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Chapter 1
Introduction to Socioecological Dimensions 
of Infectious Diseases and Health 
in Southeast Asia

Serge Morand, Jean-Pierre Dujardin, Régine Lefait-Robin, 
and Chamnarn Apiwathnasorn

Abstract Global changes affect host-pathogen interactions, through the modification 
of the epidemiological environment (climate, land use, biodiversity), leading to new 
and sometimes unexpected risks. Epidemics, emergence and re-emergence of infec-
tious diseases are outcomes of these changes, and they constitute serious global threats 
for health. Although some local emergences have a potential for global threat (i.e. 
SARS, avian influenza, etc.), most of infectious diseases affect rural and poor popula-
tions particularly in developing countries, which are particularly vulnerable to the 
consequences of global change. Southeast Asia is both a hotspot of infectious emerg-
ing diseases of potential global pandemics and of biodiversity, particularly at threat 
due to dramatic changes in land use (Morand et al. 2014). These may explain why 
international organizations, developmental agencies and non-governmental conserva-
tionist organizations have specially focused on Southeast Asia. Infectious diseases are 
still a major concern in most Southeast-Asian countries (Coker et al. 2011).

Many aspects of the environments and the socio-economics are linked to infectious 
diseases and health. Now, it is time to evaluate in a multidisciplinary approach the 
socioecological dimensions of infectious diseases in Southeast Asia.
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This book emerges from a symposium organized in Bangkok in October 2011 at 
the Faculty of Tropical Medicine of Mahidol University and supported by the IRD, 
and its main objective was to join scholars in history, sociology, law, ecology, epi-
demiology, medical entomology, veterinary sciences, physicians and environmental 
sciences to present a multidisciplinary overview about the links between environ-
ment, biodiversity and human health, mostly through infectious diseases.

The present book is organized in six parts, each comprising three chapters: 
(1) infectious diseases and societies; (2) health and socio-ecosystems; (3) global 
changes, land use changes and vector-borne diseases; (4) monitoring and data 
acquisition; (5) managing risks; and (6) developing strategies.

The first part of this book concerns infectious diseases and societies from histori-
cal times to present days. This part starts with Chap. 2 on how Chinese classics of 
medicine and medical records referred about epidemic febrile diseases. As 
Dominique Buchillet emphasizes along with famine due to crop failures and other 
calamities, epidemics exerted a heavy burden on Chinese populations throughout 
the ages. The chapter reviews the evolution of medical perceptions on epidemic 
diseases through these Chinese classics, stressing the importance of the growing 
awareness of variations in environments and the refashioning of discourses and 
practices relative to epidemic diseases in Chinese medicine.

In the third chapter, Malee Sitthikriengkrai and Chayan Vaddhanaphuti describe 
the history and responses to HIV/AIDS in Thailand from a sociocultural perspec-
tive. As persons living with HIV had a way to interpret the meaning of their prob-
lem, the authors show how they took power into their own hands through the 
formation of self-help groups and through redefining the way they lived with the 
disease.

Bernard Moizo in the fourth chapter discusses the issue of infectious diseases in 
relation to social and environmental global changes. Using the example of growing 
tourist activities as one possible agent of diseases spreading, the author suggests 
several ideas that could enhance the development of interdisciplinary approaches 
despite long-time obstacles.

The second part of this book deals with socio-ecosystems (water and soil) 
and health, putting the emphasis on environment. In Chap. 5, Séraphine Grellier 
and colleagues evaluate the contamination in trace metal element (TME) related 
to the Mae Thang Reservoir. They study the transfer of the TME between the 
different compartments in and downstream of the reservoir. In particular, they 
show that upstream areas contributed to bring TME in the Mae Thang Reservoir 
and that TME concentrations in fishes were thus affected and should be con-
trolled. Finally, they conclude that accumulation of TME in soils of paddy field 
due to the use of pesticides and fertilizer may increase contamination of rice in 
the long term.

Chapter 6 concerns local community perception on water and health. Vincent 
Herbreteau and colleagues report the results of a questionnaire-based survey con-
ducted to assess the exposure of households to potential water pollutions in order to 
better understand their behaviour regarding the use of water and recourse to health 
services. This study focusing in localities upstream and downstream of the Mae 

S. Morand et al.
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Thang Reservoir (see Chap. 5) stresses both economic inequalities and lack of 
surveillance.

The last chapter (Chap. 7) of this first part reviews the results conducted on meli-
oidosis, a tropical disease caused by a soil-dwelling bacterium Burkholderia pseu-
domallei transmitted from contaminated soil or surface water, in Laos during two 
intensive campaigns. An important finding emphasized by Yves Buisson and his 
colleagues is that, because a high proportion of water samples were positive down-
stream of a heavily contaminated terrestrial site, contamination by water runoff 
from land reservoirs is likely to be of epidemiological importance.

The third part of this book includes contributions on how climate change and 
land use change are affecting the ecology and distribution of mosquitoes and par-
ticularly those that are vectors of major infectious diseases such as malaria, dengue 
and chikungunya.

In Chap. 8, Ranjan Ramasamy and colleagues stress the importance of physio-
logical adaptation of mosquitoes to brackish water. Anopheles culicifacies (vector 
of malaria) and Aedes aegypti and Aedes albopictus (vectors dengue and chikungu-
nya) can develop in brackish water collections in coastal areas of South and 
Southeast Asia. They may cause serious new threats as their populations can expand 
in these coastal zones with climate change and rising sea levels due to global 
warming.

Hans J. Overgaard, Wannapa Suwonkerd and Jeffrey Hii describe in Chap. 9 the 
effect of land use on malaria vector density, species diversity and insecticide resis-
tance in northern Thailand. They emphasize on the use of landscape analysis as a 
tool in vector control strategy development and show that an increase in landscape 
diversity, particularly forest fragmentation, reduces malaria vector diversity and 
density. Their chapter argues for an intersectoral collaboration between the public 
health and agricultural sectors, to develop and implement integrated pest and vector 
management (IPVM) strategies and insecticide resistance management plans.

In Chap. 10 Padikkala Kandiyil Sumodan and his colleagues compare the mos-
quito fauna in rubber plantations from Thailand and India and contrasted it with 
mosquito fauna in fragmented forests from Northern Thailand. They observed that 
in both rubber plantations and forests, Aedes albopictus was the most frequent mos-
quito. The use of geometric morphometrics tools allowed to distinguish the popula-
tions, potentially invasive, in rubber plantations from the ones, potentially native, in 
fragmented forests. Rubber plantations (RP) in Asia represent millions of artificial 
breeding sites for dangerous mosquitoes: they could be responsible for the drastic 
increase and recent planetary importance of Aedes albopictus populations.

Monitoring, data acquisition and also data banking are the subjects of the 
fourth part, which starts with Chap. 11 on the need to rescue epidemiological data. 
Marc Choisy and his colleagues presented the aims of modelling epidemiology 
and their roles for public health. They further emphasized how public health data 
that have been extensively collected in many parts of the world can be exploited 
in an efficient manner. With the support of Bill & Melinda Gates Foundation-
funded Vaccine Modeling Initiative, they presented some achievement on dengue 
fever in Southeast Asia.

1 Introduction to Socioecological Dimensions of Infectious Diseases and Health…
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In Chap. 12, Edi Prifti and Jean-Daniel Zucker illustrate the growing  applications 
of next-generation sequencing (NGS) technologies to human health. They discuss 
some of the challenges faced by metagenomic data acquisition and their subsequent 
analysis. The chapter concludes with the idea that there are significant benefits in 
building capacities for developing high-level scientific research in metagenomics in 
developing countries.

Claire Lajaunie and Serge Morand, in the last Chap. 13 of this fourth part, sum-
marize some of the outcomes of the project Pathogen Diversity in Southeast Asia 
(PathodivSEA). They emphasize the importance of advancements in barcoding, 
biobanking and e-banking, which favour data, samples and knowledge sharing. A 
particular attention is given on the ethical and legal norms as well as industrial and 
economic standards that could overlap.

Three chapters are included in the fifth part dealing with the management of 
health risks.

Marion Bordier and her colleagues, in Chap. 14, describe the methods of priori-
tization of diseases as an essential tool for policymakers in charge of allocating 
resources for surveillance and control programmes. They present an innovative way 
based on the use of an electronic-based questionnaire, as a method to identify crite-
ria allowing differentiations among zoonoses and their impacts in Southeast Asia.

In Chap. 15, Muriel Figuié and Stéphanie Desvaux document the logics under-
pinning the management practices of farmers facing an emerging disease. They 
explore how Vietnamese farmers responded when called upon to collaborate to the 
international fight against the virus H5N1. The results of their survey showed that 
local management of the disease did not (and cannot) fit with the precautionary 
approach promoted by the international community.

Alexandre Bouchot and Marion Bordier, in Chap. 16, present the strategy of one 
major actor of the international community, the World Organization for Animal 
Health (OIE). Among others, OIE promotes strong partnerships, notably with FAO 
and WHO, with regard to two topics that require a strong multi-sectoral collabora-
tion at all levels because of their social, economical and ecological determinants: 
rabies and antimicrobial resistance.

The last part of this book includes contributions on new approaches for develop-
ing new strategies for health, societies and environment.

In the first chapter (Chap. 17) of this last part, Valérie Boisvert and her col-
leagues overview the concept of ecosystem services formed at the interface of sci-
ence and policy, where it was grounded neither in ecological nor in economic 
theories. This concept is questioned on how a sustained market development can 
maintain a harmonious combination of human activities and environmental protec-
tion. Finally, the authors conclude that the notion of ecosystem services does not 
provide an adequate framework to deal with vulnerability and risk.

In Chap. 18, Angela Yang, Peter M. DiGeronimo and Alexandre Azevedo 
emphasize that the state of our ecosystems is integral to the conservation and sus-
tainable management and that the health of the environment cannot be segregated 
from our own health. This needs to examine health from a global stance through 
holistic strategies as “One Health”.

S. Morand et al.
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In the last chapter (Chap. 19), Aurélie Binot and Serge Morand suggest that the 
lessons learnt from several community-based, participatory and adaptive manage-
ment initiatives could be promoted in the frame of a “One Health” approach’s 
implementation. This will improve risk communication and help turn rhetoric into 
reality.

We hope this book will be stimulating and that students and researchers in health 
in Southeast Asia (and more broadly in Asia) will find in it examples and encourage-
ment to get a broad perspective, to integrate multidisciplinary approach and to 
favour cross-sectoral exchanges.

References
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    Chapter 2   
 Climate, Environment and Epidemic Febrile 
Diseases: A View from Chinese Medicine 

             Dominique     Buchillet    

    Abstract     Chinese classics of medicine and medical records abound in reference to 
epidemic febrile diseases. Along with famine due to crop failures, droughts, fl oods and 
wars, they exerted a heavy burden on Chinese populations throughout the ages. The 
early classics of medicine (e.g.  Huang Di Nei Jing ,  Nan Jing ,  Shang Han Lun , about 
200 B.C.–220 A.D.) credited epidemic diseases to the invasion of the body by patho-
genic cold and wind, classing them into the category of “cold damage disorders”. With 
the creation of the “School of Warm Diseases” (Qing Dynasty, 1644–1911), a new 
conception of epidemic diseases emerged: distinction between “warm diseases” and 
“cold damage disorders”, role of a warm “epidemic (or pestilential)  qi ” or “epidemic 
toxin” in their occurrence, body invasion through the mouth and nose, high conta-
giousness, specifi city of the epidemic  qi  according to the species (human or animal) 
and the nature of the epidemic disease, favouring role of severe climatic and environ-
mental conditions in their emergence, etc. This paper reviews the evolution of medical 
perceptions on epidemic diseases through Chinese classics of medicine. It stresses the 
importance of the growing awareness of variations in local and regional environments 
(with their climatic, epidemiological and medical specifi cities) in the refashioning of 
discourses and practices relative to epidemic diseases in Chinese medicine.  

    This paper was written when I was a member of the research unit UMR_D 190 “Emergence des 
Pathologies virales”, Aix Marseille University, French Institute of Research for Development 
(IRD) and French School of Public Health (EHESP) (13005, Marseille, France) and located at the 
Center of Excellence for Vectors and Vector-Borne Diseases (CVVD), Faculty of Sciences, 
Mahidol University at Salaya, Thailand. 

        D.   Buchillet      (*) 
     Medical Anthropologist (Retired), IRD-French Institute 
of Research for Development ,   Marseille ,  France   
 e-mail: dominique.buchillet@gmail.com  
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2.1         Introduction 

 In the past, China was repeatedly struck by epidemic febrile diseases. Along with 
famine due to crop failures, droughts, fl oods, warfare and other social turbulences, 
they exerted a heavy burden on Chinese populations throughout the ages. 1  Prior to 
the Ming Dynasty (1638–1644), epidemic diseases ( yi  疫 or  wen yi  温疫, literally 
“warm epidemics”) or also pestilence ( li  疠) were credited to abnormal climatic 
conditions, in particular to excessive or unseasonable cold. In the late Ming Dynasty 
and early Qing Dynasty (1644–1911), a new conception of epidemic febrile dis-
eases emerged: they are ascribed to heterogeneous pestilential  qi  ( li qi  疠气) or to 
warm epidemic toxins ( wen du  温毒) which exist in the environment and whose 
emergence is favoured by abnormal climatic and environmental conditions and/or 
social turbulences. After a brief consideration of some fundamental concepts in 
Chinese medicine   , 2  this chapter reviews the evolution of medical perceptions on 
epidemic febrile diseases from the early classics of medicine to the foundation of 
the “School of Warm Diseases” in the nineteenth century.  

2.2      Qi ,  Yin-Yang ,  Wu Xing  (“Five Movements”),  Zang-Fu  
(“Organs”) and  Bing Yin  (“Aetiology”) 

2.2.1     Qi 

 In Chinese philosophy,  qi  气 3  is the fundamental substance which, through its con-
stant movements and changes, produces everything in the natural world. In medi-
cine, it refers to a subtle matter with a strong vital force and in constant movement. 
It is the fundamental substance for the constitution of the human organism of which 
it maintains the vital activities. Each phase of life of the individual, from birth to 
decay and death, is connected to it. The  qi  of human beings originates from the 
congenital essence, food and water and from the inhaled air. Chinese medicine 
distinguishes various kinds of  qi  according to their origin, distribution and specifi c 
functions within the organism which, as a matter of fact, are different manifesta-
tions and functions of the individual  qi  once formed:  yuan qi  元气 (“original  qi ”) 
which is the driving force of the vital process. It derives from the congenital essence 
inherited from one’s parents and depends for its development of the postnatal 

1   A fi rst apprehension of the concept of warm diseases in Chinese medicine has been published in 
French in 2010 (see Buchillet  2010 ). 
2   On fundamental concepts in Chinese medicine in western languages, see Liu ( 1988 ), Zhen ( 1995 ), 
Marié ( 1997 ), Kaptchuk ( 2000 ) and Maciocia ( 1989 ). 
3   Qi  has been translated in English as “vital energy”, “energy”, “vapour”, etc. However, none of 
these translations are able to capture the different meanings of  qi  according to the Chinese thought. 
It is why I keep the original word in Chinese. 

D. Buchillet
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essence acquired from water and food. Its main function is to promote the growth 
and development of the organism,  zong qi  宗气 (“ancestral  qi ”, also translated as 
“ qi  of the chest” because it gathers in the chest), which results from the combina-
tion of inhaled air and nutritive essences of food and water. It is transported by the 
spleen to the lungs and stimulates and regulates the rhythmic movements of respi-
ration and heartbeat,  ying qi  营气 (“constructive/nutritive  qi ”), which derives from 
the nutritive substances of food and water and produces, transforms, pushes and 
contains the blood in the blood vessels. It is a fundamental factor for the nourish-
ment of the body,  wei qi  卫气 (“defensive  qi ”) which circulates on the surface 
body, regulates sweating, warms up the organism and defends it against exogenous 
aggressions and  zheng qi  正气 (“right  qi ”) which is the body’s healthy  qi  as opposed 
to the pathogenic one ( xie qi  邪气). In Chinese medicine, the term  qi  is also used 
to refer to the physiological activities of body organ systems ( zang fu zhi qi  脏腑之
气, “organ  qi ”) and channels and network vessels ( jing luo zhi qi  经络之气, “chan-
nels and network vessels  qi ”), to the seasonal ( liu qi  六气, “six  qi ” or “six climatic 
confi gurations”) or abnormal ( liu yin  六淫 or  liu xie qi  六邪气, “six excesses” or 
“six climatic perversities”) climatic conditions, to an external pathogen which 
lurks within the organism ( fu qi  伏气, “latent  qi ”) and, fi nally, to the second level 
of penetration of a warm-heat pathogen within the organism ( qi fen  气分, “ qi  
level”).  

2.2.2     Yin-Yang 

  Yin  阴 and  yang  阳 are two opposites but interdependent principles which refl ect the 
inherent duality of beings and phenomena in the universe. Through their constant 
movements and mutations (opposition, divisibility, mutual control and balance, 
transformation into one another, etc.), they are the foundation of everything and 
every change in the universe.  Yin  and  yang  are relative (e.g. there is no absolute  yin  
or  yang ) and interdependent (e.g.  yin  does not exist without  yang  and  yang  does not 
exist without  yin ). Furthermore, their relation is constantly changing, and, under 
certain circumstances, they may transform into one another. In Chinese philosophy, 
the theory of  yin - yang  is a way of explaining the nature and the universe. Initially, 
these two principles referred to the shady and sunny side of a slope. Later, the theory 
was applied to other domains: climate (cold/hot), season (autumn-winter/spring- 
summer), location (lower/upper, left/right, interior/exterior), orientation (north/
south, west/east), movement of things and phenomena (passive/active, descending/
ascending), gender (female/male), etc. In medicine, this theory pervades anatomy, 
physiology, aetiology, pathogeny and therapeutics: for example, the body surface 
and back are  yang , while the interior and abdomen are  yin ; body organs are  yin  or 
 yang  according to their form, functions and depth within the body; a disease is  yang  
when it is caused by external pathogens and  yin  when it is due to internal causes; 
drugs are also classifi ed as  yin  or  yang  according to their nature, fl avour and func-
tions. Health is the balance of these two principles within the body, while pathology 
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results from their imbalance. In the latter case, we speak of “excess” ( shi  实) or of 
“defi ciency” (or “vacuity”  xu  虚) of  yin  or  yang .  

2.2.3     Wu Xing (“Five Movements”) 

 The theory of  wu xing  五行 is a development of the  yin-yang  theory. 4     According to 
Chinese philosophy, events and phenomena within the universe result from the 
movement and mutation of fi ve basic substances, namely, wood, fi re, earth, metal 
and water. They correspond to phases of mutation of  qi  generated by the succession 
of  yin  and  yang . Each movement has specifi c characteristics: wood ( mu  木) bends 
and straights up, fi re ( huo  火) burns and rises, earth ( tu  土) receives the seed and 
gives crops, metal ( jin  金) is malleable and takes other shapes, and, fi nally, water 
( shui  水) moisturizes and fl ows downwards. These movements are interdependent 
and infl uence each other: we speak of promotion or subjugation. It is said, for exam-
ple, that water promotes wood which promotes fi re, etc., but water subjugates fi re 
which subjugates metal, etc. Applied to medicine, this theory explains the physio- 
pathological relations between body organ systems.  

2.2.4     Zang-Fu (“Organs”) 

 According to Chinese medicine, the human body is an integrated whole containing 
fi ve  zang  organs 脏 (e.g. heart, lung, spleen, liver and kidney) and six  fu  organs 腑 
(e.g. gallbladder, stomach, small and large intestines, urinary bladder and triple 
burner). 5  The  zang  organs are  yin  because they are perceived as being located deeper 
within the body and their common functions are to produce, transform, regulate and 
store fundamental substances ( qi , blood, essence and body fl uids). The  fu  organs are 
 yang  because of their more external location in the body. Their common functions 
are to receive and decompose parts of solid and liquid food that will be transformed 
into fundamental substances and to transport and excrete the waste. The  zang-fu  
organs are interconnected by the system of channels and network vessels. They are 
conceived as complex and interdependent functional systems: each  zang  organ is 

4   In English,  wu xing  五行 is often translated as “fi ve elements” by analogy with the notion of 
“ element” as a basic constituent of nature in the ancient Greek philosophy (Maciocia  1989 ). As 
 xing  literally means “movement” or “process” and as the theory of  wu xing  emphasizes movement 
and change, its translation as “fi ve movements” appears more adequate. 
5   The  san jiao  三焦 (triple burner or three burners) refers to three areas (or burners) of the body 
cavity which include the different organs with their functional activities: one distinguishes the 
upper (e.g. heart/pericardium and lungs), middle (e.g. stomach and spleen) and lower (e.g. liver, 
kidneys, bladders, small and large intestines, and the womb in women) burners. It is the way of 
circulation of the  qi  within the organism which stimulates the physiological activities of body 
organs and fl uids. 
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coupled with a  fu  organ, a sense organ, a body tissue, a body fl uid, an emotion, a 
sound and also a specifi c movement, climatic factor and season. The lung, for exam-
ple, which is located in the upper part of the body cavity (or upper burner, see note 
5), is related to the large intestine ( fu  organ), nose (sense organ), skin and body hair 
(body tissue), nasal secretions (body fl uid), sadness (emotion), sob (sound), metal 
(movement), dryness (climatic factor) and autumn (season). Therefore, when 
Chinese medicine speaks of the lung, it refers to the system of the lung with all its 
connections and functions. The human body is thus conceived as a microcosm 
within the macrocosm of the universe. Z ang-fu  organs are related on physio- 
pathological levels: their functions are interdependent, and a disease may pass from 
one organ system to another.  

2.2.5     Bing Yin (“Aetiology”) 

 If health is the result of the balance of  yin  and  yang  within the organism, it also 
depends on the harmony of human beings with the natural world. Nature provides a 
favourable environment to the existence of human beings, and human organism 
regulates and adapts to the changes that occur in the environment. All environmen-
tal events (e.g. seasonal climatic conditions, unseasonable weather, environmental 
alteration, etc.) affect the individual, including his health state. When the organism 
fails to adapt, disease may appear. 

 In Chinese medicine, abnormal climatic changes may invade the body, causing 
diseases. Usually, wind ( feng  风), cold ( han  寒), summer heat ( shu  暑), dryness 
( zao  燥), dampness ( shi  湿) and fi re/heat ( huo/re  火/热) 6  are normal climatic factors 
related to specifi c seasons according to the theories of  yin-yang  and  wu xing . They 
are collectively called the “six  qi ” or “six climatic confi gurations” ( liu qi  六气). 
Wind usually occurs in spring although it may appear in other seasons; cold is asso-
ciated with winter, summer heat with summer, dryness with late summer, 7  damp-
ness with autumn and fi re/heat with any other season. The six  qi  are necessary to the 
life and growth of human beings and normally do not cause disease. However, 
when they act out of their regular temporal sequence (e.g. heat during winter), 
manifest excessively or change abruptly (e.g. rapid alternation of cold and heat) and 
when body resistance is low, they may cause a disease. Becoming the “six excesses” 

6   The terms “fi re” ( huo ) and “heat” ( re ) are often used interchangeably in works about Chinese 
medicine. They refer however to different realities. Firstly, there is a difference of degree between 
them (e.g. heat is lesser than fi re). Secondly, fi re as a pathogenic climatic factor refers either to 
summer heat ( shu ), to an extreme heat that may occur at any season or to the transformation into 
fi re of another climatic perversity within the organism (e.g. cold contracted in winter may trans-
form into heat and extreme heat may give way to fi re). Finally, one distinguishes the “lesser fi re” 
( shao huo  少火), which is essential to the physiological activity, from the “vigorous fi re” ( zhuang 
huo  壮火) or pathogenic fi re which may injure the  qi . It becomes an internal cause of disease 
(Marié  1997 ). 
7   Late summer is a period of ten days around the summer solstice. 

2 Climate, Environment and Epidemic Febrile Diseases: A View from Chinese…



14

( liu yin  六淫) or “six climatic perversities” ( liu xie qi  六邪气), they are said to enter 
the organism through the skin and body hair or through the nose and mouth and to 
work their way inwards, causing various kinds of functional disorders. Wind is usu-
ally considered as the precursor of exogenous febrile diseases. It acts as a support 
and vehicle for the other excesses and also reinforces their virulence. The six 
excesses may change in nature according to the individual constitution: for exam-
ple, pathogenic cold may turn into internal heat when individual constitution is 
characterized by an excess of  yang . In some cases, they may stay latent within the 
organism and emerge later under another nature (see  infra ). Finally, they do not 
affect people in a similar way. This depends on the relative force or weakness of the 
individual  zheng qi  as opposed to that of the  xie qi  which is infl uenced by constitu-
tion, physical activity, alimentation, lifestyle, emotional state, etc., of the person. 
Body resistance (e.g. the strength of the individual  zheng qi ) is thus the determining 
factor in the emergence of a disease, while the pathogenic factor is only a contribut-
ing factor. 

 The six excesses manifest in the patient’s body with different signs and symp-
toms. Some are common to every disease (e.g. fever and aversion to cold which 
express the invasion of the body by a pathogen), while others depend on the spe-
cifi c nature of the excess(es) involved. For example, due to its mobile and chang-
ing nature, wind manifests in the patient’s body with inconstant and moving 
symptoms such as erratic pains, pruritus or cutaneous eruptions which change 
places, spasms, trembling, etc. While cold manifests with headaches, body pains, 
spasms (e.g. one quality of cold is to contract), etc., heat presents with high fever, 
sensation of hot body, sweating (e.g. heat opens the pores), aversion to heat and 
search for cold, redness of the face and eyes, etc. Given its tendency to damage 
body fl uids, it can also produce thirst, dry tongue, rare dark urines, etc. When in 
excess, it may transform into fi re and then concentrate on a specifi c spot of the 
body, giving way to ulcers, abscesses, furuncles, etc. In this case, Chinese medi-
cine speaks of “heat toxin” ( re du  热毒) or “warm toxin” ( wen du  温毒) (see 
 infra ).   

2.3     Epidemic Febrile Diseases in Early Classics of Medicine 

 According to early classics of medicine, exogenous febrile diseases (including 
 epidemic febrile diseases) are due to abnormal climatic conditions. Actually,

  [They are] understood within the traditional system of cyclical change at the basis of the 
Chinese agrarian calendar. (Hanson  2011 ) 

   They are ranged in the general category of  shang han  伤寒 (“cold damage disor-
ders”) whatever the nature of the causative climatic pathogen or the clinical mani-
festations of the disease. In this way   , diseases presenting with a rapid evolution, 
pronounced signs and symptoms of heat and a tendency to damage the  yin  – and 
hence called “warm diseases” ( wen bing  温 病 ) or “heat diseases” ( re bing  热病) – 
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belong to this category. 8  For example, Chap. 31 (paragraph 1) of the  Huang Di Nei 
Jing – Su Wen 黄帝内经-素问  (“Classic of Internal Medicine of the Yellow 
Emperor – Plain Questions”) 9  states that warm diseases belong to the category of 
cold damage disorders ( shang han  伤寒). 

 Moreover,  Su Wen  3 (paragraph 13) stresses that the exposition in winter to 
pathogenic cold may manifest in spring as a warm disease, and  Su Wen  31 (para-
graph 8)  further specifi es that pathogenic cold contracted in winter may manifest as 
a “warm disease” in spring or as a “heat disease” in summer. Therefore, pathogenic 
cold may stay latent (or lurk) within the organism and give way later to a disease of 
another kind. In this way, the so-called warm and heat diseases result from the trans-
formation of pathogenic cold into warmth or heat within the organism. At that time, 
pathogenic cold and wind were understood as the main causes of exogenous febrile 
diseases (including epidemic febrile diseases), and warm diseases were considered 
a kind of cold damage disorders. 

  Su Wen  72 (paragraphs 7 and 8) refers to fi ve kinds of seasonal febrile diseases 
which are related to the fi ve movements (e.g. earth, water, metal, wood and fi re), 
“easily pass between people” and manifest with the same degree of severity regard-
less of the person’s age. It further states that persons with a strong  zheng qi  are not 
affected by them (see Van Nghi  1973 /1991). 

 The absence of a clear distinction between cold damage disorders and warm 
diseases is also apparent in the  Nan Jing  难经 (“Classic of Diffi cult Issues”) written 
slightly later and which discusses certain theoretical problems presented by the  Nei 
Jing – Su Wen . The 58th diffi cult issue distinguishes fi ve “kinds of harm caused by 
cold”:  zhong feng  中风 (“wind stroke”),  shang han  伤寒 (“cold damage disorder”), 
 shi re  湿热 (“damp-heat attack”),  wen bing  温病 (“warm disease”) and  re bing  热
病 (“heat disease”) (Unschuld  1986 ). In these two early classics of medicine,  shang 
han  refers to the category of exogenous febrile diseases brought on by unseasonable 
weather and also to a specifi c febrile disease caused by pathogenic cold. Nowadays, 
it only refers to diseases resulting from a cold injury. It is also the modern term for 
typhoid fever. 

 This conception was retaken by Zhang Ji (Zhang Zhong-Jing, 150–219) in his 
master essay  Shang Han Lun  伤寒论 (“Treatise on Cold Damage Disorders”) 10  

8   Warmth is an attenuated form of heat. In works devoted to Chinese medicine, the denomination 
“warm diseases” ( wen bing ) refers interchangeably to warm and heat diseases. 
9   The  Huang Di Nei Jing  (“Classic of Internal Medicine of the Yellow Emperor”) or, in short,  Nei 
Jing  (“Classic of Internal Medicine”), which is ascribed to the legendary emperor Huang Di, was 
probably compiled by unknown authors at different periods from the Warring States Period (475–
221 B.C.) to the Eastern Han Dynasty (25–220 A.D.). It is a synthesis of the different currents of 
thought and clinical observations and experiences of these periods. It consists of two parts:  Su Wen  
素问 (“Plain Questions”) which establishes the theoretical foundations of Chinese medicine and 
gives the descriptions of numerous diseases and  Ling Shu  灵枢 (“Spiritual Pivot”) which is more 
devoted to acupuncture and moxibustion. References to the  Huang Di Nei Jing – Su Wen  were bor-
rowed from Van Nghi ( 1973 /1991), Liu ( 2001 ), Unschuld ( 2003 ) and Kong ( 2010 ). 
10   The  Shang Han Lun  is part of Zhang Ji’s original text entitled  Shang Han Za Bing Lun  伤寒杂
病论 (“Treatise on Cold Damage Disorders and Miscellaneous Diseases”) that was lost during the 
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written in reaction to the series of deadly epidemics which swept out various 
 provinces during the last decade of the Eastern Han Dynasty (25–220). 11  Zhang Ji 
was an offi cial of Changsha, capital city of the Hunan province, which was then 
located in the “south” (nowadays, South Central China). In the preface of the 
 Treatise , Zhang Ji alluded to the death of two-thirds of his clan members in less than 
ten years, seven out of ten from exogenous febrile diseases. This situation inspired 
him to study the characteristics of the epidemics which were sweeping out his prov-
ince. Looking back on ancient medical texts and collecting the medicinal formulas 
of his contemporaries, he wrote the  Shang Han Lun  in which he provided a theoreti-
cal framework for the diagnosis and treatment of exogenous febrile diseases. 
Focusing on pathogenic cold and wind to which he credited these deadly epidemic 
diseases, Zhang Ji showed that exogenous febrile diseases may progress according 
to six stages within the organism, three  yang  and three  yin , namely, the  tai yang  
(“greater  yang ”),  yang ming  (“ yang  brightness”),  shao yang  (“lesser  yang ”),  tai yin  
(“greater  yin ”),  shao yin  (“lesser  yin ”) and  jue yin  (“attenuated  yin ”) stages. 12  In the 
 san yang  (e.g. the three  yang  stages), the disease involves the six  fu  organs, while in 
the  san yin  (e.g. the three  yin  stages), it implicates the fi ve  zang  organs. Only the  tai 
yang  stage (e.g. the fi rst of the  yang  stages) is an exterior condition. Each stage is 
marked by specifi c syndromes. Syndromes (or “patterns”,  zheng  证) are specifi c 
constellations of signs (e.g. characteristics of the pulse, tongue form, colour and 
largeness, tongue moss characteristics, etc.) and symptoms (sensation of hot body, 
fever more or less high, thirst, sweating, aversion to cold or wind, headaches, agita-
tion, fear of heat, etc.) which vary over the time during the course of the disease 
according to the relative strength or weakness of the pathogenic factor and to that of 
the individual  zheng qi , the location of the disease within the organism and also the 
organ system affected. In the  san yang , for example, the  zheng qi  is strong despite 
the predominance of the pathogenic factor, hence the symptoms of excess and heat; 
in the  san yin , there is a gradual weakening of the  zheng qi , hence the symptoms of 
cold and defi ciency. Syndromes usually appear in an isolated way. In some cases, 
two or more syndromes may appear simultaneously. In addition, one syndrome may 
transform into another. Warm diseases are referred to in the  tai yang  stage where 

numerous wars of the late Eastern Han Dynasty. Fragments of the original treatise have been found 
some decades later. The section devoted to cold damage disorders was arranged and edited by 
Wang Xi (Wang Shu-He, 210–285), a palace physician of the Western Jin Dynasty (220–265), into 
the book we know now as  Shang Han Lun  (“Treatise on Cold Damage Disorders”). The sections 
of the original manuscript devoted to the study of different types of diseases (including digestive, 
gynaecological and paediatric disorders) were rearranged later into the book entitled  Jin Kui Yao 
Lue  金匮要略 (“Synopsis of Prescriptions of the Golden Chamber”). The citations in this article 
are borrowed from the translation of the  Shang Han Lun  by Mitchell et al. (see Shāng Hán Lùn 
 1999 ). 
11   119 disasters including epidemic diseases have been reported during the late Eastern Han 
Dynasty (see Qu et al.  1994 ). 
12   It should be noted that  tai yang ,  yang ming ,  shao yang ,  tai yin ,  shao yin  and  jue yin  are the names 
of the six pairs of major channels to which one refers to in acupuncture and moxibustion. In the 
 Shang Han Lun , they are referring to different stages of penetration of the exogenous pathogens 
within the organism and not to the channels. 
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Zhang Ji differentiated four syndromes:  zhong feng  中风 (“wind stroke”),  shang 
han  伤寒 (“cold damage disorder”),  wen bing  温病 (“warm disease”) and  feng wen  
风温 (“wind warmth”).  Wen bing  and  feng wen  are defi ned as follows:

  When in greater  yang  disease [there is] heat effusion and thirst, without aversion to cold, 
[this] is a warm disease. If, after sweating has been promoted, there is generalized scorch-
ing heat [e.g., sensation of hot body], this is called wind-warmth. (line 6; see Shāng Hán 
Lùn  1999 ) 

   As it can be seen, warm diseases and wind warmth are specifi c syndromes into 
the category of cold damage disorders. Zhang Ji developed a system of diagnosis 
and treatment of syndromes based on the six stages of progression of the disease 
within the organism. As he did not suggest any specifi c medicinal formulas for 
warm diseases, the latter have been treated during centuries according to the general 
principles established for cold damage disorders, e.g. mainly by warm and acrid 
substances. 13  

 In the  Zhu Bing Yuan Hou Zong Lun  诸病源候论 (“Treatise on Causes and 
Symptoms of Various Diseases”, 610), the fi rst Chinese medical encyclopaedia 
compiled by Chao Yuan-Fang (550?–630?) and collaborators, unseasonable or 
excessive weather is still seen as the cause of epidemic febrile diseases:

  Epidemic diseases belong to the same category as diseases due to an infl uence contrary to 
the season, and as diseases due to a hot infl uence or a warm infl uence, for they all originate 
from the fact that, in the course of one year, the infl uences of the solar periods have not been 
in harmony, that cold and hot are out of order, that violent wind and heavy rain suddenly 
occur, or that fog and dew take too long to dissipate. Most of the time this causes epidemic 
diseases among the people, the manifestations of which are the same for the young and for 
adults alike and evoke the ferocity of demons. That is why they are also called pestilential 
diseases ( yi li bing  疫疠病). (fascicle 10; translated in Despeux  2001 ) 

2.4        First Critics to the Cold Damage Theory 

 It was during the Song-Jin-Yuan Dynasties (960–1368) that the approach developed 
by Zhang Ji for the diagnosis and treatment of exogenous febrile diseases began to 
be challenged. During the Northern Song Dynasty (960–1279), a wave of deadly 
epidemic diseases, “mostly southern in origin” (Goldschmidt  2009 ), swept out 
Chinese provinces. They were possibly favoured by the ongoing movements of 
migration from the north to the south, the growth of the volume of trade, the expan-
sion of trade routes and the growing urbanization (Goldschmidt  2009 ). Anxious to 
fi nd a cure for them, the imperial government distributed remedies to the people 
and, in 1057, instituted a “Bureau for Revising and Printing Medical Treatises” 
which was charged to collect, revise, edit and publish old and contemporary 

13   Such as  ma huang  ( Herba ephedrae ) ou  gui zhi  ( Ramulus cinnamon cassiae ). Acrid substances 
have the property to “clear the surface [of the body]”. In warm diseases, however, they may dam-
age body fl uids and favour the progression of the disease within the organism (Liu  2001 ). 
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treatises of medicine. Consequently, earlier medical treatises (including the  Shang 
Han Lun  of Zhang Ji) enjoyed a greater divulgation among scholarly physicians and 
became the objects of annotated and critical editions. It was during these periods of 
recurring epidemic diseases that physicians began to point out the inadequacy of the 
conventional theory on epidemic diseases and the ineffi ciency of traditional reme-
dies in the context of contemporary diseases. In the early twelfth century, the inva-
sion of northern China by Jurchen people coming from Manchuria which culminated 
with the foundation of the Jin Dynasty (1115–1271) led the Song Imperial Court to 
fl ee to the Yangzi Delta and to set up the Southern Song Dynasty (1127–1279) in 
Hangzhou, Zhejiang province. The boundaries of China now extended to the 
Lingnan (“south of the Ling ranges”) region (modern-day Guangdong and Guangxi 
provinces). This shift of the Han civilization towards the south

  fostered regional awareness among physicians […] who began to identify differences in 
climates, environments, bodily constitutions and medical conditions between northern and 
southern regions and populations of China. (Hanson  2011 ) 14  

   That is why some scholarly physicians from Northern and Southern China began 
to condemn their contemporaries for their exaggerated observance of old canons of 
medicine, for their indiscriminate use of ancient therapeutic approaches that were 
not tailored to the nature of contemporary diseases and/or to the different climates 
and regions of China and also for paying little attention to the symptoms of warm 
diseases which, according to them, lead them to confuse cold damage disorders 
with warm diseases. It is also during the Jin-Yuan Period that the term  wen bing  
began to take the meaning of “epidemic febrile diseases”. These, however, were still 
linked to abnormal climatic conditions (Obringer  2010 ). 

 Pang An-Shi (1042–1099) emphasized the need to adapt traditional medicinal 
formulas to the different climates and bodily constitutions of China. He alluded, for 
example, to the fact that  gui zhi tang , the warm acrid Cinnamon Twig Decoction 
prescribed in the Treatise on Cold Damage Disorders, should be adjusted to suit the 
climate and location of the patient: e.g. it could be administered in any season to 
patients living in the north or west of China but only in winter or spring to those 
living in South Central China where the weather was warmer (Warm Disease 
Theory – Wēn Bìng Xué  2000 ; Liu  2001 ). In the  Shang Han Zong Bing Lun  伤寒总
病论 (“General Treatise on Cold Damage Disorders,” 1093), he advanced another 
aetiology for seasonal febrile diseases. These are not the result of abnormal climatic 
conditions but are caused by an extremely virulent  qi  ( yi qi  异气) (Obringer  2010 ). 
The concept of “pestilential  qi ” ( li qi ) advanced by Wu You-Xing during the late 
Ming Dynasty shows some relationship with this notion of an abnormally “virulent 
 qi ” (Obringer  2010 ). 

 Liu Wansu (Liu Shou-Zhen, 1110–1200), the founder of the “Cold and Cooling 
School of Medicine” ( Han Liang Xue Pai  寒凉学派), recommended the use of 

14   Differences in climates, environments, bodily constitutions and nature of diseases, foods and 
therapies were fi rst alluded to in  Su Wen  12 which divided China into fi ve directions ( wu fang  
五方, e.g. east, west, north, south and centre). On the theory of  wu fang  and the resulting regional-
ist perspective in medicine, see Hanson ( 2011 ). 
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 bitter, acrid and cold herbs in the treatment of exogenous febrile diseases. He also 
stressed that exogenous pathogenic factors may transform into fi re within the organ-
ism and that emotional disturbances (e.g. the internal causes of diseases) also lead 
to the formation of fi re/heat within the body (Liu  2001 ). 

 Zhang Yuan-Su (Zhang Jie-Gu), a physician of the twelfth century, advanced the 
view that, given the changing conditions between ancient and modern times, physi-
cians should discard traditional medicinal formulas in the treatment of the new 
 diseases and also devise a system of their own:

  In the ordinary course of events, when one is treating [a new] disease, one does not use the 
old remedies… The movements of the internal ethers are not the same. The past and the 
present follow different tracks, and to use the old remedies for the new illnesses is ineffec-
tive. (Cited by Elvin  1973 ) 

   A further example of the scepticism towards the  Shang Han Lun  is illustrated by 
Wang Lu (Wang An-Dao, 1332–1391) who denounced the confusion made by his 
contemporaries between cold damage disorders and warm diseases to which he 
credited the therapeutic ineffi ciency of cold damage formulas and he proposed spe-
cifi c therapeutic formulas for these two categories of diseases. Contending that old 
remedies were ineffective for present-day diseases, he also advocated the need to go 
against the tide of the classics of medicine (Hoizey  1988 ; Liu  2001 ).  

2.5     From Cold Damage Disorders to Warm Diseases 

 The late Ming Dynasty (1368–1644) and early Qing Dynasty (1644–1911) mark a 
decisive turning point into the conceptual and medical approach of exogenous 
febrile diseases. These periods were marked by a series of natural disasters, famines 
and widespread deadly epidemic diseases ( da yi  大疫 “great epidemic disease”). 
For example, about 19 major epidemic outbreaks with countless deaths have been 
registered between 1408 and 1643, in especial during the years 1639–1643 (Wang 
et al.  1999 ). In 1641, the worst year of the period, 79 localities from ten provinces 
were affected. There were epidemic diseases at all seasons of that year, the worst 
being in spring and summer (Elvin  1973 ; Dunstan  1975 ). Mortality rates varied 
between 20 % and 90 % according to the localities (Elvin  1973 ). The nature of these 
epidemic diseases is uncertain. Various aetiologies have been proposed: pneumonic 
and septicaemic plague, haemorrhagic infl uenza, anthrax, cerebrospinal fever and 
bubonic plague   . 15  

15   According to Dunstan ( 1975 ) and Benedict ( 1986 ), the aetiology of bubonic plague is improba-
ble given the absence in contemporary local gazetteers and medical works of any clear mention of 
buboes (the most characteristic symptom of the disease) and of widespread death of rats prior to 
the outbreak of the disease in humans. Actually, rat epizootics and buboes or enlarged lymph 
glands are the criteria used by medical historians to establish a retrospective diagnosis of bubonic 
plague through historical sources. 
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 In 1641, the physician Wu You-Ke (Wu You-Xing, 1580–1660), a native of 
Suzhou (present-day Jiangsu province, Jiangnan region, South China), observed the 
rapid progression of the epidemic diseases in each village and family. He also noted 
the therapeutic ineffi ciency of cold damage formulas which he explained by the 
wrong appraisal, by his contemporaries, of the aetio-pathogeny and clinical mani-
festations of the epidemic diseases. After an extensive research, he concluded on the 
distinct nature of epidemic febrile diseases and cold damage disorders. In the  Wen 
Yi Lun  温疫论 (“Treatise on Warm Epidemic Diseases”) written in 1642, e.g. one 
year after the 1641 deadly epidemics, he proposed a new aetiology and natural his-
tory for epidemic febrile diseases which can be summarized as follows 16 :

    1.    Epidemic febrile diseases are not directly caused by climatic factors acting out 
of their proper time or when in excess (e.g. the six excesses). They are instead 
caused by a great variety ( za  杂 “miscellaneous”) 17  of “pestilential  qi ” ( li qi  疠
气) which reside in the nature (lit. between “Heaven and Earth”,  tian di  天地). 
Therefore, the nature of epidemic diseases varies according to the specifi c nature 
of the pestilential  qi  (“One [epidemic] disease, one [pestilential]  qi ”).   

   2.    Pestilential  qi  are shapeless and invisible to the naked eye, and they are only 
perceived through their effects within the body.   

   3.    They have a warm or hot nature and attack people at their will (e.g. at any 
season).   

   4.    They may be contracted from the contaminated atmosphere ( tian shou  天受, lit. 
“received from heaven”) or via personal contact ( chuan ran  传染). In both cases, 
the disease is the same.   

   5.    Pestilential  qi  enter the body through the nose and mouth rather than through the 
skin and body hair as it was postulated before.   

   6.    Once in the organism, pestilential  qi  lodge into the “membrane source” ( mo yuan  
膜原) 18  located in the chest where conventional therapies could not get at them.   

   7.    Human beings and animals are affl icted by specifi c pestilential  qi ; moreover, 
pestilential  qi  differ according to animal species (e.g. diseases in oxen, sheep, 
chickens or ducks are caused by specifi c pestilential  qi ).   

   8.    Pestilential  qi  manifest in the body with the same signs and symptoms of the six 
excesses. They differ however from them by their greater virulence and conta-
gious power. They pass from one person to another and diffuse widely and 
quickly between people. They may invade the healthiest organisms and affl ict 
everyone in the same way regardless of the age and physical constitution of the 
person.    

16   On the  Wen Yi Lun , see Dunstan ( 1975 ), Hoizey ( 1988 ), Liu ( 2001 ), Obringer ( 2010 ), and Hanson 
( 2011 ). 
17   The term  za  (“miscellaneous”) alludes to the existence of various types of pestilential  qi  which 
produce different kinds of epidemic diseases of varying virulence (Obringer  2010 ; Hanson  2011 ). 
18   The “membrane source” ( mo yuan  膜原) is located between the stomach and the muscle layer at 
mid-distance from the inner and outer parts of the body. Wu You-Xing elaborated a special formula 
(the decoction  da yuan yin ) to reach this area, diminish the heat, dry the dampness and favour the 
circulation of the  qi  within the organism in order to expel the pestilential  qi  (Liu  2001 ; Hanson  2011 ). 
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  Pestilential  qi  are, therefore, not directly brought on by abnormal seasonal 
 conditions. Their emergence is also unpredictable. The views expressed in the  Wen 
Yi Lun  in response to the great epidemics of the period 1639–1644 (as the  Shang 
Han Lun  was written in reaction to the epidemics of the late Eastern Han Dynasty) 
were radically different from the conventional seasonal explanation of epidemic 
diseases derived from the conception of the harmony between the body microcosm 
and the universe macrocosm. The  Wen Yi Lun  inspired studies on diseases caused by 
warm and heat factors which led to the foundation of the “School of Warm Diseases” 
( Wen Bing Xue Pai  温病学派) during the Qing Dynasty. 

 During the Qing Dynasty, a wave of severe epidemic diseases swept out again 
various regions and provinces, in especial the Jiangnan region. The four main theo-
reticians of the School of Warm Diseases are native of this region. They differenti-
ated warm diseases from cold damage disorders and proposed new systems of 
diagnosis and treatment. 

 In  Wen Re Lun  温热论 (“Treatise on Warm-Heat Diseases”), the Suzhou physi-
cian Ye Tian-Shi (Ye Gui, 1667–1746) distinguished four levels ( si fen  四分) in the 
progression of a warm disease within the body, each one presenting with specifi c 
syndromes: “defensive level” ( wei fen  卫分), “ qi  level” ( qi fen  气分), “constructive/
nutritive level” ( ying fen  营分) and “blood level” ( xue fen  血分). Usually, warm-
heat pathogens attack fi rst the body surface (e.g. the defensive level), impairing the 
body defence functions which are linked to the lung system, skin and body hair. The 
most important symptoms at this level are fever, slight aversion to cold and small 
increased thirst. Other potential signs and symptoms are sneezing, nasal congestion, 
sore throat and cough, headache, red-tipped tongue, fl oating and rapid pulse, etc. 
At this level, the disease is considered as mild. In cases it is left untreated or improp-
erly treated, the warm-heat pathogen will progress to the  qi  level or directly to the 
other levels, causing different syndromes. When it reaches the last level (e.g. the 
blood level), it leads to a loss of blood, hence blood vomiting, nosebleed, haemop-
tysis, bloody stools and urines, purple or black skin eruptions, deep-red tongue, etc. 
Other potential symptoms are fever, restlessness or delirium, coma, etc. Ye Tian-Shi 
designed a system of differentiation of syndromes based on the progression of the 
disease according to the four levels. With this system, the physician may anticipate 
and follow the progression, transformation and worsening of a warm disease from 
the beginning to the end, judge its severity and also differentiate the syndromes over 
the course of the disease. 19  

 Ye Tian-Shi also clarifi ed the notion of latent  qi  or lurking pathogen ( fu qi  伏气 
or  fu xie qi  伏邪气). As seen above, the possibility for a pathogen to lurk for a while 
within the organism was fi rst alluded to in the  Nei Jing – Su Wen . However, the 
concept of latent or lurking pathogen was only developed by the School of Warm 
Diseases. A lurking pathogen is a pathogen which invades the body at a specifi c 
season and incubates within the organism where it changes its nature and emerges 
later either by itself or stimulated by the attack of another pathogen. Ye Tian-Shi 

19   On differentiation of syndromes in warm diseases according to the four levels, see Warm Disease 
Theory – Wēn Bìng Xué ( 2000 ) and Liu ( 2001 ). 
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distinguished two kinds of diseases caused by a lurking pathogen:  chun wen  春温 
(“spring warmth”) and  fu shu  伏暑 (“lurking summer heat”). The fi rst results from 
the invasion in winter of the body by pathogenic cold which transforms into heat 
within the organism before emerging as a warm disease with the warmth of spring; 
the second results from the aggression in summer of the body by pathogenic sum-
mer heat which lurks within the organism and then combines with dampness in 
autumn or winter before emerging at this or that season. Diseases due to a lurking 
pathogen present with symptoms of internal heat (e.g. fever, dry mouth, thirst, dark 
urines) are more serious and have a longer evolution than diseases manifesting 
immediately after the attack of the body by a warm-heat climatic pathogen. 20  

 In  Shi Re Tiao Bian  湿热条辩 (“Differentiation of Damp-Heat Diseases”), Xue 
Xue (Xue Sheng-Bai, 1681–1770) discussed on the aetio-pathogeny, differentiation 
and treatment of damp-heat diseases. He showed that heat was somehow trapped 
into dampness (hence, the high fever but without any sensation of hot body) result-
ing in a blockage of the  qi  which cannot circulate anymore within the organism. It 
is thus necessary to disperse dampness, refresh heat and favour the circulation of  qi  
in the body (Warm Disease Theory – Wēn Bìng Xué  2000 ; Liu  2001 ). 

 In  Wen Bing Tiao Bian  温病条辨 (“Systematic Differentiation of Warm 
Diseases”, 1798), Wu Tang (Wu Ju-Tong, 1758–1836) expanded the theory devel-
oped by Ye Tian-Shi and set up a complementary system of differentiation of syn-
dromes based on the pathological changes in the triple burner or upper, middle and 
lower body cavities where warm or hot pathogens may stagnate. 21  In this way, warm 
diseases are differentiated into three categories according to their location in the 
three burners. Usually, a warm disease initiates in the upper burner. If left untreated, 
it will successively invade the middle and lower burners. With this diagnosis sys-
tem, it is possible to locate the disease and follow its progression within the body. 
Wu Tang distinguished six types of  wen bing , namely,  feng wen  风温 (“wind 
warmth”),  wen re  温热 (“warm heat”),  wen du  温毒 (“warm toxin”), 22   wen nue  
温疟 (“warm malaria”), 23   shi wen  湿温 (“damp warmth”) and  shu wen  暑温 (“sum-
mer heat warmth”). Wu Tang also differentiated warm diseases in two categories 

20   On lurking pathogens and associated diseases, see Warm Disease Theory – Wēn Bìng Xué 
( 2000 ) and Liu ( 2001 ). 
21   See note 5 above. 
22   The concept of “toxin” ( du  毒) in Chinese medicine differs from that of western medicine where 
it is related to a toxic protein released by some bacteria. In Chinese medicine, “toxin” refers to 
three different realities: toxic nature of herbs, particular patterns in dermatology (e.g. herpes zos-
ter) and toxic warm heat which may manifest within the body with localized symptoms (e.g. local 
redness, swelling and pain, sometimes also local eruptions or open ulcerations). Three main dis-
eases in Chinese medicine are understood in reference to the concept of warm toxin: “big head 
fever” ( da tou wen  大头温), “putrefying throat eruption” ( lan hou sha  烂喉沙) and “throat-
entwining wind” ( chan hou feng  缠喉风). These diseases somehow overlap certain diseases of 
western medicine, respectively erysipelas or mumps, scarlet fever and diphtheria (Dunstan  1975 ; 
Hoizey  1988 ; Warm Disease Theory – Wēn Bìng Xué  2000 ; Liu  2001 ). 
23   In Chinese medicine, the term  nue  疟 refers to diseases which manifest with regular alternation 
of chills and fevers and sweating (Liu  2001 ). Of course, it is impossible to assert with any degree 
of certainty that diseases described in the past with these symptoms are really malaria. 
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according to the presence or absence of dampness, and he proposed specifi c 
 therapeutic principles for each stage and syndrome. Finally, he described the aetiol-
ogy and pathogeny of the disease known under the name of “big head fever” ( da tou 
wen  大头温) which is due to an attack of the head and face by pathogenic warmth 
or heat, hence the swollen and redness of this body part. Medical and historical 
records show that this disease was responsible of severe epidemic outbreaks during 
the 1580s (Dunstan  1975 ; Hoizey  1988 ; Liu  2001 ). 

 In  Wen Re Jing Wei  温热经纬 (“Warp and Woof of Warm-Heat Diseases”, 1852), 
Wang Meng-Ming (Wang Shi-Xiong, 1808–1867) showed the close dependence of 
summer heat and dampness. He also proposed different treatments for warm lurking 
diseases and diseases following an initial attack by a warm climatic pathogen. 
Finally, he warned against the use of too cold remedies in the early stage of a warm 
disease due to their potentiality to “congeal” the warm-heat pathogen (Liu  2001 ). 

 Other physicians elaborated on the differences between cold damage disorders 
and warm diseases, devoted books to specifi c epidemic diseases (e.g. smallpox, 
measles, scarlet fever, cholera, bubonic plague, etc.), further studied the pathomech-
anism of warm toxins or attempted to reconcile the theory of warm diseases with 
that of cold damage disorders (Hoizey  1988 ; Liu  2001 ; Hanson  2011 ). Wang Meng- 
Ming, for example, who observed the incursion of cholera in Hangzhou in 1837, 
dedicated a book on seasonal and unseasonal forms of choleric affections. 24  

 Nowadays, Chinese medicine distinguishes various categories of warm diseases 
according to their season of emergence, the nature of the climatic pathogen involved 
and the fact that they occur after the initial attack or after a phase of latency:  feng 
wen  风温 (“wind warmth”) and  chun wen  春温 (“spring warmth”) in spring,  shu 
wen  署温 (“summer heat warmth”) in summer,  shi wen  湿温 (“damp warmth”) in 
the late summer,  qiu zao  秋燥 (“autumn dryness”) and  fu shu  伏暑 (“latent or lurk-
ing summer heat”) in autumn or winter and, fi nally,  dong wen  冬温 (“winter 
warmth”) in winter when temperature is abnormally high. Each of these diseases is 
characterized by specifi c syndromes according to the body level affected and its 
location in the triple burner.  

2.6     Conclusion 

 The School of Warm Diseases introduced important changes into the medical per-
ceptions and apprehension of the natural history, aetio-pathogeny and evolution of 
exogenous febrile diseases and epidemic diseases. Although the concept of warm 

24   The modern term for cholera is  huo luan  霍乱. In the past, in China as in Europe, the term 
“ cholera” was used to refer to the seasonal or sporadic diarrhoea. In 1841, e.g. during the third 
pandemic of cholera, John Snow fi rst demonstrated the aquatic nature of the disease. However, its 
causal agent was only discovered in 1883 in Calcutta and Alexandria by the German bacteriologist 
Robert Koch. Since that time, the term “cholera” refers only to this affection. On Wang Meng-
Ming’s perception of cholera, see Hanson ( 2011 ). 
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diseases was present in the early treatises of medicine which ascribed them to the 
transformation into heat of pathogenic cold contracted in winter, this concept took 
another meaning with the development of this school of thought. It shows that warm 
diseases and cold damage disorders have a different nature and that warm diseases 
are brought on by warm-heat pathogens. Depending on the nature of the climatic 
pathogen, they may appear at any season. They are characterized by a rapid onset 
and evolution, with predominance of heat symptoms, and they readily injure body 
fl uids. They may also occur under an endemic or an epidemic form. For example, 
damp-heat diseases are more common in humid and warm coastal regions of 
Southeast China than in dry and cold regions of the Northeast (Liu  2001 ). 

 The School of Warm Diseases also introduced new aetio-pathogenic concepts for 
epidemic febrile diseases: heterogeneous pestilential  qi  and epidemic toxins; inva-
sion of the body by the nose and mouth; warm nature of pestilential  qi  or of epi-
demic toxin; specifi city of pestilential  qi  according to the nature of the epidemic 
disease and to the species (e.g. humans, animals and between animal species); and 
favouring role of extreme climatic, social or environmental conditions (e.g. droughts, 
fl oods, famines, wars and other social turbulences, etc.) in their outbreak. 

 Two schools of thought on exogenous febrile diseases exist today in China: the 
School of Cold Damage Disorders and the School of Warm Diseases. Both have 
developed specifi c diagnosis and therapeutic approaches. The identifi cation of pat-
terns according to the six stages is used in the diagnosis and treatment of diseases 
caused by pathogenic wind and cold. The four layers and triple burner approaches 
are used in the diagnosis and treatment of warm diseases. Nowadays, both serve as 
a conceptual and diagnosis tool for the differentiation of the underlying syndromes 
of a wide range of infectious (e.g. eruptive fevers, Japanese encephalitis, typhoid 
and paratyphoid fevers, dengue fever, HIV/AIDS, scarlet fever, mumps, etc.) and 
not infectious (e.g. burns, allergies) diseases of western medicine, including some 
emerging diseases such as the H5N1 infl uenza or the severe acute respiratory syn-
drome (SARS   ). 25  

 The theory on warm diseases arises from a thousand years of clinical observa-
tions and therapeutic experiences during the various epidemic diseases which 
plagued China over the time in different environments and regions. It results from 
the failure of other schools of thought to successfully treat warm diseases and epi-
demic febrile diseases. As some scholars have put it, 26  this shift in the medical per-
ceptions on infectious and epidemic diseases may be related to the changing nature 
of epidemic diseases over the time and also to the physicians’ growing awareness of 
local and regional environments with their climatic, epidemiological and medical 
specifi cities.     

25   On the apprehension of viral infl uenza and SARS within the framework of  wen bing , see Tiquia 
( 2010 ) and Hanson ( 2011 ). 
26   On the impact of the regional perspective in medicine on the formation of the School of Warm 
Diseases, see Hanson ( 2011 ). 
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    Chapter 3   
 Long Life of People Living with HIV/AIDS 
and the Practice of Medical Power 

             Malee     Sitthikriengkrai      and     Chayan     Vaddhanaphuti   

    Abstract     As the AIDS virus was brought into the public consciousness toward the 
end of the twentieth century, the initial response around the world including Thailand 
contributed to AIDS becoming one of the most feared and controversial diseases in 
modern medical history. The Thai government initial response was to launch a cam-
paign “AIDS is death” and to portray people living with the disease in a negative 
light. This led to the stigmatization and discrimination of people living with HIV/
AIDS (PLHIV). This chapter describes the history and responses to HIV/AIDS 
from a sociocultural perspective by showing how PLHIV in Thailand had a way to 
interpret the meaning of their problem and how they took power into their own 
hands through the formation of self-help groups and through redefi ning the way 
they lived with the disease. The chapter analyzes how PLHIV, through the platform 
of self-help groups, have organized themselves using antiretroviral drugs as an orga-
nizing tool and how these actions not only transformed the lives of PLHIV but 
changed the power relations within Thai society. An attempt is made to understand 
how the practice of medical power, realized through antiretroviral drugs, controlled 
and managed PLHIV and how they, through negotiation, assumed hegemonic medi-
cal control.  

3.1          Introduction 

 Toward the end of the twentieth century, the disease known as “acquired immune 
defi ciency syndrome” (AIDS) sent shockwaves all over the world including 
Thailand. Since then there has been an unprecedented global response to the dis-
ease, and the implementation of national, strategic, and institutional partnership 
approaches has been instrumental in making responses more effective and scaling 
up treatment. However, in the early years, the initial global response was to embark 
on scare tactics. In Thailand there was the constant bombardment of people with the 
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message “Contacting AIDS leads to death” while, at the same time, portraying peo-
ple living with HIV/AIDS 1  (PLHIV) as helpless with thin emaciated bodies, dark 
complexions, and infl icted wounds. It was hoped that such a campaign would have 
made people fearful of the disease preventing its spread to the larger population. 
This approach had negative effects and, instead, led to stigmatization and discrimi-
nation of PLHIV as evidenced in Northern Thailand during the period 1992–1995, 
where many families and communities had fear of contagion, made value-based 
assumptions, and had negative attitudes directed at PLHIV. This prejudices mani-
fested in discriminatory practices such as maltreatment and abuses, the consequence 
of which resulted in people being ostracized by their family, peers, and community 
making it diffi cult to live a normal life and being forced into hiding. Though HIV/
AIDS-related stigma and discrimination was still pervasive in the lives of PLHIV, in 
Northern Thailand, people slowly started to come to terms with their HIV status and 
disclosed themselves to the public. Many traveled to the city of Chiang Mai to con-
nect with their peers and organized themselves into self-help groups where they 
could provide each other with psychosocial support and share experiences about 
common issues. The response to HIV/AIDS in Northern Thailand later became rec-
ognized nationally and internationally as best practice in dealing with this fatal 
disease. 

 It is important to note that the success of these self-help groups was not in the 
discovery of a cure for HIV/AIDS but, rather, that, through its approach, became its 
own proponent of the rights of its constituency and created a new source of power 
through the fl ow of ideas, information, alliances, and strategies (Reich  2002 ). In 
addition, the participation in these groups enhanced their quality of life, decreased 
isolation and feelings of shame, improved self-care behaviors, and created mutually 
empathetic relationships among members (Madiba and Canti-Sigaqa  2012 ). Their 
knowledge on self-care was accumulated from their own experiences and shared 
among peers with each of them applying this shared knowledge to their own situa-
tion. These self-help groups became a social space that created a sense of belonging 
for PLHIV, allowing them to meet, consult, support, and share their suffering and 
loss with each other and neutralize stigma (Tanabe  2008a ). In 1996–1997, the fi rst 
antiretroviral drug, zidovudine (AZT), was introduced on an experimental basis by 
the Thai government in order to contain the transmission of HIV/AIDS from mother 
to newborn baby (Shaffer et al.  1999 ). At that time, the cost of AZT was extremely 
high, making the drug inaccessible to PLHIV, and it was only until 2002 that the 
Thai government passed the National Health Insurance Act enabling all PLHIV to 
have access to antiretroviral drugs (ARTs). Mortality rates among PLHIV have 
sharply decreased from an average of 3,979 per annum during 1983–1993 to 2,164 
per annum during 1995–2011. This downward trend is evident with only 307 cases 
reported on 15 November 2011 (Bureau of Epidemiology  2011 ). It was observed 

1   The term HIV/AIDS is used throughout this chapter when referring to either HIV or AIDS. It is 
noted, as per the UNAIDS Guidelines, that the term AIDS refer to the advanced state of the HIV 
infection. 

M. Sitthikriengkrai and C. Vaddhanaphuti



29

that one of the major reasons for the increase in life expectancy of PLHIV was due 
to the fact that they had access to antiretroviral drugs ( Im-em n.d. ). 

 This article aims to explain the development of HIV/AIDS from a sociocultural 
perspective. It seeks to delineate how PLHIV in Northern Thailand explained their 
own problems and how they established their groups and networks and constructed 
a new meaning of the disease in such a way that it was something they could man-
age and live with. More importantly, the paper will examine how ARTs had altered 
social relations among the PLHIV. It will also seek to analyze how medical power, 
realized through ARTs, controlled and managed PLHIV and lastly how they 
responded to such control.  

3.2     Medical Power, the Defi nition of Risk Group, 
and the Exclusion of Alternatives 

 The outbreak of HIV/AIDS in Thailand began in 1984. Through the Ministry of 
Public Health, Thailand’s response was to adopt an epidemiological approach to 
control and prevent the spread of the disease by separating PLHIV from what they 
thought were “normal” and healthy people. In identifying those infected by the 
disease, high prevalence of HIV/AIDS was found among who they considered to be 
“high risk.” These “high-risk” groups 2  included men who have sex with men 
(MSM), sex workers, those who have “high-risk” sexual behavior, transgendered 
men and women, and injecting drug users. This fi nding led to unprecedented dis-
crimination and prejudice directed at those involved in what were considered 
socially unacceptable activities such as sex work and drug use. 

 The discourse that HIV/AIDS is linked to groups such as gay men and people 
who are “promiscuous” and, as a consequence, creates social problems has led to 
double stigmatization of key high-risk populations as defi ned from a medical point 
of view. The effects of this stigmatization were worse for those in Thai society who 
were already marginalized because of their gender, sexuality, ethnicity, or substance 
abuse. The discourse on who spreads the disease, who is “dangerous,” and who is 
“polluted” comes from the knowledge constructed through epidemiological prem-
ise aimed at identifying what they called “high-risk” groups so as to manage, con-
trol, and contain the spread of HIV/AIDS. This is similar to the case of ethnic 
Haitians who were listed by the Centers for Disease Control (CDC) as one of the 
four “high-risk” groups in the United States (USA) for HIV/AIDS. This labeling 
subsequently sparked off a new wave of discrimination of Haitian people with many 
losing their jobs and fi nding diffi culties obtaining accommodation, accessing 
health-care services, and fi nding schools for their children (Farmer  1992 ). 

 The state’s policy of control and prevention of HIV/AIDS during this period was 
largely based upon the epidemiological logic, which aims at defi ning the “agent” of 

2   More recently the term “key populations” is preferred to the term “high-risk” groups. The term 
“high-risk” group is thought to increase stigma and discrimination. 
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epidemiology. As a result, policies to build asylums for PLHIV; voluntary blood 
testing among employment seekers, immigrants, and emigrants; and so forth were 
quickly adopted and implemented. These policies were based on the idea of screen-
ing PLHIV in order to set them apart from the rest of Thai society. While these poli-
cies and practices might be able to reduce the spread of the disease to some extent, 
they stigmatized PLHIV as evil and dangerous “others” who spread fatal diseases to 
other people. As a consequence, PLHIV were not the only ones affected by stigma 
and discrimination but so too were their family and relatives. Although the Thai 
state was able to construct discourses on key populations and the spread of HIV/
AIDS to convince Thai people to refrain from risk behavior, it could not contain the 
epidemic. Research indicates that the 1990s was the most severe era of the HIV/
AIDS epidemic in Thailand, and since 2002, a drop in new infections has led to a 
decrease in HIV/AIDS incidence as has HIV/AIDS-related deaths (Punyacharoensin 
and Viwatwongkasem  2009 ). 

 Apart from being discriminated against by their family and community, PLHIV in 
Northern Thailand were largely excluded from alternative healing systems. In 1994, 
news spread about a herbalist who had discovered a “herbal tonic” which could 
“cure” HIV/AIDS and improve health conditions attracted the attention of many 
PLHIV (Bangkok Post, 25 Feb  1994 ). This herbalist was hailed as the “Divine 
Doctor” who could transform the life of those who were “hopeless and suffering” of 
incurable diseases. The Ministry of Public Health adopted an oppositional stance and 
ordered the Chiang Mai Provincial Offi ce to arrest the herbalist who was subse-
quently charged for deceiving the public on the basis that he did not have professional 
credentials and that he falsely claimed that his herbal tonic could cure HIV/AIDS. 

 From defi ning the key populations at higher risk of HIV/AIDS exposure to 
excluding alternative healing practices, medical institutions had largely assumed the 
sole power of defi ning truth. As Ivan Illich ( 1976 ) observes, medical institutions are 
no different from industrial institutions; it emphasizes specialization, standardiza-
tion, and centralization through having the hospital as the core production unit, 
staffed with specialists, such as medical doctors, and equipped with modern tech-
nology ready to defi ne who is a “patient” (Lupton  1997 ). The medical institution is 
a professional institution, which uses professional certifi cation as a means to give 
legitimacy to those in the medical profession in order to diagnose and treat diseases, 
whereas those without such certifi cation have no legitimacy (Illich  1976 ). It should 
be noted that those in the medical profession defi ne their practice as an act of “con-
sumer protection.” Moreover, medical institutions assume the role of assisting soci-
ety to screen which medical practice is, indeed, worthy of professional standard, is 
scientifi cally sound, and is supported by research or proven effi cacious. They con-
stitute de facto governance, and any medical practice with a different norm will be 
disallowed, prohibited, and even charged with violating medical profession law. 
The arrest of the herbalist is a case in point. The practice of herbal medicine, whose 
theory and defi nition of illness is different to that of the Western science-based 
medical model, is viewed with distrust and is seen as illegitimate in treating HIV/
AIDS. As a result, PLHIV were excluded from the benefi ts of alternative medical 
practice.  
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3.3     Group and Network of People with HIV: 
Governmentality from Below 

 The response undertaken by the government in controlling and segregating PLHIV 
and their exclusion from alternative medical practice as described above did little to 
effectively prevent the spread of HIV/AIDS in Thailand. Their campaigns failed to 
create an understanding and awareness about HIV/AIDS, and moreover, it created 
and perpetuated stigma and discrimination of PLHIV resulting in ostracization from 
their community or living in seclusion at the back of their village. Community 
members stopped socializing with the families of PLHIV, avoided trading, and 
reduced regular contact with them. In several communities, community members 
refrained from sending their children to the same school that children of PLHIV 
attended or did not attend their funeral ceremony. 

 Stigma and discrimination faced by the PLHIV undermines their personal iden-
tity and capacity to cope with the disease and disrupts functioning in personal and 
social spaces. Despite this, many people constructed their own narratives, telling the 
public about their own suffering as a result of HIV/AIDS and of discrimination and 
challenged judgmental attitudes and assumptions about their sexual lives. Chayan 
Vaddhanaphuti ( 1999 ) observes that the self-transformation of PLHIV can be seen 
as a process of “self-disclosure and self-reconstitution.” It is a social movement in 
which the PLHIV engaged so as to live their life with dignity. Self-disclosure and 
self-reconstitution is a process to “redefi ne” the meaning of PLHIV as people who 
are still socially valuable and useful and who uphold moral standard. Self- 
reconstitution is seen as a formation of a network of learning and problem sharing 
and of self-help for PLHIV who negate the “disease-killing” approach and choose, 
instead, the alternative self-caring approach which emphasizes a “living with HIV” 
practice. The change from individual struggle to cope with HIV/AIDS to collective 
action through the process of self-disclosure and self-reconstitution is essentially a 
spatial contestation; it is a social movement of PLHIV from both rural and urban 
areas in Northern Thailand. Not all PLHIV groups and networks are successful; 
however, their experiences and lessons learned are worthy to be shared. 

 The self-disclosure and self-reconstitution movement became quite successful, 
on the one hand, in giving new lease of life to PLHIV who previously felt hopeless 
and, on the other hand, educating broader society about the epidemic, reducing 
social discrimination and enhancing knowledge and understanding among PLHIV 
themselves. Pimjai      , 3  one of the key members of a group of PLHIV in Chiang Mai, 
said: “Thanks for being infected by AIDS.” During 1993–1994, some PLHIV in 
rural Northern Thailand who gathered in Chiang Mai to demand that the authorities 

3   Pimjai is from Mae Rim District, Chiang Mai; she fi nished primary education and is now 48 years 
old. She knew that she contacted HIV+ when she got pregnant and decided to have an abortion. 
She suffered a great deal from social discrimination, but she was able to overcome it and turned her 
suffering into positive action by sharing her experiences with other PHAs. She became advisor 
cum counselor to those who had similar experience like her. She was selected as representative of 
PHA in national and international conferences. In 1997, she was awarded as Kon Dee Sri Sangkom 
(Distinguished Citizen of the Society) (see Suthisakorn  2007 ; Chaiprasitti  1994 ). 
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release their “Divine Doctor” decided to organize themselves as a self-help group. 
This group was initially called “Living with Nature” but later changed to “Friends 
of Life Center.” This center played an important role in connecting the self-help 
group with provincial authorities and medical doctors as well as assisting other 
groups and networks of PLHIV in rural areas. Several government or semigovern-
ment agencies, such as Red Cross Thailand, encourage the movement of self-help 
groups for PLHIV. As a result, the number of self-help groups in Chiang Mai 
increased rapidly from just a single group established in 1993 and later expanding 
to 63 groups. This phenomenon took off and, by 1998, grew to 196 groups in 
Northern Thailand (Network of NGOs against AIDS in Northern Thailand  1999 ). 
During this period, the major issues that these groups organized around were about 
giving emotional support to each other, improving their health care and getting sup-
port from government and nongovernment agencies. The issue of access to ARVs 
was not yet on the agenda. 

 The intriguing aspect of these self-help groups is that it was a new space created 
by those who share similar problems, that is, they were stigmatized and discrimi-
nated against by their family and their community. In this supportive climate of a 
group, they could engage with others and talk openly about the challenges of living 
with HIV, learn from each other’s experiences of health care, and provide psychoso-
cial support to each other. These are the crucial threads which bound them together. 
Shigeharu Tanabe sees this movement of self-help groups for PLHIV as govern-
mentality from below, meaning governmentality by the PLHIV which is drastically 
different from the control and provision of health care by modern medicine (Tanabe 
 2008b ). Through these self-help groups, PLHIV became empowered. They could 
fi nd their own solutions, choose alternative health-care systems including the usage 
of herbal medicine, adopt certain dietary preference, and pursue moral conduct 
according to a certain religious faith   . 4  It can be argued that governmentality from 
below by PLHIV is a response to the hegemony of modern medical power or the 
governmentality from above which excludes their alternatives to health care.  

3.4     People with HIV+ and Their Access to Antivirus 
Medication 

 Thailand began to provide ARTs to low-income people in 1992 under the policy 
adopted by the National AIDS Committee (NAC). In 1995, ARTs were given to 
pregnant women with HIV in order to reduce the transmission from mother to child. 

4   In Upper Northern Thailand, several Buddhist monks had played an important role in caring for 
PHAs. For example, monks from Doi Keung Monastery applied “spinning meditation” method to 
PHAs. The PHAs practiced mediation under the supervision of the monks. During the mediation, 
some PHAs vomited and threw up some foul liquid, which was believed to have AIDS virus from 
their body (see Chiralak Jongsathitman  1995 ). Another monk, Phra Pongthep, set up a hospice in 
Chiang Mai to care for the PHAs, most of whom had no place to go, had no income, and almost 
reached the last stage of their life. 
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Zidovudine (AZT) was used, but there was no clear policy to prescribe this drug for 
all patients. In 1996, Red Cross Thailand launched the Project to Reduce the 
Transmission of HIV from Mother to Child, a project implemented under the royal 
patronage of Her Royal Highness Princess Soamsawali    which provides funds to 
procure medicine for pregnant women. At the same time, the Ministry of Public 
Health implemented a 2-year pilot project in two regions of Thailand, starting from 
the North in 1997 and the Northeast in 1998. This project provided pregnant women 
with medication for a short-term period before delivery. The result shows that the 
risk of transmitting HIV/AIDS from mother to child was reduced to one out of two 
among mothers who did not practice breastfeeding, but no result was available 
among mothers who breastfed their child. 

 As a consequence, in 2000, the project was adopted nationwide to prevent the 
transmission of HIV/AIDS from mother to child by the use of AZT by 2007. The 
rate of infection, 25–30 %, was brought down to lower than 10 %. Other types of 
ARTs, such as nevirapine (NVP) and zidovudine (AZT), were also used in order to 
reduce the rate of infection (Offi ce of AIDS, Tuberculosis and Sexually Transmitted 
Diseases  2003 : 2). With a satisfactory result, the Ministry of Public Health pro-
ceeded to set up a national Project for Prevention of Transmission of HIV from 
Mother to Child in Thailand aimed at HIV-infected pregnant women and women 
with newborn babies. The project provided these women with access to counseling 
and voluntary blood testing services as well as the provision of powdered milk for 
their child. Unfortunately, the rest of the population of PLHIV had little access to 
ARTs, given that the price was quite high. HIV/AIDS practitioners, nongovernmen-
tal organizations, and government offi cials have all shared the same conclusion that 
the main obstacle which limited access to ARTs came from the exceedingly high 
price of the medicine. 

 It was during this time that the movement of self-health care, group support, and 
home visits undertaken by groups and networks of PLHIV was gradually reoriented 
toward access to antiretroviral therapy. People demanded the government to 
announce an offi cial policy and to ensure compulsory licensing in order to lower the 
price of AZT. In 1999, people gathered in front of the Offi ce of the Ministry of 
Public Health to demand the implementation of compulsory licensing. However, 
this demand was not met because the then Minister of Public Health opted to request 
the Government Pharmaceutical Organization to produce    didanosine (ddl) in pow-
der form instead. In 2006, many years later, there was a protest against the licensing 
of AZT + 3TC leading to the withdrawal of its license from Thailand by 
   GlaxoSmithKline Company. As a result, the price of antiretroviral drugs dropped 
substantially, and other pharmaceutical companies began to produce more antiretro-
viral drugs for the market. This enabled greater access to lifesaving medication. 

 Under the “   30 Baht Scheme for Every Disease” policy, PLHIV were able to pay 
for medical expenses incurred from opportunistic infectious diseases as well as for 
drugs that prevented the transmission of HIV/AIDS from mother to unborn child. 
However, the policy did not cover the expenses of antiretroviral drugs. As a result, 
institutions and HIV/AIDS activists and practitioners, again, demanded that the 
government increased the benefi ts and privileges to include access to antiretroviral 
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drugs. In addition, a buyers’ cooperative called the “Buyers’ Club” was formed to 
buy antiretroviral drugs from India where there was no compulsory licensing. HIV/
AIDS advocate community also coordinated with  Médecins Sans Frontières  
(Belgium) and    AIDS Access Foundation for information on sources of low-price 
drugs and how to negotiate with them. The Buyers’ Club operated at two levels: 
local and national. Groups at a local level provided information on treatment and 
care of opportunistic infections, side effects of antiretroviral drugs, and health mon-
itoring systems. At a national level, they were responsible for the provision of infor-
mation regarding the care of those who had side effects from antiretroviral drugs as 
well as employing tactics to fi nd cheaper drugs to sell to PLHIV who had no health 
insurance. The Buyers’ Club worked side by side with lobbyists at the policy level 
in order to keep the price of the antiretroviral drugs low. Later on, even though there 
was an attempt to include the cost of antiretroviral drugs in the National Health 
Insurance Scheme, several limitations on the part of the PLHIV made them non- 
eligible to the health insurance. For example, some groups did not trust the anonym-
ity of the system and were reluctant to use the services. As a result, the Buyers’ Club 
had to work closely together to fi nd cheap antiretroviral drugs through various chan-
nels for its members who could not access the state-supported health-care services 
or for those who did not want to disclose their HIV status, as well as those PLHIV 
who could not afford to pay for their drug by themselves. 5  

 At the same time, the Government Pharmaceutical Organization of Thailand pro-
duced a combination of anti-HIV medications consisting of three types of drugs in 
one tablet called GPO-VIR at a cost of 1,200–1,300 baht (Network of PWHIV/
AIDS, Thailand  2008 ). This obviously led to an increase in the number of people 
seeking antiretroviral therapy from Project ATC (Access to Care) resulting in the 
number of people on treatment increasing from 3,000 to 10,000 per year. In 2003, 
Thailand began to receive fi nancial support from the Global Fund to Fight AIDS, 
Tuberculosis and Malaria (GFATM) which rapidly augmented the number of people 
who could have access to antiretroviral drug up to 50,000 per year. This project, 
which is still in operation, is known as the National Access to Antiretroviral 
Programs for PLHIV (NAPHA). 

 In 2006, the “Baht 30 Scheme for Every Disease” was suspended; the govern-
ment came up with a more attractive scheme, which aimed to provide antiretroviral 
drugs to PLHIV under the Health for All policy. This meant that all PLHIV living 
in Thailand who were Thai nationals had full access to health care and antiretroviral 
drugs; however, non-Thai nationals were unable to access services and treatments. 
In 2007, a project known as NAPHA Extension was launched in order to provide 
such access for all PLHIV who were socially disadvantaged. It was an extension of 
the former NAPHA Project targeting those who had no privilege and had less oppor-
tunity to have access to health services, including transnational migrant workers, 
ethnic minorities, displaced Thais, and so forth. The project, fi nanced by GFATM 
covering the period of 6 years (2008–2014), aimed to reach 2,000 PLHIV in the 
whole country (NAPHA Extension ( n.d. ); Chitvarakorn  2010 ). 

5   This information was obtained from the interview conducted with Sister Aauw. See Sect.  3.5.2 . 
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 The success of antiretroviral drug provision, which covered PLHIV nationwide, 
came about from the close collaboration between the networks of PLHIV and 
NGOs. The demand for PLHIV to have access to antiretroviral drugs began in 1995 
when representatives of groups and networks of PLHIV met in order to fi nd ways to 
negotiate for their rights. They agreed to work together as a network asserting their 
rights to have access to better health-care services. Their move corresponded with 
the political situation at the time when the government wanted to expand its political 
base using a free health-care policy provided by the medical profession with the 
standardization of medical institutions. In Thai society, however, only Western 
scientifi c- based medicine is seen as the credible model. As a result, PLHIV and 
their networks had to seek health-care services under the National Health Insurance 
Scheme. In the absence of such schemes, most PLHIV who were from rural areas 
or working as laborers would never have been able to afford treatment. 

 On the one hand, it should be noted that the changing concept of self-care toward 
the adoption of antiretroviral therapy made PLHIV gain more confi dence in the 
health-care system and believe that antiretroviral drugs would enable them to live a 
longer life, that they would not die from an opportunistic infection, and that they 
would be able to live a normal life. On the other hand, it is observed that the state’s 
policy supporting ARTs also greatly altered the social relations among PLHIV, and, 
more importantly, it excluded them from other health-care practices. Formerly, 
PLHIV relied upon their self-help groups for information on self-care; they sought 
diverse means to treat their illness, and they involved traditional healers to work 
with them in searching for means to deal with their health problems as well as get-
ting psychological support from them. After the change, access to antiretroviral 
therapy reduced the “collective” self-health care to “individual” health care, making 
PLHIV more dependent on Western medicine (Lyttleton et al.  2007 ). In other words, 
modern medical practice expanded its power over to control PLHIV with their con-
sent. It did not force PLHIV to take antiretroviral drugs, but the PLHIV themselves 
were the ones who demanded for their right to have access to the drugs. We can, 
then, see that the governmentality from below was no longer a resistance, but collu-
sion with medical practice in expanding its power to care for PLHIV.  

3.5     ARV: The Practice of Power/Knowledge and the Body 
of the PLHIV 

 The body is a unit of analysis which postmodern sociologists have been interested 
in. As we can see from the 1970s, French philosopher Michel Foucault analyzed 
the way in which medical power acts upon the body or “anatomical atlas” as he 
called it (Foucault  1975 ). According to Foucault, our body is constructed through 
the surveillance of medical science. He contends that since the end of the eigh-
teenth century, the invention of treatment tools, such as stethoscope and micro-
scope, medical examination, postmortem autopsy, physiological knowledge, 
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psychology, surgery, X-ray, etc., largely empower those specialists who act upon 
the body. However, our body is not controlled only by medical power and knowl-
edge, but it is also regulated and controlled by surveillance from other institutions, 
such as educational facilities (schools), correctional facilities (prisons), mental 
health facilities (asylums) and the army, and so forth. For Foucault, modern medi-
cine is an institution which surveys bodies more than any other institution since it 
examines, investigates, and touches the fl esh and blood of the patients’ body with 
(or without) their consent. The patients often have minimal knowledge about medi-
cal practice. Undergoing surgical procedures, the patient’s body yields to medical 
power as if it is an object waiting for medical doctor’s tools to cut open, slice, 
examine, and alter it (Lupton  1994 ). 

 The life of PLHIV is under the surveillance of medical practice. The following 
case demonstrates how PLHIV become “docile bodies” for Western medicine, 
although, to some extent, they are able to negotiate and search for new knowledge. 

3.5.1     Damrong 

 Damrong, a 52-year-old man, is from Chiang Dao District, Chiang Mai. Coming 
from a lower middle-class family, his father worked as a government offi cial in this 
small town where he grew up. Damrong is good at dancing and fl ower arrangement 
and is a talented tailor. He became aware of his positive HIV status in 1993. He was 
one of those who demanded for the release of the “Divine Doctor.” Later on, he 
became a core member of an HIV/AIDS group known as “Living with Nature.” He 
became a resource person sharing his own experiences with other people so that 
they could gain better understanding about the problems faced by PLHIV. Sharing 
the suffering of stigma and social discrimination of other’s and providing counsel-
ing and psychological support to many PLHIV transformed Damrong from a hope-
less and stigmatized person into someone with a new and meaningful life. 

 Damrong often shared his experiences with other PLHIV as well as with diverse 
groups of people, such as government offi cials, NGO workers, academics, and stu-
dents. From each meeting with PLHIV, Damrong realized that he had learned many 
lessons, and he was able to cultivate friendships and expand his network. For 
instance, he was nominated to be a representative of PLHIV attending the First 
Asia-Pacifi c AIDS Conference in 1995. During this time he was ill, but, fortunately, 
he received advice from one of his international friends on how ARTs worked. As a 
result, he was among the fi rst group of PLHIV who tried ARTs although it cost him 
1,800 baht per day. Later, he participated in a research project which studied the side 
effects of the antiretroviral drug which meant that he did not have to pay for the drug 
anymore. However, he suffered from its side effects and had to change drugs every 
2–3 years. Sometimes, he took a certain kind of drug only 6 months and had to 
switch to another one.
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  I felt dizzy and I had diarrhea; my heart bounced and jittered. After I took the medicine for 
half of an hour, I felt dizzy. I could not do anything and then I got a fever, too. When I asked 
my doctor, he said that it was the side effect of the medicine, so I had to bear with it for six 
months more. It had not been improved and I wondered how long I had to bear with it. 

   Damrong regularly exchanged information with international PLHIV making 
him exceptionally well informed about the developments of antiretroviral drugs. He 
also received information from  Médecins Sans Frontières  and Access. He was quite 
competent to look after his own health. For example, he had monthly CD4 blood 
tests and viral load tests every 2 months, while more common practice was to have 
a CD4 test done every 2 months or when an opportunistic infection was detected. 
His special attention to his health meant that he had to pay for his own medical 
expenses. However, he tried to have his viral load tested when there was a dis-
counted rate or when there was a special occasion, such as on World AIDS Day or 
national holidays. 

 Later on, Damrong faced a new challenge when  Médecins Sans Frontières , who 
provided him with support so that he could have access to antiretroviral drugs, had 
to end its support. He then had to depend upon his Social Security and Health 
Insurance for All schemes. He learned how to use different kinds of antiretroviral 
drugs cleverly so that he could maximize his access to health insurance. In his view,

  Social security system in Thailand does not include Group 3. When I want to take Group 3 
totally, I cannot do it. Therefore I had to choose from the fi rst two groups which include 
AZT and ddl. This is mixed with the one which was developed by Government 
Pharmaceutical Organization, and together with one    tablet of PI 1 and a Calitha which is the 
main drug. Calitha contains    tenofovir mixed with AZT and ddl. All of this is the fi rst solu-
tion. Those who have the Gold Card (Health Insurance) can get it free. 

   Damrong gained knowledge on antiretroviral drugs and could analyze the pro-
cesses of how the drugs worked with his body. He had to be able to identify the drug 
he took and be aware of the time of the day he was supposed to take specifi c medica-
tion. He observed the changes which occurred in his body after the drug was taken 
and how the drug produced different effects analyzing which drug was suitable for 
his body at any given time. He prepared himself before he went to see his doctor, not 
as a passive player being informed of his diagnosis, but rather he turned himself into 
a key informant for his doctor who accommodated Damrong’s self-defi ned situa-
tion. He was very cautious not to let his life fall into the hands of an inexperienced 
doctor. For this reason, he paid careful attention to his health, and when he found 
any health issues, he would be even more vigilant in taking care of himself. If, 
despite his efforts, the situation was not improved, he would change the drugs he 
took, even though drug resistance had not yet occurred. Damrong believes that 
PLHIV must prepare themselves by knowing themselves, their experiences in tak-
ing drugs, their lifestyle, and any previous and current illnesses. Most importantly, 
PLHIV must know about the various drugs and their side effects. 

 As of today, Damrong is a core member of the Purple Group and remains an 
active mentor who gives advice on antiretroviral drug to PLHIV.  
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3.5.2      Sister Aauw 

 Sister Aauw, a core member of a group of PLHIV, was infected in 1992; she joined 
other PLHIV in demanding the herbal tonic. Later, she became a core member of, 
and played an important role in, the Friends of Life Center. Aauw was different 
from Damrong in that she began to take antiretroviral drugs in 2000 after she had 
been infected for 8 years. Before that, she took care of herself by taking herbal 
medicines. As a core member of PLHIV, she had an opportunity to gain information 
about antiretroviral therapy. She stated that when she was fi rst diagnosed, she read 
the Red Ribbon Magazine, published by the Red Cross Thailand, which gave infor-
mation about some registered drugs and their side effects. She learned that the side 
effects of efavirenz included strange dreams, motion sickness, and dizziness. She 
could not imagine what having strange dreams would be like. 

 Aauw decided to take antiretroviral drugs due to her CD4 count which dropped 
to a very low level, between 140 and 160, as well as her experiencing extreme 
weight loss. She was advised by a medical doctor to take antiretroviral drugs; she 
then sought for more information about these drugs by asking several doctors whom 
she knew. The fi rst treatment regimen she took was AZT together with ddl. She took 
the drugs for more than 1 year before she switched to efavirenz, 3TC, and 
AZT. During the period between 2002 and 2007, when she took efavirenz, she expe-
rienced several strange dreams.

  The dreams I often have are about something weird, strange, thrilling and challenging. 
Sometimes, I feel like someone was trying to attack me, I dreamed of seeing ugly earth-
worms; the dream was so clear and ugly that I wanted to vomit. The side effect always 
occurs after I take the drug for 40 minutes. It makes me feel motion sickness; my saliva 
turns sticky. I have to lie down and after that I feel I was in a swinging cradle. Sometimes, 
I feel my body spins on by itself. It occurs every day whenever I take the medicine. It puts 
me to sleep, but my body seems to struggle endlessly as if I do sleep. I feel very exhausted 
indeed. 

   In 2003, Aauw discovered that she had diabetes; she thought that it came from 
her use of antiretroviral drug for 3 years. At the end of 2007, Aauw’s weight dropped 
severely and she felt very exhausted. Her blood test showed that her CD4 count had 
decreased while her viral load had increased. Fortunately, she had no opportunistic 
infection. Her medical doctor prescribed two kinds of drugs from Group PI and 3TC 
for her. However, since the two kinds of drugs from Group PI were not included in 
the list of drugs under the Social Security Scheme, she decided not to change the 
drugs. More than that, she was afraid to readjust herself to the newly prescribed 
medication. She continued to take the drugs for 6 months to which she had devel-
oped drug resistance before she switched to Calitha, tenofovir, and 3TC, all of 
which were covered by her Social Security Scheme. 

 Both Damrong and Aauw were core members of the network of people living 
with HIV/AIDS. They had extensive experience in giving advice to other PLHIV. At 
the beginning, they provided a model of alternative health care for PLHIV, and later 
they decided to switch to antiretroviral therapy. Both of them had their unique ways 
to control and negotiate the use of ARTs. Damrong used networks of PLHIV, at 
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home and abroad, as well as NGOs for information exchanges, and learned how to 
deal with the problems of drug side effects. He did not have confi dence in medical 
doctors, especially those who just graduated, since they did not have any experi-
ence. Damrong had a “direct” experience taking several kinds of antiretroviral drugs 
and understood its side effects. He also had “indirect experience” because he 
belonged to a network of PLHIV which provided him with information, while he, in 
turn, reciprocated in sharing his experiences and giving advice to its members. In 
Aauw’s case, she was very fearful of the side effects, but she also tried to fi nd out 
more information by researching problems related to HIV, reading from books, and 
consulting with other PLHIV. She had learned to choose ARTs that suited her bio-
physical conditions. Even though she had to suffer a great deal from the side effects, 
she had never stopped taking the drugs with the reasoning that it was her last choice. 

 The social practice of these two cases can be seen from Anthony Giddens’ view 
as “refl exive project” (Giddens  1991 ). That is, an individual can articulate with a 
structure and negotiate with it, in order to make it serve his or her goals, an indi-
vidual who is not idle but is always ready to change. With this attribute, when the 
technology of medical power extends over and penetrates the body of the individual 
infected with HIV, they are bound to adapt themselves to the dynamics of treatment 
issues associated with antiretroviral therapy. However, at the same time, they always 
search for knowledge which enables them to be ready to respond and negotiate this 
dynamism to the extent that they are able to control themselves and develop self- 
responsibility in taking antiretroviral drugs. The experiences of Damrong and Aauw 
demonstrate that the body has become a space where medical science demonstrates 
that if they neither strictly take medicine on time nor undertake medical checkup 
according to the doctors’ order, some changes will defi nitely occur clearly in the 
body, for example, relocation of fat, strange dreams, dizziness, diarrhea, and so 
forth. Therefore, if they wish to get rid of these undesirable strange syndromes, they 
must take medicine as prescribed by medical doctor on time. Such a practice of 
medical power makes it necessary for PLHIV to strictly discipline themselves, and, 
at the same time, they have to search for more knowledge and learn from experi-
ences of other PLHIV. Medical science merely establishes a certain criteria for 
PLHIV to monitor their own syndromes, for example, CD4 testing and viral load 
tests. The surveillance by standardized medical science like this will reinforce the 
need among PLHIV to take greater control of their body and thus their health, with-
out orders from, or close supervision of, a medical doctor.   

3.6     Comprehensive Continuum of Care Center 
and the Integration of Technology of Power: 
A Conclusion 

 In modern medicine, a criterion for a continuing follow-up of medication PLHIV is 
known as “good adherence” which aims to contain the virus to the lowest amount at 
the longest period and, equally important, to prevent it from becoming drug 
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resistance. Previous studies show that ARTs require an adherence of more than 
95 % if it is going to be effective in containing the breakup of the virus. On the other 
hand, medical doctors would be concerned with the side effects which come from 
irregular drug intake or “poor adherence,” leading to drug resistance and the under-
development of immunity, conditions which easily lead to and invite opportunistic 
infections. Most importantly, PLHIV under this situation would have to change 
their antiretroviral drugs, which can result in greater expense. 

 As of 30 September 2010, there were 143,064 PLHIV who had been on antiret-
roviral drug (National Health Security Offi ce). In order to establish “good adher-
ence” among antiretroviral drug users, it is necessary to develop a good monitoring 
and follow-up system. As a result, the Comprehensive Continuum of Care Center 
was established in order to provide knowledge on drug use and monitor and study 
drug-use behavior and side effects. It was realized that to run the center effectively, 
one could not only rely on medical doctors and other medical personnel as they had 
limited knowledge and experience. PLHIV, with their extensive experience of anti-
retroviral drug usage, liaised between the new drug users and the medical doctors 
and personnel, using their vast and personal experiences to assist other PLHIV. They 
also negotiated with health-care providers so as to help them gain a better under-
standing of PLHIV. At times, they worked as medical aides, demonstrating the 
changes in the provision of health care. It can be seen that the network of PLHIV 
working with the Comprehensive Continuum of Care Center differed a great deal 
from the former one as observed by Tanabe ( 2008b ). In analyzing the dynamics of 
this network during 1994–1997, he contends that a network of PLHIV becomes a 
space where technology of governmentality plays itself out yet is also a public space 
where resistance and negotiations occur. In this “network of governmentality” 
which coexists with the “network of resistance,” the self-help group holds public 
power and is a “becoming” community. 

 The so-described network of PLHIV is essentially different from the one which 
worked with the Comprehensive Continuum of Care Center and forms part of the 
formal medical network. The new network was not    meant for resistance, but merely 
a network of monitor and control ensuring that PLHIV would follow the regulations 
of drug use and undertake regular physical checkups. As a result, the practice largely 
integrated the governmentality from below by the network of PLHIV with the one 
from above. As earlier argued, governmentality from below is an attempt to incor-
porate traditional medical knowledge, herbal medicine, and experiences gained 
from living together among PLHIV while using them in resisting the dominant 
Western medicine which once produced the discourses “Contacting AIDS leads to 
death” and “AIDS is a contagious disease.” In this regard, it is no doubt that the 
technology of medical power has turned to be even more powerful because PLHIV 
themselves also take part in the use of power to control themselves, their health, and 
their bodies. PLHIV therefore fall under the technology of medical power com-
pletely, using their potential in taking care of their own health and becoming docile 
followers of the technology of medical power.     
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Chapter 4
Socio-environmental Global Changes 
and Infectious Diseases: Interdisciplinary 
Approach Applied to Tourism Studies

Bernard Moizo

Abstract I am dealing with the issue of infectious diseases in relation to social and 
environmental global changes. I suggest few ideas to develop interdisciplinary 
approaches despite long-time obstacles. I use the example of growing tourist activi-
ties as one possible agent of disease spreading. Infectious diseases, some really new 
but others known for centuries, are spreading widely outside previous limited areas 
because of ecologic and economic transformations. A growing interest of research 
in social sciences in fields such as health and environment has emerged simultane-
ously since social uses, access and practices on the environment are crucial to 
understand how epidemics can spread or not. Exchange and dispersion of diseases 
are one of the many global consequences of tourism. Movement of infectious organ-
isms by tourists is an important aspect of international travel. Tourism can contrib-
ute in different ways to exchange and dispersion of both pathogens and diseases. 
More than ever, there is an urgent need to build capacity in the environmental com-
munity and the interdisciplinary approach. Tourists are at risk to acquire new infec-
tions, and they aid as vectors in the global dispersal of microbes. Infectious diseases 
are responsible for about 35 % or the mortality throughout the world and during past 
30 years more than 30 new disease-causing organisms have been identified.

4.1  Introduction

In this chapter, I am addressing several issues related to the emergence and re- 
emergence of infectious diseases in the light of social and environmental global 
changes. I am stressing the need for further development of multi- and interdisci-
plinary approaches since they look promising to get a better understanding on how 
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and why disease outbreaks happened in the past and propose a scenario on how they 
may occur in the future.

I am then turning to look at links between spreading and emergence of disease 
and tourism in the context of growing touristic activities worldwide suggesting 
future paths and new topics for research in that field.

This chapter is not based on first-hand data nor on extensive field research; it is 
rather a reflexion based on personal experience as a social scientist involved in mul-
tidisciplinary programmes for more than a decade combined with a compilation of 
papers, from various scientific backgrounds, highlighting new research paths to 
answer growing concerns in health and tourism studies regarding the infectious 
disease issue.

My aim is not to come with ready-made solutions or answers but to draw the 
attention of colleagues, scholars and research centres from a large ray of disciplines 
to opportunities that will exist in that field of studies in the very near future and need 
to be urgently addressed for the benefit of all.

4.2  Infectious Diseases, Ecological and Social Changes 
and Globalisation

It is now fully admitted that the past two decades have been the most eventful in the 
long history of infectious diseases (Morse 1995). Looking at emerging and spread-
ing of infectious diseases, most studies make a clear distinction between some 
infectious diseases which are really new, while others have been known previously, 
sometime for centuries, but are now spreading widely outside the previous limited 
areas because of many ecologic and economic transformations worldwide (Wilson 
1995b).

Many factors could indeed be at the origins of new or re-emerging diseases, but 
global environmental changes and increased movements of populations worldwide 
are amongst the two most influential and most cited in publications (Weiss and 
McMichael 2004):

Most emerging infections are caused by pathogens already present in the environment, 
brought out of obscurity or given a selective advantage by changing conditions and afforded 
an opportunity to infect new host populations. These changes include ecological changes, 
such as those due to human activities or to anomalies in climate; demographic changes and 
behavior; travel and commerce; technology and industry; microbial adaptation and change; 
and breakdown of public health measures. (Morse 1995: 8–9)

For over two decades or even more in some parts of the world, scientists have 
expressed strong concern regarding global health issues in the light of this potential 
threat. Several studies were conducted in regions of the world mostly at threat 
(South East Asia and Africa) in order to get a better understanding of the overall 
phenomenon. Facing emerging diseases, we are not all equal and the poorest are 
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probably most vulnerable (McMichael and Confalonieri 2012), together with war 
refugees and displaced populations. Indeed, the importance of social inequalities in 
emerging disease is a strong factor and has to be taken into account very seriously, 
but such approach is not meant simply to see the poor as ‘sentinel’ but to ask what 
are the mechanisms by which these diseases come to have their effects in some bod-
ies but not in others (GECHH 2012).

As early as the mid-1990s, efforts were made to increase health worldwide watch 
on emerging and re-emerging infectious diseases; they start to have good results, but 
there is still a long way to go since changes, both social and ecological, occur at a 
faster pace, thus making it difficult for scientists to keep an edge ahead from coming 
public health threats. Despite this worldwide watch, poor countries which are more 
vulnerable to epidemics and spread of diseases seem to interfere with international 
watch and actions. For example, at a regional level, permeable borders, refugees, 
wars, droughts, food crisis, tsunamis and floods may have direct consequences on 
the spreading of diseases. There are indeed strong border issues, and one can ask 
what turbulence is introduced when the border in question is between a rich and a 
poor nation.

Worldwide health and sanitary risks are nowadays major social issues that are 
raising great concerns in both developed and Third World countries. As already 
mentioned, globalisation and combination of human and natural factors are largely 
responsible for setting favourable conditions for the emergence of new diseases in 
many parts of the world. They play a crucial role as well in disease outbreaks and/
or regional spreading of diseases. Thus, it is with no doubt a global issue which has 
already been addressed at international level but so far proved difficult to handle. It 
is not at all clear and experts disagree widely to identify if there is more emerging 
diseases now than before (Parks et al. 2005). They acknowledge that human actions 
upon environment and global warming are creating more opportunities for new 
microbes and diseases to develop, even in areas that seemed to be preserved so far.

Many factors do contribute to the emergence or re-emergence of infectious dis-
eases; amongst the most commonly cited in most studies on the topics, the follow-
ing ones are coming on the top of the list: microbial adaptation and change, human 
demographics and behaviour and environmental changes (Wilcox and Colwell 
2005).

It is not indeed a new phenomenon since, already in the mid-1990s, a WHO 
report stated that ‘during the past 20 years, at least 30 new diseases have emerged to 
threaten the health of hundreds of millions of people’ (McMichael and Confalonieri 
2012). The socioecological conditions for this appear propitious: Human mobility 
and long-distance trade have increased; ever-larger cities, often girded with slums, 
have become highways for microbial traffic; poverty perpetuates vulnerability to 
infectious diseases; and sexual practices, drug injecting, intensified food production 
and much modern medical technology all create new opportunities for microbial 
opportunism.

4 Socio-environmental Global Changes and Infectious Diseases…
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4.3  Infectious Diseases and Interdisciplinary Approach

Growing interest of research in social sciences in fields such as health and environ-
ment has emerged in the late 1990s. Many scientific objects and items that were 
previously under the scope of biological and physical sciences, such as deforestation, 
water uses, natural risks, HIV mother-to-child transmission and cholera or chikungu-
nya outbreaks, are now studied by social scientists with full legitimacy. The evolu-
tion in scientific discipline scopes and topics did not emerge suddenly but is rather a 
combination of international research and funding opportunities usually under mul-
tisites and multidisciplinary research programmes. Since emerging and new diseases 
are direct consequences of both social and environmental changes, some topics such 
as social uses, access and practices on environment and natural resources are crucial 
to understand how epidemics can spread or not (Brito et al. 2012). Similarly, new 
social dynamics, population growth and movements as well as disease identification 
and perceptions by various societies need also to be well identified and understood in 
order to come up with the most appropriate answers in the case of epidemics or dis-
ease outbreaks. These issues are clearly in the scope of social science studies. But if 
we want to go further to get a better understanding of emergence, re- emergence and 
transmission of infectious diseases, it is fundamental to integrate data from environ-
mental and wildlife fields in human health studies. These fields of studies are thus to 
be dealt with through interdisciplinary research programmes combining social and 
health sciences with biological and physical approaches.

The coupled human–natural systems perspective embodied in these ideas is fundamental to 
the development of a science of sustainability…No issue could be a more fundamental 
measure of sustainability than public health, and the increasing emergence and reemer-
gence of infectious diseases globally is possibly the world’s most challenging public health 
problem today. (Wilcox and Colwell 2005: 254)

Clearly, many factors, often interacting, can influence the emergence and re- 
emergence of infectious diseases. Thus, what is the relative importance of ‘environ-
mental’ and ‘social’ factors? It may not be necessary to clearly state which ones are 
more important, since according to each situation, it obviously may differ greatly. 
What is crucial to bear in mind is that factors belong to two main categories, each 
one interfering and combining with the other; thus, both need to be studied, even if 
methods, scale of observation and length of study do not necessarily match between 
social sciences and environmental sciences, for example.

We live in a strange world where infections pass easily across borders (social and 
geographic), while resources, including cumulative scientific knowledge, seem to 
be blocked at ‘customs’. Therefore, there is a need to build up cumulative regional 
knowledge and to exchange research experiences within the region particularly sen-
sitive to disease outbreaks such as South East Asia. When subregions within a given 
part of the world do share similar social and environmental contexts, research proj-
ects should not be limited at the country level, but collaboration between research-
ers across borders should be encouraged both financially and scientifically, if we 
want to be able to come up with appropriate answers and tools to address emerging 
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diseases or epidemic outbreaks. Uncontrolled movements of populations, increased 
civil wars and crises leading to more refugees and flora and fauna illegal trades are 
some of the factors that facilitate regional spreading of microbes. Data collected in 
these fields should be shared and exchanged by regional organisations dedicated to 
health studies and health watch programmes. Despite the fact that sometimes neigh-
bouring countries are barely inclined to share scientific knowledge or to engage in 
joint research programmes due to political or historical reasons, they should be 
encouraged at the regional level to collaborate actively for the benefit of all and to 
gain a better efficiency in the case of threats to public health.

4.4  Interdisciplinary Approach

Data collected in the past ten years and figures from previous studies on similar topics 
tend to show that chikungunya and dengue fever represent a major risk of a world-
wide epidemic starting from small islands or less developed countries and spreading 
in Europe and the USA and could create havoc in health systems in world leading 
countries. Such threats do exist worldwide and could lead to a global catastrophic 
scenario if nothing is done to prevent or to forecast such events. Medical and health 
studies alone can no longer address emerging diseases or outbreak phenomenon with-
out the help of other scientific disciplines which are familiar with one or more inter-
acting factors that influence epidemics or disease outbreaks (Colwell and Patz 1998).

The need is urgent to build capacity in the environmental community, social sci-
ence fields and medical studies and to promote above all an interdisciplinary 
approach. Unfortunately, there are strong barriers to interdisciplinary programmes 
in academia: they are to be found in the cultural, historical and institutional context 
of disciplinary scholarship. For example, very few research institutes or universities 
have an appropriate committee in charge of evaluation of research conducted within 
the discipline as part of an interdisciplinary programme or project. As pointed out 
by the EAESS (see below), ‘interdisciplinarians’ are often confronted by a hostile 
context: they must fight for identity, recognition, roles, legitimacy and standing not 
only with their peers but sometimes with other scholars engaged with them in mul-
tidisciplinary studies. On top of this, like all scholars, they must compete for fund-
ing for which multidisciplinary projects are not always eligible, and most of the 
time, evaluation criteria for publishing, teaching, research and service are no longer 
in tune with the new dynamics in many fields of studies (environment, health, gov-
ernance, risks, global changes) that are calling for a bridge between disciplines and 
encourage multidisciplinary. This move is fully acknowledged by the fact that there 
is growing recognition of the limits of disciplinary, in social, medical and environ-
mental sciences alike; Health issues and especially emerging diseases, because of 
the multiple causing factors, need multidisciplinary and institutional approaches to 
address these problems, and they tend to indicate, on the basis of available results, 
a recognition of the promises of integrated, genuinely interdisciplinary approaches 
(Parks et al. 2005).
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Past experiences have shown that although there are promising many scientific 
fields and topics, multidisciplinary projects are confronted by many difficulties that 
need to be addressed and overcome well upstream in order to clarify methodology- 
and concept-related inconsistencies that do exist between disciplines. For example, 
the scale level at which an anthropologist and an epidemiologist do collect data does 
not necessarily match. Similarly, notions of ‘resilience’ and/or ‘emergence’ do not 
have the same meaning for environmentalist specialists and health scientists. To go 
even further, the notion of disease itself will be understood differently not only by 
scientists and scholars from various backgrounds but also from different popula-
tions and/or ethnic groups in various parts of the world, according to the local con-
text as well as the relationships between local communities and the State, for 
example. To sum up, problems, problem solving and interdisciplinarity are complex 
subjects, to be sure, but understanding them is essential if we are to effectively 
address environmental problems and health-related issues at the global level 
(Colwell 2010). One last point has to do with results in journals that are specialised 
and therefore reluctant to publish papers or important research breakthrough only 
because they do not fit within the journal’s main discipline, whereas a more flexible 
approach and different publication policy will help greatly as pointed out in a survey 
conducted by the American Academy of Microbiology (AAM 1997):

Since research into questions of relationships between climate and infectious disease is 
interdisciplinary in scope, journals should be encouraged to publish the result of studies that 
fall outside of or straddle traditional disciplinary boundaries. (AAM 1997: 22)

The emergence of the Association for Environmental Studies and Sciences which 
provides a professional community to take on these issues through focused discus-
sion and action has gained a lot of support throughout the scientist community and 
is making new positive grounds in promoting interdisciplinary approach despite 
setbacks and reluctance from many ‘traditional’ scientists.

4.5  Diseases and Tourism

Globalisation has prompted a growing interest for the international movements of 
persons, goods and information, but more than commercial exchanges and travels 
amplification it printed out the speed and scale of infectious diseases: in the last 
30 years, more than 40 new diseases appeared, and many have or will spread rapidly 
internationally (Wilcox and Colwell 2005).

Human migration has been the main source of epidemics throughout human his-
tory; it favoured the emergence of infectious diseases through many mechanisms 
not all yet identified (Gushulak et al. 2004). Thus, human beings do travel and 
move, both within and between countries as do diseases. Disease is travelling as 
well, both ways, but when in the past European diseases were brought to the New 
World and spread during the discovery and first phase of the colonial era with deadly 
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impacts on indigenous and autochthonous populations, nowadays infectious  tropical 
diseases are becoming more and more frequent amongst travellers in the USA or 
northern Europe. Microbes are building resistances to many antibiotics, and vac-
cines against new forms of flu, for example, have to be combined with several for-
mulas based on the previous year influenza epidemic with no full warranty of a total 
immune success.

Similarly, the transmission of malaria in Europe is closely linked to two main 
phenomenon travellers and migrants, both combined and risks of a major epidemic 
is pending especially in the context of global climate changes that is adding another 
cumulative element.

According to WTO, tourism is nowadays the world’s fourth exportation com-
modity behind oil, chemical and cars (WTO 2009/2010). This is confirmed by the 
World Travel and Tourism Council (WTTC), which stated that in 2010, tourism 
(including transportation) represents nearly 5 % of world economic exchanges and 
provides 3 % of world total job opportunities. If all activities related to tourism are 
taken into account, figures jump to 10 % and 9 %. For many developing countries, 
tourism is one of the main sources of foreign currencies, employment and develop-
ment (WTO 2010). Unfortunately, some touristic development programmes are 
generating social and environmental issues in developing countries mainly in terms 
of sustainability, education and health. In the last two decades, new forms of tour-
ism have emerged and have gradually been implemented in developing countries, 
prompting new risks for travellers, tourists, host populations and wildlife.

Travel medicine is getting more and more complex and has to face new chal-
lenges brought by multiplications of new diseases, traveller’s risky behaviour and 
growing importance of touristic-related activities (Houston 2000). Some diseases 
were underemphasized in the past and are now considered a major risk for tourists 
in an ever changing and more complex situation, leading to difficulties for practitio-
ners to be able to deliver the right advises and practices.

In the past, some risks, such as cholera, have been overemphasized while others, such as 
hepatitis, tuberculosis, motor vehicle accidents, and sexually transmitted diseases, have 
been underemphasized. (Houston 2000: 127)

Ecotourism and other nature-related forms of tourism bring tourists to remote 
and isolated areas in some parts of the world from which visitors can bring diseases 
back home (Wilson 1995a). They can also bring with them microbes that are already 
resistant which locally can mix or adapt to produce new unknown pathogens. 
Contacts with wildlife and tourism in wildlife reserves put tourists in close and 
direct contact with wild fauna which can be a vector as some zoonotic pathogens 
pass from animals to human.

“Wildlife plays a key role in their emergence by providing a “zoonotic pool” 
from which previously unknown pathogens may emerge” (Daszak et al. 2000: 446). 
This element is causing great concern amongst medical scientists and health author-
ity since we know little about the transmission process as well as speed of 
mutation.
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Similarly, food-borne diseases seem to spread more rapidly and more extensively 
than before and have direct consequences on touristic activities and tourism devel-
opment in remote areas as well as population movements across continents.

The factors contributing to the emergence of food-borne diseases are changes in human 
demographics and behavior, technology and industry, and international travel and com-
merce; microbial adaptation; economic development and land use; and the breakdown of 
public health measures. (Altekruse et al. 2007)

Once again, we see that the main factors causing the emergence of disease com-
bine with social and environmental elements which are also central in most current 
forms of tourism activities; thus, there is an urgent need for research that will be 
able to embrace an interdisciplinary approach to both phenomena.

4.6  Tourism: Social and Environmental Issues

Tourism studies, especially in social and conservation sciences, although not new, 
are recent. Most journals, nowadays published worldwide, dedicated to tourism and 
related topics, are flourishing, but the older are only a few and appeared in the 
1980s. Tourism was for a long time restricted to economic and managing research; 
it is now a booming topic in many scientific programmes in both western and devel-
oping countries that is particularly appropriate to interdisciplinary approaches. 
Many curriculums in universities worldwide are now available, and most of them 
combined social and environmental training. Amongst new interdisciplinary 
approaches dedicated to tourism, health and disease related to tourism are gaining a 
lot of attention from World Health Organisation, World Tourism Organisation, sci-
entists and researchers and many world leading tourism companies as well as gov-
ernment bodies from many countries.

Maybe because tourism is above all linked to travel which bears a potential force 
in disease emergence and spread, especially since the current volume speed and 
reach of travel are unprecedented compared to 20 or 30 years ago (Wilson 1995a). 
Indeed, the exchange and dispersion of diseases are one of the many global conse-
quences of tourism. Movement of infectious organisms by tourists is an important 
aspect of international travel. Tourists are at risk to acquire new infections, and they 
also act as vectors in the global dispersal of microbes; then, tourism can contribute 
in many and different ways to exchange and dispersion of both pathogens and dis-
eases. This exchange and dispersion concern primarily human beings, but they do 
also expend flora and fauna and can contribute in some cases to bridge pathogen 
adaptation process between animals and men, as noted above (Maller et al. 2009).

In 2010, more than 800 million international tourist arrivals were counted world-
wide. Even though a global activity of this scale can be assumed to have substantial 
impact on the environment, its consequences have never been fully assessed and 
quantified, nor were its devastating and perverted blows from a social perspective.
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In order to simplify the overall process, we have selected a list of six major 
aspect alteration of the environment, following an international survey; some are 
interrelated, and others do combine to deteriorate further resources available:

• Land use and land cover change
• Energy use
• Biotic exchange and extinction of wild species
• Exchange and dispersion of diseases
• Changes in human-environment relations
• Water

For the purpose of this chapter, I will develop some ideas related to the exchange 
and dispersion of disease. In northern Europe, medical researchers have pointed out 
an increase of leptospirosis cases in several developed countries after journeys in 
tropical countries. Swimming and freshwater-related activities, associated with new 
forms of tourism such as ecotourism, green tourism and adventure tourism includ-
ing rafting, canoeing and canyoning in tropical countries, represent a significant risk 
for tourists to develop leptospirosis. In that instance, it is clear that international 
tourism and new forms of tourism are responsible for the re-emerging of that dis-
ease. But one has to bear in mind that this case study is far from being isolated and 
strong attention should be given for further research in that field.

Tourists may be at risk of contracting diseases while travelling in remote tropical 
countries, but they also represent a threat for animals and plants, as pointed out by 
Homsy (1999), who severely criticised the management of parks and protected 
areas in wild mountain gorilla tourism since this activity, if maintained as it was 
running at the time of study, could bring gorillas to extinction. He proposed strong 
measures to reduce human risk and enhance gorillas’ protection. Other case studies 
in botanic and environmental studies are stressing the role of tourism in bringing to 
new areas invasive and alien plants which are competing with native flora as well as 
diseases that can spread rapidly to local species and impact them deadly.

I will not go into details as far as social impacts of tourism are concerned but can 
pick out only the major ones, and it will be easy to understand that they are as 
important as those linked to environment degradation. For some time, tourism was 
limited to costal zones, and huge hotel complex were built as sea resort in many 
countries relying on mass tourism to generate foreign currency revenues. Many 
communities whose activities were closely dependant on sea access found them-
selves in distressed situations. Job opportunities occurred, but they benefited usu-
ally skilled or trained people, mainly from other regions and sometimes form 
overseas, who were often underpaid and socially marginalised. This era is partly 
over, and new forms of tourism such as rural tourism, ecotourism, discovery or 
adventure tourism or again green or solidarity tourism became more popular as an 
alternative to mass tourism. They attracted attention both in host countries and 
amongst tourists worldwide, but if these alternative tourisms sound more sustain-
able, both socially and environmentally, and less benefit oriented, they nonetheless 
impacted greatly areas in which they were implemented and caused social disorder 
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alike. Many local communities in Morocco had no alternatives but to accept rural 
tourism development programmes initiated by the government and abandon many 
economic activities expecting great financial return from tourism, no need to say 
that most of them were extremely disappointed and many communities had to face 
social and economic crises as a direct result of projects failures (Berriane and Moizo 
2014). In South East Asia, the so-called ethnic tourism can be blamed for a higher 
HIV infection rate in areas so far preserved from it and is directly linked to drug 
addiction in villages established on most tourist-frequented paths in the mountain-
ous areas of northern Thailand and Laos. These villagers are now confronted by the 
outbreak of pneumonia and tuberculosis resulting directly from their impoverish-
ment, marginalisation and social distress caused by many changes in their liveli-
hoods (Cohen 1996; Moizo 2008). Many more examples could be given, and even 
though fortunately successful experiences and projects do exist, they remain a 
minority.

This leads to call for more interdisciplinary research dedicated to tourism with a 
peculiar concern for social and environmental impacts in order to get a better under-
standing of the main pitfalls of touristic activities and then to come up with alterna-
tive ways of developing tourism that will benefit both tourists and host population 
within a more sustainable approach (Froger 2010).

4.7  Conclusion

In this chapter, I have attempted to call on researchers’ attention for sharing con-
cerns and expertise to address two issues that seem nowadays to share a lot in com-
mon, that is, emerging disease and tourism. Both recently became important 
research topics in social sciences and have equally important connection with envi-
ronmental issues and global change. This does reinforce the need for interdisciplin-
ary research combining social and environmental approaches to address diseases 
and emerging diseases in the light of tourism and tourism-related activities.

Global travel and the evolution of microbes will continue. New infections will 
continue to emerge, and known infections will change in distribution, severity and 
frequency. Global environmental and social changes will maintain favourable con-
ditions to facilitate emerging diseases to spread particularly if associated with cli-
mate changes. Similarly, travels, development of touristic activities and tourism in 
remote areas will continue to be a potent factor in disease emergence.

Globalisation and the current world juxtapose people, parasites, plants, animals 
and chemicals in a way that precludes timely adaptation; we need to be fully pre-
pared to face this new challenge threatening countries and regions’ health public 
systems. The current situation regarding emerging diseases calls for a need for inte-
gration of knowledge and skills from many disciplines: social, biological and physi-
cal sciences. Unfortunately, scholars and academics are sometimes reluctant to get 
engage in multidisciplinary approach.
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There are definitely new grounds for interdisciplinary research that could be 
explored to better understand the microbial world, to better utilise existing data 
from both social and environmental sciences and most importantly to work towards 
a unified international agenda as suggested by McMichael and Confalonieri (2012) 
who conclude a stimulating study by adding that the “Increasing recognition of the 
interplay between demographic, social and environmental factors in infectious dis-
ease occurrence is leading to a more integrative, ecological, approach to studying, 
understanding, preventing and responding to infectious disease risks and outbreaks” 
(McMichael and Confalonieri 2012: 61). We would need to integrate knowledge 
and expertise from various disciplines—the social, biological and environmental 
and physical sciences—to address such a holistic dynamic than emergence and 
spread of diseases; but the core of the research should be centred on system analysis 
and the ecosystem rather than a disease or host (Wilson 1995b).
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    Chapter 5   
 Heavy Metals Contamination in the Ecosystem 
of Mae Thang Reservoir in Northern Thailand 

             Séraphine     Grellier     ,     Patrick     Seyler    ,     Clément     Petitjean    ,     Marie-Paule     Bonnet    , 
    Warinya     Thothong    , and     Jean-Louis     Janeau   

    Abstract     One critical concern for Thailand reservoirs which are used for irrigated 
agriculture (mainly paddy rice) and aquaculture is the lack of information on con-
tamination from trace metal element (TME) in waters and biological compartments 
of the reservoirs. TME are both from natural and anthropogenic origins and may 
affect the quality of lake waters and food chain. The goal of this study was to evalu-
ate the contamination in TME and study their transfer between the different com-
partments in and downstream of the reservoir. Fourteen TME have been measured 
in water column (dissolved phase), fi shes, and sediments of the Mae Thang Reservoir 
(northern Thailand) as well as soil and rice grains of irrigated area. Analyses were 
performed by inductively coupled plasma-mass spectrometer (ICP-MS). This 
2-year study showed that TME concentrations in water were lower than standards 
for irrigation and aquatic life. However, localized values of Fe and Mn were higher 
than the standard in the bottom of the reservoir in dry season. TME in sediments 
were relatively high compared to pristine lakes. Two species of fi sh were contami-
nated in As and Ni. Soils exceeded standard values for Cr, Ni, and Cu, while rice 
grains showed contamination in Ni that indicated a transfer between soil and rice 
grain. The accumulation of TME in sediments showed that upstream cultivated 
areas may have contributed to bring TME in the reservoir. TME concentrations in 
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fi shes were thus affected and should be controlled. Accumulation of TME in soils of 
paddy fi eld due to the use of pesticides and fertilizer may increase contamination of 
rice in the long term.  

5.1          Introduction 

 Among the numerous pollutants that are discharged by human in the environment, 
trace metal elements (TME) are a potential threat for ecosystems and human health 
(Förstner and Wittmann  1979 ). TME can accumulate and persist in ecological systems 
such as lakes or reservoirs (Biney et al.  1994 ; Bronmark and Hansson  2002 ; Liu et al. 
 2011 ). After being transported to aquatic ecosystems by atmospheric deposition, direct 
input, or erosion due to rain (Veena et al.  1997 ; Islam et al.  2000 ), TME can be found 
in sediments, water column, and living aquatic organisms (Avila- Péreza et al.  1999 ; 
Yang et al.  2002 ; Chale  2002 ; Altindag and Yigit  2005 ; Rai  2009 ) with a possibility of 
transfer between these compartments. Due to a biological amplifi cation for some TME 
concentrations through the food chain (Dallinger et al.  1987 ; Unlu and Gumgum  1993 ; 
Croteau et al.  2005 ; Mazej et al.  2010 ), the consumption of aquatic food products such 
as fi sh may be a source of health problem for human (Mok et al.  2012 ; Smuc et al. 
 2012 ). Moreover, when water stored in reservoir is used for irrigation, there is as well 
a possible contamination of irrigated areas (soil and plants) by contaminated water 
(Kien Chu et al.  2009 ). All the compartments of the ecosystems linked to a lake or a 
reservoir can thus be affected by TME contamination from upstream to downstream 
areas (water, sediments, aquatic biological organisms, irrigated soils, and irrigated cul-
tures). Transfer of TME between these compartments is still a debated scientifi c ques-
tion (Croteau et al.  2005 ; Yu et al.  2012a ) that is complex due to the numerous processes 
involved and the different physicochemical properties of each TME. 

 In dry-tropical climate, such as in northern Thailand and other southeastern Asian 
countries, many reservoirs have been built to remediate water scarcity. These reservoirs 
are often located in rural areas and are mainly used for irrigation and fl ood control of 
downstream areas. Recreation and fi sheries have also been developed within these res-
ervoirs. If TME contamination is often reported in mining or industrial areas (Rai  2009 ; 
Mariani and Pompêo  2008 ; Siyue et al.  2008 ; Avila- Péreza et al.  1999 ), TME measured 
in rural ecosystem can also be at a high level (Pertsemli and Voutsa  2007 ). Scientists 
(Stumm and Morgan  1996 ; Bonnet and Wessen  2001 ) recognized that these reservoirs 
deeply modify the ecosystem and generate hydrological alterations and impaired water 
quality. Soil degradation inducing huge runoff in northern Thailand (Janeau et al.  2003 ) 
and the use of chemical pesticides and fertilizers can bring TME in the reservoir 
(Calamari and Naeve  1994 ). One critical concern for Thailand reservoirs which are 
used for irrigated agriculture (mainly rice) and aquaculture is the lack of information 
on trace metal element (TME) concentrations in water and the food chain, in particular 
those  considered as unlikely (Hg, Cd, Pb, Cu, Zn, etc.) for living organisms and food 
products consumed by human (Grellier et al.  2013 ). 

 The main goal of this article that synthesize several studies realized between 
2004 and 2006 is to evaluate the TME contamination in different compartments 
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linked to the ecosystem of the Mae Thang Reservoir (northern Thailand). Water 
(dissolved phase) and sediments of the reservoir have been studied as well as some 
fi sh species from the reservoir (wild and farmed fi shes) together with rice and soil 
from irrigated areas of the reservoir. The study focuses on the following TME: Fe, 
Mn, Cd, Al, Pb, V, Cr, Co, Ni, Cu, Zn, As, Mo, and U and their transfer between the 
different compartments mentioned above.  

5.2     Study Site and Methods 

5.2.1     Study Site 

 The study was conducted in northern Thailand, in Phrae province (Fig.  5.1 ). The 
watershed of the Mae Thang River with 120 km 2  is a sedimentary basin with calcite 
alternating with shales and black limestones. A reservoir of water has been built in 

  Fig. 5.1    Location of the study site in northern Thailand, Phrae province, and sample location of 
water and sediments in the reservoir          
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this watershed in 1995 (18° 13′ 08″N and 100° 19′ 22″E) to avoid water scarcity and 
to develop irrigated agriculture in the area. This reservoir is used to irrigate an area 
of 3,520 ha of rice, corn, and mung bean. Other uses such as household consump-
tion, aquaculture, fl ood protection, and tourism are also developed thanks to this 
reservoir. Its size of 2.2 km 2  at the maximum water storage and 37 m deep allow it 
to store 35 million cubic meter of water. It is in the average of the numerous medium- 
sized reservoirs in northern Thailand. Sedimentation of the reservoir has been 
observed since its construction, and the reservoir has lost 6.7 % of its storage capac-
ity due to sediment deposition (Thothong  2009 ). Annual water residence time was 
estimated at 4.2 months (Thothong  2009 ).  

 Climate of the area is tropical with two contrasted seasons: the wet southern 
monsoon from April to October and the dry northern monsoon from November to 
April. Temperature ranges from 18 to 33 °C, with an annual mean of 25.5 °C, and 
the mean annual rainfall was 1,265 mm from 2004 to 2006.  

5.2.2     Experimental Design 

 Water samples were collected at different depths in the water column during two surveys 
(dry and humid seasons) at six stations along the longer axis of the lake (Fig.  5.1 ). The 
samples were collected with Niskin X™ bottle at different depths along the water col-
umn depending on the thermocline and chemocline depth locations, given by a multipa-
rameter probe CTD90. Samples were fi ltered immediately on-site through 0.22 μm 
Millipore® membranes, under a clean air bench. Filtered solutions were acidifi ed to 
pH 2 with 10 N double-distilled HNO3 and stored in high-density polyethylene (HDPE) 
bottles, previously washed with 1 N double-distilled HCl and rinsed with Milli-Q deion-
ized water and stored at 4 °C until analysis (Seyler and Elbaz-Poulichet  1996 ). 

 Sediments at 10–20 cm depth were sampled in 2004 using a KC Kajak sediment 
core sampler at the same six sites than water samples (Fig.  5.1 ). After clean collec-
tion with plastic devices, sediments were stored in plastic bags until analyses. 

 Two types of fi sh were analyzed for TME: wild fi shes that were bought directly 
from fi shermen on-site and farmed fi shes from fi sheries established on the reservoir. 
Five small wild fi shes (between 8 and 10 cm length) of the same species 
 Mystacoleucus marginatus  were used, and we collected one “standard-length fi sh” 
for each of the four following species from fi sh farms:  Ictalurus melas ,  Oreochromis 
niloticus  (Nile tilapia),  Probarbus jullieni  (Jullien’s golden price carp), and 
 Barbonymus altus . The four fi shes from fi sheries were between 8 and 11 months old 
and weighted between 0.7 and 1.5 kg. All fi shes were caught or bought alive and 
were stored in freezer at −18 °C until analyses. 

 Soil and rice grain samples were collected downstream of the reservoir in the irri-
gated paddy fi elds at three points according to the distance of the reservoir (point 1 
being the closest of the reservoir). Soil surface, between 0 and 10 cm depth, was sampled 
and oven dried before analyses. Rice grains were taken from the plants just before 
harvest on the same location than soil samples and were stored until further analyses.  
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5.2.3     Analyses 

 Before analyses, sample preparation was done in the laboratory for sediment, fi sh, 
soil, and rice samples. Soil, sediment, and rice samples were all fi nely crushed 
(<40 μm) with an electrical agate grinder. Quadrate method was used to select a 
homogeneous fraction of the samples for TME analyses (Flower et al.  1995 ). 

 Fishes were analyzed differently according to their origin (wild or farmed). The 
whole fi sh was used for TME analyses of wild fi shes while only muscle parts were 
used for farmed fi shes. This method was used to follow consumption habits of the 
Mae Thang people. They usually eat small wild fi shes as whitebait, while they only 
eat the fi let of bigger fi sh from fi sheries. Frozen wild fi shes were fi rst roughly 
crushed in a plastic bag and then further frozen with liquid nitrogen. After being 
dried in the oven at 50 °C for 48 h, wild fi shes samples and muscle samples from 
fi sheries were fi nely crushed (<40 μm) in agate grinder. All crushed samples obtain 
for soil, rice, and sediments were fi nely digested in sealed Tefl on beakers with 
HNO 3 -HF-HClO 4     ultrapure acids before analyses. 

 Trace metal concentrations (Fe, Co, Cd, Pb, Mn, Ni, As, Cu, Mo, Zn, Cr, Al, V, U) 
of all the samples as well as water samples were measured by ICP-MS at the 
Geosciences Environnement Toulouse laboratory in France. Indium (In) and 
Rhenium (Re) were used as internal standards in order to correct for instrumental 
drift. The international geostandard SLRS-4 (riverine water reference material for 
trace metals, certifi ed by the National Research Council of Canada), LKSD-1 (soil 
and sediment reference, Canmet, Canada), and SRM-1515 (rice and fi sh reference, 
National Institute of Standards and Technology (NIST), USA) were used to check 
the validity and reproducibility of the analysis by ICP-MS (Seyler and Elbaz-
Poulichet  1996 ).   

5.3     Results and Discussion 

5.3.1     Water 

 The spatial variation of dissolved TME concentrations at the different sampling loca-
tion on the reservoir was low, while there was clear spatial vertical variation accord-
ing to the depth. Almost all dissolved TME concentrations either increased or 
decreased at 4 m depth at the thermocline in the dry season (Fig.  5.2 ). Al ranged from 
8.3 ppb at the surface to 1.2 ppb at the bottom and V ranges from 4.5 to 0.75 ppb. 
Both had higher concentrations in the epilimnion. Zn ranged from 5.9 to 6.9 ppb with 
a decrease in the epilimnion, while As ranged from 1.1 ppb at the surface to 1.56 ppb 
at the bottom with a regular increase. Cr, Ni, and Mo presented lower values in the 
epilimnion and increased at the thermocline. On the contrary, Cu had a peak concen-
tration in the epilimnion and ranged from 0.7 ppb at the surface to 0.24 ppb at the 
bottom. Co and Pb increased from the surface to the bottom, but with a strong decline 
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at the thermocline. Co ranged from 0.05 ppb at the surface to 0.12 ppb at the bottom 
and Pb ranged from 0.013 to 0.08 ppb. Cd had a slight increase at the thermocline at 
0.017 ppb. U ranged from 0.022 ppb at the surface to 0.015 ppb at the bottom and 
decreased regularly. Fe ranged from 46.2 to 68.7 ppb, while Mn ranged from 0.96 to 
446 ppb with a strong increase at the thermocline and below from 15 m depth to the 
bottom. Dissolved TME in the water column of the reservoir were distributed accord-
ing to the depth with a strong infl uence of the thermocline and chemocline especially 
in the dry season (Fig.  5.2 ). These results in comparison with the wet season are 
discussed in detailed in Grellier et al. ( 2013 ). These authors showed that TME were 
strongly related to physicochemical parameters of the water column.  

 Mean TME concentrations of the wet and the dry season were not higher than 
standard limits of Thailand and World Health Organization (WHO  2004 ) for irriga-
tion and aquatic life (Table  5.1 ). Our results (except for Fe and Mn) were lower than 
TME concentrations measured in the Danjiangkou Reservoir of industrial area in 
China (Siyue et al.  2008 ) and were similar to the concentration of Constance Lake 
used for drinking water (Petri  2006 ). However, localized values of Fe and Mn were 
higher than the WHO standard limits (WHO  2004 ) in the bottom of the reservoir in 
dry season and were much higher than in water of Danjiangkou Reservoir and 
Constance Lake. These high concentrations at the bottom of the reservoir are asso-
ciated with anoxic conditions that may occur in dry season when weak mixing of 
the water column occurs (Grellier et al.  2013 ). Fe and Mn may be a source of pollu-
tion when the water is used for irrigation, especially if the output gate is located at 
the bottom of the dam, which is the case in Mae Thang Reservoir.

5.3.2         Sediments 

 TME in surface sediments presented spatial variations in the reservoir. Sampling 
points 1 and 2 were localized in the south part of the reservoir where small river 
inputs are found. Sampling point 4 was localized in the middle of the reservoir. 

  Fig. 5.2    Dissolved TME (ppb) in water column, March 2006 (dry season) location 2 (Fig.  5.1 )       
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Sampling points 5 and 6 were localized in the North part of the reservoir where the 
Mae Thang River serves as main water input. 

 The normalized values were calculated to take out the infl uence of the grain size 
and compare our results of the different locations on the reservoir (Horowitz  1991 ; 
Forstner  1989 ,  2004 ). Our results showed that initial concentrations of TME mea-
sured in points 5 and 6 were often maximal (except for Mn, As, Pb, and U). On the 
contrary, their normalized concentrations hide these differences. This comparison 
indicates that all these elements (V, Cr, Fe, Co, Ni, Zn, Mo, Cd) come from the 
watershed sediments and that a separation according to granulometry may have 
occurred in the reservoir (Horowitz  1991 ; Yu et al.  2012b ). However, the normaliza-
tion with Zr does not clearly show it. The maximal concentrations of Mn and As in 
the deepest zone (location 2), where anoxic conditions were measured, indicate that 
the redox conditions may play an important role in their distribution. Pb and U also 
showed maximum concentrations in location 2. They could have been adsorbed and 
scavenged in the water    column (Table  5.2 ). 

 The mean average TME in sediments showed that Fe, Mn, Cr, Ni, Cu, Zn, and Pb 
were higher than those in other studies concerning polluted and nonpolluted areas 
(Table  5.3 ) indicating a contamination of the sediments. Geology plays an impor-
tant role in the Fe and Mn concentrations in the area as rocks of the area can be a 
source of Fe and Mn. The high presence of Fe and Mn in the sediments can explain 
the extreme values in the bottom of the reservoir in dry season for these two ele-
ments due to dissolution processes at the sediment-water interface. Geology is cer-
tainly not the only factor affecting TME concentration in the sediments. An input of 
TME through eroded soil particles (high sedimentation of the reservoir has been 
measured by Thothong ( 2009 )) is probably also at the origin of the concentration of 
TME in sediments.

5.3.3        Fishes 

 TME and major cations in wild and farmed fi shes showed some differences 
(Table  5.4 ). Calcium was 20 times higher in wild fi shes. This was due to the analyti-
cal methods. We analyzed the whole wild fi shes which contain the bones where Ca 
concentrates, while we only analyzed muscles (fi let) of farmed fi shes. Al, V, Mn, 
Zn, Cd, and Pb were higher, while Fe and As were lower in wild fi shes than in 
farmed fi shes. This result is linked to the accumulation of heavy metals in specifi c 
part of the fi sh, such as the liver (Saad and Ezzat  1981 ; Karadede et al.  2004 ; 
Mhadhbi et al.  2012 ). Taking into account that local people eat the whole small wild 
fi shes and specifi cally only fi lets of farmed fi shes, our results indicate that exposi-
tion to trace metal elements will be higher with small wild fi shes. The higher values 
of Fe and As in farmed fi shes indicate either a higher exposition for these two 
 elements or a different storage mechanisms of muscles and other parts of the fi sh 
body. A possible explanation is a contamination either through metal structure used 
in fi sheries or food for fi sh that can be a source of TME (Russell et al.  2011 ). It has 
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been shown that fi sh muscles concentrate As and Cr and thus decrease the concen-
tration of these metals in the liver (Mok et al.  2012 ; Ciardullo et al.  2008 ). In our 
study, the increase of As in farmed fi shes (only muscles were analyzed) could also 
be due to this mechanism of concentration of As in muscles.

   The comparison with other studies shows that TME concentrations of fi shes in 
Mae Thang Reservoir are still relatively low (Table  5.4 ). Almost all concentrations 
are lower than the values for fi shes from Zambezi River (FFEM/AFD  2005 ), Kariba 
Lake (FFEM/AFD  2005 ), and Tanganyika Lake (Chale  2002 ). V and Zn values that 
exceeded other study values are related to the entire small wild fi shes. These two 
values can only be compared with the results from the last column of the Table  5.4  
where the whole fi shes from Tanganyika Lake have been analyzed. In the latter 
case, our results do not exceed the values measured by Chale ( 2002 ). However, the 
four studied farmed species of fi sh presented different values especially for As and 
Ni (Fig.  5.3 ). Arsenic values for  O. niloticus  and  B. altus  were higher than for the 
two other species (Table  5.5 ).  O. niloticus  also concentrated Ni which was higher 
for this species (Fig.  5.3 ). Even if the mean of TME for farmed fi shes was lower 
than Australian and European standards (Table  5.4 ),  O. niloticus  and  B. altus  
showed extreme values for As and Ni that were over the Australian limits (Fig.  5.3 ). 
The contamination in As and Ni for two species of farmed fi shes was not linked to 
dissolved TME concentrations in water as there was no contamination for these two 
elements. Two hypotheses can be proposed: (1) the source of contamination is 
related to food and metal structure of fi sheries (Russell et al.  2011 ), (2) or the source 
of contamination is linked to suspended matter (particulate phase) that is eroded 
from the upstream part of the watershed (Janeau et al.  2003 ) and that is contami-

   Table 5.3    Mean TME concentrations in sediments (ppm ± SD) of Mae Thang Reservoir compared 
with other studies   

 TME  Mean sediments 
 Nonpolluted area 
India (Rai  2009 ) 

 Polluted 
area India 
(Rai  2009 ) 

 Turkey lake 
(Karadede 
and Unlu  2000 ) 

 V  152.81  ±47.38  –  –  – 
 Cr  101.06  ±59.71  0.5  8.5  – 
 Mn  762.00  ±125.41  2.1  133  514 
 Fe  44842.80  ±10379.68  1.9  85  19,265 
 Co  20.45  ±6.93  –  –  – 
 Ni  57.97  ±32.55  0.3  27  139.69 
 Cu  49.49  ±14.25  0.6  28  22.7 
 Zn  118.65  ±17.84  1.7  57  59.14 
 As  20.38  ±4.24  –  –  – 
 Mo  0.27  ±0.12  –  –  – 
 Cd  0.09  ±0.05  0.2  4.6  – 
 Pb  12.15  ±2.83  0.2  7.5  – 
 U  1.67  ±0.19  –  –  – 
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nated in TME through agricultural practices, especially pesticides (Calamari and 
Naeve  1994 ). This second hypothesis relates to the one we proposed for contamina-
tion of sediments. The measure of TME concentrations in particulate phases in the 
water column will be an interesting aspect to study to understand better the transfer 
of TME between soil, water, and fi sh. 

5.3.4        Paddy Soil and Rice 

 TME concentrations in paddy soils of Mae Thang presented high values compared 
to other agricultural soils (Table  5.6 ). V, Cr, Co, Ni, Cu, As, and Pb were all higher 
than agricultural soils in Canada (Haluschak et al.  1998 ). Cr, Ni, and Cu were higher 
or very close to the CE standard limits. This pollution could be due to two sources: 
(1) contaminated irrigation water from the reservoir and (2) fertilizers and pesti-
cides used in the paddy fi eld. The fi rst hypothesis cannot be confi rmed in our case. 
If the dissolved phase was not contaminated in Cr, Ni, and Cu, we do not have data 
about particulate phase transported by water that could also carry such elements 
(Ruiz Canovas et al.  2012 ). However, we showed that these elements are not brought 
in abnormal quantity under dissolved phase in the paddy fi elds. The second hypoth-
esis is the one we support most due to extensive use of fertilizers and pesticides 
(personal observation) that can be a source of TME (Calamari and Naeve  1994 ).

   TME concentrations in the three studied soils showed an increase with the dis-
tance to the reservoir. Soil sample 1 (upstream) was the closest to the dam, while soil 
sample 3 (downstream) was the furthest (Fig.  5.4 ). This result indicates that TME 
accumulation in the downstream part may be linked to concentration by runoff at the 
lower slopes (De Siervi et al.  2005 ; Kien Chu et al.  2009 ; Singh et al.  2000 ).  

  Fig. 5.3    Arsenic and nickel concentrations in the four farmed species of fi sh from the Mae Thang 
Reservoir compared with Australian standards. Concentrations are given in ppm of fresh weight of fi sh       
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 If soils exceeded limits for Cr and Ni and was very close for Cu, rice showed 
contamination in Ni which was much higher than the Australian standard limit and 
results of two other studies in Nigeria and China (Table  5.7 ). There is a transfer of 
TME from the soil to the plant that accumulates TME in different parts (Singh et al. 
 2011 ). This transfer can be calculated by a ratio of TME in the rice grain and in soil. 
We calculated this ratio for Ni, Cu, Co, and As and obtained, respectively, in average 
for the three soils 0.08, 0.023, 0.005, and 0.007. According to Bliefert and Perraud 
( 2001 ), these ratios are considered to be low (0.001–0.1) to moderate (0.1–1). The 
ratio for Ni was the highest which is linked to its high concentration in rice. TME 
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  Fig. 5.4    Concentrations of TME (ppm) in soils of three paddy fi elds located downstream of the 
Mae Thang Reservoir       

   Table 5.6    Mean TME concentrations in soils (ppm ± SD) of paddy fi elds located downstream of 
the Mae Thang Reservoir compared with standards and other studies   

 TME  Mean soils 
 Agricultural soils 
(Haluschak et al.  1998 ) 

 CE standard limit 
for agricultural soils 

 V  338.46  ±175.25  76  – 
 Cr  325.07  ±136.64  46  150 
 Co  45.42  ±24.00  12  – 
 Ni  237.53  ±122.58  21  50 
 Cu  98.87  ±49.30  18  100 
 As  19.48  ±10.03  5.8  – 
 Mo  1.65  ±0.61  3  – 
 Pb  15.90  ±8.46  15  100 
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accumulation in soils of paddy fi elds may have a long-term impact on the TME 
concentrations in rice.

5.4         Conclusion 

 The Mae Thang Reservoir and associated irrigated areas have been studied to assess 
TME contamination in water, sediments, fi shes, soils, and rice. This ecosystem pre-
sented a contamination by TME. The accumulation of TME in sediments of the 
reservoir indicated that upstream cultivated areas (through eroded soil particles) and 
fi sheries may have contributed to bring TME in the reservoir. TME concentrations 
in fi shes were thus affected as Ni and As exceeded standard limits and should be 
controlled. Accumulation of TME in soils of paddy fi eld mainly due to the use of 
pesticides and fertilizers may induce higher contamination of rice in the long term. 
As Ni concentrations in rice exceeded standard limit, there is a need of limiting soil 
TME pollution in the area by reducing fertilizers and pesticides use. For irrigation 
use, we advise local authorities and farmers to pump out the water at the surface 
where Fe and Mn concentrations are acceptable. There was no clear transfer from 
dissolved TME in the water column of the reservoir to the irrigated areas. However, 
particulate phase in the water column could be studied to further investigate transfer 
processes of TME in such ecosystem.     

   Table 5.7    Mean TME and major ions concentrations (ppm ± SD) in rice of paddy fi elds located 
downstream of Mae Thang Reservoir, compared with European standard and other studies   

 TME and 
major 
elements  Mean rice 

 CE standard 
limit 
(Directive 
 2001 /22/CE) 

    Australian 
standard Maximal 
Residue Limit 
(NFA  1992 ) 

 Rice grains 
of Nigeria 
(Chukwuma 
 1995 ) 

 Rice grain 
of Guangxi, 
China (Liu 
et al.  2011 ) 

  Na   –  –  –  –  – 
  Mg   228.61  ±40.56  –  –  –  – 
  K   981.83  ±68.22  –  –  –  – 
  Ca   74.70  ±15.23  –  –  –  – 
  Al   6.72  ±6.47  –  –  –  – 
  V   0.03  ±0.02  –  –  –  – 
  Mn   9.86  ±2.23  –  –  278 ± 108.8  – 
  Fe   12.66  ±2.84  –  –  –  – 
  Co   0.17  ±0.03  –  –  –  – 
  Ni   13.39  ±1.48  –  0.27  1.45 ± 1.2  1.91 ± 0.87 
  Cu   1.79  ±0.16  –  10  3.9 ± 1.8  4.88 ± 1.70 
  Zn   25.36  ±3.66  –  150  33.4 ± 14.8  – 
  As   0.12  ±0.04  –  1.0  –  – 
  Cd   0.14  ±0.03  0.2  0.2  –  0.03 ± 0.02 
  Pb   0.07  ±0.01  0.2  1.5  –  0.22 ± 0.05 
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    Chapter 6   
 Water and Health: What Is the Risk 
and Visible Burden of the Exposure 
to Environmental Contaminations? Insights 
from a Questionnaire-Based Survey 
in Northern Thailand 

             Vincent     Herbreteau     ,     Kraichat     Tantrakarnapa    ,     Wasana     Khaungaew    , 
and     Jean-Louis     Janeau   

    Abstract     Understanding and measuring the consequences of environmental pollu-
tion on human health remains a challenge. Several barriers arise, with the diffi culty 
in identifying uncommon pathologies but also with the limited knowledge of the 
real health status of populations that depends on the supply and use of care. In an 
effort to assess these barriers, we chose a study area severely affected by agricul-
tural intensifi cation to investigate the potential and visible impact of water pollution 
on human health. Located in northern Thailand, the study area includes a watershed, 
its reservoir and the irrigated area downstream. A questionnaire-based survey was 
conducted to assess the exposure of 297 households to potential water pollutions 
and understand their behaviour regarding the use of water and recourse to health 
services. The observations are discussed in the light of the epidemiological records 
provided by the Ministry of Public Health for the same area. The study shows the 
heterogeneity of the epidemiological data and the diffi culty to assess the sanitary 
risk. Despite the small size of the study area, inequalities are observed, with remote 
populations having a poorer access to water with occasional shortage and a limited 

        V.   Herbreteau      (*) 
  Station SEAS-OI ,  IRD, UMR 228 ESPACE-DEV (IRD/UAG/UM2/UR) , 
  97410   Saint-Pierre, Réunion ,  France   
 e-mail: vincent.herbreteau@ird.fr   

    K.   Tantrakarnapa    
  Department of Social and Environmental Medicine, Faculty of Tropical Medicine , 
 Mahidol University ,   Bangkok   10400 ,  Thailand     

    W.   Khaungaew    
  Phrae Provincial Public Health Offi ce ,  Ministry of Public Health ,   Phrae   54000 ,  Thailand     

    J.-L.   Janeau    
  IRD - iEES-Paris (UMR 242) c/o Soils and Fertilisers Research Institute (SFRI) ,
  Hanoi ,  Vietnam    

mailto:vincent.herbreteau@ird.fr


76

use of health services. In this context, the intensifi cation of agriculture and the 
 massive use of pesticides and fertilizers are likely to have serious consequences on 
human health. However, the impact of potential environmental pollution is not 
 visible from the epidemiological records, because of a diffi cult diagnosis, a lack of 
consultation when symptoms are reversible and the long latency before clinical 
symptoms are apparent (example of cancers). Prevention and incentive from health 
authorities should help in reducing this risk.  

6.1          Introduction 

 Access    to clean water is a prerequisite for the good health of populations to avoid 
waterborne infections, to prevent the development of some disease vectors and also to 
maintain a good hygiene. Water    should be safe, reliable, affordable, and easily acces-
sible according to the secretary-general of the United Nations (United Nations  2012 ). 

 Diffi culties in both direct and indirect effects on health (Hunter et al. 2010). Most 
importantly, poor-quality water is a major factor of diarrhoea, which is one of the lead-
ing causes of morbidity and mortality in less-developed countries (Fewtrell et al. 
2005; Pruss et al. 2002). In a more insidious way, water contaminated by organics 
(including insecticides and herbicides, detergents and chlorinated solvents) or inorgan-
ics (including fertilizers, arsenic, copper, fl uoride, mercury and lead) chemical agents 
can have severe effects for health (Hunter et al. 2010; Hunter 1997). These contamina-
tions have been increasing with the conversion of forests to agricultural lands and the 
intensifi cation of agriculture. Pesticides may cause about 10,000 deaths out of two 
million poisonings each year according to the United Nations, and three fourth occur 
in developing countries (Horrigan et al. 2002). Indirect effects of poor water access are 
various and include diffi culties in assuring proper sanitation and hygiene. 

 Furthermore, several diseases are associated with water, mainly from bacterial 
origin (leptospirosis; cholera; botulism; dysentery; legionellosis; typhoid fever; 
cryptosporidiosis; colibacillosis, i.e. infection with  Escherichia coli ; etc.) and para-
sitic origin (schistosomiasis, dracunculiasis, echinococcosis, enterobiasis, etc.) but 
also from viral origin (poliomyelitis, hepatitis A and E, gastroenteritis, etc.). While 
a few of these diseases are caused by water consumption (case of cholera, hepatitis 
A and E), others require water for the maintenance, development or spread of their 
pathogens or their associated hosts (such as snails for schistosomiasis and mosquito 
larvae for malaria or dengue fever). 

 The quality and availability of ground and surface water are mainly affected by 
agricultural practices. The development of agriculture has lead to major hydrological 
changes with the construction of canals, reservoirs or dams. At the end of the twen-
tieth century, there were over 45,000 large dams (impoundments over 15 m high or 
storing at least three million cubic metres of water) in 140 countries and over 800,00 
small dams (Keiser et al. 2005; World Commission on Dams 2000). Several epidem-
ics have followed the construction of large dams: especially schistosomiasis and Rift 
Valley fever at the Aswan High Dam in Egypt and at the Kariba Dam in Zambia and 
Mozambique (World Commission on Dams 2000). The impact of small dams on 
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diseases dynamics is underestimated because of the lack of studies even though their 
total shoreline is greater when compared with large dams (Keiser et al. 2005). 

 Assessing the consequences of inappropriate water access on the health status is 
diffi cult since the effects are various and the symptoms may not be obvious. For 
instance, diarrhoeal diseases also encompass other causes than consumption of poor-
quality water. Diarrhoea is fi rst of all a symptom, and illnesses that are not rightly 
diagnosed can be classifi ed as diarrhoeal diseases. A high proportion of  diarrhoeal 
diseases among the diversity of pathologies identifi ed in the public health records 
may also refl ect poor diagnosis capabilities. Also populations having diffi culties in 
accessing water are also those having a poor access to health care. Consequently 
epidemiological records underestimate the real burden of these illnesses. 

 This study proposes to investigate locally how rural populations deal with their 
needs for water, how they could be exposed to possible contaminations, and what 
can be perceived from a public health perspective. A watershed, called Mae Thang   , 
was chosen in Thailand as an example of territory undergoing rapid environmental 
changes. With a population nearly multiplied by ten in a century (from 8.2 million 
inhabitants in 1909 to 60.6 million in 2000), the need for agricultural products has 
lead to clear half of forests and drain swampy areas (Herbreteau 2007). Thailand 
has promoted the construction of several dams and irrigation canals in lowland 
areas. The intensifi cation of agricultural production has also resulted in an increas-
ing use of pesticides by a factor of 4 between 2000 and 2010 to reach nearly 
120,000 tons of imported active ingredients in 2010 (Panuwet et al. 2012). The 
study site refl ects this problem: a watershed, hosting an increasing population and 
affected by massive deforestation for agricultural purposes; eroded and polluted 
soils; and a dam at the outlet with poor-quality water, used for irrigating a large 
agricultural plain. Aerial pictures taken in 1954 and 1995 by the Royal Thai 
Survey Department show the marked increase of agricultural lands, the dam and 
the villages on the left side of the picture (Fig.  6.1 ).  

 Thailand has a well-organized public health system with a hierarchy of infra-
structures linked together. Since the 80s, hospitals and health centres have been 
built, respectively, in every district and every sub-district. People have potentially 
and theoretically an easy access to public health services, with low medical costs. 
However, those living in remote areas, having low incomes or not having any vehi-
cle may have diffi culties to use health services. Furthermore, social inequalities 
segregate the access to private services (i.e. private hospitals, clinics, pharmacies). 
Records of patients are kept from the fi rst place of examination (health centre, dis-
trict or provincial hospitals, either public or private). These records are then reported 
in a few days to the provincial offi ce of the Ministry of Public Health (MoPH) and 
later centralized by the Bureau of Epidemiology of the MoPH. Seventy-eight differ-
ent pathologies are thus reported. 

 The objective of the study was to study the health status based on these epide-
miological records and conduct a survey to observe the behaviour of populations 
regarding water access and recourse to health care. It focused on populations living 
in different villages, upstream and downstream the Mae Thang reservoir, and aimed 
at investigating potential health problems linked to water quality and agricultural 
practices.  
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6.2     Survey in Northern Thailand 

6.2.1     Study Area 

 The study area was chosen in Northern Thailand where the landscape has severely 
been affected by human activities (i.e. deforestation, forest fi res, encroachment, 
agricultural expansion, urbanization) during the second half of the twentieth 

  Fig. 6.1    Aerial photographs from the Mae Thang area, in 1954 and in 1995 (Source: Royal Thai 
Survey Department)       
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century. It is located in Phrae province (17.5°N–18.3°N; 99.5°E–100.2°E), which 
stretches along the large fl ood plain of the Mae Yom River, bordered by two moun-
tainous north–south alignments. As in many other Thai provinces, a dam was con-
structed in 1995 to develop irrigation and increase agricultural production in lowland 
areas. This dam was chosen as the centre of our study site, which consists of the 
small watershed (120 km 2 ) upstream, called Mae Thang, and downstream, the low-
land irrigated fi elds and villages. The study area ranges from 250 to 1,800 m above 
sea level and encounters forests in the uplands, fi elds and villages (Fig.  6.2 ). Two 
villages are located in the watershed, with scattered houses and a total population of 
1,428 inhabitants. The irrigated area has 11 villages with a total of 11,615 inhabit-
ants. Many farmers from these villages commute everyday to the watershed where 
they have lands and increasingly produce corn.   

6.2.2     Epidemiological Data 

 The provincial offi ce of the MoPH at Phrae provided exhaustive anonymous records 
of 78 pathologies reported from 1997 to 2004. These records keep track of the code 
of the patient’s village, the place of examination and the date of the onset of the 
symptoms.  

6.2.3     Household Survey 

 A survey was conducted in the Mae Thang area to learn about the behaviour of 
populations regarding the use of water, the exposure to potential water-related con-
tamination and the recourse to health services. The Faculty of Public Health at 
Mahidol University and IRD researchers jointly organized this survey and con-
structed a questionnaire. 

 The questionnaire aims at gaining information about the household so that any 
member of the household could be interviewed. It includes 76 questions divided in 
13 themes: (1) general information, (2) health behaviour, (3) activities, (4) housing, 
(5) domestic animals and livestock, (6) waste management, (7) water usage, 

  Fig. 6.2    West–east section across the study area (see  A–B  location on Fig.  6.3 ) This section was 
calculated using the SRTM DEM in SavGIS       
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(8) toilet, (9) cooking behaviour, (10) personal hygiene, (11) exposure to arthropod- 
borne diseases and (12) exposure to rodent-borne diseases. 

 The interviews were realized from April 4 to 11, 2006, by fi ve groups of two 
students. One master student from the Faculty of Public Health at Mahidol University 
in Bangkok and one local bachelor student from Maejo University in Phrae province 
constituted each pair. Local students helped senior students with their knowledge of 
the area as well as local languages. 

 The survey was conducted in three areas, namely, (1) the watershed area (includ-
ing the villages of Baan Pak Way Oy and Baan Huay Om), (2) the irrigated area 
(Ban Wang Yen, Ban Huay Hung, Ban Tung Lom, Ban Huay Ma, Ban Srisit, Ban 
Pong, Ban Pa Kluei Mai, Ban Pa Kluei, Ban Oy, Ban Wiang Nua, Ban Wiang Tai) 
and (3) the control group (outside the Mae Thang study area: Ban Phai Yoy, Ban 
Nam Lao Nua, Ban Nam Tai, Ban Huay Khum and Ban Hang Na). These villages 
group together 15,671 people and 3,859 households according to the 2000 Census 
(National Statistical Offi ce:   http://www.nso.go.th    ). The objective was to interview 
about 300 households. Therefore, households were randomly chosen one every 
other 13. Whereas the questionnaire was anonymous, the location of each house-
hold was precisely recorded with a GPS.  

6.2.4     Analysis 

 We integrated data into a geographic information system (GIS), using SavGIS 
(  http://www.savgis.org    ). This software is available as a freeware and allows com-
plete geoprocessing capabilities while preserving the integrity of the database used. 

 We used the SRTM (Shuttle Radar Topography Mission programme,   http://srtm.
usgs.gov/    ) digital elevation model (DEM) to delineate the extent of the watershed 
with SavGIS. This DEM provides altitudes at a spatial resolution of 3 arcseconds 
(approximately 90 m). We went directly in the fi eld to determine the limits of the 
irrigated area. For this purpose, we used rectifi ed topographical maps (1:50,000), 
provided by the Royal Thai Survey Department (RTSD), that we integrated into the 
GIS. Then we could intersect the position of the villages and clearly observe those 
belonging to each of the three areas. 

 We recorded the location of each health infrastructure with a Global Positioning 
System (GPS). We obtained an approximate location of villages from the National 
Statistic Offi ce (NSO), responsible of the National Census. Codes for villages from 
MoPH and NSO differ signifi cantly but we could link them together according to 
their Thai names. As the extent of villages is unknown, we chose to georeference 
each village with an approximate centre point, which we located using the RTSD 
topographical maps. Then we could georeference every reported case either at the 
village of residence or at the place of examination. 
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 We tested the associations between categorical variables (e.g. between the areas 
and the responses to the survey) with a Fisher’s exact tests or a Chi-square ( χ 2) 
test, when appropriate.  P  ≤ 0.05 (two-tailed) were considered statistically 
signifi cant.   

6.3     Results 

6.3.1     Health Status 

 Within the Mae Thang study area, the population has access to one health centre in 
the watershed, two in the irrigated area and two others nearby. Medical doctors are 
not present in health centres but in hospitals. Therefore, patients with acute illness 
are sent to hospitals after consultation in any of these health centres. The    closest 
hospital is Rong Kwang Hospital, ten kilometers from the study area. Five doctors 
and 51 nurses run the hospital, which receives about 5,000 inpatients a year with a 
capacity of 30 beds (4,915 in 2004). 

 The overall consultation rate is higher in the study area than in the province with 
most of the reported infections diagnosed as diarrhoeas from 1997 to 2004 
(Herbreteau et al.  2006 ). Higher incidences of food poisoning are also reported in 
the study area (reaching twice the incidence of the province in 2002 with 3.5 cases 
for 1,000 inhabitants). These higher rates remain unexplained but could have an 
environmental origin. Higher incidences of leptospirosis are also recorded every 
year (Fig.  6.3 ). Bacteria that can survive in a wet environment cause this disease. 
The higher rates observed in the area could refl ect an increased exposure of villag-
ers to water-related pollution.   

  Fig. 6.3    Incidence (for 1,000 inhabitants) of leptospirosis in Mae Thang area and Phrae province, 
Thailand (Sources: MOPH, NSO)       
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6.3.2     Housing Conditions 

 A total of 297 households were interviewed, 20 in the watershed area, 224 in the 
irrigated area and 53 in the control area (Fig.  6.4 ). 70.4 % of respondents were 
female with a lower percentage (60.0 %) in the watershed area without signifi cant 
difference. 79.1 % of the household interviewed are married families. The structure 
of villages differs from one area to another: in the watershed, houses are grouped 
together with 90 % of them having less than 10 m distance with their neighbours. 
This proportion is lower in the irrigated area (78.1 %) and in the control area 
(64.2 %). On the contrary, houses are generally at a closer proximity to the fi elds in 
the irrigated area (51.3 % are located at less than 100 m to the closest fi eld) and in 
the control area (54.7 %) than in the watershed area (only 15.0 %). Housing condi-
tions are similar in the three areas with nearly half of the houses being on stilts 
(54.2 %) and 44.1 % of houses having a garden, which is for a majority (81.0 %) 
neither clean nor dirty but partially kept.  

 Nevertheless some differences are observed between the watershed area and 
areas downstream. The most obvious is the access to water, more diffi cult in the 
watershed. 45 % of households declare experiencing a lack of water during the year, 
while there are only 2.7 % in the irrigated area (watershed vs. irrigated: two-tailed 
Fisher’s exact test,  P  = 0.000) and 1.9 % in the control area. The source of drinking 
water radically varies between the three areas (Fig.  6.5a ). In the watershed, people 

  Fig. 6.4    Location of the households surveyed within the watershed and the irrigated areas and 
outside the Mae Thang study area The background shows: (1) a land use classifi cation made from 
the analysis of Landsat images (2000) with forested areas in green, agricultural areas in yellow and 
water areas in blue (including the Mae Thang dam at the output of the watershed) (Source: Royal 
Forestry Department), and (2) the topographic map (Source: Royal Thai Survey Department), vis-
ible through the land use map       
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drink either groundwater (50.0 %) or tap and rainwater (45.0 %) but rarely bottled 
water (5.0 %). Bottled water is a main source of drinking water in the control area 
(79.2 %) and in the irrigated area (37.9 %). People from the irrigated area also 
mainly drink tap and rainwater (46.4 %). These differences between areas are statis-
tically signifi cant (watershed vs. irrigated,  χ  2  = 18.1,  P  < 0.05; irrigated vs. control, 
 χ  2  = 29.8,  P  < 0.05). On the other hand, cooking conditions are very similar, with 
58.9 % of the households preparing their food on the ground but 69.7 % keeping 
food in a dedicated cupboard.  

 Regarding waste management, the majority of houses have a bin (83.2 % on 
average) without signifi cant differences between areas (watershed vs. irrigated: 
two-tailed Fisher’s exact test,  P  = 0.117,  P  > 0.05), but houses are less equipped in 
the watershed area with 30 % of them not having any bin. Indeed, in the watershed, 
each household incinerates (55.0 %) or buries (25.0 %) its wastes, while the munici-
palities collect them in both irrigated area (92.4 %) and control area (96.2 %). Also 
wastewater from houses is generally discharged into the ground in the watershed 
area (85.0 % of houses), with visible problems in 45 % of the houses (stagnating 

  Fig. 6.5    ( a ) Comparison of the source of drinking water. ( b ) Comparison of the mean of transpor-
tation to reach health services       
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water, dirty area and/or bad smell). Fewer problems were noticed in the lowlands 
with 43.3 % of the houses that discharge wastewater into the ground in the irrigated 
area and 47.2 % in the control area. Almost every house has its own toilet (only one 
in the watershed area and one in the irrigated area do not have), which is generally 
a clean place with water. 

 Most of the households breed farm animals in the watershed area (90.0 %). This 
proportion is signifi cantly lower (67.0 %) in the irrigated area (watershed vs. irri-
gated: two-tailed Fisher’s exact test, p = 0.042) and in the control area (69.8 %). 
Manure is rarely managed in the watershed area (5.6 % of households use it for 
compost), while it is more often kept in the irrigated area (32.7 %) and in the control 
area (37.8 %).  

6.3.3     Health Behaviour 

 In the watershed area, people either go to the local health centre (60.0 %) or directly 
go to the hospital (40.0 %), while in the irrigated area, people either choose the 
health centre (47.8 %), the hospital (35.7 %), the clinic (14.3 %) or auto-medication 
(2.2 %). However, the choices of health services are not signifi cantly different in the 
two areas ( χ 2 = 4.0,  P  > 0.05), also compared to the control area. In the watershed 
and the irrigated areas, 60.0 % and 59.4 % of the population live at less than 500 m 
from a health centre, while they are 77.4 % in the control area. 

 The facility of access to health services regarding the mean of transportation dif-
fers signifi cantly between the three areas (watershed vs. irrigated:  χ 2 = 14.0, 
 P  < 0.05). In the watershed, half of the population walks to the local health centre, 
while they are only a quarter (25.4 %) in the irrigated area and a third in the control 
area (35,8 %) (Fig.  6.5b ). Also the use of car is quite similar in the watershed and 
the irrigated areas (respectively, 20 % and 24.6 %) and very low in the control area 
(9.4 %). As a result, people in the watershed generally consult health professionals 
in case of severe and lasting symptoms. When treated later, consequences are 
serious.   

6.4     Discussion 

6.4.1     A Higher Exposure to Environmental Risk for Remote 
Populations 

    Remote populations, i.e. those living in the watershed, have quite similar condi-
tions to those living in the valley, when looking at the characteristics of their 
houses (type of construction, presence of toilets, access to water). Nevertheless, 
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they experience more diffi culties with water cutoff, a poor management of wastes 
and wastewater, and might be consequently more exposed to environmental con-
taminations. Several studies have highlighted that water shortage can have nega-
tive effects on health, undermining the benefi t of an improved water system 
(Hunter et al.  2010 ; Majuru et al.  2011 ). Water shortage is frequent in rural 
Thailand: some villages supply piped water a few hours per day, with villagers 
having no option but to store water in tanks. These tanks may not properly be 
covered and not regularly cleaned to maintain water drinkable and to avoid the 
development of mosquito larvae. In the watershed, the exposure of populations to 
water contamination is further enhanced by the fact that these people use very 
rarely bottled water. 

 Risks coming from domestic animals bred around the houses are also higher 
since animals were observed around most of the watershed households, without an 
appropriate manure management.  

6.4.2     A Satisfactory Provision of Health Care with Inequalities 
in Access 

 The oldest health centre is the one located in the watershed at Ban Pak Way Oy, 
which was built in 1980. It obviously aimed at providing health care to those popu-
lations isolated in the mountain and not been able to go to the hospitals in the low-
lands. The four other health centres were built between 1994 and 1999. Three 
government offi cials run each of them, while there are only two offi cials in the 
watershed. In the three areas, populations give priority to the local health centre. 
The short distance generally observed between the households surveyed and the 
closest health centre confi rms their role as a convenience service. Nevertheless the 
mean of transportation differs between areas and reveals that the proximity to the 
health centre importantly drives this choice: in the watershed (where there is a lack 
of cars) and in the control area (where more than three quarters of the population are 
close to the health centre), more people can simply walk to reach the health centre. 
The watershed area appears clearly isolated from other health resources, having no 
hospital and private structures, due to its little population. People have no option but 
to fi nd a car when going to the hospital. When needed, a public ambulance can be 
requested but populations turn to this service only for severe cases. Although health 
centres have a fundamental role for the well-being of remote populations, diffi cul-
ties in access to other public health services can have severe consequences for the 
recovery from acute illnesses. These observations confi rm local inequalities in 
access to health care.  
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6.4.3     The Latent Emergence of Cases Associated 
with Environmental Contaminations 

 The knowledge of the potential harmfulness of pesticides differs among farmers 
but remain poor (Panuwet et al.  2012 ). In Thailand, several studies have related the 
lack of protective equipment by farmers when spreading pesticides and the neces-
sity to inform about potential health consequences and to recommend a proper use 
of    chemicals (Raksanam et al.  2014 ; Norkaew et al.  2010 ). If we consider the mag-
nitude of the nonrational and unprotected use of pesticides, the emergence of a 
large number of cases associated with exposure to these pesticides seems 
inevitable. 

 The real burden of exposure to water pollutants is far to be estimated for several 
reasons:

    (1)    Farmers who represent the group of people most exposed to environmental 
pollution are also the group with the lowest income and made the least use of 
care.   

   (2)    Short-term symptoms (such as nausea, numbness in hands and feet, tearing 
caused by exposure to pesticides) are reversible and do not cause disability, 
so that farmers rarely consult medical doctors in that case (Panuwet et al. 
 2012 ).   

   (3)    Technical diffi culties and high costs also arise to detect contaminations by pol-
lutants such as heavy metals and imply unknown causes or misdiagnosis.   

   (4)    Also the effects of water contaminations on human health may be revealed sev-
eral years after exposure with diffi culties for doctors and patients to identify the 
causes. This is the case with pesticides, being recognized as increasing the risk 
of cancer and disrupting the immune, nervous, reproductive and endocrine sys-
tems at the long term (Horrigan et al.  2002 ). Growth enhancers used in factory 
farms have been found polluting ground- and surface water and may also cause 
breast and testicular cancers (Horrigan et al.  2002 ; Soto et al.  2004 ). The use of 
antibiotics for animal growth also may be responsible of an increasing antibi-
otic resistance in humans and pose a diffi culty to fi nd other effective molecules 
(Horrigan et al.  2002 ).     

 Estimating the impact of water pollution on human health is diffi cult and requires 
the development of diagnostic methods. Educating people about the dangers of 
environmental pollution is still a need to avoid certain risky behaviours that persist 
in a country where, however, the standard of living and health care provision is 
satisfactory (Fig.  6.6 ).       
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    Chapter 7   
 Melioidosis in Laos 

             Yves     Buisson     ,     Sayaphet     Rattanavong    ,     Valy     Keoluangkhot    , 
    Khamsing     Vongphayloth    ,     Loungnilanh     Manivanh    , 
    Rattanaphone     Phetsouvanh    ,     Alain     Pierret    ,     Jean-Luc     Maeght    , 
    Vanaporn     Wuthiekanun    ,     Paul     N.     Newton    , and     David     A.  B.     Dance   

    Abstract     Melioidosis is a serious infectious tropical disease caused by a 
 soil- dwelling bacterium,  Burkholderia pseudomallei , transmitted from contami-
nated soil or surface water. Although endemic in Southeast Asia, it is considered an 
emerging disease in Lao PDR where it has only been recognised for 15 years, 
becoming one of the leading causes of community-acquired septicaemia. A research 
programme has been developed by the Lao-Oxford-Mahosot Hospital-Wellcome 
Trust Research Unit in collaboration with the Institut de la Francophonie pour la 
Médecine Tropicale (IFMT) and the Institut de Recherche pour le Développement 
(IRD) to investigate the environmental reservoir of  B. pseudomallei  in Lao PDR. 
The fi rst study, conducted in 2009, showed that the geographical distribution of 
 B.  pseudomallei  was very heterogeneous and not limited to the fl oodplains of the 
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Mekong River. The soil samples collected in the province of Saravane (southern 
Laos) was proved the most heavily contaminated. The second study, conducted in 
2010, aimed to detect  B. pseudomallei  in surface water using Moore’s swabs. A high 
proportion of water samples taken from the Sedone River were positive downstream 
of a heavily contaminated terrestrial site, suggesting contamination by runoff from 
land reservoirs. Both environmental reservoir studies of  B. pseudomallei  pave the 
way for future research in order to clarify the areas at risk of melioidosis to facilitate 
preventive measures amongst populations at risk and better care for those infected.  

7.1          Introduction 

 Melioidosis is a severe tropical bacterial infection that affects man and a range of 
other animals. It is caused by a Gram-negative bacillus,  Burkholderia pseudomallei , 
an environmental saprophyte that is widespread in Southeast Asia and northern 
Australia. This facultative intracellular bacterium is infectious to man by inocula-
tion or inhalation. The main modes of exposure are occupational (e.g. agricultural 
work, especially rice farming) or accidental (e.g. near drowning, typhoons, 
 tsunamis). The disease occurs mostly as an opportunistic infection in individuals 
with underlying predisposition, particularly diabetes mellitus. The infection can be 
invasive and rapidly fatal, run a subacute or chronic course or even remain latent for 
long periods. Even with early and appropriate treatment, the mortality rate remains 
high at 20–50 %. 

 Melioidosis is a disease that presents a disconcerting number of paradoxes:

 –    It is considered an ‘emerging disease’ even though it was actually fi rst described 
more than a century ago in Myanmar (Burma). It is actually unclear whether this 
refl ects true emergence of the disease or increasing recognition, thanks to 
improvements in diagnostic capacity.  

 –   It is a tropical disease that is usually considered as endemic to Southeast Asia 
and northern Australia but which is increasingly being identifi ed in other parts of 
the world.  
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 –   It is a very serious and often fatal infection in its acute form, highly pleomorphic 
in its subacute form, which can affect any tissue or organ and escape diagnosis, 
but it can also remain latent and asymptomatic for many years.  

 –   It is a challenge for researchers to understand how and why this saprophytic 
environmental bacterium, which is not specifi cally adapted as a human pathogen, 
is able to evade the immune defence mechanisms of the host.    

 In the Lao PDR (Laos), melioidosis was unknown before 1999 even though it 
had been recognised for several decades in neighbouring countries, most notably 
Thailand (Leelarasamee  2000 ). More than 500 cases have been diagnosed in the 
country over the past 10 years, the majority in Mahosot Hospital in Vientiane 
(Phetsouvanh et al.  2001 ), but this apparent emergence really refl ects the develop-
ment of the hospital laboratory to a level that enabled it to grow and identify  B. 
pseudomallei  (Phetsouvanh et al.  2006 ). In addition, the rapid advance of diabetes 
in Laos, as in all the countries of Southeast Asia (Wild et al.  2004 ), has probably 
also contributed to the increase in the incidence of melioidosis, which has now 
become one of the main causes of community-acquired septicaemia. 

 This situation justifi ed the establishment of a programme of research initiated by 
the Lao-Oxford-Mahosot Hospital-Wellcome Trust Research Unit, in collaboration 
with the Institut de la Francophonie pour la Médecine Tropicale (IFMT) and the 
Institut de Recherche pour le Développement (IRD).  

7.2     Microbiological and Epidemiological Data 

7.2.1      Burkholderia pseudomallei , a Bacteriological Curiosity 

 The causative agent of melioidosis is a remarkable pathogen in its capacity for 
 virulence, survival and resistance, at the same time being both an environmental 
saprophyte and a facultative intracellular parasite. It is experiencing a resurgence of 
interest since it was classifi ed by the Centers for Disease Control and Prevention as 
a ‘Category B’ agent of bioterrorism potential (Gilad et al.  2007 ). 

 The bacterium was fi rst identifi ed in Rangoon (Burma) in 1912 by Whitmore and 
Krishnaswami in pus taken from abscesses found at autopsy in morphine addicts. 
Whitmore’s bacillus was initially named ‘ Bacillus pseudomallei ’ because of its 
similarity with the glanders bacillus and has subsequently been known as ‘ Pfeifferella 
whitmori ’, ‘ Malleomyces pseudomallei ’ and ‘ Pseudomonas pseudomallei ’ until it 
was fi nally designated as  Burkholderia pseudomallei  by Yabuuchi in 1992. 

 It is a non-sporing Gram-negative bacillus which often exhibits uneven staining, 
sometimes staining more intensely at the extremities (likened to a shuttle or safety 
pin), motile via polar fl agella. The latter characteristic distinguishes it from the 
glanders bacillus,  Burkholderia mallei , which is nonmotile (Holden et al.  2004 ). It 
grows rapidly on most culture media aerobically at 37 °C. After 18 h of incubation, 
it forms colonies from 1 to 2 mm in diameter, which are usually circular, domed, 
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smooth and grey or whitish in colour. After 48 h, the colonies increase up to 5 mm, 
become creamy and give off a characteristic smell which has been likened to truffl es 
or wet soil (although since this is a hazard group 3 pathogen, smelling plates should 
be avoided!). Several different colonial morphotypes have been described and 
 cultures may appear mixed, the commonest forms being smooth and rugose, the 
latter having a characteristic wrinkled or umbilicated appearance. Some strains are 
even frankly mucoid.  B. pseudomallei  is an aerobic organism; it is catalase and 
oxidase positive and able to use glucose and numerous other sugars oxidatively, but 
it does not assimilate arabinose. Similar avirulent bacteria isolated from the soil in 
Southeast Asia, which are able to assimilate arabinose, have been assigned to a 
separate species  Burkholderia thailandensis  (Cheng and Currie  2005 ). 

  Burkholderia pseudomallei  is intrinsically resistant to several different groups of 
antibiotics: penicillins G and A, fi rst and second generation cephalosporins, amino-
glycosides, macrolides, rifampicin and polymyxins. It is usually susceptible to co- 
trimoxazole, chloramphenicol, tetracyclines, the combination of amoxicillin and 
clavulanic acid, ureidopenicillins, third-generation cephalosporins and carbapen-
ems. Fluoroquinolones are relatively inactive, reported susceptibility to ciprofl oxa-
cin varying between 8.5 and 50 % (Thibault et al.  2004 ). 

 The genome of  B. pseudomallei  has been fully sequenced (Holden et al.  2004 ). 
It is large, 7.25 megabase pairs (Mb), and comprises two chromosomes of 4.07 Mb 
and 3.17 Mb, respectively. The larger chromosome codes for proteins that are essen-
tial for growth and survival (e.g. biosynthesis, metabolism, chemotaxis, motility) as 
well as several virulence determinants. The smaller chromosome codes for acces-
sory functions involved in adaptation to different environmental niches. Phylogenetic 
analysis shows that  B. mallei  is really a host-adapted clone of  B. pseudomallei  
(Inglis and Sagripanti  2006 ).  

7.2.2     Bioecology of  Burkholderia pseudomallei  

  Burkholderia pseudomallei  and  B. mallei  form a unique species on the basis of their 
genetic homology; the distinction into two species is based on epidemiological and 
pathogenic differences. While  B. mallei  is incapable of surviving for long periods 
outside its mammalian host,  B. pseudomallei  is a saprophytic bacterium adapted to 
life in soil and surface water. Its remarkable ability to survive has been well studied 
in vitro: it can accumulate signifi cant energy reserves in the form of poly- 
hydroxybutyrate granules, can persist for several years without nutrients in distilled 
water and can multiply in soil between 4 and 42 °C, with a pH between 5 and 8 and 
water content from 10 % to 15 %. These types of conditions are found in rice paddy 
as well as oil palm and rubber tree plantation soil (Inglis and Sagripanti  2006 ). 
Organic matter (e.g. manure) found in cultivated land favours its proliferation 
(Kaestli et al.  2009 ). Soil contaminated for 3 years still harbours dormant bacilli that 
maintain their virulence. The survival of these non-sporing bacteria in the environ-
ment can be explained by it entering a ‘viable but non cultivable’ state when it 
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encounters hostile environmental conditions. Its genome can be detected in soil 
samples that are culture negative (Kaestli et al.  2007 ). When the pH falls below 5, 
the concentration of sodium chloride goes above 2.5 %, or after desiccation, it is not 
cultivable by conventional means but it preserves its pathogenic potential (Inglis 
and Sagripanti  2006 ; Shams et al.  2007 ). It can also tolerate the effect of disinfec-
tants and may not always be inactivated by the concentrations of chlorine used to 
treat drinking water. 

 The persistence of  B. pseudomallei  in its natural ecological niches is thought to 
be related to two properties: (i) the capacity to form biofi lms made from capsular 
polysaccharide in which the bacteria form slowly growing micro-colonies that are 
protected from disinfectants and antibiotics and (ii) the ability to penetrate into the 
cytoplasm of free-living amoebae of the genera  Acanthamoeba  and  Hartmannella  
by a mechanism of ‘coiling phagocytosis’ similar to that previously described in 
 Legionella  and  Listeria  and then to multiply within vacuoles and survive in amoebic 
cysts (Inglis et al.  2000 ).  

7.2.3     Epidemiology of Melioidosis 

 The main endemic areas for melioidosis are Southeast Asia (Cambodia, Indonesia, 
Laos, Malaysia, Myanmar, the Philippines, Singapore, Thailand, Vietnam) and 
tropical northern Australia. In the rest of the world, the disease is little known 
(Aldhous  2005 ). According to phylogenetic studies of isolates of  B. pseudomallei  
from Australia, Papua New Guinea and Thailand, the common ancestor of these 
different strains would have arisen in Australia (Currie  2008 ). Outside the main 
endemic areas, animal and human cases have been reported in North America 
(the USA, Mexico), South America (northeast Brazil, Ecuador) and the Caribbean 
(Puerto Rico, Aruba, Guadeloupe, Martinique). On the other hand, melioidosis has 
rarely been documented in Africa, more often from environmental or animal sources 
(Burkina Faso, Niger, Chad, Côte d’Ivoire) than in man (Madagascar, the Gambia) 
(Currie  2008 ; Currie et al.  2008 ). 

 The endemic areas are hot and humid regions with a minimum temperature of 
11 °C.  B. pseudomallei  is present in various soil types, sediments, stagnant water in 
ponds and rice fi elds, but not in estuarine or sea water. Its distribution in the soil is 
heterogeneous and discontinuous. It can be isolated from 10 % to 50 % of soil 
samples in northeast Thailand (Vuddhakul et al.  1999 ). There is a correlation 
between local rainfall and the incidence of the disease, 50–75 % of cases presenting 
during the rainy season (Kaestli et al.  2009 ). Cases are usually sporadic but are 
sometimes grouped into small outbreaks (Shih et al.  2009 ), especially during natu-
ral disasters such as fl oods or typhoons (Su et al.  2011 ), or linked    to common 
sources such as a contaminated water supply. 

 Human infection can occur by two main routes: cutaneous through contact with 
soil or water, which is probably the most common and is favoured by walking bare-
foot or the presence of wounds or superfi cial abrasions, and inhalation, which was 
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suspected to account for the occurrence of a surplus of cases amongst helicopter 
crews during the Vietnam War (Aldhous  2005 ), and also after near drowning in 
fresh water such as occurred amongst victims of the tsunami of 2004 (Athan et al. 
 2005 ). Other routes of infection have been reported less frequently: drinking con-
taminated water, direct human-human transmission (e.g. mother-infant or sexual 
transmission), nosocomial infection via inadequately disinfected equipment (e.g. 
bronchoscopes) and laboratory-acquired infection (Peacock et al.  2008 ). These 
remain anecdotal and are not epidemiologically signifi cant. As a general rule, meli-
oidosis is not a contagious disease. 

 Melioidosis can present at any age, in either sex and in all socio-economic 
classes. The relative risk is higher in certain subgroups (age >45 years, males, and in 
Australia, aboriginal ethnicity) which probably partly refl ects differences in  exposure 
as opposed to greater susceptibility. Certain occupations involving exposure to soil 
or surface water also increase the risk of infection: rice farmers, labourers, farmers, 
potters and other rural activities. Wounds contaminated with soil or water and 
drowning accidents with aspiration of fresh water are high-risk events. Military 
activities in natural environments favour different modes of infection (Kronmann 
et al.  2009 ). Travellers    are less at risk, most cases occurring in people with pre-
existing conditions that make them more susceptible to infection. These intrinsic 
risk factors are underlying conditions that increase both the susceptibility to infec-
tion and the severity of the disease. Diabetes is the most signifi cant and increases the 
risk of infection 5–13-fold: at least half of all patients contracting melioidosis have 
diabetes. Other predisposing factors include alcoholism; chronic renal disease; 
chronic lung disease including cystic fi brosis, thalassaemia, malignancy and chronic 
steroid use. In contrast, HIV infection does not appear to increase susceptibility. In 
summary, a number of factors appear necessary for the disease to develop: exposure 
to a suffi cient bacterial inoculum, a route of entry and a susceptible host. 

 Like glanders, melioidosis can cause epizootics in several animal species. The 
animals most affected are pigs, sheep, goats and horses, but zoonotic infection can 
also be seen in camelids, kangaroos, large primates, rodents, birds, captive dolphins 
and killer whales. Strangely, cattle and animals that live in mud, such as water buf-
faloes and crocodiles, seem to be relatively resistant to infection (Sprague and 
Neubauer  2004 ) .  

 In man, the global incidence of melioidosis is low overall, but it is probably 
under-diagnosed, both in non-endemic countries where it is frequently overlooked 
and in endemic countries where diagnostic capabilities are often lacking. The 
reported incidence rates are 12.7/100,000 in northeast Thailand (Limmathurotsakul 
et al.  2010 ) and 19.6/100,000 in northern Australia (Currie et al.  2004 ). In practice, 
it is diffi cult to estimate the true incidence of melioidosis in the absence of reliable 
diagnostic laboratories accessible to rural communities. This explains the delayed 
rediscovery of the disease in Cambodia (Wuthiekanun et al.  2008 ) and its oversight 
for more than 60 years in Burma where it was fi rst described (Wuthiekanun et al. 
 2006 ). In the same way, the emergence of the disease in Brazil (Rolim et al.  2009 ) 
and in New Caledonia (Le Hello et al.  2005 ) can be explained by improved micro-
biological surveillance.   
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7.3     Melioidosis in Laos 

 In Laos, the fi rst two patients with melioidosis were confi rmed in 1999 (Phetsouvanh 
et al.  2001 ). Since then the number of patients reported has continued to increase, 
mainly affecting the rice farming community in the Mekong fl ood plain. A prelimi-
nary study undertaken in 1998 in rice paddies within a radius of 150 km around 
Vientiane detected  B. pseudomallei  in 36 % of 110 samples of soil (Wuthiekanun 
et al.  2005 ) (Table  7.1 ). These fi rst data corroborated the conclusions of Thai 
researchers according to whom there is a correlation between the degree of soil 
contamination and the incidence of melioidosis in the human population (Vuddhakul 
et al.  1999 ). It was decided to try to confi rm this through further environmental 
 studies in Laos. The fi rst was undertaken in 2009 to determine the geographic dis-
tribution of  B. pseudomallei  in soil, the second in 2010 to detect the bacterium in 
surface waters (Rattanavong et al.  2011 ; Vongphayloth et al.  2012 ). We summarise 
these fi ndings.

7.3.1       Research on  B. pseudomallei  in Soil in Laos 

 This work, described in Rattanavong et al. ( 2011 ), had the objective of answering a 
double question: is the area of distribution of melioidosis restricted (i) to the prov-
ince of Vientiane and (ii) to the Mekong valley? 

 The sampling plan followed two stages: the fi rst geographic, the second probabi-
listic. In the fi rst stage, six provinces were selected deliberately following three 
transects: northwest (Vientiane West, Oudomxay and Luangnamtha), northeast 
(Vientiane East, Xieng Khouang and Huaphanh) and south (Saravane). Vientiane 
and Saravane Provinces were divided into two (western and eastern) and three 
(western, central and eastern) areas of equal width, respectively. In the second stage, 
three sites were selected randomly on each transect, giving a total of nine sampling 

   Table 7.1    Distribution of  B. pseudomallei  in nine rice growing sites in Laos (study undertaken 
in 2009)   

 Sampling sites  Holes positive (%)  Geometric mean (cfu/g)  95 % (cfu/g)  Range (cfu/g) 

 Vientiane East  0  0  0  0 
 Vientiane West  0  0  0  0 
 Xieng Khouang  0  0  0  0 
 Huaphanh  0  0  0  0 
 Oudomxay  0  0  0  0 
 Luangnamtha  1  80  –  – 
 Saravane East  94  464  372–579  25–10,850 
 Saravane Central  42  122  65–227  2–4,700 
 Saravane West  61  82  47–141  2–22,250 

  Data taken from Wuthiekanun et al. ( 2005 )  
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areas, using the following criteria: rice fi elds with an area greater than or equal to 
1 ha, ≤100 m from the nearest perennial river, and at least 50 m from a known area 
of unexploded ordnance and from houses. 

 The necessary data were obtained from different organisations:  Forest Inventory 
and Planning Division  ( FIPD ) to localise the rice growing areas from 2008 to 2009, 
 National Geographic Department  ( NGD ) to clarify their position in relation to the 
secondary water courses,  Ministry of Communication, Transport and Post  to con-
fi rm the absence of buildings near the chosen sites and  Lao National Unexploded 
Ordnance Programme  (UXO Lao) to be certain of the absence of unexploded ord-
nance within a radius of 50 m. The coordinates of the sampling sites corresponding 
to these criteria were determined randomly by computer and identifi ed using a 
Global Positioning System (GPS). At each site, a grid of 45 × 45 m was defi ned to 
dig ten rows of ten holes separated from each other by 5 m. 

 Samples of soil were collected following a standard methodology adapted from 
that used previously in Thailand and Laos (Wuthiekanun et al.  2005 ,  2006 ). The soil 
was taken from a depth of 30 cm with a clean shovel which had been washed in 
fresh water, disinfected with 70 % alcohol and dried between each collection. A 
sample of 100 g of soil was collected from the bottom of each hole and placed in a 
numbered plastic bag. Each bag was sealed and placed in a container protected from 
light at room temperature until its delivery to the laboratory within 48 h. In the labo-
ratory, samples were rehydrated by the addition of 100 ml of sterile distilled water, 
mixed by agitation and incubated overnight at room temperature. The following 
day, the supernatant was subcultured onto fi ve plates of Ashdown’s agar: two plates 
with 10 μl, two plates with 100 μl and one plate with 500 μl. A selective enrichment 
broth containing colistin (SBCT) was also inoculated with 1 ml of supernatant. The 
cultures were incubated aerobically at 40 °C for 4 days and inspected daily from the 
second day. The SBCT broth cultures were subcultured after 48 h incubation onto 
Ashdown’s agar. Suspect colonies were preliminarily identifi ed by their cultural 
characteristics on Ashdown’s medium, appearance on Gram stain and oxidase reac-
tion and were counted at the dilution giving the highest countable number of colony- 
forming units (cfu). The identifi cation was confi rmed by a highly specifi c latex 
agglutination test which allowed exclusion of  B. thailandensis  (Wuthiekanun et al. 
 2002 ) and by confi rming susceptibility to amoxicillin-clavulanic acid and resistance 
to colistin. API 20 NE tests done subsequently on a subset of isolates identifi ed as 
 B. pseudomallei  by these methods confi rmed their identity. 

 Cultures of  B. pseudomallei  were obtained in four of the nine sites studied 
(Fig.  7.1 ): the site in Luangnamtha in the northwest of the country (1 % of samples 
positive) and the three sites in Saravane in the south (42–94 % of samples positive). 
The highest geometric mean bacterial concentrations were found in the site in 
Saravane East (Fig.  7.1 ). These were the highest concentrations of environmental  B. 
pseudomallei  published to date (Rattanavong et al.  2011 ). The comparison of these 
results showed that the presence of  B. pseudomallei  did not correlate with the eleva-
tion of the site nor the distance from the Mekong (Fig.  7.2 ).   

 The two sites in Saravane East and West were resampled in 2010 according to the 
same protocol, at the end of the dry season, whereas they had been sampled at the 
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  Fig. 7.1    Distribution of  Burkholderia pseudomallei  at nine sampling sites in Laos in 2009 (Data 
taken from Wuthiekanun et al.  2005 )       
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start of the rainy season in 2009. The rates of contamination with  B. pseudomallei  
were signifi cantly lower with 76 % and 25 % of samples positive, respectively. 
Similarly, bacterial concentrations were lower with geometric means of 501 cfu/g 
[95 % CI: 314–797] in Saravane East and 147 cfu/g [95 % CI: 48–452] in Saravane 
West. 

 This fi rst study (Rattanavong et al.  2011 ) suggested three conclusions: (i) the 
reservoir of melioidosis in Laos has a highly heterogeneous geographical 
 distribution; (ii) it is not restricted to the Mekong basin and to low-lying regions; 
(iii) there are areas of high-level contamination with  B pseudomallei  in the province 
of Saravane.  

7.3.2     Research into  B. pseudomallei  in Surface Waters 

 The second study [described in Vongphayloth et al.  2012 ) aimed to investigate 
the presence of  B. pseudomallei  in surface waters in the vicinity of contaminated 
sites and the use of Moore’s swabs for the detection of the organism in water.  

  Fig. 7.2    Presence of  B. pseudomallei  in relation to elevation and distance from the Mekong River: 
( a ) northeast, ( b ) northwest and ( c ) south. (●) positive for  B. pseudomallei ; (○) negative for 
 B. pseudomallei  (Data taken from Rattanavong et al.  2011 )       
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The latter is a concentration technique using an immersed gauze swab that acts as a 
fi lter to capture and concentrate microorganisms in running or stagnant water. 
Developed by Moore ( 1948 ) more than 60 years ago to detect salmonellas in waste-
water in urban settings, this method has proved an effective tool for isolation of 
enterobacteria, vibrios, mycobacteria and viruses from sewers and provides useful 
information for epidemiological investigations. It had been used once for the detection 
of  B. pseudomallei  in environmental waters, without success (Ketterer et al.  1986 ). 

 Based on the results of the study conducted in 2009 (Rattanavong et al.  2011 ), 
the sampling was undertaken close to the sites previously sampled in Saravane East 
and West. Water samples were collected within a radius of 2 km around each refer-
ence site. Four types of surface water were collected: (i) water from lakes or ponds, 
(ii) rice paddy water, (iii) river water and (iv) water from boreholes or domestic 
water tanks (Table  7.2 ). Water from the Sedone River, a tributary of the Mekong 
running within 100 m and 600 m of the sites at Saravane East and Saravane West, 
respectively, was also collected: 100 Moore’s swabs were immersed every kilome-
tre from 15 km upstream to 33 km downstream of the site at Saravane East and from 
38 km upstream to 14 km downstream of the site at Saravane West. The two sites 
were about 140 km apart following the course of the Sedone River (Vongphayloth 
et al.  2012 ).

   At each sampling point, Moore’s swab was placed midway between the surface 
and bottom of the water source. Each swab was attached by two nylon strings, one 
fi xed to a bamboo pole to ensure it was immersed at some distance from the bank 
and the other attached to a weight to ensure that the device sank. The pH, turbidity 
and temperature of the water were recorded: the pH and temperature were measured 
using a combined pH meter and thermometer (pHep-4, Hanna Instruments, Ann 
Arbor, MI, USA) and turbidity with a pocket turbidimeter (Hach, Loveland, CO, 
USA) and expressed in Nephelometric Turbidity Units (NTU). Once in place, the 
swab was left for 24–48 h before being recovered. After cutting the nylon strings 
aseptically, the swab was placed in 500 ml SBCT broth in a sterile container that 
was transported to the laboratory within 24 h. After aerobic incubation for 48 h at 
40 °C, the broths were subcultured on Ashdown’s agar. The identifi cation of  B. 
pseudomallei  was carried out as described above. Note that this method is qualita-
tive and does not permit enumeration of cfu. 

    Table 7.2    Presence of  B. pseudomallei  in water samples collected around the sites in Saravane 
East and Saravane West   

 Type of water 

 Saravane East  Saravane West 

 p  No. samples 

 No. positive 

 No. samples 

 No positive 

 n (%)  n (%) 

 Boreholes and water tanks  3   1 (33)  35  0  0.07 
 Ponds and lakes  10   1 (10)  15  0  0.4 
 Rice fi elds  37  14 (38)  0  0  – 
 Sedone River  48  19 (39)  52  6 (11)  0.003 
 Total  98  35 (36)  102  6 (6)  0.000 
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 Of the 98 samples of water collected around the site in Saravane East, 35 (36 %) 
were positive for  B. pseudomallei . Of the 102 collected around the site in Saravane 
West, 6 (6 %) were positive (Table  7.2 ). The samples of water from ponds, lakes and 
domestic reservoirs were all found to be negative. Only one of the three samples of 
borehole water collected near Saravane East was positive. At both sites, water sam-
ples from the Sedone River were more frequently contaminated (39 % and 11 %, 
respectively) than rice paddy water (38 % at Saravane East). All the river water 
samples that were positive for  B. pseudomallei  were collected between the two 
 reference sites (Figs.  7.3  and  7.4 ). The 15 swabs placed upstream of Saravane East 
and the 14 swabs downstream of Saravane West were all negative. The majority of 
the positive swabs were collected within 33 km downstream of the site in Saravane 
East (Fig.  7.3 ).   

  B. pseudomallei  was more frequently isolated from water that was more acidic 
(pH median: 7.62  versus  8.16; p < 0.001) and more turbid (median: 324 NTU  versus  
236 NTU; p < 0.001), but there was no signifi cant difference in temperature between 
positive and negative samples. In multivariate analysis, two parameters were 
 independently associated with the presence of  B. pseudomallei , a low pH (OR: 0.5 
[95 % CI: 0.3–0.8]) and a high turbidity (OR: 1.0039 [95 % CI: 1.0006–1.0072]). 

 This second study suggested that the use of Moore’s swabs is a simple, inexpen-
sive and effective method of detecting  B. pseudomallei  in environmental water 

  Fig. 7.3    Sampling points on the Sedone River upstream and downstream from the Saravane East 
reference site ( black square ).  White circles  represent points that were negative for  Burkholderia 
pseudomallei  and  black circles  represent points that were positive for  B. pseudomallei . Water fl ows 
to the northwest (Data taken from Vongphayloth et al.  2012 )       
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  Fig. 7.4    Sampling points on the Sedone River upstream and downstream from the Saravane West 
reference site ( black square ).  White circles  represent points that were negative for  Burkholderia 
pseudomallei  and  black circles  represent points that were positive for  B. pseudomallei . Water fl ows 
to the south (Data taken from Vongphayloth et al.  2012 )       
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samples (Vongphayloth et al.  2012 ). Its main disadvantage is the inability to  quantify 
the number of bacteria present. The high proportion of positive water samples 
around the highly contaminated site in Saravane East, in particular downstream on 
the Sedone River, suggests that surface waters are polluted by runoff from land- 
based reservoirs. A larger study is needed to confi rm these results and analyse the 
relationship between the concentrations of  B. pseudomallei  in soil and the contami-
nation of waters that drain it during the rainy season. The detection of this bacterium 
in river water with Moore’s swabs could be good way of identifying the most con-
taminated watersheds and locating the main environmental reservoirs in areas where 
melioidosis is endemic.   

7.4     Conclusion 

 Melioidosis is a common severe community-acquired infection in Laos. Still 
unknown by the majority of doctors 10 years ago, it is being more frequently recog-
nised, thanks to the strengthening of diagnostic capacity in a few hospital laborato-
ries, but it is probable that its true incidence is still grossly underestimated. Nearly 
80 % of the population of Laos live in rural surroundings, the majority undertaking 
rice farming. This serious illness, frequently fatal, diffi cult to identify and treat, 
must be considered an important threat to public health. 

 Study of the environmental reservoir of  B. pseudomallei  would assist in defi ning 
areas that are melioidosis-free, low risk and high risk. Such stratifi cation would 
enable health workers in rural areas to gauge the importance of this disease in their 
differential diagnosis of sepsis, guide empirical therapy and target possible preven-
tion campaigns. Environmental research needs to be undertaken to analyse the 
physico-chemical parameters of soil that encourage the proliferation of the bacte-
rium and whether any interventions could reduce bacterial density.     
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    Chapter 8   
 Adaptation of Mosquito Vectors to Salinity 
and Its Impact on Mosquito-Borne Disease 
Transmission in the South and Southeast 
Asian Tropics 

             Ranjan     Ramasamy     ,     Sinnathamby     N.     Surendran     ,     Pavilupillai     J.     Jude     , 
    Sangaralingam     Dharshini     , and     Muthuladchumy     Vinobaba    

    Abstract     Mosquito vector-borne diseases are a signifi cant health problem in South 
and Southeast Asia. Some mosquito vectors in the region are well known to lay eggs 
and undergo pre-imaginal development in brackish water. However, a number of 
other important vectors, e.g.  Anopheles culicifacies  (malaria) and  Aedes aegypti  and 
 Aedes albopictus  (dengue and chikungunya), have previously been widely held to 
do so exclusively in freshwater. But recent evidence shows that these species can 
also lay eggs and undergo pre-imaginal development in brackish water collections 
in coastal areas of the region. This property produces a reservoir of vectors that are 
not targeted in larval control programmes. It can contribute to disease transmission 
in a previously unrecognised manner that can be compounded by environmental 
changes caused by expanding populations in coastal zones, climate change and 
 rising sea levels due to global warming. Increased disease transmission in coastal 
areas will also lead to higher disease incidence in inland areas. Many countries in 
South and Southeast Asia have long coastlines, a high proportion of coastal zone 
relative to total land area and a large proportion of the population living in coastal 
areas. Hence, the region is particularly vulnerable to disease transmission by 
 brackish water vectors. Appropriate policies and strategies need to be developed in 
a local, national and international context to counter this threat to human health in 
South and Southeast Asia.  
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8.1          Overview of Mosquito-Borne Human Diseases 
in Tropical South and Southeast Asia 

 Mosquito-borne human diseases are a cause of considerable mortality and  morbidity 
worldwide. Diseases such as chikungunya, dengue and West Nile viral encephalitis 
are of great international concern because of their increasing incidence and global 
spread (Weaver and Reisen  2010 ). Mosquito vectors transmit many important 
human parasitic and arboviral diseases in tropical South and Southeast Asia. The 
World Health Organization (WHO) reported that there were approximately 130.6 
million suspected cases of malaria caused by protozoan parasites of the genus 
 Plasmodium , predominantly  P. falciparum  and  P. vivax , in its Southeast Asian 
region in 2012 (WHO  2013a ). This caused an estimated 1,226 deaths. The WHO 
Southeast Asian region includes countries with extensive coastal zones such as 
Bangladesh, India, Indonesia, Maldives, Myanmar, Sri Lanka, Thailand and Timor- 
Leste. In its Western Pacifi c region, which also contains many coastal countries 
regarded as part of Southeast Asia (Brunei, Cambodia, Malaysia, Papua New 
Guinea, the Philippines, Singapore and Vietnam), the WHO reported 10.8 million 
suspected cases and an estimated 458 malaria deaths in 2012 (WHO  2013a ). The 
malaria situation in the greater South and Southeast Asian region is highly dynamic 
due to the increasing resistance of parasites to common antimalarial drugs and 
 mosquito vectors to common insecticides, movement of human populations and changes 
in land use patterns, forest cover, health services and other pertinent factors. Several 
species of  Anopheles  mosquitoes are responsible for transmitting malaria in the 
region with some identifi ed as dominant vectors (Sinka et al.  2011 ). 

 Lymphatic fi lariasis caused by the nematode parasites  Wuchereria bancrofti , 
 Brugia malayi  and  Brugia timori  is widely prevalent in the region. It is responsible 
for considerable morbidity and disfi gurement in infected persons. Recent WHO 
data suggest that approximately 60–65 million people in the two regions have 
lymphatic fi lariasis (WHO  2012 ).  Culex quinquefasciatus  in the Asian mainland 
and various species of  Anopheles  and  Mansonia  in the Southeast Asian archipelago 
are chiefl y responsible for transmitting fi lariasis in the region (Walter Reed 
Biosystematics Unit  2013 ). 

 Dengue, the most common human arboviral disease, is widespread in South and 
Southeast Asia with 176,719 cases and 887 deaths reported in the WHO Southeast 
Asian region in 2010 and 242,424 cases with 784 deaths in the WHO Western 
Pacifi c region in 2009 (WHO  2012 ).  Aedes aegypti  and  Aedes albopictus  mosqui-
toes that are common throughout the region are predominantly responsible for 
transmitting dengue (Weaver and Reisen  2010 ; Walter Reed Biosystematics Unit 
 2013 ). Other mosquito-borne diseases that are endemic to the region include 
Japanese encephalitis and chikungunya. Yellow fever transmitted by  Ae. aegypti  and 
 Ae. albopictus  is endemic in parts of Africa and South America (WHO  2013b ). An 
effective vaccine is available against yellow fever. The reasons for the absence 
of yellow fever from the South and Southeast Asian region, notwithstanding the 
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 presence of competent vectors, are not well understood. Increasing international 
travel and trade however poses the risk of its introduction to the region.  

8.2     Vector Control Is Important for Reducing the Prevalence 
of Many Mosquito-Borne Diseases 

 A licensed vaccine is presently available against only Japanese encephalitis among 
all the major mosquito-borne diseases of the region. Vaccines for malaria, dengue 
and chikungunya are currently under development. The presence of four serotypes 
of the dengue virus hampers the production of a vaccine against dengue. In addition, 
a suboptimal immune response to any one of the serotypes can exacerbate disease 
caused by a subsequent infection with that serotype (Halstead  2003 ; Chun et al. 
 2007 ). Drugs for specifi c treatment of dengue are not presently available, and only 
symptomatic treatment is possible for the disease. On the other hand, specifi c and 
effective drugs are available to treat malaria and lymphatic fi lariasis. However, the 
Greater Mekong subregion in Southeast Asia is the origin of many strains of malaria 
parasites that have developed resistance to several antimalarial drugs and then 
spread worldwide. The recent emergence in this area of  P. falciparum  that is resistant 
to artemisinin combination therapies that are the fi rst-line treatment for uncomplicated 
 falciparum  malaria is therefore of considerable international concern    (Dondorp 
et al.  2010 ). 

 Minimising human-mosquito contact and reducing vector populations by the 
application of insecticides and through managing and eliminating pre-imaginal 
development sites therefore remain important components of mosquito-borne 
 disease control programmes. The use of insecticide-impregnated bed nets and 
indoor residual spraying of insecticides is the mainstay of malaria vector control 
programmes throughout the world. These methods, together with early case 
detection and treatment as well as the management of larval habitats, have suc-
ceeded in reducing the incidence of malaria in many countries of the region over the 
past decade (WHO  2013b ). However, the  Aedes  vectors of dengue can bite outdoors 
and during daytime making bed nets less effective against acquiring infections. 
Mosquito proofi ng houses, which has proved helpful in eliminating dengue from the 
southern United States, is not popular or widely affordable in the humid and densely 
populated countries of South and Southeast Asia. Therefore, reducing the  Aedes  
vector populations through eliminating, minimising and larviciding pre-imaginal 
development habitats and the application of insecticide through fogging and residual 
spraying at infection foci are the principal methods used for controlling dengue 
in the region (WHO  2009 ). Such measures are additionally effective against 
chikungunya because  Ae. aegypti  and  Ae. albopictus  are also the principal vectors 
of chikungunya.  Aedes aegypti  is additionally capable of transmitting other 
Australasian arboviruses, such as Ross River and Murray Valley encephalitis viruses, as 
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demonstrated in  laboratory experiments (Ramasamy et al.  1990 ). It is also a poten-
tial vector of the fi larial parasite  Brugia malayi  in Asia (Erickson et al.  2009 ).  

8.3     Global Warming, Rising Sea Levels and Changes 
in Coastal Salinity 

 The United Nations Framework Convention on Climate Change described global 
climate change as long-term changes in commonly measured meteorological 
parameters, over and above natural variations, that are directly or indirectly attribut-
able to human activity altering the composition of the atmosphere. Such parameters 
include temperature, rainfall and humidity. Global warming is the rise in average 
global temperatures due to the increasing emission of gases, principally carbon 
dioxide, causing a greenhouse effect in the atmosphere. Global warming leads to a 
rise in sea levels caused by the melting of polar ice and glaciers and the thermal 
expansion of seawater (Intergovernmental Panel on Climate Change  2013 ). The rise 
in sea levels, depending on the extent of the warming that is principally governed by 
the rate of burning of fossil fuels, is predicted to be about 82 cm by the end of the 
twenty-fi rst century (Intergovernmental Panel on Climate Change  2013 ). Rising sea 
levels are anticipated to increase the extent of saline (>30 parts per thousand or ppt 
salt) or brackish (0.5–30 ppt salt) water bodies in coastal areas. These include 
coastal estuaries, lagoons, marshes and mangroves (Nicholls et al.  2007 ). The salin-
ity of estuarine systems is projected to increase, and their boundaries move further 
inland with more pronounced tidal water fl ows into rivers (Nicholls et al.  2007 ). A 
proportion of coastal wetlands such as salt marshes and mangroves are expected to 
become inundated, but additional saline wetlands are anticipated to form further 
inland (Nicholls et al.  2007 ). Rising sea levels and higher water withdrawal rates 
from freshwater aquifers near the coast by expanding populations are also envis-
aged to increase saltwater intrusion into the aquifers (FAO  2007 ). 

 The tropical areas of South and Southeast Asia have extensive coastlines bordering 
the Indian and Pacifi c Oceans and various seas. Southeast Asia also has the largest 
archipelago in the tropics. Indonesia and the Philippines with 248 and 104 million 
persons, respectively, are the two most populous countries in this archipelago 
(CIA  2012 ). Table  8.1  presents data on the length of the coastline in relation to the land 
area for Indonesia and the Philippines and selected other countries in the region. A 
comparison is made with the Federated States of Micronesia, a collection of about 600 
small islands in the Western Pacifi c tropics. India on the other hand has a long coastline 
but a low coast to land area ratio compared to countries composed of many islands.

   Countries in South and Southeast Asia with extensive coastlines and high coast 
to land area ratios are particularly vulnerable to the consequences of rising sea 
levels on their biosphere and geosphere. One in ten persons worldwide lives in 
coastal areas that are less than 10 m above sea level (McGranahan et al.  2007 ). Such 
areas are prone to increasing salinisation caused by rising sea levels. The densely popu-
lated tropical South and Southeast Asian countries have a large proportion of their 
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populations living in such vulnerable areas. For example, Vietnam, Bangladesh, 
Thailand and Indonesia, respectively, have 55, 46, 26 and 20 % of their population 
living on land that is less than 10 m above sea level (McGranahan et al.  2007 ).  

8.4     Mosquito Vector Development in Brackish 
and Saline Waters 

 Global warming can alter the transmission of mosquito-borne diseases. This is due 
to the effects of changing temperature on mosquito survival and pre-imaginal 
 development and the more rapid development of ingested pathogens in mosquitoes 
and shorter intervals between blood meals at moderately higher ambient temperatures 
(Ramasamy and Surendran  2012 ). However, global warming will also raise sea 
 levels, leading to an increase in saline and brackish water bodies in coastal areas. 
We recently drew attention for the fi rst time to the possible impacts of rising sea levels 
on the transmission of vector-borne diseases (Ramasamy and Surendran  2011 ). 

 There are about 3,500 species of mosquitoes that are present throughout the world, 
but only a few hundreds of them feed on humans. The pre-imaginal stages of several 
mosquito vectors of human disease are able to develop in brackish or saline water habi-
tats. Larvae of such salinity-tolerant mosquitoes possess specifi c physiological mecha-
nisms to overcome high osmolarity in their surrounding (Bradley  1987 ). A relatively 
thick cuticle that is impermeable to water and ions helps pupae to survive salinity 
(Bradley  1987 ). Details of the more important vector mosquitoes that possess salinity-
tolerant pre-imaginal stages in South and Southeast Asia are summarised in Table  8.2 .

   We have postulated that an expansion of brackish/saline water bodies in coastal 
areas associated with rising sea levels can increase densities of salinity-tolerant 
 vectors and lead to the adaptation of freshwater vectors to breed in brackish and 
saline waters (Ramasamy and Surendran  2011 ). Higher vector densities can increase 
transmission of diseases in coastal localities, which can then spread to inland areas 
through bridging vectors (Ramasamy and Surendran  2011 ,  2012 ). Because the 
 tropical countries in South and Southeast Asia possess many lagoons, coastal 

   Table 8.1    Coastline related to land area in selected South and Southeast Asian countries and 
Micronesia   

 Country/statistic 

 Land area  Coastline  Coast/area ratio 

 Km 2   Km  m/Km 2  

 Bangladesh  130,168  580  4.5 
 India  2,973,193  7,000  2 
 Sri Lanka  64,630  1,340  20.7 
 Malaysia  328,657  4,675  14.2 
 Indonesia  1,811,569  54,716  30.2 
 Philippines  298,170  36,289  121.7 
 Micronesia (Western Pacifi c)  702  6,112  8,710 

  Data from Central Intelligence Agency ( 2012 )  
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marshes, mangroves and estuaries and many have extensive coastlines or a high 
ratio of coastline to land area, they are particularly susceptible to an increase in 
disease transmission caused by salinity-tolerant mosquito vectors. 

 Evidence that has been discussed in detail elsewhere (Ramasamy and Surendran 
 2011 ,  2012 ) supports this new perspective on coastal transmission of mosquito- 
borne diseases. In particular, the inland incursion of seawater caused by the 2004 
Asian tsunami and the effect of draining coastal marshland in Western Europe 
 provide specifi c supportive evidence (Ramasamy and Surendran  2011 ,  2012 ). 
 Anopheles culicifacies , the predominant freshwater vector of malaria in South Asia, 
was recently shown to undergo pre-imaginal development in brackish waters in Sri 
Lanka (Jude et al.  2010 ).  Anopheles sundaicus , a well-known salinity-tolerant 
malaria vector in Southeast Asia, is now reported to be widespread in coastal areas 
of Sri Lanka (Surendran et al.  2010 ,  2011 ). Many mosquitoes identifi ed through 
morphology as  Anopheles subpictus  sibling species B, which is reported to be 
 salinity tolerant in Sri Lanka and elsewhere in the region, have been shown to be 
members of the  An. sundaicus  complex by DNA sequencing (Surendran et al.  2010 ). 
 An. sundaicus  is able to develop in nearly saline water, but the physiological 
mechanisms responsible for this ability have not been determined. It is possible 
that a capacity to differentially localise Na + /K +  ATPase in rectal cells that permits 
osmoregulation through ion excretion as reported for  Anopheles albimanus  (Smith 
et al.  2008 ), a salinity-tolerant malaria vector in the Americas, may also be a feature 
of  An. sundaicus . This requires experimental verifi cation. Genetic selection for 
salinity tolerance over a period is possible in anopheline vectors because sibling 
species that differ in salinity tolerance are reportedly present in the  Subpictus , 
 Sundaicus  and  Farauti  vector complexes of the region (Sinka et al.  2011 ). Maps of 
the recent distributions of the three vector complexes and the  Culicifacies  complex, whose 
members may also adapt to salinity, in South and Southeast Asia, are shown in 
Fig.  8.1 . Mosquitoes of the  Subpictus ,  Sundaicus  and  Farauti  complexes    are widely 
distributed in the region. A future expansion of brackish water habitats with rising 

   Table 8.2    Common salinity-tolerant mosquito vectors of human disease in South and Southeast 
Asia   

 Species  Distribution  Transmitted pathogens 

  Aedes togoi   SE Asia  Japanese encephalitis virus and fi larial 
parasites 

  Ae. (Ochlerotatus) vigilax   Australasia, SE Asia  Barmah forest and Ross River viruses 
and fi larial parasites 

  Anopheles farauti and An. 
annulipes  

 Australasia, SE Asia  Malaria parasites 

  An. subpictus   S and SE Asia  Malaria and fi larial parasites 
  An. sundaicus   S and SE Asia  Malaria parasites 
  Culex sitiens   S and SE Asia, 

Australasia 
 Japanese encephalitis and Ross River 
viruses and fi larial parasites 

  Cx. tritaeniorhynchus   S Asia  Japanese encephalitis virus 

  Adapted from Walter Reed Biosystematics Unit ( 2013 ), Ramasamy and Surendran ( 2011 )  
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sea levels has the potential to increase malaria transmission by the salinity- tolerant 
members of the three complexes as well as brackish water-adapted freshwater spe-
cies like  An. culicifacies . This can increase the incidence and geographical spread 
of malaria in coastal areas that can subsequently be extended by bridging vectors to 
inland areas of the region.  

 We also recently showed that  Aedes aegypti  and  Aedes albopictus , well known to 
be the vectors of dengue and chikungunya in the region, undergo pre-imaginal 
development in brackish water collections in coastal urban and peri-urban environ-
ments in the island of Sri Lanka (Ramasamy et al.  2011 ). Larvae and pupae were 
found in brackish water in discarded plastic and glass containers and disused boats 
and wells in beach areas. Figure  8.2  illustrates examples of such brackish water 
larval habitats. In the fi eld surveys carried out in the northern and eastern provinces 
of Sri Lanka (Fig.  8.3 ), 17 % of brackish water containers in coastal beaches of 
Thannamunai in the eastern Batticaloa district were found to have  Ae. aegypti  and 
 Ae. albopictus  larvae, while 6 % of brackish water containers along the coast of 
Jaffna City in the north had  Ae. aegypti  larvae (Ramasamy et al.  2011 ). In Kurunagar   , 
a coastal division of the city of Jaffna, 25 % of brackish water wells were found to 
have  Ae. aegypti  larvae in a salinity range of 2–9 ppt (Surendran et al.  2012 ). Such 
 Aedes  larval positivity rates in brackish water of up to 15 ppt salt in Jaffna 
(Ramasamy et al.  2011 ) are higher than the House Index (percentage of houses 
 positive for  Aedes  larvae) or Breteau Index (number of containers with larvae per 
100 houses) for freshwater habitats that have been typically associated with dengue 
epidemics in other countries (Sanchez et al.  2006 ). Pre-imaginal development in 
 brackish water can play an unappreciated role in the transmission of dengue as 

  Fig. 8.2    Brackish water development habitats of  Aedes aegypti  and  Aedes albopictus  larvae in Sri 
Lanka. The photographs show the brackish water collections containing larvae in ( a)  and ( b) , dis-
used boats; ( c)  and ( e ), abandoned wells; ( d ) and ( f ), discarded food and beverage containers 
(Reproduced with permission from Surendran et al.  2012 )       
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dengue control efforts worldwide are presently directed only towards freshwater 
habitats of the two  Aedes  vectors because of the long and widely held view that they 
only develop naturally in freshwater (Barraud  1934 ; Chan et al.  1971 ; Kulatilaka 
and Jayakuru  1998 ; Ooi et al.  2006 ; WHO  2009 ,  2013c ). The adaptation of 

  Fig. 8.3    Map of Sri Lanka showing the different provinces and the  Aedes  larvae collection sites in 
the Jaffna and Batticaloa districts. Sri Lanka is an island in the Indian Ocean with an area of 
65,525 km 2  located between latitudes 5′55 and 9′50 North of the equator. The central hills of the 
island divide the surrounding plains into two distinct rainfall zones: the wet and dry zones. The wet 
zone receives an annual rainfall exceeding 2,500 mm in two main rainy seasons: the north-east 
monsoon in October–December and the south-west monsoon in May–July. Inter-monsoonal rains 
also occur in the wet zone. The dry zone, with an annual rainfall below 2,000 mm, receives maxi-
mal rainfall during the north-east monsoon and little or no rain during the rest of the year. An 
intermediate zone, with mixed characteristics, lies between the dry and wet zone. The  beige ,  green  
and  pink  shaded areas show the dry, intermediate and wet rainfall zones, respectively (Reproduced 
with permission from Surendran et al.  2012 )       
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 Ae. aegypti  and  Ae. albopictus  to coastal brackish water habitats could have major 
 consequences to human health since vaccines are presently not available against 
dengue and chikungunya that are increasing in incidence globally (Weaver and 
Reisen  2010 ). Small island countries like Singapore and Sri Lanka within the region 
have not been able to eliminate dengue despite well-resourced and long-established 
control programmes (Chan et al.  1971 ; Kulatilaka and Jayakuru  1998 ; Ooi et al. 
 2006 ). We hypothesise that the exclusive targeting of freshwater pre-imaginal 
habitats for vector source reduction and management until now has contributed to 
this failure. Our observations in Sri Lanka also suggest that  Ae. aegypti  and  Ae. 
albopictus  from different locations in the country may vary in their ability to toler-
ate salinity (Ramasamy et al.  2011 ). We observed that  Ae. albopictus  and  Ae. aegypti  
fi rst and third instar larvae from the Jaffna peninsula, where there is more extensive 
groundwater salinisation (Rajasooriyar et al.  2002 ), had signifi cantly higher LC 50  
for salinity in developing into adults (11.9 and 13.0 ppt for fi rst instar larvae of 
 Ae. aegypti  and  Ae. albopictus , respectively) than the corresponding larvae from 
Batticaloa in mainland Sri Lanka (9.8 and 10.2 ppt for fi rst instar larvae of  Ae. 
aegypti  and  Ae. albopictus , respectively) (Ramasamy et al.  2011 ).   

 In Brunei Darussalam, which is 3,775 km away from Sri Lanka, we observed 
larvae of  Ae. albopictus  in discarded plastic food and beverage containers in beach 
areas in water with salinity of up to 8 ppt (Idris et al.  2013 ). The laboratory 
 determined LC 50  for the development of fi rst instar  Ae. albopictus  larvae to adults in 
Brunei Darussalam in brackish water was approximately 9 ppt salinity (Idris et al. 
 2013 ).  Aedes aegypti  was however found in brackish water in a house from a water 
village on the Brunei river estuary (Ramasamy and Surendran  2013 ). The failure to 
detect  Ae. aegypti  pre-imaginal stages in brackish water containers along beaches in 
Brunei Darussalam may be due to the peri-urban nature of the beaches and the 
greater endophilicity of  Ae. aegypti  in Brunei Darussalam, a country that is less 
densely populated than the surveyed coastal areas of Sri Lanka. The observations in 
Brunei Darussalam and Sri Lanka suggest that the development of  Ae. aegypti  and 
 Ae. albopictus  in brackish water may be a widespread phenomenon in tropical 
countries that can contribute to dengue transmission. 

 We speculate that  Ae. aegypti  and  Ae. albopictus  may be evolving strains that are 
adapting to brackish water habitats in the urban or peri-urban environment by a 
process that may be driven by anthropogenic changes that increase such habitats, 
the exclusive application of larval control methods to freshwater habitats and the 
use of insecticides in mainly inland locations for agriculture and vector control. 
 Aedes albopictus  has spread from Asia to Africa, America and Europe since the 
1980s (Rezza  2012 ). It recently caused a chikungunya epidemic in northern Italy 
and dengue transmission in southern France (Rezza et al.  2007 ; Cavrini et al.  2009 ; 
La Ruche et al.  2010 ). We hypothesise that salinity-tolerant and diapausing 
 Ae. albopictus  will further increase the potential for arboviral disease transmission 
in coastal areas of the temperate zone in Asia and elsewhere. 

 The physiological mechanisms that permit  Ae. aegypti  and  Ae. albopictus  to 
 oviposit and for the eggs to hatch into larvae that then develop into adults are not 
known. Larvae of the American brackish water mosquito  Aedes taeniorhynchus , a 
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vector of Eastern equine encephalitis virus, osmoregulate by drinking the surrounding 
fl uid and excreting Na + and Cl− from the posterior rectum to produce a hyperos-
motic urine (Bradley  1987 ). Early laboratory studies show that  Ae. aegypti  larvae 
are able to tolerate a limited increase in salinity in their surroundings by increas-
ing the concentrations of free amino acids and ions in their haemolymph in order to 
osmoconform to their environment (Edwards  1982 ). Recent evidence suggests that 
the pre-imaginal development of  Ae. aegypti  in brackish water of up to 15 ppt salinity 
in Sri Lanka is accomplished by a combination of reversible and irreversible 
physiological changes (Ramasamy et al.  2014 ). 

 Many tropical South and Southeast Asian countries are experiencing a rapid 
growth of populations living in coastal areas (McGranahan et al.  2007 ; UNEP 
 2007 ). Discarded containers along coasts that can accumulate brackish water and 
serve as habitats for the pre-imaginal development of mosquito vectors will become 
more common if refuse collection becomes increasingly inadequate because the 
relevant government authorities fail to cope with the rising need. Such a scenario, 
coupled with the application of mosquito control methods only to inland, urban and 
freshwater habitats, can favour the adaptation of vector mosquitoes to undergo pre- 
imaginal development in coastal brackish water habitats. This can additionally 
increase the prevalence of mosquito-borne diseases in the region. 

 The Jaffna peninsula is located at the apex of northern Sri Lanka (Fig.  8.3 ). 
Jaffna is traditionally an agricultural area with an extensive coastline. It is largely 
composed of sedimentary limestone of the Miocene period (Rajasooriyar et al. 
 2002 ), has a maximum altitude of 10.4 m and contains many lagoons and other 
seawater inlets. Almost all locations in the peninsula are <10 km from the sea, 
lagoon or other seawater inlets. Therefore, the entire peninsula may be considered 
to be a coastal zone. Dengue is endemic (Ramasamy and Surendran  2012 ,  2013 ), 
and there have been recent epidemics of malaria (Ramasamy and Surendran  2012 , 
 2013 ) and chikungunya (Surendran et al.  2007 ) in    the Jaffna peninsula. There are no 
reports of the local transmission of Japanese encephalitis and fi lariasis in the Jaffna 
peninsula in recent times although their respective primary vectors  Culex tritaenio-
rhynchus  and  Culex quinquefasciatus  are present in the peninsula (Rajendram and 
Antony  1991 ; Jude et al.  2012 ). Furthermore, the larvae of  Culex sitiens , a known 
vector of arboviruses including the Japanese encephalitis virus, are present in 
domestic wells with salinity ranging from 10 to 20 ppt in the islands off the peninsula 
(Jude et al.  2012 ). We propose that the Jaffna peninsula is therefore a model location 
for studying the future impact of global climate change and rising sea levels on 
mosquito vector populations and disease transmission in tropical coastal zones of 
Asia. The availability of relevant expertise and resources in the University of Jaffna 
makes a systems-based approach for studying the primary and secondary effects of 
different climate change parameters, changing salinity and other  ecological and 
socio-economic factors, on mosquito populations and disease transmission possible 
in the Jaffna peninsula. 

 In summary, several mosquito vector species that have traditionally been regarded 
as developing exclusively in freshwater habitats are now known to be able to 
undergo pre-imaginal development in brackish water in the peri-urban and urban 
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environments. The data are summarised in Table  8.3 . The relative contribution of 
brackish water-developing vectors, compared to vectors developing in freshwater 
habitats, towards disease transmission in coastal areas remains to be elucidated in 
detailed epidemiological studies. An analysis of dengue incidence in relation to 
rainfall in Jaffna and the rest of Sri Lanka is compatible with the hypothesis that 
brackish water vectors are a perennial source of dengue transmission and act as a 
virus source to help generate the increase in dengue transmission that follows soon 
after the onset of monsoonal rains (Ramasamy and Surendran  2013 ).

8.5        Impact of Increased Disease Transmission on Coastal 
Communities in South and Southeast Asia 

 Rising sea levels can therefore act synergistically with climate change and then 
interact in a complex manner with other environmental and socio-economic factors 
near coasts to generate a greater potential for the transmission of malaria, dengue 
and other mosquito-borne diseases. More than half the world’s population lives 
within 60 km of a shoreline, and population densities in coastal areas will increase 
markedly in disease-endemic countries of the region (McGranahan et al.  2007 ; 
UNEP  2007 ). Growing numbers of people will therefore be at risk of acquiring 
infections from increasing vector populations in coastal areas. Greater host density, 
by increasing vector-host contact, will also contribute to an increase in disease 
transmission rates. 

 Factors such as climate, agricultural practice, forest cover, animal reservoirs of 
disease, effi ciency of garbage collection in coastal locations and human population 
changes can infl uence the greater mosquito-borne disease transmission risk in 
coastal areas (Ramasamy and Surendran  2012 ). Higher incidence of such disease in 
coastal areas can serve as a focus to spread the disease inland through effi cient 

   Table 8.3    Examples of freshwater mosquito vectors of human disease that are able to undergo 
pre-imaginal development in brackish water   

 Species  Location 

 Maximum 
salinity 
tolerance (ppt)  Reference 

  Aedes aegypti   Brunei Darussalam, 
Sri Lanka 

 10  Ramasamy and Surendran ( 2013 ) 
 15  Ramasamy et al. ( 2011 ,  2014 ), 

Surendran et al. ( 2012 ) 
  Aedes albopictus   Brunei Darussalam  8  Idris et al. ( 2013 ) 

 Sri Lanka  14  Ramasamy et al. ( 2011 ) 
  Anopheles 
culicifacies  

 India  7  Gunasekaran et al. ( 2005 ) 
 Sri Lanka  4  Jude et al. ( 2010 ) 

  Anopheles 
stephensi  

 India  17  Gunasekaran et al. ( 2005 ) 
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freshwater vectors. The resulting health impacts may be particularly signifi cant in 
the more resource-poor countries of the South and Southeast Asian region.  

8.6     Mitigating Measures 

 Controlling the transmission of malaria, dengue and other mosquito-borne diseases 
and providing medical care to the corresponding patients consume a signifi cant part 
of the health and national budgets of several South and Southeast Asian countries. 
This diverts scarce resources from improving medical services in other areas. Illness 
due to mosquito-borne diseases also reduces economic productivity. Therefore, 
improved control of dengue and other mosquito-borne diseases, through targeting 
brackish water larval habitats, is an important consideration for health authorities 
and governments in the region. 

 There is a clear need for supporting more research at local, national and 
 international levels into the impact of rising sea levels and climate change on 
 mosquito vector populations in coastal areas of the region. The impact of rising sea 
levels on the expansion of brackish and saline water bodies along coasts is subject 
to local geosphere factors, occurs over a timescale of decades and is therefore best 
studied at local levels. The bionomics of salinity-tolerant mosquito vector popula-
tions needs to be investigated in more detail. Present methods of identifying sibling 
species in malaria vector species complexes based on morphology or karyotyping 
have proved unreliable and unsuitable for fi eld studies (Surendran et al.  2010 ). 
Robust and readily usable methods for differentiating sibling species that differ in 
salinity tolerance in the fi eld need to be developed for different localities of the 
region. Mathematical models of disease transmission that take into consideration 
vector development in brackish water habitats have to be developed. The physiological 
mechanisms employed by mosquitoes such as  An. culicifacies  and  Ae. aegypti  that 
were considered to be freshwater species in adapting to brackish water need to be 
elucidated. Besides furthering knowledge on mosquito biology, this research can 
lead to the development of specifi c larvicides that can be used in brackish water 
habitats. 

 Therefore, greater attention needs to be devoted to monitoring disease incidence 
and mosquito vector development in coastal brackish and saline water habitats. 
Countermeasures to prevent an expansion of such habitats and reduce vector 
 development therein are required. The extension of vector source reduction and 
management programmes to the brackish water habitats of the  Aedes  vectors of 
dengue and chikungunya is likely to immediately improve disease control in coastal 
areas. Pilot studies are needed in dengue-endemic areas to confi rm this. Similarly, 
greater attention to brackish and saline water development of malaria vectors may 
also be helpful in further reducing malaria transmission in the region. Larval source 
reduction in defi ned habitats is effective in controlling dengue (WHO  2009 ) and 
malaria in many situations (Fillinger and Lindsay  2011 ). Managing and eliminating 
brackish water mosquito vector habitats may assume even greater importance in a 
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future context of global warming, as sea levels rise and increase the extent of such 
habitats (Ramasamy and Surendran  2011 ,  2012 ). In this context, the stability and 
effectiveness of larvicides that are developed for freshwater use need to be examined 
in brackish and saline waters (Jude et al.  2012 ). 

 Community understanding and action have contributed to minimising freshwater 
larval development sites of dengue vectors in many disease-endemic countries. It is 
expected that this can be usefully extended to the brackish water habitats of the 
 vectors. Governments can publicise the importance of brackish water mosquito 
vectors for transmitting disease through newspapers, radio, television and 
appropriate websites. This can include, for example, highlighting the additional 
importance of brackish water habitats of dengue vectors in national dengue aware-
ness campaigns. 

 It is also important that the many local and national authorities responsible for 
different concerned sectors, e.g. health, agriculture, coastal planning, environment, 
irrigation, livestock development, etc., are made aware of the increased risk of 
mosquito- borne diseases in coastal areas due to rising sea levels, in order to incorporate 
it into their strategic development plans. Application of appropriate countermea-
sures can greatly reduce the potential for increased transmission of mosquito-borne 
diseases in coastal areas of South and Southeast Asia in the context of climate 
change and a rise in sea levels.     
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    Chapter 9   
 The Malaria Landscape: Mosquitoes, 
Transmission, Landscape, Insecticide 
Resistance, and Integrated Control 
in Thailand 

             Hans     J.     Overgaard     ,     Wannapa     Suwonkerd    , and     Jeffrey     Hii   

    Abstract     This chapter presents results on the effect of land use on malaria vector 
density, species diversity, and insecticide resistance in northern Thailand. 
Entomological data from 1977 to 1999 was analysed to understand spatio-tempo-
ral variations in vector density and potential effects on malaria transmission. 
Landscape analysis can potentially be used as a tool in vector control strategy 
development, particularly to understand local vector behaviour and habitat charac-
teristics for stratifi cation of vector control areas. Our results show that an increase 
in landscape diversity, particularly forest fragmentation, reduces malaria vector 
diversity and density. Such land use changes in non-malaria transmission areas 
were the potential cause for reductions in malaria mosquito densities. Similar land 
use changes were not observed in areas with permanent malaria transmission. The 
landscape analysis further shows that agricultural intensifi cation increases the like-
lihood of insecticide resistance development in malaria mosquitoes. We therefore 
argue for intersectoral collaboration, especially between the public health and 
agricultural sectors, to develop and implement integrated insecticide resistance 

        H.  J.   Overgaard      (*) 
  Department of Mathematical and Technological Sciences ,  Norwegian University 
of Life Sciences ,   Ås ,  Norway   

  Institut de Recherche pour le Développement (IRD) ,  Maladies Infectieuses et Vecteurs, 
Ecologie, Génétique, Evolution et Contrôle (IRD 224-CNRS 5290 UM1-UM2) , 
  Montpellier   Cedex 5 ,  France   

  Department of Entomology ,  Kasetsart University ,   Bangkok ,  Thailand   
 e-mail: hans.overgaard@nmbu.no  

    W.   Suwonkerd   
  Offi ce of Disease Prevention and Control #10 ,  Ministry of Public Health , 
  50200   Chiang Mai ,  Thailand    

    J.   Hii    
  School of Public Health, Tropical Medicine and Rehabilitative Sciences , 
 James Cook University ,   4811   Townsville ,  QLD ,  Australia   

  Malaria Consortium Asia ,  Mahidol University ,   420/6 Rajavidhi Road , 
 Bangkok   10400 ,  Thailand    

mailto:hans.overgaard@nmbu.no


124

management plans and integrated control. Integration of pest and vector control 
strategies should build on the integrated pest and vector management (IPVM) 
strategies described in this chapter. Such a strategy should be implemented through 
the Farmer Field School approach. For future research topics we suggest studies on 
the bionomics of the sibling species of the malaria vectors in the region to more 
effectively implement vector control actions. Furthermore, the effect of IPVM 
strategies on vector populations and disease outcome should be evaluated through 
large-scale trials.  

9.1          Introduction 

 Malaria in Thailand occurs in forested regions, along the borders of the country, 
where it is transmitted by forest-associated malaria vectors of the  Anopheles mini-
mus ,  An. dirus , and  An. maculatus  species groups. Malaria has decreased drasti-
cally in Thailand during the last 60 years. During this time, Thailand has undergone 
large changes in terms of socioeconomical development, including improved 
access to health services. Large changes in land use have also occurred, e.g. defor-
estation and agricultural intensifi cation. Such land use changes may cause changes 
in distribution patterns of the malaria vectors. This chapter is a summary of research 
that we carried out using data from the late 1970s up to 2005 in northern Thailand. 
In Sect.  9.2  we give an overview of malaria in Thailand. The taxonomy of the 
malaria mosquito fauna in Southeast Asia is complicated. There are many morpho-
logically indistinguishable species, large species complexes, and groups. In 
Sect.  9.3  we briefl y describe the current status of malaria mosquito taxonomy rel-
evant for Thailand. Thereafter, in Sect.  9.4 , we assess the effect of landscape struc-
ture, i.e. land use composition and confi guration, on malaria mosquito density and 
diversity. As the structure of a landscape may, indeed, affect malaria mosquitoes, 
we further compare variations in mosquito density in transmission and non-trans-
mission areas in order to evaluate the infl uence of landscapes on malaria transmis-
sion (Sect.  9.5 ). The landscape analyses also show that mosquito densities are 
lower in landscapes with a high proportion of insecticide-intensive land uses. This 
prompted us to assess if mosquitoes (survivors) collected in such insecticide-inten-
sive land use systems have a higher degree of resistance to agricultural insecticides 
than mosquitoes collected in land uses with less insecticide inputs (Sect.  9.6 ). The 
fact that insecticide resistance in malaria mosquitoes is affected by agriculture, in 
addition to public health insecticides, suggests that the public health and agricul-
tural sectors could collaborate for effective control of both malaria mosquitoes and 
agricultural pests. Such integrated pest and vector management options are dis-
cussed in Sect.  9.7 .  
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9.2      Malaria in Thailand 

 The malaria landscape particular for Thailand and many other Southeast Asian 
countries is commonly identifi ed as forested or forest-fringe regions along national 
borders, where malaria is transmitted by forest-associated malaria vectors (Sharma 
and Kondrashin  1991 ; Chareonviriyaphap et al.  2000 ). In this sense malaria trans-
mission is unique compared to other malaria-endemic areas around the globe. For 
example, there are many confi rmed and potential malaria vectors. Anopheline tax-
onomy is complicated by diffi culties for morphologic identifi cation because of 
many species complexes and groups. Malaria disproportionately affects vulnerable 
populations such as migrants, forest workers, border rangers, miners, ethnic minori-
ties, soldiers, etc. In Thailand, it is estimated that more than half of all malaria cases 
occur among the non-Thai people (Konchom et al.  2003 ). Malaria transmission in 
Thailand also occurs along the southern border to Malaysia, where civil unrest dur-
ing recent years has inhibited effective malaria control. 

 The incidence of malaria in 1947 was about 286 per 1,000 and mortality was 351 
per 100,000 population (Malikul  1988 ). In 1984 the malaria incidence had decreased 
to about 6 per 1,000 and mortality to 1.7 in 1997 (Malaria Division  1998 ). In 2009 
the number of reported malaria cases was 22,844 (0.41/1,000 population), and in 
2012 there were 27,744 cases (0.39/1,000 population) (Bureau of Vector Borne 
Disease  2013 ) (Fig   .  9.1 ). In Thailand it is estimated that about 5.6 million people 

  Fig. 9.1    Malaria incidence in Thailand: annual parasite incidence per 1,000 population (API), 
annual blood examination rate (ABER %), and slide positivity rate (%) (SPR) from 1965 to 2011 
(Bureau of Vector Borne Disease  2013 )       
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(8 % of the Thai population) live in areas with >1 case per 1,000 population (high 
transmission) and 29.2 million people (42 %) live in areas with <1 cases per 1,000 
population (low transmission) (WHO  2013 ). The rest, about 50 %, live in malaria- 
free areas. Malaria is still considered a problem in about 22 provinces along the 
border areas to Myanmar, Cambodia, Malaysia, and Laos. The major problems to 
control malaria in Thailand today are multidrug resistance, emergence of 
 Plasmodium falciparum  resistance to artemisinins along the Thai-Cambodian bor-
der, exophilic behaviour of malaria vectors, insecticide resistance, and migration of 
people for social, economic, and political reasons    (WHO  2010 ; Satimai et al.  2012 ).

   It is interesting to note that the malaria decline in Thailand based on reports 
60–70 years ago until today coincides with large historical land use changes. In fact, 
it has been suggested that the reduction of malaria could have been as much an 
effect of deforestation as of malaria control efforts (Rosenberg et al.  1990 ). 
Deforestation and environmental change can reduce availability of breeding habi-
tats, thus affecting mosquito propagation of anopheline species that breed in shaded 
water bodies, such as many of the malaria vectors in Southeast Asia (Yasuoka and 
Levins  2007 ). We have shown that land use change and encroachment of fruit 
orchards into forest areas reduced the mosquito fauna (Overgaard et al.  2003 ; 
Suwonkerd et al.  2002 ). 

 In 1938 it was estimated that the forest cover in Thailand was approximately 
70 % of the country’s total land area (Elkington and Ingkasuwan  1988 ). In 1995 the 
forest cover had been reduced to 23 % (FAO  1999 ). In an assessment for the year 
2000 for the Greater Mekong Subregion (Myanmar, Thailand, Laos, Kampuchea, 
and Vietnam), the total forest area was estimated at ca. 75 million ha or 39 % of the 
total land area; in Thailand the estimate was 14.3 million ha or 28 % of the country’s 
land area (Stibig et al.  2007 ). Southeast Asia has the highest relative rate of defor-
estation of any major tropical region in the world and could deplete three quarters 
of its native forest cover by 2100, effectively removing up to 42 % of its fauna and 
fl ora biodiversity (Sodhi et al.  2004 ). 

 Forest resources have contributed to the rapid economic development of Thailand 
in terms of export and wood and other forest resources. In some areas the livelihood 
of people is still dependent on forests. People use forests for hunting and collecting 
edible and medicinal plants and wood for housing and cooking. Forests also retain 
soil nutrients in the traditional shifting cultivation systems of numerous ethnic 
groups in the uplands. Forests are important for soil and watershed protection, agri-
cultural productivity, and conservation of biodiversity. The main reasons for the loss 
of forests are over-exploitation of forest resources by national and international 
enterprises for timber, agricultural expansion, and conversion to intensive cash crop 
farming, such as rubber, fruits, sugar cane, cassava, etc. (Stibig et al.  2007 ). Forest 
degradation is caused by unsustainable and illegal logging. Deciduous forests are 
also threatened by forest fi res that are common for land clearing, cattle grazing, and 
hunting (Rundel and Boonpragob  1995 ). The accelerated economic development of 
Thailand has affected human settlement and migration patterns leading to increased 
pressure on land resources and changes in rural economic structures (Singhanetra- 
Renard  1993 ).  
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9.3      Malaria Vectors in Thailand 

 There are approximately 74 species of the genus  Anopheles  reported from Thailand 
(Harrison  1980 ; Walter Reed Biosystematics Unit  2012 ; Tainchum et al.  2015 ). 
However, only six species are offi cially recognized as malaria vectors (WHO  2011 ). 
They comprise members of the Dirus and Minimus complexes and Maculatus and 
Barbirostris groups. The primary vectors are  An. dirus ,  An. baimaii ,  An. minimus , 
and  An. maculatus , while  An. aconitus ,  An. pseudowillmori , and  An. epiroticus  are 
considered as secondary vectors, based on the recovery of sporozoites from salivary 
glands and their geographic distribution (Saeung  2012 ).  An. barbirostris/campestris  
group is considered as potential vectors that play an important role in increased  P. 
vivax  transmission (Saeung  2012 ). All these complexes or groups are often not pos-
sible to distinguish morphologically from one another (Rattanarithikul and 
Panthusiri  1994 ) and have thus depended on techniques such as chromosomal anal-
ysis (Baimai et al.  1984 ; Baimai  1988 ), allozyme typing (Green et al.  1992 ), and 
allele-specifi c polymerase chain reaction (AS-PCR) techniques (Walton et al.  1999 ) 
for species identifi cation. The vectorial capacity of the sibling species often varies, 
affected by behaviour and geographical distribution, thus resulting in different abili-
ties to transmit malaria in different areas of the country. 

9.3.1     Dirus Complex 

 This species complex is represented by fi ve species in Thailand. Currently they are 
 An. dirus  s.s. (formerly  An. dirus  sp. A),  An. cracens  ( An. dirus  sp. B),  An. scanloni  
( An. dirus  sp. C), and  An. baimaii  ( An. dirus  sp. D) and  An. nemophilous  ( An. dirus  
sp. F). Because of taxonomic confusions, they were all previously regarded as  An. 
dirus  s.l. with sporozoite rates of up to 10 % (Peyton  1989 ; Sallum et al.  2005 ; 
Tainchum et al.  2015 ). Two members,  An. baimaii  and  An. dirus  s.s., are considered 
to be among the more important primary malaria vectors in Thailand (Rattanarithikul 
et al.  2006 ; Manguin et al.  2008a ,  b ) because of their endophagic and anthropophilic 
behaviour.  Anopheles dirus  s.s. occurs mainly in the eastern part of Thailand through 
Laos, Cambodia and Vietnam (south of the Red River), while  An. baimaii  spreads 
predominantly to the west of Thailand through Myanmar and southern China 
(Hunan) (Obsomer et al.  2007 ; Sallum et al.  2005 ). 

 Species of the Dirus complex inhabit forested mountains and foothills, culti-
vated forests, rubber plantations, and forest fringes. Typical larval habitats include 
small, shallow, usually temporary, mostly shaded bodies of fresh, stagnant water, 
such as pools, puddles, small gem pits, animal footprints, wheel ruts, hollow logs, 
streams, and wells (Sinka et al.  2011 ). Water habitats can be clear or turbid with 
nitrogenous waste, due to animal excreta or rotten leaves. These species are most 
abundant during the rainy (monsoon) season (Rattanarithikul et al.  2006 ; Sinka 
et al.  2011 ).  
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9.3.2     Funestus Group 

  Minimus Complex     This complex comprises of three species, namely,  An. minimus  
s.s. Theobald (formerly  An. minimus  A),  An. harrisoni  Harbach and Manguin ( An. 
minimus  C), and  An. yaeyamaensis  Somboon and Harbach ( An. minimus  species E) 
(Harbach et al.  2006 ,  2007 ; Sinka et al.  2011 ), with only the fi rst two species known 
to occur in Thailand.  An. minimus  s.s. occurs throughout the country and southward 
to the Thai-Malay peninsula (Manguin et al.  2008b ), while  An. harrisoni  is confi ned 
to the western and northern subregions, including Tak, Chiang Mai, and Kanchaburi 
provinces (Rattanarithikul et al.  2006 ; Tainchum et al.  2015 ). Vectorial status is 
uncertain, although  An. minimus  s.s. seems to be a more effi cient malaria vector than 
 An. harrisoni  (Trung et al.  2004 ; Garros et al.  2005 ). Both species have been reported 
to be sympatric in mainland Asia (Garros et al.  2006 ,  2008 ; Manguin et al.  2008b ), 
in northern Vietnam (Van Bortel et al.  1999 ; Trung et al.  2005 ), and in Kanchanaburi 
Province, western Thailand (Sungvornyothin et al.  2006 ). Misidentifi cation of  An. 
minimus  s.s. is problematic for public health personnel conducting vector control 
due to the high morphological variability and habitat similarities with other mem-
bers of the Myzomyia series, particularly in the Aconitus subgroup ( An. aconitus  
Dönitz,  An. pampanai  Buttiker and Beales, and  An. varuna  Iyengar).  

  Anopheles minimus  s.l. immatures occur principally in stream pools and stream 
margins, with cool unpolluted water with partial shade and grassy margins 
(Muirhead Thompson  1940a ,  b ; Overgaard et al.  2002 ). In northern Vietnam and 
western Thailand,  An. minimus  habitats vary from dense canopy forest to open 
agricultural fi elds, particularly traditional rice agroecosystems. Using remote 
sensing geographical information systems (GIS) and Landsat satellite data, 
Rongnoparut et al. ( 2005 ) showed that  An. minimus  s.s. has a wide habitat prefer-
ence, from dense canopy forest to open agricultural fi elds, while  An. minimus  C 
has a narrow habitat preference. In the Thai-Myanmar border area, light forests 
were defi ned as areas covered by trees that are accessible to people. Multivariate 
analysis revealed that light forest cover was a signifi cant factor only for  P. falci-
parum  and the mean distance from an individual house to a stream was about 
200 m with a range of 200–500 m (Lawpoolsri et al.  2010 ). This relatively small 
variation suggests that vector abundance is similar among houses. The risk of  P. 
falciparum  malaria attack among people in a hamlet increased by 1.03 for every 
1% increase in the hamlet’s light forest cover, but this association is uncertain due 
to the limited number of landscape data for comparison at hamlet level (Lawpoolsri 
et al.  2010 ). 

  Aconitus Subgroup     This subgroup is represented in Thailand by  An. aconitus  
Dönitz,  An. pampanai  Buttiker and Beales, and  An. varuna  Iyengar (Tainchum et al. 
 2015 ), and immatures have been collected from groundwater habitats near foothills 
and forest fringe areas similar to those of  An. minimus  (Rattanarithikul et al.  2006 ).   
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9.3.3     Maculatus Group 

 This group includes three subgroups with a total of eight species which are found in 
Thailand, i.e.  An. maculatus  s.s. Theobald (Form B),  An. sawadwongporni  
Rattanarithikul and Green (Form A),  An. dravidicus  Christophers (formerly Form 
C),  An. notanandai  Rattanarithikul and Green (Form G),  An. pseudowillmori  
(Theobald) (Form I),  An. willmori  (James) (Form H) (Saeung  2012 ),  An. maculatus  
Form E, and  An. maculatus  Form K (Hii and Rueda  2013 ). Recently  An. maculatus 
K  was formally named  An.  ( Cellia )  rampae  Harbach & Somboon (Somboon et al. 
 2011 ).  Anopheles maculatus  s.s. occurs in six regions in Thailand, whereas 
 An. sawadwongporni  is recorded in the north-eastern and southern regions, and 
 An. maculatus  Form E is found throughout the peninsular region (Rattanarithikul 
et al.  2006 ; Saeung  2012 ).  Anopheles maculatus  and  An. pseudowillmori  were 
incriminated as primary and secondary vectors of malaria in the southern and west-
ern regions, respectively, while  An. sawadwongporni  is regarded as a suspected 
malaria vector (Green et al.  1991 ; Saeung  2012 ). 

 Species in the Maculatus group are found in or near hilly forested zones and in 
rubber plantation areas where the larvae occur in shaded puddles in drying streams 
and other temporary habitats such as rock pools, drying streams, etc. (Rattanarithikul 
et al.  1995 ; Chareonviriyaphap et al.  2000 ; Jaichapor et al.  2005 ).  

9.3.4     Barbirostris Group 

 The Barbirostris subgroup of this group includes fi ve species:  An. barbirostris  van 
der Wulp s.l.,  An. campestris  Reid,  An. donaldi  Reid,  An. hodgkini  Reid, and  An. 
pollicaris  Reid (Saeung et al.  2007 ,  2008 ; Saeung  2012 ; Rattanarithikul et al.  2006 ; 
Walter Reed Biosystematics Unit  2012 ).  Anopheles barbirostris  and  An. campestris  
are the most common species of this group, and they are closely associated with 
humans. Larvae are usually found in rice fi elds, stagnant ditches, earthen wells, 
swamps, canals, and other groundwater habitats (Reid  1962 ; Rattanarithikul et al. 
 1994 ).  Anopheles campestris  and  An. donaldi  are considered vectors of malarial 
parasites in Thailand, and both malarial parasites and fi larial worms in other non- 
Greater Mekong Subregion (GMS) countries (Rattanarithikul et al.  2006 ; Walter 
Reed Biosystematics Unit  2012 ). The capture of an oocyst-positive specimen of  An. 
barbirostris/campestris  in the prolonged absence of the dominant vector species 
(Sinka et al.  2011 ) highlighted the role of  An. barbirostris  s.l., an outdoor biting 
vector, in maintaining malaria transmission in Sae Kaeo province (Limrat et al. 
 2001 ; Apiwathnasorn et al.  2002 ) and in Kanchanburi province (Green et al.  1991 ). 
 Anopheles campestris  and  An. hodgkini  were naturally infected with sporozoites 
(Coleman et al.  2002 ), suggesting their potential roles of secondary vectors in habi-
tats experiencing land use and environmental changes in Thailand.  
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9.3.5     Sundaicus Complex 

 This complex is represented by  An. epiroticus  ( sundaicus  A) based on morphologi-
cal cytological, isoenzyme and molecular markers (Linton et al.  2001 ,  2005 ) and is 
considered a secondary vector in coastal areas of eastern and southern Thailand 
(Saeung  2012 ; Ritthison et al.  2014 ). Larvae of  An. epiroticus  are typically found in 
sunlit brackish pools containing algae as well as freshwater pools (Rattanarithikul 
et al.  2006 ).   

9.4      Effect of Landscape Structure on Malaria Vector Density 
and Diversity 

 By linking mosquito vector population dynamics with spatial and temporal habitat 
quality, it might be possible to make predictions about how landscapes affect the 
production and density of disease vectors. In agriculture this has been long acknowl-
edged for assessing severity of pest attack (Gould and Stinner  1984 ; Ekbom  2000 ). 
The location of mosquito breeding sites, blood and nectar sources, resting places, 
and variations in the landscape between these sources likely infl uence mosquito 
movement and spatial distribution. Such variations in the landscape can be quanti-
fi ed by landscape structure analysis. Landscape structure is the pattern of a land-
scape and consists of landscape composition and confi guration (Turner  1989 ; Turner 
and Gardner  1990 ; Dunning et al.  1992 ). Landscape composition is the presence 
and proportion of different land uses and landscape elements or habitat patches. 
Landscape confi guration is the spatial arrangements of those elements. Landscape 
structure is quantifi ed by various metrics, such as landscape diversity, percentage of 
specifi c land use covers, mean patch size, fractal dimensions, etc. 

 We used data from six landscapes, three predominantly agricultural landscapes 
and three forested landscapes (Fig.  9.2 ), to assess if landscape structure could be used 
to explain anopheline density (particularly  An. minimus ,  An. maculatus , and  An. aco-
nitus ) and diversity (Overgaard et al.  2003 ). Based on previous observations (Scanlon 
and Sandhinand  1965 ; Rosenberg et al.  1990 ; Kondrashin et al.  1991 ), it was hypoth-
esized that malaria mosquito density would be lower in more developed, urbanized 
locations with a high landscape diversity than in less developed forest locations with 
a low landscape diversity. Adult malaria mosquitoes were collected by monthly out-
door human landing catches during the wet and dry seasons from October 1997 to 
December 1999. The number of collection months per location varied from 12 to 21. 
Landscape and land use class metrics were calculated for each landscape using the 
spatial statistical software FRAGSTATS*ARC (McGarigal and Marks  1995 ).

   The agricultural locations had signifi cantly higher landscape diversity, more 
patches, smaller mean patch sizes, and more complex patch shapes than the forest 
locations. Both adult malaria mosquito density and diversity were lower in land-
scapes with high landscape diversity, low forest cover, and high agricultural and 
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  Fig. 9.2    Land use maps of six landscapes in northern Thailand. Pang Mai Daeng village ( PMD1  
and  PMD2 ), Chiang Mai Province; Mae Mok village ( MM ), Lampang Province; Ban Tae village 
( BT ), Lampang Province; Huay Chang Kham village ( HCK ), Mae Hong Son Province, and 
Pakkolo village ( PK ), Mae Hong Son Province (Overgaard et al.  2003 )       
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fruit orchard cover. In contrast, Vanwambeke et al. ( 2007a ) showed that sites located 
in the most diverse landscapes, as indicated by the modifi ed Simpson index >1.2, 
had a fi vefold higher chance of harbouring  An. minimus  larvae than those with the 
least diverse landscape, but the association with malaria transmission was inconclu-
sive. Forest fragmentation, resulting from human economic activities, increases 
landscape heterogeneity. Specifi cally, anopheline species diversity was negatively 
related to landscape diversity (Fig.  9.3 ).  Anopheles minimus  s.l. was the most abun-
dant mosquito species. The densities of  An. minimus  s.l. and  An. maculatus  s.l. were 
both signifi cantly higher in the forest locations in at least one season. The density of 
 An. minimus  s.l. was positively related to forest mean patch size, percentage of sev-
eral water, and paddy fi eld landscape metrics and negatively related to landscape 
diversity.

   Both fruit orchard cover and agricultural cover appeared to affect anopheline 
species density and diversity. The generally observed pattern was that landscapes 
with large fruit orchard patch sizes seemed to be associated with low  An. minimus  
s.l. density and low malaria mosquito diversity. This result could be explained by 
the intensively managed fruit cropping systems in northern Thailand, where particu-
larly tangerine pest management is highly dependent on insecticide pest control 
(Chalermphol and Shivakoti  2009 ). Malaria vectors are likely affected negatively by 
these insecticides resulting in reduced abundance of both larvae and adults. In 
northern Thailand, Vanwambeke et al. ( 2007a ) showed that turbid and temporary 
water and the presence of algae and excrement decreased the probability of fi nding 
 An. minimus  s.l. larvae. Similar effects were observed in northern Vietnam where 

  Fig. 9.3    Relationship between anopheline species diversity (Shannon-Weaver diversity index) 
and landscape diversity (modifi ed Simpson’s diversity index) in six landscapes in northern 
Thailand (See Fig.  9.1  for landscape acronyms) (Overgaard et al.  2003 )       
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recent agricultural development linked to modifi ed irrigation might have disturbed 
mosquito habitats causing low density of  An. minimus  s.l. (only three specimens) 
(Garros et al.  2008 ). Human economic activities often increase landscape heteroge-
neity, and application of pesticides in the dry season may result in a reduction of 
anopheline species diversity and density (Overgaard et al.  2003 ). 

 The conversion of forests to fruit orchards, a major land use change in northern 
Thailand, was promoted during the late 1990s by the Thai government (Ampunpong 
 1996 ; Chalermphol and Shivakoti  2009 ). Results from landscape analyses, as car-
ried out here, can point to the importance of the quality of a landscape for sustaining 
anopheline presence. Landscape analysis can be used to predict changes in anoph-
eline fauna as response to landscape changes and may inform on potential landscape 
management strategies for suppressing disease vector populations. The results pre-
sented here show that the vector status in northern Thailand is complex and that 
vector and agriculture pest control are intricately interrelated. It is therefore impor-
tant to include both the public health and agricultural sectors in controlling malaria 
vectors in the country.  

9.5      Spatio-temporal Variations in Vector Density: 
Effects on Malaria Transmission 

 Environmental heterogeneity in time and space may have an impact on several 
aspects of mosquito vector biology and ecology. Adaptation to environmental varia-
tions may cause for selection of insect behaviour and physiology. For example, 
differences in host preference (Nuthsathapana et al.  1986a ) and susceptibility to 
insecticides (Nuthsathapana et al.  1986b ; McKenzie  1996 ; Chareonviriyaphap et al. 
 1999 ) have been observed, potentially caused by environmental change and varia-
tion. Chiang Mai Province in northern Thailand displays a large variation in terms 
of ecology, land use, topography, human population density, and social and eco-
nomic development. The highest mountain of Thailand, Doi Inthanon, is located in 
Chiang Mai Province, and the province is a popular tourist destination. The pace of 
urbanization and general development, particularly in and around the largest city 
Chiang Mai, is rapid and causes large disparities with other areas of the province. 

 Analysis of mosquito data from the last two decades of the twentieth century in 
neighbouring Mae Hong Son Province indicated that the densities of the main 
malaria vectors were stable or increasing (Suwonkerd et al.  2004 ). Every year Mae 
Hong Son Province is one of the top fi ve provinces in terms of number of malaria 
cases (Childs et al.  2006 ; Congpuon et al.  2011 ), and the high mosquito densities are 
one probable factor contributing to this (Suwonkerd et al.  2004 ). Malaria in Chiang 
Mai Province, on the other hand, is not as pronounced. The annual parasite inci-
dence per 1,000 population in Chiang Mai was 1.11 and 1.08 in 2003 and 2004, 
respectively, whereas in Mae Hong Son the corresponding numbers were 14.20 and 
10.04 (Suwonkerd et al.  2010 ). In 2010–2011 the annual malaria incidence per 
1,000 population in Chiang Mai was less than 1/1,000 population, but it increased 
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to 1.4 in 2012. In Mae Hong Son, this incidence was 5.4 in 2010, 7.1 in 2011, and 
14.7 in 2012 (ODPC  2012 ). Chiang Mai is more populated and developed and envi-
ronmentally and geographically more heterogeneous compared to Mae Hong Son. 
This means that there is a larger variation in landscape diversity and forests are more 
fragmented. As discussed above, malaria mosquitoes are affected by landscape 
diversity and fragmentation. 

 To understand the spatial and temporal patterns in vector density and their poten-
tial roles in malaria transmission, we analysed long-term mosquito collection data 
from the Ministry of Public Health in Chiang Mai Province (Suwonkerd et al.  2002 ). 
The available data were from indoor and outdoor human bait collections and cow- 
baited collections from 1977 to 1999. The data were separated into two time peri-
ods, 1977–1989 and 1990–1999, and into transmission areas (TA) and 
non-transmission areas (NTA). Aerial photos and satellite images were used to anal-
yse changes in land use during the same periods. 

 Malaria control and vector management in Thailand is based on area stratifi ca-
tion. Therefore, the country is divided into different areas based on malaria trans-
mission and vector presence (Malaria Division  1993 ). The different strata are (A) 
control area with transmission (TA), (B) control area without transmission (NTA), 
(C) pre-integration areas, and (D) integration areas. The control area with transmis-
sion is divided into perennial transmission areas (A1), where transmission occurs 
>6 months per year, and periodic transmission areas (A2), where transmission 
occurs <6 months per year. The control area without transmission is divided into 
high-risk non-transmission areas (B1), where no transmission has been observed for 
at least 3 years and where primary malaria vectors are present, and low-risk non- 
transmission areas (B2), where no transmission has taken place for at least 3 con-
secutive years and only suspected vectors are present. In this study, 25 subdistricts 
were selected as representative for the transmission area and one subdistrict as rep-
resentative of non-transmission areas. The reason for this large difference in number 
of subdistricts is that mosquito surveillance has been prioritized in transmission 
areas and only one subdistrict in the non-transmission area had suffi cient entomo-
logical data to be analysed. 

 We hypothesized that the densities of the main malaria vectors would be consis-
tently higher in transmission areas than in non-transmission areas. We also hypoth-
esized that during the study period, mosquito densities would be stable or increase 
in the transmission areas, as observed in Mae Hong Son (Suwonkerd et al.  2004 ), 
and that they would decrease in non-transmission areas. We further assumed that a 
decrease in vector density in non-transmission areas might be explained by an 
increase in landscape diversity (Overgaard et al.  2003 ). Available data on changes 
in landscape structure in the non-transmission area allowed us to explore if land-
scape change might have had an impact on vector densities. Landscape changes in 
transmission areas were also investigated. 

 There were a total of 27 different anophelines collected during the study period. 
The three most abundant malaria mosquito species collected were  An. minimus  s.l., 
 An. maculatus  s.l., and  An. dirus . During the whole study period,  An. dirus  was 
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mainly collected on human bait, but its density was generally very low; therefore, 
no signifi cant trends could be seen for this species. For  An. minimus  s.l. on the other 
hand, there was no signifi cant difference in indoor mosquito density between NTA 
and TA areas for both periods combined. 

 However, there were signifi cantly more  An. minimus  s.l. mosquitoes collected in 
the second period (1990s) compared to the fi rst period (1980s) in the TA, whereas 
the opposite was observed in the NTA. This suggests that the environmental condi-
tions in the TA were favourable for mosquito propagation and collection. In the 
NTA, on the contrary, mosquito density signifi cantly decreased from the fi rst to the 
second period. Land use change between the two periods was greater in NTA than 
in TA, i.e. landscape diversity, forest fragmentation, cover of agriculture and fruit 
orchards increased, and stream corridor area decreased (Fig.  9.4 ). In the TA the for-
est cover remained around 80 % during both periods.

   The overall results suggest that land use changes were responsible for changes in 
malaria mosquito densities, which, in turn, were responsible for the observed differ-
ences in malaria transmission. However, other important factors such as malaria 
control activities, human movement and behaviour, and socioeconomic conditions 
also infl uence malaria transmission (Singhanetra-Renard  1986 ; Singhasivanon 
 1999 ; Vanwambeke et al.  2007b ). The exact effect of land use change on mosquito 
populations and disease transmission cannot be easily predicted without local- scale 
contextual information.  

  Fig. 9.4    Land use change between 1983 and 1995 in Pang Mai Daeng village (non-transmission 
area), Chiang Mai Province, northern Thailand (Suwonkerd et al.  2002 )       
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9.6      Land Use and Insecticide Resistance in Mosquito Vectors 

 Insecticide resistance in mosquito vectors is a serious threat to vector-borne 
disease control (Hemingway and Ranson  2000 ; Ranson et al.  2011 ). Evolution 
of insecticide resistance in an insect population arises when there is an increase 
in the frequency of one or more resistance genes in the population following 
exposure to insecticides. The dynamics of resistance development in mosquito 
vectors is complex and varies from species to species and from area to area. 
However, the fundamental requirements for an insect population to develop 
resistance are exposure to insecticides and intrinsic genetic variation in suscep-
tibility to insecticides. Natural selection and genetic drift act on the inherent 
genetic variation in the population that is created by mutation, genetic recombi-
nation, and gene fl ow. 

 The main methods to control malaria mosquitoes are chemical based, e.g. 
indoor residual spraying (IRS) and insecticide-treated nets (ITN), or long-lasting 
insecticide- treated nets (LLINs). In Thailand the main malaria vector control 
methods have been IRS with DDT. However, in 1995 DDT was banned and gradu-
ally replaced by pyrethroids. At the beginning deltamethrin was used for IRS and 
permethrin for treated bed nets (Chareonviriyaphap et al.  2004 ). Fenitrothion was 
mainly used in some particular areas and in the areas along the Thai-Cambodia 
border during 1982–1987 (Suwonkerd et al.  1990 ). Wide-scale use of permethrin- 
treated bed nets (0.3 g./sq.m) was initiated in 1997 (Chareonviriyaphap et al. 
 1999 ). After the partial integration programme was implemented in 2003 (also for 
other vector-borne disease control), the bed net coverage was 91–97 % in Mae 
Hong Son and 89–98 % in Chiang Mai, and households having at least one net 
were higher in Mae Hong Son (95.3 %) than Chiang Mai (52.2 %) (Suwonkerd 
et al.  2010 ). The available insecticides used to control malaria mosquitoes are 
increasingly becoming less effective due to resistance development in mosquito 
populations (Van Bortel et al.  2008 ; Ranson et al.  2011 ). However, the malaria 
vectors in Thailand are still susceptible to various kinds of insecticides 
(Chareonviriyaphap et al.  1999 ; Somboon et al.  2003 ), although  An. maculatus  s.s. 
was found resistant to the agrochemical methyl parathion (Overgaard et al.  2005 ); 
 An. minimus  and  An. harrisoni  showed avoidance behaviour to agrochemicals 
(carbaryl, malathion, cypermethrin) (Pothikasikorn et al.  2007 ); and  An. macula-
tus  and  An. sawadwongporni  avoided DDT and permethrin (Muenworn et al. 
 2006 ). 

 As have been discussed above, landscape structure acts as a determinant of the 
distribution of malaria vectors (Suwonkerd et al.  2002 ; Overgaard et al.  2003 ). The 
land use cover of fruit orchards and agriculture appears to affect both anopheline 
species density and diversity. Fruit orchards were associated with fewer mosquitoes 
and lower anopheline diversity, potentially caused by high agricultural pesticide 
input in fruit orchards (Overgaard et al.  2003 ; Chalermphol and Shivakoti  2009 ). 
Approximately 90 % of all insecticides worldwide are used for agricultural pur-
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poses (WHO  1996 ). This intensive use of insecticides in agriculture has caused 
concern for increased selection pressure for insecticide resistance development in 
disease vectors. Several studies suggest that insecticide-intensive agriculture is an 
important cause for insecticide resistance development in malaria vectors (Georghiou 
et al.  1972 ; Chapin and Wasserstrom  1981 ; Brogdon et al.  1988 ; Diabate et al.  2002 ; 
Fane et al.  2012 ; Yadouleton et al.  2011 ). 

 In a small study from northern Thailand, we found that malaria vectors collected 
in insecticide-intensive fruit orchards were less susceptible to insecticides than 
those collected in fruit orchards with low insecticide input (Overgaard et al.  2005 ). 
The malaria vector control activities were the same in both areas, ruling out the pos-
sibility that mosquitoes were affected by public health insecticides. In summary, 
mortality of the progeny of  Anopheles maculatus  s.s. collected in the high-
insecticide- input area and subjected to discriminating doses of the agricultural 
insecticide methyl parathion was 74 %. The progeny of same species collected from 
the low-insecticide-input area subjected to the same concentration of methyl para-
thion had a mortality of 92 %. Also for  An. sawadwongporni  a similar pattern was 
found, 94 % mortality in the high-input area and 99 % in the low-input area. 
Unfortunately, it was not possible to collect a suffi cient number of  An. minimus , the 
main vector in the area, for susceptibility tests. The lethal times (LT 50  and LT 90 ) of 
 An. maculatus  s.s. were signifi cantly higher in mosquitoes collected from the high-
insecticide- input area than in those collected in the low-input area ( p  < 0.05) 
(Table  9.1 ). There was no indication of resistance to cypermethrin to either of the 
species tested. The study concluded that reduced susceptibility of malaria mosqui-
toes in this area was caused by intensive agricultural pest control and not by vector 
control activities. Further, mosquitoes were still susceptible to pyrethroids; there-
fore, this resistance did not pose a direct threat to malaria vector control activities; 
however, increased use of pyrethroids in agriculture may compromise future malaria 
vector control.

   Table 9.1    Lethal times (in minutes) producing 50 % (LT50) and 90 % (LT90) mortalities and 
lethal time ratios (LTR) with 95 % confi dence intervals (in parenthesis) for  An. maculatus  s.s. 
subjected to diagnostic doses of methyl parathion. Mosquitoes were collected from a fruit orchard 
with high insecticide use, Muang Na village (HIGH), and a fruit orchard with low insecticide use, 
Huay Mae Kiang village (LOW) in Chiang Mai Province, northern Thailand (Overgaard et al. 
 2005 )   

 Lethal time  HIGH  LOW  LTR a  

 LT 50   14.4 
 (11.2–18.1) 

 13.1 
 (12.5–13.8) 

 1.096 
 (1.007–1.193) 

 LT 90   25.5 
 (20.0–39.1) 

 19.3 
 (18.2–20.7) 

 1.321 
 (1.180–1.478) 

   a If LTR confi dence limits do not include 1, there is a signifi cant difference in response between the 
two populations at the 0.05 level  
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9.7         Integrated Pest and Vector Management 

 The fact that agricultural insecticides affect insecticide resistance in malaria mos-
quitoes suggests that, in some areas, it may be advantageous for the agricultural and 
public health sectors to collaborate. Joint planning of integrated insecticide resis-
tance management and development of alternative vector and pest control strategies 
could be advantageous for reducing resistance development. The fi rst step would be 
to identify such areas where there is a risk for high insecticide resistance selection 
pressure in mosquito vectors due to exposure to both agricultural and public health 
insecticides. 

 The geographical extent of insecticide exposure in malaria mosquitoes can be 
assessed by mapping intensive agricultural cropping systems and malaria vector 
distribution or vector control stratifi cation. This spatial approach makes use of GIS 
technology to identify overlapping areas where the two attributes coexist. Although 
the results give a general indication of potential risk areas, this indirect approach is 
easier than to assess the geographical extent of variations in insecticide resistance 
and population genetic characteristics. Attempts to identify such risk areas have 
been made in Thailand and Vietnam (Overgaard  2006 ; Thongdara et al.  2009 ; 
Nguyen et al.  2009 ). The main obstacle of this approach is to know the exact 
amounts of pesticides that farmers apply in their fi elds. This often depends on the 
individual farmer and the cropping system. The situation is further complicated by 
the fact that sometimes different crops, requiring different pesticide regimes, are 
grown in the same fi elds and vary from year to year. Statistics on pesticide use are 
often very general and are usually based on the amount of pesticides imported to a 
country. One way to overcome this obstacle is to make decisions based on experi-
ence and evidence from detailed studies that certain crops require more pesticides 
than others and thereafter range crops in terms of pesticide intensity (Overgaard 
 2006 ). 

 Identifying risk areas should focus on land use specifi cally pesticide use to deter-
mine local or regional variations in pesticide use and intensity. Maps showing risk 
areas may be particularly helpful for assessing potential locations for the implemen-
tation of resistance management and integrated control strategies. Such strategies 
could be action plans to reduce or replace insecticides used in pest and disease vec-
tor control or coordination of integrated pest management (IPM) and integrated 
vector management (IVM) activities (WHO  2006 ). 

 As an example, we carried out a risk area mapping analysis for Thailand 
(Thongdara et al.  2009 ). First we identifi ed the 20 highest malaria provinces in the 
country, and then, out of those, we selected 12 provinces that had the highest num-
ber of pesticide-using land holders (Fig.  9.5 ). We then performed a GIS analysis by 
overlaying high and medium insecticide-intensive land uses over the malaria trans-
mission areas A1 and A2. Chanthaburi Province had the highest feasible area for 
implementing IPVM of the 12 examined provinces. About 121,600 ha or 19 % of 
the provincial area of Chanthaburi could be suitable for IPVM implementation 
(Table  9.2  and Fig.  9.6a ). This high percentage is due to the large number of fruit 
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orchards in the province. In Chiang Mai Province, another fruit-growing province, 
the feasible area for implementing IPVM was calculated to be 127,300 ha or 5.7 % 
of the provincial area (Table  9.2  and Fig.  9.6b ).

     Coordination of IPM and IVM, or integrated pest and vector management 
(IPVM), depends on the fact that agricultural pests and vector-borne diseases over-
lap geographically (WHO  2006 ). Integrated pest and vector management is an 
extension of the IPM-based Farmer Field School (FFS) approach and is a potential 
solution to the control of both agricultural pests and disease vectors, while simulta-
neously improving public health and promoting community empowerment. The 
FFS is a season-long training activity for farmers to implement IPM (Pontius et al. 
 2002 ). It started in 1989–1990 in Indonesia, but has been implemented in more than 

  Fig. 9.5    Map of Thailand showing 12 provinces with high malaria transmission and agricultural 
pesticide use (Thongdara et al.  2009 )       
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    Table 9.2    Calculation of implementation areas for integrated pest and vector management in 
12 provinces in Thailand (Thongdara et al.  2009 )   

 Province  Province area (ha) 

 Potential IPVM area in province 

 ha  % 

 Chanthaburi  635,091  121,673  19.1 
 Prachuap Khiri Khan  642,416  77,764  13.0 
 Chumphon  598,243  81,254  12.6 
 Trat  286,409  24,184  8.4 
 Ranong  314,001  26,451  8.4 
 Chiang Mai  2,202,781  127,339  5.7 
 Mae Hong Son  1,272,529  44,046  3.4 
 Phetchaburi  615,439  16,217  2.6 
 Ratchaburi  517,834  13,448  2.6 
 Tak  1,726,865  38,373  2.2 
 Surat Thani  1,312,804  24,653  1.8 
 Kanchanaburi  1,940,760  19,694  1.0 

  Fig. 9.6    Identifying risk areas for insecticide resistance in mosquitoes and potential implementa-
tion areas for integrated pest and vector management. ( a ) Chanthaburi Province, ( b ) Chiang Mai 
Province. From  left  to  right : malaria area stratifi cation map, insecticide-intensive land use map, 
and potential area for implementing IPVM (overlay of A1/A2 stratifi cation areas and high/medium 
insecticide use) (Thongdara et al.  2009 )       
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80 countries. The Farmer Field School is usually carried out in farmer’s fi elds and 
focuses on participatory learning. It is not top-down lecturing but a social learning 
process, by doing, observing, and discussing, involving group dynamics to improve 
local decision-making and empowerment. It also builds on experimentation, e.g. by 
comparing observations and results in IPM plots with non-IPM plots. The principles 
of IPM are to grow a healthy crop, conserve natural enemies, observe crops regu-
larly, and make farmers agricultural experts in their own fi elds. The most important 
result of the IPM FFS is reduction of pesticide use, both when comparing before and 
after implementation of FFS programmes and between FFS and non-FFS farmers. 
Further results are improved health, community empowerment, and improved live-
lihoods (e.g. van den Berg et al.  2003 ). 

 IVM is defi ned as a rational decision-making process to optimize the use of 
resources for vector control (WHO  2004 ,  2012a ). This means that vector control 
should build on combinations of interventions; that methods are selected based on 
local vector biology, disease transmission, and morbidity; and that interventions 
should include intersectoral collaboration and engaging local communities and the 
public health framework. The similarities between IPM and IVM, therefore, are to 
preserve healthy ecosystem for pest control, consider all available control methods, 
use and select pesticides wisely, and encourage local participation. The differences 
between IPM and IVM are that IPM is a decentralized system, whereas IVM has a 
centralized approach. IPM has a strong link to farmer occupation and provides an 
economic incentive to farmers, but IVM has no such occupational link and has no 
direct economic effects. Furthermore, IPM is implemented through the Farmer 
Field Schools, whereas IVM is realized through the general health infrastructure. 

 The purpose of combining IPM and IVM into IPVM through the FFS approach 
is to achieve a multipronged strategy with four specifi c effects on vector-borne dis-
ease (Fig.  9.7 ): (1) reduction of disease transmission through reduced vector 
 populations achieved by environmental management of vector breeding, (2) reduced 
risk of insecticide resistance in vector mosquitoes by reduced agro-pesticide use, (3) 
improved personal protection measures and treatment-seeking behaviour through 
increased awareness and understanding about malaria, and (4) improved nutrition 
and housing conditions by increased profi ts from agriculture.

   The validity of the IPVM approach has been demonstrated in the Sri Lanka 
IPVM project (2002–2007) fi nanced by the FAO, UNEP, and WHO (WHO  2006 ). 
Farmers were educated and motivated to carry out source reduction and to restore 
and maximize rice ecosystem functions. It was shown that farmers can improve 
their knowledge of mosquito ecology and disease epidemiology and change their 
agricultural practices in favour of environmentally sound measures for mosquito 
control and disease prevention (Yasuoka et al.  2006a ,  b ). The WHO evaluation of 
the project also showed that farmers became masters in analysing their agroecosys-
tems, the use of mosquito bed nets increased, and they were empowered to 
 proactively approach specialized health teams on issues related to vector-borne dis-
eases, creating opportunities for better integration of community health programmes 
(WHO  2006 ). The IPVM intervention and its fi eld-level effects and outcomes, with 
potential health impacts, are summarized in Fig.  9.8 .
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   Integrated pest and vector management for malaria is probably most effective in 
cropping systems where agricultural pests and malaria vectors overlap, e.g. paddy 
rice fi elds. Rice fi eld-associated vectors, such as  An. sinensis  in China and Korea 
(Ree  2005 ; Sinka et al.  2011 );  An. culicifacies  and  An. fl uviatilis  in India (Sahu et al. 

  Fig. 9.7    Multipronged 
strategy of integrated pest 
and vector management 
(IPVM) through Farmer Field 
Schools (FFS) (van den Berg 
and Knols  2006 )       

  Fig. 9.8    Field-level effects, indirect outcomes, and ultimate health effects of Farmer Field Schools 
on IPVM (WHO  2006 )       
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 1990 );  An. aconitus  in Indonesia, Vietnam, and other Southeast Asian countries 
(Stoops et al.  2008 ; Manh et al.  2010 ; Harrison  1980 ); and  An. arabiensis  in 
Tanzania (Ijumba et al.  2002 ) and Kenya (Muturi et al.  2008 ), could potentially be 
effi ciently controlled through the IPVM approach. However, also in insecticide- 
intensive cropping system, such as fruit orchards and fl ower production, could this 
approach prove to be valuable.  

9.8     Discussion 

 Our research on malaria mosquitoes in northern Thailand indicates a complex vector 
situation. We have shown that malaria vectors are affected by the landscape that they 
encounter and live in. For example, when the diversity of a landscape increases, i.e. 
becomes complex in terms of number of land uses and the arrangement of land use 
patches, both the diversity and density of mosquito vectors decrease (Overgaard et al. 
 2003 ). Also, in areas with no or little malaria transmission, mosquito densities decline 
in response to land use changes, particularly where forest cover declines. On the other 
hand, in areas with annual malaria transmission, mosquito density is not largely 
affected by land use change (Suwonkerd et al.  2002 ). Furthermore, intensive agricul-
tural cropping systems, such as fruit orchards, increase the likelihood of insecticide 
resistance development in malaria mosquitoes (Overgaard et al.  2005 ). Landscape 
structure in general, therefore, has an impact on malaria transmission scenarios that 
potentially could be exploited for more effi cient malaria control strategies. 

  Landscape Analysis     The number of studies on geographical risk mapping of dis-
eases, their vectors, or etiological agents has increased dramatically during the last 
decade. Studies have been carried out to fi nd associations between landscape pat-
terns and vector-borne diseases, such as malaria, dengue, Chagas disease, leish-
maniasis, West Nile virus, and Saint Louis encephalitis (e.g. Hemme et al.  2010 ; 
Roux et al.  2011 ; Sudhakar et al.  2006 ; Brown et al.  2008 ; Cid et al.  2013 ). The aim 
of these studies has mainly been to understand vector ecology and behaviour to 
assist in control efforts of governments and organizations so that limited funds can 
be used in locations where they have the greatest impact. The analysis of landscape 
structure, as carried out here, is not common in disease vector research. Particularly 
landscape confi guration is diffi cult to assess in terms of its effect on vectors, and it 
is unclear of how this knowledge can be meaningfully utilized in vector control. 
Landscape confi guration and habitat fragmentation are naturally of more impor-
tance in agricultural pest control where pest insects are specifi cally associated with 
a certain crop or landscape element. However, plant community composition may 
have an effect on vectorial capacity and the fi tness of malaria mosquitoes because 
mosquitoes also feed on nectar (Stone et al.  2012 ). The presence and absence of 
nectariferous plants in the environment could potentially be an important factor in 
vector control (Stone et al.  2012 ). Plant patches that are attractive for mosquitoes 
could be of similar importance as specifi c food crop patches are to some agricultural 
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pests. Such patches could be used actively as attractants to mosquitoes and then 
treated with toxic sprays, such as boric acid (Muller et al.  2010 ; Beier et al.  2012 ; 
Naranjo et al.  2013 ). The effect of attractive toxic sugar bait plant spraying in Mali 
showed that malaria mosquito density and number of completed gonotrophic cycles 
were reduced compared to the controls (Muller et al.  2010 ).  

  IPVM     As far as we know, the IPVM approach has not been widely implemented 
apart from a trial in Sri Lanka (WHO  2006 ; Yasuoka et al.  2006a ,  b ). It is not clear 
why this is so, but it could relate to the complexity of concepts and methods, diffi -
culties to incite collaboration across ministries, involvement of potentially reluctant 
farmers, etc. Agricultural IPM has not always been successful either and sustain-
ability of IPM programmes seems to be diffi cult to achieve, mainly due to techno-
logical transfer, implementation complexity, and maintenance and reinforcement of 
farmer’s knowledge (Wearing  1988 ; Ekstrom and Ekbom  2011 ). Lack of funds and 
loss of interest or endurance may be other causes for failure. While a framework for 
implementing IVM at district level is available (WHO  2004 ,  2012a ), there are major 
challenges for the national vector control programmes. The main problems in the 
implementation of IVM are that programmes do not ideally target vector-borne dis-
eases, methods are not adapted to local circumstances, and opportunities are not 
taken for integrating disease control. National policies support disease-specifi c pro-
gramme and do seldom take into account the role of local communities. The signifi -
cance of the IPVM approach is that it may cancel out and reconcile the differences 
between IPM and IVM mentioned earlier. Thus, IPVM should aim to fi nd a balance 
between decentralized and centralized systems, through a combination of on-the- 
ground FFS supported by the agriculture and health authorities. Currently, intersec-
toral collaboration is generally poor and mainly on an ad hoc basis and dependent 
on individuals, not institutions. Opportunities for different ministries to collaborate 
should be strengthened. Community participation is not aimed at community 
empowerment, and vector control programmes are delinked from the farmer’s econ-
omy. While ideal, integration of IPM and IVM to generate income is not always 
feasible. However, the occupational and economical aspects for farmer participation 
must be maintained without disregarding the vector component.  

 In southern Yunnan Province in China, inhabitants from remote mountain areas 
have moved into new villages and lack the skills in rice fi eld management. This has 
resulted in high mosquito densities and dominance of  An. minimus  and increased 
malaria incidence (Meide et al.  2008 ). In such a setting, IPVM and FFS could be a 
suitable intervention for farmers to improve their knowledge in pest and vector 
identifi cation and control and their understanding in irrigation water supply and 
innovative ways to implement environmental modifi cation (Keiser et al.  2005 ). 

  Mosquito Taxonomy     The development of molecular tools to identify mosquito 
sibling species has probably occurred quicker than the speciation process itself, i.e. 
the sibling species we know of today were likely already existing when the funda-
mental knowledge of the biology and ecology of many vector species was 
 established. Interpreting results from outdated studies on mosquito bionomics and 
behavioural characteristics may affect the development of vector control strategies 
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negatively. Given the behavioural heterogeneity and plasticity of many  Anopheles  
species complexes and sibling species which avoid exposure to both IRS and LLINs, 
many control programmes recognize that a single strategy for an entire country, and 
even for a single province/district, is not applicable. This requires the deployment 
of situation-specifi c and, at times, even species-specifi c strategies. Current vector 
control strategies and activities are targeting the entire species complexes based on 
their local overall behavioural characteristics rather than taking into consideration 
species-specifi c behaviour and vectorial capacity.  

  Lessons for Vector Control     New fi ndings on composition of  Anopheles  species 
complexes and their varying bionomics have undoubtedly important implications 
for the epidemiology and strategies for malaria elimination. In many transmission 
areas in the region, the proportion of primary vectors biting outdoors, in the early 
evening and/or on animals, is relatively increasing; these vectors are responsible for 
residual transmission (Durnez and Coosemans  2013 ). Mosquitoes biting outdoors 
and at times when people are unprotected by bed nets or other vector control tools 
present serious challenges for vector and disease control in the region. For example, 
rubber plantations have been associated with higher risk for malaria, due to the 
practice of nocturnal rubber tapping and presence of malaria vectors, e.g.  An. mini-
mus  and  An. maculatus  (Bhumiratana et al.  2013 ). Specifi c vector control strategies 
are needed for migrant and mobile populations, people that have their livelihoods 
from forest-associated work, e.g. hunting, gathering, forestry, rubber plantation 
workers, etc. With increasing  An. minimus  populations in some transmission areas, 
control strategies should incorporate both indoor and outdoor control tools which 
will help in signifi cantly reducing the levels of malaria transmission. In addition to 
LLINs or IRS, treated materials or space repellents coupled with stakeholder 
involvement and community engagement, packaged in IPVM, would be ideal to 
signifi cantly reduce indoor and outdoor resting vectors.  

  Future Research     Currently, molecular capability for analysis of sibling species is 
well developed; consequently further studies are needed to assess the distribution 
and abundance of sibling species of the Dirus, Minimus, Maculatus, and Barbirostris 
complexes and groups. Priority research questions extracted from a Roll Back 
Malaria meeting in 2011 (RBM  2011 ) were strongly focused on vector bionomics, 
such as determining the bionomics and distribution of  An. dirus  at local scale taking 
into account seasonal and environmental changes and the role of secondary vectors 
in maintenance of transmission on  P. falciparum  and  P. vivax  in different environ-
mental settings. Such studies should include mapping of land use/cover and other 
geographical attributes.  

 It is often argued that landscape analysis, spatial statistics, and GIS can be used 
as valuable tools in vector and disease control. Many studies have attempted to link 
various landscape elements and spatial patterns with high disease transmission risk 
with the aim to assist in vector and disease control. There is potential to incorporate 
the results of these studies with malaria stratifi cation, using good case studies 
 demonstrating tangible and causal links. However, the evidence is lacking regarding 
the application of the outcomes and knowledge of this research by control pro-
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grammes. It is likely that the technical nature of these methods and lack of  knowledge 
of how to attain and interpret results prohibits uptake of this technology in malaria 
control. It would be valuable to review and assess if landscape spatial analysis 
research has, indeed, benefi ted the implementation of control measures. We believe 
that a large- scale cluster randomized controlled trial should be carried out in a suit-
able location to confi rm if the IPVM FFS approach is actually reducing vector abun-
dance and disease incidence compared to non-IPVM, i.e. business as usual, or 
perhaps compared with IPM only.  

9.9     Conclusion 

 This review attempts to consolidate various studies exploring the effects of landscape 
structure on mosquito density and diversity and insecticide resistance carried out in 
northern Thailand using data from the 1970s up to around 2005. We have shown that 
landscape analysis could potentially be used as a tool in vector control strategy devel-
opment, particularly to understand local vector behaviour and habitat characteristics 
for stratifi cation of vector control areas. We found a positive relationship between 
landscape diversity and malaria vector diversity and density. Land use changes, par-
ticularly forest fragmentation, reduced vector densities. Such land use changes were 
more pronounced in non-transmission areas than in transmission areas. Furthermore, 
agricultural intensifi cation increases the likelihood of insecticide resistance develop-
ment in malaria mosquitoes, and as a consequence public health-agricultural sector 
collaboration in a regional context should be encouraged and strengthened. Landscape 
analysis can be used to identify areas for integrated insecticide resistance manage-
ment. Such strategies are in line with the recently published Global    Plan for 
Insecticide Resistance Management (GPIRM) in malaria vectors (WHO  2012b ). 
Integration of pest and vector control strategies should build on the integrated pest 
and vector management strategies described in this chapter and implemented on the 
ground through Farmer Field Schools. However, before large-scale IPVM interven-
tions are carried out, we suggest that a well-designed research project should verify 
the potentials for vector and disease reduction and under which circumstances it 
would work. Future research should also investigate the ecological and biological 
characteristics of the sibling species of the malaria vectors in the region.     
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Chapter 10
Rubber Plantations as a Mosquito Box 
Amplification in South and Southeast Asia

Padikkala Kandiyil Sumodan, Ronald Morales Vargas, 
Jinrapa Pothikasikorn, Anchana Sumanrote, Régine Lefait-Robin, 
and Jean-Pierre Dujardin

Abstract Using simple species richness index and geometric morphospaces, we 
compared the mosquito fauna in rubber plantations from Thailand and India 
and contrasted it with a fragmented forest fauna from northern Thailand. In 
rubber plantations, Aedes albopictus was the most frequent mosquito, together 
with a high proportion of filarial and malaria vectors. Because of the many breeding 
sites represented by the latex cups, heavy downpour during the rainy season 
probably transforms the rubber plantation ecosystems into mosquito-borne 
 disease-transmitting systems. In the forest, a different composition of the mos-
quito fauna was observed, but A. albopictus was also the most frequent mosquito. 
Its presence and its different metric properties in the forest could suggest the 
possible existence of native populations in Thailand, in accordance with the 
hypothesis of its Southeast Asian origin.
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10.1  Introduction

Mosquito-borne diseases have been staging a vengeful comeback all over the world, 
especially Asian countries since the 1980s. Among these resurged diseases, dengue 
and chikungunya are the most important in Asian countries, especially those under 
the Southeast Asian region of the World Health Organization (Gübler 1996). To 
what extent could be the resurgence related to some environmental changes affecting 
the mosquito populations? Here, we focus on the mosquito vectors and rubber 
 plantation (RP) development, with special emphasis to Aedes albopictus, responsi-
ble for the recent outbreak of chikungunya in the Indian Ocean (Paupy et al. 2009) 
and Southeast Asian (SEA) countries (Tawatsin et al. 2009).

Chikungunya started to appear in epidemic proportions in 2005 after extensive 
outbreaks in Indian Ocean islands (Charrel et al. 2007). Since then, it has been 
spreading to the entire Southeast Asian region (Hapuarachchi et al. 2010) and could 
reach distant regions outside Southeast Asia (Reiter et al. 2006) like Italy (Rezza 
et al. 2007) and France (Paupy et al. 2001). The worldwide extension of chikungunya 
has been attributed to the invasive behavior of the vector (Benedict et al. 2007; 
Paupy et al. 2009). The cause of its increasing importance in Southeast Asia (SEA) 
is less obvious. SEA is supposed to be the source of A. albopictus: unless it was 
reinvaded by migrating populations of A. albopictus (see the “invaders” hypothesis 
of Delatte et al. 2011) or together with this possibility, a likely cause of the local 
spread of chikungunya could be an increased abundance of its vector populations.

Sumodan (2003) provided the first evidence for a possible relationship between the 
chikungunya spread in India and the development of RPs. These observations are sum-
marized here, suggesting that RP would act as amplification boxes for A. albopictus.

In addition to the Indian evidence, we provide some original data on the mosquito 
fauna found in RPs from Thailand (Fig. 10.1). A comparison of the fauna between 
northern and central Thailand plantations confirms that RPs have a typical diversity 
structure. Supporting this observation, a morphometric study of A. albopictus suggests 
different patterns of morphological variation between RP and forest habitats.

Our data lend support to the idea that RPs could represent a source of emerging 
populations of A. albopictus for both local disease transmission and, possibly, 
“invader” production.

10.2  Rubber Plantations in India and Their Likely 
Association with Chikungunya

The relation between mosquito breeding and RPs in Kerala was noticed in 2002 
during an investigation on suspected dengue outbreak in North Kerala. It was 
observed that during southwest monsoon seasons, latex tapping was suspended in 
several RPs and led to the accumulation of rainwater in the latex-collecting 
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containers and breeding of different mosquito species including A. albopictus, the 
vector of dengue and chikungunya (Sumodan 2003). With 670,000 ha, India ranks 
fifth in total area under RPs in the world. The share of Kerala is 517,475 ha, which 
is more than 76 % total area under rubber cultivation in the country. There are two 
categories of RPs in Kerala: holdings (area 20 ha and less) and estates (area more 
than 20 ha). Out of 517,475 ha of RPs, 480,240 (92.80 %) are holdings in the state 
(Source: Rubber Board, India).

Resurgence of chikungunya in India began during 2005–2006 after a gap of 32 
years causing 1.3 million cases in 13 states (Yergolkar et al. 2006). The South Indian 
state of Kerala experienced the first wave of chikungunya in 2006 (Manju and 
Sushamabai 2009). Considering the role of A. albopictus in the transmission of 
diseases and also the experience of its breeding in RPs, a detailed survey was done 
in three districts, viz., Kannur, Kozhikode, and Wayanad, from June 2005 to 
September 2010 to study the extent of A. albopictus breeding and factors involved 
in transforming the rubber plantation ecosystems into Aedes-borne disease (dengue 
and chikungunya) transmission systems.

10.2.1  Status of Rubber Plantations

During the study period, 4,028 RPs were surveyed for the status of tapping. Out of 
this, 3,812 were holdings and 216 were estates. Latex tapping was found uninter-
rupted in the estates in the rainy season. Rain guards were used to prevent rain from 

Fig. 10.1 Our data were obtained from collections from India (Kerala state) and two areas of 
Thailand (Kanchanaburi and Khon Kaen)
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falling into the cups. Percentage of holdings, where tapping was discontinued, varied 
from 28 % to 91 % in the three districts (Table 10.1). It was found that the tapping 
workforce in the estates was regular employees, while in the holdings the workforce 
was employed purely on temporary basis.

Yield of RPs per hectare also varied from district to district. Kozhikode district 
had the highest yield, while Wayanad had the least (Table 10.1).

10.2.2  Mosquito Breeding

During the survey, out of 23,486 latex-collecting containers surveyed, 17,856 
(76 %) were with rainwater collection (Fig. 10.2a, b). 15,531 (87 %) of these cups 
were positive for mosquito immature stages (larva and pupa). Emergence data have 
shown that there were 12 species of mosquitoes including A. albopictus. A. albopictus 
breeding was observed in 10,856 (60.8 %) cups.

10.2.3  Human Dwellings

175 plantations were surveyed for the presence of human dwellings within the 
plantations or within 100 m perimeter from the periphery of the plantations. While 
26 out of 175 (14.9 %) plantations had human dwellings within the plantations, 
human dwellings were observed within 100 m perimeter from the periphery of all 
175 plantations.

10.2.4  Chikungunya Outbreaks

There were major outbreaks of chikungunya in Ernakulam (2006, 2007), Kottayam 
(2007), Malappuram (2007, 2009), Kozhikode (2009), and Kannur (2009) districts 
(Table 10.2).

Table 10.1 Tapping status of rubber plantations during southwest monsoon, with average yield 
per hectare rubber plantation (2005–2006)

District

Number surveyed
Plantations where tapping is 
suspended (%) Average yield 

(kg/ha)Holdings Estates Holdings Estates Total

Kozhikode 966 162 316 (33 %) 0 28 % 1,642
Kannur 2,323 54 1,412 (61 %) 0 59 % 1,616
Wayanad 523 0 476 (91 %) – 91 % 864
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Fig. 10.2 (a) Forest and rubber plantation (b) at Khon Kaen (northern Thailand). BG traps were 
used in both environments following the same time protocol. (c) Human-landing collections 
at Kanchanaburi (Thailand). (d) Geometric morphometrics. The first step after dissection and 
mounting is to take a picture of each wing, together with the relevant size scale apparent on the 
picture. These pictures will then be submitted to specialized morphometric analysis (Dujardin and 
Slice 2006)

Table 10.2 Outbreaks of dengue and chikungunya in major rubber-growing districts (2006–2009)

Year District
Area under rubber plantation 
(hectare) Chikungunya cases

2006 Ernakulam 57,040 1,840
2007 Kottayam 112,069 10,662
2009 Malappuram 29,905 1,886

Ernakulam 1,882
Malappuram 3,930
Kozhikode 17,681 3,339
Kannur 34,672 3,246
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10.3  Rubber Plantations in Thailand and Their 
Mosquito Fauna

10.3.1  Collection Site

10.3.1.1  Kanchanaburi

The study sites are located in an endemic area for Wuchereria bancrofti. The selected 
village (about 20 households) had low pesticide agricultural use and is located 
in Huay Ka Yeng subdistrict, Thong Pha Phum district, Kanchanaburi province, 
near the western border of Thailand and close to Myanmar. There are mixed cultivation 
farms with rice, cassavas, and several kinds of fruits, but nowadays, almost the 
 complete surrounding area is transformed to RP. The collection site was situated at 
latitude 14.35° and longitude 98.36°, approximately 200 km from Tha Muang 
district of Kanchanaburi province and about 330 km from Bangkok.

10.3.1.2  Khon Kaen

The Khon Kaen province is located in the northeastern plateau of Thailand, approx-
imately 450 km from Bangkok. Mosquitoes were collected from two different 
habitats near the city of Khon Kaen: forest (Fig. 10.2a) and RP (Fig. 10.2b). The 
natural primary deciduous forest is located in the main campus of the Khon Kaen 
University, covered with more than 80 different plant species, with the nearest 
building with student activities at ca. 500 m. The RP was located at a distance of 
18.2 km from the natural primary deciduous forest. There was a permanent resident 
family at the entrance of the plantation.

10.3.2  Collection Techniques

10.3.2.1  Kanchanaburi

Wild adult females of various mosquitoes were collected 2 days per month (3 months 
per season, wet and dry) throughout 1 year by human-landing catches in RP about 
300 m apart from the village (Fig. 10.2c). Mosquito collections were undertaken 
for 24 h by two persons at the same sites, for each period. The first period was 
collecting mosquitoes from 06.05 to 12.00 h, the second period was collecting from 
12.05 to 18.00 h, the third period was 18.05 to 24.00 h, and the fourth period was 
24.05 to 06.00 h; torches were used to observe mosquitoes at night and aspirators 
for collecting them. Collected mosquitoes were kept in separate marked plastic cups 
and covered with netting material, one for each hour. All alive mosquito specimens 
were provided with 10 % sugar solution and transported to the laboratory for 
morphological identification.
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10.3.2.2  Khon Kaen

Female and male mosquitoes were collected during 2 days and 3 nights three times 
between April 2011 and April 2012 using two BG (Biogent)-Sentinel traps baited 
with human skin extract (BG-Lure\s\up5I). Mosquitoes were transported at low 
temperature to the laboratory for morphological identification and further analyses.

Females were identified on the base of their external morphology following the 
illustrated keys of Rattanarithikul et al. (2005a, b, 2006a, b, 2010), and their wings 
were dissected and photographed for morphometric analyses (Fig. 10.2d).

10.3.3  Species Richness in Mosquitoes

In Kanchanaburi, mosquito captures made from December 2009 to August 2010 
provided 4,495 specimens representing 42 mosquito species (3,857 samples of 32 
Culicinae and 638 samples of 11 Anophelinae). The greatest proportion of mosqui-
toes was recorded in wet season of August, and the lowest population was in January 
in dry season. In Khon Kaen, the collections provided a total of 750 specimens, 
from which 351 females are detailed on Table 10.3.

Although the percentage of A. albopictus was similar whichever the habitat 
(forest, plantation), it was the most frequent species in the RPs (from 25 % to 30 %), 
while it ranked second (25 %) in the forest after C. brevipalpis (36 %). RP showed 
no or low presence of two species which were among the most frequent in the forest: 
C. brevipalpis and C. quinquefasciatus, the latter being recognized as a potent vector 
of the filarial W. bancrofti (Triteeraprapab et al. 2000). RPs also were distinguished 
from the forest by the relatively higher abundance of Armigeres subalbatus.

Table 10.3 Summary of the taxonomic diversity of the mosquito fauna as collected in two 
different areas of Thailand, Kanchanaburi (4,495 specimens) and Khon Kaen (351 specimens), and 
two different habitats: the rubber plantation and the forest (244 mosquitoes). The 351 mosquitoes 
presented here from Khon Kaen were females only. RP, rubber plantation

RP RP Forest

Genus species Kanchanaburi Khon Kaen Khon Kaen

Aedes albopictus 25 % 30 % 25 %
Aedes sp. 11 % 5 % 8 %
Armigeres subalbatus 16 % 9 % 6 %
Culex brevipalpis 0.0 % 7 % 36 %
Culex quinquefasciatus 0.4 % 6 % 19 %
Culex vishnui 4 % 24 % 2 %
Culex whitmorei 0.1 % 7 % 0 %
Mansonia sp. 13 % 0 % 0 %
Anopheles sp. 11 % 3 % 0 %
remaining sp. 20 % 9 % 3 %
Total sp. 4,495 107 244
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10.3.4  Morphological Diversity

The study examining the range of size and shape variation of the mosquitoes was 
performed in the Khon Kaen collection only using the landmark-based approach for 
Aedes sp. (Henry et al. 201; Jirakanjanakit et al. 2007; Morales Vargas et al. 2013). 
It allowed to produce a one-year morphospace of the mosquito fauna (Dujardin 
et al. 2012) from either the RP or the forest (see Figs. 10.3 and 10.4). The statistical 
comparison of the A. albopictus metric properties in the forest versus RP was 
performed using nonparametric permutation tests (5,000 runs).

10.4  Conclusion

10.4.1  Species Diversity

In Thailand, the two RP sites did not show exactly the same range of species. These 
differences are likely to be attributed to unequal sample sizes, to the techniques of 
capture, to the local environment of each RP, or simply to the current geographic 
repartition of the species in Thailand. The same kind of reasons could explain 
different species richness of RP mosquitoes in India (12) versus Thailand (from 13 
to 42). However, one significant trait was shared by each RP: be the collection effort 

Fig. 10.3 Morphospace of mosquitoes collected from the forest. Horizontal and vertical axes 
are the first and second principal components of shape variables (wings), respectively; they 
quantify the morphological similarity between species. Three clouds are visible, a right one 
restricted to Cx. brevipalpis (br), a left one containing various Culex species, particularly Cx. 
quinquefasciatus (qu), and a central one containing Aedes albopictus (al) and Armigeres subal-
batus (su). Dots represent specimens from the other habitat (RP). vi, Cx. vishnui; si, Cx. sitiens; 
AE, undetermined Aedes, CX, undetermined Culex

P.K. Sumodan et al.



163

extensive (15,531 latex containers in India, 4,495 specimens in central Thailand) 
or not (107–244 females in northern Thailand), about one specimen out of four was 
A. albopictus.

It is also worth mentioning the similar prevalence of A. albopictus in the forest 
area, where no artificial containers such as the latex collection cups could serve as 
breeding sites. Such abundance in a sylvatic environment suggests again the possible 
existence of native populations in Thailand, in accordance with the hypothesis of a 
SEA origin of the species.

Finally, the significant differences in shape (P = 0.022) and size (forest specimens 
were smaller, P < 0.001) between A. albopictus from forest and RP suggest local 
populations adapting to different ecotopes in spite of possible exchanges or simply 
lack of frequent exchanges between these habitats.

10.4.2  Chikungunya Risk

Chikungunya viruses with A226V mutation in the glycoprotein envelope 1 (E1) 
gene were isolated in 2007 from Kerala (Kumar et al. 2008). This mutation had 
already been suggested to be directly responsible for a significant increase in 
CHIKV infectivity in A. albopictus. The new strain of virus has almost replaced the 
older strain in Southeast Asian region (Tsetsarkin et al. 2011). In addition to this 

Fig. 10.4 Morphospace of mosquitoes collected from the rubber plantation (RP). Horizontal and 
vertical axes are the first and second principal components of shape variables (wings), respectively; 
they quantify the morphological similarity between species. The clouds observed in the forest (Fig. 
9.4) are still visible, with however the right one (Cx. brevipalpis) depopulated, and a wide left one 
containing also some other Culex species than Cx. quinquefasciatus (qu), particularly Cx. vishnui 
(vi), Cx whitmorei (wh) and Cx. vagus (va). The central top cloud contains Aedes albopictus (al) 
and Armigeres subalbatus (su). Dots represent specimens from the other habitat (forest). br, Cx. 
brevipalpis; ps, Cx pseudovishnui; mi, Anopheles minimus; AE, undetermined Aedes; AR, unde-
termined Armigeres; CX, undetermined Culex. The capital letter « U » stands for unknown
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biological change affecting the virus, populational changes affecting its vector 
probably play a role also. Regular outbreaks of chikungunya in the major rubber- 
cultivating districts in the Kerala state (India) support this hypothesis.

The simple increase of A. albopictus abundance could be the main cause of such 
association, and our data show that the abundance of the vector is significantly 
increased in RPs. Rubber plantations create an artificial microenvironment made of 
cups for rubber milk that can act as ovitraps for mosquitoes. It is safe to say that 
heavy downpour during the rainy season transforms a major percentage of RP eco-
systems into mosquito-borne disease-transmitting systems. The obvious cause for 
such abundance is the tremendous number of additional breeding sites represented 
by the latex containers: in the Kerala state of India, the potential breeding habitats 
(latex collection cups) were estimated to be approximately 240 million. However, 
one cannot rule out the possibility of a special attractiveness of the milk itself 
modifying the ovipositing behavior of some species or helping their development. 
Rubber latex contains nutrients belonging to sugars and proteins. Qualitative analysis 
of latex for sugar has shown the presence of reducing monosaccharides, most likely 
glucose. Besides, rubber latex is a good medium for the growth of bacteria (Taysum 
1956), also forming one of the important diets of mosquito larvae. Since dry latex is 
present in the containers, it is likely to provide sufficient nutrition to the growing 
mosquito larvae. Comparison of larvae in the containers with latex and without 
latex showed that the larvae in the former were healthier and also the density was 
much higher (Sumodan, unpublished data).

The multiplier effect of RP on vector abundance increases the risk for human- 
vector contact and enhances the possibility of access to chikungunya viruses. In 
India as well as in central Thailand, the source of human blood was available in all 
the plantations surveyed as human dwellings were present well within the flight 
range of A. albopictus (Rosen et al. 1976).

10.4.3  Other Risks

A significant feature of the RP fauna was the abundance of important filarial vec-
tors, especially the Aedes desmotes (7 %), Mansonia dives (5 %) (Gould et al. 1982; 
Apiwathnasorn et al. 2006), and some others from the Aedes genus (7 %). The 
abovementioned species were not recorded from the northern RP, but other filariasis 
vectors were found in both northern and central Thailand: C. quinquefasciatus at 
Khon Kaen in the RP (6 %) and in the forest (19 %), while at very low frequency at 
Kanchanaburi (0.4 %), and Ar. subalbatus, frequent in both areas. Ar. subalbatus has 
been incriminated not only as a vector of W. bancrofti (Tanaka et al. 1979) but also 
as a vector of the dog heartworm Dirofilaria immitis (Cheong et al. 1981). Together, 
the filarial vectors represented 37 % of the total captures in Kanchanaburi and about 
20 % in Khon Kaen. In the RP of Kanchanaburi where a huge collection was available, 
a special mention has to be given to the presence also of malaria vectors such as 
Anopheles minimus (6 %) or An. barbirostris (1 %). In the RP of Khon Kaen, in 
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spite of few specimens collected (107), some An. minimus were captured by the BG 
traps. There is probably a special malaria risk for daily workers in RP of Thailand 
(Satitvipawee et al. 2012).
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    Chapter 11   
 Rescuing Public Health Data 

             Marc     Choisy     ,     Philavanh     Sitboulang    ,     Malyvanh     Vongpanhya    , 
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    Abstract     Modeling approaches in science can be dichotomized between the 
statistical versus the mathematical models. The former are strongly data oriented 
(experimental or fi eld data) and can be used for quantitative predictions. The latter 
are more qualitative and conceptual and focus more on explaining the mechanisms 
ruling the phenomena under study. A powerful approach that has been developed 
recently aims at combining the advantages of both methods by fi tting mathematical 
models to real data. Modern computers allow to simulate models that are more and 
more complex. Furthermore, recent statistical developments and algorithms allow 
to fi t models to data that are importantly noisy and generated from natural systems 
that can be strongly nonlinear. A requirement is to have numerous enough data 
containing enough information. These technical advances bring new opportunities 
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to the scientifi c method. From a practical point of view, this method extends the 
possibilities of prediction by extrapolation. We here present how such methodology 
can be applied in epidemiology. Human infectious diseases have been routinely 
monitored by health authorities for a long time in a number of countries around the 
world. Yet, until recently, such data have rarely been exploited neither for scientifi c 
nor for public health purposes, the main reason being a quality of data often judged 
too poor (bias, missing values, etc.). On the other hand, these data are impressively 
abundant and offer unique opportunity to study infectious diseases over broad 
spatial and temporal ranges. We show how the abundance of data can partially 
compensate their quality issues and how biases can be dealt with in an effi cient 
manner. Such public health data have been extensively collected in many parts of 
the world but have rarely been exploited so far. Furthermore, most of these data are 
currently in paper forms without any copy and thus prone to destruction. One aim 
of the Bill & Melinda Gates Foundation-funded Vaccine Modeling Initiative is to 
collect these data and convert them to electronic databases that are both safe and 
open for the whole scientifi c community for thorough exploitation. We present the 
achievement of this initiative on dengue fever in Southeast Asia.  

11.1          Introduction 

 Tycho Brahe (1546–1601) was born 3 years after Nicolaus Copernicus (1473–
1543)’s death and 18 years before Galileo Galilei (1564–1642)’s birth. One of his 
major occupations was astronomy, and he spent a substantial part of his life labori-
ously recording the positions of celestial objects. It is by using this enormous amount 
of data – of exceptional quality for that time – that Johannes Kepler (1571–1630), 
one of his very last assistants (he had more than 100 during his career), derived his 
laws of planetary motion between 1609 and 1619. These laws largely infl uenced 
Isaac Newton (1642–1727) in the elaboration of his theory of universal gravitation 
a century after Tycho Brahe started collecting data (1687). 

 This famous example, from the time when modern science really emerged (nota-
bly with Galileo Galilei and his controversial defense of heliocentrism), illustrates 
perfectly the constant dialog between data analyses and theoretical developments 
that has been at the basis of the scientifi c method since then. Astronomy has this in 
common with epidemiology that experimentation is impossible. Data come uniquely 
from observations of the natural system. This has both advantages and disadvan-
tages. The disadvantages are obvious and pertain to the issues of data quality and 
control of potential confounding effects. But observation data are also strong assets 
that are rarely recognized as they should: they are the real data of the natural system 
and not data of an artifi cial experimental system. 

 Epidemiology is the science studying the distribution of diseases in space and 
time. Modern epidemiology is considered to have emerged with the pioneering 
investigation of John Snow (1813–1858) on the causes of cholera in London during 
the third pandemic (1846–1861). By carefully mapping the addresses of all recorded 
cholera cases, John Snow could identify clusters of cases and thus hypothesize 
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on the role of one water distribution pump in the infection of the inhabitants of 
the neighbor. By removing the handle of the pump, he famously ended the epidemic. 
This event remains today as a classical example of successful public health inter-
vention. More than that, these observations and his intervention proved the role of 
water in the transmission of the disease, which was eagerly debated at the time, 30 
years before the identifi cation of the etiologic agent by Robert Koch (1843–1910). 

 This chapter is about the key role that public health surveillance data play in the 
science of epidemiology. For long, the purpose of surveillance data collection was 
limited to the purpose of local or national public health monitoring only, and 
epidemiological investigations could be envisaged only in the context of well-
defi ned cohort studies. The recent recognition that unique and extremely valuable 
information could also be drawn from surveillance data, despite their inherent 
quality issues, opens totally new avenues of investigation. But at the same time that 
the value of such data is recognized, their persistence is more than ever threatened, 
and it is likely that if no action is taken, a large proportion of it will be lost before 
having the opportunity to be analyzed by scientists. That would constitute an impor-
tant loss for science but also for global and public health. In this chapter, we review 
the pros and cons of surveillance data and show how these can be efficiently 
analyzed to get an understanding of epidemiological systems that could have not be 
reached by any other classical epidemiological study. After a review of the major 
surveillance data- based results obtained over the last decade, we will present the 
challenges we are faced with concerning preservation and sharing of public 
health data and the initiatives that are currently undertaken to preserve this global 
source of historical information and improve its quality for the future. The end of 
the chapter will be illustrated by the initiative carried out for dengue syndromic data 
in Southeast Asia.  

11.2     The Scientifi c Method 

 The scientifi c reasoning grounds on the hypothetico-deductive method in which 
theoretical hypotheses are formulated and empirically tested for possible refutation. 
The experimental approach has long been and still holds as the gold standard for 
hypothesis testing. A well-designed experimental setup allows, fi rst, to control for 
effects that are of no interest to the study but still can affect the results (confounding 
variables) and, second, to produce data amenable to proper and effi cient statistical 
treatments. The control of confounding variables addresses the “everything else 
being equal” prerogative by ensuring that individuals of the sample are as homoge-
neous as  possible for the factors that are not the focus of the analysis. The classical 
statistical theory and scientifi c controlled experiments developed hand in hand in 
the fi eld of agronomy during the fi rst half of the twentieth century, during which 
most of the classical tests and models (t-test, F-test, χ 2 -test, analysis of variance, 
linear regression, etc.) were developed by researchers such as Karl Pearson (1857–
1936), Ronald Fisher (1890–1962), and Jerzy Neyman (1894–1981), to cite only the 
most famous of them. This statistical framework is extremely powerful but has the 
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inconvenience of being also extremely restrictive. The famous three assumptions of 
the linear regression (normality, independence, and homoscedasticity of data) illus-
trate such strong constraints of the statistical theory, and researchers strive hard to 
comply with them. Experimental design is the most appropriate way to do so. Out 
of despair, others sometimes resort to ad hoc data transformation. 

 If experimental designs allow to effi ciently control for confounding effects to 
statistically test for effects under study, they also have major drawbacks that tend, 
too often, to be eluded. Indeed, one should not lose sight of the fact that his/her 
experimentally controlled results, however statistically strong they may be, are true 
for the specifi c system under study, in that case the experimental setup, which is 
generally far from a real natural system. What is true in the laboratory may not be 
true in nature, and vice versa. This is all too much known by pharmacologists who 
design new medicines. A new engineered molecule has to go through a series of 
successive tests and fi lters before being granted for release in the general popula-
tion. One of the fi nal of such steps – clinical trial – aims at verifying that the 
effects of the molecule in the general population is not different from those 
observed in the laboratory. A number of molecules have failed this last stage, with 
excellent results in the laboratory and highly detrimental effect in real fi eld situa-
tions. Some antimalaria molecules are thus extremely effi cient in controlled labora-
tory situations and yet totally ineffi cient in natural for reasons not always understood 
(Nacher  2001 ,  2006 ). The experimental method, despite its rigor and powerfulness, 
has thus a major drawback, which is that the system under study is not exactly the 
real natural system. 

 As reminded in the introduction, experimentation is impossible in epidemiology 
for obvious ethical reasons. Thus, the abovementioned problem of representativity 
of nature does not hold in epidemiology. However, other problems naturally arise, 
related to the ability of analyzing data that are highly variable, biased, incomplete, 
and complex. Mathematical modeling is of great use to this.  

11.3     Mathematical and Computational Resources 

 Modeling is more and more used in biology in general and in health sciences in 
particular, as attested by the growing number of scientifi c publications including 
modeling work (Levin et al.  1999 ; Cohen  2004 ). However, behind the word of 
 modeling are a large number of different practices that differ in their approaches 
and their aims and that are quite often mixed up (Hilborn and Mangel  1997 ). For 
example, a major distinction stands between mathematical modeling and statistical 
modeling. Statistical modeling is basically what has been treated in the previous 
paragraph. Such modeling is by essence data oriented and is interested in the 
relationships between variables. Its purposes include hypotheses testing and pre-
dictions. As explained above, this modeling approach is effi cient as long as the data 
in question comply with the underlying assumptions of the statistical theory at use. 
At the opposite of this approach is mathematical modeling, which is typically 
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disconnected from data. Its fundamental aim is to understand the mechanics of 
the system that generate the observed relationships between variables. The major 
limitation of mathematical models, besides being disconnected from any form of 
real data, is that mathematical tractability often imposes oversimplifi cations of the 
system. Statistical and mathematical models oppose in many other respects: whereas 
statistical models are intrinsically quantitative, mathematical models are often 
qualitative; whereas statistical models are necessarily phenomenological, mathe-
matical models can be mechanistic; whereas statistical models are by nature very 
precise and specifi c (to the sample or the population from which this sample is 
drawn), mathematical models are more general but also more vague. 

 More and more, statistical and mathematical models are considered as extremes 
of a same continuum, and the emerging trend in science is now to adopt a model-
ing approach that combines the advantages of both statistical and mathematical 
modeling (Fig.  11.1 ).  

 This is made possible by both the availability of ever more data and the raising 
computational ability to process them. With the development of the statistical the-
ory of likelihood and, above all, its practical application to complex systems made 
possible by the availability of huge computer power, the idea now is to develop 
mathematical models both mechanistic and specifi c to a real system and to estimate 
its parameters by comparing its predicted variable values with real data. A model, 
be it mathematical or statistical, is made of two kinds of entities: the variables and 
the parameters (Fig.  11.2 ).  

 The variable, as its name indicates, is a quantity that varies and that can be 
measured directly. A number of diseased individuals is an typical example of a 
 variable. A parameter is a quantity that is fi xed by the modeler (or a program), 
which determines the fate of the variables’ values and which cannot be measured 
directly. The major difference between phenomenological statistical and mechanis-
tic mathematical models is that parameters do not necessarily – and most of the time 
they do not – have a biological meaning for statistical models, whereas they always 
have for mathematical models. The slope of a linear regression is a typical parameter 
for a statistical model: it does not mean much biologically besides giving an idea of 

  Fig. 11.1    Comparison of 
statistical and mathematical 
models as classically used. 
The trends today, thanks to 
the availability of enormous 
amount of data, but also to 
computer power, are to 
develop modeling approaches 
that combine the advantages 
of both statistical and 
mathematical models       
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the association between two variables. A recovery rate is a typical example of a 
parameter for a mathematical model: the parameter necessarily has a biological 
meaning, by construction. These parameters always have a clear biological meaning, 
and hence they may be diffi cult or even impossible to measure in practice. It is 
here that the method of maximum likelihood plays its powerful role in allowing to 
estimate the values of the model’s parameters. 

 A likelihood function depends on both data and parameters and expresses the 
probability that the data could have been generated by the model with specifi ed 
parameters’ values. For that, it compares the values of the model’s variables for 
which data are available with their values that are actually measured. The compari-
son is made probabilistically. With such a likelihood function, the game is easy in 
principle: looking for the combination of parameters’ values that yields the maxi-
mum likelihood. This combination gives the maximum-likelihood estimates of the 
parameters (Fig.  11.3 ).  

 All the powerfulness of the method lies here: by using information on a variable 
we can measure directly (such as the number of diseased individuals), we can 
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  Fig. 11.2    The classical SIR compartment model and its fi t to a local infl uenza epidemics. The total 
host population is partitioned into three compartments according to their clinical status, suscepti-
bles (S), infected (I), and recovered I, the three state variables of the model. The two parameters 
are the contact rate (β) and the recovery rate (γ). The  dots  are the data, i.e., number of infected 
children in an English school board from day 3 to day 14. We use the information in this data set 
to fi t the model-predicted prevalence ( full line curve ) as good as possible. This allows to make 
inference on the contact rate (1.67/day), the recovery rate (0.43/day), and the dynamics of the 
number of susceptibles and recovered ( dashed curves , respectively), two parameters, and two vari-
ables that could not be measured directly (Source of data: 4th March edition of the British Medical 
Journal, 1978)       
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estimate the value of parameters of biological importance that can be out of reach 
by direct measure, such as a recovery rate. If simple in principle, the method can 
quickly become complicated in practice, especially for models with a large number 
of variables and parameters. More and more effi cient searching algorithms and 
increasing computer power make such task more and more accessible. Thanks to 
their high fl exibility, mathematical models allow to analyze complex data that 
would not be possible to analyze with classical statistical tools. They also allow one 
to analyze it in a powerful manner by using as much information from the data as 
possible. Given that data collection can be extremely expensive, these two points are 
of prime value. 

 The use of mathematical models and the fi t of their parameters’ values to data are 
a major shift in the scientifi c methodology. Instead of forcing the nature to comply 
with a predefi ned restrictive – though powerful – statistical theoretical framework, 
the effort is now made on the theoretical side in developing mathematical models 
that allow to analyze any form of data, however complicated and unorthodox they 
may be. By being able to draw valuable information from any form of data, we thus 
broaden the possibilities of scientifi c investigation by several orders of magnitude.  

  Fig. 11.3    The likelihood function applied to the model of Fig.  11.2 . The  left  3D plot shows the 
log-likelihood surface as a function of the value of the two parameters β (contact rate) and γ (recov-
ery rate). The summit of this surface defi nes the maximum-likelihood estimates of the parameters 
(1.67 and 0.43, respectively). The two panels on the right show log-likelihood profi les and the use 
of the likelihood ratio test to estimate confi dence intervals of the estimations       
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11.4     Surveillance Data and Their Quality 

 Any patient who enters a hospital is, at some stage, recorded with basic information 
regarding his gender, age, address, symptoms, and sometimes diagnosis. The aim of 
such records is to monitor the hospital activity. Sometimes, hospitals communicate 
with each other and can possibly share or exchange information from their records. 
It is through such practices that coincidental apparitions of rare diseases in the 
early 1980s on both coasts of the USA fi rst alerted public health service about a new 
epidemic that soon after would be known all around the world as HIV/AIDS 
(Montagnier  2002 ). 

 Even long before the start of the fi rst large-scale vaccination campaigns, infectious 
diseases, especially the most prevalent ones, have been the object of surveillance, 
through networks of health professionals and institutions, either on a voluntary or a 
compulsory basis (Rohani and King  2010 ). The primary aim of such surveillance 
was public health monitoring, and it became readily used after the start of the fi rst 
vaccine policies in the 1940s and the 1950s in Europe and North America as a way 
of assessing the effi cacy of disease prevention. However, the use of such data for 
scientifi c purpose remained very limited. Indeed, researchers have long refrained 
from using surveillance data arguing on their poor quality. 

 It is a fact that surveillance data such as the ones described above suffer from a 
number of quality issues. The fi rst one is bias. Contrary to sentinel surveillance 
where a sample from the general population is chosen at random and actively tested 
for the disease under study (by serology or PCR), the surveillance data we are deal-
ing with here are passively recorded from the people who do check for medical aid, 
and this is the source of a number of potential biases. First, people looking for medi-
cal assistance are clearly not representative of the general population, and this is 
strongly affected by socioeconomic factors. The high sex ratio bias in favor of males 
among tuberculosis-diagnosed patients is interpreted in some countries as the result 
of social pressures or habits where females seek for medical care less than males, 
especially in the case of stigmatizing diseases such as tuberculosis (Neyrolles and 
Quintana-Murci  2009 ). Second, asymptomatic carriers obviously do not seek for 
medical care, and yet they can play an important role in the epidemiological dynamics 
of the disease. Third is the problem of diagnostic: contrary to active sentinel studies 
where sample sizes are small enough to allow the use of sensitive and specifi c 
molecular diagnosis methods, the diagnosis carried out in case of passive surveillance 
systems mostly relies on symptoms, and the criteria are rarely consistent neither 
in space (despite WHO’s efforts to homogenize it) nor in time, not speaking of the 
subjectivity of the examiner (HMN  2008 ). In addition to these biases, passive 
 surveillance data also often suffer from frequent errors or missing values. There can 
be also underreporting for very small incidences (where the medical staff is not alert 
enough about the risk of a particular disease) or for very large incidences (where the 
medical staff get overwhelmed with too many patients). 

 Surveillance data thus suffer from a number of serious quality issues. However, 
they still remain the unique source of information over large spatial and temporal 
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ranges. We thus have to fi nd clever ways to use this valuable source of information. 
There are basically two ways to deal with biases. The fi rst one is to use methods that 
are robust to biases; the second one is the correct for biases. For someone interested 
in the epidemiological dynamics of infectious diseases, in their seasonality of 
recurrence over multiyear periods, it is a fact that bias would largely affect the 
quantitative characteristics of such dynamics such as average incidences or amplitudes. 
However, it is as much a fact that biases will have only a very limited impact on 
qualitative features of the dynamics such as periodicity of epidemic peak recurrence 
(period) or the timing of these peaks (phase) (see Fig.  11.4 ).  

 There are a number of powerful statistical methods that allow to extract the 
qualitative statistics of the time series and to perform a number of scientifi c analyses 
which are robust to biases. The next section reviews some of them. The second 
method to deal with bias is to correct it or, more correctly, to account for it. This 
implies having some source of information on the potential biases. It can come from 
the surveillance recommendations, such as WHO’s criteria for diagnosis, or from 
other complementary studies performed at much smaller scales such as sentinel 
surveillance. By taking advantage of the fl exibility of mathematical models, as 
exposed in the previous section, one can incorporate these information into his/her 
model, thus explicitly accounting for possible major historical shift in diagnosis 
methods or any other source of bias. Even more powerful than that can be the 
situation where we suspect the specifi c bias to exist but we are not able to assess it 
by any means. In the previous section, we emphasized the powerfulness of mathe-
matical modeling interfaced with real data within the maximum-likelihood frame-
work. We indeed explained how parameters with clear biological meaning could be 
estimated by using the information that can be measured on variables. We can thus 
adopt this very approach here, and the bias, which would be one parameter of our 
model, could be estimated by maximum likelihood exactly the same way as any 
other parameter. This has been successfully applied recently on cholera in the state 
of Matlab in India. Since the pioneering work of John Snow (see introduction), it 
has been known that cholera can be transmitted either directly from person to  person 

  Fig. 11.4    The anatomy of a 
periodic time series can be 
summarized by four statistics. 
Two of them are quantitative 
(the average M and the 
amplitude A) and are 
potentially affected by biases 
in the reporting rate. Two are 
qualitative (the period T and 
the phase φ) and robust to 
biases in the reporting rate       
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or indirectly through contaminated water. However, the respective weights of both 
routes of transmission remain lively debated, and a central topic of the debate has to 
do with the possibility of asymptomatic carriers who would not be counted in the 
incidence but yet who would play an important role in the incidence’s dynamics. 
Using a mathematical model allowing the possibility of such asymptomatic carriers 
to analyze long-term cholera incidence time series within a maximum likelihood, 
Aaron King and his colleagues managed to demonstrate the existence of such 
asymptomatic carriers and to estimate their prevalence in the population (King et al. 
 2008 ). In the next section, we briefl y review a number of studies that have been 
particularly infl uential to the scientifi c use of surveillance data, despite all the 
acknowledged quality issues.  

11.5     Major Studies Based on Infectious Disease 
Surveillance Data 

 Surveillance records of major infectious diseases started at the end of the nineteenth 
century, but it is not before the early 2000s that their analysis with the approach 
exposed above really started. The work of Bryan Grenfell on measles and other 
childhood diseases in England and Wales was particularly infl uential. The extremely 
simple life cycle (high force of infection and permanent immunity after recovery) of 
childhood diseases makes them particularly amenable to analysis with mathematical 
models and parameter estimation with maximum likelihood. These diseases also 
often display specifi c symptoms (e.g., measles, pertussis, chicken pox), rendering 
their symptom-based diagnosis reliable, and they often display high incidences – at 
least in the pre-vaccine eras – and regular epidemics, easing the study of their 
dynamics. In addition to these surveillance data sets of exceptional quality and 
spatiotemporal coverage available in England and Wales, demographic information 
of similar quality and resolution are also available. Vaccine coverage is also avail-
able most of the time in the vaccine era. The study of more than six decades of such 
data allowed an unprecedented opportunity to investigate the role of demographic 
transitions and vaccination on the epidemiological dynamics of infectious diseases 
and to understand the laws that govern their diffusion in space. It has thus been 
shown that the recurrence of childhood diseases (annual, biannual, triannual, or any 
other multi-annual regimen), however complicated it may be, can be effi ciently 
predicted simply from birth rate and vaccine coverage (Earn et al.  2000 ; Grenfell 
et al.  2002 ; Bjørnstad et al.  2002 ). The study of the timing of epidemics of measles 
in different localities of England and Wales, both before and after vaccine policies, 
revealed the mechanism of spatial diffusion where large cities lead the nationwide 
epidemiology according to a gravity-like process in which distances and population 
size are the main two predictors of spatial dynamics (Grenfell et al.  2001 ;    Xia et al. 
 2004 ). This mechanism has been later on successfully verifi ed on a variety of infectious 
diseases, childhood (pertussis), and others (infl uenza, Viboud et al.  2006 ). 
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 Besides geography, demography, and vaccination, there have been investigations 
on the role of other mechanisms in driving infectious epidemiological dynamics. 
Among the most notable are climatic, socioeconomic, and immunological factors. 
Investigations on the putative impact of climatic conditions on the transmission of 
infectious diseases have been triggered by the general growing concern about global 
climate changes (IPCC, International Panel on Climate Change). 

 Climatic conditions are expected to affect disease transmission for different 
reasons. For diseases transmitted directly through aerial droplets, it is plausible that 
the survival of viral particles in these droplets and thus their infectiousness depend 
on climatic conditions such as humidity or temperature, as demonstrated for 
infl uenza virus both experimentally (Shaman and Kohn  2009 ) and empirically 
(Alonso et al.  2007 ; Shaman et al.  2010 ). The effect of climatic conditions is 
however expected to be even stronger on diseases that are either environmentally 
transmitted such as cholera or transmitted by vectors such as malaria or dengue 
fever. Cholera is a disease caused by the bacteria  Vibrio cholerae . This bacterium 
naturally thrives on the surface of estuarine copepods with which it maintains a 
symbiotic interaction. Modifi cations in sea water temperature can stimulate the 
development of resources on which the cholera-carrying copepods feed, thus stimu-
lating its development, which rises to several order of magnitude the probability of 
the copepods and the  V. cholerae  they carry to get into contact with human beings. 
Once such a contact has happened, an epidemic can start and spread in a human 
population at an incredible pace. In these conditions, we expect cholera epidemics 
from surveillance data to be synchronized with sea surface temperature that can be 
easily estimated from satellite images. This has been verifi ed not only on the sea-
sonal scale but also on the longer periods (3 to 7 years) of the El Niño Southern 
Oscillation (ENSO) (Pascual et al.  2000 ,  2002 ). Vector-borne diseases are the 
other group of diseases for which climatic factors are expected to infl uence the epi-
demiological dynamics. Indeed, most vector animal species, particularly the arthro-
pod ones, have a population dynamics extremely dependent on climatic conditions 
for metabolic reasons (temperature) or for physical reason (rainfalls creating breeding 
niches). The role of temperature and rainfall on the development rate of dengue and 
malaria vectors has been demonstrated in the laboratory, and presence/absence fi eld 
data tend to confi rm this (Craig et al.  1999 ). However, this has never been precisely 
quantifi ed in the fi eld so far, for what concerns the timing of epidemics in one season 
and its severity. 

 The long underestimated effects of behavioral and socioeconomic factor effects 
on the epidemiological dynamics of major infectious diseases become more and 
more documented. Soper in 1929 (Soper  1929 ) was one of the very fi rst to recognize 
the strong forcing that the alternation of vacations and school terms could have on 
the seasonality of measles among English children. This has been largely confi rmed 
in recent studies where the precise school calendar can be included in the model 
(Keeling and Grenfell  1997 ). The structure of social contact is also a strong deter-
minant of disease dynamics (Keeling and Eames  2005 ). Age structure is the most 
obvious one (Mossong et al.  2008 ) and has been recently put forward to explain the 
mysterious reemergence of pertussis in high-coverage vaccinated countries such as 
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Denmark (Rohani et al.  2010 ). Sexually transmitted diseases are the class of diseases 
where such social structure is intuitively expected to play the most important role. 
It is a well-known fact now that diseases such as HIV/AIDS have a totally different 
epidemiology in the homosexual and the heterosexual populations, among other 
factors (Keeling and Rohani  2008 ). The precise nature of the contact network here 
plays a key role (Eames and Keeling  2002 ). On the more economic side, it is only 
recently that links between economic welfare and infectious disease epidemiology 
have started to be investigated, with very promising possibilities (Bonds and Rohani 
 2009 ; Bonds et al.  2009 ). 

 The picture would not be complete without mentioning the immunological factors. 
This concerns diseases caused by pathogens that alternate (e.g., dengue serotypes) 
or succeed to each other (e.g., infl uenza strains) in time.    A number of organisms 
causing infectious diseases have this particularity that the time scales of their mole-
cular evolution and of their epidemiological dynamics are of the same order (Earn 
et al.  2002 ), allowing to study the interactions between these two sorts of mecha-
nisms (Grenfell et al.  2004 ; Bedford et al.  2010 ). 

 The studies briefl y reviewed above revealed the richness of mechanisms that can 
explain the epidemiological dynamics of infectious diseases. These can be immuno-
logical, climatic, environmental, behavioral, socio-economical, demographic, etc. 
Interestingly, it has also been proposed that infectious diseases can affect each  others’ 
dynamics, and this has been shown on childhood measles and whooping cough 
which infect the same cohort of children. Any child having one of these diseases is 
usually kept at home, which makes him/her unavailable for infection by the other 
disease, thus leading to some interference between the two diseases’ dynamics 
(Rohani et al.  1998 ,  2003 ). All these studies that we presented in this section have 
thus  contributed to some of the major changes in the history of infectious disease 
 epidemiology. None of them would have been possible without the availability of 
long-term time series of surveillance notifi cations. The qualities of these data are 
unequal, but their strength resides in their huge quantity, allowing comparative and 
long-term studies that unravel singular mechanism that could not be detected 
 otherwise. The availability of such data opens totally unexplored fi elds in epidemiol-
ogy, and this is a paradigm shift that can be compared to the one that happened in 
astronomy with the use of the very fi rst telescopes, which were of terrible quality too! 
It is likely that the transmission of diseases is multifactorial. One of the major chal-
lenges in the future would be to quantify the respective weights of the different fac-
tors that can affect infectious disease transmission. Indeed, a number of debates 
currently revolve around the major drivers of infectious disease dynamics. This is the 
case, for example, for dengue in Thailand where demographic factors have been put 
forward by some researchers (Cummings et al.  2004 ), whereas climatic factors have 
been claimed to play the most important role (Cazelles et al.  2005 ) and immunologi-
cal interactions between the four serotypes by other groups (Adams et al.  2006 ; 
Wearing and Rohani  2006 ). Similarly, the respective importance of demographic 
(Viboud et al.  2006 ), climatic (Shaman et al.  2010 ), and immunological factors 
(Bedford et al.  2010 ) on the epidemiological dynamics of seasonal human infl uenza 
is still largely unresolved. Even measles, the paradigmatic model on the infl uence of 
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demographic factors on epidemiological dynamics, seems also to be affected, to 
some extent, by climatic factors (Ferrari et al.  2008 ). Model confrontations in the 
maximum-likelihood framework and comparative analyses will be the ways to resolve 
these debates. Hence, there is a need for more and more historical surveillance data.  

11.6     The Value of and Threats on Public Health Data 

 It is a fact that infectious disease data suffer from a number of quality issues. 
However, they also contain a unique source of valuable information that could not 
be generated by any other means. We hope that the above paragraph has convinced 
the reader that despite their limitations, surveillance data, when analyzed with 
appropriate mathematical and statistical tools, can lead to results of major signifi cance, 
both from the basic scientifi c and the applied public health perspectives. 

 Scientifi c data are expensive to generate. Look at any research project and you 
will see that the largest chunk of its budget is devoted to data collection. And yet, 
most of the time, these data are analyzed only once, in the very study that did collect 
them. These data are stored for a while, and soon, the location of their repository 
is forgotten, and eventually the data are just lost. A foundation of modern science is 
repeatability, including repeatability of data analysis. This latter clearly cannot be 
ensured any more if the data disappear. Furthermore, there is often much more 
information in a data set than the information used for the purpose of their collection. 
But this information cannot be used if the data are not made available to other 
researchers with other research inquiries (   Bolker  2005 ). 

 The recognition of these issues has recently encouraged researchers to make 
their data more available. It has been now 30 years that publication of study based 
on the analysis of molecular sequences requires the publication of original data on 
the open-access electronic database GenBank (  www.ncbi.nlm.nih.gov/genbank    ). 
Scientifi c research founders now more and more require the produced original data 
to be made freely available to the rest of the scientifi c community. It also becomes 
common practice for international scientifi c journals to require that the data should 
be made available from electronic repositories such as Dryad (  datadryad.org    ). 

 These changes in the way to communicate and share scientifi c data and results 
are timely and will certainly improve the situation in the future. Historical data that 
have been collected over long time periods, such as public health surveillance data, 
all share the same characteristics: (1) they are unique and cannot be collected again 
(contrary to experimental data for which the experiments can always be rerun); 
(2) they represent an enormous amount of valuable information that have been 
rarely really analyzed; (3) they most of the time exist only in paper format, and their 
number of copies is often low. The studies that have been presented in the previous 
paragraph were carried out on a very small number of data sets: measles and whooping 
cough in England and Wales, dengue in Thailand, measles in Niger, and infl uenza in 
the USA. This is only the tip of the iceberg of such existing data. This is also the 
very tiny proportion of such data are currently available in electronic format. Much 
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more of such data exist all around the world in a number of different health 
centers, hospitals, or ministries. The vast majority of them unfortunately exist only 
on paper format, in one unique copy, stored in some highly vulnerable place 
(Fig.  11.5 ).  

 These data are historical data spanning several decades, which means that if 
these data were to disappear, there would be no mean to regenerate them as we 
could do for classic experimental data. That would thus represent a huge loss for the 
scientifi c community, as well as for the public and international health. There is thus 
an urgent need to secure such data from destruction that can happen at any time by 
offi ce relocation, fl ooding, fi re, etc.  

11.7     Data Rescuing Programs in Southeast 
Asia and Challenges 

 The Vaccine Modeling Initiative (VMI,   www.vaccinemodeling.org    ) is a Bill & 
Melinda Gates Foundation-funded international project, the aim of which is to 
strengthen the links between mathematical and computational models and public 

  Fig. 11.5    Data collection on the fi eld in Laos. ( a ) Particularly unordered public health data threatened 
by destruction. ( b ) A typical communal health center in rural Laos (Savannakhet province). 
( c ) Public health record scanning. ( d ) An exceptionally well-ordered and well-preserved ensemble 
of public health data (Photos: Marc Choisy)       
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health data. To this purpose, one of its activities consists in creating open-access 
electronic infectious disease surveillance databases, in the very same spirit as what 
has been done for molecular sequences with GenBank since the early 1980s. The 
fi rst such database that has been created is the Tycho database (  www.tycho.pitt.
edu    ), named after Tycho Brahe (see introduction). This open-access electronic data-
base is the result of digitization and manual double-blinded entering of the US 
weekly reports on infectious diseases. It represents a total of 6300 weekly reports 
for 55 infectious diseases from 1888 to present with data spatially aggregated by 
states (50) and cities and towns (1,500).    In total, this database contains 100 million 
cases and 4 million deaths, and it took 90-man-year full-time employment to manually 
enter this database (Van Panhuis et al.  2013 ). 

 A similar program of the VMI is currently undertaken in Southeast Asia, focusing 
primarily on gathering dengue syndromic monthly surveillance notifi cations. As of 
today, it contains monthly data (since 1997) aggregated by provinces (189) for 
Malaysia, Thailand, Vietnam, Cambodia, and Laos, covering a population of 209 
million people on 1.6 million km 2  (see Fig.  11.6 ).  

 The buildup of such an international database was eased by the fact that these 
province-aggregated data were already centralized at the level of each country 

  Fig. 11.6    Dengue database in Southeast Asia. Syndromic surveillance notifi cations have been 
collected and aggregated by month and province (189) for Malaysia, Thailand, Vietnam, Cambodia, 
and Laos for the last 15 years. This represents a total population size of 208 million individuals on 
an area of 1.6 million km 2        
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(usually the ministries of health). Disaggregated raw data are unfortunately not 
 centralized, and their collection thus demands an important amount of fi eld work. 

 In most of the countries of the region, public health surveillance networks are 
hierarchically organized from communal health centers to upper levels, districts, 
and provinces, up to the ministry of health (Fig.  11.7 ).  

 Being able to collect data from each of these levels will allow to assess the 
quality of data transfer along the national surveillance network, identify major 
weaknesses, and propose solutions of improvement. A fi rst limitation is related to 
the lack of homogeneity in notifi cation criteria and human resources, not only 
between countries but also within countries. The World Health Organization have 
developed electronic-based surveillance systems that are consistent between coun-
tries (HMN  2008 ), but the lack of equipment, internet access, and computer training 
for the medical staff unfortunately makes the use of such systems anecdotal in 
practice. The second major limitation pertains to the quality of information fl ow 
along the surveillance network. At each level of the network, information is 
received from the level below, processed and aggregated by time and space before 
being transferred to the next level. All this necessarily implies loss of information. 

  Fig. 11.7    A typical infectious disease surveillance network as implemented in Laos. Numbers in 
brackets refer to the numbers of health offi ces at each level.  Arrows  show the fl ow of information 
from the lower levels to the higher ones, up to the ministry of health (NCLE, National Center for 
Laboratory and Epidemiology) (note that all intermediate levels both gather data directly and 
aggregate data from lower levels before transmitting the total to the upper level)       
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Moreover, this data processing and aggregation is mostly performed by hand with 
all the error sources that this involves. In the absence of quality check, errors accumu-
late and propagate along the network. In the most remote areas, it may also happen 
that communication between levels is interrupted for various hazard sources. 

 Collecting disaggregated data at all the levels of the surveillance network will 
thus allow to identify the major bottleneck in information transfers and the major 
sources of data quality corruption. Only data aggregated by the province is main-
tained over a long term at the highest national level (ministry of health). At all other 
levels, after having processed the data from lower levels and transferred it to the 
higher level, the recommendation is to keep it for a minimum of 5 years. There are 
naturally no incentives to destroy the data after 5 years, but, in practice, because of 
storage space shortage, it is very rare to fi nd disaggregated data older than 5 years. 
This represents an enormous loss of scientifi c and public health information. Only 
an electronic surveillance system would allow to cope with most of the issues raised 
in this section. By automating aggregation calculation and data transfer, it would 
reduce errors due to these two processes to its minimum. Furthermore, backup 
drives at each level would ensure the long-term preservation of raw data without 
requiring too much physical space. Backup in each health center of the network 
would also ensure that data are constantly saved in several different places. If one of 
the centers were to disappear, the data would be preserved in any upper level or 
could be reconstructed from any lower level.  

11.8     Conclusion 

 Dengue is the fi rst human arbovirus in the world in terms of affected population and 
population at risk (3.5 billion people, 55 % of the world population is estimated to 
be at risk by WHO, Beatty et al.  2007 ). It is primarily affecting the intertropical 
regions of the world, with a special high and ancient burden in Southeast Asia, and 
it has become a major international public health issue due to an increase in its 
worldwide distribution (Gibbons and Vaughn  2002 ; Guzman and Kouri  2002 ). In 
the absence of vaccine, the sole mean of dengue prevention is through vector 
 control. A live-attenuated, tetravalent, chimeric yellow fever dengue vaccine has 
been in development for many years, and its commercial availability is announced 
for 2016 (phase III trials started in December 2010) (Guy et al.  2011 ). Yet, the pub-
lic health services still have no clue of how to implement the best vaccine policy. It 
thus becomes timely to start thinking about effi cient strategies that will involve both 
vaccine use and vector control (WHO-VMI Dengue Vaccine Modeling Group 
 2012 ). As reminded earlier, experimentation is impossible in epidemiology for 
obvious ethical reasons. Mathematical and computational modeling thus constitutes 
the only means we have to explore the effi ciency of various vaccine policy scenarios 
(Ferguson et al.  2005 ). However, such prospective explorations are possible only 
with realistic enough models, and this depends strongly on the data available for 
parameter fi tting. In the context of applying a vaccine policy to the Southeast Asia 
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region, a number of questions arise respective to the spatial dynamics of the disease 
at between-country level. Since the spatial dynamics of a disease at local scales 
largely determine its persistence at larger scales (Grenfell and Harwood  1997 ; 
Earn et al.  1998 ), it appears most important to understand its major drivers among 
demographic (population size and birth rate), climatic (affecting vector population 
dynamics), administrative (contact networks), and immunological (serotype inter-
action) factors (Racloz et al.  2012 ). Only historical surveillance data would 
allow to develop and fi t realistic enough models of practical use for the design of 
an optimal vaccine policy.     
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    Chapter 12   
 The New Science of Metagenomics 
and the Challenges of Its Use in Both 
Developed and Developing Countries 

             Edi     Prifti      and     Jean-Daniel     Zucker    

    Abstract     Our view of the microbial world and its impact on human health is 
changing radically with the ability to sequence uncultured or unculturable microbes 
sampled directly from their habitats, ability made possible by fast and cheap next- 
generation sequencing (NGS) technologies. Such recent developments represent a 
paradigmatic shift in the analysis of habitat biodiversity, be it the human, soil, or 
ocean microbiome. We review here some research examples and results that indi-
cate the importance of microbiomes in our lives and then discus some of the 
 challenges faced by metagenomic experiments and the subsequent analysis of the 
generated data. We then analyze the economic and social impact on genomic medi-
cine and research in both developing and developed countries. We support the idea 
that there are signifi cant benefi ts in building capacities for developing high-level 
scientifi c research in metagenomics in developing countries. Indeed, the notion that 
developing countries should wait for developed countries to make advances in 
 science and technology that they later import at great cost has recently been 
challenged.  
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12.1             Introduction 

 Our view of the microbial world and its impact on our lives is changing very rapidly. 
Until recently we have considered ourselves as largely independent from the micro-
bial ecosystem we live in (Blaser  2006 ; Ley et al.  2008 ; Davies  2009 ). The main-
stream thinking that we would be healthier when staying away from microbes is 
now debated (Bloomfi eld et al.  2006 ); hygiene and antibiotics excess during child-
hood may be associated with allergies and asthma during adulthood (Hanski et al. 
 2012 ; Kawamoto et al.  2012 ; Russell et al.  2012 ). 

 Bacteria, one of the fi rst organisms on Earth (present for more than three billion 
years), have been evolving and adapting to all sorts of environments ever since, 
elaborating a large genetic pool that codes for many biological pathways that per-
form a plethora of functions (Canganella and Wiegel  2011 ). In the interconnected 
web of life where microbes are most abundant (Whitman et al.  1998 ), humans, like 
other multicellular organisms, have evolved to live in equilibrium and in symbiosis 
with them. Indeed, our genome does not code for all the biological functions needed 
for our survival nor to take full advantage of the environment we live in. We interact 
very tightly with our microbiota, and as a consequence, the health of this ecosystem 
is closely linked to ours. 

 Most abundant in the intestine, the gut microbiota is now considered to be an 
organ reaching approximately 2 kg in mass (Baquero and Nombela  2012 ). With 150 
times more genes than our own genome, the collective genome of our microbiome 
(also called “our other genome” or metagenome) codes for many different functions 
that are not undertaken by our cells. For instance, gut bacteria can protect us by 
producing anti-infl ammatory factors, antioxidants, and vitamins but also harm us by 
producing toxins that mutate DNA or affecting the nervous and immune systems. 
The outcome of microbiome deregulation may take the form of various chronic 
diseases, including obesity, diabetes, and even cancers (Zhao  2010 ). The very nature 
of human identity is now being questioned, and an increasing number of scientists 
state that we are indeed a super-organism with a microbial majority: ten times more 
microbes than human cells, which should be taken into consideration as part of us 
(Blaser  2006 ; Gill et al.  2006 ; Davies  2009 ). 

 Gene therapy was developed at the beginning of the twenty-fi rst century and 
came with the promise of revolutionizing medicine, but its implementation was 
more challenging than anticipated. Such diffi culties were partially due to the multi-
factorial nature of most diseases but also to the complex implementation and suc-
cess rate of such therapy. The gut microbiota opens new means of intervention in 
curing complex diseases linked to it, such as the use of probiotics, ecosystem resto-
ration through transplantation, or other microbiome targeted approaches (Borody 
and Khoruts  2012 ; Lemon et al.  2012 ; Shanahan  2012 ). Such interventions are 
thought to be simpler than any human gene therapy and are of great economical 
potential for both the private and the public health sector. 

 Prokaryotes are some of the most diverse organisms on the planet bearing many 
known and unknown functions that affect nearly all aspects of life on Earth. For 
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instance, the bacteria that populate the ocean affect key chemical balances in the 
atmosphere and ensure the very habitability of our planet. Also it is a known fact 
that soil microorganisms are fundamental for terrestrial processes as they play an 
important role in various biogeochemical cycles by contributing to plant nutrition 
and soil health (Mocali and Benedetti  2010 ). As such microorganisms are of great 
hope for scientifi c research and potential biotechnological applications. This 
increasing interest in understanding the role of the microbiome in our planet’s ecol-
ogy, health, and disease as well as other biotechnological applications promises 
important economic and societal benefi ts for those countries that are involved in 
such research. The holistic study of the human microbiome is a fairly new approach 
that necessitates still expensive cutting-edge technologies and above all multidisci-
plinary teams. Only big research institutions with large funding programs, usually 
from developed countries, are currently able to undertake such projects, leaving 
developing countries behind in this fi eld. 

 This chapter introduces fi rst the new science of metagenomics and its many chal-
lenges while reviewing some of the major discoveries up to date. We discuss next 
the benefi ts that developing countries might reap if they were to build the needed 
infrastructure and become involved in microbiome research.  

12.2     The New Science of Metagenomics 

 Now that we have established the importance of the microorganisms that live inside 
and around us, let us focus on the available methods and tools used to study them. 
An estimated 99 % of the prokaryotes are diffi cult to study in isolation for several 
reasons (Streit and Schmitz  2004 ; Schloss and Handelsman  2005 ): (i) they depend 
on other organisms for critical processes, (ii) fail to grow in vitro, or (iii) have even 
become extinct in fossil records (Tringe and Rubin  2005 ). These obstacles can be 
bypassed by focusing on DNA, a very stable molecule that can be isolated directly 
either from living or dead cells. Usually DNA extracted from a given sample belongs 
to different microbial genomes constituting what is termed a metagenome. The 
study of metagenomes is a new emerging fi eld, which is referred to as metagenom-
ics (NRCC  2007 ). The continuous reduction in the cost of high-throughput sequenc-
ing made possible to sequence large quantities of DNA from mixtures of organisms 
(Shendure et al.  2004 ; Metzker  2010 ) while offering a very detailed insight into 
entire ecosystems previously thought to be inaccessible. 

 Quantitative metagenomics (QM) focuses on quantifying DNA molecules in a 
given sample as opposed to functional metagenomics which focuses on clone 
expression (Lakhdari et al.  2010 ). QM, on which we will mostly focus in this chap-
ter, can be approached through different strategies (Gabor et al.  2007 ). The sequenc-
ing of the 16S ribosomal RNA gene is one of the most accessible and thus most 
frequently used approach. Prior studies of bacterial evolution and phylogenetics 
provided the foundation for subsequent applications of sequencing based on 16S 
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rRNA genes for microbial identifi cation (Winker and Woese  1991 ). Indeed the 16S 
rRNA genes consist of highly conserved region sequences that alternate with regions 
of variable nucleotide sequence, which are used for taxonomic classifi cation. 
Although the16S rRNA gene is a good marker to explore the phylogenetic composi-
tion of a given sample and identify new species or even unknown phylogenetic 
groups, it can also be used to roughly quantify the abundance of the higher taxo-
nomic representatives. The variable regions of bacterial 16S rRNA genes are usu-
ally amplifi ed by PCR and then subjected to library construction followed by 
sequencing using NGS technologies. The pool of sequenced reads is then clustered, 
may be mapped onto a database of previously characterized sequences, and used for 
further analyses in the studied context. Microbial 16S rDNA sequencing is consid-
ered the gold standard for characterizing microbial communities, but this approach 
would fail to capture information about what the functions of different organisms 
are, knowing that organisms with identical 16S sequencing may perform very dif-
ferent functions. A good example is the difference between various strains of 
 Escherichia coli  ( Enterohemorrhagic ,  EHEC ;  Enterotoxic ,  ETEC ;  Enteroaggregative , 
 EAEC ) and related organisms such as  Shigella sonnei , which have different clinical 
manifestations and different treatment modalities, yet are undistinguishable by 16S 
rRNA sequences (Harris and Hartley  2003 ). 

 To overcome the limitations of the 16S rRNA profi ling approach, the sequencing 
of entire metagenomes (made possible by NGS technologies) constitutes a very 
attractive strategy for comprehensive metagenomic studies. The whole- metagenome 
(WMS) approach is increasingly used and has already produced many interesting 
results that we discuss in the next two sections. Figure  12.1  illustrates an overview 
of a WMS pipeline from sample collection to the generation of hypotheses and the 
testing of prediction models. Sample collection from a given environment is a cru-
cial process since the microbial communities may be quite different between two 
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very close locations (as is the case for soil) and should be determined according to 
the project needs. The DNA extraction protocols are also deciding factors and 
depend on the microbial composition of the sample. For example, Gram-positive 
bacteria, which are hard-to-lyse organisms, might be underrepresented or overrep-
resented in environmental DNA preparations depending on the DNA extraction pro-
tocol. Sequencing followed by mapping onto a selected reference gene catalogue 
and bioinformatics pretreatment analyses constitute yet another important part of 
this pipeline that will ensure that the biological signal is isolated while reducing the 
noise caused by the technical variability throughout the study. Finally, the use of the 
right statistical tools and datasets will be crucial in hypothesis generation and test-
ing. We discuss later in this chapter the different issues and challenges faced at each 
stage of this process (cf. Fig.  12.1 ).

   Another important and increasingly used application of WMS is the study of 
gene expression through RNA-Seq technology. The sequencing of cDNA, which 
corresponds to the whole RNA in a given sample, has brought many new applica-
tion possibilities to scientists. This technology allows to bypass the limitations of 
cDNA microarray technology and gives a true holistic view of the transcriptome 
(Shendure  2008 ). Indeed with cDNA microarrays, a gene expression measuring 
technology, it is possible to focus only on those transcripts that have a correspond-
ing probe on the chip and which are usually linked to coding sequences. Largely 
used in single genome transcriptomics, it is now starting to be applied in metatran-
scriptomics settings. The RNA-Seq approach offers an unprecedented resolution on 
both the activity of a given bacteria and the functional dynamics of the genes. On 
the other hand, it comes with a price to pay, that of the analytical challenge that 
underlies the complexity behind the very large number of variables in the data. 
Other “meta-omics” approaches such as metaproteomics or metabolomics are still 
in their infancy but just as promising as metagenomics is. 

 The precise bio-characterization of samples from different environments of 
interest is increasingly becoming a routine with the help of meta-omics technolo-
gies, and this new science is advancing very quickly. Many discoveries are being 
made in relation to human health but also to our environment as we discuss 
hereafter. 

12.2.1     Metagenomics in Health and Disease 

 Many projects aiming to characterize the human microbiome and uncover its 
impact in human health and disease have been funded these past years. One of the 
fi rst internationally coordinated efforts was the European-funded MetaHIT 1  proj-
ect (Ehrlich and MetaHIT  2010 ), which started in early 2008. Its main objective 
was to establish associations between the genes of the human intestinal microbi-
ota and disease, focusing on two main disorders of increasing importance in 

1   Acronym for “Metagenomics of the Human Intestinal Tract.” URL:  http://www.metahit.eu/ 
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Europe: infl ammatory bowel disease (IBD) and obesity. One of the fi rst important 
achievements was the establishment of an extensive reference catalogue of micro-
bial genes present in the human intestine. The results confi rmed the immensity of 
the unknown. More than 85 % of gut bacteria were not known and around 80 % of 
them are considered unculturable (Eckburg et al.  2005 ; Qin et al.  2010 ). This 
study offered the fi rst high-resolution picture of the diversity and complexity of 
the gut microbiota. The size of our intestinal metagenome is 150 times larger than 
that of our own genome and is composed of more than three million nonredundant 
microbial genes, which are largely shared among the individuals of the studied 
cohort. Over 99 % of them are bacterial genes, indicating that the entire cohort 
harbors more than 1,000 prevalent bacterial species and each individual at least 
160 such species (Qin et al.  2010 ). An increasing number of gut microbial gene 
catalogues have been since published with the latest approximating ten million 
genes (Li et al.  2014 ). 

 The HMP 2  is another major project funded by the NIH. Its main goals are to 
characterize the microbial communities found at several different sites on the human 
body, including the nasal passages, oral cavities, skin, and gastrointestinal and uro-
genital tracts and to analyze the role of these microbes in human health and disease 
(Group et al.  2009 ). Researchers found that, in a cohort of healthy people, oral and 
stool communities were especially diverse in terms of community membership, 
while vaginal sites harbored particularly simple communities. Additionally, even 
though the diversity and abundance signature of each body site were found to vary 
among individuals, a niche specialization as well as the metagenomic carriage of 
metabolic pathways were observed to be stable among the subjects (Human 
Microbiome Project  2012b    ). Overall, in healthy humans, microbiota tends to occupy 
a range of distinct confi gurations from many of the disease-related perturbations 
studied to date (Sokol et al.  2008 ; Qin et al.  2010 ). 

 As a consequence of the complexity of metagenomic data and the relatively new 
age of this fi eld, signifi cant effort was needed in building the analytical framework 
as well as the associated bioinformatics tools and pipelines. Both of the aforemen-
tioned projects, among other more isolated initiatives, helped in developing such 
technologies that many of the current projects are now using in order to discover 
associations between the gut microbiome and clinical phenotypes and diseases 
(Ehrlich and MetaHIT  2010 ; Qin et al.  2010 ; Human Microbiome Project  2012a ; 
Morgan and Huttenhower  2012 ). 

 One of the properties of a sampled ecosystem is species diversity, which when 
highly diverse is usually linked with good health. Indeed, it was discovered that low 
diversity in gut microbiota is associated with several human diseases such as obesity 
and infl ammatory bowel disease (Turnbaugh et al.  2009 ; Qin et al.  2010 ; Cotillard 
et al.  2013 ; Le Chatelier et al.  2013 ). In some other cases, high diversity may be 
associated with disease such as bacterial vaginosis, for example (Srinivasan et al. 
 2012 ). 

2   Acronym for “Human Microbiome Project.” URL:  http://www.hmpdacc.org/ 
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 A recent study showed the involvement of intestinal fl ora in type 2 diabetes on a 
Chinese cohort. Approximately 60,000 microbial genes were found to be differen-
tially abundant among type 2 diabetic patients who were also characterized by a 
moderate degree of gut microbial dysbiosis, a decrease in the abundance of some 
universal butyrate-producing bacteria, and an increase in various opportunistic 
pathogens. The authors also demonstrated that these gut microbial markers might be 
useful for classifying type 2 diabetic patients based only on their fecal samples (Qin 
et al.  2012 ). 

 Intestinal fl ora was also related to the infl ammatory status of the host in symp-
tomatic atherosclerosis patients, who were found to be enriched in the genus 
 Collinsella  as opposed to the controls enriched in  Eubacterium  and  Roseburia  
(Karlsson et al.  2012 ). Even though this study cannot provide evidence for direct 
causal effects, these fi ndings indicate that the gut microbes may play a role in the 
development of systematic atherosclerosis, knowing that infl ammation is an impor-
tant contributor to the pathogenesis of atherosclerosis (Hansson  2005 ). 

 Accumulating evidence now indicates that gut microbes also communicate with 
the central nervous system, possibly through neural, endocrine, and immune path-
ways, and thereby infl uences brain function and behavior (Grenham et al.  2011 ; 
Cryan and Dinan  2012 ). Studies in germ-free animals and in animals exposed to 
pathogenic bacterial infections, probiotic bacteria, or antibiotic drugs suggest a role 
for the gut microbiota in the regulation of anxiety, mood, cognition, and pain. 
Factors, including infection, disease, and antibiotics may alter the stability of the 
natural composition of the gut microbiota and thereby have a deleterious effect on 
the well-being of the host (Forsythe et al.  2010 ). 

 Another study demonstrated the key role of the gut microbiota in immunomodu-
latory mechanisms underlying multiple sclerosis. Mice genetically predisposed to 
spontaneously develop experimental autoimmune encephalomyelitis (EAE, an ani-
mal model for multiple sclerosis disease) were housed under germ-free conditions 
and, as a result, remained fully protected from EAE throughout their life until this 
protection dissipated upon colonization with conventional microbiota in adulthood 
(Berer et al.  2011 ). Several small studies have demonstrated links between altered 
intestinal microbiota in children with autism as compared with controls (Finegold 
et al.  2010 ,  2012 ; Adams et al.  2011 ). These relations may be explained however by 
different factors such as diet, and larger controlled clinical studies are needed for 
more evidence. 

 These are but a few studies among many others that have taken the fi rst steps in 
demonstrating the existence associations between intestinal fl ora and different 
human diseases. Scientists haven’t had enough time yet to gather evidence on cau-
sality, but this is the current and next step. Meanwhile there have already been some 
results indicating how we can use metagenomics and the microbiome to improve 
our health (Shanahan  2012 ). A fi rst application area is personalized medicine. 
Information on the human microbial ecosystems may help stratify individuals and 
reduce the variability of the cohort so that a given treatment is more effective if 
adapted to any of the different sub-phenotypes. For instance, one discovery was the 
identifi cation of enterotypes, three clusters, which remain consistent among  different 
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countries and cohorts and are quite stable over time (Arumugam et al.  2011 ). Even 
though the discrete nature of enterotypes is debated (Jeffery et al.  2012 ), they are 
found to be associated with long-term diet, particularly protein and animal fat 
( Bacteroides ) versus carbohydrates ( Prevotella ) (Wu et al.  2011 ). 

 The potential of the human microbiome as an early detection biomarker for 
diagnostic and prognostic purposes is a very active area of research. Oral or fecal 
microbial samples can be obtained very easily and used immediately as diagnostic 
tools. As an example, 15 microbial genes are suffi cient to discriminate with high 
accuracy (>90 %) liver cirrhosis patients from healthy controls. Liver cirrhosis is 
usually diagnosed based on biopsies, which are often proscribed in such patients 
due to possible complications. Patient-enriched gut microbial species originate 
from the oral cavity and can compose up to 40 % of the total bacterial abundance in 
the gut (Qin et al.  2014 ). In another example, microbial genes associated with type 
2 diabetes (Qin et al.  2012 ) were used to construct prediction models that could 
correctly classify a sample with an accuracy of greater than 80 %. This is consider-
ably better than model-based human genes discovered by GWAS (66 %) associated 
with type 2 diabetes (van Hoek et al.  2008 ). Most clinical indicators are not optimal 
such as the OGCT 3  for diabetes or BMI for obesity (Romero-Corral et al.  2008 ). 
Newer, more biologically relevant indicators are needed. The microbial biomarkers 
can help in this quest and could even be used to predict future occurrences of a 
disease. 

 The human microbiome and especially the gut fl ora offers a yet to-be-appreciated 
potential for interventional medicine and open unprecedented possibilities for cur-
ing human diseases. One area of intervention consists in modulating the disrupted 
microbial ecosystem and bringing it close to a normal state. This can be achieved 
through different ways such as by using prebiotics and probiotics (Sharp et al.  2009 ; 
Gareau et al.  2010 ). The use of probiotics has been already shown to be successful 
in animal studies where  Lactobacilli-  and  Bifi dobacteria- based probiotics can alle-
viate visceral pain induced by stress (Verdu et al.  2006 ); the role of probiotics in 
treating diseases such as IBS has also been shown (Aragon et al.  2010 ). Another 
way in achieving ecosystem modulation is through fecal transplantation, also known 
as fecal fl ora reconstitution (Baquero and Nombela  2012 ; Borody and Khoruts 
 2012 ). Different studies have already shown the success of this approach in treating 
extreme cases of  Clostridium diffi cile  infections that were resistant to antibiotics 
(van Nood et al.  2013 ). Despite the very high success rate (>90 % – far better than 
many drugs), there are still ethical issues that need to be addressed, and more clini-
cal studies should be performed for this intervention approach to be more widely 
accepted and used in the medical fi eld. Finally, therapeutic drugs can be designed to 
directly interact with the microbiome and modulate its different functions to change 
its state and thus transform the diseased phenotype into a healthy state (Jia et al. 
 2008 ; Haiser and Turnbaugh  2012 ).  

3   Acronym for “Oral Glucose Challenge Test” a score on which diabetes classifi cation and diagnos-
tics is based. 
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12.2.2     Environmental Metagenomics 

 Microorganisms represent the largest reservoir of genetic diversity on Earth, out-
numbering all other organisms (NRCC  2007 ). As an example, bacteria are respon-
sible for about half of the photosynthesis on Earth. In spite of their crucial role, 
prokaryotic diversity still suffers from one of the greatest knowledge gaps in the 
biological sciences and remains largely unexplored and unexploited (Rodriguez- 
Valera  2004 ). There is no universally agreed estimate about their real total number, 
their real diversity, or what principles govern their origin and evolution. Some 
researchers estimate the total number of prokaryotic cells on earth at 5 × 10 30  includ-
ing 10 6  − 10 8  individual genomes belonging to different species (Sleator et al.  2008 ). 
For the soil, there are estimates ranging between 3,000 and 11,000 microbial 
genomes per gram of soil (Schmeisser et al.  2007 ), which makes it clear that current 
technologies could not support complete sequencing of such highly diverse environ-
ments (Kowalchuk et al.  2007 ). Beyond the interspecies diversity, there is also an 
intraspecies diversity that has been overlooked, but that has important consequences. 
For example, an easy-to-cultivate species such as  Escherichia coli  may lay a vast 
gene pool that is not accessible by studying one single strain. Indeed, the diversity 
of the genes within a bacterial species is another important facet of prokaryotic 
diversity (Boucher et al.  2001 ). Metagenomics as a culture-independent genomic 
analysis can help discover more about the microbial diversity of natural environ-
ments such as soil, water, and sediments (Lopez-Garcia and Moreira  2008 ) and has 
many applications in agriculture, sustainability, engineering, and environment.  

12.2.3     Soil 

 It is a known fact that soil microorganisms are fundamental for terrestrial processes 
as they play an important role in various biogeochemical cycles by contributing to 
plant nutrition and soil health (Mocali and Benedetti  2010 ). This “hidden” biodiver-
sity could be a great resource of natural products for agricultural and biotechnologi-
cal applications (Steele and Streit  2005 ). It is thus crucial to assess and preserve the 
diversity of soil microorganisms. The most critical biotransformations at stake (deg-
radation of pollutants, synthesis of biofuels, and production of novel drugs) require 
a whole microbial community to be performed. For instance, no single microbe is 
capable of converting ammonia to nitrate, but teams of microbes can do this very 
effi ciently. These communities are likely to explain the farming mystery of “sup-
pressive soil” in which a pathogen is known to persist but causes little damage to the 
crops. The activities of suppressive soil communities are quite benefi cial to agricul-
ture, ensuring the quality and provision of ecosystem services (NRCC  2007 ). 

 Sequencing the soil metagenome could bring large economic and environmental 
value but represents a task of unprecedented magnitude. A coordinated international 
effort was established to combine the skills of the global scientifi c community to 
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focus on sequencing and annotating the soil metagenome: TerraGenome (Vogel 
et al.  2009 ). Launched in September 2011, the project relies on many existing bio-
informatics resources, RDP (Ribosomal Database Project), QIIME (Quantitative 
Insights Into Microbial Ecology), Greengenes (a web application providing access 
to the current and comprehensive 16S rRNA gene sequence alignment for browsing, 
blasting, probing, and downloading), and IMG/M (Integrated Microbial Genomes/
Microbiome) to name a few. The complete sequencing of a “reference” soil metage-
nome is aimed and the agroecology fi eld experiment of Park Grass that has been 
running for more than 150 years at the UK agricultural sciences institute was chosen 
for investigation. There are several projects involved in soil sequencing, and a good 
review of soil metagenomic studies and their relevance for biotechnology and ecol-
ogy is made by Van Elsas et al. ( 2008 ).  

12.2.4     Marine Water 

 The marine environment is the largest contiguous ecosystem on Earth, occupying 
71 % of the Earth’s surface with an average depth of 4 km (Karl  2007 ). It is not 
surprising that the oceans represent one of the most signifi cant yet least understood 
microbial-driven natural environments on the planet (Martin-Cuadrado et al.  2007 ). 
The bacteria that populate the oceans affect key chemical balances in the atmo-
sphere and play an important role in maintaining the very habitability of our planet. 

 One of the fi rst studies of marine environmental genomics was led by DeLong. 
This project was quite successful since the scientists involved in it discovered in 
archaea and bacteria the presence of a family of genes called rhodopsins. These 
genes were only known to exist before in plants where they play a role in collecting 
energy from the sun (Beja et al.  2000 ). Except for some species that use rhodopsins 
to capture energy, many others use them for communication or environmental 
awareness. The  Sargasso Sea Project  was another one who set a global expedition 
to gather microbes from the world’s oceans and sequence their DNA. The authors 
found 1,800 species of microbes, including 150 new species of bacteria, and over 
1.2 million new genes (Venter et al.  2004 ). Unfortunately, the Sargasso Sea Project 
unraveled only a small amount of the diversity. As Gilbert et al. noted, “with 
approximately 1 million bacteria per milliliter of seawater and an estimated average 
genome size of 2 million bp, the Sargasso Sea project sequenced only 0.05 % of the 
genomic information in a single milliliter – a proverbial drop in the ocean” (Gilbert 
and Dupont  2011 ). We are only at the beginning of a new vast domain of analyses 
of the biodiversity that needs to be achieved as soon as possible so that the loss of 
diversity that is foreseen in all habitats can be assessed as early as possible. Karl 
et al. review several case studies which illustrate the need for “comprehensive anal-
yses – ranging from genomes to biomes, coupled to interdisciplinary physical and 
chemical observations of broad temporal – spatial scales – before a comprehensive 
understanding of the role of microorganisms in oceanic ecosystems can be achieved” 
(Karl  2007 ). There are many other projects related to metagenomics and marine 
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environment. The Marine Microbiology Initiative (MMI) lunched a project aiming 
to sequence, assemble, and annotate approximately 200 diverse marine phage/virus 
genomes and to sequence approximately 50 viral metagenomes from an array of 
marine environments. 

 These studies, be it for health or environmental applications, are just the tip of 
the iceberg, and many are yet to come and bring fascinating and unimagined insight 
on the importance of the microbiome in our lives. This comes as a result of the 
 evolution of genomics into metagenomics. The fi eld is in its infancy and many chal-
lenges are yet to be addressed as discussed in the next section of this chapter.   

12.3     Quantitative Metagenomics and Its Challenges 

 As for every new fi eld, many tools and approaches need to be invented from scratch 
or adapted in order to answer questions and gain insight on the studied topic, and 
metagenomics is no exception. It is overwhelming to see the pace at which the 
whole experimental and analytical framework is being built as a consequence of 
international teamwork and different collaborations. Here we discuss some of the 
challenges that still need to be addressed in order to improve the effi cacy of future 
investigations. 

12.3.1     Experimental Challenges and Protocols 

 The classical whole-metagenome-sequencing pipeline as illustrated in Fig.  12.1  is 
composed of many steps, several of which are related to experimental biology. The 
fi rst step after experimental design, which we will not discuss here, is sample col-
lection. This component is crucial since samples contain the biology we are trying 
to study and understand. Protocols should be precise and applied similarly through-
out the samples, but this is easier said than done since in some cases (such as in the 
study of human gut microbiome), fecal samples are extracted and stored by patients 
themselves. Storage is very important (Wallenius et al.  2010 ) and depends on the 
studied ecosystem but might be quite challenging when sampling, for instance, 
from deep sub-seafl oor sediments (Alain et al.  2011 ) or other extreme environ-
ments. One key aspect specifi c to WMS strategies is the requirement for ever-greater 
amounts of input genomic DNA for comprehensive metagenomic studies (Petrosino 
et al.  2009 ). This is an important limitation when the starting material is limited, 
such as in paleogenomics (Tringe and Rubin  2005 ). 

 Another crucial issue is the process of DNA extraction. By defi nition, in a micro-
bial community, there are many different species and phylogenetic groups, and as a 
consequence, the DNA is encapsulated in cells with different properties. The tech-
niques that are used to lyse cells might also affect the composition of environmental 
DNA libraries, as the harsh lysis methods that are necessary to extract DNA from 
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every organism will cause degradation of the DNA from some organisms (Tringe 
and Rubin  2005 ). Hard-to-lyse cells, such as Gram-positive bacteria, might there-
fore be underrepresented or overrepresented in environmental DNA preparations. 

 To coordinate the activities carried out within different programs, the International 
Human Microbiome Consortium (IHMC) 4  has been constituted and formally 
announced in October 2008. This has facilitated identifi cation of a clear need to 
standardize 5  the procedures in the Human Microbiome research. The overall con-
cept of IHMS is to promote the development and implementation of standard pro-
cedures and protocols in three separate but related fi elds: (i) collecting and 
processing of human samples, (ii) sequencing of the human-associated microbial 
genes and genomes, and (iii) organizing and analyzing the data gathered.  

12.3.2     Bioinformatics/Biostatistics Challenges 

 Classical techniques in biology have been around for some time now; they are well 
tuned and have proved to be effective over the years. Solving some of the issues 
mentioned above and implementing standard protocols would greatly benefi t in 
reducing experimental variability. The problem, however, is more complicated from 
an analytical point of view. Indeed, the amount of information generated by metage-
nomic studies is unprecedented and in addition to the informatics infrastructure 
needed to deal with the data deluge (Pennisi  2011 ), bioinformatics and biostatistics 
challenges need to be addressed promptly. One of the main challenging issues con-
cerns the gene reference catalogue. The main diffi culty is that the gene reference 
catalogue needs to be representative enough for each sample. Reducing the immense 
diversity of the microbial world to a single reference catalogue (similar to that of 
MetaHIT or the Human Genome Project) is still a challenge (Streit and Schmitz 
 2004 ). It would contain an astronomical number of genes that we would not be able 
to practically analyze. The solution for now is to focus on subsets of reference cata-
logues representative for a given ecosystem such as that of the human gut microbi-
ota (Qin et al.  2010 ; Li et al.  2014 ). This might be population-dependent and 
meta-analyses studies can be diffi cult. 

 Gene profi ling and data pretreatment constitute two major research points in the 
bioinformatics processing of metagenomic data. Gene profi ling consists in mapping 
reads onto the reference catalogue and counting how many of them correspond to 
each gene. This is far from being a trivial task, and questions such as how to count 
those reads that map to more genes simultaneously are still a challenge. Similarly, 
existing preprocessing techniques, like the process that allows transforming the data 
in order to reduce the technical and experimental noise through normalization tech-
niques, are not adapted to metagenomic data. Most of the genes differ in terms of 
abundance between different samples, in contrast to gene expression levels in 

4   http://www.humanmicrobiome.org/ 
5   http://www.microbiome-standards.org/ 
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microarray experiments where most of the normalization techniques were  introduced 
(Smyth and Speed  2003 ). Finally, one of the biggest challenges that we face is the 
lack of an adapted statistical framework. The immense dimensionality of the data 
with millions of variables along with the very particular sparse nature of such data 
(due to the absence of species and thus genes among samples) make the use of 
 classical statistics unsuitable. Even after log transforming, these data show particu-
larly long-tailed distributions where the use of traditional parametric statistics is not 
possible. Some promising work in the context of 16S rRNA experiments is taking 
such distributions into account (Paulson et al.  2013 ), but its validity in WMS datas-
ets is still to be demonstrated. Another major issue beside the diffi culty of applying 
variable selection in such datasets is the strong interdependence that exists among 
genes (genes of the same genome show very similar abundance profi les) and even 
among species. Reducing dimensions is one way to tackle the problem, by cluster-
ing genes into groups of genes that would correspond to the core genomes using 
different techniques such as abundance profi les or gene assembly (Nielsen et al. 
 2014 ). By identifying bags of genes, a single abundance profi le can be calculated, 
and thus the data can be reduced by more than three orders of magnitude and clas-
sical statistics could then be applied. Another issue with metagenomic data is that 
microorganisms very actively exchange parts of their genomes helped sometimes 
by other smaller genomic entities such as bacteriophages, which render the picture 
even more complex. This is still the beginning, and an increasing number of compu-
tational biologists and statisticians are working on these issues and proposing 
solutions.   

12.4     The Importance of Expanding Metagenomics 
in Both Developed and Developing Countries 

12.4.1     The Economic, Industrial, and Technical 
Promises of Metagenomics 

 The previous sections of this chapter demonstrate how metagenomics is prefi guring 
a paradigmatic change in many scientifi c fi elds. In fact, this very recent technology 
is already challenging the very basis of scientifi c practice in molecular biology. 
Some authors have even stated that “the hypothesis-driven science may fi nd it hard 
to keep up” (Gilbert and Dupont  2011 ). There is already a vast number of “habitats” 
that have been sampled in the past ten years: marine viral community, human feces 
viral community, drinking water, Sargasso sea, Eel river sediments, farm soil 
(Minnesota), human gut microbiome (various countries), mammoth fossil, 
Mediterranean sea, coral reef, etc. (Hugenholtz and Tyson  2008 ). As indicated ear-
lier, besides for purely environmental studies, metagenomics is becoming more and 
more important in health and medicine. There are yet unseen limitations to its 
potential applications ranging from medicine, farming, and energy to more 
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generally everything that affects our planet (Lorenz and Eck  2005 ; Tripathi et al. 
 2007 ; Ehrlich and MetaHIT  2010 ). 

 In spite of the scientifi c and industrial excitement about the new possibilities of 
unraveling microbial diversity, a remaining challenge is to develop technologies at 
competitive prices and to turn metagenomics into commercial successes. As 
Lorenz and Eck put it, “Metagenomics, together with in vitro evolution and high- 
throughput screening technologies, provides industry with an unprecedented 
chance to bring biomolecules into industrial application” (Lorenz and Eck  2005 ). 
Both the cost per sequenced base and the limitation in human and computational 
resources to analyze metagenomic data constitute clear bottlenecks. With the 
appearance of new next- generation sequencers, the dye-terminator technology is 
becoming obsolete, and the price per base has dropped by three orders of magni-
tude (Liu et al.  2012 ). Moreover, the reduction of sequencing costs comes along 
with an increase in data quantity, which, without concerted efforts, will quickly 
outpace the ability of scientists to analyze it (Editorial  2009 ). As for the resources 
and costs for microbial sequence analysis, they are still extremely expensive, 
although cost-effi cient bioinformatics alternatives to local computing centers exist 
(Angiuoli et al.  2011 ).  

12.4.2     Developing Countries Investing in Metagenomics: 
From an Apparent Paradox to a Long-Term Necessity? 

 The aforementioned technology and experiments have given to wealthy nations a 
vast library of data and tools to analyze them, with a great potential for applications 
and discoveries. Since the beginning of genomics, many developing countries did 
not participate in the global initiatives for sequencing organisms and, more gener-
ally, in genomic research because of the cost of sequencers and lack of qualifi ed 
staff. At fi rst glance, it might not be so obvious that developing countries should 
now massively invest in metagenomics given these same reasons and the fact that 
many other key investments for health and economic development are more urgent. 
Moreover, for those developing countries who did manage to sequence new organ-
isms, it was in most cases with little economic value to them (Coloma and Harris 
 2009 ). Several authors have thus argued that developing countries are the ones that 
can least afford to waste their limited health resources on ineffective diagnostics and 
therapies, knowing the urgent needs they have to fi ght infectious diseases and mal-
nutrition (Auffray et al.  2009 ). Nevertheless some authors like Séguin et al. (Seguin 
et al.  2008 ) who even recently argued against such costly investments now chal-
lenge the very notion “that developing countries should wait for developed coun-
tries to make advances in science and technology that they later import at great 
cost.” Because of a slow progress in the areas of scientifi c research, along with low 
levels of available funding and investment in sciences in most developing countries, 
there has been very little scientifi c contribution toward solving major problems that 
hinder their global development. 
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 There is no doubt that there is a need for a strong involvement of the scientifi c 
community from the developed world, but without taking into account microbial 
ecosystems from developing countries, any scientifi c program started at the world 
scale could not be complete. In other words, developed countries have a great inter-
est in accessing the biodiversity of developing countries from both scientifi c and 
application perspectives. In turn, developing countries that cannot afford expensive 
next-generation sequencers may provide some limited and controlled access to their 
microbiome diversity because they possess unique ecosystems from which valuable 
knowledge can be learned (Coloma and Harris  2009 ). In the past, there have been 
bad experiences with “safari research” in which biological samples were taken out 
of the country for research and did not benefi t local populations at all. This kind of 
behavior has raised concerns in several developing countries and prompted them to 
pass legislation regarding “sovereignty over genomic material and data.” 6  Three 
countries – Mexico, India, and Thailand – have used this concept to express their 
wish “to capture the value of their investments” in large-scale genotyping projects 
(Virgin and Todd  2011 ). The positive benefi t of legislation associated to this issue is 
that it can support setting rules for “trading” access to biodiversity with an access to 
genomics research capabilities. This may be critical for poor countries that do not 
have yet their own genomic initiatives.  

12.4.3     Setting Priorities for Developing Countries? 

 There are several promising directions of research related to metagenomics in and 
with developing countries that are worth investigating. We list here a few of them 
inspired by Djikeng et al.’s seminal paper on this subject ( 2011 ):

    (a)     Global surveillance of emerging and reemerging infectious diseases . Infectious 
outbreaks in the human population occur regularly in the developing world 
(Africa, Southeast Asia, and South America), and thus the development of bet-
ter control measures is crucially important. Early detection and genetic identifi -
cation of known and unknown pathogens are among the main challenges. 
Human microbiome studies with the use of metagenomic technology may con-
tribute signifi cantly to discovering emerging pathogens and thus preventing epi-
demic outbreaks in the developing world.   

   (b)     Understanding sexually transmitted diseases (STDs) . There are a growing num-
ber of studies (Atashili et al.  2008 ) aimed at analyzing the microbial popula-
tions in the vaginal ecosystem and how they vary under health and disease 
conditions. Metagenomics can help identify new clinical biomarkers based on 
the increasing knowledge on vaginal fl ora and open new ways of diagnosing 

6   A historic protocol was recently initiated at the Nagoya conference on the Convention for biologi-
cal diversity, called the  Nagoya Protocol on Access to Genetic Resources and the Fair and 
Equitable Sharing of Benefi ts Arising from their Utilization to the Convention on Biological 
Diversity . ( http://www.cbd.int/abs/ ) 
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and treating STDs such as HIV, which is one of the biggest killers in the devel-
oping world.   

   (c)     Enhancing malaria treatment.  Malaria, as one of the most devastating diseases 
known, mostly impacts developing countries (90 % of all malaria deaths 
occur in sub-Saharan Africa). Metagenomics along with modeling approaches 
could help monitor the impact of the  Plasmodium  parasite on the microbial 
communities that reside on and in the human body. This would open new 
treatment perspectives such as bringing the protective microbiota ecosystem 
in a normal state with the help of new yet-to-be-developed probiotics (Djikeng 
et al.  2011 ).   

   (d)     Hunger and malnutrition . Nutrigenomics focuses on identifying and under-
standing molecular-level interactions between nutrients and other dietary bioac-
tives with the human genome (Kaput et al.  2005 ; Ahmed et al.  2009 ; Godard 
and Hurlimann  2009 ). Metagenomics in the context of nutrigenomics is a 
unique opportunity to assess the unacceptable consequences of hunger and mal-
nutrition and to defi ne research priorities that could benefi t both developed and 
developing countries (Godard and Hurlimann  2009 ).   

   (e)     Developing new drugs.  Pharmacogenomics, which develops rational means to 
optimize drug therapy, with respect to the patients’ genome and metagenome, 
to ensure maximum effi cacy with minimal adverse effects is now becoming 
more and more critical to the development of drugs (Jia et al.  2008 ). 
Pharmacogenomics may help in the development of research and development 
capacities, which would, in turn, enable developing countries themselves to 
make meaningful contributions to the advancement of the fi eld (Haiser and 
Turnbaugh  2012 ).   

   (f)     Food protection strategies.  Many developing countries are fragile in terms of 
food security, and any plant disease could devastate plantations and cause fam-
ine, bringing the country to its knees. Metagenomic research applied to agricul-
ture and soils (Roossinck  2012 ) may help characterize their microbial diversity 
and propose new protection strategies.    

  This list is not exhaustive, but it contributes to our argument that it is critical 
for developing countries to participate in the metagenomics race (Auffray et al. 
 2009 ), in particular because of the applications to genomic medicine by imple-
menting molecular diagnostics and molecular epidemiology. Science and tech-
nology, in particular the life sciences, are increasingly recognized as vital 
components for national progress in developing countries (Virgin and Todd 
 2011 ). It is clear that breaking the cycle of dependence of emerging economies 
toward other developed countries is critical. The costs of healthcare are increas-
ing at a very high rate, and relying on developed countries to perform all the 
molecular diagnostics is not only a fi nancial burden but slows down the building 
of capacities and the ability to internalize new technologies. Investing in the fi eld 
of metagenomics and building life sciences- based capacities in developing coun-
tries might contribute to improving local health but also potentially stimulate 
economic growth.  
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12.4.4     The Need to Increase Capacity Building 
in Developing Countries 

 It is not simple to assess the level of technology, resources, and capacity to partici-
pate in genomics research for both developing and developed counties. India, 
Thailand, South Africa, Indonesia, Brazil, and Mexico, for example, have devoted 
considerable resources to large-scale population genotyping projects that explore 
human genetic variation (Coloma and Harris  2009 ). However, the poorer countries 
still do not have the resources to develop their own genomic projects on a large 
scale. Figures  12.2 ,  12.3 , and  12.4  give an indicator of the importance of metage-
nomics capacity worldwide. The numbers are self-reported and only give an estima-
tion of the capacities, but it is clear that developing countries lag far behind in terms 
of equipment. For developing countries, building such centers and research facili-
ties to perform metagenomic analysis of their populations is critical for future 
healthcare infrastructure, reducing the gap between the developed and underdevel-
oped nations.

     Sequencing capacity and equipment is not the only key to the problem. Staff, 
core facilities, and project funding are of uttermost importance to the development 
of the research as well. Efforts must be made by developed countries to host and 
form more students from the South, so that they may turn and invest their knowl-
edge in their countries. Unfortunately it does not always work this way as many 
students from developing countries choose not to go back and take advantage of 
more developed research infrastructure in the host countries where they will build 
their careers. China, for instance, has developed very attractive programs to make 

  Fig. 12.2    Estimated map of reported high-throughput sequencers in Western World. The  fl ags  
represent the research centers and the  dots  a collection of centers. The  numbers  indicate the num-
ber of sequencers. (From      http://omicsmaps.com    )       
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sure its PhD students come back. Others like Vietnam fund PhD programs that 
require working for a few years in their universities after completion. 

 A second bottleneck for the development of metagenomic research in developing 
countries is the limited capacity of tool development for genomics and bioinformat-
ics approaches (Djikeng et al.  2011 ). Although many computing grids exist, out-
sourcing analyses and computing is not always the best solution since data transfer 
requires signifi cant bandwidth due to their size, constituting thus another bottle-
neck. Second of all, externalizing the analysis is not necessarily the best way to 
form local staff able to perform cutting-edge bioinformatics approaches, and it 
might prove more effi cient to create partnerships and regional centers for  technology 
and resources. Several success stories exist in building genomics initiatives in 

  Fig. 12.3    Estimated map of reported high-throughput sequencers in South America and Africa 
(From   http://omicsmaps.com    )       

  Fig. 12.4    Estimated map of reported high-throughput Southeast Asia (From   http://omicsmaps.
com    )       
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 developing countries and could inspire also metagenomic projects as well (Seguin 
et al.  2008 ; Coloma and Harris  2009 ). Mexico has developed very effective transla-
tion of genomic fi ndings into public health applications through a unique work plan 
called INMEGEN 7  (such as health promotion campaigns at Mexican subpopula-
tions that might be at higher risk of certain chronic diseases). Another successful 
genomics comes from Brazil, where the Foundation for Research Support invested 
in projects relevant to the country and the rest of the developing world (e.g., sequenc-
ing the genes of the parasite that causes schistosomiasis that affl icts millions of 
people in Brazil). These problems are low on the list of priorities of the United 
States and Europe. Previous successful examples of collaborations in genomics pro-
gram could initiate new ones in the context of human microbiome studies (Djikeng 
et al.  2011 ).  

12.4.5     Several Metagenomics Challenges for Developing 
Countries and Pitfalls 

 In spite of the success stories above, researchers in most developing countries do not 
have access to resources nor the capacity to fully participate in genomics research 
(Coloma and Harris  2009 ). The ones that have access to local facilities are mostly 
those who were involved in the past decade in genome sequencing when they could 
build some sequencing capacities. An example of a successful collaboration is the 
joint effort of the International Livestock Research Institute (ILRI) in Nairobi and 
The Institute for Genome Research (Craig Venter Institute) to sequence and annotate 
the genome of a cattle parasite that causes important economic loss to small farmers 
in Africa and elsewhere. Beyond such “North–South” collaborations mainly aiming 
at capacity building, there is also a need for “South–South” collaborations. Access to 
training and capacity building of human resources ought to be shared between devel-
oping countries fostering joint projects and mutualization of platforms. 

 Thanks to several funds, trusts, and banks, there is increasing funding for research 
on diseases that affect the world’s poor, such as the Bill & Melinda Gates Foundation 
(BMGF) 8 , the United States National Institutes of Health 9 , the United Kingdom 
Welcome Trust 10 , the Asian Development Bank 11 , etc. However, as mentioned by 
different authors, the success of the funded project depends on successful engage-
ment with the intended benefi ciaries and support from the local government: 
“Recent research in developing countries, such as the abandoned trials in Cameroon 
and Cambodia of tenofovir as pre-exposure prophylaxis against HIV infection has 
shown that even in studies where ethical issues have been addressed, challenges 

7   Acronym for “Mexican National Institute of Genomic Medicine” 
8   http://www.grandchallengesgh.org 
9   http://grants1.nih.gov/grants/index.cfm 
10   http://www.wellcome.ac.uk/funding 
11   http://www.adb.org 
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related to community engagement (CE) can still undermine the research” (Djikeng 
et al.  2011 ). Aside from the absence of community engagement and initiatives, 
 corruption, and nonreturning of PhD students, there are still many pitfalls that may 
slow down the access of developing countries to technology, resources, and capacity 
that would allow their scientists to participate in metagenomics research.   

12.5     Conclusion 

 The very young fi eld of metagenomics is encountering a great success and is offering 
the possibility to explore in very high-resolution places whose landscapes we could 
only have imagined before. Seeing the outstanding diversity of the microbial world 
at the gene level is not enough to understand the functions and dynamics of the con-
stituting parts. Ultimately, integrated analysis of metagenomes, metatranscriptomes, 
metaproteomes, and metabolomes will be needed to understand the microbial sys-
tems biology (Sleator et al.  2008 ). Achieving such integration necessitates interdisci-
plinary efforts and continuous development of appropriate bioinformatic tools to 
decipher the complex biological networks underlying molecular, functional, and 
community structure. The in silico investigation of biological networks could be 
quite effective in identifying central connected components that could bring, at a 
later time, more insight on their functionality and dynamics within the system. 

 International projects such as MetaHIT and HMP have already released a wealth 
of data on ecosystems along with the corresponding reference catalogues and their 
available functional and phylogenetic annotations. Making data public as well as 
bioinformatics/biostatistics tools is crucial in helping scientists from developing 
countries to engage in the fi eld. Being part of the metagenomic race is of uttermost 
economical importance for developed but also for developing countries. Being able 
to improve human health as a result of metagenomic studies would not only help 
taking an important medical burden away from society but also preserve active indi-
viduals that would participate to the economy. Many biotechnological applications 
still to be imagined could improve people’s lives and reduce their impact on the 
environment. It is important for developing countries to “hop-on” the metagenom-
ics train and join the international effort. North–South or South–South collabora-
tions, legislation modifi cation, sample trading, etc., are some of the strategies that 
could buy them the ticket. It is never too early to think big and invest in developing 
the needed resources and start this very exciting and promising journey.     
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    Chapter 13   
 Barcoding, Biobanking, e-Banking: 
From Ecological to Ethical and Legal Aspects. 
Insights from the PathoDivSEA Project 

             Claire     Lajaunie      and     Serge     Morand   

    Abstract     The project Pathogen Diversity in Southeast Asia (PathoDivSEA) 
 supported by the Agence Française de Développement (AFD) and the Centre 
National de la Recherche Scientifi que (CNRS – French National Centre for 
Scientifi c Research) aimed to investigate and share information through a research 
network on the diversity of zoonotic pathogens and parasites that can infl ict public 
health hazards on the indigenous human populations in the SEA environments. The 
project had the ambition to develop and apply new tools to study the diversity of 
zoonotic pathogens and their transmission within the fast-changing environ-
ments of the region. The applications are crucial not only for the diagnosis of human 
infectious diseases but also for the identifi cation of pathogens in animals and as 
means of conservation. Our aim is to acknowledge the results and advancements, in bar-
coding, biobanking and e-banking, as well as to underline the challenges that remain 
to be tackled within the PathoDivSEA network or with the help of other partners.  

13.1          Introduction 

 The project Pathogen Diversity in Southeast Asia (PathoDivSEA) supported by 
the Agence Française de Développement (AFD) and the Centre National de la 
Recherche Scientifi que (CNRS – French National Centre for Scientifi c Research) 
aimed to investigate and share information through a research network on the diver-
sity of zoonotic pathogens and parasites that can infl ict public health hazards on the 
populations in the Southeast Asian environments. Southeast Asia is an area prone to 
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emerging and re-emerging infectious diseases due to the rapid environmental changes 
and threats regarding the local biodiversity richness (Morand et al.  2014 ). 

 The project had the ambition to develop and apply new tools to study the  diversity 
of zoonotic pathogens and their transmission within the fast-changing environments 
of the region. The applications are crucial not only for the diagnosis of human infec-
tious diseases but also for domestic fauna and wildlife. 

 This chapter intends to present insights from the PathoDivSEA project regarding 
the issues linked to barcoding, biobanking and e-banking. The fi rst fi ndings that 
resulted from a fi rst workshop held in Singapore in August 2013, which addressed 
the ‘One Health’ concept, have been enriched since then, notably during a symposium 
on ‘Health and Biodiversity’ which gathered the partners of the PathoDivSEA 
 projects and other researchers. 

 Our aim is to acknowledge the general results and advancements as well as to 
underline the challenges that remain to be tackled within the PathoDivSEA network 
or with the help of other partners. 

 The PathoDivSEA project has been launched based on the pivotal idea that the 
control of infectious diseases depended ultimately on the capacity of researchers 
to identify pathogens, parasites, vectors and reservoirs, especially in a region 
considered as a hotspot of biodiversity. 

 The identifi cation from biological samples implies to preserve the samples and 
the information linked with those samples for checking information or for further 
research, in an appropriate place to allow material and data sharing among 
researchers. 

 In this regard, it appears that the collection, identifi cation and storage of samples 
necessitate skilled manpower trained to standard handling techniques, storage 
infrastructure and equipments that could be expensive depending on the mode of 
preservation used and on the size of the collection and database gathering suitable 
information in a secure but accessible way. If important biobanks are already con-
stituted in the western world and organised with standards regarding the preserva-
tion and storage of samples, biobanks in Southeast Asia are just starting to develop, 
and trainings and procedures have to be extended. 

 We will fi rst present the identifi cation, preservation and associated data sharing 
and then examine the ethical and legal challenges as well as the choices to be made 
by researchers for the development of biobanks and linked databases.  

13.2     Identifi cation, Preservation and Data Sharing 

 The identifi cation of disease pathogens, vectors and reservoirs is a necessary step to 
achieve the Millennium Development Goal 6 ‘to combat diseases’ in helping to 
understand better the diseases and their evolution and to develop prevention strate-
gies or treatments. 

 The identifi cation should be coupled with a systematic operation of preservation 
of the samples identifi ed for future research, as standards or baselines for other 
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identifi cations in biobanks. The biobank should go along with an appropriate man-
agement information system containing information about the samples and all the 
necessary and various references about their original environment, geo-references 
or even images depending on the samples concerned. 

 The fi rst step, the identifi cation, is very challenging, and until very recently, it 
relied only on expert eyes: the technique of barcoding proposed in 2003 by Hebert 
et al. ( 2003 ) is very powerful in this respect. 

13.2.1     Barcoding 

 Acknowledging the lack of taxonomists, the diffi culty of morphologically based 
identifi cation and the time needed to describe and name all the existing species 
(Fontaine et al.  2012 ), a technique using a short, standardised gene region to iden-
tify species (usually the mitochondrial COI gene) called DNA barcoding system has 
been developed. 

 In medicine, diagnosis relies on a gold standard test which constitutes the best 
available benchmark available in a given situation under reasonable conditions. 
This test thus constitutes a perpetual quest as it is constantly challenged (Versi 
 1992 ). 

 In the fi eld of veterinary medicine, it belongs to the head of the OIE (World 
Organisation for Animal Health) to develop and validate diagnostic tools as well as 
to give label to national reference centres, specialised in one or several infectious 
diseases following the process used by the WHO (World Health Organization) with 
its collaborative centres. 

 It is estimated that in the fi eld of biodiversity, less of 10 % of all the species have 
been described. In order to foster and promote molecular identifi cation of living 
organisms, an international consortium called the Barcoding of Life (BoL) has been 
created to operate a rapid compilation of high-quality DNA barcode records in a 
public library of DNA sequences. It launched the International Barcode of Life 
(IBoL), a project aiming at barcoding 5 million specimens representing 500,000 
species within the fi rst phase of 2010–2015. 

 The purpose of the BoL is in accordance with Article 7 of the Convention on 
Biological Diversity which states that each contracting party should identify com-
ponents of biological diversity important for its conservation and sustainable use; 
monitor, through sampling and other techniques, the components of biological 
diversity identifi ed; identify processes and categories of activities which have or are 
likely to have signifi cant adverse impacts on the conservation and sustainable use of 
biological diversity and monitor their effects through sampling and other tech-
niques; and maintain and organise, by any mechanism, data derived from identifi ca-
tion and monitoring activities. 

 Whether it is in human medicine, veterinary medicine or conservation, screening 
and identifi cation use the same technologies but a different vocabulary (for instance, 
barcoding being rarely used in veterinary medicine or parasitology). If in medicine 
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the main purpose of identifi cation resides in the diagnosis, in the fi eld of conserva-
tion, it relates more to the need of a systematic compilation of species in a context 
of increasing biodiversity loss and to the attempt to determine a baseline in order to 
quantify the number of species existing on Earth (Mora et al.  2011 ) and then evalu-
ate the effects of conservation measures (Krishnamurthy and Francis  2012 ). 

 Consequently, the three fi elds presented above rely on different protocols and 
distinct systems of database.  

13.2.2     Biobanking 

 The preservation of samples is realised in biobanks. The discrepancy already 
observed in screening and identifi cation of pathogens, parasites, vectors and reser-
voirs is also found in various ways tissues, parasites and pathogens are preserved 
according to the different fi elds. 

 The terms used to designate the collections of samples preserved have thus been 
various even within a same fi eld of study, ‘human genetic research databases’, 
‘biorepositories’, ‘tissue banks’, ‘conservation banks’ and ‘mitigation banks’, but 
the most commonly used term nowadays is the overarching term biobank (European 
Commission  2012 ). 

 In the fi eld of human medicine, the need to cryopreserve human tissues and 
pathogens manifested early. It became clear that preservation of materials was 
necessary for the improvement of screening, genetic studies and treatments. 

 Regarding wildlife, the storage of voucher specimens is usually led by interna-
tionally recognised institutions such as national natural history museums (Hajibabaei 
et al.  2007 ): it can include parasites but rarely microbes which are conserved within 
medical institutions when they relate to zoonotic concerns. 

 An equivalent systematic storage of parasites and pathogens of domestic animals 
does not seem to exist in offi cial and recognised institutions apart from OIE 
 collaborative centres (although their primary missions are diagnosis and control). 
Nevertheless, we should mention that the Istituto Superiore di Sanità, in Rome, 
Italy, has been appointed European Union Reference Laboratory for Parasites to 
operate in the areas of feed and food safety and animal health in coordination with 
the National Reference Laboratories in Europe and with international organisations 
such as FAO, OIE and WHO. That European Laboratory is hosting biobanks of 
parasites of domestic animals as its role is to control parasites, circulating in Europe 
and those at risk of being imported into the European Union by the animal and food 
trade. Other European Union Reference Laboratories in the area of food security 
work on antimicrobial resistance, animal proteins in feeding stuffs and pesticide 
residues, for instance (Commission Regulation  2006 ). 

 As we have seen, there is a multiplicity of defi nitions of biobanks as biobanks are 
very heterogeneous regarding their fi nality or the material they contain. We can 
refer to the broad defi nition given by a group of experts of the European Commission: 
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biobank collections mean ‘the biological samples themselves, plus the related 
databases, allowing a certain level of accessibility, availability and exchange for 
scientifi c studies’ (European Commission  2004 ).  

13.2.3     e-Banking and Open Databases 

 The construction of databases related to biobanks is sometimes referred to as 
e-banking. Numerous international and national databases are available (WHO, 
OIE, FAO, GIDEON database, etc.) with some geo-referencing. Most of them 
 concern reports of disease outbreaks, and few give access to information on tissues/
pathogens/parasites preserved in specifi c institutions. This is again particularly true 
for veterinary medicine and conservation medicine. On the other hand, information 
on genetics is provided in international database such as International Nucleotide 
Sequence Databases (  http://www.insdc.org/    ) or GenBank (  http://www.ncbi.nlm.nih.
gov/genbank/    ) with no or few information on geographic origins (i.e. geo- referencing) 
or voucher collection. 

 In the fi eld of biodiversity, an informatics workbench, the Barcode of Life Data 
System (BOLD), has been developed to aid in the acquisition, storage, analysis and 
publication of DNA barcode records (Ratnasingham and Hebert  2007 ). The 
BOLD is now a partner of the Global Biodiversity Information Facility (GBIF), an 
international open data infrastructure funded by governments which aims to make 
the world’s primary data on biodiversity freely and universally available via the 
Internet. That partnership allows the use of a ‘taxonomy browser’ displaying a map 
of GBIF- served occurrences alongside the distribution of barcoded specimens for 
more than 170,000 species. 

 The project CERoPath (‘Community Ecology of Rodents and Their Pathogens in 
Southeast Asia’,   www.ceropath.org    ) for reservoirs of rodent-borne diseases in 
Southeast Asia is one example of open database assembling molecular, morphological 
and distributional data, thus bridging a traditional bioinformatics chasm (Morand 
and Clairon  2014 ). 

 If the databases are a necessary element linked to biobanks, we will now examine 
the ethical and legal aspects to be taken into consideration by researchers develop-
ing biobanking and e-banking and the norms that can frame this activity.   

13.3     The Normative Framework: Focus on Ethical and Legal 
Aspects 

 Barcoding, biobanking and e-banking are infl uenced by different kinds of norms 
that we have to present briefl y in order to understand the complexity of the issues 
encountered. 
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 The activities mentioned are simultaneously shaped by ethical norms, legal 
norms and industrial and economic standards that could overlap. 

 As we have seen, there is no general defi nition of biobanking, and the content 
and size of biobanks depend on the type of research conducted, on the research fi eld 
and ultimately on fundings. Nevertheless, as biobanking is implying sharing of 
information between researchers, it appeared crucial to defi ne quality standards for 
sampling, handling, and preservation and for data attached to the samples in order 
to ensure the effi ciency and the interoperability of databases. 

 If international standards are already applying to informatics in the health 
sector or to quality management, for instance, there is a call for the defi nition of 
international standards regarding biobanking (Enright  2014 ) more specifi cally. A 
technical committee on biotechnology has been created in 2013 to work on 
standardisation in the fi eld of biotechnology processes. It is in charge of the devel-
opment of standards for biobanks, bioresources, bioprocessing and data resources. 
This committee works notably in liaison with the International Society for Biological 
and Environmental Repositories (ISBER) and the European, Middle Eastern and 
African Society for Biopreservation and Biobanking (ESBB). 

 This need for standardisation even if it is more refl ected by large private bio-
banks tends to a global harmonisation of the procedures even though obstacles 
might remain in emerging countries due to a lack of appropriate infrastructure. 

 The polysemy of the term biobank used variably for several types of collections 
of undetermined size creates uncertainty among researchers and leads to ethical and 
legal issues. 

13.3.1     Ethical Issues 

 International networks are working on different aspects of those issues. For instance, 
HUGO (Human Genome Organisation) sponsors factually grounded dialogues 
on the social, legal and ethical issues related to genetic and genomic information. 
The Global Alliance for Genomics and Health aims to create a common framework 
of harmonised approaches to enable the responsible, voluntary and secure sharing 
of genomic and clinical data. 

 Regarding human health, the global network of WHO collaborating centres for 
bioethics encourages connections and synergies among those centres to facilitate 
resource mobilisation and strengthen institutional capacity notably at a regional 
level. The collaborating centre for Southeast Asia is based in the National University 
of Singapore. 

 For veterinary medicine, the OIE has a Collaborating Centre for Animal Welfare 
Science and Bioethical Analysis that is hosted by the Ministry for Primary Industries 
of New Zealand. 

 At the regional level, we can mention the existence of the FERCAP (Forum for 
Ethical Review Committees in Asia and the Western Pacifi c) based in Thammasat 
University in Bangkok: it gathers bioethics specialists and medical experts with the 
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objective of fostering an improved understanding and better implementation of 
ethical review of behavioural and biomedical research in the region and defi ning 
standard operating procedures. 

 The UNESCO Asia-Pacifi c School of Ethics hosted by UNESCO in Bangkok is 
a regional network of individuals, institutions and associations working on projects 
and  meetings together with the Regional Unit for Social and Human Sciences in 
Asia and the Pacifi c. 

 Regarding biobanking, a multiplicity of ethical guidelines have been drafted 
depending on the content and purpose concerned (personalised medicine, treatments 
for the most common genetic disorders, health surveys or study of environmental 
factors, etc.), the fi eld of activities (human health, veterinary, conservation) and the 
specifi c focus. 

 The Helsinki Declaration of 1964 has been developed by the World Medical 
Association as a statement of ethical principles for medical research involving 
human subjects, including research on identifi able human material and data 1 : that 
declaration is regularly amended to take account of new elements in medical 
research. 2  

 Ethical controversies about researches conducted on the human genome led to 
the Universal Declaration on the Human Genome and Human Rights of 1997 
endorsed by the United Nations General Assembly. It is not a legally binding 
 document, but nevertheless it has been cited among the relevant international texts 
together with the Council of Europe Convention on Human Rights and Biomedicine 
of 1997 by the European Court of Human Rights in the case  Evans v United Kingdom  
(European Court of Human Rights Grand Chamber  2007 ). This Declaration under 
the auspices of UNESCO and the two subsequent ones, the International Declaration 
on Human Genetic Data (UNESCO  2003 ) and the Universal Declaration on 
Bioethics and Human Rights (UNESCO  2005 ) linking explicitly bioethics and 
human rights, ‘may well evolve, like the Universal Declaration of Human Rights, 
into a component of international customary law, or be the precursor to an 
International Convention on Bioethics’ (Faunce  2005 ; see also Nys  2005 ). 

 Along the same line, in 2002, the Council for International Organizations of 
Medical Sciences (CIOMS) in collaboration with the World Health Organization 
(WHO) presented  Guidelines for Biomedical Research Involving Human Subjects . 
If all those texts can apply to the constitution of human biobanks, the OECD 
 proposed  specifi c Guidelines on Human Biobanks and Genetic Research Databases 
in 2009 in order to  aid policymakers and practitioners who are establishing new 
HBGRDs. The Guideline acknowledges the existence of previous enacted principles 
and best practices that could also helpfully apply. 

 All those texts represent ethical norms that can guide researchers but that are not 
currently legally binding. We can underline the fact that they all concern biomedical 
research on humans. 

1   Following the Nuremberg Code of 1947 constituting the basic text of modern medical ethics 
2   The latest revision dates back to 2013 right before the 50th anniversary of the Declaration. 
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 There are numerous ethical issues regarding research on infectious diseases, and 
they depend on the source of material studied (animal, human), the purpose of the 
storage of samples (dedicated to a project or undetermined future uses) and the way 
to conduct research activities. 

 As stated in a report of 2003 by the French and German National Ethics 
Committee, ‘the ethical and legal challenges connected to biobanks are legion and 
demand the creation of a framework where by new and coherent regulations, on a 
national or international scale, can be implemented’ (French National Consultative 
Ethics Committee  2003 ). 

 One of the major ethical questions in the constitution of biobanks resides in the 
notion of consent of the persons concerned. As stated in the Universal Declaration 
on Bioethics and Human Rights (2005), ‘scientifi c research should only be carried 
out with the prior, free, express and informed consent of the person concerned’. The 
need of prior informed consent for a future storage and use of any removed part of 
a human body challenged the idea of the absence of proprietary rights over our body 
or body parts (Beyleveld and Brownsword  2008 ). 

 The notion of consent is assumed in material transfer agreements (MTAs) signed 
in the case of transfer of research material in order to precise the use of the material 
and to defi ne the rights over material and any derivatives. 

 The UK biobank, a wide and long-term research resource, concerning various 
samples and epidemiological information of more than 500,000 people, is giving an 
emblematic example of the numerous ethical concerns attached to the constitution 
of such a biobank. The different aspects regarding the ethics, the governance and 
the protocols have been deeply scrutinised and reviewed leading to the establishment 
of an Ethics and Governance Framework to set up standards for a scientifi cally and 
ethically approved research. 

 It became clear that the consent encompasses many aspects including the use of 
sensitive information, a possible link to the medical record and the confi dentiality 
with anonymisation but giving a possibility to recontact the participant in the 
future. It illustrates the necessity to clearly inform the participant about the actual 
or potential uses of samples and to give him the right to withdraw. 

 The need to submit an experimental protocol to an independent committee for 
comment and guidance was stated in the amendment of the Helsinki Declaration in 
1975, and it led to the creation of many ad hoc committees in the USA, Canada or 
different countries of Western Europe. France was the fi rst country to create a 
 permanent National Consultative Ethics Committee for Health and Life Sciences in 
1983 quickly followed by many other countries over the world. The necessity to 
create such committees has been reaffi rmed by the different texts notably the 
Universal Declaration on Bioethics and Human Rights of 2005 fostering the 
establishment of national ethics committees in many countries. 

 If the documents about ethics are numerous regarding human health and are used 
as basis for national law, there is no single international text about animal welfare 
even though a Universal Declaration on Animal Welfare is debated and supported 
by the OIE ( 2007 ). 
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 Regarding animal health, ethics concerns should comprehend animal welfare 
and take into consideration animal suffering by enacting good laboratory practices 
and ultimately addressing the legal issues of animal rights. The consideration for 
animal welfare should encompass ethical concerns regarding the killing of wildlife 
for disease control and environmental reasons (Littin and Mellor  2005 ). 

 In addition, the activity of research itself should respond to the ethical concern of 
solidarity and mutual assistance (Prainsack and Buyx  2011 ) and include the necessity 
for researchers to return benefi ts to providers.  

13.3.2     Legal Aspects 

 The ethical and legal aspects relating to biobanks, human genome or medical  samples 
are sometimes overlapping which has raised questions among lawyers when the 
Universal Declaration on Bioethics and Human Rights has been adopted, medical eth-
ics and international human rights belonging to distinct normative systems (Nys  2005 ). 

 The absence of consensus towards the defi nition of biobank can lead to legal 
issues: a recent study conducted by Shaw, Elger and Colledge ( 2014 ) among 36 
biobanking stakeholders with an international experience has shown that the core 
concepts constituting biobanks are biological samples and associated data with one 
key criterion, ‘the planned use of samples including sharing’. 

 The study underlines the fact that researchers are not aware that their collections 
should be considered as biobanks and thus ignore the obligations attached to them. 
The lack of precise defi nition of biobank could also give the opportunity to some 
researchers not to qualify their collections as biobanks on purpose, to escape their 
legal obligations such as the formal prior informed consent (Shaw et al.  2014 ). 

 The use of genetic resources itself is not regulated by an international legal text 
in the health domain: that aspect is encompassed by international environmental law 
and more specifi cally by the Convention on Biological Diversity in 1992. 

 The Convention contains general provisions on the use of biotechnology 
 regarding genetic resources. It belongs to the national states to take the appropriate 
measures as stated in Article 19 of the Convention:

  Each Contracting Party shall take legislative, administrative or policy measures to provide 
for the effective participation in biotechnological research activities by those Contracting 
Parties, especially developing countries, which provide the genetic resources for such 
research (…). 

   Some ethical issues such as the prior informed consent or mutual agreement are 
integrated into the Convention giving them legal value. 

 The Convention regulates the issue of benefi t sharing and solidarity with a 
 particular concern for the respect of traditional knowledge. The legally binding 
principles to be implemented into national laws on access to genetic resources and 
benefi t sharing are detailed by the Nagoya Protocol ( 2010 ) entered into force in 
October 2014, to ensure legal certainty and transparency for both providers and users. 
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 It details the access obligations to be implemented at the national level insisting 
on the need to promote and encourage research contributing to biodiversity 
conservation and sustainable use. Concerning the benefi t sharing obligations, the 
 nonmonetary part relates to the sharing of research results, transfer of technology or 
training and education. ASEAN urges the states to adopt national measures regarding 
the access to genetic resources and benefi t sharing and to ensure its enforcement 
through institutionalised arrangements (Asean Biodiversity Centre  2013 ). 

 The monetary benefi ts should be shared with the provider, and there should be a 
necessary trade-off between the legal protection of intellectual property rights and 
the respect of benefi t sharing, traditional knowledge and cultural biodiversity. 

 The multiplicity of legal issues relating to biobanks for the research on infectious 
diseases is vast. It concerns human health, veterinary and conservation matters and 
relates to many different law fi elds such as trade law, data protection or intellectual 
property. It also depends on the type of research conducted: it could go on a gradient 
from private-funded research for industrial purpose to public-funded research 
 aiming to share widely scientifi c results.   

13.4     Conclusion and Perspectives 

 The choices are crucial for scientifi c research on infectious diseases within the 
ASEAN economic community of 2015 and a debate among the scientifi c community 
and with policymakers in order to answer questions such as:

•    How to integrate collections gathered at the regional level by a variety of 
 scientists into a reliable biobank respecting standard conditions of effi ciency, 
safety and interoperability?  

•   How to allow an effective sharing for actual and future projects?    

 It is necessary to have a refl ection about the required standards, the sharing 
 conditions and the potential issues of all kind and ultimately on the potential ethical 
and legal issues of the choices made at the regional level. 

 The growing exchanges of samples among researchers should lead to the defi ni-
tion of a coherent corpus of ethical and legal norms, so researchers could be 
informed about their rights and duties at the national, regional and international 
level as the samples can be sent to research teams all over the world. Even though 
the legal obligations or custom procedures are not specifi c to biobanks, as, for 
instance, obligations regarding data used for e-banking, policymakers could help 
researchers to fi nd their way through the maze of ethical and legal obligations in 
domestic and foreign law in that specifi c area. 

 A dialogue between researchers, policymakers and legal practitioners could help 
to check for the different countries of ASEAN the existence of a national ethics 
committee, its organisation and the existing procedures. It could be completed by an 
assessment of the existing links and involvement of the different countries with 
the WHO collaborating centre on bioethics in Singapore and networks such as 
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The UNESCO Asia-Pacifi c School on bioethics and the links between the national 
focal points on access to genetic resources and benefi t sharing. 

 The aim of such a platform of dialogue would be to invite researchers to participate 
into the elaboration of regulations and then to ensure a legal monitoring to inform 
researchers about the evolution of law (national and regional) and its implementation 
in the different fi elds studied.     
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    Chapter 14   
 Methods for Prioritisation of Diseases: Case 
Study of Zoonoses in Southeast Asia 

             Marion     Bordier     ,     Lucas     Léger    ,     Suwicha     Kasemsuwan    ,     Sirichai     Wongnarkpet    , 
and     François     Roger   

    Abstract     Prioritisation of diseases is an essential tool for policy-makers in charge 
of allocating resources for surveillance and control programmes or for research 
projects, to target diseases that need to be addressed ahead of others. Nevertheless, 
methods for prioritisation need to be transparent, standardised and repeatable to be 
effective and objective in setting priorities. To date, various models have been devel-
oped, experimenting different approaches, but it remains some room for improve-
ment in the design of such tools. The defi nition of the criteria – indicators used to 
assess diseases regarding the objective of the prioritisation exercise – is one of the 
cornerstones of the effi ciency of the methodology. In previous developed methods, 
this step was usually poorly addressed and up to now, no standardised method has 
been developed and described to select relevant and accurate criteria. Through the 
use of an electronic-based questionnaire to collect data about criteria from a large 
population of respondents, this study, based on the analysis of  zoonoses and their 
impact in Southeast Asia, aimed at investigating an innovative approach to identify 
criteria that ensure a good differentiation between the  diseases. The fi ndings of this 
study highlighted that refi ning an initial list of criteria using multivariate analysis 
was a reliable approach to select clear, accurate and relevant criteria that allow a 
differentiation between diseases for a further prioritisation exercise. Furthermore, 
this study indicated that using an electronic-based questionnaire, carefully designed, 
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might be an interesting alternative of expert opinion elicitation, for the collection of 
data. Finally, the results of this study opened to other new perspectives to develop 
and improve methods for the prioritisation of infectious diseases.  

14.1          Introduction 

 In light of the fact that fi nancial and human resources are limited, there is nowadays a 
general agreement at national, regional and international level that policy for 
 prevention, surveillance and control of infectious diseases must be made cost effective 
by focusing on the most relevant risks for both animal and human populations (WHO 
 2006 ; OIE  2008 ; Cardoen et al.  2009 ). Nevertheless, decision making in controlling 
infectious diseases is a complex, confl icting process, characterised by a mixture of 
epidemiological, economical and social-ethical value judgements, and priority setting 
becomes a multidimensional problem in which technical information is often inter-
twined with those value judgements (Kurowicka et al.  2010 ; Ng and Sargeant  2013 ). 
In this context, in order to make the best use of limited human and fi nancial resources, 
prioritisation is an effi cient tool that can be used as an aid in making decisions for 
resource allocation in different areas, such as surveillance and control strategies and 
the formulation of key research questions. However, methods for prioritisation need to 
be transparent, standardised and repeatable to be effective in setting priorities. To date, 
various models have been developed, experimenting with different approaches, but 
there still remains some room for improvement in the design of such tools. 

 The defi nition of criteria is one of the cornerstones of the effi ciency of a prioritisa-
tion exercise as they will support the assessment of the diseases and so their relative 
ranking. In previously developed methods, this step is usually poorly described. Criteria 
are selected either through bibliographic study (Kemmeren et al.  2006 ; Fosse et al. 
 2008 ; Krause  2008b    ; Eger et al.  2009 ; Havelaar et al.  2010 ) or through expert opinion 
(Capek et al.  2006 ; Perry et al.  2002 ; Defra  2006 ; WHO  2006 ; McKenzie et al.  2007 ; 
OIE  2008 ; Cardoen et al.  2009 ; Eger et al.  2009 ), but up to now, no standardised method 
has been developed and described to select relevant and accurate criteria. 

 After presenting and discussing the different methods and models for prioritisa-
tion of diseases, we propose to investigate an innovative approach to improve the 
choice of the criteria. Based on the analysis of zoonoses and their impact in Southeast 
Asia, this study used a web-based questionnaire to collect data on selection criteria 
from a large population of respondents and applied multivariate analysis to identify 
criteria that would ensure a clear and standardised differentiation between diseases 
and that could be used further on for a prioritisation exercise.  

14.2     Methods for Prioritisation of Diseases 

 Methods for the prioritisation of infectious diseases had mainly two objectives, 
either identifying those diseases, which should be a priority focus of surveillance 
and control programmes, or selecting diseases, which should be addressed fi rst in 
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specifi c research programmes. Prioritisation exercises can focus on diseases currently 
present in the region of the study or on the most relevant hazards for the future, 
regarding environmental, economical and sociological changes (Discontools  2009 ). 
Three different approaches, qualitative, semi-quantitative and quantitative, can be 
used to support the different methods, but for whatever approach, all the models 
follow the same step-by-step outline. 

14.2.1     A Step-by-Step Approach 

 The different steps that need to be rigorously followed to ensure an effective priori-
tisation exercise are the following:

•    Step 1. Setting a clear defi nition of the objective of the prioritisation exercise.  
•   Step 2. Establishing the list of diseases that need to be ranked.  
•   Step 3. Selecting the list of criteria against which the prioritisation is undergone 

(e.g. indicators that will be used to assess the importance of the disease regarding 
the objective of the prioritisation exercise).  

•   Step 4. Allocating a score to each criterion: qualitative values, as low/medium/
high for qualitative methods, quantitative scale (3–5 classes) for the semi- 
quantitative methods and true numerical values for quantitative methods.  

•   Step 5. Applying a weighting system: allocate a weight to each criterion to take 
into account the relative importance of the criteria regarding each other and 
according to the objective of the prioritisation exercise.  

•   Step 6. Aggregating the values of all criteria to obtain a total score per disease 
(methods range from very simple ones, such as summing weighted score, to 
more complex ones, such as aggregating probabilistic distributions of the scores).  

•   Step 7. Ranking the disease from highest to lowest total score.     

14.2.2     The Different Approaches for Prioritisation 

 Three approaches support the different methods for prioritisation. 

14.2.2.1     Qualitative Approach 

 In this approach, criteria are assessed using qualitative value and data are then 
combined to obtain a total qualitative value per disease, regarding which the ranking 
is undergone. 

 Eger et al. ( 2009 ) use a qualitative approach for the prioritisation of diseases and 
target groups for integrated care measures at the national level of Austria. A cata-
logue of criteria is settled and assessed using literature review, grey literature and 
expert interviews. For each selected diseases, results are given in qualitative terms, 
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such as average, clear, low, high, rising and existing. An expert workshop is then 
organised to value the criteria and the method, according to their experience and 
from the perspective of the national security. The fi nal prioritisation process results 
in the summary of four weighted criteria for each of the selected disease. Diseases 
are then classifi ed regarding three levels of priority. 

 Capek et al. ( 2006 ) use a qualitative method to prioritise non-food-borne zoonoses 
in order to allocate rationally resources for knowledge improvement, prevention and 
control, at the national scale of France. A preselected list of diseases is ranked regarding 
three criteria and using expert opinion. After discussion, a consensus is reached on the 
categorisation of diseases into three categories of  different levels of priority.  

14.2.2.2     Semi-quantitative Approach 

 The principle is quite similar to the one developed in quantitative approach but 
 criteria are scored according to a scale: different classes are defi ned for each crite-
rion and a numerical value is attributed to each class. Each criterion is classifi ed into 
a class and so is allocated a numerical score. The sum of the scores leads to a total 
score per disease regarding which the diseases are ranked. The semi-quantitative 
approach has been largely used by organisations to settle a list of diseases on which 
surveillance and research programmes should focus on (Discontools  2009 ). Context 
and characteristics of the main semi-quantitative methods previously developed are 
presented in Table  14.1 .

14.2.3         Quantitative Approach 

 In this approach, each criterion is associated with a true numerical value and then all 
the values are aggregated to give a total value regarding which the diseases are 
ranked. Methods based on a purely quantitative approach are still few. 

 Kemmeren et al. ( 2006 ) developed a quantitative model to help Dutch decision 
makers to establish the priority of pathogenic microorganisms that can be transmitted 
by food, as a basis for effective and effi cient policy-making on control, prevention 
and surveillance. The hierarchic classifi cation of diseases is based on the quantita-
tive assessment of the burden of the disease and the cost of illness using an outcome 
tree for each pathogen. The estimation the disease burden and the cost of illness is 
proceeded using an incidence approach, i.e. calculating the present expected sum of 
current and future costs accruing to all incident cases of disease in a specifi c time 
period, taking into account age-specifi c disease risk and related illness costs. 

 Fosse et al. ( 2008 ) propose a quantitative method to prioritise food-borne zoono-
ses due to consumption of pork and beef meat, to support decision making in veterinary 
public health area. The method is based on the construction of a hazard typology 
and the calculation of a risk score for each selected hazards (combination of the 
incidence of human cases due to pork consumption and of the severity of the cases). 
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 Havelaar et al. ( 2010 ) work on a general method to prioritise pathogens in order 
to support the development of early warning and surveillance systems of emerging 
zoonoses in the Netherlands. The quantitative method is based on a multi-criteria 
method that allows the combination of objective information on the epidemiology 
and societal impact of zoonotic pathogens with subjective information on the rela-
tive weights of different criteria. The risk score is based on seven epidemiological 
and societal criteria that cover the complete pathway from introduction to societal 
impact of the diseases. Authors decided to restrict the number of criteria to avoid the 
challenge to develop complex validated databases. 

 Brookes et al. ( 2014    ) use a multi-criteria framework, combining disease 
information with pig producer values, in order to rank exotic diseases for the pig 
industry in Australia, as a decision aid to identify priority research topics. Thirty 
diseases, pathogens and syndromes were identifi ed and evaluated by the research 
team, according to 9 criteria, using information from a literature review. Weights of 
importance for the criteria were elicited using a survey targeting the pig industry 
stakeholders. Finally, the diseases are ranked according to their final mean 
score after the aggregation of weights of importance for the criteria with criteria 
measurements for each disease. 

 Ng and Sargeant ( 2013 ) present a zoonoses prioritisation method, based on 
 conjoint analysis, which is a well-established quantitative method in market research 
to explore consumer preferences. The research team selected 21 criteria, for which 
three or four levels were assigned, depending on the quantitative data available in 
the literature, which could be quantitatively measured with scientifi c data in the 
literature. Sixty-two diseases were included in the study. Participants of a survey 
were proposed different disease combinations containing varying levels of 5 of the 
21 criteria and were asked to select one zoonosis to prioritise for control and 
prevention in the country. The analysis of the data allowed to identify the relative 
importance of the criteria for the prioritisation of zoonotic diseases and led to the 
development of a robust weighted point-scoring system to rank diseases in order of 
priority. This preference elicitation method overcomes the need to assign arbitrary 
scores and subjective weights as relative weighted scores for each characteristic are 
derived from the choice data.  

14.2.4     Analysis of the Advantages and Disadvantages 
of Each Approach 

 The qualitative approach is a quick and simple tool, easy to communicate to decision 
makers. However, all the methods described previously are very subjective and 
show a lack of repeatability and transparency and so can lead to important bias in 
the ranking of the disease. 

 The semi-quantitative approach increases transparency and repeatability 
 compared with the qualitative approach, but methods developed so far remain 
subjective and arbitrary (Krause  2008b ; Kurowicka et al.  2010 ). There is no objec-
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tive basis to combine highly divergent criteria on the same scale and then simply 
add up or multiply all scores (Kemmeren et al.  2006 ) and the linear relation 
between the different scales of a criterion or between criteria are often assumed 
but not supported by data (Havelaar et al.  2010 ). Some methods have attempted to 
improve the differentiation between the diseases by increasing the number of 
scales in the scoring system. However, the diffi culty to generate clear defi nitions 
for each scale increases with the number of scale and there might not be suffi cient 
detailed information available for many diseases and criteria to allow such a dif-
ferentiated approach (Krause  2008b ). Furthermore, not all the criteria have the 
same importance when undergoing a prioritisation exercise, and so a relative 
weight needs to be applied (Krause  2008a ). For the approaches in which a weight-
ing system is applied, there is a widespread lack of transparency and objectivity 
in the way the weightings are attributed to criteria. Finally, most of the methods 
require inputs from expert groups for the scoring of the criteria. There is a high 
risk that the answers of these experts are biassed by their individual professional 
focus, and there is thus an important part of subjectivity in the fi nal result of dis-
ease ranking (Krause  2008b ). 

 The quantitative approach is less arbitrary than the semi-quantitative approach 
as the criteria are scored using natural values or an associated numerical scale. 
Also, all criteria are weighted in proportion to their true values, instead of given 
arbitrary numbers, and so the fi nal ranking result is expected to be more accurate 
and realistic (Kurowicka et al.  2010 ). A disadvantage is that the process is very 
resource intensive, requiring careful consideration of a large volume of data, and 
many data gaps may exist. Such data gaps result in uncertainties about the fi nal 
results, but the quantitative approach also helps to prioritise between data needs 
and to identify key research questions. To avoid the complexity of gathering a 
large amount of data, quantitative methods use a restricted number of criteria. 
Even if the authors tried to reach a high level of integration in the choice of the 
criteria to cover the wider range of features, they may have missed some compo-
nents of the diseases that could contribute to the objective of their study (Brookes 
et al.  2014 ; Ng and Sargeant  2013 ). Nevertheless, according to Cox et al. ( 2005 ), 
simple quantitative models will often be more accurate and useful than qualitative 
risk rating, while requiring no more information than would be needed to assess, 
justify and interpret qualitative rating. 

 The previous literature study illustrates the three main approaches which have 
been used to prioritise diseases, each with their limitations: the qualitative approach 
which is subjective and unable to support accurate models reliably, the semi- 
quantitative approach which leads to reproducible but still somewhat arbitrary 
models and the quantitative approach which is more transparent and objective 
but requires a large amount of data. A summary of principles, advantages and 
disadvantages of the three different approaches is presented in Table  14.2 .
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14.3         An Innovative Approach to the Selection of Criteria 
for the Prioritisation of Diseases, Based on the Case 
Study of Zoonoses in Southeast Asia 

14.3.1     Selection of the Zoonotic Diseases 

 In light of the expected large amount of zoonoses present in Southeast Asia, the 
scope of the study was restricted to: (1) zoonotic diseases for which animals still 
represent the main reservoir and source of the pathogens (e.g. exclusion of HIV, 
which became effectively and essentially transmissible from human to human after 
a single species jump), (2) zoonotic diseases for which species other than non- human 
primate species are commonly involved in disease transmission (e.g. exclusion of 
dengue and malaria), (3) food-borne diseases for which transmission to humans is 
due to primary contamination of raw animal products and (4) zoonotic diseases that 
can be transmitted from animals to humans, excluding those transmitted exclusively 
from humans to animals (e.g. H1N1). The geographical area of interest was 
 continental Southeast Asia, consisting of Cambodia, two Southeastern Chinese 
provinces (Yunnan and Guangxi), Lao PDR, Myanmar, Thailand and Vietnam. The 
aim of this selection was not to end with an exhaustive list of zoonotic diseases 
occurring in this geographical area but to identify the most commonly described 
diseases, to serve as a basis for the study. 

 Regarding this case defi nition, searches of peer-reviewed literature were 
 conducted using the PubMed database from January 1990 to September 2011. The 
scan involved searches for terms such as ‘zoonoses or zoonosis or zoonotic diseases 
Southeast Asia’, ‘emerging diseases Southeast Asia’, ‘bacteriosis Southeast Asia’, 
‘virosis Southeast Asia’, ‘protozoosis Southeast Asia’, ‘mycosis zoonotic Southeast 

   Table 14.2    Overview of the three main approaches for diseases prioritisation   

 Qualitative approach 
 Semi-quantitative 
approach  Quantitative approach 

 Principles  Weighting and 
combining qualitative 
data about diseases 

 Scoring of criteria 
according to a scale, ± 
weighting of the criteria, 
summing score 

 Natural value associated 
to each criteria, ± 
weighting of the criteria, 
aggregation 

 Advantages  Quick and simple 
tool 

 Quick and easy tool  Transparent, objective 

 Easy to communicate  Acceptable transparency 
and accuracy 

 Heavy to perform 

 Disadvantages  High subjectivity 
level 

 Subjectivity of scoring 
(expert opinion) 

 Requirement of large 
amount of data 

 Lack of transparency 
and repeatability 

 Arbitrary scale of criteria 
and weighting system 

 High risk of bias in 
the ranking 
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Asia’, ‘parasitosis Southeast Asia’, ‘unconventional agents Southeast Asia’, ‘food- 
borne Southeast Asia’ and ‘vector-borne Southeast Asia’.  

14.3.2     Selection of the Criteria 

 The list of the criteria that were used as indicators to assess the different characteristics 
of the disease, as well as their different classes, was obtained through the study of a 
wide range of available prioritisation methods. In the context of prioritisation of 
zoonoses in Southeast Asia, a special focus was given to criteria that allow to assess 
diseases against a wide range of components at the human-animal- ecosystem inter-
face (epidemiological features, animal and public health impact, socioeconomical 
impact) and take into account the cultural and economic issues of the region.  

14.3.3     Web-Based Questionnaire 

 The questionnaire was a web-based survey, developed using the website 
SurveyMonkey©. Respondents entered it using an URL link. After providing details 
about their personal background and professional situation (position, organisation, 
disciplines, country of experience, specifi c expertise on zoonoses), respondents 
were asked to select a disease and, then, to choose the most appropriate class among 
the ones proposed for each criteria and to mention the level of confi dence they had 
in their answer on a scale, ranging from 1 (low confi dence in the answer) to 5 (very 
high confi dence in their answer). The questionnaire was pretested on six experts to 
assess the explanation provided to recipients and the format of the questionnaire. 

 To defi ne the population of recipients for the purpose of this study, a snowball 
sampling approach was used. The initial group of recipients was defi ned gathering 
different networks and sources, involving people working in the fi eld of zoono-
ses in Southeast Asia. The questionnaire was sent to 204 people and they were 
asked to forward the questionnaire to people they might know with some expertise 
of zoonoses and working in Southeast Asia. The choice of this collection method 
was motivated by the need to collect as many answers as possible to support the 
study and by the fact that the identity of the respondents was not crucial (only their 
experience was taken into account for the interpretation of the results).  

14.3.4     Data Analysis 

 Once the questionnaire was closed, all the surveys were downloaded from the web-
site of SurveyMonkey© and the answers were displayed in an Excel© fact sheet. 
Only the complete questionnaires were taken into account for the study. A data 
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matrix was obtained in which the respondents were identifi ed with their IP address 
and criteria were considered as categorical variables (fi ve modes per variable) and 
the levels of confi dence as ordinal variables (ranging from 1 to 5). 

 Because of the large number of criteria (45), multivariate analysis (MA) was the 
most appropriate tool to describe the relationships between the diseases and to 
underline which criteria support their differentiation. MA encompasses several 
methods among which the multiple correspondence analysis (MCA) is specifi cally 
dedicated to investigating categorical variables. The main objective of MCA is to 
summarise the associations among a set of categorical variables in a small number 
of dimensions and to give a low-dimensional graphical representation of these asso-
ciations. Basically, variables are summarised into factorial axis, which are charac-
terised by their inertia, i.e. the variability of the data they represent. For each 
variable, a correlation ratio (CR) is computed, which measures the degree of repre-
sentation of the variable by the factor, ranging from 0 (no representation of the vari-
able by the factor) to 1 (complete representation of the variable by the factor) 
(Dohoo et al.  1997 ). 

 In order to investigate which criteria allow a differentiation between diseases 
without showing a wide variance in the respondents’ answers for a same disease, 
two different types of MCA were applied. First, a between-class MCA was con-
ducted to identify variables (criteria) differentiating groups (diseases). The principle 
of the between-class MCA is to calculate factors in order to maximise the inter-
group variance and minimise the intragroup variance, and thus the inter-CR mea-
sures the degree of participation of the variable in the intergroup variance of the data 
set, explained by the factors. Second, a within-class MCA was applied on the data 
set to identify variables that showed a high variability for a same disease. In contrast 
to the between-class MCA, factors are constructed in order to maximise the intra-
group variance and minimise the intergroup variance. Thus, when a variable shows 
a high intra-CR, that means that its distribution is characterised by a high variance 
of the modes of the variables obtained for a same disease (within a same group). 
Finally, by performing the ratio between these global inter- and intra-CR, we 
obtained an indicator that measures the ability of the variables (criteria) to optimise 
the inter-variability (discrimination between the diseases) and to minimise the intra- 
variability of the data (discrepancies between the answers of the respondents for a 
same disease). 

 In a classical MCA, all the individuals and variables have the same weight in the 
calculation. To take into account the level of expertise and the level of confi dence of 
the respondents in the computation of the data for the same group of diseases, a 
weighting system was applied to the modes taken by the variables (Birol et al.  2010 ). 

 Hierarchical cluster analysis (HCA) was used to differentiate between diseases 
with similar profi les (epidemiological complexity and impacts on health and 
socioeconomy). HCA used a set of dissimilarities for the diseases being clustered. 
Initially, each disease is assigned to its own cluster and then the algorithm proceeds 
iteratively, at each stage joining the two most similar clusters, continuing until there 
is just a single cluster. HCA was conducted on the factorial coordinates of the dis-
eases provided by the previous between-class MCA, using the Ward’s minimum 
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variance method of which the principle of aggregation is to minimise intracluster 
variance and to maximise intercluster variance (Costard et al.  2009 ). The distance 
matrix was computed based on the results of the fi rst 14 factors (representing 90 % 
of the variance) from the previous MCA and using the Euclidean distance. 

 Multivariate analyses and classifi cation were conducted with the statistical 
 software R 2.11.1 (R Development Core Team  2014 ), using the package ade4 (Dray 
and Dufour  2007 ). 

 The way the classes of the criteria were encoded using a numerical scale that 
refl ects the complexity and the burden of the disease allows to add the scores 
 provided by the respondents to obtain a total score per disease or per category of 
variable, in order to quantify the impact of the disease in terms of fi ve aspects:

•    Epidemiology: the epidemiological profi ling aims at determining the expected 
level of complexity of a disease, such as the distribution and the pattern of trans-
mission of the disease, the variability of the pathogen, etc.  

•   Impact on public health: this step aims at determining the harm potential of the 
disease in terms of human health, taking into account two complementary 
notions, the strictly disease-related threat to human health and the possibility of 
controlling the disease in human; this will give the highest impact to diseases 
with a strong nuisance potential in humans and few possible means of control.  

•   Impact on animal health: same input but at the animal level.  
•   Impact on economy: the economic profi ling of a disease aims at determining its 

nuisance potential for the economy and takes into account direct and indirect 
impact of the diseases at the animal and human scale.  

•   Impact on society: the impact of the disease on society indicators allows to assess 
the perception of the disease by the public based on its impact on economy, 
environment, health, control means, etc.    

 To do so, the sum of the overall scores and the score for each category of criteria, 
divided by the number of criteria taken into account, was computed. In case several 
respondents answered for the same disease, the weighted median of their scores 
(based on the level of confi dence and the level of expertise) was used.  

14.3.5     Selected Diseases and Criteria 

 Searches in literature led to a list of 25 diseases (Table  14.3 ).
   Diseases caused by fungi were not included as the mycoses were poorly 

described. In addition, no cases due to unconventional agents, such as prions, have 
been reported in the area. 45 criteria were selected, classifi ed into fi ve categories: 
epidemiological trends (8 criteria), impact on animal health (9 criteria), impact on 
public health (11 criteria), economical impact (7 criteria) and social impact (10 
criteria). The list of criteria is presented in Table  14.4 .
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   Table 14.3    List of selected zoonotic diseases   

 Bacterioses/rickettsioses  Viroses  Parasitoses 

 Anthrax  Avian infl uenza (highly 
pathogenic) 

 Cryptosporidiosis 

 Bovine tuberculosis  Hantaviruses  Giardiasis 
 Brucellosis  Hepatitis E  Leishmaniasis 
 Campylobacteriosis  Japanese encephalitis  Lymphatic fi lariasis ( B. malayi ) 
 Leptospirosis  Nipah virus (infection due to)  Schistosomiasis 
 Plague  Rabies  Taeniasis/cysticercosis 
 Q fever  Toxoplasmosis 
 Salmonellosis  Trematodiases 
  Streptococcus suis  
(infection due to) 

 Trichinellosis 

 Scrub typhus 

   Table 14.4    List of the selected criteria      

 Criteria name 

 Epidemiological 
features 

 Presence of the disease in Southeast Asia 
 Distribution of the disease in Southeast Asia 
 Range of animal species commonly involved in the disease transmission in 
Southeast Asia 
 Persistence of the agent in the environment including wildlife 
 Zoonotic potential of the agent 
 Speed of spread of the disease within human population 
 Speed of spread of the disease within animal population 
 Variability of the pathogen 

 Animal health  Prevalence of the disease in the main susceptible species in Southeast Asia 
impact 
 Impact at herd scale 
 Disease knowledge 
 Effectiveness of existing prevention practices (movement control, 
biosecurity) at a global level 
 Effectiveness of existing surveillance measures (clinical tests) at a global 
level (worldwide) 
 Effectiveness of existing control measures at a global level (worldwide) 
 Experience/success of prevention and control in other countries (outside 
Southeast Asia) 
 Availability of vaccine and/or treatment in Southeast Asia 
 Availability of diagnostic tools in Southeast Asia 

(continued)

14 Methods for Prioritisation of Diseases: Case Study of Zoonoses in Southeast Asia



244

Table 14.4 (continued)

 Criteria name 

 Public health 
impact 

 Prevalence of the disease in the main susceptible species in Southeast Asia 
 Impact at individual scale 
 Impact at population scale 
 Existence of risk groups (occupational, cultural, physiological) 
 Disease knowledge 
 Effectiveness of existing prevention measures (worldwide): public 
awareness, monitoring of food, biosecurity 
 Effectiveness of existing surveillance measures (clinical tests) at a global 
level (worldwide) 
 Effectiveness of existing control measures at a global level (worldwide) 
 Experience/success of prevention and control in other countries (outside 
Southeast Asia) 
 Availability of vaccine and/or treatment in Southeast Asia 
 Availability of diagnostic tools in Southeast Asia 

 Economic impact  Global burden of the disease on public health based on DALYs value 
(disability adjusted years) 
 Direct economic impact of human cases: cost of control measures 
(treatment, vaccination) 
 Indirect economic impact of human cases: prevention measures, social trade 
 Direct economic impact of animal disease: production losses, private and 
public control measures 
 Indirect economic impact of animal disease: market distribution, prices of 
products, effect of consumption, social trade 
 Impact on international trade regarding OIE standards and/or countries’ 
regulations 
 Poverty impact of the disease: high economic importance at household level 

 Social impact  Impact on animal welfare: disease and related control measures 
 Impact on environment and biodiversity 
 Threat to wildlife, pet species and animal species with a high social and 
cultural value 
 Impact on security of food supply 
 Potential impact on media: probability of media crisis 
 Feasibility and acceptability of prevention and control measures 
 Economic cost of the disease (individual and organisational levels) 
 Perception of the disease 
 Level of priority of the disease for stakeholders 
 Bioterrorism potential of the agent 

14.3.6        Descriptive Results of the Study Population 

 In total, 111 respondents entered the questionnaire in the website during the period 
of time of 45 days it was open. Fifty-nine people completed the questionnaire (53.2 %). 
Among the 111 respondents, the majority of respondents were veterinarians (56.8 %) 
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and/or epidemiologists (31.5 %), working mainly for international and governmental 
organisations (respectively, 32.4 % and 35.1 %) and for research institutes (26.1 %). 
The fi eld of expertise of the respondents was mainly animal health for 47.7 %, 
 epidemiology for 47.7 %, veterinary public health for 31.5 % and public health 
for 24.3 %. Among respondents who completed the questionnaire, people mainly 
mentioned a specifi c expertise in zoonoses (71.2 %) and usually fi lled the question-
naire choosing the disease they had experience for (59.3 %). On the contrary, people 
without any experience on zoonoses were more numerous (61.5 %) among respondents 
who dropped the questionnaire before the end. 

 For the further analysis of the data, only complete questionnaires were considered. 
 On the 25 diseases, complete questionnaires were obtained only for 17 of 

them, and for some diseases, several complete questionnaires were fi lled, such 
as for HPAI (21), rabies (11), anthrax (3), leptospirosis (4), salmonellosis (3), 
scrub typhus (2), bovine tuberculosis (2), fi lariasis (2) and  Streptococcus suis  
infection (2). 

 It was observed that 62.7 % of the respondents answered the questionnaire 
with a high level of confi dence (classes 4 and 5), 35.6 % with a medium level of 
confi dence (class 3) and 1.7 % with a low level of confi dence (classes 1 and 2). The 
distribution of the level of confi dence for all the variables was the following: low for 
10.4 % of the answers, medium for 29.1 % and high for 58.1 %. 2.4 % of data about 
level of confi dence are missing.  

14.3.7     Evaluation of the Criteria 

 The 12 fi rst criteria that represented the most the intergroup variance (i.e. the 
variability of the respondents answers between the different diseases) mainly 
belonged to the category about the impact on animal health (n = 4) and the economic 
impact (n = 4), followed by those belonging to the category about the impact on 
society (n = 3). Only one criterion was found in the category about the impact on 
public health and none in the one about the epidemiological features. The 12 fi rst 
criteria that infl uenced the intragroup variance (i.e. the variability in the answers of 
respondents for the same disease) were distributed homogeneously between the 
different categories of criteria: epidemiological trends (n = 2), animal health (n = 2), 
human health (n = 3), economy (n = 3) and society (n = 2). 

 The values of the inter-/intra-CR for all the criteria allowed the identifi cation of 
criteria that supports the differentiation between diseases. Upon a ratio greater than 
two, there were, respectively, three, four, three, four and fi ve criteria related to 
epidemiology, animal health, human health, economy and society. The criteria 
related to epidemiology were speed of spread of the disease within animal popula-
tion (3.35), zoonotic potential of the pathogen (2.48) and the variability of the 
pathogen (2.2). The criteria related to animal health were effectiveness of existing 
surveillance measures (2.7), success of control in other countries (2.35), impact at 
herd scale (2.34) and prevalence of the disease (2.06). The criteria related to human 
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health were effectiveness of existing surveillance measures (3.98), impact at 
 individual scale (3.69) and effectiveness of existing prevention measures (2.7). The 
criteria related to economy were impact on international trade (3.95), direct 
 economic impact of animal disease (3.22), indirect economic impact of animal 
diseases (2.59) and poverty impact of the disease (2.04). The criteria related to 
society were level of priority for stakeholders (3.54), economic cost of the disease 
(2.91), potential impact on media (2.87), impact on animal welfare (2.82) and threat 
to species with a social value (2.39).  

14.3.8     Profi le of the Diseases 

 For eight diseases (44 %), the epidemiological profi le was quoted the highest: 
 bartonellosis, Japanese encephalitis, leptospirosis, rabies, salmonellosis, scrub 
typhus, swine infl uenza and trematodiasis. 

 For the other diseases, the economic impact was quoted the highest for six (33 %) 
of them (anthrax, HPAI, bovine tuberculosis, brucellosis, fi lariasis, leishmaniasis) 
and the public health impact for four (22 %) of them (giardiasis, Nipah,  Streptococcus 
suis  and taeniasis). For one disease (6 %), the social impact was quoted the highest 
(anthrax). For any of the diseases, the impact on animal health was assessed as the 
main burden of the disease. 

 Respondents allocated the highest overall score to trematodiases (3.53), followed 
by HPAI (3.38) and bartonellosis (3.24). Bartonellosis and trematodiases were 
scored with the greatest epidemiological impact (4.38). Furthermore, according to 
the respondents, trematodiases obtained the greatest impact on animal health (4.33) 
and human health (4.18) and HPAI on economy (4.43) as well as on society (3.9). 

 The scores of each disease regarding the different category of criteria and the 
criteria altogether are displayed in Table  14.5 .

14.3.9        Classifi cation of the Diseases 

 The hierarchical cluster analysis performed on the results of the between-class 
MCA provided the dendrograms of the clusters of diseases regarding their profi le. 
Simultaneously, the total score computed for each disease was displayed within the 
classifi cation. 

 For the dendrogram representing the diseases (Fig.  14.1 ), aggregated by the 
MCA, regarding all the variables, four clusters were clearly identifi ed: one gathering 
leishmaniasis and Nipah; one gathering seven diseases (salmonellosis, anthrax, 
HPAI and rabies grouped together, leptospirosis and scrub typhus grouped 
 altogether, fi lariasis, Japanese encephalitis); one gathering bovine tuberculosis, 
swine infl uenza, brucellosis and  Streptococcus suis ; and the last one gathering 
 bartonellosis, giardiasis and trematodiasis.    
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   Table 14.5    Scores per disease for each category of variables and for all the variables   

 n  Epidemiology 
 Animal 
health 

 Human 
health  Economy  Society  Total 

 Anthrax  3  2.75  2.89  2.73  3.14  3.30  2.96 
 HPAI  21  4.00  2.44  2.55  4.43  3.90  3.38 
  Bartonella  
infections 

 1  4.38  4.00  3.64  2.00  2.10  3.24 

 Bovine 
tuberculosis 

 2  3.25  2.56  2.64  3.86  3.20  3.04 

 Brucellosis  1  3.00  2.44  2.64  3.29  2.70  2.78 
 Giardiasis  1  3.13  3.11  3.64  3.14  2.50  3.11 
 Japanese 
encephalitis 

 1  3.13  2.56  2.55  2.43  1.90  2.49 

 Leishmaniasis  1  3.63  2.67  2.73  3.86  3.10  3.13 
 Leptospirosis  4  3.75  3.11  3.27  2.29  2.30  2.96 
 Filariasis  2  2.50  2.00  1.91  2.71  2.50  2.29 
 Nipah  1  3.38  3.00  3.55  2.43  3.10  3.13 
 Rabies  11  2.88  2.22  2.45  3.00  3.20  2.71 
 Salmonellosis  3  4.13  2.89  2.73  3.57  2.50  3.09 
 Scrub typhus  2  4.25  3.44  3.64  1.57  2.00  3.02 
  Streptococcus 
suis  

 2  2.63  2.89  3.73  3.14  2.50  3.00 

 Swine infl uenza  1  3.50  2.56  2.45  3.00  2.70  2.80 
 Taeniasis/
cysticercosis 

 1  2.88  2.67  3.09  2.29  2.60  2.73 

 Trematodiasis  1  4.38  4.33  4.18  1.86  2.60  3.53 

14.4     Discussion 

14.4.1     Data Collection 

 The fi ndings of this study highlighted that data collection through a web survey may 
be an interesting alternative to expert opinion elicitation when collecting data about 
diseases. 

 Expert opinion is widely used in epidemiological surveys to collect data about 
diseases when data are scarce or too costly to collect through classical  epidemiological 
studies (Gale et al.  2010    ; Mitchell et al.  2009 ; Birol et al.  2010 ; More et al.  2010 ). 
But it is challenging to select and involve experts with an enough good knowledge 
to give inputs about a broad range of zoonoses. In this study, the data collection 
method was designed to limit biases due to a lack of knowledge of experts for a 
broad range of zoonoses. Instead of asking a narrow list of participants to score vari-
ous zoonotic diseases against a list of criteria, it was decided to ask numerous peo-
ple involved with zoonotic diseases in Southeast Asia to fi ll out the questionnaire 
about a self-selected disease, expecting that they will pick the one they are the most 
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familiar with. Even with the self-selection of the disease, varying levels of knowledge 
among respondents were also addressed by using a self-weighting assessment of 
respondents’ confi dence in their own answers. 

 The snowball sampling approach used to maximise the number of recipients 
did not allow to select respondents by specifi c criteria of expertise and location, but 
the length of the questionnaire and the high level of knowledge required by the 
questions likely played a role in selecting respondents. Indeed, among respondents 
who fi lled entirely the questionnaire, most of them mentioned a specifi c experience 
for a zoonotic disease (71.0 %) and were specifi cally working in countries of 
Southeast Asia (88.1 %). As a result, most respondents (98.3 %) answered with an 
overall level of confi dence of medium or high. Furthermore, even if most of the 
respondents were veterinarians or epidemiologists (likely because of their predomi-

  Fig. 14.1    Classifi cation of 
the diseases regarding all the 
variables       
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nance in the starting mailing list), the level of confi dence was acceptable in the fi eld 
of public health, economy and society for which the percentage of respondents who 
were highly confi dent in their answers was respectively 59.1 %, 54.5 % and 50.9 %. 
Nevertheless, this sampling approach might have led to an over-representation of 
some professional categories (veterinarians) and a discrimination against countries 
where there is a weak Internet connection. Indeed, in case the connection failed, the 
questionnaire quits without saving the answers.  

14.4.2     Assessment of the Criteria 

 The correlation ratio calculated for each criterion regarding the different factorial 
axes of the multiple correspondence analysis allowed to compare criteria on their 
ability to discriminate diseases. 

 The results obtained from the MCA performed on all the variables indicated that 
the economic impact was the category that triggered the most important variability 
between the diseases. Criteria that supported the variability intragroup were equally 
allocated to the different categories. Regarding the inter-/intra-ratio of the criteria 
within each category, both for animal and public health, indicators related to the 
 effi ciency of prevention and surveillance measures appeared to be the most pertinent 
to discriminate diseases. For the economic category, the results indicated that the economic 
impact of the animal diseases ensured a greater differentiation than the economic 
impact of the human diseases. Five criteria related to the societal impact among the 10 
evaluated presented a value of the inter-/intra-ratio greater than two, underlining that 
the impact on society was an important component to differentiate diseases. 

 The ratio between the intra-CR and the inter-CR, obtained by performing MCA, 
and the level of confi dence of the respondents, obtained through the questionnaire, 
are two measures that can be combined to help in selecting accurate and relevant 
criteria for prioritisation. For instance, in this study, in the category of epidemiology, 
a particular attention should be paid to the criteria ‘speed of spread of the disease in 
animal population’, ‘zoonotic potential of the agent’, as well as ‘variability of the 
pathogen’, which combined a high inter-/intra-correlation ratio (respectively, 3.35, 
2.48 and 2.20) and a large proportion of respondents which answered with a high 
level of confi dence (respectively, 77.6 %, 82.8 % and 63.2 %). On the contrary, 
 criteria with the lowest inter-/intra-CR do not ensure a good discrimination between 
diseases because of the high variability of the answers of respondents for a same 
disease and a low variability of the answers between diseases. Nevertheless, looking 
at the level of confi dence self-assessed by the respondents and associated to criteria 
with a high intra-CR may give some interesting insights about the source of this 
variability. A high intra-CR associated with a high level of confi dence of the respon-
dents may suggest that the source of the variability is mainly due to a difference of 
understanding between the respondents or an inappropriate defi nition of the classes 

14 Methods for Prioritisation of Diseases: Case Study of Zoonoses in Southeast Asia



250

which did not allow an effi cient differentiation between the diseases, while a high 
intra-CR associated with a low level of confi dence may be due to knowledge gaps 
about the disease on this specifi c point. So in the fi rst case, it emphasises the need 
to refi ne the defi nition of the criteria and their classes, to improve their understanding 
and their ability to differentiate diseases, and in the second case, it identifi es 
some gaps in the knowledge of the disease that could support further key research 
questions. For example, in this study, the criterion ‘presence of the disease in 
Southeast Asia’, which combined a high intra-ratio (0.23) and an important propor-
tion of respondents with a high confi dence in their answers (77.6 %), should have 
been understood differently by the different respondents or was not associated with 
classes that allowed a good differentiation between the diseases. On the other hand, 
the criterion ‘existence of risk groups’ showed a high intra-ratio (0.18) as well as a 
large proportion of respondents with a low level of confi dence in their answers 
(20.7 %). This result suggested that the high variability in the respondent answers 
was mainly due to a lack of knowledge on this particular point. 

 These fi ndings must be interpreted in light of a main bias in the methodology, due 
to a variability of size of the groups (diseases), ranging from 21 for HPAI to one for 
bartonellosis, brucellosis, giardiasis, Japanese encephalitis, leishmaniasis, Nipah, 
swine infl uenza, taeniasis and trematodiasis. Indeed, for diseases selected by several 
individuals, the weighted mean corresponding to the level of confi dence and the 
specifi c expertise of the respondents was much more accurate than the single values 
obtained for disease with only one respondent. Furthermore, calculations performed 
by the MCA take into account the size of the different group of individuals and a 
weight, proportional to the size of the group, is applied in the calculations.  

14.4.3     Profi le and Classifi cation of Diseases 

 Displaying the classifi cation of disease simultaneously with the scores provided by 
the respondents provides a good overview of how the disease clustered regarding 
their profi le and how important their impacts were in terms of epidemiology, health, 
economy and society. 

 The way diseases were clustering was coherent with their epidemiological pattern 
and their burden on public and animal health. For instance, Nipah and leishmaniasis 
are two emerging/exotic diseases in the region grouped together. HPAI, salmonel-
losis, rabies and anthrax are main threats for both humans and animals and formed 
one cluster altogether. Finally, bovine tuberculosis, brucellosis and  Streptococcus 
suis  infection, gathered in a same group, are endemic in Southeast Asia and trigger 
some sporadic outbreaks in human and animal population. 

 But the results must be interpreted in light of biases in methodology at different 
levels. First, as explained previously, variable size of the groups was a main source 
of bias. When looking at the total score per disease, trematodiases obtained 
the highest score (score 3.53), followed by HPAI (score 3.38) and bartonellosis 
(score 3.24). This result is probably biassed by the fact that the sample size of the 
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respondents is extremely different from one disease to another (1 for trematodiasis 
and bartonellosis and 21 for HPAI). It can be suspected than the high score obtained 
for trematodiasis and bartonellosis is infl uenced by the professional focus of the 
single respondent, contrary to HPAI for which the high number of respondents led 
to the dilution of the individual subjectivity and misinterpretation of the questions. 
For giardiasis, the level of confi dence of the solitary respondent was very low 
(mode = 1) and this fi nding calls into question the reliability of the data collected 
from this participant. Then, the potential redundancy of some criteria might have 
also triggered some biases. Criteria related to animal health and economy are 
strongly interdependent as any disease with a great impact on animal health at the 
population scale (criterion belonging to animal health category) fatally triggers 
proportionate economic impact in terms of production losses and cost of control 
measures (criteria belonging to the economic category). Moreover, it is important to 
keep in mind that the economic impact is assessed regarding both the direct production 
losses due to the symptoms and the cost of the control measures. So, for a disease 
such as HPAI for which surveillance and control programmes have been carried out 
worldwide by international and national organisations, the cost of the prevention 
and control measures is very high and so a greater economic impact (score 4.43) is 
given to this disease compared with other economically important diseases such as 
brucellosis (score 3.29) or salmonellosis (3.57) for which no costly programme is 
applied. Finally the numerical scale applied to the different scales to allow to com-
pute the scores is very arbitrary as there was no scientifi c evidence in applying a 
linear relation between the different classes.  

14.4.4     Towards a New Approach to Prioritise Diseases 

 Prioritisation may be an effi cient tool for policy-makers in charge of allocating 
resources for surveillance and control programmes or research projects, to target 
effi ciently diseases that need to be addressed ahead of others. In developing 
countries, the importance to prioritise disease in an objective way is even more 
signifi cant. In Southeast Asia, the occurrence of zoonoses and their spread is facilitated 
by the lack of public and animal health capacity on one hand and the exceptionally 
high population growth rate, the agricultural expansion and intensifi cation, the 
human encroachment on game reserves, the globalisation of commerce and trade 
and more frequent contacts between humans, domestic animals and wildlife on the 
other hand (Cáceres and Otte  2009 ). Furthermore, the region is considered as a “hot 
spot” for future emergence and spread of zoonoses because of suitable environmen-
tal conditions (Jones et al.  2008 ): warm and humid climate, high biodiversity, high 
frequency of natural disasters (such as fl ooding), etc. So there is a strong need to 
address the prioritisation of zoonoses with objective tools, specifi cally adapted to 
the context of Southeast Asia. 

 The fi ndings of the study opened new lines of work to improve prioritisation 
models or to develop new tools for prioritisation, based on the specifi c context of 
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zoonoses in Southeast Asia. But this methodological framework could also be used 
in other contexts, depending on the objective of the prioritisation work. 

 Firstly, MCA can be a very useful tool to refi ne the list of criteria prior to 
performing the prioritisation exercise. The choice of the criteria against which the 
prioritisation is performed remains a weak point in most studies although it is 
 determinant for the performance of the method (Krause  2008a    ). On one hand, their 
selection should be made with the objective of getting a well-balanced representa-
tion of the components of the disease to comply with the aim of the study – in the 
case study of zoonoses, public and animal health criteria, socioeconomic aspects in 
relation to public and animal health, environment impact and the perception by 
population. But on the other hand, to deal with the scarce availability of some data 
(Kemmeren et al.  2006 ; Fosse et al.  2008 ) and to ensure a clear differentiation 
between diseases (Cardoen et al.  2009 ), the list of criteria may be restricted as much 
as possible. The fi ndings of this study indicate how MCA, combined with the 
analysis of the level of confi dence of respondents in their answers, can help in 
identifying key criteria that ensure a good differentiation between diseases based 
on data collected through a web survey. According to the objective of the prioriti-
sation exercise, an extended list of relevant criteria can be fi rst set and followed 
by a preliminary analysis of the correlation ratio and the level of confi dence, to 
determine those for which a reliable differentiation between diseases is obtained, 
those for which the defi nition needs to be improved and those which should be left. 
With a particular care to ensure that all the components of the diseases are taken into 
account to  comply with the aim of the prioritisation, this approach allows to refi ne 
the list of criteria, in order to base the further scoring exercise on clear, relevant and 
accurate criteria. The clarity of the criteria and classes is a key point when using a 
web survey as participants answer on their own without any external help (such as 
a facilitator in a workshop) and there is no way to check for the correct understand-
ing of the questions. 

 Secondly, the web-based questionnaire can be an interesting alternative to the 
scoring step by experts, commonly used in semi-quantitative models (Defra  2006 ). 
Despite the fact that there is no objective of prioritisation announced in fi rst instance, 
the questionnaire was built following the example of those used for scoring diseases 
in semi-quantitative prioritisation methods. Once the objective of the prioritisation 
process is clearly defi ned, a numerical scale can be applied to the different classes 
in order to obtain a score for each criterion, which can be then aggregated to lead to 
an overall score per disease, which is then used as the base for the ranking. Contrary 
to the approach developed in previous methods, it is not a restricted panel of experts 
who are asked to rank a broad range of disease but a large population of stakeholders 
asked to give inputs about one disease that they have self-selected. So, this method-
ology circumvents the problem of the lack of knowledge and the subjectivity due to 
professional focus, encountered with expert opinion elicitation. In some methods, to 
manage the lack of ready knowledge of the experts for a wide range of diseases and 
to improve the objectivity and the accuracy of their responses, information data 
based on literature study are given to the experts to help them in scoring the criteria 
(WHO  2006 ; Cardoen et al.  2009 ). This approach presents different constraints and 
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disadvantages. First, it is not always possible to gather from the literature all data 
about diseases, especially in developing countries, and it may be very resource 
intensive, which is why expert opinion elicitation is usually carried out to avoid 
these two constraints of data collection. Secondly, if this help aims to decrease the 
subjectivity of experts by making their scores evidence based, their own judgement 
are strongly biassed by the external information and the scoring is not based anymore 
on a purely expert opinion but on a mix of expert inputs and bibliographic data, in 
which the weight of each party cannot be assessed. Compared with expert opinion, 
the main advantages of such a questionnaire are that it is inexpensive and fast and 
makes a survey in a large population manageable. But possible disadvantages are 
related to the clarity of the questions, the validity of the responses and low response 
percentage (Ribbens et al.  2008 ). In this study, despite the pretesting step of the 
questionnaire, the high intragroup variability of the variables emphasised the fact 
that the criteria and the defi nition of the different classes associated were not clear 
enough to be understood the same way by all the respondents. Web-based question-
naires therefore appear to be a reliable alternative to expert opinion if the question-
naire is carefully designed in order to ensure that the discrepancies among respondent 
answers are due to a difference of opinion and not to a difference of understanding. 
The validity of data needs to be carefully analysed to be sure that all raters apply 
data collection method in a consistent manner. Different methods are currently 
available to evaluate the quality of collection method. Some are based on the inter-
rater reliability assessment (probability), such as the kappa or the Fleiss’s test (Gwet 
 2008 ), as some others calculate the sensitivity and specifi city of data regarding a 
gold-standard method (Garabed et al.  2009 ) or geographic information system 
(Richardson et al.  2009 ). Furthermore, as previously mentioned, to improve the 
accuracy of the approach proposed in this study, the analysis of data should be 
 performed on the same number of individuals for each disease. The consultation of 
a high number of experts results in the dilution of the effect of individual subjectivity 
and misinterpretation and will allow to work with the distribution of score instead 
of single-point values. As a result, the fi nal ranking of diseases will take into account 
the uncertainty and the variability of the system and will be more accurate (Cardoen 
et al.  2009 ; Havelaar et al.  2010 ). 

 Some other lines of work should be also interesting to explore, in order to 
improve the accuracy and the relevancy of the data collection through a web survey. 
To enhance the representativeness of the respondents and to take into account the 
perception of the diseases by all the stakeholders involved with zoonoses, the ques-
tionnaire may be drawn up in different versions adapted to the different professions 
(veterinarians, medical doctors, economists, farmers, etc.). Furthermore to deal with 
the part of subjectivity which remains with respondents’ answers, the defi nition of 
the criteria may focus on the identifi cation of ‘proxy criteria’. Those criteria do not 
present a great interest in themselves but they are not submitted to professional 
focus of respondents and they allow to assess other variables with which they are 
closely related to. Finally, the classifi cation of disease based on the results of the 
MCA may provide clusters of diseases with similar profi les, which can be used as a 
start for the prioritisation exercise. Instead of ranking the diseases with regard to 
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each other, they are fi rst clustered together depending on their characteristics and 
then one in each cluster is selected as a priority. By focusing effi ciently efforts on 
this disease to improve the surveillance and control systems, it can be expected that 
the future improvement obtained for this disease will spread to the other diseases 
of the same cluster (FAO  2008 ). This approach presupposes that the criteria are 
carefully selected to be sure that the clusters of diseases are accurate and relevant. 
An important advantage of this approach is that it avoids the risk of vertical 
programmes, which is always present when addressing the prioritisation task patho-
gen by pathogen (Krause  2008b ). Indeed, when following a strict pathogen-focused 
approach, the original purpose of any health activity would be severely constrained 
and it would result in the competition of vertical programmes if decision makers do 
not keep in mind the operational commonalities among the high-priority diseases. 
To avoid this undesirable consequence of prioritisation, some research groups have 
therefore performed prioritisation exercises focused on general health issues rather 
than on individual pathogens (Eger et al.  2009 ), but the way diseases are grouped 
does not necessary lead to homogeneous clusters of diseases, which require the 
same individual methodological approach.   

14.5     Conclusion 

 The fi ndings of this study highlighted an innovative approach to improve objectivity 
and accuracy for some of the steps of prioritisation methodology. The use of a 
web- based questionnaire appeared to be an interesting alternative to expert opinion 
elicitation for the process of data collection and scoring, while the performance 
of multivariate analysis on a set of criteria prior to the prioritisation enhances the 
selection of clear, accurate and relevant criteria that allow a reliable differentiation 
between diseases. Nevertheless, the results of the study underlined several sources 
of bias in the methodology that need to be addressed to optimise the use of this new 
approach. 

 Dealing effi ciently with zoonoses implies working on the human-animal- 
ecosystem interface. There is now an international consensus around the “One 
Health” approach (FAO  2008 ) that supports and legitimates the need of cooperation 
between animal, public and environmental health institutions to defeat emerging 
and re- emerging diseases that threaten both animal and human health. Since the 
emergence of the One Health concept, the management of several recent outbreaks 
(Q fever in the Netherlands in 2010, Hendra virus in Australia in 2009) underlined 
the importance of thinking about the animal-human-ecosystem interface to fi ght 
against old and emerging diseases (Leboeuf  2011 ). 

 This study underlined the need to address prioritisation within the One Health 
approach because criteria related to animal and human health, as well as those 
related to ecology and environment, contributed to a reliable and accurate differen-
tiation of the diseases. Nevertheless, it also arose some diffi culties in working within 
this framework, as it was challenging to gather reliable data about zoonoses from all 
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the stakeholders involved with zoonotic diseases, both in the animal and health sec-
tors. It is therefore important to continue the development of effi cient tools for pri-
oritisation in this context.     
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    Chapter 15   
 Managing Global Risks: Vietnamese Poultry 
Farmers and Avian Flu 

             Muriel     Figué      and     Stéphanie     Desvaux    

    Abstract     This chapter documents the logics underpinning farmers’ management 
practices of an emerging disease. In the area of our survey, Vietnamese farmers, who 
are one of the front lines of the fi ght against H5N1, are called upon to collaborate to 
the international fi ght against the virus. Our study highlights that direct (poultry 
mortality) and indirect impacts (consequence of the measures imposed by the gov-
ernment to contain the virus, fl uctuation of consumers’ demand, etc.) tend to be rela-
tively limited when compared to the permanent state of instability which characterises 
the context of poultry production in the surveyed village. This instability is mainly 
related to numerous and regular poultry infectious diseases and market fl uctuations. 
If international community considers H5N1 as a zoonotic risk and a pandemic threat 
which asks for emergency tools, H5N1 is framed by the farmers of our study as an 
epizootic problem manageable through routinised measures. These measures aim at 
minimising the economic impact of the disease rather than preventing poultry and 
Human from the disease. Consequently, local management of the disease cannot fi t 
with the precautionary approach promoted by the international community.  

15.1          Introduction: Management of Emerging Infectious
Risks by Poultry Farmers 

 The current context of emerging risks, and in particular emerging diseases, requires 
international and inter-sectorial cooperation (human health, animal health, etc.) as 
well as multi-scale cooperation (from local to international level). It is a question of 
encouraging very diverse operators to collaborate on what would be a common 
project, formalised by UN agencies in the “One Health” Initiative of the Food and 
Agriculture Organisation [FAO], the World Organisation for Animal Health [OIE], 
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the International the World Health Organisation [WHO] and others international 
organisations (FAO et al.  2008 ). 

 Farmers are asked by international organisations to cooperate in this project of 
global health governance (OIE  2008 ) but are also often pointed at for their low 
compliance with the biosecurity measures that they are asked or recommended to 
apply in their farm. The gap between their behaviour and the recommendations 
addressed to them is often interpreted as a lack of knowledge or a problem of per-
ception. On the contrary, we will focus in this chapter on the active role of farmers 
in risk management and on the constraints, opportunities, values and interests that 
underpin their behaviours. The purpose is to understand the logic of disease man-
agement at the local scale. We apply this approach to the case of poultry farmers 
facing H5N1 in a village in Vietnam.  

15.2     The Context: Avian Flu in Vietnam 

 Vietnam is a rural country (70 % of the population lives in rural areas) where 90 % 
of households rear poultry. These birds, which are both consumed by the household 
and sold on the domestic market, account for 19 % of the incomes of agricultural 
households (Desvaux and Ton  2008 ). Vietnam was the fi rst country to offi cially 
declare the re-emergence of the H5N1 avian fl u virus to the OIE at the end of 2003. 
Vietnamese poultry farmers were affected not only by the virus itself but also by 
the preventive culling measure (in total, 17 % of all fowl died or were killed during 
the fi rst months of 2004, GSO 2004), by the restrictions concerning the transport 
and commercialisation of poultry, by the regulations introduced to control the virus 
(and the related risk of a fl u pandemic) and by the reactions of Vietnamese 
consumers. 

 Primarily in 2004 and 2005, poultry farmers were therefore required to deal with 
a context of high uncertainty linked to the epizootic situation [declarations of new 
outbreaks (see Pfeiffer et al.  2007  for the history of these outbreaks)], the market 
situation [strong fl uctuations in demand and price (Figuié and Fournier  2008 )] and 
the regulatory context [changing context depending on new outbreaks, international 
pressure, the development of scientifi c knowledge concerning the virus, etc. 
(Agrifood Consulting International  2007 )]. 

 In the Vietnamese Capital, Hanoi, the sale of poultry was entirely prohibited on 
two occasions from the beginning of the fl u outbreak: in February 2004 and in 
November/December 2005 (periods during which Hanoi was offi cially declared to 
be infected by the virus), affecting greatly the poultry farmers supplying the area 
(like farmers of our zone of studies). Furthermore, to satisfy the resumption of con-
sumer demand, the Vietnamese government reduced import taxes on poultry from 
2006 onwards, generating a new situation of competition for locally produced poul-
try [taxes were reduced by between 20 % and 60 % depending on the product cate-
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gory (Tuong  2010 ). At the end of 2008, Vietnam increased these taxes again to 
protect domestic production]. 

 Various sanitary control measures were implemented along the value chains 
 following the emergence of the H5N1 virus. In addition to the preventive culling 
operations (the extent of which varied according to the intensity of the outbreaks 
and the policy of the different provinces within the country), these measures essen-
tially relied on the traceability of the vaccination of the animals and their slaughter 
in certifi ed abattoirs. 1  Our surveys enabled us to estimate that these measures lead 
to a surcharge of about 2,750 dongs per bird (i.e. almost 0.13 euros). 2  Furthermore, 
in order to limit the number of ducks being bred (ducks being considered at that 
time as a probable reservoir for the H5N1 virus), the incubation of duck eggs was 
offi cially banned from November 2005 to February 2007 (Agrifood Consulting 
International  2007 ).  

15.3     Impact of Avian Flu in Vietnam 

 The economic impact of this sanitary crisis has been evaluated at national level [loss 
of between 0.3 % and 1.85 % of GNP in 2004 (McLeod et al.  2004 )] and at value 
chain level [effect of concentration and contractualisation (Agrifood Consulting 
International  2007 ; Figuié et al.  2013 )]. From a political standpoint, Figuié ( 2013 ) 
and Tuong ( 2010 ) have demonstrated the local objectives (legitimisation of the 
Communist Party and the central government) and international objectives (adhe-
sion to the World Trade Organisation) which have infl uenced the design of H5N1 
management policies by the Vietnamese authorities. 

 At the level of rural households, research works have essentially highlighted:

    1.    The economic dimension, thereby demonstrating that avian fl u has had a par-
ticular short-term impact on integrated industrial and industrial farmers (type 1 
and 2 according to the FAO classifi cation). However, in the long term, these 
farmers would have benefi tted from their capacity to adapt to new market 
demands, in particular to new safety standards. Semicommercial farmers (type 
3) could have suffered more lasting effects due to their more limited fi nancial 
capacity to reconstitute their livestock after the crisis and to invest in equipment 

1   Moreover, the government intends to modernise poultry farming in the long term and to facilitate 
the introduction of various biosafety measures, in particular with the support of the agro-industrial 
sector (e.g. the Thai group Charoen Pokphand) by means of a process of implementing contracts 
with farmers and relocating farms. 
2   Cost per bird evaluated for fl ock of approximately 100 animals. It can be broken down as follows: 
200 dongs for the vaccination, 550 dongs for the transport certifi cates and 2,000 dongs for the cull-
ing operations carried out in a certifi ed slaughterhouse (with one euro equivalent to approximately 
20,000 dongs over the period being studied). 
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enabling them to improve the safety of the fl ocks. Sector 4 (backyard poultry 
farmers) was not particularly affected in terms of income as the poultry is 
intended for consumption within the household or for sale on a local market 
less concerned by the transport restrictions imposed (Agrifood Consulting 
 2007 ).   

   2.    The cognitive dimension: this was highlighted through studies based on the 
KAB approach (Knowledge/Attitude/Behaviour). These studies have recorded a 
poor or incorrect knowledge of avian fl u on the part of the farmers, served to 
justify numerous projects aimed at educating and sensitising farmers with regard 
to this new risk (UNICEF, Academy for Educational Development, etc.).   

   3.    The nutritional dimension: without really studying them, several expert reports 
have referred to the potential negative effects of avian fl u on the nutritional situ-
ation (fall in self-consumption of poultry) with regard to type 4 households 
(backyard poultry farmers).     

 These studies failed to analyse the role that farmers play in risk management. 
Local stakeholders are directly exposed to policies implemented by the States and 
respond to this pressure. But we make the hypothesis that they have also their own 
dynamic and logic: no matter the opinion of these stakeholders on messages and 
recommendations emitted by the national and international authorities to cope 
with risks, these front-line players keep a relative autonomy in their assessment of 
the situation. This autonomy mainly relies on laymen knowledge mobilised by 
these local stakeholders to assess risk, to adapt to it or even to build suitable 
answers to it. 

 The aim of the study presented here is therefore to analyse the responses (or 
absence thereof) adopted by Vietnamese poultry farmers to cope with the out-
breaks of the H5N1 virus in Vietnam. Our starting point is to consider poultry 
farmers as risk assessors and managers rather than as the victims of a new epi-
demic of which they must be made aware. We therefore want to link the responses 
implemented with the manner in which the problem has been defi ned by these 
social actors. Our hypothesis is that this defi nition is not only linked to the infor-
mation they may have received from Vietnamese authorities or from the different 
media (often identical in the context of Vietnam) but also to local experience of 
health risks and risks in general as well as to the opportunities that the risk situa-
tion might generate. 

 In July and November 2008, interviews (survey 1) were conducted with 20 poul-
try farmers from the village of Duyen Yet (commune of Hong Thai, district of Phu 
Xuyen, province of Ha Tay in the Red River delta in northern Vietnam). These 
interviews, which form the basis of this work, were in part intended to provide a 
better interpretation of quantitative data drawn from studies conducted previously in 
the same zone: study on the farming and commercialisation practices for poultry 
and poultry products [conducted the same year in the same village, survey 2 (Payne 
et al.  2009 )] and an assessment of the information and education campaign concern-
ing avian fl u [conducted in villages in the same district in 2006, survey 3 (Figuié 
et al.  2006 )]. 
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15.3.1     The Village of Duyen Yet 

 Ha Tay is a province in the Red River delta in northern Vietnam (under the admin-
istrative aegis of the city of Hanoi since August 2008). It is an important production 
area for poultry destined for the Vietnamese domestic market. Duyen Yet is a village 
in this province, sitting in a bend of the Red River. Before 1993, most of the inhabit-
ants of this village derived their livelihoods from small-scale agriculture (essentially 
rice) and pig farming. From 1993 onwards, a highly proactive government policy 
encouraged the zone to specialise in poultry production. A state farm was set up in 
Dai Xuyen in a neighbouring parish to provide farmers with day-old chickens 
(DOCs) with a view to rearing broilers. The state farm subsequently encouraged the 
diversifi cation of poultry farming activities in the area by also supplying parental 
chicks for the production of chicks and ducklings. In the village of Duyen Yet, the 
production of chickens which had been developed was for the most part quickly 
replaced by the production of chicks and ducklings with the installation of several 
private hatcheries. At the start of the new millennium, a land reorganisation policy 
enabled the creation of farms devoted to fi sh farming and intensive poultry farming 
in the lower parts of the village, thanks to major earthmoving works (allowing the 
raising of ground for the houses and rearing pens to be built). These farms are called 
“breeding farms” as opposed to “village farms”.  

15.3.2     Poultry Farming Systems 

 At present, all farms practise agricultural activities (essentially rice) while also rear-
ing animals. 

 A small number of these farms focus primarily on pig farming (maximum of ten 
animals). 3  Occasionally, these families rear a small number of poultry (traditional 
breeds) sold at periods when the demand is high (e.g. the New Lunar Year, the Tet 
festival). These are backyard poultry farmers (type 4 according to the FAO 
classifi cation). 

 However, for the majority of the 700–800 agricultural households in the parish, 
poultry farming represents the main activity (in about 600 households). It is impor-
tant to distinguish, as mentioned above, between:

 –    “Village farms”. These represent the vast majority of poultry farmers in the 
 parish. They are small farms (100–300 animals per batch) relying on family 
labour. Half of them have a park adjacent to the poultry house thereby enabling 
the farmers to rear Muscovy ducks (these last ones are considered as too dirty to 
be kept in confi nement). A small proportion of them (5–10 %) have an adjacent 

3   Pig farming is combined with the production of alcohol, with the residues being used as pig feed 
(in addition to corn produced on land outside the dykes). This generally concerns families with 
little capital (in particular young couples). 

15 Managing Global Risks: Vietnamese Poultry Farmers and Avian Flu



262

body of water enabling them to rear Peking ducks. These farms correspond to the 
commercial type (type 3, according to the FAO classifi cation). The main factor 
limiting the size of the batch in the village is the lack of space. 4   

 –   “Breeding farms”. These farms (there are around 30 of them) are more highly 
capitalised and specialised than those above. The main activity conducted in 
these farms is fi sh and poultry production with generally between 500 and 1,000 
chickens per batch (the manure serves to fertilise the ponds). The labour force is 
based on paid labour. Access to water offers them the advantage of being able to 
breed Peking ducks in addition to other types of poultry. These farms correspond 
to the industrial type (type 2, in the FAO classifi cation).    

 Interviewed farmers consider that breeding farms are less exposed to diseases 
affecting poultry in general because they are more isolated and better ventilated, 
unlike village farms.  

15.3.3     The Types of Poultry Production 

 In addition to a limited production of traditional chickens ( Ga ta ) for its own con-
sumption or, as mentioned above, in low-capital farms, the village specialises in the 
following productions:

 –     Broilers : These chickens can be one of two types: “white chickens” (high- 
performance industrial breeds with taste qualities judged to be poor by consum-
ers) and more often “red chickens” (Asiatic breed such as  Tam Hoang  or  Lu 
Phuong  breeds), which are more rustic. Because the broilers’ production cycle is 
short (45 days for white chickens, 3 months for red chickens) compared to laying 
hens, the farmers produce several batches per year and therefore devote more 
time during the year to the young chicks, making it a labour-intensive activity. It 
nevertheless requires very little space (no water pond, no park). As a result of all 
these considerations, this activity is deemed suitable for farmers with little expe-
rience or limited capital.  

 –    Day-old chickens (DOC) : These chicks are intended for the production of broil-
ers. They come from Vietnamese breed ( Ga Luon Phuong, Xa So ), Chinese or 
Thai ones. This accounts for the majority of the production within the village.    

 The chickens are better adapted to confi nement than ducks and are therefore 
preferred by farmers who have neither a park nor a body of water. Nevertheless, 
they are sensitive to Newcastle disease which may cause numerous deaths.

 –     Day-old ducklings:  Farmers rear parental breeds and sell the day-old ducklings. 
As already mentioned, these ducklings are of two types: Muscovy ducks and 
Peking ducks  (ngan  and  vit , respectively, in Vietnamese). Peking ducks require 

4   When rearing laying hens for the production of chicks or ducklings, the farmers consider that a 
single person can deal with 1,000 animals. 
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less work (due to the maintenance of their coop) than chickens or Muscovy 
ducks since they are considered less dirty.    

 Furthermore, farmers consider Peking ducks to be less sensitive to disease and 
cold weather than Muscovy ducks (and therefore more suitable for winter rearing). 
Moreover, Peking ducks have another advantage compared to Muscovy ducks: their 
embryos can be marketed for consumption. Many farmers nevertheless prefer rear-
ing Muscovy ducks (which account for the second-largest production in the parish 
after the production of DOCs) because of their higher selling price (a particularly 
high demand for ducklings in July, August, and September intended for rearing 
animals to be consumed for the New Year).  

15.3.4     Insertion in the Value Chains 

 Farmers buy chicks and ducklings (parental breed) from the state farms in Dai 
Xuyen (ducks) and Thuy Phuong (chickens) or from local private hatcheries. The 
poultry feed is bought in stores located within the parish. Fertilised eggs are incu-
bated either in private hatcheries within the parish or, in the case of almost half of 
the breeding farms, in hatcheries of the state farms. The hatcheries also act as inter-
mediaries when marketing the chicks (sold to the nearby provinces of Hai Phong 
and Quang Ninh). Often, the hatchery lends the farmer the money required to pur-
chase the chicks and the feed (in particular, in the case of laying hens when the 
farmer must wait 6 months before selling the fi rst chicks. In the hatchery we visited, 
the owner informed us that he offered credit to half of his customers). Broilers and 
discard layers are sold to the numerous collectors who operate within the village 
and supply the Ha Vi wholesale market through which passes almost half the chick-
ens supply to the city of Hanoi (Agrifood Consulting International  2007 ). The farm-
ers are thus integrated into value chains which are geographically limited to northern 
Vietnam and in which no economic stakeholder would appear to enjoy any marked 
domination. These value chains are relatively fragmented, thereby making trace-
ability somewhat problematic.   

15.4     Avian Flu in the Village of Duyen Yet, 
Province of Ha Tay 

15.4.1     The Presence of the Virus in the Village of Duyen Yet 

 The H5N1virus was fi rst observed in Vietnam in the province of Ha Tay in June/
July 2003. Since then, the province offi cially declared the presence of the virus in 
February 2004 and then again in August 2004 (declarations made to the OIE in 
2004). According to Delquigny et al. ( 2004 ), it can be roughly estimated that 
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between 5 % and 10 % of the birds in the province were affected by the H5N1 virus. 
Preventive culling affected only 0.5 % of the poultry farms in Ha Tay, primarily the 
large industrial farms [which explains the much higher percentage of animals culled, 
reaching 13.6 % of the Ha Tay poultry population (Agrifood Consulting International 
 2007 )]. Despite the fact that outbreaks continue to be declared in the rest of the 
country, no further outbreak had been declared in Ha Tay province since August 
2004 at the moment of the survey (except one very localised outbreak in 2007). 
Several information sources would nevertheless suggest that the virus continues to 
circulate there below epidemic thresholds, but with local management of clinically 
suspicious cases. The fact that these outbreaks are not declared is aimed at protect-
ing the economic interests of the province which is, as already mentioned, the main 
poultry production site in northern Vietnam. 

 At the level of the district of Phu Xuyen, only 10 of the 28 communes were offi -
cially spared from the virus in 2004 (making it one of the most seriously affected 
districts in Vietnam in 2004). One of these ten communes was the commune pre-
sented in this study (Hong Tay), which declared no outbreaks and was not affected 
by the massive culling operation. 

 Nevertheless, several farmers interviewed in Duyen Yet (a village of Hong Tay 
commune) relate cases of mass mortalities among birds, which were then thrown 
into rivers, lakes and canals or buried, without the cause of the illness being clearly 
identifi ed. 

 One of the farmers interviewed claimed to have lost two thirds of his 800 birds 
in 2005 to an unidentifi ed illness. Another lost 2,000 of its 7,000 birds in 2007. 
Before our interview in this farm, another 500 had died (November 2008), and the 
farmer had quickly sold the surviving birds fearing further deaths and because his 
farm was fl ooded. His fi sh farming activity has enabled him to cope with the situa-
tion by providing a stable income. 

 While the farmers in the commune were not affected by the emergency measures, 
they were nevertheless affected by the direct loss of their chicken (which they can-
not ascribe to a specifi c infectious agent) and then by the indirect effects of the avian 
fl u outbreak (regulatory constraints and impacts on the markets). Before assessing 
these indirect effects, we will examine the effect resulting from these losses.  

15.4.2     The Avian Flu Reference: SARS or Newcastle Disease? 

 Within the international community and at domestic level, the avian fl u phenome-
non was compared to SARS (severe acute respiratory syndrome, which appeared 
the previous year) and was treated in a similar way, that is, a crisis and emergency 
linked to the fear of a human pandemic and justifi ed by a high level of uncertainty 
concerning the very nature of the risk relating to the virus. Was this the case among 
the farmers in the commune? 

 According to the farmers, 2004 and 2005 were bad years from the standpoint of 
animal health, but it is diffi cult to assess whether or not the deaths recorded really 
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refl ect an exceptional situation. Before the emergence of avian fl u, the main cause 
of death of chickens was linked to Newcastle disease (chickens in type 3 or 4 farms 
are rarely vaccinated; ducks are not affected by this virus), the symptoms of which 
are very similar to those associated with avian fl u. 

 According to the Agrifood Consulting report ( 2007 ), contagious avian dis-
eases such as Newcastle disease have a much higher impact on small-scale 
Vietnamese farms than the H5N1 virus. In a survey conducted in four provinces 
of Vietnam, 5  49 % of poultry farmers claimed to have been affected (between 
October 2005 and September 2006) by contagious diseases other than the fl u 
compared to only 1 % who claimed to have been affected by the fl u itself. Data 
from the Ministry of Agriculture (Division of Animal Health) confi rm a relatively 
low risk of infection associated with the H5N1 virus, ranging from 0.8 % to 
6.5 % at the level of the communes (for the last four of the six waves of the 
virus). However, the relative incidence of H5N1 and other contagious diseases is 
diffi cult to assess in that we do not have data concerning the mortality rates of 
poultry before the emergence of the H5N1 virus or their causes. The Agrifood 
Consulting data are based on farmers’ declarations and therefore primarily indi-
cate that, in the opinion of the latter, the H5N1 virus (rightly or wrongly) plays 
only a secondary role in poultry infections (vaccination of poultry against H5N1 
has moreover modifi ed the clinical picture and made it more diffi cult to recognise 
an outbreak of H5N1) or that the farmers have no interest in declaring cases of fl u 
within their farms. 

 The emergence of the H5N1 virus became a much more important subject for 
farmers in relation to its consequences for human health, although only very tem-
porarily. At the beginning of 2005, the province recorded 3 of the 33 deaths caused 
by the virus in the country since the end of 2003 (WHO  2005 ). The farmers 
claimed to have been worried the fi rst year, but then as the number of human cases 
failed to rise, their concern rapidly disappeared: “People here feared for their 
safety due to the fl u during the fi rst year. We heard a lot about it on the TV. And 
there was the fl u in Dong Thai. But as time went by, the people were no longer 
worried”. 

 While these deaths alarmed the international community, the small number of 
victims led the farmers to reject the idea of a risk to human health and retaining only 
the threat to animal health. At local level, H5N1 therefore shifted away from the 
SARS model to move closer to that of Newcastle disease and other diseases com-
mon to poultry. 

 With this rapid refocusing on the part of the farmers, avian fl u became a rela-
tively classic problem in large part handled as a question of routine. But the manner 
in which other actors (economic actors, legislators) perceived the problem naturally 
had indirect effects and may have introduced new elements into this routine.  

5   The Agrifood Consulting survey concerns 1,360 outbreaks in the four provinces of Vietnam, 
including Ha Tay province. 
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15.4.3     Flu: Another Factor of Instability in an Already Highly 
Unstable Market 

 Before considering the indirect effects of the disease, we must fi rst examine 
another element enabling us to explain the limited importance of the problem for 
the farmers: while the disease occurs in a context marked by a high level of infec-
tious pressure, it also arises in a context already characterised by a very high level 
of market instability. Thus, according to one of the parties interviewed in relation 
to the general instability of agricultural prices, “farming is a bit of a lottery, it’s a 
question of luck… we can’t plan for every eventuality. Man can’t calculate as well 
as God”. 

 This instability is linked to the fact that poultry prices and day-old chicken 
and duckling prices vary considerably under the effects of a wide range of fac-
tors. Many of these factors are seasonal (high consumer demand, in particular at 
New Year, high demand for ducklings after the rice harvest, low demand for 
chicks and ducklings in the cold season, etc.). However, beyond these seasonal 
variations and their complex interactions which are nevertheless more or less 
predictable, there are other accidental factors. This is the case of the frequent risk 
of fl ooding which is particularly important for breeding farms, not only directly 
affecting the farms (fl ooded buildings) but also impacting the demand for chicks 
or ducklings from other farmers. The diseases which regularly affect other spe-
cies (mainly pigs) also impact the supply of meat and the demand for poultry 
meat. 

 The sale price of chicks and ducklings (farm gate prices) recorded in one of the 
hatcheries in the village is highly variable: for the period January 2006–October 
2008, prices varied from 2,700 to 12,400 dongs for a Muscovy duckling (average 
price of 5,600 dongs for the period for a production cost between 4,000 and 5,500 
dongs according to the data provided by the farmers interviewed), from 1,500 to 
9,300 dongs for a Peking duckling (average price of 4,700 dongs, no data on pro-
duction costs) and from 1,400 to 4,800 dongs for a red chicken (average price of 
3,100 dongs for a production cost of 2,000 dongs). 

 According to one farmer interviewed, “there are ups and downs, but on the 
whole, the economy of the village improves with the development of poultry farm-
ing… One year, I earned 20 million dongs while my neighbour earned nothing! 
Another year, she earned 70 million and I earned 20 million…”. 

 It is in this context that we must analyse the economic impact of avian fl u. In 
light of the market instabilities, what might be interpreted as a certain fatalism on 
the part of the farmers (“it’s a bit of a lottery”, “it’s a question of luck”, etc.) is 
accompanied by practices designed to limit the effects of these hazards rather than 
the hazards themselves. But fi rst we must examine the new regulations adopted by 
the government to face H5N1 and how they have been implemented at the local 
level.  
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15.4.4     Safety Regulation: Little Restriction at the Field Level 

 The regulations adopted by the government to limit the propagation of the virus and, 
more generally, to improve the levels of biosafety in the poultry value chains had 
highly variable impacts on the farms in the village. 

 The most signifi cant impact concerned the restriction on transporting animals 
outside the district imposed at the beginning of 2004 and then again at the end of 
2005 (two periods lasting about 2 months when poultry marketing in Hanoi was 
interrupted). 

 Nevertheless, these restrictions were to a certain extent circumvented (night 
transport or circuitous routes, corruption at inspection posts, selling in Hanoi via 
informal networks, etc.). Compared to the option of discarding the production, the 
risk of seeing the animals transported being confi scated by the police (in this case 
the transporter would not pay the farmer who supplied him) was actually a prefer-
able alternative. 

 The vaccination of animals against avian fl u became mandatory at the end of 2005. 
In theory, chicks and ducklings must be accompanied by a vaccination certifi cate 
until they reach the fi nal buyer. In light of the complexity of the traceability, it is dif-
fi cult to ensure that this regulation is applied meticulously; in practice, certifi cates 
would often appear to be issued by the veterinary services without their really having 
all the necessary documentation to be able to prepare them. These certifi cates can be 
subject to inspection, primarily when the animals are being transported. In practice, 
interviewed farmers declared that transporters prefer running the risk of a fi ne and the 
goods being confi scated rather than be subject to this regulation: indeed, there would 
be a “tax” to be paid in the event of an “inspection” whether there is certifi cate or not. 

 The government took the decision also to prohibit the rearing of ducks, but this 
decision was not followed up by any restrictive measure and did not therefore have 
any signifi cant effect in our study area (as already mentioned, hatcheries temporar-
ily interrupted their activity as a result of the poultry transport restrictions imple-
mented in 2004 and 2005 and not as a result of any ban in their activity).  

15.4.5     Impacts on the Size of the Poultry Flocks 

 According to the local veterinarian, all the farmers in the parish were affected to 
different extents by avian fl u or the resulting consequences. At the end of 2008, 
50 % of them had yet to recover the number of poultry they had before the outbreak 
of the fl u, and 10 % had not resumed their activity. This estimation is completed by 
survey data (survey 2), according to which 25 of the 71 farmers interviewed (of 
about 150 farmers in the village of Duyen Yet) had fewer birds than before the fl u, 
19 had almost as many and 27 had more. 
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 Another study already mentioned (Agrifood Consulting  2007 ), examining four 
provinces in Vietnam, confi rmed that in 2006, the majority of farmers (more than 
90 %) had succeeded in returning to pre-fl u levels and that almost 20 % of them had 
more animals than before the outbreak of the virus. 

 In many cases, farmers were able to resume their activity by means of credit. 
Although the different lending organisations were somewhat reticent to lend money 
to poultry farmers in light of the fl u, the Agricultural and Rural Development Bank 
implemented a credit policy in 2006 at a rate of 8 % intended to enable farmers to 
resume their activity upon condition that they modernise their farms and improve 
the “biosafety”. This credit policy has primarily targeted breeding farms. Village 
farmers have resorted to mortgaging their houses or to more informal sources of 
income involving interest rates of up 20 %. It would be interesting to assess this debt 
burden more precisely. 

 The increasing number of contracts signed with private fi rms, like Charoen 
Pokphand (supplying credit, inputs and advice and guaranteeing the sale of the pro-
duction) mentioned by certain experts in the context of Vietnam, was not observed 
in the village we studied.  

15.4.6     The Strategies Developed by Farmers 
in the Context of Avian Flu 

 Neighbouring farmers are identifi ed as the main source of contamination, but they 
are not charged for any “responsibility”: it is up to each farmer to protect his farm 
individually. There are no risk factors, which are perceived to be specifi c to avian 
fl u, and thus, the strategies developed by farmers to face H5N1 are the ones used 
usually for poultry diseases. Factors linked to the different species also come into 
play: Peking ducks are considered as more resistant to diseases than Muscovy 
ducks. 

 Safety preventive measures (certain farmers interviewed claimed that they pre-
vented the collector from entering their farm and they disinfected their poultry 
house when they heard of problems affecting their neighbours) are limited. Major 
measures aimed at limiting the economic impact of the disease rather than avoiding 
the disease itself.  

15.4.7     Sell 

 For eggs to be hatched during the closure of the hatcheries in 2004 and 2005, farm-
ers were forced to convert their production of fertilised eggs into eggs for consump-
tion (in particular, as the transport of eggs was subject to limited inspections 
compared to the transport of animals), representing a major loss of earnings (during 
the crisis, a hen’s egg for consumption was sold at a price of 200–500 dongs, 
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whereas a fertilised egg had a pre-fl u value of 3,300 dongs. These “average” fi gures 
must be placed in perspective in light of the elements on price instability already 
presented). 

 With regard to the disease itself, during the outbreaks of 2004, animals were 
quickly sold, whenever possible, at very low prices while some were consumed by 
the farmers themselves or buried (dead birds). One of the farmers interviewed 
claimed “I put on three kilos during the fl u!” With regard to sales, a parallel market 
usually exists for animals infected with or having died from disease on which the 
farmers were able to rely. In 2004, according to the farmers interviewed, the price 
on these markets was generally a quarter of the normal price. The major benefi cia-
ries in these cases were the collectors who would sell the carcasses to restaurants at 
the price of healthy birds. 

 Furthermore, consumer demand was greatly affected, with periods of signifi cant 
falls (in particular, according to the farmers, during periods of strong government 
communication), as well as periods of high demand (demand remained high during 
festive periods with consumers keen to maintain tradition), whereas supply was still 
in decline. The farmers have experienced a period of 6 months when the market was 
at the lowest point: the farm gate price for broilers price fell to 7,000 dongs per kilo 
compared to 50,000 dongs before the fl u (and to 15,000 from 70,000 dongs for dis-
card layers). Moreover, the competition faced by farmers from imported chicken 
meat (with the reduction in import duties) was exacerbated by the increased price of 
food following the global crisis of 2007–2008 (Vietnamese poultry farming is 
highly dependent on imported corn; e.g. the price of this feed for laying hens avail-
able in the village stores increased by a factor of 2.5 at this time). 

 Farmers therefore had to cope with very low selling prices or even a situation 
whereby they were unable to sell their eggs or poultry. To minimise this impact, 
other strategies than the selling and destocking ones were developed.  

15.4.8     Wait 

 In light of the diffi culty to sell, one commonly implemented strategy was to “wait 
until it has passed”, the benefi ts for those able to wait being considerable: “People 
are used to it. When there is an outbreak of a disease, we try to wait until it passes 
as prices generally rise afterwards… if not, we lose everything.” So in the case of 
the fl u, “people waited hoping to sell their birds at a later date”. 

 This strategy involves increased production costs. For laying hens, farmers try to 
reduce this increase by reducing their feed and stopping them from laying as they 
wait for the market to pick up. This strategy entails a certain risk as it is diffi cult to 
predict how long one will have to wait. 

 A much more marginal strategy adopted by some involved storing production by 
transforming it: one farmer claimed to have prepared dried chicken meat ( ruoc , 
 usually made with pork). However, we note that the “100-year egg” technique (a 
traditional means of conserving eggs) was not adopted on this occasion.  
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15.4.9     Diversify the Species 

 Considering price instability and different disease’s susceptibility between species, 
the most common strategy is to diversify the poultry species on the farm over the 
year within the limits of the constraints presented above. Diversifi cation extends 
beyond poultry species. As we have seen, several farmers also rear pigs or fi sh, and 
they were able to offset the lost earnings from their poultry farming activity during 
outbreaks benefi ting from a co-related increase in the price of pork or fi sh, in par-
ticular in 2004 and 2005, as consumption moved away from poultry in favour of 
these products. Nevertheless, this production is also regularly affected by a range of 
diseases (foot-and-mouth disease, blue-ear disease, etc.). According to one pig and 
poultry farmer, “it was more diffi cult when the pigs were affected by blue-ear 
disease”.  

15.4.10     Always Ready to Start Again 

 All the farmers claimed that they never hesitated in renewing their fl ock and 
 reinvesting in poultry farming because in any case, “here, you have to combine 
agriculture and rearing animals,” as one farmer succinctly explained. Even in the 
event of losses linked directly to mortalities, the farmers rebuilt their fl ocks twice, 
three times as they do after deaths resulting from Newcastle disease. One claimed to 
have lost two thirds of his 800 birds to disease in 2005, although he did not know 
which disease. He mortgaged his land to borrow money to buy new birds. In 2007, 
he lost a large sum of money, not because of disease but because prices were too 
low. At present, he only has 80 traditional chickens,  Ga ta , but as soon as he has 
saved more money (he cannot borrow any more), he will once again begin with a 
new fl ock of broilers. 

 And as explained by farmers: “We were able to start again quickly because the 
government said that it was fi nished. Anyway, here, we have to rear animals because 
rice doesn’t pay well”; or: “We are obliged to continue rearing poultry because the 
district specialises in it”. 6  

 The renewed activity did not necessarily involve the same species as before. We 
have already explained that farmers increase the number of species raised to cope 
with the hazards of the market. Ducks are considered to be less sensitive than 
 chickens to the H5N1 virus. To what extent did avian fl u infl uence the choice of 
these species? The answers vary considerably: In several cases, the activity was 
renewed with broilers as they follow a rapid production cycle and the return on 
investment is quick. However, according to certain farmers, there are fewer broiler 

6   The possibilities for taking up an activity again are limited by fi nancial capacities, borrowing 
capacity and the availability of chickens from state hatcheries. To overcome this fi nal constraint, 
many farmers renewed their fl ock with “false F1s”. 
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chicken farms following the outbreak of avian fl u because chickens are more 
 sensitive to the virus and farmers do not want to vaccinate animals with a relatively 
short cycle. Some farmers believe it is more judicious to rear red chickens rather 
than white chickens and Peking ducks rather than Muscovy ducks because they are 
less vulnerable. Others feel that the market is currently highly favourable to 
Muscovy ducks, thereby explaining why some farmers opt for this species. In light 
of this wide range of arguments, it is diffi cult to identify a clear trend in terms of the 
choice of species; the predominant strategy remains the diversifi cation of species: 
“Ducks are more resilient than Muscovy ducks and the vaccination of ducks against 
avian fl u is more effi cient. 7  During an outbreak of the fl u, it is therefore better to 
keep ducks. But people continue to combine the two”.   

15.5     Conclusion 

 In the opinion of international organisations (FAO, OIE, WHO), H5N1 is an event 
which justifi es unprecedented international mobilisation. This study shows that 
farmers in the village studied – and who are in the front line of the issue – have 
considered it as such only during a short period of time, when they feared for their 
own health. But this fear was transitory, and the problem related to H5N1 only per-
sisted for them, in a much subdued form, as an epizootic disease (transmission from 
animal to animal) with direct and indirect consequences (economic and regulatory 
impacts). The pandemic potential (transmission from person to person on a global 
scale) or even zoonotic dimension (transmission between man and animal) of the 
virus which justifi ed the international concern does not fi gure in the local framing 
of the disease. 

 Farmers have taken H5N1 into account as a poultry disease, but H5N1 is simply 
one of a number of problems that farmers have to deal with. There are numerous 
other poultry diseases. The economic impact of H5N1 has been however quite spe-
cifi c due to the new regulations adopted by the government to face it (under interna-
tional pressure), but this impact was limited if we consider the context of a generally 
unstable market. In the past, farmers developed strategies, which they once again 
called on in the context of the avian fl u outbreaks. These strategies aim more to 
minimise the indirect effects of the disease (i.e. strategies of alleviation) than to 
avoid the disease itself (i.e. strategies of prevention and precaution) and would 
appear to have been relatively successful, at the scale of the village. 

 We can therefore conclude that while avian fl u (H5N1) and other infectious dis-
eases affecting poultry are a problem, this problem is not perceived in terms of risk 
in the sociological sense of the word (i.e. a problem that could be avoided and with 
identifi ed responsibilities to avoid damages or to pay reparations). Similarly, avian 
fl u has been responsible for a national and international crisis: avian fl u outbreaks 
encouraged to revise scientifi c knowledge on the ecology of viruses (in particular 

7   A Muscovy duck vaccination campaign was launched in 2007 before being abandoned. 
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with regard to ducks); to review the governance, in particular international health 
governance; to design new decision-making process in situations of uncertainty; 
and to rethink the relations of the Vietnamese authorities with the international 
community, but at the level of the farms in the village concerned by the study, the 
reaction was limited to a half-hearted criticism of the government (within the limits 
of what is possible within the country) for what was perceived as excessive com-
munication concerning the fl u (and the negative impact that this had on consump-
tion) and on its decision to lower taxes on imported poultry. 8  

 The potential contribution of social sciences to the study of infectious diseases is 
not limited to the analysis of their social factors, in an operational objective, nor to 
a critical analysis of the inequalities in front of the diseases, in relation with differ-
ences in social classes or territories; it is also to contribute to the understanding of 
the social dynamics that give existence to a phenomenon (Barbier and Prete  2010 ). 
Our contribution is to show that this dynamic takes place at different levels, from 
local to international, mobilising different framings of the disease. These framings 
evolve with time, with periods of alignment and divergences. These divergences 
may lead to competing answers to the problem.     
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Chapter 16
The OIE Strategy to Address Threats 
at the Interface Between Humans, Animals 
and Ecosystems

Alexandre Bouchot and Marion Bordier

Abstract In our globalised, fast-changing world (deforestation, fast-growing 
 animal protein demand, etc.), animal diseases that have an impact on public health, 
livelihoods, food security as well as the international trade of products of animal 
origin are constantly emerging or re-emerging. The complexity of disease emergen-
cies calls for the identification of often collaborative effective strategies, based on 
both science and proven practical experience, to reduce future threats. The H5N1 
avian influenza crisis has shown how crucial it is to address persistent global threats 
at the interface between humans, animals and ecosystems which requires (i) to 
strengthen animal and human health institutions and (ii) build strong partnerships 
among players who may have different perspectives on some issues and different 
levels of resources. To address the gaps in the animal health sector, OIE seeks to 
build member countries’ capacities in policy design and good governance in animal 
health systems and Veterinary Services. At policy level, the OIE helps its members 
to enhance their credibility, both at the national and international level, by providing 
them with efficient tools, such as the strategic planning tools of the Performance of 
Veterinary Services (PVS) Pathway, with the objective to attract more commitment 
and more resources from their decision makers and partners. At good governance 
level, it provides science-based guidance that supports members in detecting, 
 preventing and managing serious animal disease outbreaks through improved 
 surveillance systems, strengthened laboratory networks and improved legislation. 
OIE promotes strong partnerships, notably with FAO and WHO, especially with 
regard to two topics that are getting currently a great attention and that require a 
strong multi-sectoral collaboration at all levels because of their social, economical 
and ecological determinants: rabies in humans that still kills more than 50,000 persons 
every year, mainly in Asia and mostly youngsters, and that is believed to be totally 
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preventable through effective dog vaccination, and antimicrobial resistance that can 
hinder the effective treatment and recovery of illnesses in both humans and animals. 
At regional level and in full collaboration with ASEAN and other partners, the OIE 
Sub-Regional Representation (OIESRR) for Southeast Asia plays a significant 
role in regional coordination of animal health and emerging infectious disease 
 management in a region that is often considered as a ‘hotspot’ for emergence. Along 
the strategic objectives of the OIE Fifth Strategic Plan, the implementation of its 
activities to achieve the OIE Strategic Objectives is supported by various programmes 
and projects funded by donors. Its long-standing flagship regional programme, the 
Southeast Asia and China Foot-and-Mouth Disease (SEACFMD) Campaign which 
aims at controlling FMD by 2020 through vaccination promotes socio-economical 
and participatory approaches as well as assessment of the role of wildlife.

16.1  Introduction

Threats at the interface between humans, animals and ecosystems are numerous. 
These threats are either socio-economics, related to biodiversity and species conser-
vation or, more immediately visible, related to public health. They are more than 
often related to animal health.

For instance, the occurrence of SARS (severe acute respiratory syndrome) in 2003 
that derived from civets, that of avian influenza known as H5N1 in late 2002 or that of 
Ebola Reston virus in hogs in the Philippines in 2008, have, to varying degrees, threat-
ened or are still threatening the public health. On the animal production side, avian 
influenza has been, and is actually still, responsible for massive losses in the avian 
industry by direct mortality or through culling in many countries and especially in 
Southeast Asia. It has to be noted that these three diseases have originated more than 
likely from China or Southeast Asia. At the same time, and in addition to these so-
called emerging infectious diseases, some other diseases that concern domesticated 
animals, such as rabies or foot-and-mouth disease, are kind of constantly re-emerging 
at the interface between humans, animals and the ecosystems and continue, even 
though less visibly at the first glance, to have serious  consequences for human health 
and for animal health in Southeast Asia and the rest of the world.

As has been declared forcibly by the heads of WHO, FAO and OIE, the  challenges 
facing animal health, beyond diseases transmissible to humans (zoonosis), are 
critically important and involve food security, agriculture economics and the ensem-
ble of economic activities associated with agriculture. There are in addition some 
other issues related to public health (xenobiotics, antimicrobial resistances), the 
environment and animal welfare.

The general observation is that these threats are appearing more and more 
 frequently and that they are more and more complicated to be tackled.

This complexity of disease emergencies or re-emergencies calls for the 
identification of often collaborative effective strategies, based on both science 
and proven practical experience, to reduce future threats. The H5N1 avian influenza 
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crisis has shown how crucial and challenging it is to address global threats at the 
interface between humans, animals and ecosystems. The lessons learnt indicate that 
it requires (i) to strengthen animal and human health institutions and (ii) build 
strong partnerships among players who may have different perspectives on some 
issues and different levels of resources.

When speaking about strengthening animal health systems and institution, the 
OIE is the intergovernmental organisation responsible for improving animal health 
and welfare worldwide regardless of the cultural practices or the economic  situations 
in its member countries. The need to fight animal diseases at a global level led to its 
creation through an international agreement signed on 25 January 1924. In May 
2003, the office became the World Organisation for Animal Health but kept its 
 historical acronym OIE. It is recognised as a reference organisation by the World 
Trade Organization (WTO) and in 2011 had a total of 178 member countries. The 
OIE maintains permanent relations with 45 other international and regional organ-
isations and has regional and sub-regional offices on every continent. To address the 
gaps in the animal health sector, OIE seeks to build member countries’ capacities in 
policy design and good governance in animal health systems and veterinary services. 
Simultaneously, OIE promotes strong partnerships, notably with FAO and WHO, 
especially with regard to emerging issues and two topics that are getting currently a 
great attention and that require a strong multi-sectoral collaboration at all levels 
because of their social, economical and ecological determinants: rabies and food-
and-mouth disease (FMD) (http://www.oie.int/about-us/).

16.2  Southeast Asia: A Hotbed for the Emergence 
and Endemisation of Infectious Diseases

In Southeast Asia, the geographical position, the current socio-economic situation 
and the sociocultural practices all facilitate the occurrence, spread and maintenance 
of diseases at the human–animal–ecosystems interface. Indeed, the warm and humid 
climate, as well as richness in wildlife host species, favours the spillover of zoonotic 
pathogens from wildlife to humans and domestic animals and the transmission of 
vector-borne pathogens (Jones et al. 2008). Some prevailing sociocultural practices, 
such as an increasing encroachment of human activities in the forests or the 
close contact between human and livestock populations, especially in poor and 
 marginalised populations, provide excellent conditions for the frequent exchange of 
pathogens between animal and human populations. Furthermore, the high human 
and animal density and the globalisation of trade facilitate the spread of the 
diseases. Finally, a weakness of medical and veterinarian institutional capacity and 
a lack of food security and safety are aggravating factors for the endemisation of the 
diseases (Bhatia and Narain 2010).

Most of the animal diseases, including zoonoses, commonly described in 
Southeast Asia can be classified as emerging or re-emerging diseases, meaning 
that they have appeared in a population for the first time or that may have existed 
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previously but are rapidly increasing in incidence or geographic range  (http://www.
who.int/topics/emerging_diseases/en/). Furthermore, even if Southeast Asia is not 
among the main hotspots of recent emerging infectious disease events, the region is 
considered at high risk for the future emergence of zoonotic pathogens from  wildlife 
and vector-borne pathogens (Jones et al. 2008). However, even though they actually 
did not emerge there, the most recent emerging zoonoses have developed themselves 
and sometimes geographically been embedded into Southeast Asia – severe respira-
tory acute syndrome (SARS) virus, Nipah virus (NiV) and highly pathogenic avian 
influenza (HPAI) virus. The occurrence and spread of zoonoses in Southeast Asia 
can be explained by the coexistence of different factors that facilitate the interspe-
cies transmission, maintenance and dissemination of pathogens. One of the major 
reasons is the increased contact between humans, domestic animals and wildlife, 
due to the exceptionally high growth rate of the human and livestock population, 
the expansion and intensification of agriculture and human encroachment on game 
reserves (Cáceres and Otte 2009). The changing lifestyles associated with the 
 globalisation of commerce and trades allow rapid propagation of pathogens. 
Additionally, in most of the countries in Southeast Asia, neither the health nor 
veterinary services have sufficient capacity and resources to detect emerging patho-
gens early and to contain infections in animals (Bhatia and Narain 2010).

It is then interesting to describe the actions that governments take, under the 
leadership of the international community, to anticipate and limit the impact of animal 
diseases. How to mobilise outside times of crisis, when it is often too late?

16.3  The One Health Concept

With regard to these existing or emerging threatening diseases at the human– 
animal–ecosystems interface, there is now an international consensus around the 
‘One Health’ approach that supports and legitimates the need for cooperation 
between animal, public and environmental health institutions to defeat diseases that 
threaten both animal and human health (Leboeuf 2011). This collaboration should 
not be limited to only the international level, but shall be translated as a new and 
fundamental paradigm at national levels.

While the FAO, OIE and WHO have long-standing experience in direct collabo-
ration, together they have realised that managing and responding to risks related to 
existing and emerging threats at the human–animal–ecosystems interface is com-
plex and requires a cross-sectoral and multidisciplinary approach. In 2010, they 
drafted a document, which set out a joint strategy and proposed a long-term basis 
for coordinating global activities to address health risks at the human–animal–eco-
systems interface (FAO et al. 2010). They agreed that the implementation of an 
efficient multidisciplinary approach requires that (i) both human and animal 
health systems need to further strengthen their own capacities in the public and 
private sector and (ii) strong partnerships among players who may have different 
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perspectives on some issues and different levels of resources have to be built. The 
Tripartite Concept Note provides a background and establishes a strategic  alignment 
and some collaborations and joint actions, as well as the way forward that partners 
may consider when conducting One Health activities. At the regional level in 
Southeast Asia, one of the first such efforts was the Regional Workshop on Collabo-
ration Between Human and Animal Health Sectors on Zoonoses Prevention and 
Control convened in December 2010 in Sapporo, Japan, and co-organised by the 
FAO, OIE and WHO. The meeting produced several recommendations to strengthen 
this collaboration. Member countries were called on to establish a functional 
coordination mechanism between their animal and human health sectors by 2011. 
The recommendations also called on the FAO, OIE and WHO to continue their 
collaboration with each other, countries and regional organisations (i.e. ASEAN, 
SAARC) to strengthen the coordination mechanism (FAO et al. 2010).

Even though a functional coordination mechanism is not always established yet, 
the way in which public health programmes are designated and funded has changed 
significantly since the H5N1 crisis. Pandemic prevention is now mainly addressed as 
a development issue, typically funded through emergency response avenues, and 
consequently, trends in health spending have moved from broad system-based 
investments to a more specialised, infectious disease model. As a result, basic health 
infrastructure commitment is estimated to have declined from 11 % to 5 % between 
1990 and 2008, although it was found that poor health infrastructure is the main 
driving factor for outbreaks (Bogich et al. 2012). In this regard, the implementation 
of global programmes specifically targeting pandemic infectious disease threats 
through development is sometimes questioned.

The complexity of disease emergencies in a globalised world calls for the 
 identification of effective strategies, based on both science and proven practical 
experience, to reduce future threats. And, once more, the H5N1 avian influenza crisis 
has shown how a concrete, transparent and consistent approach, based on efficient 
animal and human health infrastructures, high-quality scientific advice and practical 
experience, is vital for the management of these threats and for political credibility, 
both at the national and international level (http://www.oie.int/for-the-media/
onehealth/oie-approach/).

In our modern interconnected world, international organisations play an active 
role in reducing global diseases threats. The concept of public sector governance, in 
which the state acquires and exercises the authority to provide and manage public 
goods and services, is an essential element of the One Health approach (Landford 
and Nunn 2012). Promoting a collaborative ‘One Health’ approach at national levels 
will result in a deeper and sustainable political support for the coordinated prevention 
of high public health and animal impact diseases at the human–animal–ecosystems 
interface (http://www.oie.int/for-the-media/onehealth/).

However, in this framework, what is the strategy of OIE to further strengthen the 
governance of the animal health systems and to support effective inter-sectoral 
collaboration?
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16.4  The OIE Strategy

OIE advocates that improving the governance of animal health systems, in both the 
public and private sector, is the most effective way to safeguard global animal health 
and human health when diseases occur at the human–animal–ecosystems interface. 
Therefore, it provides science-based guidance needed by its members to strengthen 
their veterinary services to detect, prevent and manage serious animal disease out-
breaks and efficient tools to enhance their credibility, both at the national and inter-
national level. Furthermore, OIE strongly supports activities to expand the scientific 
basis for effective inter-sectoral collaboration and to identify ways to operationalise 
One Health in policy and practice. It participates in inter-sectoral networking and 
technical activities and sponsors and contributes to inter-sectoral conferences, work-
shops and consultations that are usually co-organised by human and animal health 
partner agencies (http://www.oie.int/for-the-media/onehealth/oie-involvement/).

16.4.1  The OIE Approach to Strengthen the Veterinary 
Services

Among the different specific missions included in its mandate, the OIE prepares and 
adopts relevant standards for animal health and welfare and proposed support pro-
grammes to help OIE members to better implement these international standards.

Indeed, in the current trend of globalisation, animal health measures have 
increasing importance to facilitate safe international trade of animals and animal 
products while avoiding unnecessary impediments to trade. In light of this, the 
Agreement on the Application of Sanitary and Phytosanitary Measures (SPS 
Agreement) encourages the members of the WTO to base their sanitary measures on 
international standards, guidelines and recommendations, where they exist. The 
OIE publishes two codes (Terrestrial and Aquatic) and two manuals (Terrestrial 
and Aquatic) as the principle reference for WTO members (http://www.oie.int/
international- standard-setting/overview/): using the Terrestrial Animal Health Code 
and Aquatic Animal Health Code as a basis is the recognised way to ensure the 
 sanitary safety of international trade in, respectively, terrestrial animals and aquatic 
animals and their products.

The Terrestrial Code and the Aquatic Code set out standards for the improvement 
of animal health and welfare and veterinary public health worldwide, including 
through standards for safe national production and consumption and for safe inter-
national trade in animals and their products. All the OIE members have committed 
that their veterinary authorities shall use the health measures in the Code when 
importing or exporting animals and their products. The objective is to provide for 
early detection, reporting and control of agents pathogenic to animals or humans 
and to prevent their transfer via international trade in animals and animal products, 
while avoiding unjustified sanitary barriers to trade. To help ensure the effective 
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performance of the Veterinary Services of Member Countries, the OIE has  dedicated 
two chapters (3.1 and 3.2) of the Terrestrial Code to the Quality of Veterinary 
Services. The development of these standards and recommendations results from 
the ongoing work of the OIE’s Specialist Commissions, which comprise elected 
members and observers. Upon the expertise of internationally renowned specialists, 
they prepare draft texts for new chapters of codes or revise existing chapters in light 
of advances in veterinary knowledge (http://www.oie.int/international-standard- 
setting/terrestrial-code/; http://www.oie.int/international-standard-setting/aquatic-code/).

The Manual of Diagnostic Tests and Vaccines for Terrestrial Animals and the 
Manual of Diagnostic Tests for Aquatic Animals provide a harmonised approach to 
disease diagnosis by describing internationally agreed laboratory diagnostic 
 techniques. The principal target readership is laboratories carrying out veterinary 
diagnostic tests and surveillance, plus vaccine manufacturers and regulatory 
authorities in member countries. The objective is to provide internationally agreed 
diagnostic laboratory methods and requirements for the production and control of 
vaccines and other biological products. The commissions in charge of these 
manuals update them regularly as new scientific information is released (http://
www.oie.int/international-standard- setting/terrestrial-manual/; http://www.oie.int/
international-standard- setting/aquatic-manual/).

The Codes and Manuals are published only once all chapters have been provided 
for comments to members and fully approved by the World Assembly of Delegates: 
the views of the National Delegates of OIE members are systematically sought 
through the circulation of draft and revised texts, and the health measures finally 
published have been formally adopted by the World Assembly of the Delegates of 
the OIE members.

To help members to better implement these standards and to improve the gover-
nance of veterinary services, the OIE has developed cornerstone support activities, 
among which the PVS (Performance of Veterinary Services) Pathway specifically 
focuses on the sustainable improvement of a country’s veterinary services, through 
a global approach and in accordance with their own specific context. A specific 
methodology has been developed and approved by the members, and the OIE has 
published the ‘OIE Tool for the Evaluation of Performance of Veterinary Services’ 
(the OIE PVS Tool) as the basis for evaluating performance against the international 
standards published in the Terrestrial Code. A similar tool is available for the evalu-
ation of Aquatic Animal Health Services. The PVS Pathway starts with a PVS 
 evaluation mission which consists of a qualitative assessment of the performance 
and the compliance of a country’s VS (veterinary services) in accordance with the 
OIE standards on the quality of VS. A PVS Gap Analysis mission follows which 
facilitates the definition of a country’s objectives in terms of compliance with OIE 
quality standards, suitably adapted to national constraints and priorities. This analy-
sis provides an outline of the corresponding financial action plan, which can be used 
to legitimate requests for funding from the government or donors. Based on the gaps 
the country has defined, some activities or projects and programmes are proposed 
and implemented in the field of the veterinary legislation, public/private partner-
ships, veterinary education or laboratories. Finally, follow-up missions provide a 
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way of measuring the progress that countries have made in sustainably improving 
their compliance with the OIE quality standards. Only OIE-certified PVS experts 
can carry out independent external PVS evaluations of country’s Veterinary Services 
and PVS Gap Analysis. They have undergone training sessions organised by the 
OIE and funded by donors to the OIE World Fund. All experts use standard tools, 
indicators and experts’ manuals, prepared and published by the OIE Headquarters, 
which also include template reports (http://www.oie.int/support-to-oie-members/
pvs-pathway/).

Although there is still no specific tool officially recognised by WHO and OIE 
member countries, some PVS ‘One Health’ missions are currently carried out, using 
the OIE PVS Tool as a framework in that field.

The first PVS mission was carried out in 2006 in Vietnam, and since then, more 
than 120 countries in the world have requested OIE to benefit from this programme. 
Up to now, all the members countries from Southeast Asia, except Malaysia and 
Singapore, have initiated the PVS Pathway, with different degrees of progress. 
Many countries, including Vietnam in Southeast Asia, have decided to give a public 
and free access to their report online. Some main trends arose from the different 
PVS evaluations worldwide, Southeast Asia not being much different from the 
average.

All countries have realised the importance of strengthening their veterinary 
 services and are politically committed to improve the situation when needed. First 
of all, the training and the management of the veterinarians and animal health 
 workers are recognised as the main challenges to ensure a good governance. The 
initial veterinary education, of varying quality in the area, needs to be strengthened. 
In some countries, such as Cambodia or Laos, where there were up to now no 
veterinary schools and where the remaining active vets will retire in the coming 
years, this need is particularly strong. On the governance side, the efficacy of the 
chain of command from the central administration to the field is essential to react 
quickly when an issue arises. Some countries, such as Vietnam and Indonesia, have 
experienced successive episodes of decentralisation that are often believed to 
have undermined this process. In addition, the level of remuneration of the staff in 
charge of the controls, including those at the borders, is sometimes insufficient to 
prevent them from the temptation of seeking additional revenues for instance 
through getting a second job or even granting favours. And, along the same line, 
when financial compensation is lacking or inadequate, farmers hesitate to report 
diseases for which the total or partial culling of the herd is required.

Following this diagnosis, OIE helps countries in identifying the appropriate 
prescription, depending on the country’s priorities and context. The Philippines and 
Vietnam, the two pilot countries for the implementation of the PVS Pathway, 
where the Veterinary Services entered a strong momentum, particularly in terms of 
public/private partnerships, have developed comprehensive strategic plans for 5 
years, which are currently under study for approval at ministerial level. The future 
will tell, including the forthcoming diagnosis, planned 3–5 years after the first, if the 
approach is bearing fruit.
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16.4.2  The OIE Approach to Enhance the Inter-sectoral 
Collaboration

OIE strongly supports activities to advance One Health and participates in various 
inter-sectoral networking and technical activities. Some of the cornerstone activities 
in this field are presented below.

OFFLU is the OIE-FAO global network of expertise on animal influenza, 
 working to reduce the negative impacts of animal influenza viruses by promoting 
effective collaboration between animal experts and with the human health sector 
(http://offlu.net/). Within this network, the animal health community is in charge of 
providing early recognition and characterisation of emerging influenza viral strains 
in animal populations and effective management of known infections. This leads to 
better managing the risk to human health and promoting global food security, 
animal health and welfare and other community benefits derived from domestic 
animals and wildlife. The functioning of the network is based on the following 
activities: (i) exchange of scientific data and biological materials (including virus 
strains) within the network, to analyse such data and to share such information with 
the wider scientific community; (ii) offer of technical advice, training and veterinary 
expertise to member countries to assist in the prevention, diagnosis, surveillance 
and control of animal influenza; (iii) collaboration with the WHO influenza network 
on issues relating to the animal–human interface, including early preparation of 
human vaccine; and (iv) identification of the influenza research needs.

To strengthen laboratory capacity and networking activities in that field, OIE is 
involved in existing institutional frameworks, mechanisms and networks with 
 partners, particularly with FAO and the WHO. Together, the three international 
organisations have initiated a number of collaborative projects to help strengthen 
laboratory capacity and networking. One current FAO/OIE/WHO project, the 
IDENTIFY project of the USAID-funded Emerging Pandemic Threats Programme, 
focuses on enhancing the capacity of veterinary laboratories to detect emerging 
pathogens by improving the ability to accurately and rapidly diagnose animal 
disease known to occur in a given region or country (http://www.oie.int/for-the-
media/onehealth/oie-involvement/identify/). There again, Southeast Asia has been 
identified as an important area of work.

Within the tripartite partnership with FAO and WHO, OIE is involved in the 
Global Early Warning System (GLEWS) addressing health threats and emerging 
risks at the human–animal–ecosystems interface, which is a mechanism to share 
information on health threats beyond avian influenza. It is recognised that information 
from the human and animal health sectors, as well as from other relevant sectors such 
as food, wildlife, land use and agriculture, is most efficiently and appropriately 
 collected by each sector according to its mandate – human and animal health sectors 
have already established mechanisms to collect data from the field. Once done, it is 
crucial that the information does not remain within that sector and is shared with 
other stakeholders (Munford, PMAC p 73). GLEWS allows to combine and coordi-
nate the alert and disease intelligence mechanisms of OIE and FAO and to assist in 
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prediction, prevention and control of animal disease threats, including zoonoses, 
through sharing of information (http://www.glews.net/).

16.4.3  The OIE Strategy in Southeast Asia Through  
Two Case Studies

At regional level and in full collaboration with ASEAN and other partners, the OIE 
Sub-Regional Representation for Southeast Asia plays a significant role in regional 
coordination of animal health and emerging infectious disease management in a 
region that is often considered as a ‘hotspot’ for emergence. Along the strategic 
objectives of the OIE Fifth Strategic Plan, the implementation of its activities to 
achieve the OIE Strategic Objectives is supported by various programmes and 
 projects funded by donors.

The choice of these two examples has been motivated by the fact that these 
 diseases are key transboundary diseases in Southeast Asia and have major impact in 
terms of animal and public health in the region. The approach taken is not only 
considering the disease itself in isolation but also the whole system and its actors. It 
is thus expected that this approach will improve this two-disease situation as well as 
the capacities of both human and animal sectors to combat any kind of diseases, 
including by joining their efforts in collaboration when needed. These following 
case studies show how cooperative approaches are important between veterinary 
services, human health services and other relevant government services at the interface 
between domestic and wild animals, ecosystems and human populations.

16.4.3.1  Foot-and-Mouth Disease (FMD)

Foot-and-mouth disease (FMD) is a severe, highly contagious viral disease of live-
stock with significant economic impact. The disease is still widespread throughout 
the world, particularly in Asia, Africa and the Middle East. By the end of May 2012, 
at the time of the second Global Conference on the topic in Bangkok, more than 100 
countries were not FMD-free which means that, beyond the impact of the disease in 
their territories, they remain a continuous threat to free countries. In developed 
countries, FMD has catastrophic consequences when declared. It can indeed 
severely affect and disrupt regional and international trade in animals and animal 
products causing enormous financial damage. The 2001 outbreak in the UK is 
estimated to have cost no less than ten billions euros. Australia estimates that an 
incursion of FMD that would not be immediately controlled would cost 3 % of its 
annual GDP. In addition, massive culling during outbreaks has created animal 
welfare and ethical concerns not only in the animal production sector, but in society 
as a whole. In developing countries, where the adverse effects of FMD are often 
underestimated, the disease undermines food security and economic development, 
at the level of both village smallholders and the more organised production chains.

A. Bouchot and M. Bordier

http://www.glews.net/


285

Of the domesticated species, cattle, pigs, sheep, goats and water buffalo are 
 susceptible to FMD. Many species of cloven-hoofed wildlife may become infected, 
such as deer, antelope, elephant, giraffe and some other species as well. Even though 
it has not been demonstrated for any other wild species, the African buffalo can 
serve as a source of FMD infection for domestic animals in Sub-Saharan Africa. 
Thus, FMD is typically the kind of disease arising at the human–animal–ecosystems 
interface which is not a zoonotic disease (http://www.oie.int/en/international-
standard- setting/terrestrial-manual/access-online/).

FMD epidemiology is complex and this has important implications as it allows 
to learn many lessons that can be used to strengthen the systems as a whole and that 
can be reused for many other diseases. The agent which causes FMD is an aphtho-
virus of the family Picornaviridae. There are seven strains (A, O, C, SAT1, SAT2, 
SAT3 and Asia1) each one requiring a specific vaccine strain to provide immunity 
to a vaccinated animal. FMD is characterised by fever and blister-like sores on 
the tongue and lips, in the mouth, on the teats and between the hooves that can be 
the symptoms of numerous other diseases. The disease is not a killing disease and 
mainly causes severe production losses that are easy to be visualised by the owner 
when it affects dairy production but that are more difficult to assess and to quantify 
at the first glance when talking about meat cattle production. While the majority of 
affected animals recover, the disease often leaves them weakened and debilitated. In 
a susceptible population, morbidity approaches 100 %. Intensively reared animals 
are more susceptible to the disease than traditional breeds. If the disease is rarely 
fatal in adult animals, there is however often high mortality in young animals due to 
myocarditis or by lack of milk when the dam is infected by the disease (http://www.
srr-seasia-oie.com/disease-info/foot-and-mouth-disease/).

FMD is, with rinderpest, one of the first severe diseases that has been listed 
(Chap. 1.2, Article 1.2.3) in the OIE Terrestrial Animal Health Code at the creation 
of the organisation in 1924. Rinderpest has been declared eradicated from the world 
in 2011 and the international community is now focusing on FMD. Technically, 
OIE members are committed by the OIE Terrestrial Animal Health Code, 2009, 
(Chap. 1.2, Article 1.2.3) to report to the OIE (Chap. 1.1 – Notification of Diseases 
and Epidemiological Information). FMD is the first disease for which the OIE 
established an official list of free countries and zones with or without vaccination.

Furthermore, there is a chapter dedicated to FMD in the Terrestrial Code which 
aims at mitigating the risk of infection and spread of the disease. The chapter 
 provides detailed guidance for the surveillance strategy of the disease (http://www.
oie.int/index.php?id=169&L=0&htmfile=chapitre_1.8.5.htm).

The recent epidemiological situation, with the incursion of FMD virus into free 
(Japan, Korea and Bulgaria) and infected countries (SAT2 in Egypt and Libya), 
shows that countries remain under threat and must be fully prepared for the emer-
gence or re-emergence of FMD. Trade globalisation has without any doubt increased 
the risk of spread. It is now assumed that the control of FMD cannot be sustained if 
good governance of animal health systems, including effective Veterinary Services 
complying with OIE standards and updated legislation, is not in place and supported 
by appropriate public/private partnerships (FAO/OIE Global conference on FMD, 
June 2012, BKK).
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In June 2009, OIE and FAO decided to establish an FMD working group under 
the Global Framework for the progressive control of Transboundary Animal 
Diseases (GF-TADs) and to prepare a Global FMD Control Strategy, based on the 
consultation of experts and representatives of national, regional and international 
institutions. The Global FMD Control Strategy was discussed and published in 
2012 and is a combination of three related components, namely, the control of 
FMD, strengthening the Veterinary Services, and the prevention and control of other 
major diseases of livestock. The overall aim of the strategy is to reduce the global 
impact of the disease and to be used as an entry point to achieve sustainable  progress 
in the performance of Veterinary Services and, in turn, improve the animal health 
status concerning other livestock diseases.

In Southeast Asia, one of the OIE long-standing flagship regional programmes is 
the Southeast Asia and China Foot-and-Mouth Disease (SEACFMD) Campaign, 
which aims at controlling FMD by 2020 through vaccination and promotes socio- 
economical and participatory approaches as well as assessment of the role of 
 wildlife. Australia, through AusAID, and the European Union (via the vaccine bank) 
are the main funders of such activities. France, the Asian Development Bank, FAO 
and some other NGOs are also involved. These activities are complying with the 
recommendations of the Paris Declaration on Aid Effectiveness (www.oecd.org/
dataoecd/53/38/34579826.pdf). To summarise, the OIESRR coordinates animal 
disease control activities between countries and provides technical advice to ensure 
coherent strategies. Furthermore, it seeks political and financial support to achieve 
FMD freedom in the region. It was made up of eight members until 2009, namely, 
Cambodia, Indonesia, Lao PDR, Malaysia, Myanmar, the Philippines, Thailand and 
Vietnam, and was referred to as the Southeast Asia Foot-and-Mouth Disease 
(SEAFMD) Campaign. In 2010, in the light of the overall benefits of SEAFMD, 
Brunei Darussalam, the People’s Republic of China (PRC) and Singapore became 
members of the programme, thereby extending considerably its geographic range. 
Consequently, SEAFMD has been renamed the Southeast Asia and China FMD 
(SEACFMD) Campaign (http://www.srr-seasia-oie.com/programs/seacfmd/). Its 
boundaries are now nearly completely matching the epidemiological entity of cattle 
trade in the region which is the main driver for the spread of the disease.

The achievements – in terms of political support, awareness, public/private 
 collaboration, knowledge of animal movements and the selling prices, identification 
of viral types, etc. – are so far satisfying. Now that the current situation is well 
known, there is a call for the implementation by all the countries of Southeast Asia 
of activities at larger scale. The strategy is notably to conduct targeted actions, such 
as  specific vaccination campaigns, far less expensive than that of mass vaccination 
campaigns.

The 18th Meeting of the OIE FMD Sub-Commission for Southeast Asia and 
China that can be considered a turning point of the campaign was held in Lijiang, 
Yunnan, China, from 5 to 9 March 2012. One of the key focus points in the sessions 
was the various, newly introduced FMD control strategies in China, Vietnam, 
Laos and Malaysia, all of which advanced the implementation of the SEACFMD 
Campaign in accordance with the SEACFMD 2020 Roadmap.
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Currently available opportunities for the region and the mechanisms as to how 
these can be accessed were also highlighted during the presentations regarding the 
now operational FMD vaccine bank (and the soon to be operational rabies vaccine 
bank), as well as the Small Grants Facility (SGF) under the AusAID-funded 
STANDZ Initiative that allows to implement small ad hoc projects with great 
 flexibility. Country members have now a full set of tools for achieving the vision of 
an FMD-free region by 2020.

With regard to presence of efficient vaccines and experience of successful 
 programmes for the eradication of the disease in Southeast Asia, socio-economic 
factors should play a major role in the maintenance of the disease in Southeast Asia. 
Willingness to tackle the disease is so far not obvious, especially in countries with 
the most limited resources that are Cambodia, Laos and Myanmar, even though it is 
assumed that they would substantially benefit from the control of the disease. Dairy 
farmers, that are few in the area, may be motivated by the direct losses that are 
clearly visible, it is less obvious for the other farmers aspiring to produce meat or 
using animals for work. Several factors may motivate this lack of commitment in 
tackling the disease: the global low impact of the disease on household economy 
and the lack of perception of the real economic impact by the farmers. More research 
work to assess the real impact and perception of FMD at these smallholders’ level 
should be undertaken, to gain knowledge about the socio-economic drivers of 
the disease.

In collaboration with FAO through the GF-TADS, OIE recommends to enhance 
the analysis of the socio-economic drivers of the disease, such as livelihood, 
 livestock sector strategies and value chain factors, that can guide FMD control 
 programmes to be more successful (Global Conference). In Southeast Asia, the 
importance of central Burma as a potential source of FMD for the rest of the region 
has constantly been highlighted as an important number of animals are traded from 
Myanmar to the rest of Southeast Asia. Controlling FMD in central Burma would 
require a significant investment to better quantify the incentives as well as the 
 benefits and costs of controlling FMD in this area, beyond the few existing studies 
identifying FMD risk factors, animal movement patterns and some initial cost–
benefit analyses of controlling FMD at the individual farmer level.

Combating diseases of livestock such as FMD in developing countries can 
contribute significantly to poverty alleviation by generating employment, providing 
funds for education and training, improving opportunities for trade in livestock and 
animal products and supplying raw materials to industry.

The outcomes and severity of infectious diseases are the result of complex 
relationships between the infectious agent, animal husbandry systems, human 
behaviour and the environment, and disease management can only be effective if 
these elements are simultaneously taken into consideration in a holistic approach. 
The ‘One Health’ strategy offers the necessary conceptual framework, in terms of a 
multidisciplinary and multi-sectoral approach, and it is appropriate to address 
zoonoses as well as livestock diseases such as foot-and-mouth disease (FMD) that 
can have severe impacts on people’s livelihood. A special session was held during 
the 18th SEACFMD Campaign on capacity building and One Health which recognised 
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the importance and the imperious necessity of more and better cooperation between 
human, animal and environmental health and, in particular, the need to involve 
more the medical profession, including academia in One Health cross-sectoral 
collaborations, including joint professional and technical trainings. The opposition 
to the creation of a specific global or regional institution for the governance of the 
One Health movement was also reaffirmed (http://www.srr-seasia-oie.com/programmes/
seacfmd/activities-report/18th-meeting-of-the-oie-seacfmd-sub-commission/).

16.4.3.2  Rabies

Rabies is a zoonotic disease that is caused by neurotropic viruses of the genus 
Lyssavirus and is transmissible to all mammals. The virus is spread through close 
contact with infected saliva via bites or scratches. Rabies is present on all continents 
except the Antarctic and is a neglected zoonosis, while often endemic in countries 
with poor infrastructure and limited resources for combating disease. Between 50,000 
and 100,000 human cases occur each year, mainly in Africa and Asia (OIE Terrestrial 
Manual, Landford and Nunn). Even though dog bites are responsible for 99 % of 
cases of rabies virus transmission to humans, bats – including vampire bats – and 
foxes can act as reservoirs and vectors of the disease, posing a very real threat to ani-
mal and public health. The victims, mainly children, die after a period of dreadful 
suffering. Most of the deaths occur in the absence of postexposure  treatment (PET). 
Rabies is nearly always fatal when left untreated (http://www.who.int/rabies/en/).

Chapter 8.10 of the Terrestrial Animal Code is dedicated to rabies infection and 
aims at mitigating the risk of rabies to human and animal health and to prevent the 
international spread of the disease (http://www.oie.int/index.php?id=169&L=0&ht
mfile=chapitre_1.8.10.htm).

Despite the availability of technology to control rabies in domestic animals, as 
well as in wildlife, and of technical and institutional know-how gained from 
 successful control programmes, rabies remains a huge public health threat in many 
areas including Southeast Asia, because of a lack of motivation by governments and 
the consequent inadequate funding. Many agriculture ministries neglect to seriously 
implement rabies control in dogs for a number of reasons, including the fact that 
there is less economic incentive to control rabies in dogs than to fund other disease- 
control programmes in livestock. Furthermore, despite data and studies underlining 
the real need to focus on controlling rabies in dog populations to eradicate the 
 disease in humans, many health ministries allocate funds only for human rabies vaccine 
(Wilde et al. 2013). As a result, the veterinary services are faced with uphill struggle 
to convince governments in investing resources to control rabies in dogs.

A lack of accurate data on the burden of rabies contributes to the fact that the 
disease remains a low priority for the global public health community. In Southeast 
Asia, where data is sparse or cannot be reliably validated, knowledge gaps in key 
parameters, such as exposure incidence, probability of bite victims receiving PET, 
and prevalence of rabies in animal population (Hampson 2011). Furthermore, defi-
cient data about the economic impact, both on livestock/working animals and tour-
ism/recreation, is a major constraint to assessing the global burden of the  disease. 
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Beyond the direct impact on local economies when livestock and working animals 
die due to rabies or infect humans, the need to pay for transport and expensive post-
exposure treatment can lead to the unplanned sale of production animals and liveli-
hood assets and further impacts food and economic security (De Balogh 2011). 
More recently, rabies has also become a concern for the tourism industry with travel 
advisories issued in countries experiencing a reintroduction of rabies or ongoing 
endemic disease (Cleaveland et al. Seoul).

The recent case that occurred in Thailand in February 2010 shows two other 
components that contribute to the unsuccessful control of the disease, both in dogs 
and humans. The owner of a pet shop, a public health official, was bitten by one of 
her dogs, a 3-year-old Rottweiler in December 2009. The woman developed rabies 
symptoms and died in February 2010. The dog later died, followed by another 
eight pets at the victim’s house. She was vaccinating the dogs by herself. This case 
underlines that there are a circulation of fake vaccines in the region and a lack of 
awareness of the population about the epidemiology of the disease, even for people 
working in the field of public health (http://www.promedmail.org/mbds, archive 
number: 20100225.0623).

The example of rabies highlights both the necessity and the difficulties of imple-
menting an efficient multi-sectoral collaboration to tackle a zoonotic disease at the 
animal source. Rabies control involves multiple agencies, including those responsi-
ble for human and animal (domestic and wild) health, and requires coordinated man-
agement across these sectors. An improved exchange of information between sectors 
is needed for better patient information, planning of personal protective equipment 
and monitoring the success of dog vaccination campaigns. According to Dr. Bernard 
Vallat, OIE director general, success in eradicating rabies relies on the close collabo-
ration between public health and veterinary services in designing the control pro-
grammes. Good veterinary governance is crucial to applying successfully the 
technologies and tools available for rabies control but, most importantly, veterinary 
services have to establish collaboration between different sectors, beyond public 
health services. The OIE is so committed to supporting the efforts of the international 
community to achieve worldwide eradication of rabies (Seoul, Sept 2011).

In this context, the OIE SRR for Southeast Asia is recommending to develop a 
multi-sectoral strategy to control rabies in Southeast Asia that would focus in  getting 
resources from governments, international organisations and other partners to 
 support rabies control in the region. OIE has been campaigning to all governments 
and international agencies to provide veterinary services worldwide with resources 
to control rabies in animals. Part of this campaign is to highlight the importance of 
canine rabies during international meetings and workshops, to tackle not only 
 technical challenges in controlling rabies but also in gaining political support. The 
SRR has closely worked with ASEAN in getting political commitment from member 
states to control rabies. Using the recommendations from the OIE Rabies Conference 
for Eurasia in 2007, the OIE Bangkok worked with the ASEAN through the 
ASEAN + 3 EID project funded by AusAID, in coming up with a policy statement 
to support rabies control in ASEAN plus three countries. This statement dubbed as 
‘Call for Action towards the Elimination of Rabies in the ASEAN Member States 
and Plus Three Countries’ was finally endorsed both by the ASEAN Health and 
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Agriculture Ministers in 2008 and 2009, respectively. It provides recommendations 
at the national level in terms of policies and legislation, prevention, control, surveil-
lance, partnership, public awareness and communication and at the regional level in 
terms of prevention, control, information sharing, capacity building, coordination, 
training and research (www.aseanplus3-eid.info/dl.php?…Rabies_Call_f…). This 
document will be a useful tool for veterinary services to lobby their governments 
for support. The OIE, through its SEACFMD Campaign, has a long experience in 
coordinating regional control of transboundary animal diseases. The SEACFMD 
2020 Roadmap could also be used in developing a multi-sectoral rabies control 
strategy in Southeast Asia. Support from FAO, WHO and other partners is crucial in 
the development of this strategy.

Furthermore, the OIE is currently managing a rabies vaccine bank in Asia 
with the financial support of the European Union, under the framework of the 
regional cooperation programme on Highly Pathogenic and Emerging and 
Re-emerging Diseases in Asia (HPED). This first regional rabies vaccine bank 
was launched in early 2012 and could serve as a model for developing other 
rabies vaccine banks in other regions of the world. The bank delivers vaccines to 
eligible countries (according to donor requirements) at the request of member 
countries, allowing effective public/private partnerships between international 
organisations, national authorities, local authorities, NGOs and private compa-
nies to be established. The guidelines for the use of the vaccine bank approved 
by the eligible countries specify that the applicant country must, in particular, 
(i) prove that there is an increase in bite rates and human mortality, that the location 
of the outbreak(s) increases the risk of rabies spreading to people and/or animals 
and that further spread of the disease may occur, (ii) provide a statement explain-
ing that the National Veterinary Services are engaged and will have the authority 
to implement or supervise the vaccination of dogs, (iii) submit a specific vaccina-
tion control strategy, (iv) specify the nature and quantities of vaccines required, 
and (v) agree to international transportation conditions. Coinciding with World 
Rabies Day in 2012, the OIE donated 50,000 injectable rabies vaccines to Lao 
PDR through the regional rabies vaccine bank (see map). Following this first 
donation, other countries have requested the OIE for vaccine deliveries. Among 
them are countries in which GARC (Global Alliance for Rabies Control) has 
projects, like the Philippines. Other deliveries are under preparation in other 
Southeast Asian countries (http://www.rabiescontrol.net/news/news- archive/oie-
support-to-rabies-endemic-countries-a-vaccine-bank-in-asia.html).

16.5  Conclusion

An integrated collaborative approach to investigating and managing infectious 
 diseases has gained popularity. It is now commonly acknowledged that the integra-
tion of the veterinary, medical and environmental sciences necessary to predict, 
prevent or respond to emerging or re-emerging animal diseases requires effective 
collaboration and exchange of knowledge across these disciplines. The international 
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organisations regularly reaffirm their opposition to the creation of a specific global 
or regional institution for the governance of the One Health movement and promote 
instead that both human and animal health systems strengthen their own capacities 
and develop strong multi-sectoral partnerships.

If there is now an international consensus around the One Health approach and a 
call by an international organisation in charge of public and animal health for 
collaborative initiatives to combat diseases, the multi-sectoral approach is mainly 
promoted among health disciplines. It is now necessary to improve this integrated 
collaborative approach with the inclusion of human and social sciences, to take into 
account the social drivers for emergence, maintenance and spread of diseases. But, 
there is a dearth of information on the strategies to put interdisciplinarity collabora-
tion into practice and no evidence of its effectiveness. A study carried out by Anholt 
et al. (2012) shows that the essential components of an ID approach that could 
support initiatives like the One Health movement were mainly the professional 
social networks that provide connections across disciplines and the need of trust and 
respect among disciplines. Education and experiential learning opportunities remain 
so the best tools to develop interdisciplinarity this time.
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    Chapter 17   
 Business for Biodiversity and Ecosystem 
Services 

             Valérie     Boisvert     ,     Hélène     Tordjman    , and     Frédéric     Thomas   

    Abstract     Since the end of the 1980s, conservation policies have focused on the 
search for market solutions to environmental problems. Several attempts have been 
made over years to turn various parts or facets of nature into economic assets, from 
genetic resources through ecosystem services. Similarly, several types of institu-
tional arrangements have been in turn presented as markets. The relative failure of 
these tentative market policies has just led to shifts from one aspect or component 
of biodiversity to others and to the adoption of new ‘business models’ as previous 
arrangements proved ineffective. The latest product of this speculation surrounding 
nature is attached to ecosystem services that have become an inclusive framework 
encompassing most environmental issues (climate change, desertifi cation, soil 
 erosion, water, biodiversity, etc.). The concept of ecosystem services has begun 
spreading after the release of the Millennium Ecosystem Assessment by the mid 
2000s. This notion was formed at the interface of science and policy and is grounded 
neither in ecological nor in economic theories. Setting back ecosystem services in 
the history of environmental and ecological economics enables to restore the cogni-
tive background from which this notion emerged and to explain both its hegemony 
and its impacts. Indeed, in line with green economy, it conveys a vision of nature 
as exempt from any confl ict and danger and is quite positive about the feasibility of 
a harmonious combination of human activities and environmental protection, 
 sustained by market development. It does not provide an adequate framework to 
deal with vulnerability and risk.  
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17.1          Introduction 

 Ecosystem services have been an important research fi eld from the 2005  Millennium 
Ecosystem Assessment  (MEA), and the number of papers devoted to this topic has 
literally exploded ever since. As illustrated by the recent creation of IPBES 
( Intergovernmental Platform on Biodiversity and Ecosystem Services ) – an interna-
tional expert panel launched in Busan, Korea, in 2010 – the approach in terms of 
ecosystem services is redefi ning biodiversity through the services it provides. 
Ecosystem services are becoming an inclusive framework encompassing most 
environmental issues (climate change, desertifi cation, soil erosion, water, biodiversity, 
etc.). They are partly substituted for the latter in policy formulation. 

 This chapter is an attempt to explain this hegemony. The notion of ecosystem 
services was formed at the interface of science and policy and is not actually 
grounded either in ecology, in biology or in economics. Ecosystem services are 
only very loosely related to the functioning of ecosystems because they are defi ned 
only in reference to the benefi ts they supply to human societies. Otherwise, their 
economic status is problematic since the term is indistinctly applied to (immaterial) 
services and to (material) goods or values (MEA  2005 ). 

 Setting back the notion of ecosystem services in the history of economics and 
monetary valuation of the environment enables to restore the cognitive background 
from which this notion emerged, in order to explain its power. Environmental 
policies fi rst focused on the valuation of nature to internalise environmental costs 
into political and economic decision-making processes as a prelude to the development 
of markets as regulation instruments. Ecosystem valuation has then progressively 
shifted towards fi nancial tools that aim at turning damages to the environment into 
market opportunities.  

17.2     Ecological Economics and the Value of Nature’s 
Services 

 The terms ‘nature’s services’, ‘ecosystem services’ and ‘ecological’ or ‘environmental 
services’ have emerged in environmental literature in the 1970s and have been in 
widespread use from the end of the 1980s (Gómez-Baggethun et al.  2010 ; Méral 
 2012 ). Their emergence was almost contemporary of the appearance of biodiversity, 
both as a word and as a policy issue, and of the constitution of ecological econom-
ics. Like the latter, the notion of ecosystem services pertains to a global attempt to 
raise the awareness of both the general public and the decision-makers about 
the seriousness of the environmental crisis and the urgent need for action and to 
transform the simplistic representations of ecosystems at the basis of most environmen-
tal policy tools. The texts and academic contributions that are usually considered 
as seminal in this regard are those that established the principles of cost-benefi t 
analysis in the 1960s in the United States and that analysed the components of 
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the total economic value of the environment (e.g.    Krutilla  1967 ), Westman’s 1977 
article or Paul and Anne Ehrlich’s book in 1981. 

 The major message of Paul and Anne Ehrlich’s  1981  book is that the environ-
mental crisis and the question of the limits to growth should be taken seriously. In 
addition, they argue that these limits are not only energy or material constraints and 
that they cannot be adequately accounted for by standard economic approaches. 
Indeed, according to the latter, the progressive depletion of exhaustible resources 
should automatically lead to an increase in their price, turning other resources and 
technologies into cost-effective alternatives and favouring therefore the substitution 
of renewable resources for exhaustible ones and the development of backstop 
 technologies (Nordhaus  1973 ; Solow  1974 ). The rent derived from exhaustible 
resources could be reinvested so as to enable their replacement by reproducible 
capital and maintain per capita consumption constant (Hartwick  1977 ). Other 
authors bring to the fore the notion of critical thresholds, i.e. ecological norms 
 dictated by the assimilative capacity of the environment or the resources renewal 
rate, which should be imposed on economic activities. This is the ‘safe minimum 
standard’ approach advocated by Ciriacy-Wantrup ( 1952 ) and developed by Bishop 
( 1978 ) that has been extended and applied to a wide range of ecosystem functions 
and values during the 1990s, under the name of ‘critical natural capital’. 

 Indeed in the 1980s, standard environmental economics was based on a represen-
tation of ecological dynamics comparable to and compatible with the search for 
economic equilibrium, lending itself to joint modelling of optimal exploitation 
paths. Yet ecosystems are complex and their evolution is chaotic. Human societies 
depend on nature on several counts. If these various and intricate relations are 
accounted for in a too linear way, the resulting policies are doomed to failure. This 
observation formed the core and starting point of ecological economics, as 
expounded in the programmatic texts pleading for a new approach to address the 
interdependence and coevolution of human economies and natural ecosystems in 
the fi rst issues of a dedicated journal,  Ecological Economics  (Costanza  1989 ,     1991 ). 
In this context, the question is raised of the limits that should be set on the exploitation 
of complex ecosystems. 

 It can be assumed that the notion of ecosystem services is an instrument to 
 communicate on environmental crisis and the urgent need for policy action, without 
going into the details of ecosystem functioning (   Peterson et al.  2009 ). Ecosystems 
can be assessed in the light of their ability to provide services, like a capital which 
is valued and characterised as such only owing to its potential to generate income 
fl ows. The concepts of ecosystem services and natural capital are thus closely 
linked. The tentative genealogies of ecosystem services point that the terminology 
has been in use in ecological economics from the very outset of this academic fi eld, 
when the research agenda was set up, in the context of a programme at the Beijer 
Institute in Sweden, prior to the creation of the International Society of Ecological 
Economics (EE) and its journal ( Ecological economics ) in 1989 (Gómez-Baggethun 
et al.  2010 ). 

 In the preface to their 1981 book, Paul and Anne Ehrlich introduce the famous 
metaphor of the rivets of an airplane. Removing only one rivet will not alter the 
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airplane functioning but once a critical threshold is reached, drilling out an 
additional rivet from the wing fl ap might result in a crash. Similarly, the production 
of ecosystem services depends on diversifi ed ecosystems. They can be affected to 
some degree without perceptible impacts on the provision of services – and the 
resulting level of human well-being – because of functional redundancy. However, 
at some point, the loss of an additional species leads to the collapse of the ecosystem 
and the permanent loss of the functions it performed. This results in an appeal to the 
precautionary principle: the relations between biodiversity and ecosystem dynamic 
have not been completely described or analysed, and it is diffi cult to defi ne precise 
thresholds up to which sustainable harvesting could be possible. Biodiversity and 
ecosystems should be protected altogether, and the rate of species extinction 
should be decreased to ensure the continuous provision of the services on which 
humankind depends (Ehrlich & Mooney  1983 ). 

 Rather than using metaphors, Robert Costanza and his colleagues have chosen to 
resort to monetary valuation of what they call ‘the services of ecological systems 
and the natural capital stocks that produce them’. They justify their work as an 
 exercise in pragmatism:  because ecosystem services are not fully ‘captured’ in 
commercial markets or adequately quantifi ed, they are often given too little weight 
in policy decisions  (Costanza et al.  1997 : 253). They contend that a monetary value 
should be attached to ecosystem services, to give a notion of the free contribution 
of nature to the economy, as compared to the world GDP. The authors readily 
acknowledge and even claim that the total amount they come up with is a very rough 
estimate. But they contend that its major function is to raise public awareness and 
discussion (an objective which has been fully met if one thinks of the harsh reac-
tions following the publication of the paper). 

 The  Millennium Ecosystem Assessment  that began in 1998 and the fi nal reports 
of which were released in 2005 was a major stage in the dissemination of the refor-
mulated notion of ecosystem services. It gave the fi rst comprehensive assessment of 
these services at the global level, based on typologies of services and estimations of 
their contribution to human well-being and economic activities. This global assess-
ment, commissioned by the United Nations, was the result of a consultative process 
involving the world’s leading scientists on the subject. 

 Four types of so-called services are identifi ed in the  Millennium Ecosystem 
Assessment :

•    Provisioning services or the supply of goods of direct benefi t to people and often 
with a clear monetary value, such as timber and medicinal plants.  

•   Regulating services, the range of vital functions carried out by ecosystems such 
as the regulation of climate through the storing of carbon and control of local 
rainfall or the removal of pollutants by fi ltering air and water. Their valuation 
proves more challenging since their disruption, which is perceived as a negative 
externality in standard economics, is not integrated in accounting.  

•   Cultural services that do not provide direct material benefi ts but contribute to 
wider needs and desires of society and therefore to people’s willingness to pay 
for conservation. They include the spiritual value attached to particular 
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 ecosystems such as sacred groves and the aesthetic value of landscapes. As such, 
they fall under the category of ‘existence values’ which is one of the basic tenets 
of the monetary valuation of the environment.  

•   Supporting services that do not provide direct benefi ts but are essential to the 
functioning of ecosystems and therefore indirectly responsible for all other 
 services (e.g. soil formation, plant growth, photosynthesis).    

 Quite distinct objects are therefore loosely termed services, including ecological 
functions, already known or still to be discovered, (material) goods, actual (immate-
rial) services, values or preferences, that might prove weakly if it all correlated to a 
given state of the ecosystems. Most of them would not actually fi t into the economic 
defi nition of a service. Indeed, the term ‘service’ is applied in this context to mate-
rial goods and to values that might be the rationale under economic behaviour but 
that are defi nitely not the subject of economic transactions. These so-called services 
are not always defi ned in relation to specifi c ecosystems, nor are they observed at 
the ecosystem level. Some of them relate to the biogeochemical regulation of larger 
systems, others to given species, to soil types or to forest cover. 

 There is therefore no unity among the so-called services, neither from an eco-
logical nor from an economic viewpoint. Advances in ecology and life sciences as 
well as the development of observation devices or the emergence of new social 
concerns might reveal new ‘services’ and open therefore prospects of unending 
developments of the list of ecosystems to be protected and possibly paid for. 
Ecosystem services therefore appear as the very example of fi ctitious commodities 
or constructed entities created for the sake of being traded, without tangible reality 
beyond their market value (Boisvert and Tordjman  2012 ). 

 The all-embracing character and the evolving nature of the notion have probably 
played a prominent part in its success; it can be appropriated, strategically 
used and distorted to serve virtually all kinds of purposes and to feed various 
types of discourses about the environment. It explains its hegemony in the fi eld 
of conservation; the necessity of preserving ecosystem services is a privileged 
argument in the legitimation of conservation policies. However, some environ-
mental issues cannot be adequately addressed nor analysed through these lenses: 
exhaustible resources, noxious substances that cannot be degraded or assimilated 
by ecosystems at a human time horizon and various damages to the biosphere 
that cannot be limited to an (reversible or compensable) overexploitation of its 
cycles and fl ows.  

17.3     Payments for Ecosystem Services 
and Biodiversity Offsets 

 The MEA approach is the very illustration of the position of those who are called 
‘new environmental pragmatists’ by Clive Spash ( 2008 ,  2009 ). It goes exactly just 
far enough to satisfy the alleged desire of decision-makers for monetary valuation, 
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without being actually anchored in any discipline, while referring to many. From the 
end of the 1990s, the mechanisms characterised as payments for environmental 
 services (PES) have developed (Pagiola et al.  2002 ). These institutional arrangements 
are promoted by networks and actors (e.g. FAO and OECD) which are not those 
involved in the dissemination of the notion of ecosystem services (Pesche et al. 
 2011 ). The principle underlying PES is closely linked to the concept of environmen-
tal externalities: these mechanisms are designed to have the benefi ciaries of a 
 service (carbon sequestration, water regime regulation, recreation value, biodiver-
sity conservation, etc.) pay those who provide or favour this service through their 
practices. The subject of the transaction is not the service itself (which is to a large 
extent freely provided by nature). The payment is meant as an incentive to adopt 
new processes and techniques or as a compensation for stakeholders that might 
abandon disruptive uses of the environment. The amounts of compensation paid in 
this context are usually neither related to the assessment of the ecosystem service 
per se nor to the ecosystem functions. However, the provision of ecosystem services 
is generally considered as strongly dependent on an operator, who is accordingly 
kind of granted a concession for the ecosystem. 

 In addition to PES spreading, the last decade has seen attempts to develop 
 markets or at least market-like mechanisms for ecosystem services (Boisvert and 
Tordjman  2012 ). Such project implies the measurement, valuation, standardisation 
and disaggregation of the environment (Tordjman  2008 ). New tools and methods 
were devised for that purpose, relying on the use of a set of emerging techniques 
pertaining to eco-informatics. They are generally referred to as ‘rapid ecological 
assessment techniques’. They are used to list, dissect, map and give a price to ecosys-
tem services in order to catalogue them. The Nature Conservancy, WWF, Stanford 
University’s Woods Institute for the Environment and University of Minnesota’s 
Environmental Institute are involved in a project entitled  Natural Capital Project  
and have recently developed a family of software-based tools for integrated valua-
tion of ecosystem services and trade-offs called InVEST. The same consortium 
also compiles and archives data on conservation projects and plans to make them 
freely available in an online free-access database. Similarly, in 2007, several 
environmental NGOs and research centres launched a project called ARIES 
( Artifi cial Intelligence for Ecosystem Services ) that aimed at providing free access 
to a rapid biodiversity assessment service and to information about biodiversity 
values at several levels from the regional to the global. The models are based on 
extensive inventories and database that are in constant evolution and make it possible 
for users to work out maps of the main ecosystems and the services they provide as 
well as estimations of the potential economic value of the latter. A further step in 
market development would be to establish international payment systems in order 
to attract funds and to fi nance far-reaching conservation activities. These payment 
schemes require monetary valuation. A price is given to ecosystem services in using 
conventional – and debated – environmental valuation methods:

    1.    Ecosystem use values can be captured by the restoration or replacement costs in 
cases of degradation, defensive or protective expenditures and hedonic approaches 
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(travel costs to value recreation sites and housing prices to value environmental 
attributes that are parts of the amenities paid for when buying a house).   

   2.    Non-use values, especially existence value, are estimated thanks to contingent 
valuation methods, i.e. direct questioning aiming at having respondents disclose 
their willingness to pay for a preserved ecosystem or their willingness to receive 
for its degradation.    

  The emergence of ecosystem services as the mainstay of environmental policies 
has led to reconsider existing mitigation policies, especially in the United States. It 
has favoured the development of biodiversity offsets. In offsetting schemes, the 
developers can purchase the number and type of ‘biodiversity credits’ required to 
offset the damages they caused to have the latter mitigated, as required by the law. 
The number of credits they need is defi ned by the administration in charge of 
 conservation – the US Fish and Wildlife Service or the National Marine Fisheries 
Service depending on the cases. If they destroy a given acreage of the habitat of a 
particular species, the developers must contribute through their payment to the 
maintenance or restoration of a comparable area of the same species habitat. 
The whole diffi culty is of course to defi ne this area, in quantitative as well as in 
qualitative terms. This is the ‘no-net loss’ principle brought to the fore in the context 
of wetland mitigation (Robertson  2000 ). The places where money is invested in 
order to offset damages caused to biodiversity are called ‘conservation banks’. 
Private or public, they are considered as critical habitats, because they host endan-
gered or endemic species or because they have scenic or heritage value. According 
to speciesbanking.com, a website specialised in data collection on that subject, 
there are 102 conservation banks in the United States, and each of them is operating 
under its own rules, indicators and defi nition of ecological equivalence. The credits 
emitted within those different offsetting systems are not fungible. In a recent report 
commissioned by the US Department of Agriculture Offi ce of Environmental 
Markets, the Willamette Partnership surveyed a sample of 35 measurement systems 
used to measure biodiversity (Willamette Partnership  2011 ). Yet their homogenisa-
tion and standardisation are major concerns and targets of policies, and the US 
Offi ce of Ecosystem Services and Markets has been created in 2008 under the 
Department of Agriculture (USDA), expressly to address this issue. The purchase of 
credits tends now to be presented as a genuine monetary compensation – in other 
words as the price – for biodiversity destruction. The development of habitat 
valuation techniques and of an associated body of experts, consultants and brokers 
has been instrumental in this respect. 

 At an international level, several interrelated think tanks and networks of individuals 
and organisations – e.g.  Forest Trends ,  the Katoomba Group ,  the Ecosystem Marketplace  
and  the Business and Biodiversity Offsets Program  – were launched in the 2000s 
with the professed objective of contributing to the advancement of markets and 
 payments for ecosystem services. The programmes and projects on these topics 
have substantially increased and always imply the same actors and networks (big 
environmental NGOs, United Nations agencies and programmes, transnational 
 corporations, various representatives of corporate interests, the private banking and 
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fi nancial sector, auditing and consulting fi rms, etc.). They all agree that there is an 
urgent need for standardisation of the emerging market instruments, based on the 
adoption of common defi nitions, guidelines and management tools. 1  

 The initial objective of market-like mechanisms in the fi eld of conservation 
policies was to internalise environmental externalities and to have them accounted 
for in decision-making. Since the inception of the ecosystem services concept, 
environmental assets tend to be defi ned specially for the sake of being traded on 
globalised markets. The TEEB ( The Economics of Ecosystems and Biodiversity ) 
initiative was a decisive step in this regard: it marked a turning point from the 
 commodifi cation to the fi nancialisation of the environment (TEEB  2010 ; The 
Economics of Ecoystems and Biodiversity  2010 ). Like the MEA, the objective of 
the TEEB initiative was to raise awareness about the economic benefi ts of conserv-
ing biodiversity, the losses associated with its erosion and the need for action and 
for innovative fi nancial mechanisms. It was hosted by UNEP and was initiated 
following a proposal made by the German government at the meeting of the 
environment ministers of the G8 + 5 countries that took place in Potsdam in March 
2007. The TEEB reports that were released at the tenth Conference of the Parties in 
Nagoya in October 2010 are intended for different ‘end users’ as they are referred to 
ecologists and economists, international and national policymakers, local and 
regional policy, citizens and above all business. 

 The TEEB reports bring to the fore the lost opportunities associated with 
 environmental degradation and make the case for the development of fi nancial 
tools that would enable to invest in ecosystem services. The ecosystem services are 
reinterpreted so as to turn them into assets that would be traded on fi nancial markets 
to be developed. 

 The various business risks – hence potential costs – biodiversity loss or improper 
management might induce are gathered under the all-embracing heading of 
‘biodiversity business risks’ (BBR) and they are converted into valuable assets. The 
website associated with the TEEB report and developed to raise public awareness 
about biodiversity erosion and the economic potential of ecosystem services is 
called  Bank of Natural Capital .  

17.4     Conclusion 

 The emergence of the notion of ecosystem services is inseparable from a particular 
kind of environmental policy. The thrust of ecosystem services management is to 
introduce and spread market-based instruments, which are supposed to allow the 
surfacing of the full ecosystem values. Indeed, according to the standard economic 
theory, the main threat to services is due to their nonmarket nature. Because of the 
latter, the value of ecosystem services would be systematically underrated because 

1   See Ecosystem Marketplace website, created in 2004 which is presented as an information portal 
on markets for ecosystem services. 

V. Boisvert et al.



303

it would not be – at least not fully – accounted for in the price system. Ecosystem 
services would in addition be affected by a lack of recognition, because they are not 
appropriated. Nobody would therefore feel responsible for their conservation. 
Most policy instruments regarded as possible solutions to these issues are therefore 
incentives, meant to correct and complement missing market information so that 
economic actors take the right decisions: subsidies, taxes, and royalties, fees and 
payments for ecosystem services, etc. The favoured solution is to have benefi ciaries 
pay for the services, on a more or less voluntary basis, rather than to impose a 
polluter (or destroyer)-pays principle. 

 The debate on the valuation of ecosystem services is inspired by standard 
 economics and associated representations of the policies to be promoted rather than 
by an actual analysis of ecosystem functioning. It conveys a vision of nature as 
exempt from any confl ict and danger and is quite positive about the feasibility of a 
harmonious combination of human activities and environmental protection, 
 sustained by the development of markets and contracts. 2  Using the terms ‘ecosystem 
services’ implies to consider that moderate exploitation is compatible with conser-
vation. Pursuant to this representation, human activities, if properly channelled, are 
not threats but opportunities for ecosystem services. The justifi cation register 
referred to is that of incentives rather than restriction, ban, coercion and repression. 
The underlying message is a liberal and positive one. The emphasis is placed on 
promise and reward rather than on responsibility and sanction. The less pleasing 
aspects of ecosystems – for instance, as sites for the breeding of mosquitoes or 
 various other vectors of diseases or as sources of vulnerability for human activities – 
are overlooked. The notion of disservice has made a modest appearance in the lit-
erature, but it is far from meeting with the success enjoyed by the notion of 
ecosystem services. The values of ecosystem services estimated in monetary terms 
are capitalised and appear as assets in a natural capital balance sheet without debts 
or liabilities. 

 A new branch of fi nance devoted to biodiversity and ecosystem services is under 
development (Boisvert and Tordjman  2012 ; Tordjman and Boisvert  2012 ), though 
its practical relevance and feasibility are far from demonstrated (   Wendland et al. 
 2010 ; Karousakis  2009 ). Ecosystems are compared to services portfolios, made up 
of various environmental assets (biological diversity, carbon sinks, etc.) which 
could be turned into fi nancial assets and traded on dedicated markets. Such a 
 prospect seems most promising to funding agencies and environmental think tanks 
that consider it might have a leverage effect, especially sought after in a context of 
growing scarcity of funding. As a result of a reversal that is commonplace in fi nance, 
debts can be securitised and turned into valuable assets; similarly, biodiversity 
erosion and the loss of ecosystem services can be turned into assets if the associated 
risks and costs have been identifi ed and provisioned for into business management 

2   The communication agency that was in charge of the International Year of Biodiversity in 2010 
recommends the adoption of a ‘new nature message’, the so-called love message, based on 
 emotions of awe and wonder associated with biodiversity, rather than the ‘loss message’ that 
induces guilt and headshaking at the state of the world but no action (Futerra  2010 ). 
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plans. In this situation, the legitimacy and soundness of the ecosystem services 
 concept to promote conservation policies can be questioned. Indeed, the ensuing 
markets or market-like instruments are based on expectations about ecosystem 
 deterioration or biodiversity depletion. How could these very tools be used to check 
environmental degradation? 

 Since the inception of the ecosystem services notion, there has been a shift in 
environmental policies from a tentative integration of environmental costs in invest-
ment choices implying serious environmental impacts to the promotion of green 
investment. Environmental issues are no longer presented as constraints or impedi-
ments for economic growth but as possible profi t opportunities. This rhetoric is 
quite powerful: the environment cannot be saved without an alliance with the 
 business sector. In this perspective, nature is the major producer of goods and 
 services, and as a consequence, it makes sense to invest heavily in its development. 
Not surprisingly, the business and fi nance sectors are spearheading the diffusion of 
the ecosystem services concept that ultimately discredit coercive regulation for 
environmental protection depending on public control and funding, considered as 
inordinate in times of recurring economic and fi nancial crises, while promoting the 
development of market-based instruments.     
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Chapter 18
Bridging the Gap Between Conservation 
and Health

Angela Yang, Peter M. DiGeronimo, and Alexandre Azevedo

Abstract Health is frequently in the news, whether it is the “bird flu” headlines or 
woven into the core of climate change reports. And in these articles, health is the com-
mon thread that connects humans, animals, and the environment; however, this underly-
ing link is often undervalued, leaving a “gap” that challenges our ability to prevent and 
mitigate major global catastrophes. The Ebola virus disease has ravaged West Africa, 
leaving a swath of devastation and unanswered questions in its wake, but it highlights 
the alarming potential of a zoonotic disease, one of hundreds that pass between animals 
and humans. Climate change continues to fuel controversy, but it is undeniable that our 
exploitation of the Earth is impacting the fundamental resources that form the founda-
tion of our existence. The state of our ecosystems is integral to the conservation and 
sustainable management of our wildlife and natural resources. The health of the envi-
ronment cannot be segregated from our own health; thus, we need to examine health 
from a global stance. Our traditional perspectives of “health” and “disease” are out-
dated, and it is prime time for us to reevaluate our approaches to engage a comprehen-
sive audience as well as holistic strategies to address these issues as “One Health.”

18.1  Introduction

The genesis of this chapter originated from a meeting in Bangkok of the same title 
as this book, a forum where regional experts discussed and deliberated the vital 
minutia of individual human health and disease projects. The malaria researchers 
concluded that incidence and prevalence of the disease in humans could be reduced 
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if there were no trees. While this may seem logical to human health experts 
 examining the world through one end of a microscope, they need peer beyond the 
Petri dish: what would this world be like without trees? Herein lies the crux of our 
conundrum: the divide between health and conservation.

In a human-centered world, the term “health” unfailingly conjures images of 
disease and the human condition. However, this is merely one element in the broader 
definition of health that bridges humans, animals, and ecosystems. It is this “One 
Health” that binds our well-being to that of our surroundings in a complex, interde-
pendent web upon which our existence is delicately, yet critically balanced. We 
must remember that health applies not only to individual organisms but to living 
systems as well: the intricate relationships between living organisms and the envi-
ronment are often obscured, further challenging efforts to define and evaluate the 
state of ecosystems, their goods and services, as well as the dynamics of “One 
Health.” Yet, the speed and scope of anthropogenic change and the lack of recogni-
tion of the long-term ecological impacts of our decisions only magnify this intense 
situation, creating an ever-evolving discord that tests the boundaries and resilience 
of the natural world.

Like the air that we breathe, humanity is part of the global environment that 
forms the basis for life on Earth. However, we, and our unabated population growth, 
have had an increasing hand in manipulating the state of the world and that of our 
future. Our influence over Earth’s dynamics through the millennia has contributed 
to the degradation of ecosystems and the exploitation of natural resources, also 
referred to as “ecosystem goods and services.” Ecosystems and their goods and 
services—food, air, water, nutrient cycling, for example—are the foundation for our 
health and well-being. These essential functions sustain human health and, in effect, 
life as we know it (MEA 2005). Even subtle shifts in ecosystem services can topple 
this fragile equilibrium and trigger social, economic, political, and demographic 
changes that potentially endanger our future. Thus, the ubiquitous, ever-expanding 
human footprint has fuelled unprecedented resource demands that have led to the 
urgent need to manage and conserve our natural capital in hope of a sustainable 
future. For example, we “consume” in one way or another as much as 40 % of all 
solar energy trapped by land plants (Erlich and Wilson 1991), a selfish action that 
not only threatens other species but that of our own (eds Grifo and Rosenthal 1997). 
Forests provide numerous ecosystem services that are fundamental to “health,” 
including energy production, climate regulation, and nutrient cycling, but with the 
current rate of deforestation measured in acres per minute, our myopic actions defy 
logic, hence jeopardizing the future of this planet (Fig. 18.1).

Conservation and the sustainable management of our natural world have direct 
bearing on “health” in the broader context. In a concept that is simultaneously rudi-
mentary and revolutionary, the “One Health” paradigm examines these challenges 
through a new multidisciplinary lens, addressing the issues through a consilience of 
human, animal, and ecosystem health, but this concept faces an uphill battle against 
tradition to gain traction. In June 2012, Rio + 20, the United Nations Conference on 
Sustainable Development, fell short on many fronts, but in its singular focus on 
economic development, failed to consider the social and environmental pillars that 
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are integral to sustainable development. Science-based evidence on global health 
issues were overshadowed by ideology and the final outcome “The future we want” 
omitted health as a cross-sectoral priority in sustainable development. Nevertheless, 
the general approach of this document allows for an unprecedented opportunity to 
engage health sectors, in all their incarnations, in the dialogue towards sustainable 
development goals (Langlois 2012).

Fig. 18.1 The “hard edge” between Bwindi Impenetrable National Park in Uganda and converted 
agricultural land (Photo: A. Yang)
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18.2  Redefining Conservation

A general definition of conservation in this context is the act of preserving,  protecting, 
managing, or restoring wildlife, habitats, and natural resources. Thousands of inter-
national and local conservation organizations and scores of  professional scientists 
excel at quantifying conservation needs in order to objectively develop science- 
based strategies that counter present and future threats, with the goal of balancing 
man and nature. Conservation organizations, constrained by their areas of expertise 
and financial resources, focus on protecting species and habitats in a progressively 
anthropogenic arena. However, delineating national park boundaries and building 
fences to physically separate humans and wildlife animals is a less viable tool nowa-
days, particularly in developing countries where there is extensive interdependence 
between livelihoods and ecosystem services and where resource competition is 
fierce. Conservationists increasingly acknowledge that the root of many conserva-
tion issues stems from conflicts over space and resources and clashes with social or 
cultural beliefs, the underpinnings of which may fall outside of their sphere of 
knowledge and influence. As a result, conservationists need to look beyond their 
traditional strongholds and collaborate with other sectors,  including social, political, 
and health: conservation alone can no longer protect biodiversity.

Even among and within conservation organizations, biologists working exclu-
sively within their expertise or particular projects fail to recognize opportunities, 
capitalize on synergies, or bridge the gaps that could maximize efficacy. This pro-
clivity is not limited to the world of science as we have all been accused of not 
“thinking outside the box” at some point. When implementing potential solutions, 
conservation strategies may require broader, multidisciplinary approaches to meet 
any realistic expectation of success, but conservationists often lack the time, capac-
ity, or resources to engage the appropriate sectors that can better address social-, 
political-, and/or economic-based challenges.

The narrow focus of projects, sometimes imposed by donors, further reinforces 
segregation and isolation. Projects that target wildlife ecology may overlook the 
opportunity to collect biological samples that could assist with management strate-
gies, as the knowledge of baseline population health can help detect trends and 
identify potential new threats. Ecological studies that require animal capture, such 
as radio-collaring, offer a unique opportunity to collect biological samples. When 
pronghorn antelope were radio-collared in the Upper Green River Basin, Wyoming, 
to identify migration corridors (Fig. 18.2), measurements and biological samples 
were simultaneously collected to test for pregnancy rates and stress levels as part of 
a comprehensive effort to establish comprehensive baseline information about 
pronghorn antelope ecology (Beckmann et al. 2008). Gillespie et al. (2008) discuss 
multiple invasive and noninvasive sampling techniques to monitor for infectious 
disease and parameters of health in wild primates for both the conservation of wild 
animals and the safeguarding of human health. While humans and wild primates are 
at particular risk of epizootic and zoonotic disease due to our close evolutionary 
relationship, the same sampling techniques and data can be used across taxa for 
similar means.

A. Yang et al.



311

The illegal trade in wild flora and fauna or parts is another global issue that 
threatens biodiversity and health but is confounded by regional, social, political, and 
cultural divides. Despite international and national regulations, the lack of capacity 
and global coordination hampers law enforcement in the illicit movement of wild 
species worldwide. Fuelled by greed and ignorance and sheltered by cultural and 
social beliefs, this billion-dollar trade offers an unparalleled “free ride” for species 
and their pathogens to travel the globe, enter new environments, and invade or infect 
naïve populations. Gomez and Aguirre (2008) identified 29 pathogens diagnosed 
and documented in illegally traded wildlife included numerous epizootic, zoonotic, 
emerging and re-emerging infectious diseases. Conservation organizations need to 
collaborate within and among themselves as well as engage influential sectors 
beyond conservation to tackle the source of the problem, as well as develop strate-
gies to mitigate the effects. In November 2012, US Secretary of State Hillary Clinton 
called for a “concerted global response” (WWF 2012b) to address wildlife traffick-
ing, a multinational criminal activity that rivals drugs and human trafficking—and 
only with the joint efforts between countries and between disciplines can this trade 
be halted.

With human populations surpassing the seven billion mark in 2011, the rate of 
anthropogenic change is accelerating and conservationists need to capitalize on all 
available resources, including fellow scientists, local communities, as well as 
experts from the development, health, and policy arenas. Preconceived ideals and 
standard definitions need to evolve in order to keep pace with society, science, and 
development, and a holistic approach that recognizes the new conservation para-
digm—one that includes people and livelihoods—is an important strategy for shared 
goals and, ultimately, our shared future.

Fig. 18.2 Net-capturing pronghorn in Wyoming (Photo: J. Berger)
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18.3  Redefining Health

The traditional, antiquated, and most common definition of health as the “absence 
of disease” applies primarily to human health and is limited in scope, depth, and 
applicability in the twenty-first century. Even the meaning of human health, as it 
stands, can be contested and needs further rejuvenation to connect with a globalized 
world. Health is an elusive term that can be defined as a continuum between illness 
and wellness, partly determined by each individual’s ability to cope with and adapt 
to stress (Lyon 2000). Health is not “black and white,” but encompasses a range of 
indices including physiological, psychological, spiritual, cultural, and developmen-
tal. Perhaps, health needs to always be used in conjunction with “well-being,” the 
latter encompassing all non-disease factors, particularly those that pertain to our 
environment? Nevertheless, we need to realize that health, a constant undercurrent 
in our daily lives, affects living organisms, the environment, and even global econo-
mies. Just as the term “conservation” needs reevaluation, health requires an updated 
characterization beyond merely remedying a malady.

The epidemiology and transmission of infectious disease are altered by rapidly 
changing environments, particularly in light of burgeoning human populations that 
decrease proximity between and among humans and animals, degrade natural habi-
tats, and deplete resources. In developing countries already plagued with overpopu-
lation, flagging economies, corruption, and the lack of capacity, resources, and 
education, diseases can have resonating impacts on the immediate populations of 
humans and animals as well as the ecosystem, further underscoring the importance 
of understanding the linkages between all three. Through complex, integrated 
mechanisms that we still struggle to comprehend, the health of one can have cascad-
ing and/or compounding effects on the others, and the condition of the environment 
can directly or indirectly affect the health and well-being of humans, with the most 
obvious consequences at the nexus of livelihoods and the environment. These rela-
tionships need to be recognized and health needs to be addressed as a whole. 
Simultaneously, the human health community needs to appreciate that while human 
health is the priority, it is closely linked to animal and ecosystem health, and any 
imbalance in this trifecta can topple the delicate equilibrium, affecting the status of 
all three.

18.4  Disease: An Ecological Concept

The last century witnessed vast changes in our understanding of disease. Germ the-
ory revolutionized human healthcare, providing scientific grounds to identifiable 
pathogens as agents of disease. Two medical milestones quickly followed: the 
development of vaccines and antibiotics as the cornerstones of preventive care and 
treatment, respectively. Prior to this, medicine could treat clinical signs and provide 
palliative therapy, such as cough suppressants and fever reducers, but afterwards, 
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we could identify and treat the proximate cause of disease by preventing and elimi-
nating infection of causative agents. Subsequently, we have increasingly recognized 
more ultimate causes of disease such as diet, exercise, lifestyle, and heredity. 
Discoveries in the field of genetics and the development of molecular medicine have 
transformed how we understand and approach predisposition to and development of 
disease. We increasingly understand that infectious disease is not as the simple 
result of infection by a specific pathogen, but as the end product of ecological 
processes.

Understanding health as an ecological concept requires that we understand dis-
ease as a natural process. It is inaccurate and presumptuous to assume that the sole 
absence or presence of disease equates a healthy or unhealthy individual, commu-
nity, or environment. Individuals and populations are likely always to naturally har-
bor pathogens or other organisms. Understanding the health continuum is far more 
pragmatic than attempting to purge each individual or population of disease. So we 
must approach health at the ecosystem level rather than at the organismal level and 
adopt a comprehensive, well-rounded definition of “health.”

Examples of the advantages of understanding disease at an ecosystem level and 
applying this knowledge have already begun to appear. In one case, the use of 
locally occurring copepods (crustaceans) to control mosquito (Aedes aegypti) popu-
lations resulted in drastic reductions of the incidence of dengue disease in several 
communes in northern and central Vietnam (Nam et al. 2005). The implementation 
of community-based programs to educate and build capacity in local communities 
allowed the eradication of the vector by populating the mosquitoes’ breeding sites 
with local predacious copepods. In this example, a strong community approach 
addressing a predominant human health problem through a collaboration of health 
education and understanding of vector ecology resulted in strong and sustainable 
outcomes, whereas the application of pesticides would probably result in greater 
costs and dependence of the communities, unpredictable side effects on the environ-
ment, and, most importantly, a less effective control of the disease.

Using such an ecological approach to address disease redirects our focus from 
treatment to prevention. Rather than intervene after the emergence of a disease, 
might it not be more pragmatic, beneficial, and cost-effective to detect and prevent 
the occurrence where possible? Instead of treating patients stricken with malaria, it 
would be more effective to prevent the initial infection by minimizing vector-host 
interfaces, a measure that may involve understanding the fields of vector ecology, 
sociology, health, and education.

The severe acute respiratory syndrome (SARS) epidemic, which caused close to 
800 human deaths worldwide between 2002 and 2003 (CDC 2005), is caused by a 
coronavirus infection that manifests as a respiratory disease in humans. Through 
globalized air travel, an outbreak rapidly escalated and teetered on pandemic status, 
infecting over 8,000 people in 37 countries. However, SARS could have been 
detected and potentially prevented through disease surveillance in wild animals and 
the enforcement of policies on the illegal movement and consumption of wildlife in 
Southeast Asia. Three species of cave-dwelling bats were ultimately found to be the 
reservoir for SARS-like coronaviruses (Li et al. 2005). These animals are often sold 
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in wet markets, and although the transmission dynamics are not clearly delineated, 
this virus likely infected humans through intermediary hosts like civets, which are 
heavily traded for food (Black 2005). While scientific laboratories and pharmaceu-
tical companies are vying to develop vaccines, perhaps human health and conserva-
tion partners should simultaneously collaborate with governments and communities 
to stop the trade in wild species which would benefit all sectors? This trade not only 
impacts biodiversity and health but also global economies (Fig. 18.3). Increasing 
pressure, particularly from governments, national Ministries of Health, and multi-
lateral agencies such as the United Nations, would add weight to flagging policies 
and possibly bolster national enforcement, as evidenced by US Secretary of State 
Hillary Clinton’s speech to strengthen the enforcement of wildlife laws globally 
(Staziuso 2012).

18.5  Healthy Animals, Healthy People, Healthy Ecosystems

We like to tackle health and conservation as separate entities: conservationists work 
with wildlife and human health experts work with people. Meanwhile, threats to the 
two sectors can be one and the same, or both can face similar challenges where 
synergy could facilitate or expedite resolutions. However, despite years of attempt-
ing to engage multiple disciplines and “cross-pollinate” to address the broader 
issues, there have been few successes to date, and we continue our compartmental-
ized approaches to conservation and health. Not only is this unproductive, but as we 
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progress along our path of rapid development, conservation and health may both 
suffer if we do not capitalize on linkages and alliances.

Human and animal health are affected by changes in ecosystem health, which 
include biodiversity loss and climate change. It is difficult to quantify the net impact 
of biodiversity loss on human health and well-being, but because biodiversity is 
necessary for functioning ecosystems, its loss results in decreased nutritional 
 security, medicinal resources, and critical ecosystem-derived goods and services. 
The World Wide Fund for Nature’s (WWF’s) Living Planet Report (WWF 2012a) 
indicates that between 1970 and 2008, biodiversity declined by 30 % (60 % in the 
Tropics), and this trend seems to be continuing. While the direct consequences of 
water and food shortages are easily recognized, many impacts of ecosystem degra-
dation on humanity can be difficult to assess due to displacement in time and space. 
The underappreciation of these fundamental relationships, particularly by policy-
makers and the public, results in conservation and natural resource management 
being a low priority (Grifo and Rosenthal 1997). However, we must recognize that 
our health derives from ecosystem health and we need to value healthy ecosystems 
for our own sake.

Malaria, a vector-borne disease caused by Plasmodium parasites, relies closely 
on its environment. Within the parasite’s complex life cycle, transmission requires 
appropriate habitat for the mosquito vector, such as standing water, and human 
activities, such as changing land-use patterns, that bring the host in contact with the 
vector. In many parts of tropical Asia, vast tracts of primary forests are being razed 
for rubber and oil palm plantations at an astonishing rate. In addition to the loss of 
the forests, biodiversity, and associated ecosystem services (Ziegler et al. 2009), 
land-use changes are likely altering disease incidence as well: rubber plantation 
workers may be at greater risk for contracting malaria due to increased exposure 
and vector proliferation (the standing water caught in sap collection cups provide 
habitat for mosquito larvae). The malaria researcher at the end of the microscope 
attributes increased disease prevalence to the trees, but in fact the true problem 
originates with deforestation, the conversion of forests to agricultural monocultures, 
and the system of rubber production. Ecosystem imbalances are largely unpredict-
able but seem to favor the dominance of generalist species that often become over-
abundant hosts or vectors (Molyneux et al. 2008). Given that expanding monoculture 
rubber plantations are a major threat to native forest ecosystems in parts of the 
world, we must consider that in this case there can be a solution that satisfies human 
health as well as conservation objectives. This interface is where malaria research-
ers, industry, health experts, policymakers, and conservationists need to focus.

A plethora of other indirect and deferred health impacts of environmental change 
also exist, including those resulting from climate change: increasing sea level, ocean 
temperatures, and acidity as well as severe weather events. Global climate change 
and its major driver, the burning of fossil fuels, are altering the ecology of disease 
by their effects on vectors and hosts and the exacerbation of the intensity and fre-
quency of weather extremes. Global warming drives changes in vector and host 
distribution, and hence, vector-borne diseases are expected to expand to higher 
 latitudes and altitudes. The increase in weather events such as hurricanes and 

18 Bridging the Gap Between Conservation and Health



316

droughts creates opportunities for the rapid expansion of vector and host numbers 
and range. When coupled with infrastructural damage and human displacement, 
these events can have catastrophic and enduring impacts on all sectors.

Predicted shifts in global temperatures and precipitation are anticipated to 
increase incidence of diseases such as yellow fever, plague, Lyme disease, malaria, 
and avian influenza (Dell’Amore 2008). Leptospirosis, a waterborne bacterial dis-
ease disseminated by rodent urine, is often associated with flooding, and outbreaks 
followed the severe floods in the wake of Hurricane Mitch in Central America. The 
abundance of the dengue vector mosquitoes (Aedes aegypti) has been shown to 
increase with warmer temperatures in Thailand, Honduras, and Nicaragua 
(Molyneux et al. 2008). Cholera, a waterborne bacteria (Vibrio cholerae), is gener-
ally considered a disease of poor sanitation, but studies have shown that cholera is 
also influenced by the environment (rainfall, sea surface temperatures), hydrology, 
and weather patterns (Shah 2011), and these can play a pivotal role in the disease 
dynamics (Koelle 2009). The effective management of future cholera outbreaks 
requires collaborations between bacteriologists, human health experts, climate 
 scientists, meteorologists, ecologists, and hydrologists.

The study of climate change is a relatively “new” science, and baseline research 
to evaluate its impacts on human health and well-being has only just begun. Despite 
unpredictability and the possibility that distribution changes may not necessarily 
imply changes in the net range of these diseases (Laferty 2009), the shift in patho-
gen, vector, or host distributions itself implies exposure of naïve human and animal 
populations to novel pathogens and the creation of new equilibriums. In addition to 
changes in disease dynamics, the fluctuations in temperatures, and the associated 
environmental alterations and interactions, could test the resilience of life on Earth. 
Climate change challenges the adaptability of human settlements by altering water 
and food security, affecting shelter availability, generating extreme climatic events, 
and promoting population migration (Costello et al. 2009). With this in mind, eco-
system services that regulate climate change and protect healthy ecosystems from 
extreme weather events are integral to “One Health” as well as conservation. Being 
able to predict climate change effects and subsequent ecological changes will be 
essential to allow early detection of trends and development of measures to mitigate 
the effects of these changes on global health.

Often linkages between climate change and health are indiscernible because, 
besides displacement in time and space, the resulting consequences are biased by 
global inequities in resource consumption: the people suffering the most severe 
impacts may not be the primary drivers of environmental degradation or resource 
exploitation. WWF’s Living Planet Report (WWF 2012a) indicates that high-
income countries have ecological footprints fivefold greater than that of low-income 
countries, yet our consumption of natural resources continues to increase: we have 
now exceeded the Earth’s capacity to support our activities. The United States com-
prises 5 % of the world’s population but consumes 25 % of the world’s fossil fuel 
resources (World Watch Institute 2012). It is this disparity that further confounds 
assessments of linkages between climate change, environmental degradation, biodi-
versity loss, and human health.
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Threats to human health and environmental degradation are often fueled by the 
same socioeconomic factors and may in turn exacerbate them. Therefore, to focus 
on only one of these domains will ultimately result in modest and short-lived results. 
We must recognize these trends and identify their socioeconomic drivers in order to 
address them in a proactive, pragmatic, and comprehensive manner by intervening 
at the most effective entry points. Deforestation, rapid agricultural development, 
water mismanagement, urbanization, and climate change increase the burdens of 
infectious and noninfectious disease. Measures that threaten biodiversity in order to 
benefit human health or vice versa are short-sighted, are contradictory, and have the 
potential to jeopardize both.

In order to maintain healthy people, healthy animals, and healthy ecosystems, 
there is an imperative need for a collaborative approach that exploits multidisci-
plinary expertise and resources, while circumventing conflicting measures and poli-
cies. This is the key resolution for working towards a sustainable future, where 
solutions to one problem will not generate yet another, present or future: we cannot 
discount the interdependence between the health of animals, people, and the envi-
ronment in global development.

Infectious disease spans the complex animal, human, and environmental inter-
face. While we increasingly recognize the risk of contracting disease from our envi-
ronment, this epidemiological perspective is limiting and merely identifies 
unidirectional linkages of disease from human patients to outside sources instead of 
in a more representative compound model that incorporates fluctuating social, cul-
tural, political, economic, and ecological dynamics. Pathogens do not discriminate, 
selecting their hosts on the basis of suitability, and human health, while significant 
to us, is merely one small component of disease dynamics.

Infectious disease is a natural part of all ecosystems; however, anthropogenic 
pressures on wildlife populations can include and amplify their consequences (Brito 
et al. 2012). By influencing and possibly altering disease ecology, we not only exac-
erbate the threat of extinction for some species but also expose the health of humans 
and animals to the emergence and reemergence of pathogens (Daszak et al. 2000). 
This interdependence is illustrated by the emergence of the Nipah virus, a lethal 
zoonotic paramyxovirus that killed over 100 people in an outbreak in Malaysia in 
the late 1990s (Daszak et al. 2013). The outbreak investigation revealed that the 
zoonotic pathway of the disease originated from fruit bat droppings that spilled over 
to humans through the infection of domestic pigs. However, both the reservoir (fruit 
bats) and the virus were shown to occur historically in the area, and it is likely that 
they have long coexisted with pig farms. Daszak and colleagues (2013) postulated 
that two major changes allowed the intensification of this interface upset the bal-
ance, allowing the Nipah virus to “spill over” into humans. According to the authors, 
agricultural intensification—increased pig farming—created a pathway for repeated 
transmission of the virus from fruits bats to pigs, which could also have been exac-
erbated by alterations in bat distribution due to forest fires and climatic oscillations. 
The second condition was the priming effect that the first infections had on the pig 
populations, allowing the animals to acquire enough immunity to sustain the virus 
within the population long enough to transmit it to humans, instead of just resulting 
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in massive pig mortalities. This outbreak clearly demonstrates the consequences of 
toppling the fragile equilibrium between the health of ecosystems, animals, and humans.

The reality is that the health profession, human or animal, alone is not equipped 
to consider all ramifications of decisions made on this scale. Continuing with the 
malaria example, a physician’s training is not intended to estimate the devastating 
effects deforestation can have on the health and well-being of a community, even if 
models suggest it can reduce malaria-bearing mosquitoes. The analogy to classical 
medicine would be that the negative side effects of the treatment (in this case, defor-
estation) could greatly outweigh the elimination of the targeted sickness (in this 
case, malaria). Destroying forests to eradicate malaria, the most direct action in this 
microcosm, is irrational once we look beyond the microscope. This course of action 
would be as irresponsible as the wanton use of antibiotics. In the light of the emer-
gence of drug-resistant pathogens, for example, multi-drug-resistant Staphylococcus 
aureus or extensively drug-resistant tuberculosis, the medical profession now calls 
for judicious use of medicines in order to be ever mindful of the global conse-
quences of our choices.

Similarly, the unintentional release of the nonsteroidal anti-inflammatory drug 
diclofenac into the environment in the 1990s decimated vulture populations in 
Pakistan and India. In this region, vultures fulfill a vital ecological role scavenging 
animal and human remains and rapidly divesting of decomposing matter before the 
onset and proliferation of pathogens. In essence, vultures recycle nutrients back into 
the ecosystem and reduce disease incidence in the environment, but their role 
extends into cultural, environmental, and socioeconomic benefits (Markandya et al. 
2008), all directly or indirectly contributing to human health and well-being. With 

Fig. 18.4 White-rumped vulture (Gyps bengalensis), a species that is now critically endangered 
due to the unintended release of pharmaceuticals (diclofenac) in the environment (Photo: 
A. Michaud)
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up to a 99 % decline in white-rumped vulture (Gyps bengalensis) populations across 
the Indian subcontinent (Prakash et al. 2003), the loss of vultures has potentially 
caused a rise in other scavengers such as rats and dogs, increased pollution from 
decomposing carcasses, economic losses resulting from dog bites, and the spread of 
diseases such as rabies (Fig. 18.4). Thus, the unintentional introduction of a 
 pharmaceutical drug into the environment has triggered events that have profound 
implications on both biodiversity and health.

The construction of the Three Gorges Dam in China’s Yangtze River system 
provides yet another striking example of the ecological underpinnings of health 
(Kittinger et al. 2009). While the ultimate purpose of the dam was to improve human 
well-being through energy production, flood control, and economic stimulus, its 
construction altered an expanse of the Yangtze riparian system, a biodiversity 
hotspot. This ecological disturbance likely contributed to extinction of the Yangtze 
River dolphin (Lipotes vexillifer) and jeopardizes the habitat of several threatened 
terrestrial species, including flagship species such as the golden monkey 
(Cercopithecus mitis). The redistribution of water and the creation of the reservoir 
may also increase the incidence of waterborne diseases such as schistosomiasis and 
allow for the accumulation of environmental pollutants such as heavy metals,  toxins, 
and human and animal waste. Expanded habitat for the gastropod vector of schisto-
somiasis and the increased exposure interface resulting from the displacement of up 
to four million people could cause this debilitating and infectious zoonotic parasite 
to proliferate. The Three Gorges Dam massively altered an important waterway and 
disrupted vital ecosystem under the guise of improving human livelihoods and tem-
porary economic gain, but at what cost? Do the negative and irreversible costs to the 
environmental and health outweigh its short-lived benefits? Misgivings about the 
net benefits of the project raised by the conservation sector are not merely about the 
protection of charismatic species, nor do they intend to deny people the benefits of 
affordable electricity or flood control. Critics of the dam cite a range of issues from 
human rights to human health. A systematic and holistic evaluation of the project 
underscores what we have reiterated in this chapter from the outset: that human 
health and well-being derives from the health of an entire ecosystem and extreme 
disruptions of ecosystems jeopardize all of our well-being.

The Three Gorges Dam is considered by many to be a catastrophe, not only from 
the conservation and environmental perspective. Projects that alter ecosystems raise 
concerns that span conservation and health, as well as many other related or out-
wardly disparate disciplines, including the political and cultural sectors. If we con-
tinue to work within our professional “bubbles,” solutions will remain elusive, 
fragmented, and difficult to implement in a manner that addresses cross-sectoral 
issues such as conservation and health. From lessons learned, we should be equally 
conscientious when recommending treatments, interventions, and solutions for eco-
logical disease processes such as vector-borne and waterborne disease. To approach 
health and disease management at the ecosystem level, we must see beyond just the 
end goal and consider the value of the ecosystem as a functional unit from which 
countless services are derived. This ecological approach to community, population, 
and global health requires cross-trained professionals, multidisciplinary teams, and 
broad-spectrum, multilateral cooperation.
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18.6  Health in a Globalized World

People, animals, and food move at an unprecedented pace in our globalized world. 
This happens at a scale that confounds traditional knowledge of disease epidemiol-
ogy and transmission and thwarts detection, prevention, and mitigation. Pathogens 
can “hitch” rides on hosts and via airplanes, trains, buses, and boats and can be on 
the other side of the globe among a naïve population of humans and animals within 
days, maybe even hours—“biological warp speed,” as coined by virus hunter Nathan 
Wolfe (Wolfe 2009). The increasing density and connectivity of human settlements 
create the perfect environment for rapid escalation of an outbreak into epidemics 
and pandemics.

The scale and rate of the global food trade encumbers detection and control of 
food-borne illnesses, and the once local impacts of salmonella outbreaks, for exam-
ple, can nowadays assume a totally different scale due to rapid mass distribution. 
This is evidenced in the periodic Eshcerichia coli (E coli) outbreaks in recent years 
that were able to spread far and wide prior to their detection and identification 
(WHO 2011). Globalization also has the power to accelerate and amplify the natural 
processes of genetic recombination and viral mutations as seen in new, more viru-
lent strains of E. coli (Muniesa et al. 2012) as well as highly pathogenic avian influ-
enza (HPAI) virus.

Moreover, it is important to understand the far-reaching social and economic 
consequences of diseases in a globalized world. Even diseases that are not fatal to 
humans or animals can have profound social and economic effects, hampering 
development and ultimately affecting human health and livelihoods. Foot-and- 
mouth disease (FMD), an infectious viral disease in wild and domestic cloven- 
hoofed animals, is endemic in seven out of ten Southeast Asian countries. While 
mortality is relatively low with this disease, morbidity impacts livestock production 
and national economics by limiting the growth of the livestock trade through inter-
national export. FMD-free countries will not import meat from endemic countries, 
and the economic losses cascade through the production chain, affecting human 
livelihoods. The inability of developing countries to advance their livestock produc-
tion sector limits national economic growth and potential livelihood income, under-
scoring the direct and indirect linkages between animal and human health and 
well-being.

Sobering cases of globalization and the spread of disease emerged, and 
reemerged, with periodic Ebola outbreaks, severe acute respiratory syndrome 
(SARS), and highly pathogenic avian influenza (HPAI). The very real and rapid 
spread of these viruses captured the global spotlight and their sensationalization 
brought the reality of our growing dilemma to the public domain: while information 
(accurate or otherwise) is transmitted around the globe instantaneously, our pre-
paredness to contend with epidemics and pandemics lags behind. In 2002 and 2003, 
a coronavirus, SARS, confirmed this reality by spreading from Hong Kong to 37 
countries in a matter of weeks and nearly achieving pandemic status. It took the 
threat of pandemic avian influenza in the mid-2000s to prompt large-scale, multilat-
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eral, multidisciplinary projects to predict and prevent emerging pandemic threats—
efforts that continue today.

This new globalized reality has led to the need for an updated approach to “One 
Health” that can complete the medical view with perspectives on social, environ-
mental, and demographic dynamics on a global scale. Addressing health and dis-
ease holistically, and looking beyond geographic, political, social and scientific 
boundaries, will be the only course to keep pace with globalization.

18.7  Bridging the Gap

As with all complex, global issues that transcend geographical, social, cultural, and 
political boundaries, there is no panacea. However, the innovative “One Health” 
approach and its arsenal of tools can help bridge the divide between conservation 
and health and facilitate effective, collaborative strategies. The recurring theme in 
this chapter emphasizes the need to recognize critical linkages and capitalize on 
multidisciplinary expertise to strategically address cross-sectoral challenges make 
pragmatic decisions that consider the long-term ramifications of cross-sectoral 
tactics.

We can no longer work, isolated, in our respective realms of expertise: we need 
to address conservation and health as a unified entity, engage appropriate groups, 
identify synergistic opportunities, develop multidisciplinary strategies, and imple-
ment projects that bridge areas of expertise that may appear to be dissimilar. 
Acknowledging the limitations of our own capabilities is the first hurdle. Few con-
servationists excel at developing social projects, and likewise, not many wildlife 
veterinarians have the skills to effectively engage policy makers. While each indi-
vidual and each field is constrained, there are potentially endless expert partners and 
innovative synergies.

So it does not end with the malaria expert, the microscope, and the Petri dish. 
Back at the meeting, the sole conservationist in the room raised her hand and asked: 
“The trees seem to be responsible for development’s short-sightedness: what if we 
could work with human disease experts and the rubber plantation owners to develop 
strategies as simple as covering the sap collection cups to reduce mosquito breeding 
and educate plantation workers on disease prevention?”
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    Chapter 19   
 Implementation of the One Health Strategy: 
Lessons Learnt from Community-Based 
Natural Resource Programs for Communities’ 
Empowerment and Equity Within 
an EcoHealth Approach 

             Aurélie     Binot      and     Serge     Morand   

    Abstract     In the sectors of public health, animal health and environment, several 
international organizations develop policies and initiatives, which are awkward to 
be implemented at the national and local levels. Local communities are the targets 
of numerous initiatives and policies particularly in developing countries, mainly 
through nongovernmental organizations, in the domains of health, rural develop-
ment and conservation biology. Assessing the interactions between health and bio-
diversity raises many research questions linked to its implementation regarding the 
ecological and epidemiological patterns, the associated indicators and stakeholders 
involved in monitoring at local level. Getting communities involved, beyond passive 
participation, remains a tricky challenge in the framework of One Health/EcoHealth 
approaches. It deals with the issue of power sharing and communication gaps 
between communities and “risk specialists” as well as within communities. This 
chapter reviews how lessons are learnt from several community-based, participatory 
and adaptive management initiatives since the nineties could be promoted in the 
frame of a One Health approach’s implementation, in order to improve risk com-
munication and to help turning rhetoric into reality.  
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19.1          Introduction: Accepting Complexity 

 The impact of global changes on the relationships between biodiversity and health 
is claimed by international organizations and supported by several international pro-
grams (Chivian  2003 ). Particularly, changes affecting biodiversity may increase the 
risk of zoonotic disease emergence (Morand and Guégan  2010 ; Morand et al.  2014 ). 
In this framework, several initiatives such as the MEA (Millennium Ecosystem 
Approach  2005 ) or the One Health Initiative have emphasized the importance of an 
ecosystem approach, claiming for integrated approaches implementation (  www.
onehealthinitiative.com    , FAO  2008 ). However, in the sectors of public health, ani-
mal health and environment, several international organizations develop policies 
and initiatives, which are awkward to be implemented at the national and local 
levels. In this framework, local communities are the targets of numerous initiatives 
and policies particularly in developing countries, mainly through nongovernmental 
organizations, in the domains of health, rural development and conservation biol-
ogy. Since Rio 1992, numerous community-based initiatives have been imple-
mented in the framework of sustainable development. One has to admit that 
community-based strategies to cope environmental issues were rarely investigated 
and/or taken into account, local communities being often viewed as passive and not 
actors of these management processes (Hutton et al.  2005 ; Igoe and Brockington 
 2007 ; Nelson and Agrawal  2008 ). 

 Different integrative initiatives were initiated after Rio UN conference merging 
environment and human well-being within a holistic paradigm emphasizing ecosys-
tem regulation functions and associated services. As an example, the paradigm of 
Ecosystem Service for disease regulation (ESDR) provides an interesting concep-
tual framework to understand how biodiversity provides regulation of pathogens 
and reservoirs or vectors (MEA 2005). But this pathway for assessing the interac-
tions between health and biodiversity raises many research questions linked to its 
implementation regarding the ecological and epidemiological patterns and the asso-
ciated indicators and stakeholders involved in monitoring at local level. 

 First, a controversy remains within scientifi c communities about the ambiguity 
of this conceptual framework merging biodiversity and health interactions. As bio-
diversity erosion and environmental changes clearly increase the risk of zoonotic 
disease emergences (Blasdell et al.  2011 ), the diversity of the living, including 
pathogens, may also be perceived as a source of potential “danger”. Nevertheless, 
since 2005 the paradigm of ecosystem services frames for scientists, institutions 
and civil society the role that biodiversity plays in terms of disease regulation. 
However, we still know few about these regulation mechanisms and functions in the 
fi eld of zoonotic diseases (Jones et al.  2008 ). If these functions have already been 
studied and partly understood in the framework of agriculture pests, few are cur-
rently known about the regulation mechanisms that biodiversity provides for animal 
and human health protection. 

 Then, one has to fully accept how intrinsically complex this type of research is. 
It calls for multi- and interdisciplinary methods and topics. On one hand, under-
standing biodiversity and ecological dynamics refers to complex system modelling. 
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On the other hand, health is also in itself a complex issue merging biomedical, 
social, cultural and psychological factors. A fortiori, interlacing biodiversity and 
health issues by understanding their interactions will lead to the modelling and 
designing of joined complex systems. If ecosystem approach to human health such 
as ecosystem services or the EcoHealth initiative can provide an interesting concep-
tual framework, one has to be aware how diffi cult it is to put them in practice. 

 Last, ecosystem approaches to health also call for multilevel analysis, as address-
ing global stakes can only be achieved by crosscutting several local and regional 
issues. This last point adds complexity in the modelling and analysis approaches 
involving change of scale and taking into account geographical specifi cities. Beyond 
spatial and geographical scales overlapping, one has to add social networks overlap-
ping and crosscutting at different levels, again from local to international stages. 
Perception, defi nition and understanding of “ecosystem services” to human and ani-
mal health would vary a lot regarding different stakeholders. This perception will be 
infl uenced by the dependence of stakeholders to commodity chains involving natu-
ral resources (including livestock and agricultural products), by dependence on 
market balance and by understanding what human well-being is. However, this 
complex understanding is necessary to design appropriate indicators for the moni-
toring of ecosystem services to human and animal health. 

 Denying this complexity and looking for “recipes” and standard guidelines 
would lead to the same pitfalls community-based approach to natural resource man-
agement and integrated conservation have undergone since the nineties. Despite 
their huge potential in terms of integrative complex socio-ecosystems management, 
intersectorial and participatory approaches to natural resource management clearly 
failed their implementation in developing countries. They revealed huge gaps 
between rhetoric and practices. Integrative participative conceptual frameworks did 
not succeed in avoiding sectorial top-down projects implementation.  

19.2     Toward an Integrated Framework for Risk Assessment 
and Management? 

 This brings us to other questions: How are the global changes and their impacts 
perceived by different types of stakeholders, from international decision makers to 
natural resources users, and scientists? How do these various actors understand the 
patterns of zoonotic disease emergence and the interactions between environment 
and health? How does it interfere with cultural background, scientifi c disciplines, or 
traditional knowledge? In short, what are the representations that could provide a 
basis for Ecosystem Services and Disease Regulation’s (ESDR) implementation 
and monitoring in different cultural and socio-cognitive contexts? How different 
social groups perceive the notion of “zoonotic disease”, merging animal and human 
health? How do they understand the risks at play within environmental changes, 
their causes and their impacts? 
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 Assessing and monitoring health risks, from the “experts’” and scientists’ point 
of view, consists in the challenge of integrating disciplines from health, social sci-
ences and biodiversity fi elds. Several experiments and applied research projects, for 
example, in the fi eld of surveillance programs, have implemented such integrative 
approaches, merging together ecological and epidemiological data in multidisci-
plinary information systems (Witt et al.  2011 ). Geographic information systems 
involving remote sensing and earth observation merge epidemiology, ecology, mod-
elling of ecological and climate events into surveillance programs, highlighting dis-
eases’ vector-habitat expansion, animal and human population dynamics, land use 
changes, public health infrastructures, etc. This is clearly a fi rst step toward a One 
Health practical application, by integrating heterogeneous data into multidisci-
plinary programs. 

 But beyond “experts-based knowledge”, the integration of communities’ risk 
perceptions and knowledge could also lead to innovative models for zoonotic risk- 
coping strategies, innovative risk governance and innovative communication 
schemes. This very challenging process could help to build more bridges between 
risk managers and the users of natural resources, who are also the populations at 
risk. It could also provide new pathways in the framework of risk analysis, in order 
to improve risk communication between different interest groups. Indeed, commu-
nication remains an issue roughly neglected by risk assessors and risk managers 
(Roger  2012 ).  

19.3     Innovative Participatory Approaches for Risk Mapping 

 Participatory approaches, like participatory epidemiology or community-based nat-
ural resource management (CBNRM), have an important potential in terms of data 
extraction with different interest groups. They could be used in order to collect 
users’ knowledge about environmental and health risks, at the scale of a specifi c 
territory. They can also lead to collecting data to highlight the behaviour’s rules 
when people are facing risks, taking into account socioeconomic or sociopolitical 
stakes at play. 

 Then, through participatory risk mapping or experimental economics experi-
ments, innovative geographic information systems could be developed, including 
information layers defi ned by local communities. This would be really innovative in 
so much as it could also bring into the geographic information systems data regard-
ing the natural landscape representation and management. The spatial defi nition of 
what ecologists used to call a “landscape” should be investigated regarding the 
functional defi nition of a landscape making sense for communities involved. This 
could be very helpful for the defi nition of a functional scale for ecosystem services 
regulation diseases’ implementation at the level of a social territory. 

 This participatory approach to risk mapping raises different research questions, 
leading to a “new” socio-environmental model for risk assessment: What are the 
patterns of zoonotic disease emergence and the interaction between environment 
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and health at local level? How does it interfere with local practices and cultural 
background in terms of natural resource management, health perception and cul-
tural landscapes? Does the spatial defi nition of what ecologists use to call “land-
scape” fi ts with the functional defi nition of a landscape at community level in 
southern countries context? How indicators for monitoring the disease regulation 
functions according to experts’ knowledge could fi t communities’ knowledge? How 
are risks perceived at the landscape level? To which local knowledge does it refer 
(e.g. within Buddhism or animism cultural background to understand the causes of 
diseases)? Such approach to risk mapping could help in developing innovative geo-
graphic information systems including layers that make sense for communities: risk 
factors, risk manageability, socio-spatial stakes at play, environmental patterns, 
socioeconomic resources, perceived seasonality and periodicity of risk emergence. 

 Beyond the potential in terms of managing risks, designing such information 
systems constitutes a collaborative process of representation sharing involving het-
erogeneous stakeholders.  

19.4     Lessons Learnt from the 1990s: “Community-Based 
Natural Resource Management” (CBNRM) Programs 
for Innovative Decision-Making Process Within 
an EcoHealth Approach 

 Regarding risk governance and management involving various stakeholders, we 
really need, through social sciences inputs, to better understand what are the social 
and political spaces and networks where effective decision is taken by social actors, 
in order, for example, to open the negotiating table to the communities’ functional 
political leaders and to improve communication pathways between them and the 
institutional and technical risk managers. To that purpose, the huge experience and 
lessons learnt from CBNRM projects could be valorized regarding empowerment 
and sociopolitical tensions management, for example, knowing how risk assess-
ment and management can be a sensitive issue. We now have more than 20 years of 
experiencing community-based approach to natural resource management, as a 
strategy for rural development, local empowerment and conservation. Led by new 
ideas about the merits of decentralized, collective resource governance regimes and 
creative fi eld experiments (such as Zimbabwe’s CAMPFIRE), these community- 
based approaches evolved in a wide range of ecological, political and social con-
texts, mainly across Africa. These community-based programs aimed poverty 
alleviation, economic development and nature conservation objectives. 

 Community-based natural resource management (CBNRM) models work to 
strengthen locally accountable institutions for natural resource use and manage-
ment, enabling local groups of people to make better decisions about the use of land 
and resources. It involves the transfer of authority over natural resources to local 
communities, including potentially valuable resources such as wildlife and timber. 
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Thus, CBNRM programs are mainly dealing with major institutional reforms and 
fundamental changes in power for land tenure devolution, elite’s role, communities’ 
empowerment, economic development and environmental governance. In all 
instances CBNRM involves some degree of co-management of resources between 
central authorities, local government and local communities, which share rights and 
responsibilities through diverse institutional arrangements. The various forms of 
CBNRM and their many locally specifi c adaptations have greatly diversifi ed 
approaches to natural resource governance with heterogeneous stakeholders (Binot 
et al.  2009 ). As underlined by IIED authors, “Through its potential to develop more 
sustainable natural resource governance regimes, CBNRM is an important strategy 
for pursuing the goals of various multilateral environmental treaties, such as the 
Convention on Biological Diversity (CBD), the Convention to Combat Desertifi cation 
(UNCCD) and the UN Framework Convention on Climate Change (UNFCCC)” 
(Roe et al.  2009 ). Reviewing innumerable CBNRM case studies, this IIED review 
has emphasized how focus needs “to be placed on supporting CBNRM in a ‘demand- 
driven’ fashion, rather than conventional centralized project models that attempt to 
implement CBNRM through central government agencies. Emphasis should be 
placed on supporting local communities and civic organizations by building their 
capacity to engage in collective action that builds stronger political constituencies 
for resource governance reforms” (Roe et al.  2009 ). 

 Looking forward on more than 20 years of CBNRM projects, one should also 
note how participatory monitoring approaches involving appropriate indicators are 
needed. Despite the vast amount of CBNRM projects, quantitative and qualitative 
data on their social, economic and environmental impacts of community-based 
projects are lacking. Part of the problem lies with poor or incomplete design and a 
lack of understanding by project implementers of what it is that really should be 
measured. As underlined by Roe et al. ( 2009 ), “(…) part of the solution lies with 
community engagement in monitoring project successes (and failures). (…) subse-
quent monitoring is empowering for communities and instructive for project imple-
menters. Properly designed and structured projects will provide for quantitative and 
qualitative self-assessments of project impacts by communities themselves long 
after the project has departed”. 

 It is well known that One Health initiative has to face the huge challenge of going 
beyond sector-based policies and top-down approach (Roger  2012 ). Lessons learnt 
from community-based environmental governance schemes could be valorized 
toward “new” governance models for risk management. Indeed, within the ecosys-
tem approaches to human health considering humans as integral parts of ecosystems 
(cf. EcoHealth), “local-level-involvement” appears as one of the key objectives to 
be achieved. 

 Since its fi rst steps in 1996, EcoHealth approaches have strongly supported 
transdisciplinarity, systemic approach, multi-stakeholder participation, equity, envi-
ronmental sustainability and evidence for community-based interventions (Charron 
 2012 ). CBNRM projects have experienced institutional design that creates effective 
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local incentives for collective action under communal tenure arrangements. This 
governance framework could be explored to risk management strategies at the scale 
of a natural landscape within an EcoHealth approach, for example. As underlined 
by Charron ( 2012 ), “The ultimate objective of Ecohealth research and practice is to 
develop environmentally sustainable, community-based interventions to improve 
the health of affected communities. Much success has resulted from the incorpora-
tion of community transformation and empowerment as key project objectives”. 

 On the same line, a new approach, called community-based adaptation (CBA), 
aims at helping poor people at greatest risk from climate change to adapt to its 
impacts. Indeed, climate change’s impacts are disproportionately affecting poor 
communities, and it is vital that these communities are helped to adapt to climate 
change and cope with any future risks related to climate change. Providing interna-
tional aid to poor countries does not guarantee reaching the poor and most vulner-
able communities. In order to achieve this challenging goal, community-based 
adaptation (CBA) constitutes new community-based development activities, prac-
tices, research and policies (as developed by Dr Saleemul Huq, senior IIED fellow, 
IISD  2007 ). CBA really seems to be in line with both CBNRM and EcoHealth, as it 
proposes to merge natural and social sciences and participatory approaches in order 
to identify and support the most vulnerable communities to climate change. “These 
are generally very poor, depend on natural resources and occupy areas already prone 
to shocks such as fl oods or droughts. Once a community’s vulnerability has been 
established, using the best available science on climate change impacts, the process 
of engagement with the communities can begin”. 

 As for CBNRM projects, challenges remain to the implementation of an 
EcoHealth approach and no recipes can be offered. Functional and equitable part-
nerships have to be built taking into account the complexity of the processes. As for 
CBNRM projects, EcoHealth emphasizes the involvement of communities as a key 
parameter for success, before government’s role. As for CBNRM projects, 
EcoHealth stresses social equity and promotes strategies for community participa-
tion and empowerment, respectively, for the solution of environmental and health 
problems.  

19.5     Sharing Knowledge and Power Within Risk 
Governance 

 Getting communities involved, beyond passive participation, remains a tricky chal-
lenge in the framework of One Health/EcoHealth approaches. It deals with the issue 
of power sharing and communication gaps between communities and “risk special-
ists” as well as within communities. 

 Considering risk management, the heterogeneity of perceptions and social repre-
sentations of risks at play has to be taken into account. Recently, the Food and 
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Agriculture Organization (FAO) of the United Nations underlined the fact that clas-
sical risk-based approach to animal disease risk management has to better take into 
consideration the knowledge, perceptions, behaviour and reactions of people (FAO 
 2011 ). As such, FAO experts recommend the implementation of strategies that are 
both “risk based” and “people centred”. These new approaches emphasize the 
importance of understanding human behaviour in value chains, focusing on behav-
iours that can either moderate or exacerbate risk. They take into account people’s 
perception of risks, drivers of behaviour (economics, knowledge and understanding, 
peer pressure, morality), in an effort to determine how to infl uence behaviour. 
“Different groups may have very different perceptions of a particular risk and very 
different ideas of the assessed risk. Both of these issues require good risk commu-
nication to achieve an effective risk management policy. (…) In this respect, it 
becomes important to fully comprehend the roles and motivations of the different 
people involved in the value chain” (FAO  2011 ). 

 Some participatory modelling experiments have proposed very interesting path-
ways in order to share co-designed representation of dynamic socio-ecosystems, 
integrating various actors’ perceptions. This approach, even if time consuming, pro-
vides a detailed analytical framework for the interactions and stakes at play between 
various stakeholders, even when it raises confl icts. It aims at revealing the diversity 
of points of view. It provides a conceptual model of socio-ecological interactions at 
work in a given system, involving various stakeholders. 

 These participatory methodologies, such as ComMod (Etienne et al.  2011 ), 
involve different types of actors of a given sociobiological system. It enables to 
consider, with the same level of importance, the different types of social and envi-
ronmental knowledge, brought by the different stakeholders (Bousquet et al.  2011 ). 
They build together one or several conceptual models, which can, if relevant, be 
implemented on a computer and are used to design a role-playing game involving 
the stakeholders. Thus, the resulting co-designed model is used as the instance of 
the shared representation in game sessions where the different actors play their own 
role or interchange their role with each other. Here, the models are not intended to 
forecast. They are the result of a participative process for a shared representation 
between the stakeholders of the system of interest (   Bousquet and Trébuil  2005 ). The 
main idea is that companion modelling, by rendering explicit known and hidden 
processes, as well as actor strategies, can be used by stakeholders themselves to deal 
with their own problems for identifying commonly accepted solutions and consulta-
tion pathways. The role of scientists here is mainly to frame and backstop the mod-
elling process and to implement the model into game sessions. 

 As ComMod approach has been successfully applied for natural resource man-
agement in different multi-stakeholder contexts (   Dumrongrojwatthana and Trébuil 
 2011 ), its application to ecosystem health approach seems to be very relevant and 
should be explored in order to promote participatory and consensual risk gover-
nance pathways.  
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19.6     Lessons Learnt from Applied Ecosystem Management 
Projects 

 Ecosystem approach to health deals with the issue of both environmental risks, on 
one hand, and health risks, on the other hand. Beyond research experiences, lessons 
should also clearly been learnt from applied goal-driven frameworks such as eco-
system management approaches, applied by Man and the Biosphere (MAB) proj-
ects in the 90s (Harwell et al.  1999 ). Ecosystem management integrates scientifi c 
understanding of ecological relationships within societal contexts. It emphasizes the 
need for a shared vision for ecosystem use and development, including access to 
decision making and various perceptions of “geographical” development. It pro-
motes the positive coupling of environmental and economic security within an 
adaptive management process, sustainable at landscape level. Thus, ecosystem 
management is fully enrolled into an environmental risk characterization process 
exploring outcomes of various scenarios, beyond natural resource management 
issues. Then, identifying the “at-risk systems” and its social actors and populations 
is the key issue in terms of problem formulation within an ecosystem management 
process (   Stern and Fineberg  1996 ). To this issue, a huge range of different data is 
needed, from ecological to political, through social and economics. 

 Even if ecosystem management aims at environment protection, it clearly calls, 
in its application, for interdisciplinary risk characterization aiming at reducing 
uncertainties within an adaptive decision-making process. In its philosophy, adap-
tive ecosystem management potentially fi ts an EcoHealth approach.  

19.7     Conclusion 

 Lessons learnt from several community-based, participatory and adaptive manage-
ment initiatives since the 90s could be promoted in the frame of a One Health 
approach’s implementation, in order to improve risk communication and to help 
turning rhetoric into reality. 

 Regarding how diffi cult it is to deal with these multilevel, multi-stakeholder and 
multidisciplinary issues, we, as researchers, should accept that the improvement of 
risk communication pathways within a One Health/EcoHealth approach constitutes 
a key research question and calls for the co-designing of shared socio-ecosystem 
representation. This could lead to the characterization of functional socio- 
ecosystems, to the defi nition of relevant scale for managing environmental health 
risks, allowing monitoring approaches that involve local communities. 

 This type of approach raises research perspectives at the edge of ecology, epide-
miology and social sciences for a better management of zoonotic risks involving 
diverse stakeholders. 
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 Multilevel (planet/village) and multi-stakeholder diagnostics are then necessary 
to identify relevant social networks, opening new political spaces. Improving com-
munication between stakeholders at each level, through participatory approaches, 
implies to share knowledge and perceptions between researchers, decision makers, 
targeted communities, natural landscape users, etc. Knowing that, we should defi -
nitely accept (and force decision makers and donors to accept) that integrative risk 
management is a long-term “learning process,” iterative and time consuming.     
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