be a statistically significant different
cause-of-death pattern in the health district of Nouna. To
generate a hypothetical situation most favourable for the GBDS,
in a sensitivity analysis we redistributed the residual cases
according to the GBDS results and performed the appropriate 
χ2 test once more. Our results are retained.

To analyse the sensitivity of our results to the particular
choice of parameters and health-status indicators, we also
calculated two alternative measures of the BOD: YLL(0,0) and
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Figure 1 Distribution of burden of disease across age groups
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the number of deaths. (Additional tables presenting the BOD in
the same format as Appendix Table 1 but for deaths and YLL(0,0)
can be downloaded at www.hyg.uni-heidelberg.de/ sfb544.) In
principle, one could imagine that the parameter and indicator
choice matters a lot, especially with respect to age, since the
difference between YLL(0.03,1), YLL(0,0) and deaths is sub-
stantial across most of the age range (Figure 2).

Returning to Figure 1, the three upper bars compare the
distribution of the three measures of BOD for Nouna across age
groups. For the number of deaths, one can see the U-shaped
pattern which is typical for developing regions. Burden of dis-
ease measured using crude deaths is concentrated in older age
groups and in the age group 0–4 (infant and child mortality). In
contrary, both YLL bars are constantly decreasing from younger
to older age groups. The differences between YLL(0.03,1) and
YLL(0,0) are less pronounced, with YLL(0,0) attributing a
higher share of the BOD to the youngest age group (58.4% as
opposed to 53.7%), and consequently lower shares to the
remaining age groups.

With respect to gender, no substantial differences can be
observed. While YLL(0.03,1) attribute 53.9% of the BOD to men,
the corresponding figures are 53.5% for YLL(0,0) and 54.7% 
for deaths, respectively. This result confirms intuition, since it
would be surprising if the particular choice of gender-insensitive
indicators made a large difference.

Similar observations hold for the distribution across the three
ICD-10 disease categories. Group I comprises 90.0% of the BOD
measured using YLL(0.03,1), 90.8% using YLL(0,0), and 87.8%
using deaths. For group II the shares are 4.2%, 3.9% and 6.6%,
respectively, and for group III 5.8%, 5.3% and 5.6%. While
YLL(0.03,1) and YLL(0,0) do not display perceptible differences,
when using deaths as the indicator a relatively larger share of
the BOD is attributed to non-communicable diseases. This is a
reasonable result, since these diseases tend to be an important
cause of death for older people.
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Table 1 Ranking of diseases by burden of disease caused

Nouna GBDS Rank if
GBD % of % of measured

Diseases classification Rank total BOD Rank total BOD in DALYs

Malaria IA8 1 27.71 3 10.75 4

Diarrhoeal diseases IA4 2 20.50 1 13.84 1

Lower respiratory infections IB1 3 11.70 2 13.02 2

Unintentional injuries IIIA 4 4.09 6 7.25 3

Protein-energy malnutrition IE1 5 2.56 15 1.45 17

Bacterial meningitis IA6 6 2.43 27 0.33 30

Intestinal nematode infections IA14 7 2.22 38 0.03 34

Perinatal conditions ID 8 1.82 5 7.56 6

Measles IA5d 9 1.61 4 8.78 5

HIV IA3 10 1.54 8 3.09 10

Intentional injuries* IIIB 17 0.44 9 2.84 12

Tuberculosis IA1 15 0.52 7 4.16 8

Malignant neoplasms IIA 25 0.24 10 2.59 13

Neuro-psychiatric conditions IIE 18 0.45 26 0.36 7

Maternal conditions IC 13 0.60 11 2.44 9

Diseases are listed according to rank: first rank 1 to 10 for Nouna, then the rest of the top ten diseases for the GBDS that are missing under the top ten of Nouna.

* YLL from war have been excluded from the GBDS results.

Figure 2 The graph shows the entries for females. A death of a
woman dying at age 0 will be assigned 82.5 YLL(0,0) or 33.1 YLL
(0.03,1) respectively. It will count as one if the number of deaths 
is used as the health-status indicator
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Table 2 reports how the ranking of the leading causes of 
the BOD varies with the chosen health-status measure. There is
almost no difference in ranking by cause of death whether or
not age and time weighting is implemented. Only rank 7 and 
8 change places, the rest retain their positions. Not only does
the ranking stay almost the same, but also the shares of the 
total BOD differ only slightly. For rank 1, there is a difference of
1.1%, for rank 2 the difference is 3.0% and for rank 3 it is 2.3%.
The highest proportional difference is for HIV (17.5%), but
given its small share in total BOD (1.5% and 1.3%, respectively)
even the largest relative difference among the ten major causes
of death does not seem to be remarkable.

While the choice between YLL(0.03,1) and YLL(0,0) is appar-
ently not instrumental, results change somewhat when we use
deaths as the BOD indicator. The first three causes of death
retain the same ranking, but there is less agreement between
YLL and the number of deaths after rank 3.

Discussion
We have to acknowledge that with our approach we cannot
really validate the GBDS study, since so far we cannot give
explicit figures on the validity of our implemented VA system
itself. However, the results we obtain raise serious doubt that for
the health district we are looking at, the GBDS would be the
right information base for a local health policy. Moreover, it is
plausible to argue that this could very likely be true also for
other regions of SSA.

In our analysis we operate with a limited sample size—we are
distributing 464 deaths over more than 40 disease categories.
This necessarily restricts our ability to accurately estimate the
prevalence or incidence of single diseases, even though our
number of reported cases is relatively high compared to other
mortality studies in SSA.8 For example, there are no reported
deaths from tuberculosis in women below age 70. Findings 
like this are most probably merely a result of chance. For this
reason, we will not discuss the detailed results (Appendix Table 1).
Yet our data enable us to discuss the aggregate findings on the
distribution of BOD by age and sex and to present a ranking of
the most prevalent causes of death.

With respect to gender and age the Nouna results confirm
more or less the general BOD structure reported by the GBDS

for SSA as a whole, even if the GBDS seems to overstate the
fraction of infant and child mortality compared to the Nouna
results. The ranking of diseases by the share of disease burden,
however, displays considerable differences. Basically, ranking,
and thereby priority setting in health policy, depends on three
things: the choice of indicator, the values incorporated in the
indicator (age and time preferences) and the epidemiological
data base that is used. Our results demonstrate a significant
difference in ranking between the GBDS and Nouna, whereas
the ranking by cause for Nouna shows little variation if a
different indicator or different age and time weights are used.

Three competing explanations might be offered for the diver-
gence between the Nouna and the GBDS data. First, instead of
being an ideal weighted average of local BOD estimates over all
regions of SSA, the GBDS results are an extrapolation of mortality
data from a few parts of Africa, using cause-of-death models and
a variety of expert judgements. Thus, while being a convincing
pragmatic approach in the absence of local data, the GBDS
might misrepresent the BOD structure of SSA as a whole. Only
further local BOD analysis for other SSA regions would be able
to validate the GBDS results as reliable mean estimations for
SSA.

Second, measurement errors might have biased our
estimates. For example, the large BOD shares attributed to the
major diseases suggest that the medical doctors who reviewed
the VA questionnaires might have tended to cluster deaths in
the major categories they experienced in their daily work.
While it seems unlikely that this problem could fully account for
the observed differences to the GBDS, further validation studies
of the VA method are warranted. In the literature the potential
and limitations of VA methods are examined critically.16–19 On
balance, it is argued that the VA method is the best option in a
situation where the majority of deaths occur without recourse
to modern health care facilities.

Another measurement error problem could be the over-
representation of the months November through March, since
we used the whole available sample size of 17 months. To check
whether this would affect our conclusions, we recalculated our
results on a 12-month-basis (January to December 1998). The
conclusions remain unchanged.

The third explanation for the divergence between the GBDS
and our results could be that rural Burkina Faso might be very
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Table 2 Ranking of diseases by burden of disease caused: YLL (0.03,1), YLL (0,0), or Deaths as Health-Status Indicators

YLL(0.03,1) YLL(0,0) Deaths

Diseases Rank in % Rank in % Rank in %

Malaria 1 27.71 1 28.01 1 25.86

Diarrhoeal diseases 2 20.50 2 21.13 2 19.18

Lower respiratory infections 3 11.70 3 11.98 3 12.07

Unintentional injuries 4 4.09 4 4.00 5 3.66

Protein-energy malnutrition 5 2.56 5 2.69 8 1.72

Bacterial meningitis 6 2.43 6 2.32 6 1.94

Intestinal nematode infections 7 2.22 8 2.02 4 3.88

Perinatal conditions 8 1.82 7 2.06 10 1.29

Measles 9 1.61 9 1.68 12 1.08

HIV 10 1.54 10 1.27 9 1.51

Inflammatory heart disease 11 1.30 11 1.26 6 1.94
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different from other parts of SSA. There is evidence that it is
poorer and less developed than the average SSA country,4

implying a relatively young population, fewer medical facilities,
low vaccination coverage, a lower quality of housing, water
supply and storage facilities, and generally a low level of
hygiene. Not only will this have consequences for the high BOD
share of disease category I (Nouna seems to lag behind in the
epidemiological transition), but also for the high occurrence of
protein-energy malnutrition and intestinal nematode infections.

Furthermore, Burkina Faso lies inside the meningitis belt,
which is of course not the case for SSA as a whole, and it is a
region of high malaria transmission. Malaria is probably
endemic in most regions of SSA, but its endemicity varies
widely. Chandramohan,16 for example, reports the BOD shares
of meningitis and malaria to be 11.4% and 8.9% in a region in
Tanzania, 15.7% and 2.0% in Ethiopia, and 4.3% and 14.2% in
Ghana, respectively.

Thus, even if the GBDS provided an accurate portrait of SSA
as a whole, SSA would be quite heterogeneous in terms of BOD.

Burkinian deviations from this typical BOD structure could not
be an isolated phenomenon, but would have to be outweighed
by countervailing deviations in other SSA regions. Overall, these
arguments clearly underscore the need for local BOD measure-
ment and priority setting. The available expert estimates from
the GBDS are apparently not sufficient to provide a charac-
terization of the BOD in SSA which is detailed and accurate
enough to provide a basis for local health policy.
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KEY MESSAGES

• This study presents locally measured burden of disease (BOD) data for a health district in Burkina Faso and
compares them to the results of the Global Burden of Disease Study (GBDS) for sub-Saharan Africa (SSA).

• As BOD indicator, standard years of life lost are used.

• Regarding age and gender, our data exhibit the same qualitative BOD pattern as the GBDS results.

• The ranking of diseases by BOD share, a crucial information for the design of a national or local health policy,
differs substantially.

• We conclude that local health policy should rather be based on local BOD measurement instead of relying on
extrapolations that might not represent the true BOD structure by cause.
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Summary OBJECTIVEOBJECTIVE To examine household out-of-pocket expenditure on health care, particularly malaria

treatment, in rural Burkina Faso.

METHODMETHOD Comprehensive analysis of out-of-pocket expenditure on health care through a descriptive

analysis and a second, multivariate analysis using the Tobit model with emphasis on malaria, based on

800 urban and rural households in Nouna health district.

RESULTSRESULTS Households will spend less on malaria, either in or outside the health facility, if given the

choice to do so, because they feel confident to self-treat malaria. Seeking health care from a qualified

health worker incurs more out-of-pocket expenditure than self-treatment and traditional healers, and if

necessary, households sell off assets to offset the expenditure. More than 80% of household out-of-

pocket expenditure is allocated to drugs.

CONCLUSIONCONCLUSION This has policy implications for malaria control and the Roll Back Malaria Initiative.

Communities need to be educated on the risks of malaria complications and the potential risk of

inappropriate diagnosis and treatment. Drug or health services pricing policy needs to create an incentive

to use the health services. In the fight against malaria, building alliances between households, traditional

healers and health workers is essential.
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Introduction

Like most African countries, Burkina Faso introduced user

fees as a mode of financing government health services

within the framework of the Bamako Initiative. This was in

response to the severe problems in financing health services

in most of sub-Saharan Africa. Government health budgets

declined in real terms in response to macroeconomic

problems at the time while demand for health services

increased, partly because of population growth and

successful social mobilization. The Bamako Initiative was

announced at a meeting of African Ministers of Health,

sponsored by the World Health Organization (WHO) and

United Nations Children Fund (UNICEF) in 1987. Its goal

is ‘universal accessibility to Primary Health Care (PHC).

The attainment of this goal would be enhanced through a

substantial decentralization of health decision making to

the district level, community level management of PHC,

user financing under community control and a realistic

national drug policy and provision of basic essential drugs,

leading to a self-sustaining PHC with emphasis on

promoting the health of women and children (WHO

1988).’

User charges in government health services were con-

sidered feasible because when ‘free’ government services

were rationed or of poor quality, people paid substantial

amounts for health care in the private sector, often for

inappropriate treatment or medicines. User fees were

intended to redirect private expenditure towards more

effective government health services and appropriate

treatment, as retained fees would ensure regular drug

availability and better quality.

Studies in Burkina Faso (Sauerborn et al. 1994) and

elsewhere (Acharya et al. 1993; Pannarunothai & Mills
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1997; Sen 1997; Fabricant et al. 1999) have shown that the

introduction of fees resulted in deterring people, especially

the poor and children, from using health care services. In

contrast to this, a widely cited study from Cameroon found

that the poor used more state-provided health care despite

fee increases as a result of quality improvements (Litvack

& Bodart 1993). Similarly, growing demand after

introduction of cost recovery and better quality of care was

found in a pilot study in Niger (Diop et al. 1995).

The impact of user fees is forcing some governments to

rethink or to abolish the regime altogether. Uganda, for

example, abolished them in March 2001 (Wendo 2001),

although the experience so far has been that health

facilities have been overwhelmed and shortage of drugs is

now frequent (Kikonyogo 2001). Only in district, regional

and national referral hospitals are patients given the option

of paying and being served quickly or queuing for free

services. The FY 2001 Foreign Operations Appropriations

Bill allows the US to oppose any IMF, World Bank or

regional development bank loan that calls for user fees or

service charges from poor people for primary education or

primary health care (US Congress 2000).

One of the effects of user fees, which has not attracted

much attention, is the multiplier effect it has in worsening

the disease burden of some illnesses, either by causing

delays in treatment leading to complications, or by

inappropriate self-diagnosis and treatment, which may

increase drug resistance. Malaria is an excellent example: It

can be treated in just 3 days, yet kills millions every year.

While many factors are responsible, delays in diagnosis and

treatment are the main reason for its high mortality and

complications such as cerebral malaria, severe anaemia,

jaundice, and renal failure. An estimated 80% of malaria-

related deaths are caused by cerebral malaria (Kakkilaya

2001), hence early treatment is essential to successful

control of malaria. Unfortunately patients postpone

seeking care; partly because of the fear of paying user fees

(Foster 1991) until such complications begin to manifest

(Ebisawa et al. 1980). Secondly, to economize, patients

may buy insufficient quantities of the drug, or share one

dose between two or more people if more than one family

member is sick (Foster 1991). This increasingly renders

some largely affordable and effective drugs such as

chloroquine (CQ) ineffective by building resistance. As a

result some countries have had to abandon CQ as the first-

line drug in favour of more expensive alternatives. Malawi,

for example, replaced CQ with sulphadoxine-pyrimeth-

amine (SP) in 1993 (Zoguereh & Delmont 2000), and

Kenya is in the process to do the same (Shretta et al. 2000).

In this paper, we examine the burden of out-of-pocket

expenditures on households in Nouna, Burkina Faso. To

assess the impact of the likelihood of delaying treatment

and possible drug resistance, we analyse the burden of

out-of-pocket expenditure by disease or health condition,

in relation to its components and to the strategies

employed to offset the expenses. We describe the factors

for differential burden among households with particular

emphasis on malaria.

Data and sample

The data is based on a panel survey of 800 households in

the district of Nouna, north-western Burkina Faso,

conducted under the auspices of the Nouna Health

Research Center as part of an ongoing project to evaluate

health care interventions. The Demographic Surveillance

System (DSS) in the area provided the sampling frame.

Households were sampled in a two-stage cluster procedure,

with each household having the same probability of being

selected (Levy & Lemeshow 1999). At the first stage, we

selected seven clusters in urban Nouna and 20 clusters in

the 41 rural villages; at stage two, respondent households

were selected in each cluster. The sample proportions of

rural and urban households reflect their respective fractions

in the DSS: We selected 480 of 4630 households in the 41

villages, and 320 of 2802 households in Nouna 320

(62% rural, 38% urban).

The survey questionnaire comprised of socioeconomic

and morbidity modules. To capture seasonal variation, the

morbidity module is used four times a year and the

socioeconomic module twice a year. This paper draws on

data collected in the first two survey rounds conducted

during the dry (June) and rainy season (September) in

2000. Each adult responded to questions pertaining to him/

herself and appropriate proxies were identified for children

and individuals who could not answer for themselves. If a

household member was absent, interviewers made three

more attempts to see the adult in question.

The perception of illness rather than disease was used

to analyse out-of-pocket expenditure in Burkina Faso for

two reasons: first, it is the perception that determines

whether an individual seeks self-treatment or any other

type of health care provider (Coreil 1983). Secondly, the

resulting expenditure depends to some extent on the

perceived type and severity of illness. To allow the

possibility of future comparison with other similar stud-

ies, the illnesses were translated and mapped according to

the Global Burden of Disease Classification (Murray &

Lopez 1996). We use the term ‘disease’ to denote a

labelled diagnostic category, not as one that has been

clinically determined.

Aggregate incomes were measured based upon local

prices and quantities of agricultural products (animal and

crops), regular cash incomes (salaries and pensions in
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some cases) and cash transfers, as the population is

predominantly farmers who produce for home consump-

tion and a little surplus for sale. Incomes were measured

in two steps: first by summing up the value of sold animal

products, crop products, cash earnings and transfers to the

households; secondly, by subtracting expenditure on

seeds, bought animals and cash transfers out of the

households. If households bought animals and did not sell

them in the reference period, this was considered savings

and excluded. If the sale of crop products was bigger than

the harvest, then the value of the sold crops replaced the

value of the harvest. The value of animals, crops and

material assets (plough, carts) was computed separately,

similar to a procedure used to estimate incomes of rural

communities in Sierra Leone (Fabricant et al. 1999),

where a high correlation with wealth proxies, such as

people’s ranking of the rich individuals and families in the

community, was found.

Statistical methods

We also present estimates based on the Tobit model for

examining out-of-pocket expenditure on health care. We

used the probit estimation to identify the role of malaria

in treatment choice and the ordered probit estimation to

determine the likelihood of an illness being severe. Not

all out-of-pocket expenditure incurred was observed

over the entire study period. Some episodes had not

ended and for these, complete information was only

available on independent variables (age, sex, and

income) but not for the dependent variable (out-of-

pocket expenditure on health care). We did know the

minimum amount of out-of-pocket spent on health care.

The Tobit model, the adjusted Tobit model and sample

selection models (Scott Long 1997) apply to continuous

but limited dependent variables such as out-of-pocket

expenditure on health care used in econometric

literature.

Tobit analysis is done separately for treatment within

and outside health facilities using the following variables

as independent: whether an illness is malaria or not, age,

sex, value of material assets, value of agricultural

produce, value of animals, payment arrangement, urban/

rural and household size. Household income, which is

the sum of individual incomes belonging to the house-

hold, did not affect the out-of-pocket expenditure and

therefore was dropped from the analysis and replaced by

individual components. All monetary values are in

Burkina Faso currency CFA (1 USD 550 CFA, March

2001). Severity of the illness as perceived by the patients

was considered endogenous and not used as a dependent

variable.

Results

The role of malaria on treatment choice and severity is

noteworthy. Malaria does not determine treatment choice

using the probit estimation method. But people in the

urban area and those with a high income (determined by

the value of animals) were more likely to seek care from the

health facilities, indicating ease of geographical and

monetary access. Using the ordered probit estimation,

malaria was less severe than other illnesses ( –4.75,

P < 0.0001) and illnesses reported by people in urban areas

were less severe ( –4.27), indicating again the problem

of geographical access to health facilities for timely

treatment. Nouna town is served by the district hospital

while the rural areas have few first-line health facilities.

Out-of-pocket e penditure by illness

We examined the out-of-pocket expenditure according to

illness and expenditure components (Table 1). Hospital-

ization is expenditure for a hospital bed and services but

excluding drugs; transport includes all forms of transport;

stay is expenditure on upkeep while seeking care;

consultation is consultation fee, and others refers to any

other expenditure including laboratory examinations.

Ranking of illness and out-of-pocket expenditure on

health care provides insights into how differently the

morbidity and economic burden attributable to different

illnesses impact on the population. For example, a highly

ranked illness caused by morbidity may be the one with the

greatest out-of-pocket expenditure, which is the case with

malaria (Table 1). Relative rankings show differential

impact; oral conditions, for example, ranks 8th as a cause

of morbidity, but 13th as a cause of out-of-pocket

expenditure, implying that the population with this illness

experienced a significantly lower burden because of out-of-

pocket expenditure relative to morbidity.

Comparing malaria and other illnesses, Figure 1 shows

the components of out-of-pocket expenditure on health

care. Clearly drugs make up the greatest proportion: 90%

in case of malaria, against 4% on transport, 3% on

consultation, none on stay while seeking treatment and 1%

on hospitalization. For other illnesses, 84% of the

expenditure is on drugs, 3% on transport, 4% on

consultation, 4% for stay while seeking treatment and 3%

on hospitalization.

Out-of-pocket e penditure and reason

by treatment choice

We also examined out-of-pocket expenditure by

treatment choice, specifically to understand how
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out-of-pocket expenditure varies with treatment choice

and illness. A number of reasons were given for seeking

self-treatment, trained health worker or traditional

healers, most importantly lack of money, competence

and severity of illness. These have policy implications for

the control of malaria.

Figure 2 shows the reasons for choosing self-treat-

ment, a trained health worker or a traditional healer

and illustrates four points. On aggregate, as the illness

becomes severe, patients choose to go to the health

worker (see severity category) regardless of the illness in

question. About 42.7% of malaria patients treat them-

selves because they feel competent to handle the

situation, against 29.8% of patients with other illnesses.

Regardless of the illness in question, a substantial

number of patients chose self-treatment (81.2% for

malaria, 64.3% for all other illnesses) – indicating a

high preference for it, especially in cases of malaria.

Traditional healers are rarely consulted for malaria

treatment (0.9%) compared with other illnesses (17%).

Much more out-of-pocket money was spent on treat-

ment from health workers (748 540 CFA) than on

self-treatment (373 340 CFA) or traditional healers

(119 260 CFA).

Household strategies for mitigating the out-of-pocket

e penditure burden

The strategies that households in Nouna use to mitigate

out-of-pocket expenditure were pre-coded as (1) sold

personal assets, (2) received free treatment, (3) received

money as a gift, (4) borrowed money, (5) used cash, liquid

savings and (6) worked for the money. But only four

strategies were used, namely selling of personal assets, free

treatment, money as a gift, and borrowing money. Table 2

shows that no households used cash or liquid savings. As

expenditure on health rises, households sell assets to meet

the cost. This observation is consistent for all illnesses but

less so for malaria. More than three-quarters (78.9%) of

households borrow money to pay for health care. This is

slightly more for malaria. Free treatment and donations of

money are very rare.

actors for differential out-of-pocket e penditure on health

We examined the factors for differential out-of-pocket

expenditure using the Tobit estimation model separately

for in and outside the health facility. The model estimates

in Table 3 show differences for self-treatment and health

Figure 1 Components of out-of-pocket expenditure on health care in Nouna, Burkina Faso.
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facility treatment of malaria compared with all other

illnesses, expenditure source or payment arrangement and

value of material assets. Differences are observed for

treatment in health facility only for age, sex and whether a

household is urban or rural. There are significant differ-

ences in self-treatment only for payment arrangement and

the value of animals.

It matters less whether treatment is sought from the

health facility or self-treatment: less out-of-pocket money

(significant at 1%) was spent on malaria compared with all

other illnesses, 4503 CFA less for self-treatment and 8615

CFA less for the health facility. There are two possible

explanations to this: first, the perception that malaria has

been with the community for so long that it is perceived not

as a threat but as an illness that can be treated with some

tablets of CQ. This is corroborated by Figure 2, which

shows that a large proportion of individuals chose self-

treatment for malaria because they thought they were

Figure 2 A comparison of treatment choice for malaria and other illness, Nouna Burkina Faso.

Mitigating household strategy

Out-of-pocket

expenditure

Selling of

assets

Free

treatment

Money as

gift

Borrowed

money Total

Malaria

Less, 800 CFA 6 (6.5) 0 (0) 1 (1.1) 86 (92.5) 93 (59.6)

Over, 800 CFA 9 (14.3) 1 (1.6) (1.6) 52 (82.5) 63 (40.4)
Sub-total 15 (9.6) 1 (0.6) 2 (1.3) 138 (88.5) 156 (57.8)

All others

Less, 800 CFA 4 (9.5) 1 (2.3) 3 (7.1) 34 (81.1) 42 (36.8)
Over, 800 CFA 19 (26.4) 6 (8.3) 6 (8.3) 41 (56.9) 72 (63.2)

Sub-total 23 (20.2) 7 (6.1) 9 (7.9) 75 (65.8) 114 (42.2)

Total 38 (14.1) 8 (3.0) 11 (4.1) 213 (78.9) 270 (100)

Values in parentheses are percentages.

Table 2 Strategies for mitigating out-
of-pocket expenditure on health in Nouna,

Burkina Faso
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competent. Secondly, the value of material assets owned is

significant at 5% for both self-treatment and treatment in

the health facility. As this is an indicator of income, one

would expect that the higher the income, the more an

individual household is likely to pay.

For self-treatment most people first borrow to offset

expenditure, and then, as bills increase, resort to selling

their assets (Table 2). The possible explanation for this is

that households fear low bargaining power in the period of

need and therefore prefer to borrow and offset the debt

later, but as costs rise, their credit worthiness decreases, or

nobody may be able to lend such an amount of money.

We found a significant difference in out-of-pocket

expenditure for self-treatment associated with the value of

animals: the greater their value, the less out-of-pocket

money a household is likely to spend. At first this looks odd

as animals are a proxy of wealth. But when looking at the

culture of the community and economic activity, two issues

become clear: animals, especially donkeys, are used for

farming and it is essentially difficult to sell donkeys in the

event of illness. Cattle are a way of life for some sections on

the population, and they would rather die than sell their

cattle.

People spent more out-of-pocket on treatment from the

health worker than on self-treatment and traditional

healers (not shown in the table). Using the probit analysis,

the difference was significant at 1%. Treatment elsewhere

may have been incomplete, and to complete the course may

have required more expenditure. Health workers may be

more expensive, incurring cost both for consultation and

transport.

Being in the urban area determines how much a

household pays for health care in the health facility rather

than on self-treatment, possibly because of differences in

income levels between urban and rural areas or geo-

graphical access to health facilities.

Finally, age and sex are significant regarding choosing

treatment in health facilities vs. self-treatment. The older a

person is, the more out-of-pocket she or he is likely to pay

for health care. Sauerborn et al. (1996) found age to be one

of the factors for differential out-of-pocket expenditure on

health in the area. Households spend more on males than

females. This is, however, only true for health facilities, not

self-treatment.

Discussion

What implications do these results have for the global aim

to Roll Back Malaria (RBM)? RBM comprises strategies to

reduce access barriers to prompt and appropriate treat-

ment, to sector-wide approaches and financing, to monit-

oring drug resistance and to improving quality of care atT
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home. Our results have policy implications for these

proposed strategies.

Less out-of-pocket is spent on malaria than other

illnesses, yet it is the leading cause of morbidity and

mortality in the population (Würtwein et al. 2000)

regardless of treatment choice. Malaria may not be

perceived as a threat any more (Sommerfeld et al. 2001),

and people may consider themselves capable of diagnosing

and treating malaria, and therefore prefer self-treatment to

visiting public health facilities (Figure 2). This observation

is worrying, and may have far-reaching implications for

both policy and the future disease burden. In their study of

perceived risk and vulnerability Sommerfeld et al. (2001)

found that malaria ranked 10th in terms of being perceived

as a threat, yet was the illness the community was most

vulnerable to. People may not be able to diagnose and

appropriately treat malaria. Studies elsewhere have shown

that is the case; for example, only 20.1% of the mothers/

guardians in Kibaha district of Tanzania knew the correct

paediatric dose regime of CQ syrup, the most common

medication (Nsimba et al. 1999). The policy concern is

that communities need to be made aware of the risks of

complicated malaria and the potential danger of inappro-

priate self-diagnosis and treatment.

Drugs make up about 90% of the total out-of-pocket

expenditure for malaria and 84% for other illnesses, hence

the likelihood of under dosing and consequent develop-

ment of resistance is high (Shretta et al. 2000). One policy

proposal would be to provide essential drugs free for those

illnesses with the greatest burden, and to subsidize

expenses for other treatment components for illnesses

causing a lower burden.

Treatment choice and corresponding expenditure

differences show that consistently more out-of-pocket

expenditure was incurred in health facilities in comparison

with self-treatment and traditional healers. About 98% of

the respondents who cited lack of money as a reason for

treatment choice chose either self-treatment or traditional

healer. Other studies reveal a similar pattern, for example

in Morocco, where those who visited public health

facilities paid six times more than self-treaters (Hotchkiss

& Gordillo 1999). The government could reduce the price

of services, including drugs, to the level of other options,

followed by mass information campaigns. The success of

the Expanded Program on Immunization has largely

depended on the availability of vaccines and awareness

campaigns. The other option would be to make drugs for

health conditions with the highest burden freely available.

A small proportion chose traditional healers, who are

part of most communities in Africa, and whose role is

likely to increase as economic conditions worsen. Arguably

they can only treat a small portion of the illnesses in

question successfully. It is not clear whether surveys

capture all visits to traditional healers. Health policy

should recognize and aim to integrate them in strategies to

improve the health of the population.

Most households borrow to offset the out-of-pocket

expenditure burden. This is in line with the theory that it is

better to borrow than to liquidate ones assets as assets lose

value when you are in need. Sauerborn (1994) found that

‘loans were perceived as buffers between the time of need

for cash and the time when households saw a possibility of

paying back. Selling an animal under pressure would lead

to a bad price. So it was more advantageous, even for the

wealthy, to take a loan and take some time to sell the

necessary number of animals at a time when prices would

be favourable. The same was true for cereal crops’.

However, as more out-of-pocket expenditure is incurred, it

becomes increasingly difficult to secure a loan and people

may have to resort to accepting a poor price.

Differential resource allocation within households has

been reported in a number of studies (Chen et al. 1981)

and these have largely shaped policy development and

targeting of intervention policies (Sen 1984; Das Gupta

1987; Haddad & Reardon 1993). These studies have

mainly investigated gender and age in allocation of

resources, termed as gender and age bias, respectively. The

results show that males are allocated considerably higher

out-of-pocket expenditure on health than females while

seeking treatment in the health facilities. This contrasts

with studies in western Africa (Haddad & Reardon 1993)

which did not find any gender difference but conforms to

studies conducted in South Asia (Chen et al. 1981; Sen

1984; Das Gupta 1987) which found discrimination

against females. A possible explanation is that the methods

used in the analysis in the two studies referred to in West

Africa could not detect the gender bias. Haddad used

stratified outlay equivalent analysis on the International

Food Policy Research Institute (IFPRI) data set in Burkina

Faso, and could not find any differences in expenditure

between boys and girls. Sauerborn et al. (1996) used

analysis of variance and found that although the average

health care expenditures for sick women was half that of

sick men (480 CFA vs. 1160 CFA), the difference was not

significant (P 0.06). In both cases above, one would

suspect that there was no optimal use of the available data.

In this paper, we attempted to make the best use of all

available data by Tobit analysis, and did not find gender

bias in out-of-pocket expenditure on health care, either.

As expected, age is statistically significant (Caldwell

et al. 1983), but only for health facility treatment, not self-

treatment (Sauerborn et al. 1996). Caldwell et al. found

under representation of the young and old among patients,

which they attribute to parent perceptions of childhood
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illnesses. Sauerborn et al. report differential health expen-

diture biased towards 11–59 year-olds based on case

studies in age groups of 0–10, 11–59, and 60+ years.

Conclusion

Households will spend as little as possible on malaria

because they feel confident to treat it themselves. Hence

policies aimed at fighting the spread of malaria need to

focus on at least three issues: educating population on the

risks associated with malaria complications and the asso-

ciated risk of inappropriate diagnosis and treatment;

pricing of drugs and services to create an incentive to use

the health services; and building alliances between house-

holds, traditional healers and medical health workers.
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Introduction

In the past decade, increasing attention has been paid to
quality of care as a means to enhance the effectiveness of
health care systems in developing countries. In many develop-
ing countries, various actions have been taken to look into
quality of primary health care, through either research and
development (recently Bojalil et al. 1998; Brugha and Zwi
1998; Haddad et al. 1998a, b; Hotchkiss 1998; Newman et al.
1998; Archibong 1999; Noorali et al. 1999) or full-blown quality
assurance (QA) (Chase and Carr-Hill 1994; Palestine National
Health Authority 1994; Whittaker et al. 1998; Tassara 1999).

Typically, a distinction is made between observed quality of
care and perceived quality of care (Palmer et al. 1991). The
former, focusing merely on structural and process measures,
relates to professionally defined standards of care, and refers
to whether health care services adhere to these standards.
The latter relates to the views of patients, which are attract-
ing more and more importance (Donabedian 1980; WHO
1990). Patients’ perception of quality of care is critical to
understand the relationship between quality of care and
utilization of health services, and increasingly it is treated as
an outcome of health care delivery (Ross et al. 1993; Susman
1994; Reerink and Sauerborn 1996). Experiences in
Bangladesh (Andaleep 1999), China (Yip et al. 1998), Nepal
(Lafond 1995), Sri Lanka (Akin and Hutchinson 1999) and
Vietnam (Guldner and Rifkin 1993) provide growing evi-

dence that the perceived quality of care of health care services
has a strong impact on utilization patterns.

This paper reports on the measurement of perceived quality
of care of primary health care services in the health district of
Nouna, Burkina Faso. Previous qualitative research on per-
ceived quality of care in the same district showed that
consumers were not satisfied with the health care services
offered (Nikièma-Heinmüller and Borchert 1998). Govern-
ment services are only consulted by 19% of the population,
others choose home treatment (52%), traditional healers
(17%) or local village health workers (5%) (Sauerborn et al.
1995). This translates in a utilization of government services
as low as 0.17 consultations per capita in 1997 (DRS
Cantaloup 1997). Understanding patients’ perceptions on the
quality of care of government facilities may allow policy-
makers to improve this quality of care, and hence increase the
services’ utilization (Parker and Knippenberg 1991; Bitran
1995; Hotchkiss 1998). The present research acts as a base-
line measurement for a Quality Assurance project started in
2000 in the health district of Nouna.

The measurement of perceived quality of care is still in its
infancy, and its measurement tools are often not well
described and/or validated (Bryce et al. 1992; Maynard-
Tucker 1994; Newman et al. 1998), with a few exceptions.
Recently, Andaleep (2001) has studied several dimensions
of perceived quality of care in Bangladesh including
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responsiveness, assurance, communication, discipline and
baksheesh (unofficial payments). He argues, arbitrarily, that
these factors have a relatively greater influence on indi-
viduals’ decisions regarding utilization compared with access
and costs. Haddad et al. (1998b) developed and validated a
scale in Guinea. This paper applies this instrument, adjusted
for the specific context of Burkina Faso, and covers individual
perceptions on health personnel practices and conduct,
adequacy of resources and services, health care delivery, and
financial and physical accessibility of care. This comprehen-
sive approach allows us to assess the relative importance of
determinants of quality of care that affect utilization patterns.

The aim of this paper is to inform policy-makers about the
strengths and weaknesses of the quality of government
primary health care services, as perceived by users, which can
help define starting points to improve quality of care. More-
over, the present paper aims to contribute to the further
development of an analytical framework for the measure-
ment of perceived quality of care.

Methods

The study population

Data were collected on 1081 visitors of one urban hospital
and 10 rural health care centres in the district of Nouna, in

north-west Burkina Faso. The rural health centres provide
basic outpatient services and include a dispensary and
maternity unit staffed by a certified nurse and a trained
midwife. The urban district hospital, with some 100 beds with
surgical facilities, is the first referral level for the rural health
centres and has a physician on staff. Visitors to the health
facilities were approached as they left the facilities evaluated.
They were included in the study, and an appointment was
made for an interview at home, if their reason for the visit
included a consultation with the staff. During the interview, a
questionnaire was administered to the patients themselves or,
in the case of children younger than 15 years, to the
accompanying adult. The response rate to the interview ques-
tions was 96%. In addition to the items dealing with quality,
the questionnaire included questions on respondents’ socio-
demographic characteristics. The majority of the respondents
were female (57%), and 82% of the respondents were un-
educated. The average age was 34 years.

Questionnaire

The instrument for quality assessment was based on an instru-
ment developed and validated earlier for documenting
quality of care in Guinea (Haddad et al. 1998b). The results
of an exploratory study in Nouna district in Burkina Faso
were used to assess whether the same items, as selected in
the Guinea study, were also relevant for Burkina Faso 
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Table 1. Results of factor analysisa

Factors
___________________________________________________

Items 1 2 3 4

Health personnel practices and conduct
Compassion, support for patients 0.76 –0.02 –0.01 0.03 0.63
Respect for patients 0.75 0.05 –0.10 –0.01 0.62
Reception of patients 0.75 –0.07 –0.01 0.07 0.51
Honesty 0.67 0.10 –0.06 0.02 0.36
Follow up 0.67 –0.04 0.15 –0.05 0.44
Good clinical examination 0.61 0.11 0.20 –0.08 0.50

Adequacy of resources and services
Adequacy of medical equipment –0.03 0.83 0.06 –0.02 0.49
Adequacy of rooms 0.09 0.76 0.10 –0.15 0.57
Adequacy of doctors for women –0.08 0.68 0.05 0.11 0.58
Number of good doctors 0.00 0.68 –0.02 0.13 0.56
Availability of drugs for all diseases 

on the spot 0.19 0.46 –0.11 0.14 0.49
Health care delivery

Good diagnosis 0.01 0.09 0.78 –0.04 0.26
Prescription of drugs by doctors 0.00 0.12 0.77 –0.04 0.58
Quality of drugs 0.10 –0.10 0.47 0.34 0.63
Recovery, cure 0.21 –0.04 0.32 0.31 0.17

Financial and physical accessibility of care
Payment arrangements 0.07 0.13 –0.09 0.73 0.53
Adequacy of costs 0.16 0.05 –0.11 0.70 0.51
Ease of obtaining drugs 0.02 –0.04 0.22 0.64 0.69
Distance –0.11 0.06 0.02 0.41 0.60
Allowing sufficient time for patients 0.27 0.08 –0.01 0.31 0.36

% of variance explained by the factor 
after rotation 29% 9% 7% 6%

a Principal component analysis with four factor extraction. Factor coefficients after oblimin with kaiser normalization.

Communalities
after extraction
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(Nikièma-Heinmuller and Borchert 1998). This study con-
sisted of 20 focus groups in five villages, and aimed to identify
the criteria lay people use to judge quality of care. The
exercise resulted in a selection of a large number of items that
were found to be important determinants of quality of care.
There was a complete overlap with the pool of 20 items as
defined by Haddad et al. Regrouping led to a questionnaire
including 23 items.

The items were translated into the four main local languages
(Bwamou, Djoula, Marka, Mooré) using the method of back-
translation. It was then pre-tested on 25 people to allow for
adjustment of wording. For each question, respondents could
express one of five opinions: very unfavourable (–2),
unfavourable (–1), neutral (0), favourable (+1) and very
favourable (+2). The respondents were asked to express their
opinion about the services in general, not on the one specific
consultation after which they were approached by the
research team. An unweighted aggregation procedure was
used to calculate summary scores.

Results

Scale properties

On the basis of item analysis, 20 items were selected (Table
1). Factor analysis, to break down the items into homo-
geneous sub-scales, resulted in an item grouping which is
coherent with the quality dimensions as proposed by various
authors such as Donabedian (1980). Consequently this group-
ing has been used for the definition of four sub-scales (Table
1). The first sub-scale consists of six items related to the prac-
tices and conduct of the health personnel: patient follow-up,
clinical examination, the reception of the patient, compas-
sion, respect, time spent, and honesty of the staff. The second
sub-scale includes five items related to the adequacy of
resources and services in the facility, i.e. adequacy of the
number of doctors, adequacy of doctors for women’s treat-
ment, adequacy of equipment, adequacy of rooms and avail-
ability of drugs. The third sub-scale includes four items
including measures of health care delivery, i.e. prescription,
quality of drugs, diagnosis and care outcomes. The fourth
sub-scale includes five items related to the financial and physi-
cal accessibility of health care, i.e. the adequacy of fees, the

possibility of making special payment arrangements, dis-
tance, the ease of obtaining drugs and the time devoted by the
doctor.1

The results show that the respondents were favourable
regarding the dimensions, ‘health personnel practices and
conduct’ and ‘health care delivery’, but less so regarding
‘adequacy of resources and services’ and ‘financial and physi-
cal accessibility’. The total score and the scores for three out
of four sub-scales show mean scores that are larger than the
median scores, indicating a skewed distribution which is often
the case in studies on people’s satisfaction or perceptions on
the quality of care (Haddad et al. 1998b) (Table 2). The
reliability of the scores, as indicated by the Cronbach’s alpha
values, ranges from 0.55 for the sub-scale health care delivery,
to 0.86 for the total score. Modest reliability scores for the
sub-scales health care delivery and accessibility can be
explained by the limited number of items and the relative
heterogeneous character of this sub-scale, and is not uncom-
mon in opinion interviews (Haddad et al. 1998b).

Subgroup analysis

The impact of individual and system characteristics on the
various scores are presented in Table 3. The results show that
health personnel practices and conduct are perceived as
poorer by relatively young people and those with at least
primary education; the perceived adequacy of resources and
services is judged poorer by relatively old people, females,
those with at least primary education, and by those who live
where the centre is located. Males and those with at least
primary education rated health care delivery lower; respon-
dents who live in another village than where the centre is
located and with at least primary education rated financial
and physical accessibility lower. Overall, the quality was
judged lower by those with at least primary education.

Perceived quality of the health centres

To determine which centres differ in terms of perceived
quality of care, we performed post-hoc tests, using a pro-
cedure (Tukey’s honestly significant difference test) that
allows for adjustment of the observed significance level for
multiple comparisons. For the total score as well as for the
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Table 2. Description and reliability analysis of subscales and total score

Subscale
_______________________________________________________________________

Health personnel Adequacy of Health care Financial and Perceived quality
practices and resources and delivery physical (total score)
conduct services accessibility

No. of items 6 5 4 5 20
Possible range –12 to +12 –10 to +10 –8 to +8 –10 to +10 –40 to +40
Mean 6.43 0.37 4.23 1.64 12.80
Median 7 1 4 2 13
Standard deviation 3.13 3.91 1.88 3.27 9.20
Cronbach’s alpha 0.78 0.79 0.55 0.62 0.86
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four sub-scales, the perceptions on the quality of care often
differ significantly between one health centre and the others
(Table 3). In other words, the measures of perceived quality
discriminate strongly between the different health centres.

The adjusted R2 value, representing the percentage of vari-
ance explained by the various models, is larger than 20% for
four of the five models. The health centres explain much of
this variance.2 This indicates, in our model, a high impact of
health care system characteristics on the valuation of quality
of care, relative to that of socio-demographic characteristics.

Discussion

This paper examines the quality of care of primary health care
facilities in a rural region of Burkina Faso. There is a tendency
for respondents to respond favourably to questions, as is
systematically noted in research on perceived quality or
satisfaction (Bitran 1995; Wouters 1995; Haddad et al. 1998b;
Newman et al. 1998). This implies that results should be inter-
preted carefully and in a relative rather than an absolute
sense. Despite this tendency, respondents’ opinions are not
very favourable in this study, as has also been shown by other
studies in the same region (Nikièma-Heinmüller and
Borchert 1998).

Respondents in various health centres (including the urban
hospital) were relatively negative on items related to health
personnel practices and conduct. The behaviour of health
personnel has also been found to depress patient satisfaction
in other studies (Abu-Zaid and Dan 1985; Waddington and
Enyimayew 1989, 1990; Bichman et al. 1991; Haddad et al.
1995). The problem, however, rarely receives attention by
health planners who seem to focus more on the technical
aspects of quality (Bichman et al. 1991; Jarrett and Ofusu-
Amaah 1992; Haddad and Fournier 1995). Consequently,
the importance of interpersonal skills has been largely
overlooked, an important quality aspect which in certain
settings had been found to be mutually reinforcing the tech-
nical quality component (Gilson et al. 1994). Improving the
attitudes of health personnel towards patients seems, there-
fore, a promising way to enhance perceived quality of care.
The overall positive attitude of the respondents to health
care delivery seems to conflict with earlier research in the
same district which has shown inadequate physical examin-
ation, diagnosis and prescription by personnel (Krause et
al. 1998a, b, 1999). Patients appear not to notice poor
compliance rates with respect to these issues (Bitran 1995;
Wouters 1995).

The quality of ‘adequacy of resources and services’ was
valued as relatively poor. Respondents especially criticized
the absence of drugs for all diseases on the spot. Many studies
have shown that drug supply is a very important determinant
of the utilization of health services (Abu-Zaid and Dann
1985; Waddington and Eniymayew 1989, 1990; Parker and
Knippenberg 1991; Litvack and Bodart 1993; Bitran 1995;
Haddad and Fournier 1995). These findings suggest that
appropriate drug policies are likely to be among the single

most important policy actions that could improve quality of
health care.

Respondents judged the financial and physical accessibility of
care relatively poorly. In particular, the high costs of care and
the lack of access to credit were factors that considerably
hampered perceived quality of care. They are closely linked
to the existing fee-for-service payment scheme, which has
been introduced as part of the Bamako Initiative. The
identification of ‘financial and physical accessibility’ as a dis-
tinct dimension of quality of care is an important asset of this
study. This adds to earlier empirical (Haddad et al. 1998b)
and theoretical (Donabedian 1980) work which relates
quality of care to the traditional factors mentioned above,
‘health personnel practices and conduct’, ‘adequacy of
resources and services’ and ‘health care delivery’.

The findings of this study have demonstrated the feasibility of
conducting a detailed assessment of indicators of perceived
quality across a variety of health centres. Socio-demographic
characteristics had only limited impact on the respondents’
perceptions on quality of care: in all sub-scales and the total
score, they contributed less than 10% to the explained vari-
ance. The study was able to detect some significant impacts of
respondents’ age, sex, educational status and place of resi-
dence on their perceptions, but these were relative small.
Moreover, since the population is relatively homogeneous in
terms of these variables (obviously except for age and sex),
the overall impact of these variables is also small. The role of
socio-demographic variable effects on people’s satisfaction
has been widely studied (Hall et al. 1987) and is still contro-
versial (Haddad et al. 1992). This study has shown that the
observed variation in the perceived quality of care is largely
explained by health centres’ variations: the health centre vari-
able contributed always more than 90% to the explained
variance. Overall, more than 30% of all variation in respon-
dents’ perceptions was explained by both socio-demographic
and health system variables, a proportion which can be con-
sidered as satisfactory in social science research (Kennedy
1998). Adding more items to the measurement scale would
increase its explanatory power but also decrease its practical-
ity. Moreover, respondents seem to discriminate well
between the various dimensions of quality of care. Also, it has
demonstrated that the population makes sensitively different
judgements on the different health centres. This means that,
even when at first sight the responses are generally positive,
they are at the same time sensitive and discriminative and
therefore potentially very useful for quality evaluations
(Ross-Davies and Ware 1988; Haddad et al. 1992).

The scale by Haddad et al. (1998b) appeared an appropriate
instrument to assess patient perceptions on quality of care with
precision, and can be usefully applied to acquire further under-
standing of quality of care in other countries too. In the case of
Burkina Faso, improving drug availability and accessibility to
health services have been identified as the two main priorities
for health policy action. Policy-makers should respect these
patient preferences to deliver effective improvement in the
quality of care and thereby increase utilization of health care.

46 RMPM Baltussen et al.
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Endnotes

1 With the exception of two items, all subscales show com-
munalities higher than 0.30. More than half (50.5%) of the 20 items-
space variance is explained by a four-factor extraction.

2 This is indicated by the Eta2, which is larger than 0.20 for four
of the five models.
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SUMMARY

In resource-poor environments, community-based insurance (CBI) is increasingly being pro-
pagated as a strategy to improve access of poor rural populations to modern health care. It has
been repeatedly hypothesized that CBI schemes need to be grounded in national as well as
local traditions of solidarity. This paper presents a typology of informal risk sharing arrange-
ments (IRSAs) in a rural area of North-Western Burkina Faso and discusses their modus
operandi as well as the underlying concepts of solidarity and reciprocity. The research was
explicitly multi-disciplinary, combining anthropological and economic as well as qualitative
and quantitative data collection methods. Focus group and interview data were complemented
by a census of existing IRSAs. In addition to presenting the main features of existing institu-
tions, the paper discusses whether IRSAs can serve as entry points for CBI schemes. In spite
of the fact that existing IRSAs fulfil important solidarity functions in the rural Burkinian con-
text, we conclude that they cannot serve as institutional models for more formalized CBI
schemes. Community participation in a future CBI scheme will need to tap into existing
notions of solidarity and mutuality. The CBI scheme itself, however, needs to be newly
tailored. Copyright # 2002 John Wiley & Sons, Ltd.
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INTRODUCTION

In recent years, community-based health insurance (CBI) has been propagated as an

option to extend access to health care of poor rural populations in countries lacking
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formal insurance markets (Aldermann and Parson, 1992; Atim, 1998 and 1999;

Bennett et al., 1998; Criel, 1998; Dror and Jacquier, 1999). In contemporary Burkina

Faso, a landlocked country in the West African Sahel, low access to health care is a

serious impediment to the effectiveness of modern health care intervention (Krause

and Sauerborn, 2000; Barlow and Diop, 1995). In Kossi Province, the site of the pre-

sent study, there are only 0.3 visits per capita and per year to modern health services.

The financial costs involved in seeking such care and their timing at the time of need

have been identified as major factors contributing to low access (Sauerborn et al.,

1994, 1996a).

The formal sector of the Burkinan economy comprises only 5% of the population.

Social insurance for the formal sector has been limited until now to government

employees, company employees and a few families living in relative economic pros-

perity. Some mutual health organizations, with varying success, have recently

emerged (Fonteneau, 1999) without, however, providing coverage to a significant

proportion of the rural population.

Households in Burkina Faso spend 6.4% of their annual expenditure on health

care (Sauerborn et al., 1994). The average household expenditure involved with

an outpatient consultation at the local dispensary is 1432 FCFA (Sauerborn et al.,

1996a). The percentage of the sick seeking care in formal health services is

17.5%, while 15.4% see a traditional healer and 4.6% a local community health

worker. There are very few private sector providers and these are located in the dis-

trict town of Nouna. The largest share of illness episodes is treated at home

(Sauerborn et al., 1996b).

Fee-for-service payment is still the predominant mode of health care financing of

a large majority of the population in the non-formal sectors of the economy. The

Burkinian Ministry of Health has opted to follow the Bamako Initiative, with the

introduction of user fees. In the study area, user fees lead to a decrease in the utiliza-

tion of formal health services: the percentage of those who reported an illness epi-

sode in the preceding month and sought care at the formal health facilities dropped

from 25.6% in 1993 (before the introduction of fees) to 18.7% in 1994 and 11.7% in

1995.

Burkina Faso’s Ministry of Health has recently called for promoting solidarity-

based modes of health care financing to increase the financial accessibility of health

services in order to overcome the limitations of the existing system (Burkina Faso,

2000). The objective was to increase access to services and not to generate resources

for the government, since funds would be retained and managed at the community or

district levels. In June 1999, a national seminar was held to foster the creation of

mutual health organizations in Burkina Faso (Concertation, 2000).

Social insurance schemes, regardless of their design, reflect the history and cul-

tural notions of solidarity and reciprocity norms of societies in which they develop

(Normand and Weber, 1994). A crucial question, therefore, is whether an insurance

scheme developed in one society can be applied in another. In other words the ques-

tion remains whether CBI schemes are socially and culturally feasible, tapping into

established notions of solidarity and reciprocity, and adapted to informal sector

economies in rural Africa (Sanou, 2000).
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There is now an increasing awareness that CBI schemes need to be grounded in

national values of solidarity and reciprocity (Criel et al., 1998; Criel, 1998; Vuarin,

1996). One of the underlying questions is whether CBI schemes can be built upon

existing risk sharing arrangements and notions of solidarity. Solidarity is a common

feature of ‘traditional’ rural communities, who have always shared the economic

risks of unpredictable and cost-intensive life-events, such as deaths, accidents and

weddings (Creese and Bennett, 1997).

In rural economies of the developing world, voluntary arrangement of transac-

tions based on long term mutual reciprocity, e.g. gifts, favours, work assistance,

charity, etc, have, for a long time, been described by anthropologists and economists

alike. These informal transactions have in many areas been replaced or complemen-

ted by semi-modern formal institutions such as credit cooperatives, Rotating Savings

and Credit Associations (ROSCAs) and informal credit and insurance arrangements

(Besley, 1995; Coate and Ravallion, 1993).

A considerable body of literature, both from anthropology and economics has

shown that informal risk-sharing arrangements (IRSAs) are still very frequent in

developing countries (Elwert, 1980; Fafchamps and Lund, 1999; Fafchamps,

1999a,b; Platteau, 1991; Platteau, 1997). A number of authors, however, have

argued that traditional risk sharing institutions are in the process of demise in the

process of individualization and formalization of transactions, as a result of increas-

ing monetarization (Zimmerman and Carter, 1999; Reardon et al., 1989). In addi-

tion, the modern concept of insurance is said to be mis- or non-understood in so-

called traditional societies where, as Platteau (1997) has argued, solidarity is based

on notions of balanced rather than conditional reciprocity.

The present study was carried out in 1998–2000 in Kossi Province, in the North-

Western part of Burkina Faso, as an integral part of a larger research project entitled

‘The Scientific Basis of Community-Based Insurance,’ conducted conjointly by the

Nouna Center for Health Research (CRSN) and the Department of Tropical Hygiene

and Public Health (ATHOEG) of Heidelberg University. The research intended to

assess the scope and prevalence of existing IRSAs in rural Burkina Faso and to eval-

uate their potential role in CBI. The research was explicitly multi-disciplinary,

bringing together the qualitative ethnographic interest of anthropology and the more

quantifying research paradigm of economics.

RESEARCH CONTEXT

IRSAs in West Africa and Burkina Faso

Informal or ‘traditional’ risk sharing institutions and solidarity mechanisms in West

Africa have, for a long time, attracted the curiosity of anthropologists and econo-

mists. Rural economies in West Africa have established a number of social and eco-

nomic mechanisms in order to cope with the financial consequences of economic

random shocks (e.g. Fiske, 1990; Nguyen, 1998; Elwert, 1980). A great number

of traditional solidarity networks can be identified from the literature, e.g. clan rela-

tionships, burial societies, cooperative labour exchange pools, cooperative work

groups, fire associations, sea rescue associations, special fund societies, Rotating
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Credit and Savings Associations (ROSCAs), beer societies, group borrowing sche-

mes, credit cooperatives and regional associations (Were, 1999).

Research on Burkinian IRSAs needs to be contextualized in research on related

social networks and structures. A number of investigators, from different disciplines,

have, for example, shown the adaptability of informal, ‘traditional’ structures in

Burkina Faso to social, economic and ecological change (Ahiadeke, 1996; Batterbury,

1994; Howorth and O’Keefe, 1999; Reardon and Matlon, 1989; Sakurai and Reardon,

1997). Not only is rural Burkina Faso strongly shaped by these institutions; solidarity

is a crucial element of their modus operandi (Lédea Ouedraogo, 1990).

Burkinian households pursue informal and voluntary risk sharing strategies such

as food and gift exchange, monetary as well as non-monetary credit (Fonteneau,

1999; Sakurai and Reardon, 1997). Ellsworth (1988), in a study of non-market

exchanges among farmers in Burkina Faso, found that 28% to 33% of income is con-

tributed to networks of family, friends and kin, i.e. personal insurance networks,

whereas on average 24% of income is received from these networks. Ellsworth con-

cludes that these transactions fulfil the function of an insurance as contributions

appear to be non-random and benefits to be random. In the rural context of Burkina

Faso, semi-modern institutions typically provide credit, mutual assistance and train-

ing, most commonly in the form of informal rotating savings and credit associations

(ROSCAS), known in francophone West Africa as tontines.

As to the risks that are shared, such arrangements are set up to help members to

cope with ‘high risk/low probability’ expenditures, such as for funerals or marriages

as well as with ‘low risk/high probability’ expenditures, such as the purchase of agri-

cultural equipment. Evidence suggests that informal credit, asset sales and gifts

serve as insurance substitutes in agrarian economies such as the Burkinian (Eswaran

and Kotwal, 1989; Kimball, 1988; Ellsworth, 1988). In rural Burkina Faso, eco-

nomic ex ante risk strategies include the colonization of previously uninhabitated

savanna areas, traditional practices such as burning field vegetation and pastures

to get rid of snakes and rodents. Ex post strategies among Burkinian farmers are

documented as well. They include sales of livestock (poultry, dairy cattle, drought

animals such as bullocks and pack animals such as donkeys) and other assets (hand

plow, carts, or other farm tools and vehicles such as bicycles or mopeds). Ex post

strategies further include precautionary non-monetary saving, i.e. stocking food

crops such as millet or cash crops such as sesame or rice.

Mutual health institutions and insurance in Burkina Faso

Burkina Faso’s mutual health movement is still in an embryonic stage (Fonteneau,

1999). Recently, a number of mutual health institutions have emerged, among them

the Mutuelle Laafi Tembo in Ouagadougou, the Mutuelle Laafi la Boumbou de Guilla

(Kaya), the Mutuelle Boud Nooma de Sanrogho (Kaya), the Association Solidarité

Santé and the Mutuelle Dakwena, both in Bobo-Dioulasso. Supported by World Soli-

darity (WSM) and Alliance Nationale des Mutualités Chrétiennes de Belgique

(ANMC), in 1998, a Burkinian branch of the Africa-wide support programme for

mutual health institutions, the Programme d’Appui aux Mutuelles de Santé en Afrique

(PROMUSAF/BF) has been established. In 2000, a Network of Mutual Health
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Associations (Reseau d’Appui auxMutuelles de Santé, RAMS)was created.A new for-

mal law governing mutual health institutions is currently being conceived. This devel-

opment has been strongly supported by the international donor community, e.g. ILO’s

ACOPAM programme and the American, Belgian and French development services.

Up until now, in Burkina Faso formal insurance institutions were limited to urban

centres. In recent years, however, a number of commercial and state-owned insurance

companies such as FONCIAS, the Union des Assurances du Burkina (UAB), the Soci-

été Nationale d’Assurance et de Réassurance (SONAR), theGénérale des Assurances

and the COLINA have emerged, offering life, health and vehicle insurance and re-

insurance. In addition, social security insurance is provided to salaried and state

employees (salariés and fonctionnaires) through the Caisse Nationale de Sécurité

Sociale (CNSS) and the Caisse Autonome de Retrait des Fonctionnaires (CARFO).

METHODOLOGY

Study site

The research was focused on the research zone targeted by the CRSN for longitudi-

nal health research, i.e. 40 villages spread out over a surface of 7154 square kilo-

meters around the provincial capital of Nouna. The population is about 55 000,

the age distribution of the population reflects the typical high mortality high fertility

pattern of SubSaharan countries with 17.5% of the population under 5 years. The

research zone is an area with five major ethnic groups now cohabitating in the area,

i.e. the Bwaba (Bobo Oulé ), the Moose (Mossi), the Marka (Dafing), the Samo and

the Peulh (Fulani). Every group has its peculiar socioeconomic organization and its

own language. Christianity coexists with Islam and traditional African belief sys-

tems. People use djoula as the lingua franca and language of commercial commu-

nication. Due to increasing population pressures within Burkina Faso, there is heavy

migration into this still relatively sparsely populated region. In addition, there is

widespread temporary out-migration of male adults into the neighbouring Côte

d’Ivoire and national urban centres for agricultural as well as non-agricultural

employment. As migrants are able to support their relatives and friends, these migra-

tion patterns play an important role for non-formal solidarity.

Agriculture and pastoralism are the main economic activities of the rural popula-

tion. Sorghum, millet, maize and beans are the main crops for subsistence whereas

cotton, sesame and peanuts are grown as cash crops. The season drives the agricul-

tural calendar and household economics: the harvest time both for cash and food

crops is in October/November, peak household income is in February, at which time

household will be asked to pay their premiums (Sauerborn et al., 1996b). In terms of

health risks, infectious diseases dominate, with malaria and acute respiratory infec-

tions and diarrhoea being the biggest contributors to the local burden of disease

(Würthwein et al., 2001).

The provincial town of Nouna, the capital of the Kossi Province, is supplied by

electricity and running water. Nouna is an important regional market place, and has a

number of administrative services as well as a branch of a national bank. The

research zone of the Nouna Health Research Centre (CRSN) comprises 40 villages
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and the provincial town of Nouna itself. In this zone, there is no formal insurance

operating except a branch of CNSS serving some 400 salaried employees and their

dependants throughout the Kossi Province. The population is served by four health

centres and a medical centre in the town of Nouna. All health facilities are owned by

the Ministry of Health and run by civil servants. There are virtually no private pro-

viders of Western-type care, except in the district capital. As a result of national

efforts to decentralize the health sector, in 1994, administrative committees (Comité

de gestion, COGES) were set up to ensure an efficient functioning of health institu-

tions, and to promote community participation regarding health activities.

Methods

We surveyed a total of 40 communities. The mean population size of the commu-

nities was 883 (range 156–2909). Only two communities had a primary care health

facility (CSPS); all others were at a distance of 2–27 km (mean 10.4 km) to the next

primary care centre. Sixteen of the 40 (40.0%) had primary schools.

A variety of qualitative as well as quantitative research methods were employed.

An initial exploratory phase involved document review, unstructured and semi-

structured individual interviews as well as key informant interviews (n¼ 25) with

members of the district health management team, representatives of local associa-

tions, community nurses, and local religious and political leaders to elucidate risk

sharing practices in the traditional, non-formal system in the five ethnic groups liv-

ing in the research zone. After the exploratory research phase, six villages and two

semi-urban areas were purposively selected among the communities of the research

zone to represent the socio-cultural and geographical diversity to the greatest extent

possible. These villages show considerable heterogeneity in terms of ethnic compo-

sition, population size, proximity to roads and the provincial town of Nouna, and, to

some degree, ecological and socio-economic situation. In these selected commu-

nities and in the town of Nouna, a total number of 37 focus group discussions were

held using a pre-established set of core discussion topics and involving a wide spec-

trum of population segments in terms of age, gender and occupation. In order to

avoid gender bias in data collection, we conducted group interviews with men

and women separately. Also, we independently conducted group discussions with

young and elderly people, farmers, cattle raisers, state employees and merchants.

Most group interviews were tape recorded with the permission of the group partici-

pants and later transcribed and translated into French. Our textual data were ana-

lysed using ATLAS/ti 4.1. software (ATLAS/ti 1997).

Qualitative data analysis led to the development of a typology of informal and semi-

formal risk sharing arrangements (IRSAs) in the area. The typology was integrated

into an inventory which consequently was used by field research personnel of CRSN

to assess the prevalence of risk sharing practices and institutions in the research zone.

RESULTS

A preliminary study of existing community-based risk sharing schemes in the pro-

ject region (Fon, 1997) identified a variety of community-based institutions involved
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in risk-sharing. Forms of risk-sharing included credit saving funds, solidarity funds

and rotating work assignments. Although none of these existing institutions consti-

tutes by definition a health insurance scheme, assistance is provided to members

through collective as well as individual donations, assisting hospitalized group

members with loans for little or no interest.

Most of our focus group respondents were unaware of the existence of commer-

cial insurance. Most scholarized individuals (‘intellectuels’) and many former and

current migrants, however, had heard about car insurance, which is mandatory for

vehicle owners in Burkina Faso. Such insurance was rarely fully understood in all

its legal and procedural ramifications and considered highly profit-oriented. Only

very few people expressed confidence in such a for-profit-enterprise.

Typology and frequency of existing informal risk sharing arrangements (IRSA)

Data from individual interviews and focus groups resulted in a preliminary list of

existing informal and semi-formal institutions in the research zone. After intensive

elucidation of their internal functioning we were able to group them into the follow-

ing six different IRSA types. Data from the inventory on ‘traditional’ risk sharing

schemes are summarized in Table 1.

Solidarity networks based on kinship, neighbourhood, ethnicity or profession

Individuals and groups of people linked by kinship or place of origin, by neighbour-

hood, ethnic group or profession belong to widespread social networks which gen-

erate and share resources in times of need, e.g. in the case of illness. Examples

include financial solidarity within an extended family network, intra-community

solidarity among families, neighbours and friends, and social funds among collea-

gues. For example, the catechists of the provincial parish have organized a solidarity

Table 1. Traditional solidarity and risk sharing arrangements in 40 village communities of
the study area.

Solidarity networks

Kin-based *****
Neighbourhood ***
Ethnicity **
Profession *

Rotating Labour Arrangements
Social network labour parties 37/40 (92.5%)
Age group labour parties 32/40 (80.0%)
Women’s labour groups 24/49 (60.0%)

Collective work parties
Village wide work parties 34/49 (85.0%)
Labour assistance to old and sick 36/40 (90.0%)
Labour assistance to father-in-law 38/40 (95.0%)
Labour assistance to village head 8/40 (20.0%)

Obligatory employment of a person in need 29/49 (72.5%)
Remunerated group labour 39/40 (97.5%)

*Indicates relative importance.
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fund which is deducted from their annual allowance and serves, among other pur-

poses, to cover unforeseen medical expenditures.

Rotating labour arrangements

Rotating labour arrangements (ROLAs) exist in all five socio-cultural settings as a

form of non-monetarized solidarity mechanism based on balanced reciprocity.

Affinity is the driving force behind this institution, mostly regardless of ethnic, reli-

gious, kin-based or gender-based considerations. In an arrangement commonly

called tchibla in Djoula, two or more individuals, most often of the same gender

and linked by proximity and affinity, or families agree to help each other in a rotative

manner by pooling their labour force. These temporary groupings come together for

agricultural tasks and the construction and renovation of houses. In the past 2 years

this solidarity mechanism has been witnessed in 37 of 40 (85.0%) villages. A similar

pattern called gnogon demen uniting persons of the same age group, however, is

receding with the disappearance of a number of initiation rites. It was reported

to be practised in 32 of 40 (80.0%) communities. In addition, rotative work

parties among women, i.e. to crush shea (karité ) nuts or pack down the soil to

level floors as well as roofs of houses are reported in only 24 of 40 (60.0%) of

communities.

Collective work parties

A number of temporary labour arrangements call upon widely shared notions of col-

lectivity and solidarity. However, they were not necessarily based on reciprocal obli-

gations. Village-wide work parties ( faso bara, litt.: the work of the father land) are

organized by the traditional village head (dugutigi), the village elder (tchékòròba) or

the village administrator (délégué). The work arrangements constitute a moral obli-

gation for community members to assist in community-wide activities such as the

construction or renovation of schools, churches, mosques, health centres and admin-

istrative buildings. They also mobilize communities for road construction and reno-

vation work or, among the Fulani, for cattle immunization campaigns. Thirty-nine of

40 villages (97.5%) had witnessed such practices in the previous 2 years. Another

non-reciprocal solidarity mechanism implies that a community group assists an old

or sick person in time-sensitive agricultural tasks, for example, harvesting or weed-

ing. Commonly called assistance (demen) or ‘helping each other’ (gnogon demen),

this kind of solidarity has been witnessed in most communities, however, is dimin-

ishing in number and importance, reportedly due to ‘increasing egoism’.

A further important and widely practised social institution is bran ki, a work party

for a future father-in-law. As marriages have a crucial social and religious impor-

tance and tie together large extended family networks, the entire community is

mobilized to help the future husband to till the fields of his father-in-law. In the case

where the fields are far away, old people may choose to delegate their contribution to

young members of their families. This work pattern has been witnessed, in the past 2

years, by 38 of 40 (95.0%) villages. Work parties for the traditional village head

have largely disappeared. While this has reportedly never existed in 17 communities,
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in 19 communities is has not been witnessed for at least 10 years. Only eight (20.0%)

of the 40 villages reportedly have witnessed this activity in the past 2 years, largely

as a sign of respect to their village head. In all other communities this kind of labour

arrangement is more and more relegated to the past as a restricting and somewhat

repressive obligation.

Two of the informal labour-based risk sharing schemes are monetarized. Groups

of mostly younger people increasingly offer their collective labour force against

monetary remuneration in order to finance group activities and provide, from the

capital of the group, credit to its associated members. Such remunerated work

groups have been reported from all but one community (97.5%). Traditionally, the

request to work against remuneration of a poor person in despair cannot be refused.

This institution has been reported from 29 of 40 communities (72.5%).

Semi-modern institutions

Table 2 summarizes results from the inventory on semi-formal institutions and the

domains of their risk sharing. We found a total of 87 production groups, ten associa-

tions and 29 rotating savings and credit associations (tontines) in the area.

A variety of community-based production groups have emerged as a result of

national economic and development activities. These production groups are com-

monly called groupements villageois or, in official terminology, pre-cooperative

groups (groupements précoopératifs). They are ruled, like cooperatives, by national

law No. 014/99/AN issued in 1999 regulating cooperative societies and groups in

Burkina Faso. Such groups can be either constituted exclusively by men (groupe-

ments villageois hommes, GVH), by women (groupements villageois femmes,

GVF) or, rarely, they are of mixed composition. Some of them are specialized in

cotton production (groupements des producteurs de coton, GPC), and some in cattle

breeding (groupement des éleveurs). On average, such groups have a mean member-

ship of 20 individuals and have existed for 11.1 years (range 1–25 years). They

rarely have regular financial contributions (cotisations). Mostly linked to cash crop

production, i.e. mainly of cotton and sesame, these institutions serve exclusively

economic needs, i.e. to allow peasants have access to the formal credit markets.

Written agreements usually link members of the production group with regional

marketing boards, i.e. for cotton (SOFITEX), sesame (TROPEX), often in conjunc-

tion with banks (CNCA, CRPA) to receive a credit against the assured purchase of

the group’s harvest yields. Surplus from successful economic operations is put into a

solidarity fund from which certain expenses of members may be paid or credits with

or without interest may be allocated.

Table 2 shows the extent of solidarity-based risk sharing practices for five major

life events (birth, baptism, wedding, disease, funeral) reported for the past 2 years,

by representatives of these production groups. Whereas financial risk sharing, i.e.

gift giving (G), credit provision without interest (C) and credit provision with inter-

est (CI) plays a negligable role in birth, baptisms, weddings, credit provision without

interest has been reported for disease and funeral costs by five of 26 male production

groups whereas a total of seven of 18 female groups (38.8%) and 13 of 33 (39.4%) of

cotton production groups report credit provision in times of illness. Credit provision
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in times of illness is more extended than for funeral costs. This insight, however,

must be tempered by the fact that credit provision was shown to be highly skewed

to wealthy community members who could offer substantial collateral in the form of

animals. In addition, credit was mainly provided in catastrophic, life-threatening

events such as maternal haemorrhage (Sauerborn et al., 1996b). The credit system

does therefore not remove the need for an alternative financing system.

In spite of the fact that most village production groups are formally accredited

with the office of the provinces’ high commissioner and officially bound by national

laws and have internal regulations, most of them, however, have limited administra-

tive capacities or are often ill-functioning due to disagreements among members. In

the 1980s, the Burkinian government decided to strengthen the administrative capa-

city of cotton production groups by establishing Savings and Credit Cooperatives

(Coopératives d’Epargne et de Credit, COOPEC). The initiative failed and the state

decided to transfer the remaining funds into a bank. Groups constituted by women

(GVF) are said to be better performing, mainly due to a more disciplined and prompt

repayment of credits. While the group’s debts are collectively shared, credits are

often unequally distributed to serve individual needs. Consequently, the group’s joint

guarantee (caution solidaire) towards its creditor is a major contributor to wide-

spread disenchantement with village production groups.

Rotating Saving and Credit Associations (ROSCA)

Following Ardener (1964) these can be defined as informal associations of people

who make regular monetary or non-monetary contributions to a fund which is given

to each contributor in rotation. In Burkina Faso, Rotating Saving and Credit

Arrangements (ROSCA) are generally known as tontine or pari (from the French

word parier, to bet). In the study area many tontines are self-managed by individuals

linked by neighbourship, religious confession or shared ethnic affiliation. The mone-

tary contributions are usually small (50–100 F CFA per week¼US$0.07–0.15)

and the rotation sequence may last from 1 week up to 6 months. After several

months, the money accrued may be allocated either as capital to serve as investment

for commercial activities or used to buy for the members goods such as dishes or

loincloth. Usually, deductions are made from the common fund towards a loan

fund or a contingency fund from which important risk sharing activities may be

financed.

In recent years, a number of monetarized ROSCAs have been initiated throughout

the province with the financial and technical assistance of a local association, the

Association de Tontines de Nouna (ATN). As the weekly contribution rarely exceeds

100 FCFA, the financial volume of the association’s micro-tontines is limited.

Besides providing a non-market mechanism for savings and credit, tontines serve

important social functions such as mutual visits, common festivities and sharing

of the joy and sorrow among members. These functions are particularly of impor-

tance in non-monetary tontines. These are self-managed and mostly constituted by

women. Members contribute in kind, e.g. soap, and allocate the ‘fund’ to a member

who is celebrating an important life event such as the delivery of a newborn, a

baptism or a wedding.
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The 30 ROSCAs identified are of recent origin—they have been in existence for a

mean of 3.1 years and had on average 19 members (range 10–40). As institutions

promoting savings among their members, ROSCAs have the highest financial

volume with an average of 44393 CFA in their fund. The purpose of ROSCAs is

reflected in their risk sharing practices with respect to the five selected life events.

Whereas financial gifts are almost never provided, ROSCAs serve as important insti-

tutions for accessing credit. However, most of the provided credit is interest-based.

Interestingly, illness figures predominate relative to funeral cost, refuting the

hypothesis that rural populations care more about funeral costs than about illness

costs in their financial risk sharing. Fourteen of 30 ROSCAs (46.6%) reported credit

provision for covering illness costs of one of their members. Eleven of the fourteen

reported that credits would be provided with interest.

Associative institutions

Associative institutions are groups of people that come together with a common

purpose. These institutions include associations, unions and, at a national level, fed-

erations. These institutions often serve as an institutional platform for local develop-

ment initiatives. Solidarity is a crucial side function of the group’s interest in serving

shared objectives as reflected in their sometimes illustrate names: mugnu kadi (‘it is

good to have self-control’), ben kadi (‘understanding is good’), sabari kadi (‘for-

giveness is good’). Associations seeking official recognition by the high commis-

sioners’ office are bound by the national law governing associations.

Of the 38 officially recognized associations in the Province, 20 have their regis-

tered office in Nouna town; none is registered in one of the 42 villages of the study

area. In the study area associations are largely unrecognized by government autho-

rities. Their founders and members are largely untrained. With 44393 CFA, the

financial volume of these institutions is limited. Some, but not all, associations col-

lect regular financial contributions from their members. The common fund is sup-

plied by common economic activities such as the selling of cash crops harvested

from collective fields, the buying and reselling of food crops such as millet or offer-

ing to the market the membership’s labour force against payment (tchibla). Some

associations get considerable credits at local banks.

NOTIONS OF SOLIDARITYAND RECIPROCITY

Solidarity in non-monetarized IRSA’s is characterized by friendly social relation-

ships among families, clans, friends, peers or neighbours that are mobilized for

the purpose of assistance to an individual in times of need or distress. Solidarity

is based on the assumption, a loan is a given (djuru don leyi djuru sara ye; le prêt

égale le rendu) thus implying a certain expectation of reciprocity. Interestingly, the

Djoula term for loan is djuru or string. Credit is considered a string or link based on

an obligation between two individuals. The obligation is exclusively moral and

rarely legally enforced. Sometimes, it is even relegated to the divine by saying to

the debtor nyi to ni allah ye (I leave you with God).
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SOLIDARITY

Solidarity in times of ill-health

A consideration of CBI implies the relative position, in society’s valuation, of states

of ill-health. In a majority of our focus group discussions sickness, contrary to death,

was considered an individual ‘problem’. Local aetiological discourse holds that it is

not the individual person who gets a sickness; it is the sickness that gets (literally

‘catches’) the individual. Furthermore, a person needs a lot of strength to combat

illness. Whereas a death case links lineages, sickness is considered an individual

affair. Furthermore, sickness episodes are never considered a solely natural affair.

They may be considered repercussions of wrongful or sinful personal behaviour

(alcoholism, smoking, etc.) and thus non-market insurance would mean that people

would have the liberty to be financially reimbursed for their own ‘mistakes’, in insur-

ance terminology, societal rules prevent moral hazard. In other words, the rural

population, in fact, tries to avoid ‘thinking’ disease. Contributing financial resources

to prevent disease or costs to future disease, may be regarded as attracting ‘bad fate

against oneself’ (ka wère wère wèle i ma).

In the case of sickness, asset sale is an important health financing strategy. Even

the least privileged will own a chicken to sell. Relatives are the first resort in terms of

financial arrangements. This resort is, in many cases, limited to providing immediate

food support, i.e. delivering soup or fruit to the diseased patient. Giving money to

buy medicines would be seen as meaning that a person does not have enough money

to pay for his or her own needs.

DISCUSSION AND CONCLUSIONS

Solidarity is a crucial feature of the Burkinian social fabric in spite of a growing

trend for individualism and monetarization. Without contributing to, and tapping

into a varied set of solidarity mechanisms, the individual would face social and eco-

nomic deprivation in the harsh economic and ecological conditions of the Sahel.

Solidarity fulfils important functions. It allows people to situate themselves in

extended social networks providing them with a sense of belonging and support.

Deprived of social security as offered by the nation state, solidarity allows rural

Burkinian farmers to participate in extended risk sharing networks that often trans-

cend ethnic boundaries.

To what extent is such solidarity and risk sharing identical with insurance? In the

research zone, the principle of insurance is perceived as foresight expressed by the

saying sini nyé sigi (what I provide for tomorrow), the central popular notion for

savings. There is a probability notion implied which can be used for the promotion

of CBI. Mutual help would be a more appropriate term (nyogon demen, literally: to

help together). CBI could, therefore, be popularized by the construct nyogon demen

bana ko la (mutual aid for health).

In any society, the ‘mutualization’ of risk is the result of associative experiences

of collectivities. In Burkina Faso, the associative movement (village production

groups) have experienced serious organizational and financial deficits. Whereas
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national agrarian politics in the 1980s favoured village-wide production groups, just

recently the advantages of small structures have been rediscovered.

A great variety of risk sharing institutions exist in the study area. Our ethno-

graphic data suggest that informal, non-monetarized, so-called ‘traditional’ risk

sharing arrangements, contrary to assumptions in the literature, are very prevalent

and evidently not prone to immediate disappearance. They transport important soli-

darity notions inherent in the Burkinian society. Our data suggest that not all of the

solidarity expressed in traditional arrangements is based on the idea of mutual reci-

procity. Some arrangements are even altruistic.

Increasing monetarization of the Burkinian non-formal economy brings with it a

tendency for collective group work to rise in size and in importance. Monetarization

brings about egoism, even at the level of the extended family. This tendency will

most likely affect future institutionalized risk sharing schemes. Proximity is a cru-

cial and essential structural element of African institutions. As there is widespread

mistrust of anonymous and bureaucratic institutions, one can, however, posit that the

more institutionalized groups there are, the less effective they risk becoming. The

specificity of African societies need, to be taken into account when promoting insti-

tutional development in rural African areas (Beauchamp, 1993–94). Before new

mutual health institutions can be successful, they need to be grounded in local values

of solidarity and reciprocity.

To be functional, CBI schemes need to be tailored around a number of presuppo-

sitions. There needs to be, in the community, a collective interest in financial precau-

tions to ward off income shocks due to illness. More than that, communities need to

have a positive attitude towards precautionary approaches for future ill-health

(Sommerfeld et al., 2001). In addition, there needs to be awareness that certain

health problems warrant insurance which relates to common attitudes towards,

and perceptions of, health risks. Shared norms of solidarity and reciprocity can lar-

gely increase the trust in a pooling scheme. Finally, the ability to pay (ATP) and will-

ingness-to-pay (WTP) are necessary in order to create trust in service providers. A

study has just been completed to assess the amount people are willing to pay for CBI

and the factors influencing this. The results will be published elsewhere.

New mutual health organizations in the rural Sahel face a number of challenges.

The administrative set-up needs to fulfil popular expectations regarding leadership

and transparency. New innovative ways to promote an administration based on

proximity need to be conceived. Administrative skills, particularly, financial man-

agement skills, need to be strengthened. A benefit package based on issues of finan-

cial sustainability and popular expectation needs to be defined. Enrolment,

modalities and the level of fee payment, membership administration and reimburse-

ment procedures need to be developed and systematized. Potential sources for moral

hazard need to be identified. The greatest challenge will be to bridge the need for

proximity with the health care financing need to pool resources. One possibility to

preserve the benefits of small size and proximity, yet avoiding the risks of bankrupcy

inherent in small groups, would be to create a public re-insurance scheme covering

high cost/low volume risks (cf. Dror, 2001).

Finally, nation states are called upon to provide clear-cut legal frameworks for

mutual health organizations. Burkina Faso needs to provide a legal framework for
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the rapidly emerging mutual health organizations. To be successful as stimulators of

local development, CBI schemes need to enrol marginalized and disadvantaged

populations into national development processes. In Burkina Faso, the law on com-

munity associations (decree No 92-376/PRES dated 31 December 1992 putting into

effect Law No 10/92/ADP dated 14 December 1992) provides sufficient legal frame-

work to implement a community-based insurance scheme except that it does not pro-

vide any structure for social (i.e. public) re-insurance. The Burkinian government

should assume two roles; providing a legal framework both for CBIs and re-

insurance for small scale IRAs so that they can take on health care expenditures

as additional item to share risks.
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Paris; 299–316.

Were J. 1999. Traditional Risk-Sharing Schemes: The Potential for Community-Based Health
Insurance in Africa? Unpublished manuscript. University of Heidelberg, Department of
Tropical Hygiene and Public Health.

Zimmerman FJ, Carter MR. 1999. A dynamic option value for institutional change:
marketable property rights in the Sahel. Am J Agr Econ 81: 467–478.

RISK-SHARING IN BURKINA FASO 163

Copyright # 2002 John Wiley & Sons, Ltd. Int J Health Plann Mgmt 2002; 17: 147–163.

208



Burkina Faso using a culturally adapted visual 

analogue scale 

Health Econ. 2002; 11: 155-163 

Reprinted with permission from John Wiley & Sons Ltd.

BALTUSSEN R, SANON M, SOMMERFELD J, WÜRTHWEIN R.

4.6 Obtaining disability weights in rural

209



HEALTH ECONOMICS

Health Econ. 11: 155–163 (2002)

Published online 31 January 2002 in Wiley InterScience (www.interscience.wiley.com). DOI:10.1002/hec.658

OUTCOMEMEASUREMENT

Obtaining disability weights in rural Burkina Faso using a
culturally adapted visual analogue scale

R.M.P.M. Baltussena,b,*, M. Sanonb, J. Sommerfelda and R. W .uurthweinc
aDepartment of Tropical Hygiene and Public Health, University of Heidelberg, Germany
bCentre de Recherche en Sant !ee de Nouna, Burkina Faso
cAlfred Weber-Institute, University of Heidelberg, Germany

Summary

Burden of disease (BOD) estimates used to foster local health policy require disability weights which represent local
preferences for different health states. The global burden of disease (GBD) study presumes that disability weights are
universal and equal across countries and cultures, but this is questionable. This indicates the need to measure local
disability weights across nations and/or cultures. We developed a culturally adapted version of the visual analogue
scale (VAS) for a setting in rural Burkina Faso. Using an anthropologic approach, BOD-relevant health states were
translated into culturally meaningful disability scenarios. The scaling procedure was adapted using a locally relevant
scale. Nine hypothetical health states were evaluated by seven panels of in total 39 lay individuals and 17 health
professionals. Results show that health professionals’ rankings and valuations of health states matched those of lay
people to a certain extent. In comparison to that of the lay people, health professionals rated seven out of nine health
states as slightly to moderately less severe. The instrument scored well on inter-panel and test–retest reliability and
construct validity. Our research shows the feasibility of eliciting disability weights in a rural African setting using a
culturally adapted VAS. Moreover, the results of the present study suggest that it might be possible to use health
professionals’ preferences on disability weights as a proxy for lay people’s preferences. Copyright # 2002 John
Wiley & Sons, Ltd.

Keywords disability weights; DALY; burden of disease; valuation methods; cross-cultural adaptation

Introduction

Burden of disease (BOD) estimates used to foster
local health policy require disability weights that
represent local preferences for different health
states. However, the global burden of disease
(GBD) study presumes that disability weights are
universal and equal across countries and cultures
[1]. In a recent commentary, James and Foster [2]
argue that health is so influenced by culture and
economic differences that agreement on universal

disability weights may prove to be impossible.
Furthermore, a recent study among health profes-
sionals in 14 countries ranking a set of 17 health
states with regard to their severity concluded that
the resulting rank order differences are large
enough to shed doubt on the assumption of
universality of disability weights [3]. This indicates
the need for measuring local disability weights
across nations and/or cultures.

The question arises as to whether existing
valuation instruments can be used to elicit such
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locally meaningful disability weights [4]. The
authors of the GBD study, Murray and Lopez,
argue that utility measurement techniques such as
time-trade-off (TTO), standard gamble (SG), and
person-trade-off (PTO) are cognitively demanding
and become increasingly difficult to use with less
educated individuals: ‘If large scale empirical
assessments in many different countries to inform
health state valuations for the GBD are to be
achieved, instruments that are reliable and valid for
populations with widely varying educational attain-
ments need to be developed ’ [5]. In this paper, we
agree with this point of view and argue that there
is a need for locally meaningful valuation instru-
ments, i.e. to evaluate BOD-relevant disease states
by culturally appropriate instruments, including
meaningful health state and disability scenarios
and feasible scaling procedures [6]. However, little
research has been done in developing countries on
the development of such instruments [7–10]. The
present paper asks whether a health state valuation
instrument can be developed that produces mean-
ingful disability weights for population groups
with lower levels of formal education attainment
as, in our case, that of rural Burkina Faso. We
introduce a culturally adapted Visual Analogue
Scale (VAS), and evaluate the instrument using the
psychometric concepts of practicality, reliability
and validity [11]. We suggest that this instrument
could be applied to elicit disability weights for
BOD studies on a broader scale.

Furthermore, this paper debates as to whose
health states preferences should be considered.
Should one consider community (lay people’s)
values, given the premise that the issue at stake
refers to the allocation of societal resources, or
should one, like it has been done in the GBD
study1, merely apply those of health professionals,
since they have a better understanding of a wide
range of health states? Williams [12] warns that
the GBD study should ‘make it possible to bring
lay opinion to bear on matters that are dangerous
to leave to experts’. Health professionals’ valua-
tions may diverge as they might give too much
weight to functional status and inadequately
take into account more subtle and subjective
influences of an illness. Moreover, they may not
constitute a representative cross-section of the
general public with regard to age, income, and
socio-economic status [13]. In this paper, we ask
as to whether health professionals’ valuations
can be used as a proxy for those of the com-
munity.

Utility measures to evaluate disability weights

Among utility measures, the SG, TTO and VAS
have been used most often in health economics
research in Western settings. They all measure
preferences for health states on a scale from 0
(death) to 1 (full health) [14]. The SG asks the
respondent to make a hypothetical choice between
the certainty of continued life in the health state of
interest and a gamble between varying probabil-
ities of death and full health. The TTO presents the
respondent with the task of determining what
amount of time they would be willing to give up to
be in a better versus a poorer health state. The
VAS requires respondents to assign a number to
each health state, usually on a scale from 0 (least
desirable health state) to 100 (most desirable
health state). Visual aids such as a ‘feeling
thermometer’ are used to support this task.

A recent critical commentary raised doubts about
the cross-cultural applicability of utility measures
[2]. Although universal utility measures would be
highly desirable, they may be regarded as cultural
artifacts themselves as they transport Western
values, notions of time, and concepts of science
[15, 16]. Knowledge and attitudinal surveys such as
health valuation surveys appear to be particularly
prone to cultural reinterpretation of survey ques-
tions by respondents and thus to contextual bias
[17]. For example, Yu et al. [18] showed great
discrepancies in responses to different scales across
various cultures and concluded that attitude
measures such as the Likert scale and semantic
differential scales are ‘culture-specific, emic in-
struments’ which largely depend upon a subject’s
interpretation of the measures. Utility measures
based on statistical or objective probability intro-
duce subjective or personal considerations of
uncertainty and risk that are highly culture-bound.

In populations with low levels of formal
education, another problem may arise from using
numbers and thus reducing or transforming ‘lived’
experience, knowledge, and attitude into a single
numerical value. A quantified valuation is never a
‘value-free’ act, and is based on lay or folk
interpretations of numbers, statistics and prob-
abilities, in other words, a lay epidemiology [19].
The question, therefore, is how far a population’s
relative degree of numeracy is developed, i.e. how
far people are able to think in numbers and use
them.

Another concern addresses the acceptability of
methods to a particular culture under study. Of
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particular interest is the question of whether
discrete choice instruments are acceptable in a
respective culture and whether respondents are
used to discrete choice responding. Varying
culture-specific norms of self-disclosure and re-
spondent burden may affect the measurement and
thus produce variation in response [20].

Prior formative research focused on the feasi-
bility of administering the SG, TTO and VAS in a
rural Burkinian context [6]. In the SG exercise,
respondents appeared to have difficulties in under-
standing the concept of risk taking, and often
related ‘risk’ to destiny. By believing that man’s
fate ultimately lies ‘in the hands of God’,
respondents were expressing excessive ‘risks’ or
‘no risk’ at all. Furthermore, both in the SG and
TTO method, the respondents’ behavior was
strongly influenced by family interest and social
values. In the TTO exercise, for example, respon-
dents were not willing to trade-off life years if they
still had to care for family members, but were
eager to trade-off life years when they felt they
were a burden on the family. It was concluded that
one should be very cautious when applying SG
and TTO for the purpose of obtaining health state
valuations in the context of rural Burkina Faso.
Regarding the VAS, it was observed that respon-
dents seemed to easily rank order health states but
tended to maintain identical proportions between
the valuations of the health states concerned. The
valuation of one’s own health state by the VAS
showed a relative low test–retest reliability of 0.64.

These observations led us to the development of
a culturally adapted VAS – an alternative instru-
ment to measure health states in a setting where
the level of formal education is low – that seems
more capable of expressing the beliefs and values
of the community and transforming those into
numerical values.

Methods

The country and study population

Burkina Faso is a land-locked country, situated at
the border of the Sahel region in West Africa, with
a population of 10. 7 million inhabitants as of 1998
[21], representing a multi-cultural and multi-
linguistic setting, characterized by a strong oral
culture. In spite of a state education system, there

is a high level of formal illiteracy. Because of the
(French) colonial history, there is a coexistence of
African and Western values. The GDP per capita
is estimated to be $150 per year, and more than
95% of the population live on subsistence farming.
The high levels of infant and child mortality (219
per 1000 and 105 per 1000, respectively) [22] reflect
large unmet needs. Our study was performed in the
research area of the Nouna Health Research
Center in the North-West of Burkina Faso. In
this region, malaria, diarrhea and respiratory
diseases are estimated to be the most important
contributors to the total numbers of years of life
lost [23].

Study procedure

Nine hypothetical health states were selected. Four
of these health states were adapted from the 22
indicator conditions of the GBD study. The nine
health states include asthma, back pain, blindness,
deafness, diabetes, heart problems, paraplegia,
major depression, and severe mental disorder.
Formative anthropological research led to the
development of cultural and linguistic equivalents
of these health states, including definitions of
locally meaningful disability scenarios (Table 1).
Ultimately, these health state descriptions reflected
perceived illness rather than bio-medically defined
disease notions. The health states were illustrated
using locally designed images.

Our scaling procedure retains the simplicity of
the traditional VAS in which valuations are clearly
visualized but replaces the difficult part of metric
scaling – a concept unknown to most residents in
rural Burkina Faso. Instead, it applies a culturally
more adequate approach of representing valua-
tions by physical units. The instrument expresses
the degree of disability of a health state in terms of
numbers of physical units (in our case 6 cm long
wooden blocks), with 0 units representing the best
health state imaginable, and 10 units representing
the worst health state imaginable (Figure 1).
Because of the explicit comparative nature of the
exercise, one might hypothesize that this approach
possesses interval properties. A further advantage
is that the respondents are less intuited to retain
identical proportions between the evaluated health
states than in the traditional VAS, because the
various states are not valued on one and the same
visual scale.
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For the valuation exercise, the respondents were
instructed to (i) consider the disability for some
sort of ‘average’ case, i.e. a person of 40 years of
age in a family with children; (ii) consider the
person living in that health state during the period
of one year; (iii) consider the prognosis of the
health state to be unknown; and (iv) evaluate the
disability regarding productive, religious, and
social activities. Each valuation exercise was
conducted in two steps. In the first step, the
valuation procedure was performed on an indivi-
dual basis. In the second step, the principle of
elaboration [24] was applied, and respondents
shared their valuations in a group and were
encouraged to discuss these to arrive at well-
thought valuations that better represent their
preferences. The aim of the group session was

not the development of group consensus but rather
the encouragement of reflection. To test the impact
of this ‘elaboration’, respondents’ valuations
before and after the group discussion were
recorded. In addition to the valuation exercise,
respondents were asked to rank the health states in
terms of disability. To assess the test–retest
reliability, the same exercise was conducted four
weeks later.

Four panel sessions were held with lay people,
combining 39 individuals altogether. Each group
session involved five women and five men (except
in one panel where one woman did not finish the
exercise). The mean age of the 39 individuals was
40 years (with a standard deviation (SD) of 8.5),
and the majority of the respondents were illiterate
(61%). Two panel sessions were held with health

Table 1. Nine hypothetical health states as explained to our study’s respondents

Health state Local expression Description

Asthma Sinsan The individual has difficulty breathing and experiences moments when
he/she does not get enough air, especially when lying down. The
individual works normally when he or she is having no episodes. The
individual is frightened that one day his breathing will stop and that
he/she will die.

Back pain Ko dimi The individual has problems getting up in the morning because his back
feels stiff. When the individual wants to lift something, he/she feels
strain at waist-level. The individual has many problems working in the
field because he or she has to rest every now and then. Females have
difficulties preparing food or sweeping the courtyard.

Deafness Bobo The individual does not hear well. Only when somebody shouts very
loud can the individual hear.

Diabetes (type I) Sukaro bana The individual eats and drinks often. The individual urinates often, up
to 4 times per night. The individual has problems with his feet. The
individual needs to go to the hospital once per week for an injection.
The individual often feels tired and cannot work well for that reason.

Heart problems Dusu kun dimi The individual experiences pain in the chest with sensations like needle-
sticks. The individual has difficulty breathing when walking or working.
The individual cannot work properly in the field or, in the case of a
woman, doing activities in the household like sweeping the courtyard or
preparing food. The individual is afraid of dying because of these
problems.

Paraplegia Muruku bana The individual cannot walk because his legs are paralyzed. The
individual can do some domestic activities. The individual does not
have a wheelchair to move around.

Major depression Nimisa gw"eelen The individual experiences loss of interest or pleasure in nearly all
activities. The individual is introverted, and has difficulties thinking and
concentrating. The individual also experiences a loss of appetite.

Severe mental disorder Fatoya The individual shows strange behavior and often talks with people who
can only be seen by him. The individual does many things in the wrong
order.

Blindness Fientoya The individual is unable to distinguish the fingers of a hand at the
distance of 3m. The individual cannot see well at dusk. During the day,
the individual can work well in the fields, but he/she cannot see far.
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professionals with a total of 17 individuals,
including 13 nurses and four medical doctors.
Mean age was 34 years (SD=5.8). The average
number of years of practical experience was 10
(SD=5.4). Sessions with lay people spent, on
average, 74min on the description of the hypothe-
tical health states and the explanation of the
instrument. The respondents spent, on average,
52min to arrive at their individual valuations. The
group discussions took 47min, on average, after
which individuals made their final assessments in
an average of 12min. For health professionals,

these activities lasted, on average, 30, 50, 55, and
10min, respectively.

The individual assessments from the panel
sessions were converted to weights V using the
following formula: V(Q)=score(Q)/10, where Q
refers to the health states. The average disability
weights were calculated from the individual
weights assigned by all individuals in the panel
sessions.

Results

Inter-panel reliability was assessed after the second
step of elaboration in two ways: by the extent of
agreement between the panels on the average
weights (ANOVA) and by the extent of agreement
between the panels on the ranking of the weights
(Spearman rank correlation coefficient). The aver-
age weights of the four panels of lay people do not
appear to diverge strongly (Table 2). Univariate
testing revealed that, nevertheless, six weights
differed significantly between the panels. However,
these differences were never larger than 0.23. The
ranking of the weights assigned by the four panels
of lay people did not vary much, indicated by an
average Spearman rank correlation coefficient of
0.90. The average weights elicited by the three
panels of health professionals differed significantly
for four health states (Table 3) but were never
larger than 0.27. The average Spearman rank
correlation coefficient was 0.72. Because of the
small sample sizes, no further panel subgroup
analyses were carried out.

Table 2. Interpanel comparison of disability weights as elicited by lay peoplea

Health state ANOVA

I (n=10) II (n=10) III (n=9) IV (n=10) F p
Mean SD Rank Mean SD Rank Mean SD Rank Mean SD Rank

Severe mental
disorder

0.89 0.03 1 0.88 0.06 1 0.90 0.00 1 0.89 0.09 1 0.19 0.900

Major depression 0.70 0.11 2 0.72 0.08 2 0.76 0.07 2 0.79 0.09 2 2.06 0.124
Heart problems 0.62 0.09 3 0.49 0.09 4 0.54 0.07 4 0.50 0.13 6 3.53 0.025b

Low back pain 0.59 0.11 4 0.41 0.10 5 0.50 0.00 6 0.53 0.11 5 6.58 0.001b

Asthma 0.53 0.12 5 0.60 0.14 3 0.70 0.05 3 0.63 0.11 3 3.91 0.016b

Diabetes 0.51 0.09 6 0.37 0.07 7 0.51 0.14 5 0.59 0.15 4 6.26 0.002b

Blindness 0.46 0.16 7 0.29 0.07 8 0.23 0.07 8 0.41 0.13 8 7.97 0.000b

Paraplegia 0.41 0.13 8 0.41 0.10 5 0.37 0.10 7 0.48 0.11 7 1.71 0.184
Deafness 0.15 0.05 9 0.17 0.05 9 0.10 0.00 9 0.23 0.08 9 9.02 0.000b

aDisability weights as measured after the second step of elaboration.
bSignificant difference, equal variances not assumed.

a b c d e f g h i YX

Boxes X and Y represent images of the best imaginable health state 

and the worst imaginable health state respectively. The handicap of 

the worst imaginable health state is defined by 10 units. Boxes a-i 

represent locally designed picture cards of 9 health states. The 

respondant must rate the severity of health states a-i by placing the 

number of units in question to the corresponding image of the 

health state. For example, health states represented by images a,c, 

and e are given disability weigts of 0.3,0.6, and 0.2, respectively.

Figure 1. Culturally adopted visual analogue scale
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Test–retest reliability, indicating the stability of
respondents’ valuations over time, appeared to be
high. The average individual test–retest Pearson
correlation was 0.90 and 0.89 for lay people and
health professionals, respectively. Average test and
retest disability weights for the nine health states
differed only slightly.

Construct (convergent) validity of the weights
was studied by a comparison with the results of the
implicit rank order following from the final
evaluation with an explicit rank order exercise,
carried out after the final evaluation. The Spearman
rank correlation coefficient equaled 0.86 and
0.94 for lay people and health professionals,
respectively, indicating that both panels were
consistent in their evaluations, and thus under-
stood the valuation procedure. Based on these
results, it can be concluded that the scale values
derived at the panel level are sufficiently valid and
reliable.

The impact of elaboration was assessed by
comparison of mean disability weights between
the weights of the individual valuation (step 1) and
of the group discussion (step 2). For the panels of
lay people, mean values of two out of nine health
states (blindness and paraplegia) changed signifi-
cantly, with a maximum of 0.06. Group discussion
halved the variance of the responses from 0.024 to
0.012. The Spearman rank order correlation
coefficient of 0.85 indicates that the ranking was
not substantially affected by the elaboration. For
the health professionals’ panels, only the mean
value for deafness changed significantly (0.05). The
variance of responses decreased from 0.032 to
0.018, and the Spearman rank order correlation
coefficient equaled 0.82.

Mean disability weights for the nine health
states as elicited by lay people and health
professionals are reported in Table 4. In compar-
ison to that of the lay people, health professionals

Table 3. Interpanel comparison of disability weights as elicited by health professionals

Health state Panel ANOVA

I (n=7) II (n=6) III (n=4) F p
Mean SD Rank Mean SD Rank Mean SD Rank

Severe mental disorder 0.70 0.20 1 0.88 0.04 1 0.88 0.05 1 3.65 0.053
Paraplegia 0.57 0.10 2 0.43 0.23 5 0.70 0.00 3 2.98 0.043a

Major depression 0.57 0.19 2 0.68 0.13 2 0.80 0.00 2 3.15 0.074
Asthma 0.53 0.10 4 0.38 0.10 6 0.33 0.10 6 6.73 0.009a

Heart problems 0.53 0.14 4 0.58 0.10 3 0.33 0.17 6 4.75 0.027a

Low back pain 0.43 0.11 6 0.50 0.11 4 0.25 0.06 8 7.44 0.006a

Diabetes 0.36 0.11 7 0.28 0.08 8 0.38 0.05 5 1.60 0.236
Blindness 0.34 0.10 8 0.32 0.08 7 0.45 0.06 4 3.35 0.065
Deafness 0.10 0.00 9 0.10 0.00 9 0.13 0.05 9 1.78 0.204

aSignificant difference, equal variances not assumed.

Table 4. Disability weights for the health states for lay people and health professionals

Health state Lay people Health professionals Student’s t

Mean SD Rank Mean SD Rank t-value P

Severe mental disorder 0.89 0.06 1 0.81 0.16 1 2.16 0.045a

Major depression 0.74 0.09 2 0.66 0.17 2 1.79 0.089
Asthma 0.61 0.12 3 0.43 0.13 5 5.05 0.000a

Heart problems 0.54 0.11 4 0.50 0.16 4 0.89 0.381
Low back pain 0.51 0.11 5 0.41 0.14 6 2.55 0.017a

Diabetes 0.49 0.14 6 0.34 0.09 8 5.06 0.000a

Paraplegia 0.42 0.11 7 0.55 0.17 3 �2.94 0.008a

Blindness 0.35 0.14 8 0.36 0.09 7 �0.23 0.816
Deafness 0.16 0.07 9 0.11 0.02 9 4.57 0.000a

aSignificant difference, equal variances not assumed.
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rated seven out of nine health states as slightly to
moderately less severe. A Student’s t-test of the
difference was significant for six out of nine health
states: diabetes, low back pain, severe mental
disorder, asthma, paraplegia, and deafness. The
differences in mean disability weights ranged from
0.05 to 0.18 and can, therefore, be regarded as
small to moderate. The average Spearman rank
correlation coefficient for the disability weights
equaled 0.78.

Discussion

This study has shown the feasibility of eliciting
disability weights in a rural African setting using a
culturally adapted VAS instrument. Even if there
are some concerns on the theoretical validity of the
use of VAS-scores in economic evaluation, since
they are not choice-based methods and they do not
have a basis in economic theory, evidence shows
that instruments that are more deeply rooted in
economic theory do not produce reasonable results
when applied in a population with a low level of
formal education [25]. Earlier studies in the same
context showed that respondents had problems
understanding the underlying concepts of trading
off time, trading off persons, and gambling in
alternative, choice-based instruments such as
TTO, PTO, SG [6]. Our approach, exhibiting
meaningful health state and disability scenarios
and feasible scaling procedures seems more
appropriate in the socio-cultural conditions
under study. Furthermore, regarding the high
response rate and consistent results, the instrument
appears to be more practical than the above-
mentioned cognitively demanding techniques. The
instrument scores well on inter-panel and test–
retest reliability and appears to possess interval
properties.

Health professionals’ views matched those of lay
people to a considerable extent. The rankings of
the disabling effect of health states were relatively
stable between the two groups, although the
rankings of the intermediate states showed more
variability than that of the states at both ends of
the range. In comparison to that of the lay people,
health professionals rated the majority of the
presented health states as less severe. These
findings are less convincing than those of the
Dutch Study on Disability Weights [26] and that of
a literature review [25] which concluded that it

makes little difference whether panels to elicit
disability weights are composed of health profes-
sionals or lay people.

This leads to the question of which preferences
should then be used to obtain disability weights for
the calculation of DALYs. Our study has shown
that the evaluation of nine (frequently occurring)
health states by lay people required lengthy in-
depth and cognitively demanding descriptions.
Measuring health state valuations of the popula-
tion for every possible health state therefore seems
impracticale [5]. Our study results suggest that the
application of health professionals’ preferences
seems an acceptable alternative to elicit disability
weights on a wide range of health states, at the
expense of small deviations from (and most likely
under-ratings of) lay people’s valuation of dis-
ability weights. However, because of our small
sample size, these conclusions are only tentative
and more research is needed before more general
conclusions can be drawn. Another alternative, in
the long run, is to develop predictive models
(multi-attribute utility schemes) that allow an
analyst to impute health state valuations from
information about the levels on various domains
of health status associated with a particular state
[5]. This would certainly decrease the workload as
– after the initial collection of utility weights for
the various domains of health states – health states
only need to be described in terms of scores on
domains in order to arrive at valuations. There is
little experience with health profiles in developing
countries [27], and more conceptual, methodolo-
gical and empirical work is needed to develop
robust models for this purpose. The present
research can act as a first step towards this
approach to obtain culturally adapted, practical,
valid and reliable utility instruments.

The process of elaboration did not considerably
change the aggregate mean values but affected the
responses at the individual level and decreased its
variation. The question arises as to whether health
state valuation instruments like the culturally
adapted VAS can then be used to rapidly collect
lay people’s preferences on disability weights of
their own health state or hypothetical health states
in household surveys. Our research has shown that
respondents needed considerable time to under-
stand and carry out the basic (individual) exercise,
and that group discussion did alter their valua-
tions, indicating the need for careful procedures.
Furthermore, health states should preferably be
valued in comparison to other health states: earlier
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research has shown that it is easier for people to
give a value to an object if it can be compared to
other objects [24]. This means that, even when
measuring preferences about an individual’s own
health state, one should include other hypothetical
health states. Rapid procedures seem, therefore, to
result in less appropriate results.

There is no agreement on the role of health
profiles in the context of describing health states.
The GBD-study only applied bio-medically de-
fined diagnostic labels, whereas the Dutch Study
on Disability Weights has shown the importance
of adding (EuroQol 5D+) functional descriptions
to ease the valuation task of respondents [25]. We
found that the provision of locally meaningful
disability scenarios including locally designed
illustrations was a necessity in the case of lay
respondents. However, health professionals in
our study found the descriptions somewhat
approximate, which may explain the relatively
large variation in their valuations compared to
that of the panels of lay people.

The culturally adapted VAS instrument has
been developed for the context of rural Burkina
Faso to produce locally meaningful BOD esti-
mates to foster local health policy. However,
because of its explicit explorative nature, this
study has only paid minor attention to the
representativeness of its results to the overall
population in Burkina Faso. Future research
should include larger sample sizes and should
assess as to what extent the study sample
represents the overall population. Moreover, it
should include a comprehensive list of health states
in order to produce results that are useful for
policy making. A further step should be to carry
out more empirical studies to test whether the
proposed methodology is feasible and applicable
in other cultural contexts. If so, it would represent
a critical advancement in acquiring BOD estimates
that would be locally meaningful.
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Abstract

The purpose was to study gender’s effect on willingness-to-pay (WTP) for community-based insurance (CBI) in order

to provide information for deciding enrolment unit and setting premium in Burkina Faso. A two-stage cluster sampling

was used in the household survey, with each household having the same probability of being selected. One thousand one

hundred and seventy-eight men and 1236 women in the 800 households were interviewed. The bidding game approach

was used to elicit WTP. We found that compared to male, female had less education, lower income and expenditure, less

episodes of diseases and lower ratio of becoming household head, but higher marriage rate. These characteristics

influenced the WTP difference between men and women. Men were willing to pay 3666 CFA ($4.89) to join CBI, 928

CFA higher than women were. Education and economic status positively influenced WTP, implying higher years of

schooling and economic status and higher WTP. Age and distance to health facility negatively influenced WTP, thus

higher age and longer distance and less WTP. Based on the results from this study, we suggest that CBI should be

enrolled on the basis of households or villages in order to protect vulnerable persons, such as the aged, women and the

poor. In setting premium a policy-maker needs to take into account costs of the CBI benefits package, possible

subsidies from government and other agencies and WTP information. WTP should never be taken as a premium

because it only provides some information for the respondents’ financial acceptability for a certain benefits package.

# 2002 Elsevier Science Ireland Ltd. All rights reserved.

Keywords: Willingness-to-pay; Contingent valuation method; Community-based insurance; Gender; Burkina Faso

1. Introduction

‘Gender refers to women’s and men’s roles and

responsibilities that are socially determined. Gen-

der is related to how we are perceived and expected

to think and act as women and men because of the

way society is organised, not because of our

biological differences’ [1]. In the social and eco-

nomic aspects, women are usually located primary

responsibility for household and domestic

labour*/for the care of children, the elderly and

the sick. Conversely, men are much more closely
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identified with public world*/with the activities of
waged work and the rights and duties of citizen-

ship [2]. Gender has been found to influence

health, access to health care, quality of care, risks

to get tropical infectious diseases, HIV/AIDS and

other sexually transmitted diseases, violence and

injuries [1]. Males are more exposed to malaria

infection for occupational reasons [3]. At young

ages, the prevalence of tuberculosis infection in
boys and girls is similar, but a higher prevalence

has been found in men of older ages [4]. More men

than women are diagnosed with tuberculosis,

however, women have longer delays in tuberculo-

sis diagnosis [5,6]. Women vulnerability to HIV/

AIDS has been recognised as being due to lack of

knowledge and access to information, economic

dependence and in many cases, forced sex [1].
Willingness-to-pay (WTP) is used to estimate

utility in monetary terms. Economic theory argues

that the maximum amount of money an individual

is willing to pay for a commodity is an indicator of

the utility or satisfaction to her of that commodity.

WTP is one of the economic techniques for

eliciting consumer preference. Recently WTP stu-

dies have been carried out in the various fields of
health, including disease treatment, disease man-

agement, new medical technology, outcome eva-

luation of health care and health program, and the

common used methods were the bidding game, the

payment card and the take-it-or-leave-it [7,8].

Although there are many studies about gender

and WTP in various areas of health and health

care, there are no studies to combine gender and
WTP together to identify the effect of gender on

WTP in these areas. Even in the area of rural

health insurance only two WTP studies have been

carried out. In Ghana, a study used the bidding

game method to interview five-member household

heads and to assess the willingness of households

(164 urban households and 142 rural households)

in the informal sector to join and pay premiums
for a proposed National Health Insurance scheme

[9]. The study used sex as one independent variable

in the multivariate analysis. But it did not describe

the social and economic characteristics between

sexes and did not analyse the WTP difference

between sexes either. Thus the study could not

provide information about the effect of gender.

Another study was done in India. The heads of
1000 households in rural area were asked directly

which type of health insurance scheme they pre-

ferred and how much they were willing to pay for

the chosen scheme [10]. This study did not con-

sider the effect of sex in the multivariate analysis,

so the same as the former study, it could not

provide information about effect of gender on

WTP.
Compared to other studies, the present study

merged gender and WTP, focused on gender’s

effect on WTP for community-based insurance

(CBI). Each household member aged 20 and more

was asked WTP for him/herself. This study was

carried out in rural Burkina Faso and described

the characteristics of gender and quantitatively

analysed the effect of gender on WTP by the
indicator of WTP difference between male and

female.

Our hypothesis was that WTP was related to

individual preferences (utility) under certain spe-

cifications (theory of utility maximisation). An

individual stating WTP of a certain amount or not

is based on expected utility. If the expected utility

to be derived from participating in the scheme at
the stated premium is greater than the amount of

the premium, an individual will opt to pay. In this

context, it was assumed WTP would be affected by

age, years of schooling, occupation and marital

status. It would also be affected by relationship to

household head, location of residency, economic

and health status, and distance to health facility.

The aged was expected to be willing to pay less;
household head, higher income, higher education,

urban people and people with poor health could be

expected to be willing to pay more for the health

insurance premium. Longer distance to health

facility can reduce WTP.

This paper based on a WTP study for CBI in

Nouna, Burkina Faso, which was a part of a larger

project on the control of tropical infectious
diseases. Burkina Faso has an estimated popula-

tion of approximately 10.7 millions [11]. This small

West African country is divided into 11 adminis-

trative health regions, which comprise 53 health

districts overall, each covering a population of

200 000�/300 000 individuals. Each health district

has at least one hospital with surgical facilities [12].
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The districts themselves are again sub-divided into
smaller areas of responsibility that are organised

around either a hospital or a so-called Centre de

Santé et de Promotion Sociale (CSPS), the first-

line health care facility in the health system. The

Nouna health district, located in the Northwest of

Burkina Faso, has a population of roughly 230

thousand inhabitants who are served by one

district hospital and 16 CSPS.

2. Methods

2.1. Sampling procedure and sample size

The household survey, which was conducted by

the project of control of tropical infectious dis-
eases, was based on a two-stage cluster sampling

procedure, with each household having the same

probability of being selected. In the first stage,

clusters of households were selected and in the

second stage, respondent households were selected

in each cluster. Overall, 800 households were

selected, 480 in the rural area and 320 in the

town of Nouna [13]. We used this sample and
merged WTP questions into the regular household

survey questionnaire. The data were collected in

February 2001.

Out of the 800 households randomly selected,

776 were considered in the analysis (22 emigrated

and 2 missed). In the 776 households, there were

2670 persons aged between 20 and 70. Two

thousand four hundred and fourteen of them
answered the WTP questions (4 refusal and 252

absentees). The response rate was 88.9% for

women and 91.9% for men. There were no

significant differences between the responders

and non-responders in the location of residency,

religion, occupation and years of schooling [14].

2.2. Household interview

The household interview and the process of

eliciting WTP are described in detail in the paper

of WTP study [14]. Each household member aged

between 20 and 70 was randomly assigned one of

13 starting prices drawn from a range from 2000 to

8000 Franc CFA determined by pre-testing ($1�/

750 CFA). Interviewers first explained the CBI
scenario to all eligible members of the household

together. Then each eligible member of the house-

hold was asked for his or her own WTP by the

approach of bidding game.

If the answer to the first price offered to the

respondent was ‘yes’, the interviewer increased the

bid by increments of 500 CFA until the respondent

said ‘no’. If the initial answer was ‘no’, the
interviewer reduced the amount of money by 500

CFA and continued this process until the respon-

dent said ‘yes’. The last sum of money receiving a

‘yes’ response was used as the WTP resulting from

the bidding game approach (bidding result).

2.3. Indicators and data analysis methods

We use male WTP to describe the value that a

man is willing to pay for himself for CBI, and

female WTP to describe the value that a woman is

willing to pay for herself for the insurance. WTP

difference equals male WTP minus female WTP.

Mean WTP was estimated directly from the data

provided. Linear multiple regression was used to

study the influence of independent variables on
WTP. In the regression, WTP (bidding result) was

taken as the dependent variable, individual demo-

graphic, socio-economic and other characteristics

were taken as the explanatory variables. The

empirical model is as follows:

WTP�a�b1X1�b2X2� . . .�bn�1Xn�1�bnXn

where WTP, willingness-to-pay; a , intercept; b ,

coefficients of explanatory variables; X , explana-
tory variables.

The explanatory variables were selected based

on the study hypotheses. We first considered the

individual characteristics, such as age, education,

religion, occupation, relation to household head,

location of residency and health status. We then

considered income and expenditure and last the

convenience of getting health care by the variable
of distance to a health facility. Episodes of diseases

for the individual over three rounds of the survey

were taken as the health status variable. In the

project ‘control of tropical infectious diseases’, we

have already done three waves of household

surveys on the same households over 9 months.
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This allowed us to add the episodes of diseases
together and obtain a better health status indicator

than can be obtained from only one survey. Table

1 lists the explanatory variables used in the linear

regression models.

Normality of variables was tested. Income and

expenditure were skewed and therefore trans-

formed using logarithmic transformation (x�/

log(X�/1)). Outliers were considered. Outliers
were excluded from the model if the studentized

residuals greater than j3j [15].

3. Results

3.1. Gender characteristics

Compared to male, female had significantly

lower education, farmer occupation, income, ex-

penditure, episodes of diseases and lower ratio of

becoming household head, but higher marriage

rate. There were no significant differences between

sexes in the aspects of age, location of residency,
religion, distance to health facility and the first bid

(Table 1). All significant differences between men

and women came from social factors; thus imply-

ing that gender would be responsible for the gap

between men and women in the WTP for CBI.

Gender is the social construction of roles of men

and women as mentioned before.

3.2. Willingness-to-pay by gender

We found that men were willing to pay 3666

CFA for CBI, 928 CFA more than women. Age is

one of the factors that influence WTP, the aged
were willing to pay less than the young. But the

WTP difference between men and women was not

a result of age because there was no age difference

between sexes and in each age group men were

willing to pay more than women (Table 2). The

WTP difference between men and women varied

as the cumulative ratio of bidding results changed

from 0 to 100% (Fig. 1). The WTP difference is 0

Table 1

Description of explanatory variables for linear regression model and individual and other characteristics by sex

Variable name Description Mean P a

Total

(n�/2414)

Male

(n�/1178)

Female

(n�/1236)

Individual characteristics

Age Age in years 39 39.41 38.61 �/0.05

Single Marital status: single�/1, else�/0 0.117 0.199 0.039 B/0.001

Famihead Household head�/1, other �/0 0.290 0.538 0.053 B/0.001

Ani Religion: traditional religion�/1, else�/0 0.085 0.094 0.076 �/0.05

Occuagr farmer�/1, other�/0 0.746 0.853 0.644 B/0.001

Nouna Location of residency, Nouna town�/1, else�/0 0.332 0.327 0.337 �/0.05

Readwrit Can read or write�/1, other�/0 0.221 0.343 0.104 B/0.001

Educatio Years of schooling 0.80 1.10 0.51 B/0.001

Diseasei Episodes of diseases of individual in 3 surveys 0.36 0.40 0.33 B/0.05

Logicsh6 Individual cash income from 6 month, log 10 2.906 3.512 2.328 B/0.001

Logianim Individual animal value, log 10 2.412 3.217 1.647 B/0.001

Logiexp6 Individual expenditure for 6 month, log 10 3.257 3.805 2.734 B/0.001

Other characteristics

Distance Distance to health facility (km) 4.19 4.27 4.11 �/0.05

Prixdepart The first bid 4968 5002 4935 �/0.05

a t -Test for age, educatio, diseasei, logicsh6, logianim, logiexp6, distance and prixdepart. x2-Test for single, famihead, ani, occuagr,

nouna and readwrit.
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at 100% of the cumulative ration, about 600 CFA

at 65%, about 1000 CFA at 50%, etc. Cumulative

ratio of bidding results can reflect the relationship

between premium and enrolment level of insur-

ance.

Married men were willing to pay more than

married women were, but unmarried women were

willing to pay more than unmarried men (Table 2).

This contrary result cannot change the general

WTP result (men were willing to pay more than

women were) because of the high marriage rate.

Marriage rate for men was 80.1% and for women

96.1% (Table 1). If the men’s marriage rate

reached the level of women’s, man in general

would be willing to pay even more than woman

would because married man was willing to pay

more than unmarried one, implying marital status

composition influences the WTP difference be-

tween men and women.

Table 2 shows us that male heads of household

were willing to pay 1042 CFA more than female

heads. Other males were willing to pay more than

other females also, but with 919 CFA WTP

difference, less than the difference between male

heads and female heads.

Religion may be another factor to influence

WTP. Compared to these who have no specific

religions (traditional), others (such as Muslim,

Christian) had relatively lower WTP for them-

selves (Table 2). This situation is same in male

Table 2

Individual WTP (CFAa) by sex

Variables WTP (n ) WTP differenceb P c

Total Male Female

Total 3191 (2414) 3666 (1178) 2738 (1236) 928 B/0.001

Age

20�/34 3463 (1106) 3829 (543) 3109 (563) 720 �/0.01

35�/49 3357 (692) 3863 (328) 2900 (364) 963 B/0.001

50�/64 2680 (444) 3447 (207) 2009 (237) 1438 B/0.001

65�/ 2099 (172) 2587 (100) 1420 (72) 1167 B/0.001

Marital status

Married 3186 (2131) 3840 (943) 2666 (1188) 1174 B/0.001

Single 3232 (283) 2970 (235) 4515 (48) �/1545 B/0.05

Household head

Yes 3570 (700) 3668 (634) 2626 (66) 1042 B/0.05

No 3036 (1714) 3664 (544) 2745 (1170) 919 B/0.001

Religion

Traditional 4191 (205) 4715 (111) 3571 (94) 1144 B/0.05

Others 3098 (2209) 3557 (1067) 2670 (1142) 887 B/0.001

Occupation

Farmer 3301 (1801) 3733 (1005) 2756 (796) 977 B/0.001

Others 2867 (613) 3277 (173) 2706 (440) 571 B/0.05

Location of residency

Nouna town 2976 (802) 3232 (385) 2740 (417) 492 �/0.004

Rural area 3298 (1612) 3877 (793) 2737 (819) 1140 B/0.001

Read or write

Yes 3995 (533) 4069 (404) 3764 (129) 305 �/0.05

No 2963 (1881) 3456 (774) 2619 (1107) 837 B/0.001

a US$1�/750 CFA.
b WTP difference�/male WTP�/female WTP.
c t -test for WTP difference.
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group and female group. But men were willing to

pay more than women regardless of religion.

However, there was not significant difference in

the composition of religions between men and

women (Table 1), religion may not be the cause of

WTP difference between males and females. The

result of location of residency was similar to result

of religious status, so the location of residency is

also not the factor to influence WTP difference

(Table 2).

Occupation is also an important factor to

influence WTP because occupation is related to

income level in most societies. We found that there

were differences in WTP between occupation

groups and also between male and female (Table

2). Considering the different composition of occu-

pations between men and women (Table 1), the

WTP difference in general between male and

female may be affected by the occupation factor.

It is interesting to know that there was no

significant difference in WTP between men and

women if they could write or read, but there was

significant difference if they could not (Table 2).

This means that education is one factor that

influences WTP and also one factor that influences

WTP difference between male and female because

we found that males got more years of schooling

education than females in this study (Table 1).

3.3. Multivariate analysis

Many factors can influence the WTP difference

between male and female. We have already

described the effects of age, marital status, rela-

tionship to household head, religion, occupation,

location of residency and education on WTP and
WTP difference factor by factor. But the danger of

single factor analysis is that when analysing the

effect of one factor we cannot control the effects of

other factors. Multivariate analysis can show the

effect of each factor by controlling other factors.

Table 3 shows the results of the multiple linear

regression analysis.

There were some differences in the factors that
statistically significantly influenced male and fe-

male WTP. Being single marital state significantly

influenced male WTP but not female. It had

unexpected negative signs, and the result was

opposite to the result from single factor analysis

for female WTP. Unmarried women had higher

Fig. 1. Cumulative ratio of bidding results by sex.
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WTP than married. Education significantly influ-

enced male WTP but not female. It, however, had

the expected positive signs, higher education and

higher WTP. Being a farmer did not significantly

influence male WTP but it did female. Further-

more, the coefficient signs were opposite each

other, positive to male and negative to female.

Staying in Nouna town had an unexpected nega-

tive sign and significantly influenced male WTP

but not female. Although potential value of

animals had the expected positive signs for both

male and female, it significantly influenced female

WTP but not male one.

Both age and distance to health facility had the

expected negative signs and significantly influ-

enced both male and female WTP. However,

from both values of the standardised coefficients

(b) we found that female was higher than male,

thus both of the factors influencing female WTP

relatively stronger than male. Income and expen-

diture are economic indicators. They had the

expected positive signs and significantly influenced

both male and female WTP. Income influenced

female WTP relatively stronger than male. On the

contrary, expenditure influenced male WTP little

stronger. Traditional religion positively influenced

male and female WTP. But it influenced male

WTP stronger than female WTP.

The first bid positively influenced male and

female WTP, thus the starting point bias existing

in both WTP estimations. Male WTP had more

starting point bias than female WTP by the

indication of b value.

4. Discussion

It is clear that gender is a central factor in

understanding the WTP difference between male

and female because we found that women had less

education, lower income and higher marriage rate

which were the main factors to influence WTP in

this study. Other factors can also influence WTP,

such as age, location of residency, distance to

health facility and the first bid, but we found that

Table 3

Coefficients of multiple linear regression for individual WTP by sex

Variables Male WTP Female WTP

B S.E. b B S.E. b

(Constant) 1970.500* 487.041 2392.953* 309.925

Age �/24.677* 6.772 �/0.144 �/27.578* 4.663 �/0.177

Single �/551.831** 228.733 �/0.083 �/55.493 347.701 �/0.005

Famihead 157.806 207.935 0.030 �/225.152 294.666 �/0.023

Ani 1031.892* 257.547 0.113 651.024* 233.649 0.077

Occuagr 75.681 232.675 0.010 �/306.754** 144.181 �/0.066

Nouna �/530.493* 204.069 �/0.094 �/140.629 172.720 �/0.030

Educatio 75.511** 30.747 0.076 68.225 38.551 0.054

Diseasei �/5.336 103.779 �/0.001 �/63.555 93.039 �/0.019

Logicsh6 100.470** 43.312 0.076 92.867* 33.955 0.086

Logianim 61.094 37.133 0.053 108.788* 30.710 0.101

Logiexp6 196.358* 58.417 0.117 135.939* 39.227 0.112

Distance �/54.127* 16.790 �/0.109 �/55.853* 13.640 �/0.136

First bid 0.267* 0.039 0.187 0.172* 0.032 0.145

n 1171 1222

F value 14.015* 13.042*

R2 0.136 0.123

Std. Residual mean (S.D.) 0.000 (0.994) 0.000 (0.995)

* PB/0.01.

** PB/0.05.
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there were no significant differences between men
and women in this study.

Traditional African societies, there was and

there still is division of labour where by women

take care of household activities, subsistence

agriculture, reproduction and mothering. Men

are the breadwinners, tend to grow cash crops

which are harvested at specific times during the

year and bring in relatively large sums of money,
and have greater access than women to off-farm

employment. By contrast, women mainly depend

on the sale of food crops that bring in small

amounts of income through the year. The man’s

role as provider gives him control over family

income and many of the major decisions [16,17].

Owing to the fact that education is associated with

expectation of high incomes, a family with limited
resources will take a son to school first because the

daughter will get married and her roles do not

necessarily require one to go to school*/thus the

low education observed for women.

In the study, women were found to have high

marriage rates than their male counterparts. This

still has to do with both the fact that women are

less likely to have higher education and the fact
their roles seem not to require them to stay longer

as singles to acquire the skills. As such, women

tend to marry when the are young and in effect,

the difference is a result of different ages at

marriage*/women young than for men. The tend

to marry young also because of the fact that their

marriage is usually associated with bride price that

is usually a source of income for the girl’s family.
These social roles between sexes make the

differences in occupation and also in income

between men and women. Income and expenditure

are related to ability-to-pay. Many studies have

reported that WTP is positive correlation with

ability-to-pay [9,18�/22]. Occupation is related to

income and further related to WTP. We found

men earned more than women, thus resulting in
the difference of WTP between them did. In this

study we also found that farmer occupation

negatively significantly influenced female WTP,

but positively influenced male WTP although not

significant. This implies that men and women may

grow different crops or different acreage, resulting

in different levels of income; or implies that

women can obtain more income if they do not
work as farmers.

Illiteracy rate is high in Burkina Faso. The

female illiteracy rate is higher than male. We

found that the rate of ability to read or write

was 34.3% for men and 10.4% for women. Average

years of schooling were 1.10 for men and 0.51 for

women. Educated people may have higher income

or may understand the importance of insurance
more thoroughly, and put more utilities to insur-

ance. Thus the different composition of educa-

tional levels between men and women can result in

their difference in WTP.

Unmarried women were willing to pay more

than unmarried men did. It is difficult to explain

the reasons because we found that there were no

significant differences in age and in income
between them. Unmarried women maybe put

more utilities for health than unmarried men do,

or unmarried men were willing to pay more for

other activities than for health.

The value of standardised coefficient (b) shows

that the first bid has strong positive correlation

with female and male WTP, thus implying that

start point bias exists in the results. The danger of
starting point bias is the main problem with the

bidding game technique. Many studies showed

that this bias existed because WTP differed

markedly between different sub-samples [21�/27].

For instance, Kartman et al. found that indivi-

duals were willing to pay double for the highest

starting-bid group than for the lowest [22].

The purpose of WTP for CBI study is to provide
information to the decision-makers about people’s

financial acceptability for the insurance scheme.

When introducing CBI the decision-makers need

to take into account the cost of the scheme, and

WTP in general and also in different subgroups,

such as male or female, high or middle or low

income levels, young or middle age or the aged.

These kinds of information can help decision-
makers to set insurance premium and deciding

enrolment unit.

Our study suggests that men are willing to pay

more then women, the old pays less than the

young, and the poor pays less than the rich. If

enrolment in CBI were on the basis of individuals,

young men with high income would have higher
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enrolment rate. For example, if the premium was
set at the male 50% cumulative ratio level, the

enrolment rate for men would be 50%, but for

women only about 36%. If it was set at the level of

female 50% cumulative ratio, the enrolment rate

for women would be 50%; however for men it

would be 65% (Fig. 1). In order to protect the

poor, the old and women we suggest CBI should

be enrolled on the basis of household or village.
WTP can provide information for setting insur-

ance premium but its value should not be as the

premium. Usually a CBI premium is based on the

costs of the benefits package and shaped by

subsidies from government or other agencies. If

the WTP is higher than this premium, the CBI can

be operated smoothly. But if the WTP is lower

than this premium, the CBI cannot be operated
smoothly and needs more subsidies. Otherwise the

benefits package has to be changed.

While setting premium the WTP difference

between a real market and a theoretical one should

been taken into account also. WTP is the value

elicited in the hypothetical market. It reflects

people’s stated preference for a hypothetical com-

modity or service, but not revealed preference.
Revealed preference can be obtained in the real

market if the commodity or service exists in the

market, but for a hypothetical commodity or

service the revealed preference is usually absent.

5. Conclusion

The gender characteristics in Burkina Faso are
that female, compared to male, has less education,

farmer occupation, lower income, expenditure, less

episodes of diseases and lower ratio of becoming

household head, but higher marriage rate. These

characteristics influence the WTP for CBI between

men and women. A decision-maker needs to take

into account the gender difference in WTP in

deciding the enrolment unit and in setting pre-
mium of CBI. Based on the results from this study,

we suggest that CBI should be enrolled on the

basis of households or villages in order to protect

vulnerable persons, such as the aged, women and

the poor. In setting premium a policy-maker needs

to take into account costs of the CBI benefits

package, possible subsidies from government and
other agencies and WTP information. WTP

should never be taken as a premium because it

only provides some information for the respon-

dents’ financial acceptability for a certain benefits

package.
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Abstract

The test–retest reliability of the bidding game and the take-it-or-leave-it (TIOLI) approaches to eliciting willingness-

to-pay (WTP) are compared. A random sample of households in the Nouna area of Burkina Faso were interviewed

twice with an interval of around 4–5 weeks. One thousand one hundred and eight individuals were asked their

individual WTP for community-based health insurance. Three hundred and forty eight of these individuals were

household heads who were in addition asked about their WTP for health insurance for the whole household. Median

and the mean WTP were higher in the test than in the retest. Despite these differences both methods displayed moderate

to good reliability (kappa values ranged from 0.467 to 0.621, Spearman correlations ranged from 0.653 to 0.701 and

Pearson correlations ranged from 0.593 to 0.675). There was some evidence that the bidding game was more reliable

than the TIOLI method. This study is based on larger sample size than previous studies and also is one of the first

studies of the reliability of WTP in a developing country.

r 2002 Elsevier Science Ltd. All rights reserved.
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Introduction

Willingness-to-pay (WTP) studies are being increas-

ingly undertaken in the field of health care (Diener,

O’Brien, & Gafni, 1998; Klose, 1999). Most of these

studies have been carried out in Western countries, but a

number have been undertaken in developing countries.

For example, a study in Ghana estimated the WTP to

join a proposed national health insurance scheme

(Asenso-Okyere, Osei-Akoto, Anum, & Appiah, 1997).

There have been studies of WTP for district hospital

services in rural Tanzania (Walraven, 1996), for

injectable contraceptives in Egypt (Hassan, el Nahal,

& el Hussein, 1994), for annual retreatment of mosquito

nets with insecticide in Nigeria (Onwujekwe, Shu,

Chima, Onyido, & Okonkwo, 2000), for quality

improvements at government health facilities in the

Central African Republic (Weaver et al., 1996), and for

a rural health insurance scheme in India (Mathiyazha-

gan, 1998).

If contingent valuation is to inform decision making,

valid and reliable methods of eliciting WTP are required.

The reliability of an instrument can be assessed by

asking a group of individuals the same questions at two

points in time and by comparing their responses. After

searching literature from Medline by the key word of

‘reliability’ and literature published in relevant health

economics meetings we found since 1979 only eight test–

retest reliability studies have been published in the

health care or health related area. Most of them have

investigated the reliability of the bidding game and

open-ended question approaches by the correlation

between test and retest responses. Only one study tested
*Corresponding author. Fax: +49-6221-565948.

E-mail address: donghengjin@yahoo.com (H. Dong).

0277-9536/03/$ - see front matter r 2002 Elsevier Science Ltd. All rights reserved.
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the reliability of take-it-or-leave-it (TIOLI) with open-

ended follow-up method. Like the bidding game and

open-ended question methods, this method results in

continuous data (Table 1). Five of the eight studies were

carried out in high-income countries (three in USA, one

in UK and one in Canada); three studies were in low-

income countries (two in Nigeria and one in Myanmar).

For the reliability of the bidding game, the correlation

ranged 0.66–0.796 in high-income countries, 0.34–0.9 in

low-income countries. It seems that the reliability of the

bidding game in high-income countries is more stable

than in low-income countries although there have not

been enough studies undertaken to make a conclusion.

There has been no information to show the reliability of

TIOLI method in these previous studies. Nearly all

correlation tests were statistically significant at the level

of 0.01 and the correlation was positive, thus meaning

that the higher the WTP in the test (the first interview)

was and the higher the WTP in the retest (the second

interview) would be. But the correlation was not

statistically significant in the study reported by Thomp-

son, Read, and Liang (1984). All of these studies have

been conducted with relatively small numbers of

respondents.

Compared with the above studies, the present study

used a large sample size to test the reliability of WTP

elicitation methods in the field of community-based

health insurance (CBI). This is unique not only in low-

Table 1

Summary of the results from the past test–retest reliability studies

Authors Publi-

cation

year

Country

of study

Study area Elicitation

methods

Sample

size for

retest

Interval

between

test and

retest

Statistical

methods for

reliability test

Value of

statistic

Loehman

et al.

1979 USA Avoiding

respiratory

diseases

Open-ended

question

47 3 weeks Correlation 0.82–0.95n

Thompson

et al.

1984 USA Chronic

arthritis

Open-ended

question

49 Entry and

exit

Correlation 0.25

Jones-Lee

et al.

1985 UK Safety Open-ended

question

210 1 month Wilcoxon

matched-pairs,

signed-ranks

test

No value

providednn

Whittington

et al.

1992 Nigeria Drinking water

(public taps)

Bidding game 166 1–2 days % of

agreement

84%

Drinking water

(private

connection)

Bidding game 162 1–2 days % of

agreement

80%

O’Brien et al. 1994 Canada Chronic lung

disease

Bidding game 20 4 weeks Correlation 0.66n

Flower et al. 1997 USA Buying

insurance for

treating

moderate

Gaucher

disease

Bidding game 52 2 weeks Correlation 0.796n

Cho et al. 2000 Myanmar Malaria test kit

(ex post)

Bidding game 30 3 weeks Correlation 0.78–0.9n

Malaria test kit

(ex ante)

Bidding game 30 3 weeks Correlation 0.7–0.86n

Onwujekwe

et al.

2001 Nigeria Insecticide-

treated nets

Bidding game 146 1 month Correlation 0.34–0.51n

TIOLI+FUnnn 161 1 month Correlation 0.41–0.52n

Haggling 139 1 month Correlation 0.33–0.56n

npo0:01:
nnp > 0:05 in the Wilcoxon matched-pairs, signed-ranks test means that there is no statistically significant difference in the ranks

between test and retest, thus meaning the results (ranks) between test and retest are same.
nnnTake-it-or-leave-it with open-ended follow-up method.
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income countries but also in high-income countries. The

aim of this study is to assess the reliability of the bidding

game and the TIOLI methods of eliciting WTP by a

test–retest experiment. In addition, we compare the

reliabilities of the two methods in order to know which

one is more reliable. This study forms part of a project

to measure WTP for community-based health insurance

in the Nouna area of Burkina Faso.

The aims of the overall WTP study are to examine the

willingness to pay for CBI and identify the likelihood of

individuals and households opting out of the insurance

scheme based on the two elicitation methods. One

month before the survey was implemented a pre-test was

carried out at study site. The TIOLI, the bidding game,

and the payment card methods were tested. During the

process, we found it was inappropriate to use the

payment card because of the high illiteracy rate. We

therefore decided to use the bidding game and the

TIOLI. One week before the survey, a three-day

workshop and a pilot study were organised. Question-

naire was used in the household interviews. The

interviewers came from local areas and spoke local

language as the interviewees, had middle school educa-

tion, and obtained interview experiences in the former

household surveys (Dong, Kouyate, & Sauerborn,

2001).

Methodology

Study site

Burkina Faso has an estimated population of

approximately 10.7 millions (World Bank, 2000), is

divided into 11 administrative health regions, which

comprise 53 health districts overall, each covering a

population of 200,000–300,000 individuals. Each health

district has at least one hospital with surgical facilities

(Burkina Faso Ministry of Health, 1996). The districts

themselves are again sub-divided into smaller areas of

responsibility that are organised around either a hospital

or a so-called Centre de Sant!e et de Promotion Sociale

(CSPS), the first-line health care facility in the health

system.

Our study population, the Nouna health district, has

roughly 230,000 inhabitants who are served by one

district hospital and 16 CSPS. This district is located in

the Northwest of Burkina Faso, about 300 km from the

capital Ouagadougou. The Nouna area is a dry orchard

Savannah, populated almost exclusively by subsistence

farmers of different ethnic groups. The capital of

province Kossi, Nouna town, is not a well-developed

city, but it is a provincial economic and political centre.

There is better transportation and health facilities are

more conveniently located than in the rural areas. The

people living in Nouna town have relatively higher

education, higher income and shorter distance to health

facilities compared to those living in rural areas.

Sampling and sample size

In the household survey of the wider project, a two-

stage cluster sampling procedure was used, with each

household having the same probability of being selected.

In the first stage, clusters of households were selected

and in the second stage, respondent households were

selected in each cluster. Eight hundred households were

selected in total, 480 in the rural area and 320 in the

town of Nouna (Wuertwein et al., 2001). Four hundred

households were randomly selected for the WTP test–

retest reliability study. The data were collected during

January and March 2001.

Household interview

The WTP questionnaire included a detailed descrip-

tion of the CBI, questions eliciting the respondents’

WTP for the CBI, and questions about respondents’

characteristics. The questionnaire was translated into

the local language. Identification of household members

was obtained from demographic surveillance system

(DSS) and was pre-printed on the questionnaire. The

DSS is a census of the entire Nouna area, which is

carried out every 2 years, with vital events registrations

carried out every 3 months since 1992 (Sankoh, Ye,

Sauerborn, Muller, & Becher, 2001).

Each household member (including household head)

aged 20–70 was randomly assigned one of the 13 starting

prices for her/him. The starting prices were drawn from

a range from 2000 to 8000 Franc CFA determined by

pre-testing. Each household head was randomly as-

signed another set of 13 starting prices for the whole

household from 8000 to 32,000 Franc CFA ($1=750

CFA). Interviewers first explained the community-based

health insurance scenario to the head and all members of

the household aged 20–70 together. Then the head of

household was asked his/her WTP for him/her and for

the whole household. Lastly, other members of the

household were asked for their own WTP. In this paper,

individual WTP describes the value that an individual is

willing to pay for himself or herself for community-

based health insurance, and household WTP describes

the value that the head of household is willing to pay for

health insurance for his or her whole household.

The yes/no answer to the first price offered to the

respondent provided the data for the TIOLI. If the

answer was ‘yes’, the interviewer increased the bid by

increments of 500 CFA until the respondent said ‘no’. If

the initial answer was ‘no’, the interviewer reduced the

amount of money by 500 CFA and continued this

process until the respondent said ‘yes’. The last sum of
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money receiving a ‘yes’ response was used as the WTP

resulting from the bidding game approach.

The interval between the first interview (test) and the

second interview (retest) was between 4 and 5 weeks.

The starting prices at the second interview were exactly

the same as at the first interview for each individual and

each household was interviewed on both occasions by

the same interviewer.

Mean and median calculation

The TIOLI results in discrete (yes/no) data and the

bidding game results in continuous data. For the

continuous data, based on the principles of statistics,

the mean WTP was estimated directly from the data

provided and the mean difference between the first and

second interviews was evaluated using a t-test for paired-

samples. Independent-samples t-test or one-way ANO-

VA were used for testing the mean difference in sub-

groups, e.g., sex, location of residency, household size,

etc. For the discrete (yes/no) data a non-parametric

method was used to estimate the median WTP. In the

reliability study, the main interest is the agreement

between the first interview and the second interview in

the average level and individual level. Mean and median

are the common statistics to reflect the average level.

Measure of agreement between test and retest

Kappa and the proportion of responses that agreed

between test and retest are the common statistics to

measure the agreement for the yes/no data. Pearson and

Spearman correlation coefficients are the common

statistics to measure the agreement for continuous data

(Altman, 1996). In this study, we used kappa and the

proportion of responses to measure the agreement for

the yes/no data generated by the TIOLI. We used

Pearson and Spearman correlation coefficients to

measure the agreement between test and retest for the

continuous data generated by the bidding game. There is

not a specific value of correlation coefficient above

which a study is considered reliable. However, the nearer

to 1 the value and the more reliable a study. In order to

facilitate a comparison of the reliability of the TIOLI

and the bidding game methods, the bidding responses

were transformed into yes/no responses by randomly

assigning a TIOLI price to each respondent (using the

vector of TIOLI prices). The agreement for this artificial

yes/no data between test and retest was measured by

kappa in order to compare the reliability of the two

methods. Kappa ranges from –1.00 to 1.00. A value of

1.00 indicates perfect agreement, a value of zero

indicates no agreement better than chance, and negative

values show worse than chance agreement. The strength

of agreement has been defined as poor (kappa value

o0.21), fair (0.21–0.40), moderate (0.41–0.60), good

(0.61–0.80) and very good (0.81–1.00) (Altman, 1996).

Results

General characteristics of individuals and households

Of the 400 households randomly selected for retest, 18

were found to have emigrated. In the remaining 382

households, there were 1284 persons aged between 20

and 70 years. The WTP of each individual was elicited

using both the TIOLI and the bidding game. In the first

stage 1181 persons answered the questions. One hundred

and three persons did not answer the questions, of these

two refused to answer the questions and 101 were not

present on any of the three visits. In the second stage,

1143 persons answered the questions and 141 were not

present at any of the three visits. Test–retest data are

available for 1108 persons because 73 answered the

WTP questions in the test but were not present at the

retest and 35 persons were not present at the test but

answered the questions in the retest. The response rate

for test and retest was 86.3%. The individual character-

istics are described in Table 2.

Heads of households were in addition asked about

their WTP for health insurance for their whole house-

holds. In the 382 households, 356 household heads

answered the household WTP questions in the first

stage, one person refused to answer the questions and 25

were not present after three visits. Three hundred and

fifty eight household heads answered the questions in the

second stage and 24 were not present after three visits.

Test–retest data are available for 348 household heads

since eight answered the WTP questions in the test but

were not present in the retest and 10 were not present at

the test but answered the questions at the retest. This

represents a response rate of 91.1%. The household

characteristics are described in Table 2.

Differences in median and mean WTP between test and

retest

The median WTP (elicited by the TIOLI method) and

mean WTP (elicited by the bidding game approach) are

both higher in the test than in the retest (Table 3). For

individual WTP, the difference in the median was 650

CFA and in the mean was 814 CFA. For household

WTP, the difference in the median was 3500 CFA and in

the mean was 2463 CFA. The difference is larger for

males, those living in a rural area, other household

members (not household heads) and the longer was the

interval between test and retest. The differences in the

mean (for individual and household WTP) between test

and retest are statistically significant. The differences in

the medians cannot be tested statistically because of the
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non-parametric method by which these medians were

estimated. The difference between urban and rural areas

in the mean difference in individual WTP between test

and retest was statistically significant. Also the test-

retest difference in individual and household WTP was

significantly lower for the shorter interview interval

compared with the longer interval.

Measure of agreement between test and retest

The simplest approach to assessing agreement be-

tween test and retest is to calculate the percentage, which

exactly agree. The agreement for individual WTP

elicited by the TIOLI method was 79.6% ((638+244)/

1108), and for household WTP was 81.3% ((238+45)/

348) (Table 4). Kappa is a more satisfactory measure of

agreement since it indicates agreement in excess of that

expected by chance. The kappa value is 0.539 for

individual WTP and 0.467 for household WTP

(Table 4).

The Pearson correlation between test and retest can be

used to measure reliability for the more or less

continuous data generated by the bidding game method.

The Pearson correlation was 0.593 for individual WTP

and 0.675 for household WTP, and the Spearman

correlation coefficients were 0.653 and 0.701, respec-

tively. All of them are statistically significant at the level

of 0.01.

In order to compare the reliability of the TIOLI and

the bidding game the bidding results were transformed

into artificial yes/no results by randomly assigning

starting prices to each respondent. The simple agreement

was 82.9% ((733+186)/1108) for individual WTP and

90.5% ((281+34)/348) for household WTP, kappa was

0.554 and 0.621, respectively (Table 5). Thus both the

simple agreement and the kappa value of the bidding

game are higher than those of the TIOLI. The difference

for individual WTP is small but for household WTP it is

more pronounced.

Discussion

While there are many WTP studies in the area of

health economics, studies of the reliability of elicitation

methods are rare. In particular, to our knowledge, only

three other studies of test–retest reliability have been

undertaken in a developing country. Onwujekwe, Fox-

Rushby, and Hanson (2001) assess the test–retest

reliability of WTP for insecticide-treated nets in south-

east Nigeria. They reinterviewed household heads 1

month after the first survey and compared the reliability

of a bidding game ðn ¼ 146Þ; binary choice with open-

ended follow-up ðn ¼ 161Þ and structured haggling ðn ¼
139Þ using Pearson’s coefficient of correlation. WTP was

first assessed with respect to own personal use and then

for use by other household members. The correlation

was higher with respect to own use for bidding (0.51 vs.

0.34) and for haggling (0.56 vs. 0.33) but was higher for

others’ use in the case of binary choice with open-ended

follow-up (0.52 vs. 0.41). Cho, Lertmaharit, Kamol-

Ratanakul, and Saul (2000) assess the test–retest

reliability of WTP for malaria test kit in Myanmar.

They reinterviewed patients immediately following

diagnosis of malaria (ex post, n ¼ 30) and people with

a prior history of malaria (ex ante, n ¼ 30) 3 weeks after

the first survey. They compared the reliability of a

bidding game using coefficient of correlation. The

correlation was 0.78–0.9 (ex post) and 0.7–0.86 (ex

ante). Whittington et al. (1992) assess the test–retest

reliability of WTP for drinking water in Nigeria. They

reinterviewed heads of households 1–2 days after the

first survey and compared the reliability of a bidding

game in eliciting WTP for public taps ðn ¼ 166Þ and for

private connection ðn ¼ 162Þ using percentage of agree-

ment. The percentage of agreement was higher with

respect to public taps (84%) than to private connection

(80%). The interval between test and retest is very small,

having a higher probability of ‘memory bias’. Respon-

dents can remember the amount they are willing to pay

and easily give the same amount as before.

Table 2

Individual and household characteristics

Characteristics Individual (%) Household (%)

Total cases 1108 348

Sex

Male 540 (48.7)

Female 568 (51.3)

Age (years) 39.2

Religion

Traditional religion 156 (14.1) 58 (16.7)

Muslim 496 (44.8) 149 (42.8)

Other 456 (41.2) 141 (40.5)

Marriage

Monogamy 679 (61.3)

Polygamy 204 (18.4)

Single 112 (10.1)

Other 113 (10.2)

Location of residency

Nouna town 403 (36.4) 137 (39.4)

Rural area 705 (63.6) 211 (60.6)

Occupation

Farmer 845 (76.3)

Others 263 (23.7)

Years of schooling

0 956 (13.7)

>0 152 (86.3)

Household size 7.9

0–5 years old ratio (%) 18.1

65+ years old ratio (%) 6.2
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In the present study, WTP is about 25% lower in the

retest compared with the test. A potential explanation

for this is in terms of household food stocks. The first

interview took place in January after the December

harvest, whereas the second interview took place several

weeks later when these stocks were at a lower level. This

explanation is supported by the finding that the longer

was the interval between test and retest the lower

were people’s WTP. Also, the difference between test

and retest WTP was larger in the rural area (where

Table 3

Individual and household mean and median willingness-to-pay (CFA)

Variables Median (TIOLI) Mean (bidding game)

Test Retest Difference Test Retest Difference pn

Individual

Total 3000 2350 650 3569 2755 814 o0.001

Sex >0.05

Male 3750 3250 500 4083 3223 860 o0.001

Female 2100 1750 350 3079 2310 769 o0.001

Age (years old) >0.05

20–34 2900 2700 200 4072 3176 896 o0.001

35–49 3100 2700 400 3676 2801 875 o0.001

50–64 2550 1500 1050 2701 2025 676 o0.001

65+ 1100 500 600 2178 1797 381 >0.05

Household head >0.05

Yes 3800 2800 1000 3702 2967 735 o0.001

No 2650 2200 450 3508 2660 848 o0.001

Location of residency o0.01

Nouna town 2750 2300 450 2886 2454 432 o0.001

Rural area 3100 2400 700 3959 2928 1031 o0.001

Interval between test and retest o0.05

3–4 weeks 3050 2700 350 3393 2763 630 o0.001

5–6 weeks 2600 1750 850 3986 2736 1250 o0.001

Household

Total 8500 5000 3500 10303 7840 2463 o0.001

Location of residency >0.05

Nouna town 11500 10000 1500 9793 7653 2140 o0.001

Rural area 5000 2000 3000 10634 7962 2672 o0.001

Interval between test and retest o0.05

3–4 weeks 8000 3500 4500 9773 7875 1898 o0.001

5–6 weeks 12000 8000 4000 11420 7768 3652 o0.001

Household size >0.05

1–5 6000 2000 4000 8447 5818 2629 o0.001

6–10 5000 7000 �2000 10028 8031 1997 o0.001

11+ 16000 12000 4000 13667 10554 3113 o0.001

0–5 years old ratio (%) >0.05

0 2000 3000 �1000 8069 5756 2313 o0.001

1–25 11500 7500 4000 11304 8953 2351 o0.001

26+ 8500 7000 1500 11153 8373 2780 o0.001

nPaired-samples t-test was used for testing the mean difference between test and retest. Independent-samples t-test and one-way

ANOVA were used for testing the mean difference in sub-groups, e.g., sex, location of residency, household size, etc.
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household food stocks are the main economic resource)

than in the urban area (Table 3). That WTP is limited by

ability-to-pay is appropriate because the method is

attempting to elicit what the person would be prepared

to forgo from current (and future) consumption to

achieve an expected health improvement. Between the

test and the retest, household food stocks were decreas-

ing, and so was the ability-to-pay.

The contingent valuation method as a whole appears

to be a reliable technique for eliciting WTP. The kappa

values of the two WTP elicitation methods were between

0.467 and 0.621, Spearman correlations ranged from

0.653 to 0.701 and Pearson correlations ranged from

0.593 to 0.675, thus the reliability of the methods is

moderate or good. Compared with the literature, the

coefficients of correlation (reliability of bidding game)

are higher than the study in Nigeria (Onwujekwe et al.,

2001), similar to the study in Canada (O’Brien &

Viramontes, 1994), but lower than the study in

Myanmar (Cho et al., 2000) and in USA (Flowers,

Garber, Bergen, & Lenert, 1997). It is difficult to explain

the differences. The main reason may be related to the

characteristics of study subjects and WTP scenarios

because the bidding processes are similar and the

intervals between test and retest are similar too. Our

scenario is CBI, more subjective than malaria test kit

and buying insurance for treating moderate Gaucher

disease in other studies. The greater the extent of zero

responses in the test and retest the easier it can be to

demonstrate reliability. However, in the present study

only 15 (1.35%) respondents stated a zero individual

WTP at both interviews; and seven (2.01%) stated a zero

household WTP in both interviews.

An issue in establishing test–retest reliability is the

choice of interval between the first and second interview.

If the interval is too long, external events might influence

responses at the second interview; if too short, the

respondents may remember and simply repeat their

answers from the first interview (Fink, 1993). There is no

general rule for selecting the interval between test and

retest. Most of the studies have used an interval of 3–4

weeks (Loehman et al., 1979; O’Brien & Viramontes,

1994; Jones-Lee, Hammerton, & Philips, 1985). The

interval in this study was 4–5 weeks because it was

estimated that it would take the interviewers 1 month to

finish the initial survey of 800 households.

A novel feature of this study is the attempt to

compare directly the reliability of the bidding game

and the TIOLI. The bidding results were transformed

into yes/no responses by randomly assigning starting

prices to each respondent because the two elicitation

methods result in different types of data, which makes

the direct comparison difficult or impossible. We cannot

directly compare the value of kappa with the coefficients

of correlation. In this study the agreement of these

artificial data between test and retest suggests that the

bidding game is more reliable than the TIOLI method.

But we have not got literature to support this yet

because to our knowledge there have been no similar

studies reported in the literature. The difference in terms

of reliability between the two approaches is possibly

related to the culture of the society. In Burkina Faso

people are used to bargaining which is more closely

related to the bidding game method. It is possible that

some of the respondents who answered ‘yes’ for the

TIOLI questions in the first survey thought that they

had not got a good bargain. Indeed 15.5% of the

respondents changed from ‘yes’ to ‘no’ whereas only

4.9% changed from ‘no’ to ‘yes’.

The TIOLI and the bidding game are the most

commonly used elicitation methods in the contingent

valuation studies (Mitchell & Carson, 1989). The TIOLI

method is simpler than the bidding game since the

respondent has only to make a judgment about a given

price. In this respect, the TIOLI method is especially

suitable for postal questionnaires or telephone inter-

views (Zeckhauser, 1973; Hoehn & Randall, 1987).

Table 4

Measure of agreement between test and retest for individual

and household WTP elicited by take-it-or-leave-it

Test Retest Total Kappa (SE)

No Yes

Individual

No 638 54 692 0.539 (0.026)

Yes 172 244 416

Total 810 298 1108

Household

No 238 17 255 0.467 (0.055)

Yes 48 45 93

Total 286 62 348

Table 5

Measure of agreement between test and retest for individual

and household WTP elicited by bidding gamea

Test Retest Total Kappa (SE)

No Yes

Individual

No 733 41 774 0.554 (0.028)

Yes 148 186 334

Total 881 227 1108

Household

No 281 5 255 0.621 (0.059)

Yes 28 34 93

Total 309 39 348

aThe bidding results were transformed into yes/no results by

randomly assigning the starting prices (the first bids) to each

respondent.
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However, in many developing countries, and in the

Nouna area in particular, face-to-face interviews are

required because the people have limited education,

poor reading and writing ability, and very poor

telephone access. Given face-to-face interviews a bidding

game becomes feasible. The bidding process will capture

the highest price consumers are willing to pay (Cum-

mings, Brookshire, & Schulze, 1986), and the process of

iteration will enable the respondent to more fully

consider the value of a good (Mitchell & Carson,

1989). Moreover, the bidding game is an attractive

method to elicit WTP in a country, such as Burkina

Faso, where people are used to bargaining and fixed-

price markets are not common.

Conclusion

The test–retest reliability of the bidding game and the

TIOLI method was assessed using data on the WTP for

community-based health insurance in the Nouna area of

Burkina Faso. An advantage of this study compared to

earlier studies of the test–retest reliability of methods to

elicit WTP is the larger sample used. It is also one of the

first studies of test–retest reliability conducted using

data from a developing country. Both methods were

found to have moderate or good reliability although

there were clear differences in the median and mean

WTP between the two surveys. There was some evidence

that the bidding game is more reliable than the TIOLI

method.
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Summary

Purpose: To study the willingness-to-pay (WTP) for a proposed community-based health insurance (CBI) scheme in
order to provide information about the relationship between the premium that is required to cover the costs of the
scheme and expected insurance enrolment levels. In addition, factors that influence WTP were to be identified.
Methods: Data were collected from a household survey using a two-stage cluster sampling approach, with each

household having the same probability of being selected. Interviews were conducted with 2414 individuals and 705
household heads. The take-it-or-leave-it (TIOLI) and the bidding game were used to elicit WTP.
Results: The average individual was willing to pay 2384 (elicited by the TIOLI) or 3191 (elicited by the bidding

game) CFA (US$ 3.17 or US$ 4.25) to join CBI for him/herself. The head of household agreed to pay from 6448
(elicited by the TIOLI) or 9769 (elicited by the bidding game) CFA (US$ 8.6 or US$ 13.03) to join the health
insurance scheme for his/her household. These results were influenced by household and individual ability-to-pay,
household and individual characteristics, such as age, sex and education. The two methods yielded similar patterns
of estimated WTP, in that higher WTP was obtained for higher income level, higher previous medical expenditure,
higher education, younger people and males. A starting point bias was found in the case of the bidding game.
Conclusions: Both TIOLI and bidding game methods can elicit a value of WTP for CBI. The value elicited by the

bidding game is higher than by the TIOLI, but the two approaches yielded similar patterns of estimated WTP. WTP
information can be used for setting insurance premium. When setting the premiums, it is important to consider
differences between the real market and the theoretical one, and between the WTP and the cost of benefits package.
The beneficiaries of CBI should be enrolled at the level of households or villages in order to protect vulnerable
groups such as women, elders and the poor. Copyright # 2002 John Wiley & Sons, Ltd.

Keywords willingness-to-pay; contingent valuation method; community-based health insurance; Burkina Faso;
health care financing

Introduction
Health services in rural Burkina Faso, as in many
Sub-Saharan countries, are characterised by low
and inequitable utilisation and poor quality [1–5].

These problems prevent health care interventions
from having a notable impact on health, in
particular among rural poor in Burkina Faso.
Low utilisation of health services is directly related
to the high price relative to the household income.
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Health care in Burkina Faso has always imposed
considerable financial costs on the users [6].

User fees were introduced in Burkina Faso in
1993 as a supplement to tax-based financing of
government health services. The user fees policy
combined modest fees for services and cost-
recovery fees for drugs. However, utilisation of
health services declined following the introduction
of these fees [7,8].

One of the ways to improve the utilisation of
health services is through insurance. However,
formal health insurance in Burkina Faso has been
limited to certain sections of the population largely
excluding the rural population. For example, in
Burkina Faso, social insurance is offered to
salaried and state employees through the Caisse
National de Securite Sociale (CNSS) and the
Caisse des Retraits de Fonctionnaires (CARFO).
So the only rural residents likely to have health
insurance are government employees.

Secondly, community risk-sharing schemes,
which are prevalent in rural Africa, can be viewed
as another way to improve health care utilisation.
These schemes cover a wide variety of non-health-
related risks but a few cover health care expendi-
ture [9].

Community-based insurance (CBI) is therefore
being seen as a promising new tool of health
system improvement for rural populations in low-
income countries, particularly in Sub-Saharan
Africa [10,11]. Community members pool their
resources to share the financial risks of health care,
own the scheme and control its management,
including the collection of premiums, the payment
of health care providers, and the negotiation of
benefits package. Unlike private insurance, pre-
miums are paid by households and not based on
individual risk assessments. CBI has the advantage
of dissociating the time of payment from the time
of use of services, which is clearly better adapted
than user fees to the seasonal fluctuations of
revenue and expenditure flows of rural households
[12]. The Government of Burkina Faso, in its
recently published health plan, has also advocated
community-based financing mechanisms to alle-
viate the health care financing crisis [13].

To ensure acceptability by the community and
possibly sustainability a series of studies were
conducted in Burkina Faso, including preference
for benefits package of CBI [14], costing of health
care intervention and premium estimation [15].
This paper reports individual and household
valuations of the benefits package using contingent

valuation methods. Specifically, the paper aims to
examine the willingness-to-pay for CBI and to
identify the likelihood of individuals and house-
holds opting out of the insurance scheme based on
the take-it-or-leave-it (TIOLI) and the bidding
game methods. If the expected utility to be derived
from participating in the scheme at the stated
premium is greater than the amount of the
premium, an individual will opt to pay. It is
assumed that WTP for health insurance will be
affected by sex, age, years of schooling, income,
residence, and health status. Female and older
people are expected to be willing to pay less.
Individuals with higher income, higher education,
living in urban areas and people with poor health
are expected to be willing to pay more for the
health insurance premium. Household size and
demographic composition could also influence the
WTP. Larger household size and higher propor-
tions of old or young members could increase a
head of household’s WTP.

There have been many WTP studies for health
services in industrialised countries. The most
commonly used methods have been the bidding
game, the payment card and the TIOLI [16,17].
The studies have included WTP for disease
treatment and management, new technology, and
outcome evaluation of health care and health
programmes [18–31]. However, there have been
relatively few WTP studies in developing coun-
tries. Health financing has been the focus of the
studies published. These studies include WTP for
district hospital services [32], contraceptives [33]
and the re-treatment of mosquito nets with
insecticide [34]. Only two WTP studies, however,
have been carried out for rural health insurance in
Ghana [11] and India [35].

The bidding game method was used to assess the
willingness of households (164 urban households
and 142 rural households) to join and pay
premiums for a proposed National Health In-
surance scheme in Ghana. About 64% of the
respondents were willing to pay a premium of
b 5000 (US$ 1=b1650) a month for a household
of five persons [11]. The study only asked the heads
of the households with five members using the
bidding game method, so there was no informa-
tion about other household members’ WTP and
the relationship between household size and WTP.
In India, the heads of 1000 households in rural
areas were asked directly how much they were
willing to pay for a rural health insurance scheme.
WTP for different types of medical benefits was

Copyright # 2002 John Wiley & Sons, Ltd. Health Econ. 12: 849–862 (2003)
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estimated. Most households selected a compre-
hensive medical care benefit and were willing to
pay Rs.163.48 per year (US$ 1=Rs. 47.43). Socio-
economic factors and physical accessibility to
quality health services were found to be significant
determinants of WTP [35].

The current study used two methods to elicit
individual WTP and household head’s WTP for
his/her household. Two approaches can provide
more information than one method. Moreover,
instead of relying on the household head, indivi-
dual WTP was also elicited in order to understand
which individual characteristics may be associated
with opting out of the scheme if insurance
premiums are set on an individual basis.

Methodology

Study site

Burkina Faso has an estimated population of
approximately 10.7 millions [36]. It is divided into
11 administrative health regions, which comprise
53 health districts overall, each covering a
population of 200 000 to 300 000 individuals. Each
health district has at least one hospital with
surgical facilities [37]. The districts themselves are
again sub-divided into smaller areas of responsi-
bility that are organised around either a hospital
or a so-called Centre de Sant!ee et de Promotion
Sociale (CSPS), the first-line health care facility in
the health system.

The study population, the Nouna health district,
has roughly 230 000 inhabitants who are served by
one district hospital and 16 CSPS. This district is
located in the Northwest of Burkina Faso, about
300Km from the capital Ouagadougou. The
Nouna area is a dry orchard Savannah, populated
almost exclusively by subsistence farmers of
different ethnic groups.

Sampling procedure and sample size

This study was a part of a larger project on the
control of tropical infectious diseases in Burkina
Faso. The household survey conducted by the
project was based on a two-stage cluster sampling
procedure, with each household having the same
probability of being selected. In the first stage,

clusters of households were selected and in the
second stage, respondent households were selected
in each cluster. Overall, 800 households were
selected, 480 in the rural area and 320 in the town
of Nouna [38]. This sample was a true indication
of the overall population. The subjects in this
study were household members aged 20 to 70. The
average number of adults per household in Nouna
is about 2.5. Thus, 800 households should yield
approximately 2000 data points, which would be
enough for a WTP study suggested by Mitchell
and Carson [39]. The WTP questions were merged
into the regular household survey questionnaire.
The data were collected during January and
March 2001.

Household interview

A pilot study of the TIOLI, the bidding game, and
the payment card methods was undertaken at the
study site one month before the main survey. The
payment card was found to be inappropriate
because of the high illiteracy rate and was dropped
from the main survey.

A three-day workshop for training interviewers
was organised one week before the survey. The
interviewers came from the locality, spoke the
local language, had middle school education, and
had obtained interview experience in previous
household surveys. Questions about respondents’
characteristics were merged into the household
survey questionnaire. A detailed description of the
CBI scenario and the WTP questions were
included as a separate module in the household
survey questionnaire. The questionnaire was
translated into the local language.

Household members were identified from the
demographic surveillance system, a census of the
entire Nouna area, which is carried out every two
years, with vital events registrations carried out
every three months since 1992 [40]. The names of
household members aged 20 to 70 were pre-printed
on the WTP module. Each member was randomly
assigned one starting price, which was also pre-
printed. The 13 starting prices for individuals
(ranging from 2000 to 8000 Franc CFA) and the
13 starting prices for the whole household (ranging
from 8000 to 32 000 Franc CFA) (US$ 1=750
CFA) were based on the CBI scenario and the
results of the pilot.

The interviewers first explained the CBI scenario
to the head and all members of the household
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together. Then the head of household was asked
his/her WTP for him/herself and for the whole
household. Lastly, other members of the house-
hold were asked for their own WTP. In this paper
‘individual WTP’ describes the value that an
individual is willing to pay for him/herself, and
‘household WTP’ describes the value that the head
of household is willing to pay for his/her whole
household.

The yes/no answer to the first price offered to
the respondent provided the data for the TIOLI. If
the answer was ‘yes’, the interviewer increased the
bid by increments of 500 CFA until the respondent
said ‘no’. If the initial answer was ‘no’, the
interviewer reduced the amount of money by 500
CFA and continued this process until the respon-
dent said ‘yes’. The last sum of money receiving a
‘yes’ response was used as the WTP resulting from
the bidding game approach.

Regression analysis

Selecting regression models: The nature of the data
determined the available choices for the regression
models. For the bidding game, mean WTP was
estimated directly from the data provided. Linear
multiple regression was used to study the influence
of individual and household variables on WTP.
The empirical model is as follows:

WTP ¼ aþ b1X1 þ b2X2 þ � � � þ bn�1Xn�1 þ bnXn

where WTP is the willingness-to-pay, a the
intercept, b the coefficients of explanatory vari-
ables and X the explanatory variables.

Logistic regression was used to estimate the
median WTP and to study the influence of
independent variables using the TIOLI data. The
dependent variable was the yes/no answer to the
first bid. The probability of a yes answer was
modelled as a Logit function as follows:

log
ProbðyesÞ

1� ProbðyesÞ

¼ aþ b1X1 þ b2X2 þ � � � þ bnXn

where Prob(yes) is the probability of answer ‘yes’,
a the intercept, b the coefficients of explanatory
variables and X the explanatory variables.

Cameron proposed a simple and more direct
way of estimating the median WTP from Logit
(and probit) models estimated from the TIOLI
data [41]. The formula is log ðp=ð1� pÞÞ ¼

aþ b x bid. The probability p(=Prob(yes)) is set
at 0.5, yielding the median WTP ¼ �a=b.

Explanatory variables: The explanatory vari-
ables were selected based on the study hypotheses
and relevant knowledge. The amount people are
willing to pay for CBI is affected by many factors.
For example, knowledge about the importance of
insurance, ability-to-pay, and individual charac-
teristics may influence their WTP. The multi-
variate analysis included household and individual
characteristics, including economic characteristics.
Accessibility of health care was measured by the
distance to the nearest health facility. Two health
status variables were used, episodes of disease for
the individual, and the household over the
previous three rounds of the household survey.

Regression model diagnostics: The correlation
matrix of variables was used to assess collinearity.
There was no evidence of collinearity (r2 > j0:9j)
[42] between any pairs of variables. Following tests
of normality the income and expenditure variables
were transformed using a logarithmic transforma-
tion (x ¼ logðX þ 1Þ). Outliers were excluded from
the model if the studentised residuals were greater
than j3j [43].

Results

General characteristics of individuals

and households

Out of the 800 households randomly selected, 776
were included in the analysis (22 had emigrated
and two were missed). These households contained
2670 eligible subjects of whom 2414 (90.4%)
responded to the questions about WTP for
themselves (four refusals and 252 absentees).
There were no significant differences in key
variables such as religion, location of residence,
occupation and years of schooling between the
responders and the non-responders. There were
significant differences, however, in sex, age, and
marital status. Women had a higher response rate
than men, older people had a higher response rate
than young people, and married persons had a
higher response rate than single persons (Table 1).

In the 776 households, 705 (90.0%) heads of the
households answered the household WTP ques-
tions (one refusal and 70 absentees). There were no
significant differences between the responders and
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the non-responders in the location of residence,
religion, household size, proportion of children 0–
5 years old, proportion of adults 65+ years old,
household economic and medical expenditure
variables (Table 2).

Median and mean WTP

Median individual WTP elicited by the TIOLI was
2384 CFA. Individuals living in Nouna town were
willing to pay more than those living in rural areas
(3008 vs 1947 CFA). The probability of accepting
the bids decreased as the amount of the bids
increased (Figure 1). The probability of accepting
the lowest bid (2000 CFA) was 0.64 and only 0.19
for the highest bid (8000 CFA).

Mean individual WTP elicited by the bidding
game was 3191 CFA with a standard deviation of
3923, one third higher than the median elicited by
the TIOLI. But, individuals living in Nouna town
were willing to pay average 2976 CFA (standard
deviation 2442), less than those living in rural
areas (mean 3298 and standard deviation 4478).
About 3.5% were zero bids for individual WTP

and 1.1% of bids were higher than 10 000 CFA
(Figure 2). As expected, these outlier responses are
strongly related to income. 59% of persons with
zero bids had no income in the past six months,
compared to 33% for the sample as a whole.
Individuals bidding zero also had a lower income
than the average level (21 043 vs 48 571 CFA). The
income of high-bid persons was higher than the
average level (54 920 vs 48 571 CFA). The cumu-
lative percentage of bidding results for individual
WTP showed that 15% of the respondents gave
bidding results higher than 5000 CFA, and
another 15% gave bidding results lower than
1000 CFA. 70% of the respondents gave bidding
results between 1000 to 5000 CFA (Figure 2).

Median household WTP elicited by the TIOLI
was 6448 CFA, about three times as much as the
individual WTP. Figure 3 shows the relationship
between the probability of accepting the bid and
the amount of the bid for household WTP. As
expected, the probability of accepting the bid
decreases as the amount of the bid increases. The
probability of accepting the bid ranges from 0.49
for the lowest bid (8000 CFA) to only 0.09 for the
highest bid (32 000 CFA).

Table 1. The individual characteristics and response rate (%)

Characteristics Total Responsea (%) No response (%) P=b

Total cases 2670 2414 (90.4) 256 (09.6)
Sex: 0.009
Male 1325 1178 (88.9) 147 (11.1)
Female 1345 1236 (91.9) 109 (08.1)

Age (years) 38.7 39.0 35.8 0.001
Religion: 0.111
Traditional religion 218 205 (94.0) 13 (06.0)
Muslin 1654 1484 (89.7) 170 (10.3)
Other 798 725 (90.0) 73 (09.1)

Marriage: 0.0003
Monogamy 1509 1375 (91.1) 134 (08.9)
Polygamy 549 504 (91.8) 45 (08.2)
Single 337 283 (84.0) 54 (16.0)
Other 275 252 (91.6) 23 (08.4)

Location of residency: 0.317
Nouna town 895 802 (89.6) 93 (10.4)
Rural area 1775 1612 (90.8) 163 (09.2)

Occupation: 0.135
Farmer 1981 1801 (90.9) 180 (09.1)
Others 689 613 (89.0) 76 (11.0)

Years of schooling: 0.071
0 2309 2097 (90.8) 212 (09.2)
>0 361 317 (87.8) 44 (12.2)

aResponse means that the number of individuals who have answered the willingness to pay questions.
b t-test for age, w2 test for other variables.
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Mean household WTP elicited by the bidding
game was 9769 CFA with a standard deviation of
8249, 51.5% higher than the median elicited by the
TIOLI, and three times as much as the mean
individual WTP. About 3.8% were zero bids for
household WTP and 1.0% of bids were higher
than 35 000 CFA (Figure 4). The cumulative
percentage of bidding results for household WTP
showed that 15% of the respondents had bidding
results higher than 17 500 CFA, and another 15%
had bidding results lower than 2500 CFA. 70% of
the respondents had bidding results between 2500
to 17 500 CFA (Figure 4).

The impact of factors on individual WTP in

TIOLI

Logistic regression analysis showed that age,
distance to health facility and the starting bid
had negative effects, reducing the probability of
accepting the bids. The coefficients showed that
distance to health facility had a stronger negative
relationship with the probability of accepting and
the starting bid’s negative influence was not
strong. Traditional religion, sex, family head,
individual expenditure and household expenditure
on Western medicine had a stronger positive

Table 2. The household characteristics and response rate (%)

Characteristics Total Responsea

(%)
No response

(%)
P=b

Total cases 776 705 (90.9) 71 (09.1)
Location of residency: 0.315
Nouna town 296 265 (89.5) 31 (10.5)
Rural area 480 440 (91.7) 40 (08.3)

Religion: 0.117
Traditional religion 77 74 (96.1) 3 (03.9)
Muslin 461 419 (90.0) 42 (09.1)
Other 238 212 (89.1) 26 (10.9)

Household size 8.0 8.1 7.3 0.280
0–5 years old percentage 17.2 16.9 19.9 0.102
65+ years old percentage 6.0 6.1 4.8 0.526
Household agricultural value (CFA)c 197080 203927 129100 0.152
Household animal value (CFA)c 332007 348877 164496 0.114
Household total medical expenditure in past month (CFA)c 923 949 667 0.117
Household expenditure on Western medicine in past month (CFA)c 698 702 646 0.724

aResponse means that the number of household who have answered the willingness to pay questions.
bw2 for location of residency and religion, t-test for other variables.
c log 10 transformed data for t-test. 1 USD=750 CFA.
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influence on the probability of accepting the bids.
All variables had the hypothesised signs (Table 3).

The impact of factors on household WTP in

TIOLI

Logistic regression analysis showed that only three
factors significantly influenced the probability of
accepting the bids for the household WTP. Higher
household expenditure on Western medicine and
more years of schooling for the household head
were associated with a higher probability of
accepting the bids. The starting bid had a negative
effect on the probability of accepting (Table 4).

The impact of factors on individual WTP in

bidding game

Linear regression analysis showed that age, living
in Nouna town, and distance to health facility had

negative effects on bidding results, reducing the
value of WTP. However, individual cash income,
expenditure, household medical expenditure, age,
sex, education, monogamy, traditional religion,
and the starting bid had positive effects on the
bidding results, increasing the value of WTP.
Almost all variables had the hypothesised signs,
except the living in Nouna town. The standardised
coefficients of variables (Beta) show the strength
between the dependent variable (bidding result)
and the independent variables. The value of the
starting bid had the strongest positive influence on
the bidding result (Beta=0.17). Conversely, age
had the strongest negative influence on the bidding
result (Table 3).

The impact of factors on household WTP in

bidding game

Linear regression analysis showed that household
expenditure in the past six months, household
expenditure on Western medicine in the past
month, years of schooling of the household head
and the starting bid had statistically significant
effects on the bidding results. All effects were
positive, as hypothesised, increasing the bidding
value. Education had the strongest positive influ-
ence on the bidding results. The next strongest
influence was the starting bid. The higher the value
of the starting bid the higher the bidding results, as
in the case of the individual WTP (Table 4).

Discussion

The main results of this study were that individuals
were on average willing to pay 2384 or 3191 CFA
to join the CBI for themselves. Depending on the
method chosen, individual ability-to-pay and
individual characteristics influenced this average.
The heads of households were on the average
willing to pay 6448 or 9769 CFA to join the CBI
for their households. The household head’s
individual characteristics and household ability-
to-pay also influenced the average level. These
estimates cannot be compared directly with other
studies because the scenario, elicitation method
and regression model were different. Mathiyazha-
gan used an ‘open-ended’ question method [35]
and Asenso-Okyere used an ordered probit
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model [11]. But WTP was found to be positively
correlated with income, a proxy ability-to-pay, a
result found in several other studies [11,26,27,44–
46]. Asenso-Okyere reported that the premium
level households were willing to pay was signifi-
cantly influenced by dependency ratio, income,
sex, health care expenditures and education [11].
In the present study, age, traditional religion,
marital status and distance to health facility were
also found to significantly influence people’s WTP.

Almost all-explanatory variables had the hy-
pothesised signs in both the linear and logistic
models, except the location of residence. The effect
of location of residence on individual WTP elicited
by the bidding game method was negative. This
result is unexpected, because urban people are
usually wealthier and better educated and would
be expected to have higher WTP. The larger
standard deviation in rural areas might be one
reason to explain it.

In this study, the response rates ((eligible
interviewees – refusals – absentees)/eligible inter-
viewees) for individual WTP and household WTP
were high, more than 90%. Excluding absentees,
the response rates were even higher, 99.8% (2414/
2418) for individual WTP and 99.9% (705/706) for
household WTP. There were no significant differ-
ences in household characteristics between the
households that answered the WTP questions and
the ones that did not (including absentees). But
there were significant differences in some indivi-
dual characteristics (sex, age, and marital status)
between the responding persons and the non-
responding persons. These differences may have
had some influence on the results, because in both
linear and logistic regression models for individual
WTP, the variable sex and age were significant.
Men were willing to pay more and older people
were willing to pay less. Any bias created by the
non-responders would not be, however, large
enough to change the sign of the results.

The bidding game process is simple and the
respondent can easily make a choice. This process
will capture the highest price consumers are willing
to pay [47], and the process of iteration will enable
the respondent to more fully consider the value of
the amenity [39]. The main disadvantage is the
starting point bias. The TIOLI is also simpler and
the respondent has only to make a judgement
about a given price [48,49]. But this method needs
large sample and an appropriate price range. The
bidding result was found to be higher than the
result from the TIOLI method. Both methods

yielded similar results regarding factors associated
with WTP, in that higher WTP values were
obtained for higher income levels, higher medical
expenditure, higher education, younger people and
males. It is not clear which method is superior,
however, because there is no ‘gold standard’
method in the contingent valuation studies.

The first bid was included in the linear regres-
sion analysis in order to access the extent of any
starting point bias. There was clear evidence of
starting point bias for both individual and house-
hold WTP. Many studies have found this bias by
demonstrating that WTP differs markedly between
different sub-samples [20,26,27,29,50–52]. For in-
stance, Kartman et al. found that those facing the
highest starting-bid group had a WTP twice that
of those facing the lowest starting-bid [24].
Whether it is possible to develop techniques to
correct for starting point bias is an issue for future
research.

Although there were outliers, zero bids and
exceptionally high bids, in the WTP bidding
results, the strategic bias was small in this study,
because zero bids and high bids were related to
income level. Thus, WTP is positively associated
with ability-to-pay, which has theoretical validity.

The test-retest (with an interval of around four
to five weeks) reliability of the bidding game and
the TIOLI were also compared in this study. Both
methods displayed moderate to good reliability
[Dong HJ, Kouyate B, Cairns J, Sauerborn R. A
comparison of the reliability of the take-it-or-
leave-it and the bidding game approaches to
estimating willingness-to-pay in a rural population
in West Africa. Soc Sci Med 2002, accepted].

From the policy point of view, the WTP value
can be used to estimate the premium of insurance.
In this aspect, the median and mean values of
WTP are very important information. But the
median value is estimated on the basis of 50% of
accepting the bid. It doesn’t mean that in real life
50% of people are willing to join the insurance at
the price of that bid. There are always some
differences in the real market and the theoretical
one. The relationship between people’s behaviour
in a hypothesised market and their behaviour in
the real market needs further study.

The relationship between the bids and the
acceptance rates (shown in Figures 1 and 3) could
potentially provide valuable information for set-
ting the premium. However, the data have some
shortcomings, in that the lowest bid (8000 CFA)
for household WTP was too high (the probability
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of accepting the bid was less than 50%). Decision-
makers might want to know what uptake would be
at lower annual premiums. With hindsight it
would have been better has the lowest starting
bid been 4000 CFA.

Household WTP was much less than the
individual WTP multiplied by household size.
The reasons may be that household heads did
not give other members of household the same
weight as themselves in their WTP. This informa-
tion should be carefully taken into consideration
when setting the premiums. If the enrolment unit
for CBI were the household, the premium for a
household estimated by individual WTP would be
much higher than that estimated by household
WTP.

From a public health point of view, since CBI
aims to protect vulnerable, groups and to avoid
adverse selection, that enrolment should be on the
basis of the household or village. If the enrolment
of CBI were based on individuals, women, the
elderly, and the poor who are willing to pay less,
could easily be excluded. The studies in Ghana and
India did not shed light on this issue because they
only interviewed the heads of the households
[11,35]. The number of disease episodes had a
negative relationship with WTP, although the
coefficient of the variable was not significant. This
implies that more episodes of diseases are related
to a lower WTP, which could reflect the associa-
tion between disease and poverty.

Mugisha has estimated the cost of the CBI
scenario [15]. He first estimated the unit cost of
relevant services, then the total cost in the study
sample based on the actual utilisation of services
and on health needs, finally the cost per capita to
the population. However, this is likely to be an
under-estimation, because the actual utilisation on
which it was based did not cover all service items
in the CBI scenario due to the lack of appro-
priately detailed data. It is estimated that the
cost per capita was 1673 CFA (actual utilisation)
and 9638 CFA (need-based), including 58%
government subsidies. If government subsidies
are maintained, then the cost per capita to the
population is 703 and 4048 CFA, respectively.
Thus, if the CBI premium is set on the basis of
cost recovery, the premium for the average house-
hold with 8 members is 5624 and 32 384 CFA,
based on actual utilisation and need, respectively.
Based on the WTP elicited by the TIOLI, the
coverage rate will be �50 and 10%, respectively
(Figure 3). Based on the WTP elicited by the

bidding game, the rate will be from less than 5 to
65% (Figure 4).

More research is needed in order to set an
appropriate premium. For example, to what extent
will utilisation be stimulated by the introduction of
insurance. Also there is a need to study alternative
ways to cover the financial gap between WTP and
the premium based on health needs. If the house-
hold coverage is set at 50%, the gaps are 25 936
(32 384�6448, TIOLI) and 22 615 (32 384�9769,
bidding game) CFA, 2.3 to 4.0 times the WTP. An
analysis should be done to determine the impact of
increasing government subsidies as opposed to
reducing the coverage rate.

Conclusion

Both bidding game and TIOLI methods can elicit
the WTP for CBI in areas with a high illiteracy
rate. Depending on the method used, estimated
WTP for annual health insurance in rural Burkina
Faso was 2384 or 3191 CFA for individuals and
6448 or 9769 CFA for the household heads on
behalf of their households. The value elicited by
the bidding game is higher than that elicited by the
TIOLI. But the two approaches yielded similar
patterns of estimated WTP, in that higher values
were obtained for higher income levels, higher
medical expenditures, higher education, younger
people and males. A starting point bias was
present in the bidding game. When setting the
premium using WTP information, differences
between the real market and the theoretical one
must be considered, as well as differences between
the WTP and the cost of the benefits package. The
results of the study also show that CBI enrolment
should be on the basis of the household or village
in order to protect the vulnerable persons such as
woman, the elderly and the poor.
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Appendix A: Community-based health
insurance scenario

Introduction

Sickness needs to be treated immediately and it is
not possible to wait. If you don’t have the money
available, then you will need to borrow it from
your neighbour or sell your sheep or chickens.
While you run around trying to get the money
together, the sick person suffers. And many times
it happens that you come back with the money
only to find out that the sick person has died.

In order to solve this financial problem, an
agency is planing to set one health insurance in
your community. If you join the insurance and pay
an annual premium, you don’t need to pay for the
following health services provided in Nouna health
district area for a period of one year.

Benefits package

Drugs: all essential and generic drugs which you
already buy in your pharmacy, either at the first
line health facility level or at the Nouna hospital
level. The insurance will not pay for drugs sold in
private drugstores.

Impregnated bednets will be covered (1 per
household).

Laboratory tests: all costs of laboratory tests
that have been prescribed by the public health
agent are covered if they are being carried out in
public health facilities.

Inpatient stays: when you are hospitalised, the
insurance will cover up to 30 days inpatient stays
during a year.

Urgent transport by ambulance from your
village to Nouna hospital will be covered. This
will only be when sickness puts your life in
danger and you need to be treated urgently at
the Nouna hospital (for example: a woman who
is bleeding during delivery of her child, hernia,
non-obstetrical emergencies (child in a coma) . . .).
The decision to order the ambulance will be made
by a nurse or a medical doctor.

Surgery: general surgery and delivery complica-
tions, extraction of teeth and circumcision are not
included.

X-rays will be covered if the doctor thinks it is
necessary.

Organisation of the insurance scheme

A committee selected from your villages will
manage the scheme. Some of the premiums will
be kept at village level by the committee to cover
the provision of drugs. The insurance scheme
proposes that some of your premium will be
combined with some of the money from other
villages (such as Bouraso, Koro, and Toni) and
this money will cover the provision of other
services. This money will be kept and managed
by another committee elected from all the villages.

The premiums will be kept in a bank. The
committee chair and a treasurer have a right to
withdraw money from the bank and to pay health
facilities. An annual audit will ensure that funds
are used rationally.

The committee will give a financial report of the
scheme to local government every year. In each
health facility, there will be a community worker
who will be paid by the insurance. His responsi-
bilities are to facilitate the relationship between
insured patients and the health facility and to
make sure the patients receive the benefits, such as
drugs.

Enrolment and payment

You need to pay an annual premium for joining
the insurance payable in December or January.
Credit is not allowed. Each insured person will be
given an insurance card with a photo, name, age,
sex and address. After you pay the premiums, then
you can enjoy the benefits of insurance immedi-
ately. If you don’t pay the premiums, you have to
pay for all service ‘out-of-pocket’. For example, if
you are a pregnant woman, you have to pay for
prenatal care and delivery. Also, if there is a
delivery complication, you have to pay for the
surgery.

Reimbursement procedure

Insured patients don’t need pay money to see a
doctor for the services that are covered by the

H. Dong et al.860

Copyright # 2002 John Wiley & Sons, Ltd. Health Econ. 12: 849–862 (2003)

253



insurance. The money will be paid by the
committee. But patients will have to pay for
services not covered by the insurance. If the
patients have problems seeing a doctor, they can
contact the community worker at the health
facility.

The insurance covers only treatments prescribed
by public agents (and not by private agents). The
covered treatments are limited to the Nouna
health district area. The insurance will not cover
any services rendered outside the Nouna health
district. Also, no transport out of the district will
be covered by the insurance.

References
1. Sauerborn R, Nougtara A, Sorgho G et al. Assess-

ment of MCH services in the district of Solenzo,
Burkina Faso. II. Acceptability. J Trop Pediatr
1989; 35(Suppl 1): 10–13.

2. Sauerborn R, Nougtara A, Diesfeld HJ. Low
utilisation of community health workers: results
from a household interview survey in Burkina Faso.
Soc Sci Med 1989; 29: 1163–1174.

3. Sauerborn R, Berman P, Nougtara A. Age bias, but
no gender bias, in the intra-household resource
allocation for health care in rural Burkina Faso.
Health Transit Rev 1996; 6: 131–145.

4. Krause G, Schleiermacher D, Borchert M et al.
Diagnostic quality in rural health centres in Burkina
Faso. Trop Med Int Health 1998; 3: 100–107.

5. Baltussen R, Y!ee Y, Haddad S, Sauerborn R.
Perceived quality of care of primary health care
services in Burkina Faso. Health Policy Plan 2002;
17: 42–48.

6. Sauerborn R, Nougtara A, Latimer E. The elasticity
of demand for health care in Burkina Faso. Health
Policy Plan 1994; 9: 185–192.

7. Sauerborn R, Zombre S, Some F et al. The rationale
and feasibility of community-based insurance in rural
Burkina Faso. Discussion paper, University of
Heidelberg, Department of Tropical Hygiene and
Public Health, 2001.

8. Mugisha F, Kouyate B, Gbangou A, Sauerborn R.
Examining out-of-pocket expenditure on health care
in Nouna, Burkina Faso: implication for health
policy. Tropical Med Int Health 2002; 7: 187–196.

9. Sommerfeld J, Sanon M, Kouyate B et al. Informal
Risk-Sharing Arrangements (IRSAS) in rural
Burkina Faso: lessons for the development of
Community-Based Insurance (CBI) I. Int J Health
Plann Mgmt 2002; 17: 147–163.

10. Creese A, Bennett S. Rural risk-sharing strategies.
In: Innovations in Health Care Financing. World
Bank Discussion Paper No. 365. George J Schieber,

(ed.). The World Bank: Washington, DC, 1997:
163–182.

11. Asenso-Okyere WK, Osei-Akoto I, Anum A et al.
Willingness to pay for health insurance in a
developing economy. A pilot study of the informal
sector of Ghana using contingent valuation. Health
Pol 1997; 42: 223–237.

12. Sauerborn R, Nougtara A, Hien M et al. Seasonal
variations of household costs of illness in Burkina
Faso. Soc Sci Med 1996; 43: 281–290.

13. Burkina Faso Ministry of health. Project de Docu-
ment de Politique Sanitaire Nationale (PSN). 2000.

14. Kouyat!ee B, Sanou M, Mugisha F et al. Community
preference for a benefit package under community-
based insurance. Centre de Recherche en Sante de
Nouna}Discussion paper series, No 2 Nouna,
Burkina Faso 2001.

15. Mugisha F. Health care system and household
response to costs associated with illness in Nouna,
Burkina Faso. University of Heidelberg, disserta-
tion, 2001.

16. Diener A, O’Brien B, Gafni A. Health care
contingent valuation studies: a review and classifica-
tion of the literature. Health Econ 1998; 7: 313–326.

17. Klose T. The contingent valuation method in health
care. Health Pol 1999; 47: 97–123.

18. Anderson G, Black C, Dunn E et al. Willingness to
pay to shorten waiting time for cataract surgery.
Health Aff (Millwood) 1997; 16: 181–190.

19. Appel LJ, Steinberg EP, Powe NR et al. Risk
reduction from low osmolality contrast media.
What do patients think it is worth? Med Care
1990; 28: 324–337.

20. Barner JC, Mason HL, Murray MD. Assessment of
asthma patients’ willingness to pay for and give time
to an asthma self-management program. Clin Ther
1999; 21: 878–894.

21. Coley CM, Li YH, Medsger AR et al. Preferences
for home vs hospital care among low-risk patients
with community-acquired pneumonia. Arch Intern
Med 1996; 156: 1565–1571.

22. Johannesson M. Economic evaluation of lipid
lowering – a feasibility test of the contingent
valuation approach. Health Policy 1992; 20: 309–
320.

23. Johannesson M, Jonsson B, Borgquist L. Will-
ingness to pay for antihypertensive therapy results
of a Swedish pilot study. J Health Econ 1991; 10:
461–473.

24. Johannesson M, O’Conor RM, Kobelt-Nguyen G
et al. Willingness to pay for reduced incontinence
symptoms. Br J Urol 1997; 80: 557–562.

25. Zethraeus N. Willingness to pay for hormone
replacement therapy. Health Econ 1998; 7: 31–38.

26. Chestnut LG, Keller LR, Lambert WE et al.
Measuring heart patients’ willingness to pay for
changes in angina symptoms. Med Decis Making
1996; 16: 65–77.

WTP for Community-Based Insurance 861

Copyright # 2002 John Wiley & Sons, Ltd. Health Econ. 12: 849–862 (2003)

254



27. Kartman B, Andersson F, Johannesson M. Will-
ingness to pay for reductions in angina pectoris
attacks. Med Decis Making 1996; 16: 248–253.

28. Granberg M, Wikland M, Nilsson L et al. Couples’
willingness to pay for IVF/ET. Acta Obstet Gynecol
Scand 1995; 74: 199–202.

29. Liu JT, Hammitt JK, Wang JD et al. Mother’s
willingness to pay for her own and her child’s
health: a contingent valuation study in Taiwan.
Health Econ 2000; 9: 319–326.

30. Gore PR, Madhavan S. Consumers’ preference and
willingness to pay for pharmacist counselling for
non-prescription medicines. J Clin Pharm Ther
1994; 19: 17–25.

31. Dixon S, Shackley P. Estimating the benefits of
community water fluoridation using the willingness-
to-pay technique: results of a pilot study. Commu-
nity Dent Oral Epidemiol 1999; 27: 124–129.

32. Walraven G. Willingness to pay for district hospital
services in rural Tanzania. Health Pol Plan 1996; 11:
428–437.

33. Hassan EO, el Nahal N, el Hussein M. Acceptability
of the once-a-month injectable contraceptives
Cyclofem and Mesigyna in Egypt. Contraception
1994; 49: 469–488.

34. Onwujekwe O, Shu E, Chima R et al. Willingness to
pay for the retreatment of mosquito nets with
insecticide in four communities of south-
eastern Nigeria. Trop Med Int Health 2000; 5:
370–376.

35. Mathiyazhagan K. Willingness to pay for rural
health insurance through community participa-
tion in India. Int J Health Plann Manage 1998; 13:
47–67.

36. World Bank. African Development Indicators 2000.
World Bank: Washington DC, 2000.

37. Burkina Faso Ministry of health. Statistiques
Sanitaires 1996. Ouagadougou: Burkina Faso Min-
istry of Health, 1996.

38. Wuertwein R, Gbangou A, Kouyate B et al. The
Nouna health district household survey: design
and implementation. SFB Discussion Series No 3
2001.

39. Mitchell RC, Carson RT. Using Surveys to Value
Public Goods: The Contingent Valuation Method.
Resources for the Future: Washington, DC, 1989.

40. Sankoh OA, Ye Y, Sauerborn R et al. Clustering of
childhood mortality in rural Burkina Faso. Int J
Epidemiol 2001; 30: 485–492.

41. Cameron T. A new paradigm for valuing non-
market goods using referendum data: maximum
likelihood estimation by censored logistic regres-
sion. J Environ Econ Manage 1988; 15: 355–379.

42. Kleinbaum D, Kupper L, Muller K. Applied
Regression Analysis and Other Multivariable Meth-
ods. PWS-KENT Publishing Company: Boston,
1988.

43. Scott Menard. Applied Logistic Regression Analysis.
Sage Publications Inc.: California, 1995.

44. Chiu L, Tang KY, Liu YH et al. Willingness of
families caring for victims of dementia to pay
for nursing home care: results of a pilot study in
Taiwan. J Manag Med 1998; 12: 349–360, 321.

45. Chiu L, Tang KY, Shyu WC et al. The willingness
of families caring for victims of stroke to pay for in-
home respite care–results of a pilot study in Taiwan.
Health Pol 1999; 46: 239–254.

46. Cho MN, Lertmaharit S, Kamol-Ratanakul P et al.
Ex post and ex ante willingness to pay (WTP) for
the ICT Malaria Pf/Pv test kit in Myanmar.
Southeast Asian J Trop Med Public Health 2000;
31: 104–111.

47. Cummings RG, Brookshire DS, Schulze WD.
Valuing Environmental Goods: A State of the Arts
Assessment of the Contingent Method. Rowman and
Allanheld: Totowa, NJ, 1986.

48. Zeckhauser R. Voting systems, honest preferences,
and Pareto optimality. Amer Political Sci Rev 1973;
67: 934–946.

49. Hoehn JP, Randall A. A satisfactory benefit cost
indicator from contingent valuation. J Environ Econ
Manage 1987; 14: 226–247.

50. Bala MV, Wood LL, Zarkin GA et al. Valuing
outcomes in health care: a comparison of willingness
to pay and quality-adjusted life-years. J Clin
Epidemiol 1998; 51: 667–676.

51. Phillips KA, Homan RK, Luft HS et al. Willingness
to pay for poison control centers. J Health Econ
1997; 16: 343–357.

52. Stalhammar NO. An empirical note on willingness
to pay and starting-point bias. Med Decis Making
1996; 16: 242–247.

H. Dong et al.862

Copyright # 2002 John Wiley & Sons, Ltd. Health Econ. 12: 849–862 (2003)

255



4.10 Differential willingness of household 

heads to pay community-based health 

insurance premia for themselves and other 

household members 

DONG H, KOUYATE B, CAIRNS J, SAUERBORN R.

Health Policy Plan. 2004 19(2): 120-6.  

Reprinted with permission from Oxford University Press.

257



Community-based health insurance (CBI) is viewed by many
as a promising new tool for health system improvement for
rural populations in low-income countries, particularly in
sub-Saharan Africa (Creese and Bennett 1997). It is a means
of providing insurance coverage for rural communities
unlikely to benefit immediately from either a social or private
health insurance scheme (Asenso-Okyere et al. 1997). CBI
has the advantage of dissociating the time of payment from
the time of use of services, which is clearly better adapted
than user fees to the seasonal fluctuations of revenue and
expenditure flows of rural households (Sauerborn et al.
1996).

This paper compares the willingness-to-pay (WTP) of house-
hold heads for CBI for themselves and for their entire house-
hold. WTP is used to estimate utility in monetary terms.
According to economic theory the maximum amount of
money an individual is willing to pay for a commodity or
service is an indicator of the utility or satisfaction to her of
that commodity. It is usually elicited by a contingent valua-
tion method, which circumvents the absence of actual
markets by presenting consumers with hypothetical markets

in which they have the opportunity to buy the good or
service.

A number of studies of WTP for health benefits to others
have been undertaken. Viscusi et al. (1987) compared WTP
to reduce pesticide risks to oneself and to one’s children.
Agee and Crocker (1996) estimated parental WTP to reduce
the risk of neurological impairment in their children. Liu et
al. (2000) asked a sample of 700 mothers in Taiwan how much
they were willing to pay for preventive medicine to protect
themselves and their children from suffering a cold. Finally,
Onwujekwe et al. (2002) asked 1519 household heads in
south-east Nigeria open-ended questions to elicit WTP for
insecticide-treated nets for indigent members of the
community.

In the present study household heads in northwest Burkina
Faso are asked about their WTP for health insurance for
themselves and for their entire household. Although two
studies have previously asked household heads about their
WTP for health insurance for the whole household, neither
study compared the WTP of the household head for

doi: 10.1093/heapol/czh014 Health Policy and Planning 19(2),
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Objective: This study compares household heads’ willingness-to-pay (WTP) for community-based health
insurance (CBI) for themselves with their WTP for other household members, in order to provide information
for policy makers on setting the premium and choosing the enrolment unit.

Method: A random sample of 698 heads of households was interviewed in the northwest of Burkina Faso
and a bidding game approach was used to elicit WTP. Factors associated with differences in WTP were
identified, including characteristics of the household head and of the household.

Results: Mean WTP by the heads of households for insurance for themselves (3575 CFA) was twice their
mean WTP per capita for the household as a whole (1759 CFA). The old have a lower WTP than the young,
females have lower WTP than males, the poor have a lower WTP than the rich, and that those with less
schooling have a lower WTP than those with more years of schooling.

Conclusion: The differences in household heads’ WTP for insurance for themselves and their WTP to insure
their households as a whole need to be considered when setting the insurance premium. WTP information
can assist decision makers with the complex problem of choosing the enrolment unit and setting the
premium.

Key words: willingness to pay, contingent valuation method, community-based health insurance, preference, health care
financing, Burkina Faso
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insurance for themselves with their WTP for insurance for
the entire household (Asenso-Okyere et al. 1997;
Mathiyazhagan 1998). Such a comparison is important
because it can provide information relevant to the choice of
whether the enrolment unit should be individual or house-
hold, and to setting the premium.

Methodology

Study site, sampling procedure and sample size

The household survey, which was conducted as part of a
project on the control of tropical infectious diseases in
Nouna, Burkina Faso, was based on a two-stage cluster
sampling procedure, with each household having the same
probability of being selected. In the first stage, clusters of
households were selected and in the second stage, respon-
dent households were selected in each cluster. The Nouna
health district, located in the northwest of Burkina Faso, has
a population of roughly 230 000 inhabitants who are served
by one district hospital and 16 Centres de Santé et de
Promotion Sociale, the first-line health care facility in the
health system. Overall, 800 households were selected, 480 in
the rural area and 320 in the town of Nouna (Wuertwein et
al. 2001). The WTP questions were merged into the regular
(two to three times a year) household survey questionnaire.
The data were collected during January and March 2001.

Out of the 800 randomly selected households, 776 were
included in the analysis (22 had moved elsewhere) and two
households could not be located at the time of the survey. In
the 776 households, 705 (90.0%) heads of the households
answered the household WTP questions (one refused and 70
were absent from the household at the time of the survey).
Out of the 705 heads, seven heads didn’t answer the indi-
vidual WTP questions, leaving 698 cases available for
analysis. The proportion of zero values was 4.7% for indi-
vidual WTP and 3.9% for WTP for the whole household.
There were no significant differences between the responders
and non-responders in terms of location of residence,
religion, household size, proportion of children 0–5 years old,
proportion of adults 65+ years old, household economic vari-
ables and previous medical expenditures (Dong et al. 2003a).

Household interview

The pilot study, household interview, CBI benefit package
and the process of eliciting WTP are described in detail else-
where (Dong et al. 2003a). The interviewer first explained the
CBI scenario to the household head. The head of household
was then asked his/her WTP for him/herself and for the
whole household including him/herself. Each household
head was randomly assigned one of 13 starting prices drawn
from a range from 2000 to 8000 CFA for him/herself and
another set of 13 starting prices for the whole household from
8000 to 32 000 CFA with a interval of 500 Franc CFA (US$1
= 750 CFA). The starting prices were informed by the
expected cost of the CBI benefit package and the results from
a pilot WTP study.

If the answer to the first price offered to the respondent was

‘yes’, the interviewer increased the bid by increments of 500
CFA until the respondent said ‘no’. If the initial answer was
‘no’, the interviewer reduced the amount of money by 500
CFA and continued this process until the respondent said
‘yes’. The last sum of money receiving a ‘yes’ response was
used as the WTP resulting from the bidding game approach.
This procedure results in more conservative WTP values
than one using the mid-point between the last ‘yes’ response
and the final ‘no’ as the WTP value.

WTP measures and data analysis methods

Individual WTP describes the value that a household head is
willing to pay for him/herself for CBI, and household WTP
describes the value that the head of household is willing to
pay for health insurance for his/her whole household. WTP
per capita is household WTP divided by the number of
persons in the household.

Mean WTP is estimated directly from the data provided.
Multiple linear regression is used to study the influence of
individual and household variables on WTP because the
WTP data are continuous and the proportion of zero WTP
values is low. The empirical model is as follows:

WTP = � + �1X1 + �2X2 + . . . + �n-1Xn-1 + �nXn

WTP = willingness-to-pay

� = intercept

� = coefficients of explanatory variables

X = explanatory variables

Individual WTP and WTP per capita are likely to depend to
a large extent on the expected benefits from insurance and
the ability-to-pay the premium. These in turn are likely to be
influenced by a number of characteristics of the household
head and of the household. Cash income and expenditure in
the previous 6 months and the value of agricultural produce
and animals will influence the ability to pay. Household size
and its composition in terms of age and gender, and the
age and gender of the household head, may influence
both expected benefit from health insurance and the ability
to pay.

The level of recent medical expenditure by the household
may also influence the expected benefit. Household heads
with poorer health or in households with poorer health are
expected to be willing to pay more for the health insurance
premium because of their greater capacity to benefit. The
number of episodes of disease for the head of household and
total disease episodes in the household (recorded over three
rounds of the household survey) are used to measure health
status. The expected benefit may also depend on the distance
to the nearest health facility. Those with more years of
schooling would be expected to have a higher WTP because
they may perceive the benefits to be greater.

Table 1 lists the explanatory variables used in the linear
regression models.
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P-P Normal Probability Plots were applied to check whether
variables were normally distributed. Income and expenditure
were skewed and therefore transformed using a logarithmic
transformation (x = log (X+1)). Outliers were excluded from
the model if the studentized residuals were greater than |3|
(Scott 1995). Analysis of residuals was used to assess the
appropriateness of the model. The results showed that the
model was appropriate (residual mean 0, variance 0.984 to
0.985) (Table 2). If all assumptions were met, the residual
mean would be 0 and the variance would be 1. A Ramsey
reset test and a test for heteroscedasticity (Donaldson et al.
1998) were used to further test the models (Table 2). The test
results were not statistically significant. Thus there are not
evident problems with the specification of the model or viola-
tions of the assumption of constant variance.

Results

Household and household head characteristics

Respondents had a mean age of 49 years and on average 1
year of schooling. Ninety-one per cent of them were male and
38% lived in Nouna town. Households had on average eight
members and a cash income in the previous 6 months of
145 865 CFA (mean) or 63 000 CFA (median) and agricul-
tural produce valued at 203 995 CFA (mean) or 104 000 CFA
(median). Of the 698 respondents, 33 were not willing to pay
anything for health insurance for themselves and 27 of these
were not willing to pay for the household as a whole.

Mean WTP and WTP per capita by sub-group

Table 3 shows the mean premium household heads are
willing to pay for themselves and the mean WTP per capita

grouped by various individual and household characteristics.
Household heads’ WTP for themselves was double their
WTP per capita. This difference between individual WTP
and WTP per capita and all the other WTP differences
reported in the table (except with respect to marital status)
are statistically significant.

There are differences between sub-groups in individual WTP
and in WTP per capita. Unmarried household heads were
willing to pay more for themselves and others than married
household heads, but this was not statistically significant.
Household heads residing in Nouna town were willing to pay
relatively less for themselves and more for other household
members than those in rural areas. As the household size
increases the WTP difference increases. The presence of
children in a household is associated with a higher WTP for
own insurance and a lower WTP per capita.

Factors influencing individual WTP and WTP per capita

Table 2 shows the results of the multivariate analysis with
individual WTP and WTP per capita as dependent variables.

Age of household head had a negative coefficient and signifi-
cantly influenced individual WTP and WTP per capita. Male
gender and years of schooling had the expected positive
associations. Male gender significantly influenced WTP per
capita, and education significantly influenced both individual
WTP and WTP per capita. Single marital state had a positive
association and significantly influenced WTP per capita.
Residing in Nouna town, religion and episodes of disease did
not have a statistically significant impact.

Household income and expenditure in the past 6 months
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Table 1. Household and household head characteristics

Variable name Description Mean (s.d.)

Household variables
Logagrih Household agricultural value, log10 4.41 (1.76)
Loghcsh6 Household cash income from 6 month, log 10 4.59 (1.16)
Loghanim Household animal value, log 10 4.31 (1.84)
Loghexp6 Household expenditure for 6 month, log 10 4.72 (0.68)
Diseaseh Episodes of diseases of household in 3 surveys 2.13 (2.31)
Logmcsth Household total medical expenditure for past month, log 10 0.65 (1.29)
Loghwmex Household western medical expenditure for past month, log 10 0.34 (1.03)
Household size 8.02 (5.74)
0–5 years old percentage 0–5 year old/household size 0.17 (0.15)
65+ years old percentage 65+ year olds/household size 0.06 (0.15)
Male percentage Number of males/household size 0.52 (0.20)
Household head individual variables
Age Age in years 49.25 (14.19)
Sex Male = 1, female = 0 0.91 
Education Years of schooling 0.97 (2.62)
Monogamy Monogamy = 1, else = 0 0.63 
Single Single = 1, else = 0 0.03
Traditional religion Traditional religion = 1, else = 0 0.11
Residing in Nouna town Location of residency, Nouna town = 1, else = 0 0.38
Diseasei Episodes of disease of individuals in 3 surveys 0.60 (0.90)
Health facility variables
Distance Distance to health facility (km) 3.74 (5.01)
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both had a positive impact on WTP, but it was only statisti-
cally significant in the case of individual WTP. The size of the
household had a significantly negative impact on both indi-
vidual WTP and WTP per capita. Greater distance to the
health facility had the expected negative association,
reducing individual WTP and WTP per capita, although it
was only statistically significant in the latter case. The starting
bid had the expected positive impact on individual WTP and
WTP per capita. The impact was particularly marked in the
case of individual WTP.

Discussion

Mean WTP is usually advocated for use in cost-benefit
analysis and median WTP is advocated for pricing, although
both of them can provide valuable information for price
setting. However, if the WTP data were normally distributed
the mean WTP would equal the median WTP. This article
focuses on the household head’s WTP for CBI for
him/herself and for the household. Median WTP in this
sample has been analyzed in detail elsewhere (Dong et al.
2003a). This study has emphasized characteristics of the

household and of the head of household. From a provider
perspective, expected quality of health services, availability
of essential drugs and distance to a health facility are policy
relevant influences on WTP for CBI. Only distance to a
health facility varied in a measurable manner across house-
holds in this study. The impact of quality of care and drug
availability will need further studies.

This study suggests that the individual WTP of household
heads for health insurance is on average twice their WTP per
capita, that the old have a lower WTP than the young, that
females have lower WTP than males, that the poor have a
lower WTP than the rich, and that those with less schooling
have a lower WTP than those with more years of schooling.
The results in Table 3 suggest that there might be interesting
differences between men and women with respect to WTP
for themselves and WTP per capita, and it is not difficult to
identify reasons for such differences (Liu et al. 2000).
However, the standard errors for male and female WTP are
large and there are 10 men for every woman in the sample,
so it is not appropriate to make much of this finding. A key
relationship is that between WTP and household size. This
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Table 2. Individual and per capita WTP

Variables Individual WTP WTP per capita
—————————————— ——————————————
B (S.E.) Beta B (S.E.) Beta

(Constant) 78.714 (963.199) 2215.877 (608.193) **
Household head’s individual variables
Age –16.903 (8.408) * –0.094 –11.936 (5.344) * –0.100
Sex 735.162 (397.842) 0.082 699.459 (252.989) ** 0.119
Education 115.259 (38.706) ** 0.117 125.626 (24.588) ** 0.194
Monogamy 90.777 (215.650) 0.017 –159.213 (136.582) –0.046
Single 71.436 (603.186) 0.005 734.702 (372.855) * 0.076
Traditional religion 538.670 (310.887) 0.063 –41.711 (194.934) –0.008
Residing in Nouna town –457.422 (269.328) –0.086 –219.535 (170.301) –0.063
Diseasei 4.036 (116.883) 0.001 76.393 (74.013) 0.041
Household variables
Logagrih 13.020 (69.777) 0.009 –42.080 (44.138) –0.044
Loghcsh6 183.452 (91.495) * 0.081 21.083 (58.221) 0.014
Loghanim 27.293 (61.812) 0.020 –16.201 (39.117) –0.018
Loghexp6 404.000 (171.454) * 0.105 62.144 (108.954) 0.025
Diseaseh –42.308 (49.870) –0.038 –55.893 (31.465) –0.077
Logmcsth 369.510 (108.334) ** 0.185 229.642 (68.591) ** 0.177
Loghwmex –50.257 (129.327) –0.020 –131.149 (80.975) –0.080
Household size –51.038 (21.074) * –0.114 –99.703 (13.311) ** –0.339
0–5 years old percentage 286.579 (709.337) 0.016 –364.544 (451.357) –0.031
65+ years old percentage –1732.663 (721.045) * –0.104 –357.854 (457.705) –0.033
Male percentage –10.313 (5.093) * –0.081 –3.404 (3.228) –0.041
Health facility and other variables
Distance –37.467 (22.111) –0.073 –29.465 (13.992) * –0.088
First bid (individual WTP) 0.304 (0.049) ** 0.220
First bid (household WTP) 0.019 (0.008) * 0.086
n 692 692
F value 8.164** 11.092**
R2 0.204 0.258
Std. Residual mean (s.d.) 0.000 (0.985) 0.000 (0.985)
Ramsey reset test F (3673) = 1.36 F (3677) = 2.22

p = 0.253 p = 0.085
Heteroscedasticity test Chi2 (1) = 0.81 Chi2 (1) = 3.45

p = 0.367 p = 0.063

* p < 0.05; ** p < 0.01.
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inverse relationship suggests that, even when controlling for
household income and expenditure, number of household
members reflects ability to pay rather than capacity to
benefit.

Also suggested is that medical expenditure (logmcsth) is
significantly associated with both higher individual WTP and
higher WTP per capita, and age is significantly associated
with both lower individual WTP and lower WTP per capita.
Medical expenditure can be taken as an indicator of
economic status like income and total expenditure. These
findings imply that the poor and the aged are vulnerable
groups that need to be taken into consideration when deter-
mining the arrangements for CBI.

Before discussing the implications of these results, it is
important to consider possible limitations of the analysis.
One potential limitation lies in the unfamiliarity of the
respondents with CBI and with the questions used to elicit
their WTP. However, care was taken to explain the principle
of CBI. Also a separate study of the reliability of the WTP
estimates suggested that reliability was moderate to good

(Dong et al. 2003b). Another potential limitation relates to
the strong evidence of starting point bias. The value of the
standardized coefficient (Beta) shows that the first bid has a
strong positive correlation particularly with individual WTP
but also with WTP per capita. Starting point bias is the main
problem with the bidding game technique. Many studies have
shown this bias with WTP differing markedly among
different sub-samples (Chestnut et al. 1996; Kartman et al.
1996; Stalhammar 1996; Phillips et al. 1997; Bala et al. 1998;
Barner et al. 1999; Liu et al. 2000). For instance, Kartman and
colleagues (1996) found that individuals in the highest
starting-bid group were willing to pay double that of those in
the lowest. Thirteen different starting points were used in this
study, in part so that the results would be less vulnerable to
starting point bias.

Finally, it is possible that household heads did not give as
careful consideration to their responses when reporting WTP
for the entire household. But similar models explained indi-
vidual WTP and WTP per capita (the only differences in
association were for insignificant coefficients) and a higher
proportion of variation in WTP is explained by the WTP per
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Table 3. Household heads’ individual mean WTP (CFAa) and WTP per capita

Variables Sample Individual WTP per WTP difference pb

size WTP (s.d.) capita (s.d.) (s.d.)

Total 698 3575 (3255) 1759 (2683) 1816 (2495) <0.001
Sex =0.001

Male 634 3668 (3271) 1748 (2674) 1919 (2533)
Female 64 2653 (2962) 1859 (2797) 794 (1798)

Religion <0.05
Traditional 73 4122 (3547) 1714 (2148) 2408 (3005)
Others 625 3511 (3217) 1764 (2740) 1747 (2422)

Marriage >0.05
Married 676 3535 (3236) 1700 (2660) 1835 (2509)
Single 22 4818 (3663) 3545 (2825) 1273 (1983)

Location of residency =0.001
Nouna town 263 3460 (2670) 2053 (2340) 1407 (2418)
Rural area 435 3645 (3564) 1581 (2859) 2064 (2511)

Household size <0.001
1–5 250 3617 (4102) 2890 (4047) 727 (2341)
6–10 282 3612 (2645) 1338 (1105) 2274 (2300)
11+ 166 3449 (2729) 768 (625) 2681 (2472)

0–5 years old percentage <0.001
0 222 3386 (4230) 2595 (4220) 791 (2368)
1–25 292 3573 (2698) 1212 (1143) 2361 (2379)
26+ 184 3806 (2661) 1616 (1579) 2190 (2459)

65+ years old percentage <0.001
0 520 3800 (3404) 1915 (2936) 1885 (2482)
1–10 59 3928 (3054) 898 (761) 3030 (2819)
11–20 61 2611 (1913) 1103 (1347) 1508 (1758)
21+ 58 2210 (2697) 1917 (2362) 293 (2154)

Male percentage <0.001
0 25 2962 (3663) 2670 (3853) 292 (1584)
1–25 32 3062 (2242) 1557 (1318) 1505 (1725)
26–50 336 3705 (2731) 1779 (2064) 1926 (2726)
51–75 243 3529 (2761) 1362 (1408) 2167 (2399)
76+ 62 3562 (6455) 2940 (6471) 623 (1414)

a US$1 = 750 CFA.
b t-test or one-way ANOVA test for WTP difference.
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capita model. This does not support the suggestion that
household heads were less careful in providing WTPs for the
entire household.

What are the implications for premium setting and whether
enrolment should be on an individual or household basis? In
considering this it is necessary to specify the objective of CBI.
For example, suppose it was to maximize numbers enrolled
subject to a breakeven constraint. The solution will depend
on the expected cost of the benefits provided when enrol-
ment is restricted to household heads and when it is extended
to all household members, and on the likely demand for
insurance at different premia. The insurance premium could
differ according to household size; for example, households
might be categorized into those with less than 6, 6 to 10 and
more than 10 members, and each group would then pay a
different premium. WTP per capita for different household
sizes multiplied by household size can provide useful infor-
mation for those setting the insurance premium.

Clearly choice of enrolment unit and the setting of premia
are complex problems but ones which in principle WTP data
can help address. Demand for health insurance can be
predicted for different enrolment units and for different
insurance premia. Of course these choices cannot be solely
resolved by using WTP data to maximize the number
enrolled. It is also necessary to consider broader issues, in
particular, financial sustainability. However, the analysis of
WTP for CBI can help to identify the likely consequences of
different policies.

Conclusion

Household heads’ valuation of the benefits of health insur-
ance to themselves differs from their valuation of the benefits
to other members of the household. This difference may be
related to economic status, gender and other social and
economic characteristics of the households. These differing
valuations can provide information for policy-makers for
setting the premium for CBI and for deciding whether the
enrolment unit should be the individual or the household.
The results imply that the premium for CBI needs to be
adjusted for economic status and household size or the poor
need to be given exemptions or subsidies; otherwise, the poor
will have less access to CBI than the rich. The results also
imply that the household might be a better unit of enrolment
in terms of protecting other household members (not house-
hold head) such as women, elders and children.
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Abstract

To ensure the acceptability of community-based insurance (CBI) by the community and its sustainability, a feasibility study
of CBI was conducted in Burkina Faso, including preference for benefit package of CBI, costing of health services, costing
of the benefit package and willingness-to-pay (WTP) for the package. Qualitative methods were used to collect information
about preferences for the benefit package. Cost per unit health services, health demand obtained from household survey and
physician-judged health needs were used to estimate the cost of the benefit package. The bidding game method was used to elicit
household head’s WTP for the package. We found that there were strong preferences for inclusion of high-cost health services
such as operation, essential drugs and consultation fees in the benefit package. It is estimated that the cost of the package per
capita was 1673 CFA (demand-based) and 9630 CFA (need-based), including 58% government subsidies ( 1 = 655 CFA). The
average household head with eight household members agreed to pay from 7500 (median) to 9769 CFA (mean) to join the CBI
for his/her household. The WTP results were influenced by household characteristics, such as location, household size and age
composition. Under certain assumptions (household as the enrolment unit, median household head’s WTP as premium for the
average household, 50% enrolment rate), it would be feasible to run CBI in Nouna, Burkina Faso if enrolees’ health demand did
not increase by more than 28% or if the underwriting of the initial losses was covered by extra funds.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Health services in rural Burkina Faso, as in many
Sub-Saharan countries, are characterised by low and
inequitable utilisation and poor quality [1–5]. These
problems prevent health care from having a notable
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impact on health, in particular among rural poor in
Burkina Faso. Low utilisation of health services is
directly related to their high price in relation to the
household income. Health care in Burkina Faso has
imposed considerable financial costs on the users [6].

User-fees were introduced in Burkina Faso in 1993
as a supplement to tax-based financing of government
health services. The user-fee policy combined mod-
est fees for services and cost-recovery fees for drugs.
However, utilisation of health services continued to
decline following the introduction of these fees [7,8].

One of the ways to improve the utilisation of health
services is through insurance. However, formal health
insurance in Burkina Faso has been limited to certain
sections of the population largely excluding the rural
population. For example, in Burkina Faso social insur-
ance is offered to salaried and state employees through
the Caisse National de Sécurité Sociale (CNSS, na-
tional social security fund) and the Caisse de Retraite
des Fonctionnaires (CARFO, national social security
fund for retired state employees). So the only rural res-
idents likely to have health insurance are government
employees.

In addition, community risk-sharing schemes,
which are prevalent in rural Africa, can be viewed
as another way to improve health care utilisation.
At present, these schemes cover a wide variety of
non-health-related risks but a few cover health care
expenditure [9].

Community-based insurance (CBI) is therefore be-
ing seen as a promising new tool to improve health
system for rural populations in low-income countries,
particularly in Sub-Saharan Africa [10,11]. Com-
munity members pool their resources to share the
financial risks of health care, own the scheme and
control its management, including the collection of
premiums, the payment of health care providers, and
the negotiation of the benefit package. Unlike private
insurance, premiums are paid by households and are
not based on individual risk assessments. CBI has the
advantage of dissociating the time of payment from
the time of use of services, which is clearly better
adapted than user-fees to the seasonal fluctuations
of revenue and expenditure flows of rural house-
holds [12]. The Government of Burkina Faso, in its
recently published health plan, has also advocated
community-based financing mechanisms to alleviate
the health care financing crisis [13].

It is found that there are four well-identifiable types
of community-based health care financing schemes
in developing countries. In community-managed
user-fees, resource mobilization relies mainly on
out-of-pocket payments at the point of contact with
providers but the community is actively involved
designing these fees and managing the collection,
pooling, and allocation of the funds mobilized in this
way. In community-based prepayment schemes, the
community collects payments in advance of treat-
ment and then manages these resources in paying
for providers. In community provider-based health
insurance, providers serving a particular community
collect the prepayments themselves. In linked com-
munity health fund or revolving fund, the community
acts as “agent” to reach rural and excluded popula-
tions on behalf of the formal government or social
health insurance system via contracts or agreements.
In our study, we plan to design a scheme similar to
community-based prepayment schemes [14].

To ensure the CBI’s acceptability by the commu-
nity and its possible sustainability a series of studies
related to the feasibility of CBI were conducted in
Burkina Faso. The studies include preference for ben-
efit package of CBI [15], costing of health services and
costing of the benefit package [16,17], and household
valuations of the benefit package using contingent val-
uation methods [18,19]. The paper aims to link the
results of the relevant studies in order to understand
the feasibility of running CBI in Nouna by examining
community’s acceptability for CBI, examining local
people’s preference for the CBI benefit package, and
estimating the CBI premium on the basis of cost of the
package and household head’s WTP for the package.

2. Methods

2.1. Study site

Burkina Faso has an estimated population of ap-
proximately 10.7 millions [20]. It is divided into 11
administrative health regions, which comprise 53
health districts overall, each covering a population of
200,000–300,000 individuals. Each health district has
at least one hospital with surgical facilities [21]. The
districts themselves are again sub-divided into smaller
areas of responsibility that are organised around either
a hospital or a so-called Centre de Santé et de Promo-
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tion Sociale (CSPS), the first-line health care facility
in the health system.

The Nouna health district has roughly 230,000 in-
habitants who are served by one district hospital and
16 CSPS. This district is located in the Northwest re-
gion of Burkina Faso, about 300 km from the capital
Ouagadougou. The Nouna area is a dry orchard Sa-
vannah, populated almost exclusively by subsistence
farmers of different ethnic groups. The study site
comes from the Nouna health district. It covers the
catchment area of the Nouna hospital and four CSPS
(Koro, Bourasso, Dara and Toni) for a total popula-
tion of 60,000. The Nouna demographic surveillance
system is undertaken in this area.

2.2. Benefit package preference study

Qualitative and quantitative methods were applied
in the data collection for preference of benefit package
[15]. In the pilot study, three key informant interviews
were done by using non-structured questionnaire in
order to obtain people’s preferences for the benefit
package of CBI. Based on the results of key informant
interviews a semi-structure questionnaire about bene-
fit package was developed. This was followed by 14
focus group discussions in order to obtain a relative
comprehensive list of health services that are likely to
be included in the CBI. The participants were purpo-
sively selected based on the criteria of sex, age, lo-
cation (different villages and Nouna town), ethnicity
and religion.

In the main study, a household survey was carried
out in order to draft the services included in the benefit
package according to the frequencies. One hundred
and sixty households were purposively selected for
interview based on the criteria of location (rural or
urban), rich and poor. Eighty households (40 rich and
40 poor) were from rural areas and another 80 (40 rich
and 40 poor) from Nouna town. The sample size was
not calculated, but based on budget. One representative
from each household was asked to tick off the health
services (on a list) that are likely to be included in
the package. After interviews, we found the data from
157 households to be useful.

After drafting the benefit package, in-depth inter-
views were done in order to ensure that the benefit
package reflected the preferences of local people.
Thirty-two representatives from the 157 validated

households were selected for in-depth interview. The
interviewers went to the homes of the selected repre-
sentatives to show the list of the health services that
would be likely to be included in the CBI and asked
them if the services were the ones they really wanted
and the reasons for their choice. We found the results
were the same as the ones from the household survey,
so the benefit package was finalized after the in-depth
interviews. In the pilot and main studies, drawings
were used to show the content of each health service
in order to make respondents understand the services
better.

2.3. Cost estimation

Cost estimation was done using all the four first
line health facilities and one district hospital using
the year 2000 as a base year [16,17]. Average costing
was used in the cost estimation and the costs were
estimated by the “step down” accounting procedure.
Costs were annualised assuming a length of life of 3
years for equipment, 4 years for motorbikes and 20 or
30 years for the building depending on the construc-
tion materials. A real interest rate of 3% was used in
annualisation of cost [17].

The first step was to identify line item expenses from
annual reports to districts and the sources of finance
for these items, including the government, facilities,
and local communities. The government resources in-
cluded all resources that were provided to the health
facility by the government, no matter whether the re-
sources were out of government coffers or donations.
The facility resources included all resources generated
by the health facility, such as funds generated through
charges in the fee-for-service system and the sale of
drugs. Community resources were those contributed
by the individuals in the community collectively. For
example, the community contributes bricks to build a
dispensary, or makes contributions in cash.

The second step was identifying other resources
within the health facilities that were not on the line
item reports and their sources. These resources in-
cluded in-kind donations, buildings, equipment, vac-
cines and salaries of government employees.

The third step involved identifying cost categories.
There are three cost categories: the overhead, inter-
mediate and final cost categories. Overhead categories
produce only services that are consumed by other
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departments of the health facility, not directly by pa-
tients. Intermediate cost categories produce services
that are used by other departments but also provide
services directly to patients. Final cost categories
provide services directly to patients, not to other de-
partments. In this study the overhead category was
administration; the intermediate cost category was
drugs and consumables; and the final cost categories
were maternity, family planning, inpatient, outpatient,
training, vaccination and well child.

The fourth step was allocating the resource costs to
the different cost categories. The fifth step was allo-
cating the overhead cost to intermediate and final cost
categories, and intermediate cost categories to the fi-
nal cost categories. As a rule of thumb, the basis for
allocating specific proportions of each cost centre’s
costs to other cost centres reflected consumption of
the source cost category resources by the receiving
cost category. And the last step was allocating the
costs of the final categories to each type of health
services. Thus, we can easily estimate unit cost of
each health service.

2.4. Willingness-to-pay study

Household survey was used to collect household
head’s WTP for his/her whole household. Two-stage
cluster sampling technique was used to select 800
households, 480 in the rural area of Nouna district and
320 in the town of Nouna. Detailed information about
household survey and WTP study has been presented
in earlier publication [18]. The subjects in this study
were household heads. The data were collected during
January and March 2001.

Before the survey a pilot study was done to test the
commonly used three methods eliciting WTP [18]. We
found the payment card was not reasonable because of
high illiteracy rate, so in the main study we used the
take-it-or-leave-it and the bidding game methods to
elicit WTP. In this article we only used the results from
the bidding game. Each household head was randomly
assigned one of 13 starting prices (ranging from 8000
to 32000 Franc CFA, 1 = 655 CFA), which was
pre-printed on the questionnaire. The starting prices
were set based on the CBI benefit package and the
results of the pilot study.

If the initial answer was ‘yes’, the interviewer in-
creased the bid by increments of 500 CFA until the

respondent said ‘no’. If the initial answer was ‘no’,
the interviewer reduced the amount of money by 500
CFA and continued this process until the respondent
said ‘yes’. The last sum of money receiving a ‘yes’
response was used as the WTP resulting from the bid-
ding game approach.

2.5. Health demand and health need

Household survey provided data not only for WTP
but also for health demand. All illness episodes
were recorded in the survey. For each illness episode
reported, the type of health care sought was also
reported. The options were self-care, household
care, traditional healer, community-health worker
and professional modern health care. For the latter,
consultations at the dispensary and hospital level,
drug prescription and inpatient admission were dis-
tinguished. These were aggregated to compile the
current demand for health care (utilisation) from local
CSPS and Nouna hospital.

Three physicians who have had extensive clinical
experience of working on the study site assigned to
each illness episode the health services which they
judged necessary based on their clinical judgement,
personal experience and on national diagnosis and
treatment guidelines of the Burkina Faso Ministry of
Health. They used the following steps to judge the
necessary health needs. They first identified all acute
and chronic illnesses reported in the household survey,
grouped the illnesses by age (0–4 years, 5–14 years
and >14 years) and perceived severity (mild, moder-
ately severe and severe). Two physicians assigned one
or several of the eight health services (Table 1) that
were in their view needed to treat the reported illness.
They were therefore unaware of their colleague’s as-
sessment. Then they did so for three degrees of per-
ceived illness severity and for three age groups. Lastly
in case of non-agreement in the health services as-
signed by the two physicians, a third physician dis-
cussed and “arbitrated” the assignment with them.

3. Results

3.1. Benefit package

People preferred that the CBI covered essen-
tial drugs, laboratory tests, inpatient stays, surgery,
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Table 1
Cost of the benefits package per capita based on health needs and current demand (CFAa)

Intervention Cost per volume Based on health needs Based on current demand

Volume per capita Cost per capita Volume per capita Cost per capita
(1) (2) (3) (4) = (2) × (3) (5) (6) = (2) × (5)

Major surgery 20846 0.028 584
Minor surgery 6949 0.017 118
Drugs (OP)b 3739 0.859 3212 0.224 837
Ambulance 16000 0.037 592
X-ray 4611 0.056 258
Laboratory 2739 0.275 753
Inpatient admissions 10634 0.202 2148 0.030 319
Consultation (OP) 2127 0.924 1965 0.243 517

Total 9630 1673

a 1 = 655 CFA.
b OP: outpatient.

X-rays, consultation fees and urgent transportation
(ambulance services) in the benefit package.

Drugs included all essential and generic drugs pre-
scribed by doctors at local CSPS or Nouna hospital,
which could be purchased in pharmacies, either at
CSPS or at the Nouna hospital. The CBI would not pay
for drugs sold in private drugstores. Laboratory tests
included tests prescribed by doctors at local CSPS or
Nouna hospital if they were carried out in the Nouna
public health facilities. Inpatient stays included thirty
inpatient days during a year. Surgery included gen-
eral surgery and delivery complications at CSPS and
Nouna hospital. X-rays would be that a doctor thought
necessary and could be carried out at Nouna public
health facilities. Consultation fees meant the cost for
outpatient consultations.

Urgent transportation by ambulance from patient’s
village to Nouna hospital would be covered. This
would only occur when a given condition puts a
patient’s life in danger and the patient needs to be
treated urgently at the Nouna hospital, e.g., a woman
who is bleeding during delivery (of her child), her-
nia, non-obstetrical emergency (child in a coma). The
decision to order the ambulance would be made by a
nurse, a mid-wife or a medical doctor.

3.2. Cost of the benefit package

3.2.1. Unit cost of health services
The cost per unit health service ranged from 20,846

to 2127 CFA (Table 1). For one major surgery, the

cost was 20,846 CFA and for a consultation, the cost
was 2127 CFA. According to the analysis carried out
on finance sources, it emerged that the government
currently covers 58% of the service cost, and therefore
patients are exempted to this extent.

3.2.2. Cost of the benefit package per capita based
on current demand

Based on the current demand and the cost per unit
health service, the cost of the benefit package per
capita was 1673 CFA in 2000 (Table 1), 58% of which
had already been paid by the government.

3.2.3. Cost of the benefit package per capita based
on health needs

Based on the judged health needs and cost per unit
health service, the cost of the benefit package per
capita was 9630 CFA in 2000 (Table 1). In which, the
government paid 58%. The per capita cost of the ben-
efit package based on health needs is 5.76 times as
much as that based on current demand.

3.3. Household head’s WTP for the benefit package

It is found that the elicited WTP was valid be-
cause the elicited WTP was positively related to the
ability-to-pay [18]. It is also found that the method of
the bidding game was reliable by a test-retest experi-
ment in this study [19].

Median household head’s WTP for his or her whole
household for the benefit package was 7500 and mean
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Table 2
Household head’s willingness-to-pay for his/her household (CFAa)

Variables Sample size Mean (S.D.) Median

Total 705 9769 (8249) 7500

Location of residency
Nouna town 265 10185 (8429) 10000
Rural area 440 9518 (8138) 7250

Household size
1–5 251 8825 (8501) 6000
6–10 286 9847 (8021) 7500
11–15 104 11106 (8128) 10000
16+ 64 10945 (8160) 10000

0–5 years old ratio (%)
0 223 8016 (8104) 5000
1–25 296 10536 (8240) 10000
26+ 186 10649 (8150) 10000

a 1 = 655 CFA.

was 9769 CFA with a standard deviation of 8249
(Table 2). Households located in Nouna town had a
higher mean WTP and median WTP. The mean or
median WTP increased with the increasing household
size and the proportion of young children.

The initial prices may affect the amount of WTP.
It is found that the initial price correlated signifi-
cantly with the percentage of accepting the price (r =
−0.95), mean WTP (r = 0.71) and standard deviation
(r = 0.88). However, there was no significant correla-
tion between the initial prices and median WTP (r =
−0.07) (Table 3). We also found that the all percent-
ages of accepting the initial prices were lower than
50%, only the percentage of accepting the lowest ini-
tial price reached 49% (Table 3).

3.4. Use of the results in designing CBI

3.4.1. Setting premium
In our earlier publication we found that the individ-

ual WTP (individual pays for herself or himself for
the insurance) was shaped by income, age and gender
[18]. Young males with high income were willing to
pay more than others did. In order to protect the poor,
the older and females, household as an enrolment unit
would be better.

In setting the premium, we assumed that the en-
rolment unit would be a household, the average
household size would be eight with four adults and
four children (based on the results from the house-

Table 3
Mean WTP by initial prices

Initial
prices

n Accepting
(%)

Median Mean S.D.

8000 51 49.0 7500 6922 4270
10000 51 39.2 6000 7070 4734
12000 59 35.6 7500 8605 7708
14000 47 34.0 10000 8479 5378
16000 64 29.7 10000 10398 8081
18000 56 21.4 5000 8455 7346
20000 55 32.7 10000 11887 8542
22000 55 18.2 7500 10564 8267
24000 47 14.9 7500 10253 9626
26000 54 16.7 10000 12861 9589
28000 65 7.7 7500 10516 8467
30000 48 12.5 6000 9552 9196
32000 53 9.4 7000 10849 11358

Note: (1) Unit of the initial prices, median, mean and standard
deviation is CFA ( 1 = 655 CFA). (2) Correlation r = −0.07
(P > 0.05), between initial price (starting point) and median WTP.
(3) Correlation r = −0.95 (P < 0.01), between initial price and
% accepting the initial price. (4) Correlation r = 0.71 (P < 0.01),
between initial price and mean WTP. (5) Correlation r = 0.88
(P < 0.01), between initial price and standard deviation (S.D.).

hold survey), the enrolment rate would be 50%, and
a child would pay 30% of the amount an adult would
pay in order to reduce the economic burden for the
households with many children. Thus, the premium
for an average household would equal to the average
household WTP (7500 CFA), an adult would pay
1442 (7500/(4 + 4 × 0.3)) and a child would pay 433
CFA. The premium for each household varies with
the household size and composition of adults and
children. For example, the premium for a household
with four adults and four children would be 7500
(1442 × 4 + 433 × 4), for a household with two adults
and six children would be 5482 CFA.

3.4.2. Projection of CBI balance
It is important to project the CBI cost and revenue

balance in order to see the feasibility. In addition to the
above assumptions, we further assumed that the gov-
ernment would continue to pay 58% of the cost and
the CBI would cover the whole study site in 3 years.
The whole site has 7340 households. The CBI will
be offered to 2446 households in the first year, 4892
households the second year and the all households the
third year. The CBI would be profitable if enrolees
would not change their health-seeking behaviour and
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Table 4
Projection of CBI balance based on current demand

1st year 2nd year 3rd year

Number of planned households 2446 4892 7340
Enrolment rate 0.5 0.5 0.5
Number of enrolled households 1223 2446 3670
Premium/household (CFAa) 7500 7500 7500
Revenue (CFA) 9172500 18345000 27525000
Cost/householdb (CFA) 5621 5621 5621
Total cost (CFA) 6874483 13748966 20629070
Management cost (5% of revenue) 458625 917250 1376250
Current year balance (CFA) 1839392 3678784 5519680
Cumulative balance (CFA) 1839392 5518176 11037856

a 1 = 655 CFA.
b 5621 = 1673 × 42% × 8.

Table 5
Projection of CBI balance based on health needs

1st year 2nd year 3rd year

Number of planned households 2446 4892 7340
Enrolment rate 0.5 0.5 0.5
Number of enrolled households 1223 2446 3670
Premium/household (CFAa) 7500 7500 7500
Revenue (CFA) 9172500 18345000 27525000
Cost/householdb (CFA) 32357 32357 32357
Total cost (CFA) 39572611 79145222 118750190
Management cost (5% of revenue) 458625 917250 1376250
Current year balance (CFA) −30858736 −61717472 −92601440
Cumulative balance (CFA) −30858736 −92576208 −185177648

a 1 = 655 CFA.
b 32357 = 9630 × 42% × 8.

keep the same health demand (Table 4). The revenue
and cost of CBI would reach the balance point if the
enrolees’ health demand would increase by 28%. Af-
ter that, the CBI would have a deficit. If the health de-
mand would become equivalent to the health services
resulting from needs, the deficit would be quite large
(Table 5). Thus, the underwriting of the initial losses
covered by extra funds would be necessary in order to
keep the CBI survival.

4. Discussion

To our knowledge, this is the first article in de-
veloping countries to study the feasibility of CBI
by examining community’s acceptability; examining
people’s preference for the benefit package; estimat-

ing professionally defined health care needs on the
basis of comprehensive population-based morbidity
data, rather than on hospital or health post records;
and using these data with the cost of the package and
household head’s WTP for the package together to
estimate premium level for CBI.

From the methodological point of view, the gap
between expressed demand and professionally de-
fined health needs, the difference between people’s
behaviour at a hypothetical market (WTP) and their
behaviour in the real market need to be discussed
while using the data to judge the feasibility.

CBI, like other types of insurance, has the social
function to protect the socially marginalised, such
as the poor, women, children and the older; and the
financial function to make sure that people can ob-
tain health services when needed without financial
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problems. Compared to uninsured people, insured
one may have less financial barrier to access health
care. This makes some of health needs to be con-
verted to health demand, increasing the cost of health
services and resulting in the cost increase of CBI. If
this transfer rate were larger than 28%, the planned
CBI in Nouna district would go bankrupt unless it
could obtain extra external financial support.

We used median household head’s WTP to set
premium in this study, and the premium was about
6.3% of the median annual household expenditure
(118,650 CFA). From the theoretical point of view,
this is affordable. However, WTP is a product of a
hypothetical market, does not equal to the amount in
a real market. This is called inference bias, referring
to the phenomena that the preferences have changed
from the time of the study to the time the results are
used for decision making. To our knowledge, only
one article identified the inference bias [22]. It was
found that according to the bidding results, 22–71%
of respondents were willing and able to pay for the
connections to new water systems and actually did in
3 years; 88–100% of them were not able to pay for
the connections and actually did not in 3 years [22].
That we used median household head’s WTP as pre-
mium for whole household is based on the assump-
tion of 50% enrolment rate. If people changed their
preference at the time to buy CBI, the enrolment rate
could be reduced at the premium level, which will re-
duce the CBI financial pool and make it go bankrupt
more easily. We are planning to investigate the infer-
ence bias after the implementation of CBI in Nouna
district.

Other weaknesses of the WTP study such as start-
ing point bias may affect the reasonable estimation
of premium. We did find that there was starting
point bias [18]. The data presented in Table 3 also
show clear effects of starting point (initial price). The
starting point correlates significantly with the mean
WTP, but not with the median WTP. This further
strengthens the use of the median WTP for setting the
insurance premium. The initial prices were higher in
this study because the highest percentage of accepting
the initial prices was only 49%, although they were
estimated based on the results from the pilot study
and the cost of the benefit package. In retrospect, it
would have been better to have designed the survey
with fewer starting prices over a small range to make

the sub-sample size of each initial price larger and
the mean and median WTP of each initial price more
stable.

Feasibility of CBI is not only a product of premium
but also that of other factors such as its institutional
framework. In the technical report, Musan summarised
the lessons learned from the study of existing CBI
schemes [23]. He found that ‘community participation
is important to the success of a CBI scheme. Such par-
ticipation needs to be active to that the community has
real empowerment in decision making. Failure in risk
management is one of the greatest threats to the viabil-
ity of the CBI schemes. Provider staffs require training
to appreciate the need for the scheme so that they may
handle the client/patient with the respect they deserve.
Marketing to the community is very important. This
is very important in the initial design of the scheme
and should go on throughout the life of the scheme
to ensure that membership levels are kept high. Un-
derwriting of the initial losses by the government or a
donor can help the scheme set low rates at the begin-
ning but may also give a false sense of affordability
to the community’.

Considering the lessons learned from existing CBI
schemes and the results from this feasibility study, we
think it is feasible to run CBI in Nouna, Burkina Faso
under certain assumptions. Some of the assumptions
are that the household is the enrolment unit, premium
for the average household equals to median house-
hold head’s WTP, enrolee’s health demand increases
by less than 28% or the underwriting of the initial
losses will be covered by externally generated funds.
However, more is needed to make the CBI successful,
such as community participation in decision-making,
training providers and CBI-oriented marketing to the
community.

5. Conclusion

It is feasible to implement CBI in Nouna, Burk-
ina Faso based on the results and assumptions of this
study. The average household premium for the in-
surance based on the median household head’s WTP
is about 6.3% of the annual household expenditure.
However, it is needed to have more support for the
success of the CBI. The underwriting of the initial
losses need to be covered by extra funds. Community
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needs to take part in more relevant process of decision-
making. CBI-oriented providers’ training and market-
ing to the community need to be enforced.
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The test for our progress in medicine 
and science, as well as in economy, 
is not what we can add to the 
affluence of those who have much, 
the test is how much we can supply 
for those who have too little of    
everything 
(after Franklin D. Roosevelt 1937) 

From the bench at the CRSN to the field 

Biochemical research at the CRSN in Nouna has laid the grounds for the clinical trials on methylene 
blue/chloroquine (BlueCQ) as an antimalarial drug combination. These biochemical studies encom-
pass new methods for the determination of hemoglobin and methemoglobin, biochemical tests for 
vitamin B2-deficiency in malnutrition, as well as the miniaturization of screening tests for G6PD defi-
ciency and other enzyme variations in red blood cells. In the course of these studies we have devel-
oped a perspective which is so far neglected in industrialized countries: Biochemistry can contribute – 
possibly more than other biomedical disciplines – not only to more comprehensive but also to more 
affordable health care. 

Lifestyle versus emergency genes: The genomic dilemma of 
affluent societies 

In this context we study emergency genes and the corresponding proteins. Here we can only sketch 
the basis of this project. Biochemical evolution of man has been shaped for more than 100 000 genera-
tions by coping with chronic emergencies such as starvation and parasitic diseases as selecting factors. 
On the other hand, there are virtually no genes protecting man from affluence and a luxurious lifestyle 
which have prevailed as a wide-spread phenomenon in Western societies only for two generations – 
by far too short a time for genomic adaptations. Diseases like gout, obesity, diabetes, hypercholes-
teremic cardiovascular disease must also be studied under the aspect that the responsible “bad” gene 
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ensembles have emergency obligations like rigorously saving purines, biochemical energy, and ster-
oids for the organism. In the same vein, many so called hereditary conditions like G6PD deficiency 
protect in a subtle way from infectious diseases like malaria. It is obvious that the positive roles of 
emergency genes can be studied more appropriately in West Africa than in West Europe but these 
genes and their regulation are equally important in both regions: Affluence-associated diseases on the 
one hand and biochemical protection from privation on the other are only two sides of the same medal 
and must be studied in a concerted effort. 

RESULTS AND DISCUSSION 

Novel indications for affordable established drugs. The case 
of methylene blue 

Biochemistry can certainly promote drug finding. Whenever a protein from a pathogen is purified it 
should be tested as a target of known drugs which fulfill two criteria: they must have been registered 
as drugs already for another medical indication and they must be affordable for those patients who 
will need them the most. A case in point is methylene blue (MB; Figure 1), the standard drug against 
methemoglobinemia in children and against ifosfamide-induced neurotoxicity in cancer patients 
(Schirmer et al. 2003; chapter 5.2). We study the biochemistry of MB in order to reintroduce it as an 
antimalarial drug (Guttmann and Ehrlich, 1898). 
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Leukomethylene blue

(LMB, 285 Da, colourless)

Methylene blue

(MB, 284 Da, blue)

NADP+

NADPH

2 Fe3+ of MetHb

2 Fe2+ of Hb + H+

Figure 1: Methylene blue redox cycle. Methylene blue is reduced to colorlesss leukomethylene blue 
by NADPH in enzyme-catalysed reactions. Leukomethylene blue is reoxidized to methylene blue by 
numerous cellular oxidants such as methemoglobin (MetHb or Hi). Another important oxidant is O2

which is reduced to H2O2 by leukomethylene blue. 

MB acts as an inhibitor of hemoglobin degradation in the digestive organelles of Plasmodium falcipa-
rum, probably by preventing the oxidation of hemoglobin to methemoglobin. MB has at least two 
other target molecules in the malarial parasite, namely the enzymes glutathione reductase and thiore-
doxin reductase.  
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Figure 2: Crystal of Plasmodium falciparum glutathione reductase. The enzyme is colored yellow 
because it contains FAD, a vitamin B2 derivative, as a cofactor (from Coulibaly 2004). 

For these enzymes MB acts not only as a non-competitive inhibitor but also as a subversive substrate. 
A subversive agent is a molecule that converts an antioxidative disulfide reductase into a prooxidant 
enzyme. Thus MB is reduced to leuko-MB by glutathione reductase at the expense of NADPH and the 
resulting leukomethylene blue is reoxidized by molecular oxygen to give hydrogen peroxide or by 
methemoglobin (Figure 1). MB can also be reduced in spontaneous reactions by NADPH, the second 
order rate constant being  6.5 M -1 s -1  at 37 °C and pH 7.3, by vitamin C and by dithiols such as thio-
redoxin and dihydrolipoamide (Eubel et al. 2004). Taken together, these data indicate that MB is a 
very active redox-cycling agent in situ. 

It is important to study if the binding site of MB from where it inhibits glutathione reduction is identi-
cal with the site where MB acts as an electron-accepting substrate. This question can be addressed by 
subjecting crystals of glutathione reductase to X-ray diffraction analysis (Sarma et al. 2003). Figure 2 
shows a glutathione reductase crystal. The enzyme is yellow because this is the colour of its prosthetic 
group FAD, a riboflavin derivative. When MB binds in these crystals they turn green. One binding 
site of MB appears to be the cavity between the two subunits of glutathione reductase. This site is 
shown as a blue structure at the bottom of Figure 3. The figure also shows other sites – in red and yel-
low - where ligands can bind to the enzyme (Sarma et al. 2003). 

Methylene blue per se inhibits parasite growth but, in addition it may influence the activity of other 
antimalarial drugs. As a subversive inhibitor of glutathione reductase and thioredoxin reductase, MB 
decreases the concentration of glutathione in the parasite. A low glutathione level favors the antipara-
sitic activity of chloroquine (Becker et al. 2003, Ginsburg 2003, Ziebuhr et al. 2004). Therefore we 
study the possibility that the drug combination (chloroquine + methylene blue, BlueCQ) counteracts 
chloroquine resistance (collaboration with Professor Katja Becker, Giessen, Germany). In a pilot 
study on the safety of BlueCQ 50 adult males in the villages of Dembéléla, Dénissa Marka, Dénissa 
Mossi, and Lei received 3 mg/kg MB per day in the form of BlueCQ. Reported side effects included 
initial drowsiness, increased appetite, and the observation of blue urine up to 4 days after the last dose 
of MB. As a laboratory parameter, there was a tendency of rising hemoglobin values on day 5. (Couli-
baly 2004, Merkle 2004). Currently clinical trials with Blue CQ which are generously supported by 
the DSM Dream Action Award are directed by Drs. Olaf Müller, Wolfgang Schiek and Bocar 
Kouyaté (see chapter 2.2.1 in this volume). 

287



Figure 3: Submolecular drug target sites in glutathione reductase. Shown in red are the subunit inter-
face helices 11 and 11´, in yellow the reactive cysteine residues at the two catalytic sites and in blue 
the cavity at the subunit interface where methylene blue and other tricyclic drugs bind. 

The 2-wavelengths procedure, an alternative for the determi-
nation of methemoglobin 

Anemia, reflecting a hemoglobin (Hb) concentration of less than 10.5 g/dL blood, is very common 
worldwide (Cook and Zumla 2003). There are numerous clinical situations where Hb must be deter-
mined. For instance, a rapid decrease in Hb is typical for severe childhood malaria. The standard pro-
cedure for Hb determination requires hazardous chemical reagents including potassium cyanide. At 
many health care centers worldwide, this method is therefore associated with safety problems and 
relatively high costs. At the CRNS we use a different procedure. We exploit the facts, that most forms 
of hemoglobin have very similar absorption coefficients at 340 nm and that, in blood samples, practi-
cally all absorbance at 340 nm is due to Hb (Becker et al. 1991). In a rapid, very sensitive, and inex-
pensive procedure, hemoglobin is determined according to the formula  

Hb concentration [g/dL] = 0.054 × absorption at 340 nm. 

Methemoglobin (Hi) is a pathological form of hemoglobin. It contains iron in the ferri(III) form and 
cannot bind O2. What is even worse, if there is only one Hi molecule in tetrameric hemoglobin, it 
blocks oxygen release from the other three subunits. 

Hi formation plays a role in many clinical conditions. It has also been reported to be a complication of 
malaria-associated anemia in children (Anstey et al. 1996). Thus treatment of malaria with methylene 
blue may – apart from its direct antiparasitic action - prevent a fatal complication of the disease. The 
standard method for determining blood Hi has a number of shortcomings, including again the use of 
reagents like potassium cyanide. As detailed by Coulibaly (2004), we recently established a procedure 
which is based on absorption measurements at 340 nm and 630 nm and thus is designated as the “2-
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wavelengths method”. The ratio Hi-concentration / total Hb concentration is calculated using the 
equation 
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As an example, for a blood sample the following absorbances were determined: ∆A340 = 93.4 and 
∆A630 = 1.56. (All values are corrected for dilution.). Using these values we obtain cHi/cHb = (1.56 × 
18.7 / 93.4 – 0.14) × 64% = 11%. That is, the percentage of Hi is 11% of total Hb. Since the total Hb 
concentration is 0.054 × 93.4 = 5.0 g/dL, the absolute Hi concentration is 0.55 g/dL blood. 

The procedure requires only 50 µl blood even when total hemoglobin is as low as 5 g/dl. The tests 
were applied to blood samples of adult persons with mild malaria at the CRSN. 28 samples exhibited 
cHi/cHbtotal values below 1%, 14 between 1% and 2%, and 15 samples showed values between 2.0 
and 3.3%. Values above 2% are considered to be pathological. 

Coulibaly’s 2-wavelengths method is independent of additional reagents, and it is suitable for anemic 
blood. In addition, using this procedure the absolute values for both total Hb and Hi are determined, 
not only the ratio of these two important values (Coulibaly 2004). Nevertheless the procedure is much 
less expensive than the standard Hi determination according to Evelyn and Malloy which entails for-
biddingly high prices for the patients in many countries. 

G6PD deficiency, a central issue of health care 

Like in other parts of the world where malaria has been endemic, G6PD deficiency, an X-
chromosome linked condition, is common in Burkina Faso. We determined the prevalence of aberrant 
genes to be approx. 20% in the male population, and this balanced G6PD polymorphism occurs in all 
ethnic groups – it was found in the communities of Bourasso (Bwaba), Dembéléla (Fulani), Dénissa 
Marka (Marka), in Dénissa Mossi (Mossi), and in Lei (Samo) (Schirmer et al. 2003). There is now 
compelling evidence that the balanced G6PD polymorphism offers relevant protection from severe 
malaria and thus has a selective advantage for malaria-exposed populations (Ruwende et al. 1998, 
Cook and Zumla 2003). On the other hand, persons with certain forms of G6PD deficiency may not 
tolerate oxidative antimalarial drugs like primaquine, dapsone, or methylene blue. Do these drugs rep-
resent a risk when used in Burkina Faso? An answer was given by Mandi et al. (2004) who reported 
that G6PD deficient men in the Nouna district did not develop hemolysis when they were exposed to 
methylene blue. 

G6PD deficiency can manifest itself in acute bacterial diseases, especially when these are treated with 
oxidative drugs. Furthermore, in newborn boys G6PD deficiency increases the risk of hyper-
bilirubinemia and kernikterus. Following the health care principles established in Singapore, the 
G6PD status of the whole population should be assessed and be a focal point of health care. 
We have established a screening test for G6PD which represents a miniaturization of the Beutler-
Mitchell test (Scheiwein 2001, Coulibaly 2004). This “dry test” is based on demonstrating NADPH 
fluorescence on paper under the influence of G6PD. In our modified form, 10 µl pre-diluted blood 
sample is added to 100 µl screening mixture, and a spot of this mixture is made on filter paper. After 5 
and 10 minutes, respectively, two further spots are applied. In normal samples, the first spot fluoresces 
slightly and the following spots brightly under the uv-lamp. G6PD deficient samples show little or no 
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fluorescence in any spot. A normal G6PD control sample and a deficient G6PD sample were always 
examined side by side with the unknown patient samples. 

The first trial, conducted in the village of Bourasso with 750 participants, revealed the presence of P. 
falciparum parasitemia in 79.3% of the individuals. G6PD deficiency prevalence was found to be 
16.9% in the male population and 7.6% in females; the latter value is twice as high as expected for an 
X-chromosome linked polymorphism. When differentiating according to age, the frequency for de-
gree-1 G6PD deficiency was 3.7% in females and 17.7% in males under 5 years of age; for persons 
over 5 years, the values were found to be 9.0% for females and 16.7% for males. The apparent “over-
diagnosis” in females over 5 years remains to be studied. The diagnosis of G6PD deficiency was con-
firmed for 62 male persons using the Brewer test, again in miniaturized version. In this test which is 
based on exposing the cells to nitrite and methylene blue, no tendency towards immediate hemolysis 
was observed for the G6PD-deficient erythrocytes (Coulibaly 2004).  

Glutathione reductase deficiency is often an indicator  
of vitamin B2 deficiency and malnutrition. 

Glutathione reductase deficiency has similar effects as G6PD deficiency in vivo. Glutathione reduc-
tase is a vitamin B2-dependent flavoenzyme catalyzing the reaction  

NADPH + GSSG + H+ → NADP+ + 2 GSH. 

Erythrocytes lacking this enzyme activity can fulfill their physiological functions but they do not serve 
as host cells of the malarial parasite P. falciparum. Consequently we searched for glutathione reduc-
tase deficiency in the village of Bourasso where malaria is holoendemic. The NADPH-fluorescence 
test on paper proved to be well suited also for this enzyme. 6.2% of the population was found to be 
deficient in glutathione reductase. Is this deficiency caused by genetic mutation of the enzyme or by 
vitamin deficiency? For differentiating between genetic mutation and riboflavin (vitamin B2) defi-
ciency as the cause of enzyme deficiency the EGRAC test was applied. 
The principle of this test is as follows: In vivo glutathione reductase is not fully saturated with is pros-
thetic group FAD but the inactive apoenzyme can be completed in vitro according to the equation 

apoGR + FAD → holoGR. This is the basis for the determination of the erythrocyte glutathione reduc-
tase activation coefficient (EGRAC) which is operationally defined as the ratio of FAD-stimulated to 
unstimulated activity of erythrocytic glutathione reductase (Becker et al. 1991). 

FADaddedithout activity wEnzyme

FADexcessofpresencein theactivity Enzyme
EGRAC =

We found that all glutathione reductase-deficient patients with one exception had EGRAC values 
above 1.3 indicative of vitamin B2 deficiency (Table 1). This result has led to new questions: 

 a) Does malnutrition–based glutathione reductase deficiency also lead to some protection from 
severe malaria, as it was originally postulated by Anderson et al. (1994)? 

 b) How can persons with riboflavin deficiency be fed adequately? 

Riboflavin deficiency per se is a clinical problem mainly in and around pregnancy. On the basis of our 
results we can state that riboflavin deficiency is prevalent in Burkina Faso and that it is probably an 
indicator of general malnutrition. This is so because vitamin B2 occurs mainly in high quality food-
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stuffs such as milk, eggs, meat, and nuts; riboflavin is scarce in most cereals and other plant nutrients. 
It is often overlooked that riboflavin is transformed by visible light to a compound which is yellow but 
has no vitamin activity; in addition, it is toxic. Riboflavin containing liquids – for instance milk and 
vitamin-containing infusions but also a number of cell culture media – must be protected from light by 
using dark receptacles. 

Table 1. Glutathione reductase deficiency in Bourasso. According to the NADPH fluorescence test, 
48 out of 750 persons (6.2%) had glutathione reductase deficiency. (Scheiwein 2001; Coulibaly 2004). 

EGRAC values Females Males Total 
<1.4 4 2 6
>1.4 12 13 25

not determined 9 8 17

Total 25 23 48 

Conclusions  

By miniaturization of Beutler´s methods, paper fluorescence (“dry”) tests for identifying persons with 
G6PD deficiency and glutathione reductase deficiency were developed. For the latter enzyme, the 
EGRAC test was applied in order to distinguish between nutritional vitamin B2 deficiency and heredi-
tary apoenzyme deficiency.  

The gene frequency for G6PD deficiency is approximately 17% in rural Burkina Faso and does not 
appear to be a contraindication against administering methylene blue as an antimalarial drug. Glu-
tathione reductase deficiency is observed in 6.2% of the population but it is caused by inadequate vi-
tamin B2 intake. Methemoglobin formation as a potential complication of malaria – and thus as an 
additional target of methylene blue – can be assessed also in anemic patients by using the 2-
wavelengths procedure introduced here. In a pilot study on BlueCQ, methylene blue (3 mg/kg per 
day) was well tolerated by fifty adult male G6PD-sufficient persons. The side effects of methylene 
blue appear to be mild and include also positive aspects such as the concomitant therapy of methemo-
globinemia, a rise in hemoglobin levels, and increased appetite.  
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INTRODUCTION

Methylene blue was introduced as an antimalarial med-
ication in 1891. It was the very first synthetic, rather than
natural, compound ever used in clinical therapy: indeed
the paper by Guttmann and Ehrlich marks the advent of
chemotherapy as we know it today.1 Methylene blue
became a lead structure which resulted in numerous
other drugs including the tricyclic antidepressant agents.
As an antimalarial, methylene blue has been replaced by
its derivatives, mepacrine and chloroquine.

METHEMOGLOBIN REDUCTION BY 

LEUKOMETHYLENE BLUE

The major clinical indications for methylene blue are the
treatment of most forms of methemoglobinemia2,3 and,
in cancer therapy, the prevention of ifosfamide-induced
neurotoxicity.4,5 Methemoglobin formation can occur as
a severe manifestation of the malaria infection itself.6

Methemoglobinemia complicating anemia is potentially
fatal; the pathophysiological basis for this is that in
methemoglobinemia the O2-binding curve of hemoglo-
bin is shifted to the left. It remains to be studied whether
methylene blue can prevent this serious complication of
malaria anemia.6

Methemoglobin reduction by methylene blue is under-
stood at the biochemical level.3,6,7 In this process, electrons
flow from glucose-6-phosphate via the enzyme glucose-6-
phosphate dehydrogenase (G6PD) to NADP, then from
NADPH via flavin reductase to methylene blue forming
leukomethylene blue, and from leukomethylene blue to
methemoglobin resulting in hemoglobin formation.7

NADPH can also reduce methylene blue directly (Fig. 1).
The apparent rate of this chemical reaction (7.5 M–1s–1 at
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37°C) was found to be practically independent of the
dioxygen concentration in the environment.

The oxidation of NADPH by methylene blue has to be
accounted for in assay systems containing both methyl-
ene blue and NADPH, for instance when testing methyl-
ene blue as an inhibitor of Plasmodium falciparum
glutathione reductase.8 The reaction between methylene
blue and NADPH may play a role also in vivo since it
depletes the cytosolic NADPH pool at a rate of 1–5
µM/min unless NADPH is replenished.9

EFFECTS OF METHYLENE BLUE ON MALARIAL PARASITES

In view of the spreading resistance of P. falciparum to
mainstay antimalarial drugs like chloroquine and sulfa-
doxine-pyrimethamine, methylene blue has been revis-
ited as an antimalarial agent by the groups of
Vennerstrom10 and Ginsburg.9,11 Based on cell culture
studies, Vennerstrom et al.10 stated that methylene blue
is notable for both its unusually high antimalarial
potency (IC50 = 4 nM) and selectivity (with a cytotoxic-
ity index of 450); no cross-resistance with chloroquine
was observed for methylene blue. The latter result is
consistent with Thurston’s (often misquoted) finding12

that ‘resistance of Plasmodium berghei in mice after 4
months’ exposure to methylene blue was less marked,
and this strain retained its normal sensitivity to the other
antimalarials that were tested. The resistance factor for
methylene blue after 4 months was not higher than 2.3.’
Ginsburg’s group confirmed these results and con-
tributed further important biochemical and pharmaco-
logical data on methylene blue, some of which are given
in the caption of Figure 1.11

The lack of observable drug resistance indicates that
methylene blue is either pleiotropic or/and that it has no
unique target encoded in the parasite genome.13 This is
consistent with the finding that methylene blue interferes
with the polymerisation of heme, a toxic product of
hemoglobin degradation, into hemozoin.11

Cell-biochemical observations of Akompong et al.14

suggested to us that methylene blue may inhibit parasite
growth also by inhibiting (met)hemoglobin degradation.
These authors presented evidence that methemoglobin,
rather than hemoglobin, is the substrate of the parasite’s
proteases and that compounds like reduced riboflavin7

exert their antiparasitic effect by preventing or reverting
the oxidation of hemoglobin to methemoglobin in the par-
asite’s digestive organelles.14 At present, we are testing the
hypothesis that leukomethylene blue has the effects
reported for reduced riboflavin. Leukomethylene blue, the
NADPH-reduced uncharged form of methylene blue, eas-
ily crosses membranes separating cells or cell organelles.

Apart from its effects on hemoglobin and heme metabo-
lism, methylene blue is a non-competitive inhibitor of P.

falciparum glutathione reductase which catalyses the
reaction:15–19

NADPH + GSSG + H+ → NADP + 2 GSH Eq. 1

and indirectly leads to glutathione depletion in the
cytosol.18,20–22 Low glutathione levels in turn favour the
activity of chloroquine.23,24 Thus methylene blue might
sensitize the parasite for chloroquine and even revert
chloroquine resistance when grade I and grade II toler-
ance prevail. In order to guarantee the action of methyl-
ene blue as a glutathione reductase inhibitor, the plasma
concentration of the drug should be high. The required
concentration range remains to be established because
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Fig 1. Methylene blue and leukomethylene blue at pH 7.3. When studying
the spontaneous reaction methylene blue + NADPH -> leukomethylene
blue + NADP+ under various conditions, the oxidation of NADPH was
measured at 340 nm, the ε-value being 6220 M–1cm–1. At pH 7.3 and 25°C,
the apparent rate constant k was found to be 3.6 M–1s–1 under air and 2.8
M–1s–1 under a nitrogen atmosphere with less than 0.01% dioxygen.
methylene blue concentrations above 60 µM were avoided in these
experiments as methylene blue dimerizes, the Kass being 4000 M–1.10,34 The
ε-value of methylene blue at 662 nm was found to be as high as 45
mM–1cm–1. Other data for methylene blue were adopted form the literature.
methylene blue has one pK value between 0 and 1, leukomethylene blue
two pK values between 5 and 6 whereas the one electron-reduced cation of
methylene blue has a pK value between 8 and 9.10,11 The redox potential
for the couple methylene blue/leukomethylene blue at pH 7.0 and 25°C is
–210 mV.11 Leukomethylene blue as a drugable compound has favourable
Lipinski characteristics including a log p value between 4 and 5.35,36

Methylene blue is a non-competitive inhibitor of P. falciparum glutathione
reductase with a Ki-value of 6 µM.15 Production costs for 1 g methylene
blue (GMP grade) could be less than 5 UScents.
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leukomethylene blue and methylene blue become con-
centrated in parasitized red blood cells.11

PATIENT STUDIES

In his classical book on chemotherapy and drug resis-
tance in malaria, Peters refers to toxic episodes follow-
ing methylene blue medication.25 This toxicity of the
drug appears to be restricted to persons with certain
types of G6PD deficiency. In order to identify the risk
group, we established an on-site screening test for G6PD
deficiency.26 This is a miniaturisation of the ‘NADPH
fluorescence test on paper’ according to Beutler and
Mitchell.27 Before the actual test, the fingerprick blood
sample was diluted with phosphate buffered saline to
give 4 g Hb/dl. This standardization is necessary since in
malaria-endemic regions children often have severe ane-
mia.6 For hemoglobin determination, we recommend the
cyanide-independent photometric method.28 The
NADPH fluorescence test was validated using Brewer’s
methemoglobin reduction method29 as a standard proce-
dure.26

A total of 1018 randomly chosen persons from 5 vil-
lages of the Nouna region were tested; 138 of them
(13.6%) were found to be G6PD-negative. Similar data,
based on gene sequencing, have recently been reported
for a homogeneous population in Nigeria.30

Our study illustrates that the entire population could
be screened for G6PD status using fingerprick blood
samples, and that individual patients can be pretested on-
site prior to administering drugs which are not well tol-
erated by individuals with G6PD deficiency.31,32

A pilot study with 56 G6PD-sufficient adult patients
based on the combination of chloroquine and methylene
blue (BlueCQ) as a possible antimalarial medication was
recently conducted in Burkina Faso. The results have not
been analyzed yet, but here we can answer a most fre-
quently asked question – Yes, the urine was indeed blue,
and methylene blue is excreted, without being
metabolised, as a mixture of methylene blue and
leukomethylene blue (see also Peter et al.,4 Atamna et
al.11 and Thurston12).

OUTLOOK

Apart from its own intrinsic antiparasitic activity, meth-
ylene blue may protect the efficacy of chloroquine when
given together with this outstanding antimalarial drug.
BlueCQ would be an affordable drug combination. It is
obvious that methylene blue can be combined with other
currently used and developed antimalarials.13,33 Of spe-
cial interest are agents that, like methylene blue, target
redox reactions.10 The potential of methylene blue to

prevent methemoglobinemia as a complication of malar-
ial anemia6 remains to be studied.
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Abstract  

Selected examples review several promising new strategies to antagonize resistance development in microbial 
infections. After reviewing typical experimental and bioinformatical strategies to study the impact of infectious 
challenges on host-pathogen interaction, we examine several new approaches and sources for new pharmaceutical 
strategies against resistance development. Genomics reveals promising new targets by (i) a better understanding 
of cellular pathways, (ii) identification of new pathways and (iii) identification of new intervention areas such as 
phospholipids, glycolipids, innate immunity, and antibiotic peptides. Additional antibiotic resources come from 
new genomes including marine organisms, lytic phages and probiotic strategies. A system perspective regards all 
interactions between host pathogen and environment to develop new pharmacogenomic strategies against 
resistance development.  

Introduction 

Pharmacogenomics and pharmacogenetics developed into fast growing sciences and make now use of 
the latest techniques such as microarray analysis and computational genome wide analyses of DNA in 
sequencing projects such as the Human Genome Project. The concept of applying pharmacogenomics 
to analyze and to find strategies against emergence of antibiotic resistance in bacterial pathogens is 
still a new one (1, Davison and Barett 2003), but becomes more important because of the alarming 
rise in antibiotic resistance and increasing hospital mortality rates (2, Cosgrove et al. 2003). Pipelines 
for new antibiotics are under a rising threat to run dry (3, Clarke, 2003). Resistance develops not only 
in industrialized countries; but emerges also in the Southern hemisphere for which the spread of 
chloroquin resistant malaria plasmodia is only one example (4, Wootton et al., 2002).  

Pharmacogenomics can help us to prevent, diagnose and treat infectious diseases caused by resistant 
pathogens (5, Hayney 2002), and gives us new tools to repress the emergence of antibiotic resistances. 
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The following review focuses on such new pharmacogenomic strategies. Their development require 
novel targets, novel pathways or completely new strategies such as the use of lytic phages.  

Are antibiotics from genome data the most powerful strategy to counter resistance development (6, 
Alekshun, 2001)? At least systematic bioinformatical screening and the exploitation of databases (7, 
Clarke, 2003b) open up possibilities exceeding previous capabilities by far. 

After summarizing some of the adaptation strategies and countermeasures which microbes develop 
against antibiotics, we will next examine how conventional strategies against infections can be 
boosted by pharmacogenomics and then, which genome-based novel pharmacological strategies for 
antibiotic development can be tapped for future development. Having compared in this way the 
attacking and defense lines we finally want to give a comprehensive perspective to better prevent 
resistance development in microbial infections. Such systems-based approaches hold big promise for 
the future also in other areas of genome based biomedicine (8, Ghaemmaghami et al., 2003; 9, Hood 
and Galas, 2003). 

Pharmacogenomic analysis of resistance in microbes
Selection for antibiotic resistance and genetic mechanisms. Analyzing the current resistance status in 
bacteria worldwide, the situation in the community is different from that in hospital settings. 
Resistance problems outside of hospitals comprise mainly respiratory tract infections caused by 
multidrug-resistant mycobacteria, penicillin-resistant pneumococci and ß-lactamase producing 
Haemophilus influenzae (10, Felmingham, et al., 2002). Moreover, multidrug-resistant diarrrhoegenic 
bacteria such as Salmonella and Shigella cause concern, specifically in developing countries (11, 
Parry, 2003; 12, Threlfall, et al., 2000). In contrast, the main focuses in nosocomial infections are 
clearly multiresistant gram positive cocci such as staphylococci and enterococci as well as antibiotic-
resistant Pseudomonas aeruginosa and enterobacteria (13, Vincent, 2003; 14, Witte, 1999).

Often used mechanisms of antibiotic defense in microbes. Albeit numerous different resistant genes 
have been recognized so far their encoded functions can be subsumed into a few major mechanisms. 
Thus, bacteria can get resistant by (i) inactivation of the attacking antibiotic, by (ii) modification of 
the antibiotic target within the bacterial cell, (iii) by an increased antibiotic transport out of the cell, or 
(iv) by prevention of antibiotic uptake. 

Key Conclusions 
Without going into the full detail of the extensive review published elsewhere (Ziebuhr W, Xiao K, 
Coulibaly B, Schwarz R, Dandekar T.  Pharmacogenomic strategies against resistance development in 
microbial infections. Pharmacogenomics. 2004 Jun;5(4):361-79.) here is a summary of our key 
conclusions: 

To combat antibiotic resistance pharmacogenomics including bioinformatics becomes critical for 
rapid detection, target information and modeling of involved pathways. 

300



Resistance evolution and adaptation mechanisms in microbes exploit genetic exchange and a 
complex battery of specific adaptation mechanisms 

Specific resistance mechanisms often involve an antibiotic uptake block, antibiotic secretion, 
inactivation or detoxification. 

Antibiotic strategies should broaden, including further pathways such as lipid and carbohydrate 
metabolism, innate immunity and antibiotic peptides. 

Further resources to explore include antibiotics from marine organisms, soil bacteria, 
bacteriophages and revisiting old drugs improved by pharmaco-design and network analysis. 

The interaction between host, microbe and controlling factors shows that further non-antibiotic 
and pro-biotic strategies help to preserve the efficiency of antibiotics

Outlook 
The rich amount of different pharmacogenomic strategies against resistance development in microbial 
infections underlines that currently there is no lack of strategies, but great demand for 
implementations and more scientific research in these directions. In effect, without the new 
possibilities from pharmacogenomic research, both, the target detection process as well as its 
implementation into new drugs to fight resistance development is in high danger. Good practice of 
medical treatment and restricted use of “sharp” weapons against infections such as antibiotics are 
critical as well as ecological and population genetics insights into the dynamics of pathogen and 
resistance evolution. The new strategies from innate immunity, marine resources and drugs blocking 
new pathways will only work if they are not jeopardized by malpractice of drug administration or 
misuse (e.g. in animal husbandry as is practice for current antibiotics). New processes and new 
sources for antibiotics are very important as well as to understand more about probiotics and to 
combat infections by evolutionary or ecological strategies. 
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