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Long French summary

La propagation en Asie, en Europe et en Afrique du virus Influéniaire hautement
pathogene (IAHP) H5N1, I'épidémie de A/HIN1pdm en 2009, I'émergémdédnfluenza
Aviaire faiblement pathogene (IAFP), mais zoonotique, H7N9 en Cblme013 et la
circulation récente de I'TAHP H5N8 en Europe, montrent que I'évolytermanente de ces
virus chez les oiseaux, les humains et les porcs, représerrisque en santé humaine et
animale au niveau mondial. Au cours des 10 dernieres années, deemorafforts ont été
faits pour renforcer les capacités en santé publique einadtér Malgre tout, le virus IAHP
H5N1 reste endémique dans certains pays ou il peut paspergnalans les populations de
volailles tout en provoquant des cas humains. Ces pays sont cagacfaisle fait qu'une
majorité de leur population vit en zones rurales, par I'absdac®y/stémes de santé primaire
et par I'inefficacité des secteurs de santé.

Le virus IAHP H5N1 est apparu en Chine méridionale en 1998, aveprdéesiers cas
humains a Hong Kong (Claas et al., 1998). La maladie se prapagda suite a I'extérieur de
la Chine fin 2003, entrainant des flambées épidémiques chez lestprodiude volailles dans
plusieurs pays d’Asie. A partir de 2005, le virus de l'influenzaidvihautement pathogene
H5N1 se déplaca plus a I'Ouest et fut détecté dans 63 fpayshie et al., 2012) en Asie, en
Europe et en Afrique. De nos jours, le virus circule encore darsepls pays (Chine,
Vietham, Cambodge, Indonésie, Bangladesh, Inde, Népal et Egwse)quelques foyers
sporadigues en République démocratique populaire du Laos et aumstyéFAO, 2013). En
2014, la maladie fut de nouveau détectée chez la volaille au Camlzadiyetnam et au
Laos (pour la premiere fois depuis 2007). Aucun foyer ne fut déplar I'lndonésie du fait
gue la maladie a été officiellement déclarée endémiqueQi&r €n septembre 2011 (tableau
1). Le contréle de la maladie reste un enjeu de santé publiqugisen des inquiétudes sur
le potentiel du virus IAHP H5N1 a devenir la prochaine souche paqdé
(Pongcharoensuk et al., 2011). Depuis le début des épidémies, pUGEOdmillions de
volailles sont mortes suite a la maladie ou a I'abattage (FAO, 2013), dont (s dsllions
pour I'Asie du Sud-Est seulement (Pfeiffer et al., 2013). L'influenx&@ire hautement
pathogene H5N1 a ainsi eu un impact dévastateur sur le secteuvalaille en raison des

mesures préventives d'abattage et des restrictions sur laetoe mais également sur les



moyens de subsistance de milliers de petits producteurs assagjigjugagnaient leur vie grace
a I'élevage de volailles, du fait que le taux de mortalité de la maladse@steur a 50.

Le nombre de cas humains depuis le début de I'épidémie ese eptativement faible. A la
date du 2 octobre 2014, on recensait un total de 668 cas humains confidaé398 déces
notifiés a 'OMS dans 16 pays (OMS, 2014a). Quatre cent huitntagé signalés en Asie du
Sud-est ; I'Indonésie ayant le taux de létalité le plus élevaoamae, estimé a 83 % (tableau
1). La voie de transmission principale de la maladie de la Mokil'homme est le contact
direct et prolongé avec des animaux malades (Fournie et al., 20d#gfdis, il est tres
probable que les taux de létalité basés sur les déolmatfficielles a 'OMS soient
surestimés en raison des sous-déclaration, notamment des cas monamertels (Pfeiffer
et al., 2013). Toutefois, il n'y a a I'heure actuelle aucune preustogigue sans équivoque
concernant la proportion de cas asymptomatiques ou modérénmaptosyatiques chez

I'nomme (Toner et al., 2013).

Le secteur de la volaille dans le bassin du Mékong (LBM) sact@ise par une forte
proportion de petits éleveurs. Le Cambodge et le Laos ont feusdadustriel le moins

avancé de la région, avec 85 % a 95 % des troupeaux présentssdsystdees villageois
(Behnek, Otte et Roland-Holst, 2010 ; Otte, 2008). Pour le Vietnam, chie 90 % des

troupeaux sont aussi produits de fagcon familiale, les sedtelustriels et semi-intensifs sont
plus importants avec seulement 50 % de la totalité de la populde volaille nationale

élevée dans des cheptels de moins de 50 animaux (Otte et al., R008)a Thailande, le

secteur intensif inclue 70 % de la population de volaille nations@ene si 90 % des

troupeaux sont toujours élevés a petite échelle (Heft-NedhnB-Holst et Otte, 2012). La
Thailande et le Vietnam se distinguent par leur grande populdéi canards en divagation ;
13 millions pour la Thailande et 65 millions pour le Vietham. Ceawont élevés de fagon
traditionnelle, les animaux étant nourris des reliquats de récoltie ¢@ilbert et al., 2007 ;

Henning et al., 2012).



Tableau 1: Nombre cumulatif de foyers d’influenza aviaire hautment pathogene a
H5N1 en Asie du Sud-est (20 Janvier 2015)
Foyers aviaires Nombre cumulatif de Foyers

Cas
déclarés a I'OIE cas humains déclarés  aviaires _
. . . ’ ’ humains en
(premiére — derniere al'OMS détectés en
’ . - 2014 (morts)
déclaration) (mortalité totale) 2014
Vietnam 2720 (2004-2014) 127 (64) 45 2 (2)
Endémique
Indonésie 261 (2003-2006) 197 (165) depuis 2(2)
26/09/2006
Cambodge 42 (2005-2014) 56 (37) 5 9 (4)
Laos 19 (2006-2014) 2(2) 1 0N(0))
_ Pas de foyer
Thailande 1141 (2003-2008) 25(17) . 0N(0))
depuis 2008
Pas de foyer
Myanmar 115 (2006-2012) 1(0) _ 0(0)
depuis 2012
. Pas de foyer
Malaisie 16 (2004-2007) 0] . 0](0))
depuis 2007
Philippines Pas de foyers

http://www.who.int/influenza/lhuman_animal interface/EN_GIP 20140727 GiiveiNumb
erH5N1cases.pdf?ua=1

http://www.oie.int/fleadmin/Home/fr/Animal_Health _in _the Wadidocs/pdf/Graf avian_inf
luenza/graphigue IAHP_04 12 2014.pdf

En réponse aux crises de la grippe aviaire hautement patho@dite dans la région, les
organisations internationales et les différents bailleurs dégian ont mis au point plusieurs
initiatives de renforcement des capacités dans les paysé®ouwt ont mis en place divers
programmes de surveillance active (surveillance sérologiquieokigique des troupeaux de
canard, surveillance dans les marchés de volailles vivantdsntdlonnage d'oiseaux
sauvages etc..) (FAO, 2011 a). Dans certaines régions, ceedagtont réussi a révéler la
présence du virus ou a détecter sa circulation au tout débutrdgaddie dans les populations
de volailles. Elles sont cependant difficiles a maintenir esomade leur codt élevé en
ressources humaines et en matériel de laboratoire. Ainsiurieeilkance passive et la

déclaration volontaire des suspicions restent nécessaires iatiemae la surveillance de



l'influenza aviaire hautement pathogene H5N1 dans les pay®la favenu de la région,
d’autant plus du fait du déclin actuel des financements extérieurs régulie

La surveillance passive (évenementielle) des maladies asirebleumaines est souvent le
seul type de surveillance applicable en milieu rural, mémee type de surveillance est
soumis a de nombreuses limites dans les deux secteurs. Eil gfeetlairement un manque
de sensibilisation de certaines communautés qui ne parvienneatr@asnnaitre, a un stade
suffisamment précoce, les signes cliniques de la maladideheiseaux tout comme a relier
la présence de la maladie chez les animaux a des symptharthomme. S’ajoutent a ce
manque de connaissances des réticences de la part des &edécdlarer les cas animaux en
raison des impacts négatifs directs ou indirects des medeitaie. Cela a souvent conduit a
la découverte de la circulation de IAHP H5N1 dans une région d'ad@orth détection d'un
cas humain. Ces zones rurales sont de plus généralement conféontéepénurie de centres
de santé dans le secteur humain comme dans le secteur amm@aina la population a se
tourner vers le secteur privé, les revendeurs de médicaments guétesseurs traditionnels,
qui ont des compétences insuffisantes et qui ne sont souvent pagi@amlans les systemes
nationaux de déclaration des maladies. Produisant une information ieteniphisée ou
transmise avec des délais importants, la surveillance pas$figsoin d'étre améliorée par de
nouvelles approches mises en ceuvre dans un cadre «One Healthant pre compte les
interfaces entre humains, animaux et environnement. Nous avons donc, denihess,
congu et/ou appligué de nouvelles méthodes d'évaluation, de conception dioditiorede

la notification des cas d'lAHP H5N1 chez I'animal et chez I'hnomme en Asie dsisud-

OBJECTIFS

L'objectif principal de ce travail de recherche était deetest de proposer des méthodes
novatrices pour accroitre la participation des communautéssudains la déclaration des
maladies zoonotiques afin d’améliorer l'efficacité des systedee surveillance en santé
humaine tout comme en santé animale. Cependant, faute de tempsisbe de contraintes
pratiques, nous avons da limiter notre champ d'étude, la populatibtes s attributs de
surveillance que nous voulons améliorer et, par conséquent, le typétiiades ou d'outils a

mettre en ceuvre.



Nous avons concentré nos recherches principalement sur la sitdatiinfluenza aviaire

hautement pathogéne H5N1 au Cambodge, a I'exception de l'ungtlexdes d'évaluation
(modélisation en arbre de scénario) qui a été appliguée en Thapeutedes raisons

pratiques. Nous avons travaillé principalement sur la senéjliicceptabilité et la rapidité
de la surveillance. Nous n'avons pas pris en compte lesesritconomiques du fait des
difficultés d'acces aux données financieres sur le colt de la sameeill Nous avons
sélectionné différents outils et méthodes que nous avons considérés aetant les plus
appropriés a notre contexte de recherche (modélisation ea debiscénario, évaluation
gualitative et semi qualitative, évaluation participative, ugrtion pilote, analyses

multivariées, analyse spatio-temporelle et analyse multieyitér

Dans ce travail, nous avons examiné deux aspects différentsutddlance : la conception
et I'évaluation, qui sont en réalité interdépendants. Une évaluadiéquate est nécessaire
pour identifier les éléments clés de la surveillance a areélietr pour étre en mesure de

sélectionner les outils ou les méthodes les plus appropriés pour paruee amélioration.

Les objectifs spécifiques sur I'évaluation de la surveillance

L'évaluation est un élément clé dans I'amélioration desmsgstde surveillance. En effet, des
évaluations régulieres et transparentes peuvent permettremeilieure utilisation des
ressources pour la surveillance (surtout dans les zones oudearces sont limitées). Elles
permettent également une prise de décision plus objective,amésiorations dans la
conception du systeme et une acceptation accrue des rédulitsteme par les intervenants
au niveau local (par exemple, les agriculteurs, les véiées) et au niveau national (par
exemple, le laboratoire de référence, les vétérinaires au nivetalre

Plusieurs cadres d’analyse ont été utilisés en santé humainenetie, décrivant les attributs
qui peuvent étre évalués afin d'estimer le rendement etd@téicde la surveillance. Dans ce
contexte, le terme « attributs » est utilisé pour désigeernbmbreuses caractéristiques
guantifiables des systémes de surveillance. Dépendants trurgacpidémiologiques,
sociologiques et économiques, les systemes de surveillance peugerdréplexes, comme
le sont les attributs pour les décrire. Selon un rapport qui t®thepidiscussions d’experts de
la surveillance lors d'un atelier qui a eu lieu en 2011 juste dsaptemiére conférence
ICAHS (International Conference on Animal Health Surveillanognl,. France) et qui est

mis en ligne sur le site du AHVLA (http://www.defra.gov.uk/ahetddisease-



control/surveillance/icahs-workshop/), on recense 29 attributs auiepe potentiellement
étre évalués. Le choix des attributs a évaluer est étroitdidentobjectif de I'évaluation et a
l'objectif du systeme de surveillance. Lorsque I'on considersutaeillance de maladies
zoonotiques, l'un des objectifs les plus importants consistespnéent a détecter la maladie
chez les animaux afin d'éviter des cas humains. Par la suiltege maladie zoonotique est
déja présente dans le compartiment humain, le systeme délanceedoit étre en mesure de
la détecter et d’en identifier la source afin d'éviter uneacoimation. Afin d'évaluer si la
composante passive de la surveillance peut assurer la détecéooce des maladies
zoonotiques, et plus spécialement de I'lAHP H5N1, nous avons piiecipat besoin
d’évaluer la qualité de la preuve fournie par le réseau deikamee, ce qui revient a une
estimation de la sensibilité de la surveillance (Se) esalgapidité de détection. Selon
I'évolution de la maladie, la sensibilité (Se) peut étrerdddabilité (i) de détecter la maladie
au-dessus d'un certain taux de prévalence (pour les zones isddennealadie) ou (ii) de
détecter les vrais cas ou foyers (pour les zones ou la maktd@démique). La rapidité d’un
systeme de détection est souvent définie par lintervalle dpstemtre |'apparition de la
maladie et la mise en place du contrdle. La sensibilité etspect des délais dans le systeme
de surveillance sont connectés aux autres attributs importamts slurveillance passive,
comme l'acceptabilité. Cet attribut est lié a l'adéquatiola pertinence des objectifs de la
surveillance, ainsi qu'aux attentes et perceptions des intervenants quarft@tdu systeme.

La sensibilité, la rapidité de détection et I'accept&béiiaient considérés dans ce travail de
recherche comme des attributs clés a évaluer. Nous avons salestionné plusieurs
méthodes d'évaluation afin de vérifier leur utilité dans latsitaaes pays en développement

et dans le but de fournir des indications sur la facon dont ils peuvent étre appliqué

Nous avions trois objectifs spécifiques selon le type de méthode choisie :

(1) examiner la faisabilité des méthodes qualitativesrat gaantitatives de I'évaluation des
systemes de surveillance (en santé humaine et animale) appiquer a notre contexte
d'étude ;

(2) appliquer des méthodes de modélisation d’arbre de scénaricudauesys en voie de

développement ;

(3) développer une méthode participative d'évaluation afin degseulila valeur de la

participation au processus d'évaluation de la surveillance.



Les objectifs spécifiques sur la conception des systemes de anpeill

Dans des contextes ou les ressources pour la surveillance sont resétesioievent tributaires
de financements extérieurs incertains et variables, unét@ritmit étre placée sur |'utilisation
de méthodes de surveillance rentables telles que I'utilisdéaéléphones portables ou de la
surveillance basée sur le risque. Une autre priorité conviendi@@foration de programmes
de formation sur mesure pour les auxiliaires de santé anifivalé'améliorer leur pérennite,
I'acceptabilité des activités de déclaration et de pemnetbe allocation optimale des
ressources. Dans ce travail de recherche, nous avons sélectideste equatre approches
différentes qui pourraient étre utilisés pour concevoir une sumvedlgplus efficace.
L'utilisation des téléphones mobiles pour déclarer la mortaliténale, I'évaluation des
criteres qui pourraient influer sur l'efficacité des auxdiairde santé animale dans la
surveillance, I'utilisation de l'analyse spatio-temporetlergcomprendre la propagation de la
maladie au niveau local et les analyses multicriteres aélalabrer une carte de risque de
I'IAHP H5N1 chez 'lhomme.

Nous avions trois objectifs spécifiques pour cette section :

(4) tester la faisabilité de l'utilisation de téléphones itesbpar les auxiliaires de santé
animale pour déclarer la mortalité animale ;

(5) valider nos outils d'évaluation participative et utiliser iésultats afin de proposer des
recommandations pour la formation des auxiliaires de santé animale ;

(6) mieux comprendre le risque d'infection humaine associé apagation de la maladie au
niveau local, afin de produire une carte de risque pour la cooneajsisurveillance basée sur

le risque.

Dans la derniere partie de I'étude, nous avons mis en place Ugseasystématique des
projets de recherche menés par le CIRAD sur les systéengsrveillance a Madagascar et au
Cambodge. Nous avons produit une syntheése narrative des résultatsetdddrche afin
d’analyser et de revoir leur faisabilité, dans le but de détemmeurs avantages et de
stratégiquement formuler des recommandations et des interventions sfétadaées.
L'objectif (7) de cette section était de fournir des recamuations génériques pour

I'amélioration des méthodes de surveillance dans les milieux pauvres.



LES ETUDES DE RECHERCHE

Afin d'atteindre notre objectif principal et les object#igécifiques détaillés dans la section
précédente, neuf (9) études ont été mises en ceuvre (Table 2) :

(2) Evaluation semi-qualitative de la surveillance IAHP H5N1 deszanimaux a l'aide
de l'outil d'analyse des systemes de surveillance pour lestiogysaux (SNAT Trop) au
Cambodge.

(2) Evaluation qualitative de la surveillance IAHP H5N1 dans les popogalhhumaines et
animales a l'aide de la méthode "Faiblesses, Opportunités, derfaarces" (SWOT) au
Cambodge.

Au cours de ces deux études, nous avons réalisé une évaluation datitprganisation et du
fonctionnement de la surveillance au Cambodge de I'lAHP H5N1 tesmgpopulations
humaines et animales en utilisant des méthodes qualitativesmegsalitatives afin de
produire des recommandations pour améliorer la détection précedeydes et d'intégrer
surveillance humaine ET animale.

(©)) Evaluation quantitative du systeme de surveillance IAHP H5N§ @apopulation de
volaille traditionnelle en Thailande en utilisant I'analyse d&slde scénarios (STA Thai).
Nous avons développé un arbre de scénarios stochastiques pour enostékvaluer le
systeme de surveillance de linfluenza aviaire a H5N1 erildride dans les systemes
traditionnels (basse-cour et volailles en parcours libres)jdctbétait d'estimer la sensibilité
de chacune des composantes de la surveillance, et plus spécifigua sensibilité de la
surveillance passive, afin de démontrer I'utilité de cettdoaket pour évaluer I'absence de la
maladie dans les pays a ressources limitées.

(4) Conception d'une grille d'évaluation participative pour les ntsge
communautaires/villageois en santé animale (PE VAHW) au Cagebddobjectif était
d'impliquer, par des méthodes participatives, les agents vilge santé animale dans leur
propre évaluation afin d'améliorer leur participation actiVe surveillance de I''AHP H5N1,
et plus particulierement en termes de déclaration des cas.

(5) L'analyse multivariée des facteurs qui influencent |'efftéades agents villageois en
santé animale (EF VAWH) au Cambodge. L'objectif était dedemlla grille d'évaluation
participative congue dans I'étude 4, en évaluant le niveawcdtfé de 251 agents dans trois
provinces limitrophes du Vietnam.

(6) Etude pilote sur les apports de la téléphonie mobile (FREPIG SMS). Nous avons

défini et mis en place une étude pilote pour tester |'utdisate la messagerie par téléphone



mobile avec 112 volontaires de 68 villages. L'objectif étaittdfobdes données de mortalité
de référence afin de détecter les pics de mortalité aggrdifier les épidémies de maladies
infectieuses plus rapidement.

(7) Analyse spatio-temporelle des foyers de IAHP H5N1 ami@dge (STC Analysis).
Les villages déclarés officiellement infectés représergeavent la pointe de l'iceberg ; les
délais entre le premier cas et sa détection permettgrbfmgation du virus de maison en
maison, de village en village, par transmission directe ou irtdiréCette étude visait a
comprendre comment la propagation locale a eu lieu et a iden&é déterminants les plus
importants dans cette propagation afin de limiter le nombige teille des futurs foyers dans
les populations de volailles.

(8) La cartographie des risques d'infection a H5N1 chez les ihen{®CDA) au
Cambodge. Dans la derniére section, nous avons utilisé l'anafisdespombinée a 'analyse
décisionnelle multicriteres (MCDA) pour réaliser une cagigrésentant le risque d'infection
humaine au Cambodge. Cela permet d'ajuster et de renfosrevéllance dans les zones ou
il y a des risques accrus d'apparition de la maladie.

©)) Pour conclure ce travail sur les outils et méthodes destir&snalioration des
systéemes de surveillance dans les régions des pays les amam=s, nous avons effectué
une analyse comparative (revue narrative) du Cambodge et de Mazatagastermes de
surveillance. L'objectif était de proposer de nouvelles appraahesrveillance pour des pays

a environnements socio-économiques difficiles.



Tableau 2: Correspondance entre les objectifs spécifiques dethése et des études de terrain.

1- examiner la faisabilité des méthodes qualitatives et
guantitatives de I'évaluation de systemes de surveill
(en santé humaine et animale) les appliquer a notr
contexte d'étude.

2- appliguer des méthodes de modélisation d’arbre

scénario dans un pays en voie de développement.

1 2 3

3- de développer une méthode participative d'évalug
afin de souligner la valeur de la participation au proce

d'évaluation de la surveillance.

4 5 6 7 8 9

4- tester la faisabilité de I'utilisation de téléphones nest
pa les auxiliaires de santé animale pour déclare

mortalité animale.

5- valider nos outils d'évaluation participative et utiliser
résultats afin deproposer des recommandations poul

formation des auxiliaires de santé animale.

6- mieux comprendre le risque d'infection humaine ass
a la propagation de lenaladie au niveau local, afin ¢
produire une carte de risqugmur la conception d|

surveillance basée sur le risque.

7- fournir des recommandations génériques
'amélioration des méthodes de surveillance dans

milieux pauvres




ORGANISATION ET PLANNING DES ETUDES
Ces neuf études ont été réalisées sur une période de 4 ans (de ZIA puis en 2014),

comme le montre le tableau 3.

Tableau 3: Planning des neuf études au cours de 4 années de recherche

2010 2011 2012 | 2013| 2014

Collecte de données pour I'analyse qualitative du sy steme de
surveillance animal

Mise en place de la méthode SNAT

Collecte de données pour I'analyse qualitative du sy steme de
surveillance huamain

Mise en place de les arbres de scénario en Thailande

Evaluation participative

Analyse multifactorielle des scores d'effectivités de s VAHWs
Etude pilote sur les déclarations par SMS

Investigation de foyers pour les analyses spatio-tempo relles .
Analyse par décisions multicriteres
Synthése narrative: comparaison entre Madagascar et le Cambodge

La majorité des études ont été financées par le programme RBVMAResearch for

Evaluation of Avian Influenza Surveillance in South East Asia), naraghe pris en charge
tout d’abord par la “Direction Générale de I'Alimentation” (DIGQA puis par I'Agence

Francaise de Développement (AFBitp://revasia.cirad.fr/en/

La figure 1 représente un résumé des sujets de rechardieqae des différents terrains
utilisés au cours de cette these. Concernant la section dédéladtion, nous avons décrit
le type d’outils ou de méthodes utilisés (en bleu) en lien avewdaumide I'évaluation mise
en place (e.g. évaluation globale du systeme ou évaluation d’uatséult (sensibilité) - en
rouge). Pour la section sur la conception des systémes de snoeilleous avons décrit le
type d’outils ou de méthodes utilisés (en bleu), la composkngirveillance concernée par
I'amélioration (collecte d’information, conception basée sur le risigumation, - en noir) en
lien avec I'attribut de surveillance affecté (couverture, ptat®lité, sensibilité, spécificite, -

en rouge).



Figure 1: Schéma illustrant les relations entre les 9 étas réalisées au Cambodge et en
Thailande, entre 2010 et 2014, afin d’améliorer la surveillance desaladies zoonotiques

en zones rurales défavorisées.

RESULTATS DES DIFFERENTES ETUDES DE RECHERCHE

Méthodes d'évaluation des systémes de surveillance

1. Principaux résultats de I'évaluation de la surveillance de I'NAHP H5KChabodge
a-) Evaluation qualitative des deux systemes

L'influenza aviaire hautement pathogene (IAHP) H5N1 est H#etuent considérée comme
endémique dans les populations de volailles du Cambodge, aveteherisd'un nouveau
virus de clade 1.1A détecté uniqguement dans ce pays (Sorn et al., 28d8)de nombreux
cas, la maladie diagnostiquée H5N1 est d’abord rapportéel’tt@mme entrainant par la

suite une enquéte en élevage.



Les deux systéemes de surveillance, animale et humaine, remusenn vaste réseau de
bénévoles au niveau du village : les agents villageois de santélanmar le secteur
vétérinaire et les volontaires de santé villageois (VSV) ésurhembres des groupes de
soutien de santé villageois) pour le secteur de la santgpeblCes bénévoles ne sont pas
payés par le gouvernement. Dans le secteur de la santgueybia majorité des VSV
recoivent des incitations des ONGs alors que les agents villade@anté animale doivent
générer leurs propres revenus. L'efficacité de la tiétede la maladie dépend de la qualité
de la relation qui existe entre le bénévole et le patientleudidr. Dans les deux systemes, ce
lien est généralement ténu. En santé publique, comme mentionreeloiss entretiens et
dans la littérature scientifique, les patients se méfient généraleomentteur public préférant
d'abord chercher l'aide du secteur privé (55,5% des patientda premiére consultation) ou
du secteur non médical (6% les patients) (NIS, 2011). L’absenapldtation du secteur
privé au systeme de surveillance de santé publique retkmdesouvent le temps de détection
d’'un cas de H5N1. Dans le systeme de surveillance vétéritapton de contréle appliquée
par le gouvernement, a savoir |'abattage de toutes les wlailsentes dans le village, et ce
sans compensation aucune, est redoutée par les éleveuragenes communautaires. Par
conséquent, pour la grande majorité des personnes interrogées,iea@tmtégie consiste a
gérer les foyers localement. Certains éleveurs utilisentésiafectants virucides eux-mémes
(le plus souvent TH4 + qui est une combinaison synergique de contegigaraldéhyde et
d'ammoniums quaternaires), ou parfois avec l'aide du servicena@teriocal quand il une
relation de confiance est établie entre eux. Mais le plus sblegéleveurs préférent vendre
leurs animaux malades, ou suspects, a d'autres villages éfitted’'une perte économique

importante en cas abattage obligatoire.

Un autre paralléle entre les systémes de surveillance heratvétérinaire est la présence de
composantes de surveillance actives financées par desitsadldernes (sur les marchés de
volailles vivantes ou dans des fermes de canards sentinelles ; sureefenromique fébrile
chez 'Homme). Ces composantes sont souvent plus sensiblesnettpet une détection
virale. Sur les marchés de volailles vivantes, le virus estlieggment détecté chez des
animaux ou dans des échantillons environnementaux (18% des échantilloné watées
positifs, et 2% ont permis un isolement viral (Horm et al., 2013)pe@dant, aucune mesure
n'est prise et il est généralement impossible de connkdtigine de ces animaux. Chez
I'nomme, cette surveillance active a permis la détectioh das humains (voir annexe 12),

mais la couverture réelle de la population reste tres faMiéme si les méthodes de



surveillance active ont réussi a démontrer la présence du viassseht trop colteuses pour
étre maintenues durablement par les autorités nationalesaréculier avec la diminution
post-crise des aides financiéres.

Un défaut commun entre le systéme humain et animal a é@nnéigidence : I'absence d'une
stratégie d'évaluation interne réguliere. En effet, les dgstermes ont été évalués seulement
de maniére partielle.

Pour le systeme de surveillance animal, une mission d'évaluatioéerpar I'OIE a été mise
en place en juillet 2007, basée sur l'utilisation de l'instrumer®.PL'objectif de cette
évaluation était d'évaluer les points forts des services vétédred leurs capacités a répondre
aux normes de I'OIE (Hamilton et Brickner, 2010). Cette évaluatide auévie par une
mission d'analyse des carences en janvier 2011 (Weaver et al., 2011), maig t'‘ésments
de cette évaluation concernaient la surveillance de I'lAHP H3D&puis lors, et au moment
de la rédaction, aucun projet n'a été fait pour la mise en adunre évaluation systématique
du systeme de surveillance des animaux.

Pour le secteur de la santé publique, une évaluation gloléééernaenée en octobre 2006, par
le Ministere de la Santé cambodgien. Le ministére a réumiguirs agents et acteurs
impliqués dans le systeme de santé pendant trois jours, e l@@mandé de remplir des
guestionnaires. Les résultats ont révélé I'absence de mécarisnigtibn aux déclarations,
I'absence d’évaluations de l'exhaustivité ou de la cohérenceagpsrts de terrain, ainsi
gu'un taux de déclaration de seulement 50% des épidémies au niveau adu. dilstr
deuxieme atelier a été organisé en 2008 pour produire un plaégiftet sur le Systeme
d'information en santé (Département de l'information de la ptatidin et de la santé, 2008).

L'objectif principal était de définir et d'utiliser des indicateuésauation pour 2015.

b- Evaluation qualitative et comparaison par la méthode SWOT

L'analyse SWOT (Forces, Faiblesses, Opportunités et ddshapour le systeme de
surveillance animale a été effectuée apres les entrevuesitg@ié mises en ceuvre au cours
des visites de terrain avec le personnel impliqué au niveawakentmiveau des provinces et
des districts. Nous avons tout d'abord fourni un tableau avec les ferdes faiblesses des
systémes de surveillance passive de l'influenza aviaire hanttgrathogene H5N1 comme
mentionné par les personnes interrogées (tableau 4). Ce tabléa@ ‘aalidé par le
coordonnateur du systeme de surveillance. Puis, nous avons inclus les dpmagesent été
recueillies au cours des entretiens accomplis avec lgsonsables des différentes

composantes du systéme de surveillance de la santé publigieea@@dyse SWOT des deux



systemes (tableau 10) a été présentée, discutée et valglé@itoatelier organisé par la FAO

a Phnom Penh en Mai 2012 portant sur la surveillance de I'Influer@eeaet des maladies

infectieuses émergentes, et sur l'intervention au Cambodgdier'ateéuni 42 participants

représentant les différentes institutions ceuvrant dans le dordeine surveillance au

Cambodge (le MAFF, le DAHP, le NaVRI,

le Ministére de lat8al’'IPC, 'OMS, le WCS,

'USAID et la FAO). Cet atelier visait a examiner lebjectifs de la stratégie actuelle de

surveillance IAHP H5N1 faite au Cambodge et a identifier @@sons pratiques, mettant

I'accent sur la collaboration multisectorielle en vertu de I'apprOcieeHealth, pour améliorer

la surveillance de I'lAHP H5N1.

Tableau 4: Forces et faiblesses du systéme de surveillapessif de 'TAHP H5N1 chez la volaille

au Cambodge en fonction du niveau administratif.

Forces

Faiblesse

Unité centrale

NaVRI est le point focal de la surveillance
des analyses de laboratoire.

Appuis de I'lPC pour la confirmation des G
de H5N1.

Projets financés par 'USAID et la FAO.
Objectifs bien définis de la surveillance.
Utilisation d’outils précis procédures di
notification, collecte d’échantillons
formulaires de déclaration, définition des c
Efficacité du laboratoire.

Pas de définition claire de I'organisati
institutionnelle  (pas de coordonnatg
agfficiel).

Absence de réglementation spécifique.
Aucun budget spécifique pour la surveillan
Personnel pas assez qualifié, manque
moyens.

Besoin de bases de données relationng
aentre les différentes composantes de
surveillance.

Niveau du Vétéri

naire de Province

Bonne sensibilisation des PV sur les bes
de surveillance et le HSN1.

Disponibilité de véhiculesde matériel de
préléevement et de biosécurité.
Gestion réguliere (avec les
trimestrielles au niveau central).
Formations régulieres des PV.

réunig

Aucun budget spécifique pour la surveillan
Multiplication des taches avec peu
personnel (pas d'unité d’épidémiologie
niveau régional).
Manque d'activités
surveillance.
Absence de budget d'intervention de terr
Aucune réglementatiosur la procédure d
notification.

Aucun moyen d'indemniser les agriculte
(manque de confiance des agriculteurs).

prévues selon

de

au




Niveau du Vétérinaire de District

Bonne répartition géographique.
Bonne sensibilisation sur [¢H5N1 et
biosécurité.

Aucun budget spécifique pour la surveillan

la| Seuls pour de grandes superficies.

Aucune standardisation de la collecte

Réunions régulieres au niveau régional (todennées.

les mois).

Aucun équipement d'échantillonnage.

Contacts réguliers avec VAHW (réuniol Aucune activité prévue sur la surveillance.

mensuelles).
Une bonne communication avec le PV.

Manque de confiance de I'agriculteur.
Peu de connexion avec VHWSs.

de

VAHW

Grand nombre avec une bonne répartii Hétérogénéité de la formation/connaissal

géographique.

Niveau disparate de sensibilisation au H5

Réunions régulieres au niveaesddistricts, Fréquence des contacts avec le DV selo

Une bonne communication avec les DV.
En relation étroite avec les agriculteurs.

distance (aucun moyen de transport).

Pas capable de vivre de leurs activités.
Pas de déclarations standardisées.
Dépendent de la confiance des agriculte
donc réticents a déclarer HS5N1.

Aucun lien avec VHW.

Concurrence entre VAHW.

n la

PUrs




Tableau 5: Analyse SWOT et comparaison des deux systemes de surveilada IAPH H5N1 au Cambodge.
INTERNE

EXTERNE

Forces

Faiblesses

Opportunités

Menaces

Systeme de surveillance animal

Objectifs bien définis.

Outils précis congus pour la
surveillance (formulaires de
déclaration, définition de cas...
Efficacité du laboratoire.
Réunions réguliéres a différent
niveaux (province, centrale,
VAHW). Bonne répartition
géographique (VAHW).

Pas de coordinateur officiel pour
la surveillance.

Non-respect des procédures de
notification.

Aucune évaluation interne ou
externe du systeme.

Aucun retour d’information aux
agriculteurs.

Hétérogénéité et durabilité
médiocre des VAHW.

Manque d'incitations pour les
agriculteurs ou VAHW.

Mise en ceuvre de l'outil PVS
de I'OIE et de lI'analyse des
lacunes.

La FAO a financé des projets
de surveillance.

Projets financés par 'USAID.
Possibilités de formation
(FAO, USAID, FEPTV).
Appuis de [IPC pour Ig
confirmation des cas de H5N]
Collaboration avec le minister,
de la santé.

Manque de reconnaissance du
NaVRI comme unité centrale.
Manque de budget spécifique et
durable pour la surveillance.
Impact négatif de la politique de
contrdle pour les agriculteurs et I¢
personnel vétérinaire.

Absence d'une approche globale
la surveillance (évaluation non
axee sur les risques...)

Peu de liens avec les VHW.
Aucune politique de compensatia

1%

de

Systeme de surveillance humain

Objectifs bien définis.

Outils précis pour la surveillang
(formulaires de déclarations).
Systéme de notification par SM
(standardisation et régularités
des rapports).

Réunions régulieres.
Couverture élevée (VHW...).
Soutien des ONG aux VHW.
Soutien des organisations
internationales (IPC, NAMRU,

AFRIMS) dans la surveillance.

Aucune évaluation interne ou
externe du systéeme.
Hétérogénéité des VHW.
Manque de confiance des
particuliers dans le secteur publi
Manque de matériel de diagnost
au niveau local.

Faible sensibilité du systéeme po
le H5N1 au niveau local.

Projets financés par 'USAID,
le CDC. Collaboration avec le
MAFF. Développement de
nouvelles lignes directrices
pour la surveillance des
Zoonoses.

Nouveau reglement pour la
gestion de VHW.

Existence d’'une Université
Médicale.

Aucun systeme de régulation sur
réle des ONG dans la surveillanc
et sur la formation des VHW.
Secteur privé non inclus dans le
systeme de surveillance.

Faible sensibilité du systeme de
surveillance vétérinaire pour
détecter les cas de H5N1.
Aucune réglementation sur le
secteur priveé.

Absence d'assurance de santé.




2. Méthodes d'évaluation quantitative de la surveillance en Thailandéedsetteur avicole

traditionnel

Nous avons appliqué la méthode des arbres de scénarios dans un cenfegte émergent,
en utilisant un avis d'experts pour compenser le manque de donné&@esbiesp(Martin et al.,
2007). La méthode nous a permis de quantifier, de maniére transperesitacturée, la
sensibilité (Se) de la composante de surveillance passive. isanit un modele de
simulation, nous avons pu mettre en évidence les paramétrgaeagitle cette sensibilité : par
exemple, la probabilité que les propriétaires d’'une éeaxicole déclarent la maladie aux
autorités sanitaires veétérinaires. Lorsque nous avons compargoikescomposantes de
surveillance : passive (SSC1), active sur des cas clinique[&$5@ctive par prélevements
(SSC3) ; nous avons montré que la sensibilité « pays » des deux corapd38a2 et SSC1
avaient des valeurs similaires, avec des moyennes resgedtve,49 et 0,50 ; et que la
composante SSC3 a une sensibilité plus basse avec une valeur endgeseulement 0,25
mais avec un codt beaucoup plus élevé. Nous avons calculé qu’audesudeux mois
(Janvier et Juin) ou les 3 composantes sont mises en place de facon simlalsngeillance

a une probabilité élevée (82%) de détecter la maladie &ade ptécoce (seulement 3 fermes
infectées). Nos résultats montrent également que la comp&3@& (basée sur la recherche
active de signes cliniques dans les fermes situées en zonesréstpae) est la plus efficace
en raison certainement de la sensibilité élevée de la d#fimie cas utilisée. Nous avons en
plus démontré que l'utilisation d’'une surveillance basée sur dgiegipermet d’avoir une
sensibilité 3,24 fois plus élevée gu’une surveillance basée stchamtillon représentatif de
la population. La sensibilité élevée de SSC1 (surveillanceiy@speut sembler surprenante,
mais elle est sans doute la conséquence d'une campagne itdissgim tres intensive
entreprise par le gouvernement thailandais et de la préd&agents communautaires dans
chaque village. Nous sommes conscients que cette estimationsubgtetive et qu’elle
nécessite d’étre régulierement réévaluée car elle estditde de changer au fil du temps,
notamment si le pays reste indemne de la maladie ce qui erdiaunee perte d'intérét des

éleveurs envers la surveillance de la grippe aviaire. (Hadorn ki 30&8b).

3. Développement d'une grille d'évaluation des agents communautaiesgéenrimale

Nous avons développé notre propre meéthode participative pouilliedas informations de

la part des « agents villageois de santé animale » (ou agentaunautaires), utilisées pour



la construction d’'une grille de criteres permettant leur évaluaDans ce cadre, plusieurs
approches participatives ont été utilisées comme lessagbpeoblémes, les entretiens semi-
structurés, le classement par paires et les groupes dessi@st La grille a été concue avec
l'aide d’acteurs impliqués dans le systéme de santé anim&arabodge afin (i) d’identifier
les fonctions des agents communautaires ; (i) de mettre ee ples criteres et des
guestionnaires associes, et (iii) de remplir la grille dvas les acteurs. L'outil a été organisé
en cing criteres d'évaluation : la durabilité, le traitemenpréauction, la vaccination et la
déclaration des maladies. Des indicateurs locaux ont été gpeslet utilisés par les agents
eux-mémes, ce qui devrait conduire a une amélioration de ltabdép de cette évaluation.
Cette méthode vise a amener les décideurs et autres acteutseia dans un processus
d'apprentissage mutuel. Elle devrait permettre la construdfiome confiance réciproque
entre les agents communautaires et les représentantglgftiei la santé animale, et ainsi

favoriser les actions correctives apres I'évaluation.

Méthodes sur la conception des systemes de surveillance
1. Identification des facteurs améliorant le réseau d’agents commuesautair

A partir de notre analyse multivariée, plusieurs facteurs été identifiés comme étant
significativement associés a un score d'évaluation élevé dgentsavillageois de santé
animale » au Cambodge (Tableau 6). Ainsi, un bon score d'évaluatifortestent corrélé a
I'organisation de réunions réguliéres avec le vétérinaire dectistu nombre de bovins
présents dans le village et au fait de faire partie d'urecias®n d’agents communautaires.
D'autres facteurs liés a l'organisation de la formation - daks la présence de cours de
recyclage, l'utilisation de travaux pratiques au cours de laatminitiale ou de la durée de
la formation (score plus élevé si la formation a duré au moin®8)j- sont également

statistiguement corrélés a I'obtention d’'un bon score d’évaluation.
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Tableau 6: Facteurs associés a un score d'évaluation élgydur les VAHWSs, obtenus par une
régression linéaire multivariée a partir des données coliéées lors de I'évaluation de 3 provinces
du Cambodge entre Novembre 2011 et Janvier 2012.

Intervalle de confiance a

Facteur Coefficient e

Ordonnée 12.32 0.002 [4.75 —-19.89]
Durée de formation

<30 base

>30 0.16 0.048 [0.01-0.32] 1.04
Cours de recyclage 6.47 0.0001 [2.97 —9.97] 1.06
Travaux pratique 7.02 0.007 [1.97 —12.07] 1.06
Membre d’'une associatio 7.47 0.001 [2.91 -12.02] 1.13
Nombre de bovin

<100 base : 1.78

100-200 6.46 0.018 [1.12 — 11.81] 1.92

200 12.50 0.0001 [7.77 —17.22]
Réunion avec le DV 14.62 0.0001 [10.67 — 18.56] 1.17

F= 28.08 , p<0.001, n=251, R?= 0.4814, Adj R2= 0.4642, VIF (Facteur d'inflation de la
Variance)

2. Faisabilité des déclarations par SMS au Cambodge

Tout au long des 13 semaines de mise en ceuvre de I'étude pilotex etaarticipation a
diminué régulierement, passant de 98,28% a 13% d’agents communautaisedaas la
déclaration. La méme tendance est apparue dans le taux @gpptom des chefs de village
avec dans leur cas, un plus grand taux d'erreur (18,93%) et ugrghgsnombre de valeurs
aberrantes (5%) dans leurs SMS. Cette baisse d'intésétpstaduite malgré I'organisation
d’une visite de terrain deux mois apres le début de I'étude. @site de terrain nous avait
permis de rencontrer tous les participants et de faire un sosdatgir volonté a poursuivre
I'étude pilote. Ainsi, 98% des participants étaient satisfait ded&et voulaient continuer.
Aucun des envois de SMS n’a été suivi d'une visite des servicemaiss, et seulement 17
participants ont recu un appel téléphonique des services ceafrawbe vérifier la validité de

leurs SMS et des signes cliniques qu’ils avaient observé.
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La répartition des taux de mortalité hebdomadaires cheotes,pes canards et les poulets a
été estimée et le §8°percentile a été calculé afin d'aider les services wétiées a identifier
un taux de mortalité anormal. Les seuils suivants ont été estin2®8 de mortalité

hebdomadaire pour les porcs, 3,6% pour les canards et 13,7% pour les poulets.

3. Utilisation des SIG pour la conception d’'une surveillance basée ssque r

Deux sites de foyers ont été étudiés suite a la confirmatiaasiel’|lAHP H5N1 chez des
volailles ou chez I'hnomme. Sur ces foyers nous avons utilisé urfenkiolé de cas » basée
sur des signes cliniques pour identifier les cas supplementairtour des premiers villages
confirmés comme infectés. Dans notre premiére enquéte menétadansince de Takeo,
sur 209 villages enquétés, 115 villages ont été trouvés positifs a«aéfaition de cas » ;
dans le second site d'investigation, dans la province de Prey Ver&P%uillages enquétes,
39 ont été trouvés positifs. Ces résultats ont montré qu’entre 13%8etes villages n’ont
pas déclaré de suspicions d'influenza aviaire aux autorités ¢tem@e au cours des 4 mois
ou la maladie circulait dans les provinces.

Par analyse spatiale, nous avons pu détecter les cas inchguber la période écoulée entre
le cas index et le premier cas signalé aux autorités (88t8%)j ainsi que la durée possible
des foyers (entre 2,5 et 4 mois). La répartition spatialecdespour Takeo semble montrer
une corrélation entre la propagation de la maladie erdaence de routes principales. La
densité de canard et la présence de rizieres sont égal@mentent associées a la suspicion
d’lAHP H5N1 dans les villages.

Les cartes de risques sont généralement produites a garfianalyse spatiale des cas
confirmés et de leur corrélation avec les facteurs exist@atss le cas du Cambodge, le
nombre de cas de IAHP H5N1 chez les volailles (et certaimelm@ombre de cas humains a
H5N1) est sous-estimé en raison de la faible performancesyd#émes de surveillance.
Malgré cela, I'analyse décisionnelle multicritere spatédi nous a permis de produire des
cartes indiquant le risque de propagation de I''AHP H5N1 darmopalation aviaire et

d’estimer le risque d'infection humaine par ce virus.
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La carte représentée dans la figure 2 nous montre la distributionsgiue d’infection

humaine a IAHP H5N1 a partir de I'analyse décisionnelle nritéres. Certaines des zones
sur la carte, en orange et jaune, sont plus a risque d’infectiofeqeste du pays, ou la
probabilité d’infection humaine atteint les 0.59. En superposantds humains confirmés
depuis 2004 a notre carte, nous avons remarqué que la plupart de sestcagvenus dans
les zones ou le risque prévu était le plus élevé (en jaunengfecsar la carte), ce qui valide

en partie notre méthode d’estimation des risques.

Figure 2: Carte de répartition du risque d'infection humaine IAHP H5N1 au Cambodge
par I'utilisation de I'analyse multicritéres avec 10 experts en 2014 et la logshtion des
cas humains confirmés depuis 2004.
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Dans notre modéle, les facteurs de risque ayant le poids leéj@ué pour les risques
d'infection humaine sont la présence de foyers précédentsedanisihage et la densité de
canards en libre parcours. Cependant, il est a noter que lesazbaasrisque d'infection ne
sont pas corrélées avec les régions hébergeant les populesigriss pauvres. Ceci pourrait
étre expliqué par la faible densité de canards en lilbamné ces régions, diminuant ainsi le

risque d'infection.

4. Revue narrative et recommandations générales pour les pays en dénetdppe

Trente-trois documents ont été extraits d’une revue systématiguessrecherches menées
par le Cirad sur la surveillance sanitaire a Madagastcau Cambodge. Ces documents ont
tous été intégrés dans la synthése de connaissance que nous avons. fueslitincipales
limites des outils ou méthodes mis en ceuvre ou décrits dans les dacsom@rieur manque
de représentativité, de spécificité, de durabilité et delwiitdp Les principaux avantages sont
leur sensibilité, la possibilité d’appropriation, leur utilitéleur flexibilité d’utilisation. Pour
surmonter les déficiences importantes dans les systemeswadlance, diverses méthodes
ou outils ont été évalués avec des succes variables. Certaioes aethodes (par exemple,
la surveillance participative) ont confirmé leur effica@tépourraient étre reproduites dans
d'autres contextes. D'autres méthodes ont montré un certain po{patieexemple, la
transmission de données via SMS), mais auront besoin d’adaptations tgowragment
efficace dans de tels contextes. Cela pourrait se fapargiculier au travers un dialogue et le
partage d'expériences entre les chercheurs travaillant diféiésents contextes. Enfin,
certaines méthodes telles que la surveillance syndromique onigég&sjtrop complexes a

mettre en ceuvre telles quelles.

OPTIONS ET RECOMMANDATIONS

Pour la surveillance des zoonoses, l'intégration de différentescayggrdans la conception
des systemes de surveillance pourrait aider a surmonteinesrtées contraintes inhérentes
aux pays les moins avanceés. La surveillance axée suistpgesi doit étre préconisée, mais
avec une approche « Une seule santé/One Health » dans laquigtdess de risque pour la
santé animale et publique sont inclus, et ou les décisions concdangoténification,

I'exécution et le budget sont prises conjointement. En mutualisagéns et ressources

humaines, l'approche « One Health » permettrait d'étre @otable que deux types de
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surveillance séparés. Selon (Barboza et al., 2013), « une seuldlawee> permet de
combiner les systemes de surveillance humaine et animale etnipa@insi augmenter la
détection des cas HPAI H5N1 chez I'homme de 57% a 93% etitemtgs de 40% a 53 %.
Cependant, il reste nécessaire (i) de démontrer la fatsaddil'intégration de la surveillance
humaine et animale pour l'influenza aviaire et d'autres zoonos@sdé\(aluer I'impact de la
surveillance intégrée entre Homme et animal. En effet, ilistexencore que peu de preuves
démontrant la valeur ajoutée de cette « OH surveillance ». Certédiueles au sein de
populations pastorales en Afrique exposent les multiples avandage$One Health », tels
gue la réduction du risque d'émergence d'une zoonose, un meilleur acaEsNa de santé
primaire et une amélioration globale de la santé animalumaine (Greter et al., 2014).
Cependant, il n'existe pas de méthodologie clairement définiel'pealuation quantitative
des activités « One Health ». Cette insuffisance estlerhent traitée au sein d’un nouveau
réseau  européen (NEOH: Network for Evaluation of One  Health,
http://neoh.onehealthglobal.net/), coordonné par le Royal Veteriralgge€ de Londres, et
dans lesquels nous sommes impliqués depuis novembre 2014. Son pribgpaf est de
développer un cadre pour évaluer I'efficacité économique des initiatistsnées d’'une seule
santé et d'étudier les facteurs qui influencent ses performances.

Pour surmonter les problemes de sous-déclaration, les sources desddang les pays les
moins avancés devraient étre davantage fondées sur les connaissascéeveurs, en
utilisant en particulier des approches participatives. Cesoapps permettent en effet
d’explorer les réseaux d'information communautaires et utilisent aimeng de méthodes et
d'outils (entretiens semi-structurés avec des informateurs déations et techniques de
visualisation) qui conduisent les communautés a partager leurs connassaditionnelles
sur les caractéristiques cliniques et épidémiologiques de reslbmtiales, ce qui leur permet
de pouvoir prendre des décisions en terme de contréle (Jost et al., RAQ¥3rticipation
communautaire est un prérequis a la viabilité d'un systeme deillurce : les propriétaires
d'animaux doivent sentir les effets directs de leur participatios asystéme de surveillance
pourin fine aller vers une amélioration de la santé de leurs animaux euden®yens de
subsistance.

Les nouvelles technologies telles que les téléphones portables assistants numériques
personnels sont prometteurs et ont déja, dans de nombreux contextas, leur efficacité.
Le probleme principal est alors d’identifier les incitations (fiogres ou autres) qui

permettront de garder la motivation des acteurs concernés. Au-dei@atemns individuelles
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développées avec les éleveurs confrontés a des foyers de maladiesutines en termes de
communication devront étre établies.

La modélisation est de plus en plus utilisée dans le domainépitiétniologie et de la santé
publique. Outre ['utilisation de la modélisation épidémiologique icjass (modeles
mathématiques), y compris I'analyse des réseaux sociaux ou ldisatidé par arbres de
scénarios, de nouvelles méthodes ont été proposées et évauisghercheurs du Cirad :
loop analysis modélisation d'accompagnement (Etienne, 2011), (Collineau et al., 2013).
Barreteau et al. (2001) ont proposé d'utiliser conjointemergylg®mes multi-agents et les
jeux de réle a des fins de recherche, de formation et d'aml@égbciation dans le domaine
de la gestion des ressources renouvelables. Ainsi la «modélisBiotompagnement»
(Barreteau et al., 2003) implique directement les divers adteptgjués dans la conception
du modéle et la simulation. Ces approches participativesepteimh aux intervenants de tester
leur scénario de gestion et de faciliter leur appropriation desatssdé# la simulation. Dans le
domaine de la surveillance, la modélisation d'accompagnementespnametteuse, mais
reste encore a étre concretement mise en ceuvre et évatuéeterrain. En comparant les
expériences menées dans plusieurs pays en développement, auoteng générer de
nouvelles connaissances et alimenter les débats parmi ledifgpies et les décideurs
politiques sur la fagon d'améliorer les systemes de surveillance.

En conclusion, comme le montre la figure 1, nous considérons que la ceobirde
plusieurs systemes de surveillance (santé publique, animale),udieupt stratégies et
options de surveillance et de méthodes pour évaluer leurs perf@sngmeet augmenter les

taux de détection des maladies.
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Figure 1. Eléments essentiels a prendre en considératidors de la mise en place d’'un
systeme de surveillance sur les maladies zoonotiques.

CONCLUSION

Le Cambodge fait partir des 10 premiers bénéficiaires danfiement mondial pour
I'influenza aviaire avec, en 2011, un total de 34 millions d’US Dolldtebaés au
gouvernement Cambodgien pour financer les stratégies de préventdenpeéparation aux
urgences (Ear, 2011b). Cependant, en dépit de cette mobilisatiocidirgaimportante et
efficace, les ressources mises a disposition n'ont paspssffa atténuer les risques. Ainsi, en
2014, le Cambodge déclarait encore 5 foyers en élevage avicae,himains dont 4 déces.
Les raisons en sont nombreuses et les responsabilités sorgéparentre les différents
secteurs, les décideurs nationaux et les bailleurs de fondsaind@aux. Quoi qu'il en soit, la
mauvaise performance des systémes de surveillance du sectdar \ddaille a trés
probablement joué un réle majeur dans la persistance de la maladie.
Suite a la récente propagation du virus IAHP H5N8 en Asie et empE,
I'Organisation mondiale de la santé animale (OIE) alerte sur la nééedsitenforcer
les systémes de surveillance et de détection précoce mourddies des animaux
domestiques et sauvages a travers le monde et recommande dé&enrfaibjectif

majeur des politiques de santé. [...]. L'existence de servidésinagires nationaux
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compétents, quel que soit le niveau de développement d'unegays)e condition
préalable pour la détection précoce des maladies animales et pouréapumse
rapide. "(OIE, 2015, Press com).

Cette déclaration de I'OIE confirme la nécessité de développerselwices vétérinaires
fiables comme fondement de systemes de surveillance efficpogfe que soit la situation
socio-économique du pays. Mais dans un pays dépendant de 'aide co@amebledge, ou
plus de la moitié du budget national provient de l'aide étrangesesérvices officiels
souffrent encore d'une pénurie de ressources humaines et financiansscéte perspective,
outre le renforcement obligatoire de I'éducation, la formation du pessaetérinaire et le
soutien des infrastructures nationales, la gestion de la santé damvulesreements difficiles

a besoin de méthodes et d’'outils innovants adaptés. La priorité devsasal porter sur
l'utilisation de méthodes financiérement viables ainsi que suédiiation des disciplines
(biologie, sciences sociales, modélisation) et des secteurs ifatés, meédicaux et
environnementaux).

L’'une des problématiques majeures de la mise en ceuvre devéllance est 'existence de
conflits d'intéréts entre les bailleurs de fonds internationasxditigeants nationaux, et les
populations locales. En effet, si nous examinons le risque assddigH® H5N1, les
principales préoccupations sont fondamentalement opposéeQEab). Les éleveurs sont
davantage préoccupés par la facon de préserver leursmsndgesubsistance et leur santé,
alors que les décisions des responsables nationaux sont pluéesxripat le maintien de leur
statut économique, et que les bailleurs de fonds internationaugs-ajences internationales
- s'intéressent principalement a la facon de réduire le ridgueergence et de diffusion d'une
souche pandémique de 'lAHP H5N1. Malheureusement, dans lesrpdgsy@&oppement, les
intéréts des plus pauvres sont en général ignorés, ce qui corhpaogualité de vie d’'une
importante partie de la population des pays les moins avancésitée, les risques réels (en
cas d'abattage) ou supposeés (ex. dissensions dans les résau) sle sanctions suite a des
suspicions de maladie n’incitent pas les éleveurs a déclavas pfoposons donc de passer
d'une approche top-down, dans lequel aucun processus de consultationiliséstautles
approches participatives. Ce processus devrait permets@isdions, communications,
négociations, et un partage des connaissances pour enfin conduicectement a
I'identification commune de solutions socialement acceptabd@ssi la surveillance
participative peut certainement compléter un systeme deiléamee en comblant les lacunes

identifiées par des processus d'évaluation.
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French summary

La propagation en Asie, Europe et Afrique du virus Influenzaifeihautement pathogéne
(IAHP) H5N1, I'épidémie de A/HIN1pdm en 2009, I'émergence d#uBimza faiblement
pathogene (IAFP), mais zoonotique, H7N9 en Chine en 2013 et la circul@étente de
I'lAHP H5N8 en Europe, montrent que I'évolution permanente de nesaliez les oiseaux,
les humains et les porcs, représente un risque en santé hunaiimaaée au niveau mondial.
Au cours des 10 derniéres années, des efforts ont été faits pour renfocepaldtés en santé
publique et vétérinaire. Malgré tout, le virus IAHP H5N1 resteéemdue dans certains pays
ou il peut passer inapercu dans les populations de volaillespr@aioquer des cas humains.
Ces pays sont caractérisés par une majorité de leur popwavant en zones rurales, une
absence de systéemes de santé primaire et des secteurs de sadéaneff

La surveillance passive (évenementielle) des maladies asirebleumaines est souvent le
seul type de surveillance applicable en milieux ruraux. Praduisine information
incomplete, biaisée ou transmise avec des délais importHata, esoin d'étre amélioré par
de nouvelles approches mises en ceuvre dans un cadre « One Heatiant en compte les
interfaces entre humains, animaux et environnement. Nous avons donc tiatiseset congu
et/ou appliqué de nouvelles méthodes d'évaluation, de conception ou d'aiogélideata
notification des cas d'|AHP H5N1 chez I'animal et chez 'homme en Asie du sud-est
Nous avons en premier examiné différentes alternatives d'@ealublous avons appliqué
des arbres de scénario (stochastique) pour modéliser et éeatysteme de surveillance de
I'lAHP H5N1 en Thailande dans les systemes traditionnels de pimtki@vicoles. Nous
avons estimé la sensibilité de la surveillance passive a 5C9% @0 0,04-0,75) pour une
détection maximale de 3 fermes infectées. Cela a montrid'de cette méthode pour
prouver l'absence de maladie dans les pays a ressourcé®edimPar des méthodes
participatives, nous avons impliqué les « agents communautaires darsardate » dans leur
propre évaluation et développé une nouvelle grille, qui comprenéhdiesteurs de succes
utilisés par les agents eux-mémes.

Dans la seconde partie, nous avons examiné les méthodes pour anteélmyeception et
l'efficacité de la surveillance passive. Nous avons appliqgélle, pour évaluer 283 agents
villageois dans trois provinces du Cambodge. La grille nous aigpe®ennoter leur niveau
d'activité et d'analyser, par régression logistique, legdestqui influencent I'obtention d'un

score élevé. Puis, nous avons mis en place une étude pilote peulatetclaration par texto
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(SMS) aupres de 112 participants de 68 villages. L'objetdif de détecter des pics de
mortalité et d'identifier plus rapidement les foyers deadiak infectieuses. Nous avons enfin
utilisé I'analyse décisionnelle multicritere (MCDA) pourtographier les risques de diffusion
de I'AHP H5N1 chez les volailles et les populations humagnethailande et au Cambodge,
afin de renforcer la surveillance dans les zones a risque.

En conclusion de ce travail, nous avons effectué une analyse congadati deux
environnements socio-économiques contraints : le Cambodge et Madadémesravons
analyseé les recherches mises en ceuvre au cours des 10 dernieres ana€dRpa& (Centre
International de Recherche Agronomique pour le Développement) paeraires dans ces
2 pays. L'objectif était de montrer comment de nouvellesoapps appliquées aux systemes
de surveillance peuvent étre transférées entre différentsapaysontextes difficiles. A partir

de cela, de nouvelles perspectives sont proposées.
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English summary

The latest events such as the spread over Asia, Europe and difiice Highly Pathogenic
Avian Influenza (HPAI) virus H5N1, the epidemic of A/H1N1pdnR09, the emergence of
the Low Pathogenic Avian Influenza (LPAI) but zoonotic virus H7N9 mn@ in 2013 and
the recent circulation of HPAI H5N8 in Europe, show that thenpeent evolution of
influenza virus in birds, humans and pigs is exposing the worlcetagk of new strains with
unpredictable consequences in public and animal health. In thEOlg®tars, a lot of efforts
have been put in the improvement of capacity of animal and pogilth systems. However
the disease is now endemic in several countries where the veafien undetected within
the poultry population resulting in sporadic human cases and rhorftese countries are
characterized by a large proportion of their population livingural areas with poor incomes,
a lack of primary care system and inefficient public or veterinaaittiheectors.

Passive surveillance is often the only type of method feasilpeor rural settings in human
and animal surveillance. With often incomplete, biased or delajednation this method
will benefit from new methods of evaluation or new design concémas could be
implemented within a “One Health” framework to take into accdhbetinterfaces between
human, animals and environment. We have in this thesis conceived and/fed apgh
methodologies for the evaluation, the design or the improvemertwiteer case-reporting
of human or animal HPAI H5N1 in South-east Asia.

We have first looked at different options of evaluation. We havéeabgtochastic scenario
tree to model and assess the surveillance system of HPAI k5Niailand in backyard and
free-range poultry production systems. We have estimated tisitigey of the passive
surveillance at 50% (CI95% 0.04-0.75) for a maximum detection of 3 @dfderms, and
showing the usefulness of this method to demonstrate freedom ofediseesuntries with
limited resources. Thanks to participatory methods, we have inveillage Animal Health
Workers (VAHWS) in their own evaluation and developed a newrieriggid, which includes
local indicators of success developed and used by the VAHWSs themselves.

In a second part, we have considered methods to improve the desitimeagfticiency of
passive surveillance. We have applied the grid conceived prevituglyaluate 283 VAHWS
in three provinces of Cambodia. The grid allowed us to give a secaheir level of activity

and to analyse through logistic regression the factors inflogribe most “good score”. Then
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we have implemented a pilot-study to test the use of SM&tneg from 112 participants
from 68 villages, the objective was to detect peaks of niyrtab identify more rapidly

outbreaks of infectious diseases. In a final section we have uséglenatiteria decision

analysis (MCDA) to map the risk of diffusion of HPAI H5N1 poultry and in human, in

order to adjust and reinforce the surveillance in the zones vattegrrisk of occurrence of
the disease in Thailand and Cambodia.

To conclude this work about tools and methods to improve surveillancamsygt remote

areas, we have done a comparative analysis of two challeaguig@nments, Cambodia and
Madagascar. We have done a cross analysis of the reseamgblesnénted by CIRAD

(French International Research Centre for Agricultural Devedopmin these countries
during research projects implemented over the past decad@bjdative was to show how
new approaches for surveillance systems could be transferrecehalifferent countries with

difficult socioeconomic environments and to propose new perspectives.
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PART 1
CONTEXT OF THE RESEARCH
QUESTION

In this first section, we describe the context of this researchk.Wile focus on the challenges
of implementing surveillance of zoonoses in developing countries,gtagran example the
surveillance of highly pathogenic avian influenza A (H5N1) virus¢equently referred to
as HPAI H5N1) in the countries of the Lower Mekong Basin (LMB) autheast Asia (Laos,
Thailand, Vietham and Cambodia). We first describe the specificackeristics of human
health and veterinary systems in poor rural settings in Southesist (SEA) and the
epidemiological situation of zoonoses and of emerging infectioeasks (EID) in this part
of the world. We also give a detailed update of the situatiohigtily pathogenic avian
influenza (H5N1, H7N9, and other H5NXx) in the region with some featwn poultry
production systems in LMB. Then we introduce the definition of surveilan human and
animal health systems, focusing on passive surveillance that wieleoas the cornerstone of
surveillance in poor rural settings.

Finally, we describe the various modalities of the current ypassirveillance of HPAI H5N1
as currently applied in the LMB countries, giving detailcase definitions (in humans and

animals) and the involvement of farmers and other stakeholders in the surveistece. s
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1. Characterising human and animal health sectors in rural

areas of developing countries

Rural areas in developing countries are defined as areaowifbolpulation density, a lack of
infrastructure and access to education, low human resources and akillsyhere the
majority of the population is employed in the agriculturalt@e¢Katrak, 2008). Due to
seasonal fluctuations and sanitary crises, rural communitesfdad and income insecurity,
and therefore a high degree of economic vulnerability (KanbWeeébles, 2003). Access to
medical or veterinary services are difficult due to a limiednber of health centres, often
with long distances to travel to and from these health cai@iéscand a lack of mobility
amongst the population. While some studies have shown that rural communitiedopidgve
countries encounter more health hazards and so have greater nesudital treatment
(Katrak, 2008) the environment remains characterised by a veryrdtw of qualified
physicians to unqualified health practitioners. In such isolatesggtitultural beliefs are still
strong and the use of traditional medicines and practicesatoaimenal and human diseases is
widespread (Pelto et Pelto, 1997). These behaviours often resultlatettoetection of cases
as health care is sought only by the most seriously sick pefiseingeuf, 2009) or when the
number of sick animals is already too large to be managech&8al008). In these contexts
of social isolation, access to medical education systems isapddhere is a real challenge to
sustain good disease awareness within the communities espgwriadire conditions (Hadorn
et Stark, 2008a; Kanbur et Venables, 2003).

1.1. Human and animal health systems in SEA

The population of Southeast Asia (SEA) is growing rapidly, althost 600 million people
(9% of the world population) in 2010 (Chongsuvivatwoeg al, 2011). The average
population density (132 persons per sg. km) is not very high, but dgfeegly between
countries (Indonesia, Philippines and Vietnam being the most denselytedpaliad between
provinces within these countries (Jones, 2013). In these countries, 4B&opafpulation lives

in urban areas (Chongsuvivatwoegal, 2011). The less developed countries are more rural
with 85% of the population for Cambodia and 73% for Lao PDR (Jones, 2@%R)ing in
rural areas but disparities exist within countries with théheon part of Thailand being more
rural than Cambodia. The SEA region is characterised by signifdifferences in people’s

livelihood and living standards resulting in wide socio-economic ifggsaacross countries.
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These differences are also reflected in the level of develupwfenational health-care
systems in the region, in human and animal sectors, with proldérhealth workforce
shortage, quality and distribution of health care (Foretaal, 2008; Kanchanachitret al,
2011) that are further exacerbated in rural areas. Countries sucambodia, Laos,
Indonesia, Myanmar and Vietnam have a substantial shortage @nhresources with a
density of health-care professionals below the threshold reeoded by the World Health
Organization (WHO) (Cokest al, 2011).

1.2. Features of human and animal health systems in SEA in

rural areas

1.2.1. Human health systems

Rural areas in SEA concentrate the majority of the poor (péi@pg on less than US$ 2 per
day) who depend mainly on small-scale farming and livestock ptiodu¢Caspari,
Christodoulou et Monti, 2007). These areas remain heavily burdenedegyions diseases,
especially respiratory infections and diarrheal diseasekefCet al, 2011a) with high
morbidity and mortality and a lower life expectancy. They @raracterised by the uneven
distribution of health infrastructures, scarcity of human resoupoes quality of services and
difficulties in payment (Kanchanachitet al, 2011). The lack of primary care systems in
remote areas forces people to use self-medication, traditiwadth practices or to seek
private health providers to begin with (Caspral, 2007). Such behaviour increases the cost
of health-care for poor people (Krudt al. 2010), and often gives rise to safety concerns
regarding the quality of care provided and the origin of the rpheeutic products. In
addition, the primary use of private healthcare can delay thetidet®f major health issues,
with an unwillingness or incapacity to provide information (Caieal, 2011a) and the fact
that people will finally visit public health facilitieenly when the course of the disease

becomes too serious (Caspetral, 2007).

1.2.2. Animal health systems

The control of infectious and zoonotic animal diseases is essegrnhalltask of National
Veterinary Services which vary greatly in terms of quality aagacities. For low-income
countries (Cambodia, Lao PDR), veterinary institutional capaciie extremely weak, with

no specific legal framework, limited human resources, a poor t#vstaff education and
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technical skills, and insufficient laboratory facilities (Colatral, 2011a; Formaret al,
2008). Despite the progress achieved following the HPAI H&idES, persistent gaps remain
between countries. During the last 10 years, the SEA region pasenced a rapid growth
and intensification of the livestock sector, with a current livestpogulation of 167.2
million, not including poultry (Mehta, 2013). Despite industrialisation, 6070% of the
global agricultural production still comes from smallholdershwnixed farming systems
(Mehta, 2013) and livestock rearing represents the livelihood for over @5%e poor
(Formanet al, 2008). Backyard and village farms continue to be the predominant pooduct
system, with low and ill-orientated investments in biosecuf@gkér et al, 2011a). Weak
animal health systems might jeopardise the health of poargams in remote areas. Any
death livestock in a poor household will have an impact on the livelihotbe @ntire family,
as few animals are owned and these are relied upon alrodgsieely for food, transport
and farm work (Bordier et Roger, 2013). In addition, the risk of contrazbogotic diseases
will increase and people will tend to be more severely itgobbecause of the difficulties to
access health care (Bordier et Roger, 2013). Rural areas with gnd marginalised
populations and inefficient public or veterinary health systemasespecially exposed to the

spread of zoonotic diseases (Bhatia et Narain, 2010).

2. Avian Influenza in SEA

2.1. The context of emerging infectious diseases in SEA

Although tremendous efforts have been made to improve the qualligatth systems in
SEA, infectious diseases remain a constant threat for the piopulaeing responsible for
47% of deaths among children under 5 years old (Horby, Pfeiffersatta@i, 2013).
Moreover, the rapid socio-economic and environmental modificationgt@atngoing in the
region, with uncontrolled urbanisation, population growth, intensificaifdiarming systems
with low biosecurity practices, deforestation and climate gbafoster the emergence or re-
emergence of new infectious diseases (Cekeal., 2011b). The region is recognised as one
of the “hot spots” for emerging disease events (Jehed, 2008), especially zoonoses. In a
recent review published by Bordier and Roger (2013), 23 zoonosesrarsonly described
in SEA, and most of the neglected zoonotic diseases, as defined by akH@esent. In rural
settings, where human-livestock interactions are unavoidable, zoorarsesfect a large

proportion of people through animal promiscuity, lack of sanitatma socio-cultural
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practices (Bhatia et Narain, 2010) and consequently place adarden on the health care

system of countries with the lowest incomes.

2.2. HPAI H5N1 situation in SEA

The Highly Pathogenic Avian Influenza HS5N1 (HPAI H5N1) emergesouthern China with
the first human cases occurring in Hong Kong in 1998 (Glaas, 1998). The disease spread
outside China by the end of 2003, causing extensive outbreaks amomy poadiLicers in
several countries in East and Southeast Asia. From mid-2005, theHHEN1 virus moved
further west and was reported in 63 countries (Fournie, Glandvikéedter, 2012) in Asia,
Europe and Africa. Nowadays, the virus circulates in severahtdes (China, Vietnam,
Cambodia, Indonesia, Bangladesh, India, Nepal and Egypt) with somlarregtbreaks in
Lao PDR and Myanmar (FAO, 2013). In 2014, the disease was reportpdultry in
Cambodia, Vietham and Laos (for the first time since 2007). Indowksiaot report any
official outbreak in poultry but the disease was officially ldeed endemic by OIE in
September 2011 (Table 1). Multiple genotypes of HPAI H5N1 Hseen identified since
1996, with the establishment of distinct regional sub-lineagegctfty the endemic
occurrence of the disease (Pfeifé&ral., 2013).

The control of the disease is still a public health challengeti@aencerns that HPAI HSN1
holds the potential of becoming the next pandemic strain (Pongchakastred, 2011). More
than 400 million poultry have been lost by culling or direct mibyté~AO, 2013), of which
more than 175 million in SEA alone (Pfeiffet al, 2013). HPAI HS5N1 has not only had a
devastating impact on the poultry sector due to preventive cwhigtrade restrictions, but
the disease, with a flock mortality rate above 50%, has aldoahdramatic effect on the
livelihood of thousands of backyard farmers in SEA who made their liviogn fpoultry
rearing.

The number of human cases since the start of the epidemitrslatively low; by 2 October
2014, a total of 668 confirmed human cases, 393 deaths reported to thefrdfhlQ6
countries (WHO, 2014a). Four hundred eight cases were reported foral®Bé, with
Indonesia having the highest case fatality estimates worldwanbeiating to 83% (Table 1).
The main transmission route is from poultry to human after daedtextended contact with
sick animals (Fourniet al, 2012). However it would appear that the level of case fatality
rates based on official WHO reporting is most likely ovemested due to under-detection

and under-reporting of non-fatal human cases (Pfedteal, 2013), even if there is no
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unequivocal serologic evidence regarding the proportion of asymptoroa mildly

symptomatic cases in humans (Toaeal, 2013).

Table 4: Cumulative numbers of outbreak of HPAI HS5N1 in SEA (20 January 2014)

Poultry outbreaks Cumulative number of Detected Human cases
Country reported to OIE human cases reported outbreaks in in 2014

(first — last reporting)  to WHO (total deaths)  poultry 2014 (deaths)

Vietnam 2720 (2004-2014) 127 (64) 45 2 (2)
Endemic since

Indonesia 261 (2003-2006) 197 (165) 2(2)
26/09/2006

Cambodia 42 (2005-2014) 56 (37) 5 9 (4)

Lao PDR 19 (2006-2014) 2(2) 1 0 (0)

; No outbreak

Thailand 1141 (2003-2008) 25(17) _ 0 (0)
since 2008
No outbreak

Myanmar 115 (2006-2012) 1(0) _ 0(0)
since 2012
_ No outbreak

Malaysia 16 (2004-2007) 0] 0](0)}

since 2007
Philippines NO OUTBREAK

http://www.who.int/influenza/human_animal_interfdel/ GIP_20140727CumulativeNumberH5N1cases.pdf?ua=1
http://www.oie.int/fileadmin/Home/fr/Animal_Healthnithe World/docs/pdf/Graf avian_influenza/graphiquéiPA04 1

2_2014.pdf

2.3. Emergence of zoonotic strains of the low pathogenic avian
influenza (A) H7N9

At the end of March 2013, the first human infections with the low patiogvian influenza

(A) virus H7N9 (subsequently referred to as LPAI H7N9) ocaaiiin eastern China; so far

this strain was not known to infect humans (CDC, 2013). On July 4, 2013, 133 human
infections with 43 related deaths in 9 provinces of China were esgpoot WHO (WHO,
2014b). The majority of cases happened in males over the age of 68 w#tory of recent
contact with live poultry, more especially at live-bird kets (Cowlinget al, 2013). The
transmission is mainly zoonotic even if four family clusterswad or more confirmed cases
have been reported (WHO, 2013). Unlike HPAI H5N1, the virus circuéatesigst domestic
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poultry or wild birds without any symptoms making its detectianrpio human infection
unlikely (WHO, 2013). However, the prevalence in domestic animals epfebe low, since
more than ten thousand samples from animals and their environmentests@ and only
0.07% of the birds were confirmed positive by culture and pigs sfeye/n to be completely
free of the virus (CDC, 2013). Even if the closure of live-birdsketarin affected provinces
appears to have been an efficient measure to control the spreeddi$ease, the loss for the
Chinese agricultural sector has been tremendous with an estnwt57 billion Chinese
Yuan ($ 9.17 billion) (Wu et Gao, 2013). The potential for silent viiosulation in the
animal population combined with the existing formal or infortnatle of poultry between
China and its neighbouring countries is a real concern fasttle¥ SEA countries. There is a
clear need to further enhance influenza virus surveillance in ham@mnimal populations
using a “One Health” approach while focusing on the most vulrepdgulations in the rural

areas of the region.

2.4, Emergence of new H5NXx strains in Asia

Very recently, several new strains of the HPAI virus haven lmreulating in Asia, resulting
in several outbreaks in domestic poultry (H5N8, HS5N2, H5N3, H5N@)véld birds (H5N8)
(OIE, 2014). Of particular concerns, the HPAI H5N8 virus that emergedhina in 2010.
This virus started to spread over Asia in 2014 with outbreaks imapa in South Korea,
leading to the slaughter of 12 million of poultry (Letal, 2014). It is has also been present
in Europe (Germany, the Netherlands, UK). So far no humars dases been reported.
However, this is not the case for the HPAI H5N6 which wasctkden Laos and in Vietnam
following its emergence in China, where it caused one human wriectiApril 2014 (WHO
China, 2014). These new emerging strains (H5N8 and H5N6) are dlrsimmthe sub-type
2.3.4.6 of HPAI H5N1 that was circulating first in China and recemtlyietham (FAO,
2014a).

3. The region of the Lower Mekong Basin: The poultry

production situation

The poultry sector in the Lower Mekong basin (LBM) is chamased by a high proportion of
small-scale production systems. Cambodia and Lao PDR are irc&@khries with the least
developed industrial sector, with 85% to 95% of the flocks in badkgpstems (Behnek, Otte
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et Roland-Holst, 2010; Otte, 2008). For Vietnam, 90 % of the flocks are kalckyard
production, but industrial and semi-intensive sectors are more sajtifwith only 50% of
the whole bird population being raised in flocks of less than 50 asi(@teet al, 2008).
For Thailand, the intensive sector consists of 70 % of the poulpylgon but 90% of the
flocks are still small-scale (Heft-Neal, Roland-Holst dte®2012). Thailand and Vietnam
stand out due to their large population of free-grazing ducks; 13 midrohhailand and 65
million for Vietnam. These are bred in a traditional waythvanimals scavenging in post-
harvest rice paddy fields (Gilbeat al, 2007; Henningpt al, 2012).

As a response to the HPAI H5N1 crises in the region, irtiema organisations and donor-
funded projects have developed several capacity-building imégatwithin the affected
countries and have implemented various active surveillance progfsensiogical and
virological surveillance of duck flocks, market surveillance, wildl lsampling etc.) (FAO,
2011a). In some settings these methods have been successful imgeteapresence of the
virus or in detecting the early circulation of the disease amioagoultry population, but
they are difficult to sustain because of their high cost in humswurees and laboratory
reagents. Therefore passive reporting systems will contmumderpin the surveillance of
HPAI H5N1 in the region's low-income countries, especiallyhvitie current decline of

regular funding.

4. Features and challenges of surveillance in rural areas of

developing countries

Public health surveillance is the “continuous, systematic collection, amalysiinterpretation
of health-related data needed for the planning, implementatiah,eaaluation of public
health practice” (« WHO Public health surveillance », 2012). Sllamee data are promptly
disseminated to decision-makers for the potential implementati prevention and control
actions (Thacker et Berkelman, 1988). In veterinary medicine, theitaef of surveillance
remains substantially the same but applies to animal pigmsa “the on-going systematic
collection, collation and interpretation of accurate information akeoufefined animal
population with respect to disease and/or infection, closely integrai#id timely
dissemination of that information to those responsible for contropaevention measures”
(Meah et Lewis, 2000). Surveillance objectives vary but are airb#tween health sectors:

detecting introductions of new or exotic pathogens in the population undezillnce,
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identifying significant changes in the occurrence of a disease, atvajuthe efficacy of
control and prevention programs and preventing transmission or reduorgdity and

mortality in the human and animal populations.

4.1. Values of passive surveillance in poor rural settings

In developing countries, voluntary case-reporting of specifiegadies still remains the
backbone of surveillance in the public health and veterinarprséeldte notification of cases
is usually done by primary health practitioners (Health WatkéAHW, private physicians
or veterinarians, public health or veterinary officers, etc.) taednotification can be made
mandatory for some diseases within the legislation of the coudrdryanimal surveillance the
first actor in reporting chain is typically the livestociogucer (Meah et Lewis, 2000). This
type of surveillance, for which health information is directly pded by field actors, is
commonly referred to as “passive surveillance” as opposedctoréasurveillance” where
specialised health staff search for cases by visiting contiesindr periodically request
information from health practitioners or facilities (Curés al, 2003; Doherr et Audige,
2001). Active surveillance is usually used for specific diseasesgdarshort period of time
and in a targeted population, because it is more labour-intenstvenare expensive to
implement (Curtiset al, 2003; Doherr et Audige, 2001).

Passive surveillance is an integral component of the healthrsystdeveloping countries,
being particularly appropriate for rural or remote anghsre the density of health actors or
facilities is low. Based on observations (by livestock ownetsy@rimary health care), it is a
system which potentially covers the whole susceptible humaniorahpopulation; simple
and inexpensive, largely relying on existing infrastructures @botet Audige, 2001).
Information from passive surveillance systems can be useditoagstdisease trends and to
detect any epidemiological changes (Doherr et Audige, 2001; FATLb20In veterinary

surveillance, this is the key element of early warning systems (R4€49).

4.2. Challenges of passive surveillance

Despite its merits, passive surveillance also has inhdrseatlvantages and carries challenges
when applied. Reporting is often delayed, with incomplete or bidaed(Deen, von Seidlein
et Clemens, 2011; Sharma et Baldock, 1999). Several factors linked &m fauna veterinary
health systems have been identified as contributing to under-diagmaisishnder-reporting of

zoonotic diseases in developing countries; a low density of heatifitida, poor
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communication systems, poor awareness of patients or livestaek®va risk of penalties or
stigmatisation, distrust of governmental authorities and a lack aiifigd staff are the most
significant ones (Hallidayet al, 2012). Disease notification follows a complex
communication chain, involving multiple actors. Consequently, if oner auft the chain
retains the information, this can trigger a domino effect detaylisease detection and the

implementation of appropriate control measures.

5. Passive surveillance for HPAI H5N1: various modes of

implementation in LMB

5.1. Adequacy of case definition

The first important element of passive reporting is a olkdinition of what constitutes a
reportable case in the population: the case definition. It useadgmpasses a set of inclusion
and/or exclusion criteria (a group of signs and symptoms) witlbuslevels of sensitivity
and specificity. This case definition should ideally be understooduaad by the different
actors of the reporting chain and be flexible enough to functoknawledge or disease

situation change.

5.1.1. For animal case detection

The case definition used to detect avian influenza varies beweesttries. For Thailand, the
Department of Livestock Development has reviewed their HPBINH case definition a
number of times, ending up with something rather complex whichsizided by a mortality
threshold above 5% in 2 days, or the occurrence of any sudderirdedtbck, or any typical
clinical signs of highly pathogenic poultry diseases (respiyaneurologic and behavioural
symptoms) (Goutaret al, 2012). This highly sensitive case definition has proven to be
efficient over the past years, but is costly to maintain anmgases the risk of false-positives
due to a lack of specificity. When control measures are applied bebmeatory confirmation
this could lead to mistrust of official authorities by farmé@outardet al, 2012). For
Cambodia, the case definition is based on the general descrgftdisease occurrence given
by FAO (FAO, 2009): chicken mortality rate over 50%, in several houdeliot 4 to 5 days
with clinical signs in chicken or ducks. Typically, HPAI H5N1 issdebed as mild or
asymptomatic in ducks resulting in its silent circulation amdwegfiocks (Yeeet al, 2009).

In Cambodia, however, several outbreaks in free-grazing ducks ledhitartugality rates,
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from 38 % to 46% (Conan, 2008). Therefore the case definition may not be adapteddb the re
epidemiological situation in ducks and might lead to an under-aw@tect the disease. In
countries where vaccination has been used to control the diseasqidémielogy has
changed with partially immunised chicken flocks showing low legélsortality. This is the
case, for instance, in Vietham where in some areas the casgiatefused by farmers to
recognise HPAI H5N1, based on massive and sudden mortalityicgkeos, has become

obsolete (Desvaux, 2012).

5.1.2. For human case detection

A standardised case definition for the detection of HPAI H5N1 cesé&simans has been
developed by WHO. The case definition is broad. Suspected aesgseople presenting
clinical signs (fever over 38°C with coughing or shortness of lyegth a potential link (by
time, place or exposure) to human or animal HPAI H5N1 caséE)V2006). WHO advises
each country to adapt this case definition to local situationsesCare confirmed after
positive results (isolation, PCR or serologic testing) providednhgional, regional or
international influenza laboratories recognised by WHO. In l&ahdj during the first
epidemic between 2004 and 2006, the Ministry of Public HealtbH)Mestablished the
National Avian Influenza Surveillance system (NAIS) using amdw®ader case definition
than the one recommended by WHO. Suspected HPAI H5N1 casescoresielered for
persons with fever and respiratory symptoms or pneumonia and pbexgosure to sick or
dead poultry, or living in area with poultry mortality or previ@astact with suspected HPAI
H5N1 human cases or persons with pneumonia (Kitgtadi, 2008). This case definition
was considered non-specific with 80 times more detection of hunflaernna cases than
HPAI H5N1, but allowed the MoH to detect 4 cases that would not b detected by the
standard WHO case definition (Shineteal, 2011). However this unspecific case definition
was really resource intensive and ill adapted to countuiels &8s Cambodia or Lao PDR with
little capacities. Early human case detection is challgngiihe clinical signs are similar to
the ones of influenza-like illnesses (ILI) which are common in $Bé usually only reported
when symptoms with fever are described. Moreover, the associagitween clinical signs
and potential exposure to poultry is not easy to assess consitezindiquity of poultry in
rural populations and the reluctance of farmers to declare poultry rtyortal

5.2. Awareness of farmers and health workers
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Passive surveillance relies on the capacity and willingnesarofefs, community workers or
private animal health actors to observe and accurately deiaatatlsigns in their own
poultry or those of their village and to take the decision to notiéy disease to official
veterinary services (Doherr et Audige, 2001).

In LMB countries, a great number of actions to increase faame&reness and to train
community animal health workers have been implemented throughusaiojects, funded
by the FAO or international and local NGOs (FAO, 2013). A largmber of institutions
funded communication materials for HPAI awareness campaign#ed States Agency for
International Development (USAID), the Australian Agency fatefnational Development
(AusAID), the European Union (EU) Commission, the World Bank, teiamDevelopment
Bank (ADB), Food and Agriculture Organization of the United NationsQFand the United
Nation Children's Fund (UNICEF). These organisations mostly funded warye-
communication activities with the distribution of posters, lesfletee-shirts or the
broadcasting of radio / TV messages about biosecurity andnag¢rprotection against the
disease (Caro, 2013). Some farmer or community meetings Wsreomanised but these
generally used top-down approaches, and their main objectemesta produce behavioural
changes in relation to poultry diseases. Knowledge, attitude eaatige surveys were
implemented in several countries to assess the impact of tdoeseaunication strategies
(Hickler, 2007). The surveys showed that besides a high degree ohassand theoretical
knowledge about the disease among farmers and community workehnstheithighest
awareness in Thailand, communication strategies were far skessessful in changing
biosecurity practices and in improving disease reporting ttihhaathorities (Caro, 2013).
Toll free reporting hotlines were set up in every LMB countityese hotlines are used mainly
by farmers or consumers to ask information about the diseasédyutalso enabled the
detection of cases in Laos and in Cambodia.

5.3. Actors involved in the reporting mechanism

To compensate for the lack of field veterinarians in ruralsaegghe start of the epidemic,
some SEA governments have developed several strategies. In drabsCambodia,
community workers (Village Animal Health Workers (VAHW) for i@hodia and Village
Veterinarian Workers (VVW) for Lao) have been trained by N@Ddy the government,
under projects funded by international agencies, to provide anirakih Iservices (treatment,
husbandry advice, vaccination) to their communities' farmers. lipittae majority of their
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activities targeted the health of livestock, but after thet sthrthe HPAI H5N1 crisis,
governments, with the help of the FAO, decided to train additiodddW and VVW in
HPAI H5N1 only, in order to have at least one trained person p@gesiand to increase the
surveillance coverage (Burgost al, 2008; Burgos, Otte et Roland-Holst, 2008). These
workers do not belong to the governmental staff and so do not recayveatary or
compensation for their services, but they are supposed to produce cepdidsase outbreaks
and vaccinations to their direct supervisor within the veterisaryices (Caro, 2013). These
systems are characterised by a high variability of skidcause of non-harmonised training
plans between teaching organisations, poor sustainability wdahga humber of community
workers stopping their activities within the following fivears and a legal status that is not
always clear (Calbat al, 2014). Due to their position and close relations with official
authorities, the VAHW/VVW have an important “gatekeeper” function animal health
information (FAO, 2013). But as their incomes depend directly ondiasatisfaction, they
often try to solve animal health problems by themselves todagompromising their
credibility with regard to their customers. This means thabrtepare often forwarded only
when the situation is out of control, thus delaying the detection ofeaktbr(Caro, 2013).
The same situation has also arisen in Vietham, where the netwprkvate veterinarians is
more established. Primary health actors are called “Conindum@al Health Actors” and in
contrast with Cambodia and Laos, they are members of the nateteahary services and
therefore receive a monthly compensation (Nguyen, 2011). Howeveradlerps of late and
under-reporting remain the same (Desvaux, 2012), with issuesdrédadelack of recognition
from central authorities, the burden of the extra reporting duty anck afl@ompensation for
outbreak responses in remote areas. Moreover, in these threeexuheiconsequences for
farmers and the community when an outbreak of HPAI H5N1 is etlare disastrous,
because there are no compensation mechanisms in Laos and CafBhogies,et al, 2008;
Burgos, Otteet al, 2008) and the mechanism in Vietnam is deficient (Desvaux, 2012J. Afte
detection, the national authorities cull the village's entire popltpulation; sometimes even
the poultry population of several villages in the same comnemesing extreme financial
lost for poor small-scale breeders. These types of situatibage reporting disease increases
the risk of penalty for farmers are known to be unsustainable.

In public health, the responsibility for reporting suspectedsaf HPAI H5N1 lies with the
primary health care system at communal hospitals or wittataripractitioners. Since 1997,
Thailand has developed a passive surveillance system for iamergectious disease,

structured around a tight network of Village Health Volunteers (VHAB0,000 in total, at
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sub-district level. The VHV are not paid by the government but tbeeive incentives in the
form of free health services or care, and their operating @stgefunded. In 2004, Al
surveillance was included in the routine work of VHVs, with additi@uaivities around the
reporting of poultry death or illness and specific awarengsing actions on HPAI H5N1
prevention at farm level (WHO, 2007). One VHV per village is mated as Livestock
Development Volunteer (LDV) and is officially dedicated to réipgr suspected disease in
animals to the Department of Livestock Development (DLD). They involved in the
passive reporting system but are also part of the X-Eagpaign; an integrated active
surveillance programme where each household in every villagesitedvitwice a year to
actively search for clinical cases of HPAI H5N1 in humans @outry (WHO, 2007). This
health volunteer system also exists in the other countries oédgien with some variants. In
Laos, the national primary health care service relies alsor@mtwork of VHV. The latter are
trained during 2 to 3 weeks as lay health workers in order to corateradvice to famers
and to report surveillance activities in their village on a monbagis (Akkhavonget al,
2013). In Cambodia, there are two kinds of health volunteers. The VHVs, di ttare are 2
to 6 according to the size of the village, with different kinds ativeies depending on the
type of institutions they are affiliated to (Ministry of Ruf2evelopment, MoH, NGOs...),
and the members of the Village Health Support Groups (MH®Gually 2 per village,
belonging to the MoH and with the role of ensuring a regutav 8f information between the
community and the Health Centre (MoH, 2008). In Vietnam, in addition &etkelunteers
there are health collaborators used by the family plannimicglito promote good health
practices from household to household and to conduct the population centsig(R012).
None of these volunteers are employed by the government but theceloe incentives,
through the exemption of medical charges, and they can be teitypenaployed by NGOs.
Even if they are not always included in the national health slamed system (as in
Cambodia), they play an important role in outbreak reporting.

Anyhow, passive surveillance based on these volunteer networkb\ag/ing effectiveness.
In countries were the percentage of people with health insureocerage is very low,
especially in rural areas, the acceptance and the usebbf puimary health care remain
inadequate. In fact, because of the high level of out-of-pockgingras and the poor
perceived quality of public health facilities, patientefpr to use traditional medicine, self-
treatment from drug sellers or private health facili@kkhavonget al, 2013; de Sat al,
2010). For example, in Cambodia, HPAI H5N1 patients visited prwaetices 2.5 times on
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average before diagnosis. This can create a delay in caséiahetes the private sector is

often not covered by the national surveillance system.
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PART 2
OBJECTIVES OF THE RESEARCH
STUDY

As discussed in Part 1 Section 4, passive surveillance in the hamdaanimal sectors is a
key element in the process of detecting HPAI H5N1 in remotsarkdeveloping countries.
But we have also highlighted that this type of surveillanceailigest to many limitations in
both sectors. There is clearly a lack of awareness in somenwoittes which fail to
recognise, at a sufficiently early stage, the clinicahsigf the disease in birds and to link the
presence of animal disease with symptoms in humans (Caro, 2013).r@dmbth this lack
of knowledge there is often reluctance of farmers to declareahnases because of the direct
or indirect negative impacts of disease control measures. This has ofterhledliscovery of
the presence of HPAI H5N1 in a region with subsequent to tleetaet of a human case
(Leboeuf, 2009). Moreover these areas are facing a shortagalif tere facilities (Halliday
et al, 2012), in human and animal sectors, leading the population to turn tovizete p
sectors, drug dealers or traditional healers, with inadequalte &kd often not included in the
national reporting system (de ®a al, 2010). The current research was implemented to
overcome these gaps and limitations. In the Part 2, we are ¢widgscribe our main
objective, our specific objectives as well as some dethitaitathe rationale behind the

selected approaches.
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1. Main objective

In this research work, our main objective was to test and peoposvative methods to
increase the involvement of rural communities in the reportingpbohatic diseases and to
improve the effectiveness of surveillance systems in human mintalahealth systems.
However, due to time and practical constraints we had to limit ielot bf study, the
population to be targeted, the attributes of surveillance thatam¢ to improve and therefore
the type of methods or tools to be implemented. We have focusedsearch mainly on the
HPAI H5N1 situation in Cambodia, except for one method of evaluagoenario-tree
modelling), which was easier to implement in Thailand. We workaithi;non the sensitivity,
acceptability and timeliness of the surveillance (seemate in the section below). We did
not look at economic criteria, as it was not possible to havesstcany financial data about
the cost of surveillance. We selected different tools and methatisie considered the most
appropriate for our research context (scenario-tree modetjuaditative and semi-qualitative
methods of evaluation, participatory evaluation, pilot interventiardyst multivariable

analysis, spatiotemporal analysis and multi-criteria analysis).

2. Specific objectives

In this work we looked at two different aspects of surveillancaluation and design, which
are in fact interdependent. Adequate evaluation is needed to ydkayifelements in the
surveillance to be improved and to be able to select apptefnols or methods to achieve

this improvement.

2.1. Specific objectives regarding surveillance evaluation

Evaluation is a key element in the improvement of surveillandermsgs Indeed, timely and
relevant evaluations are critical to make the best use afesemailable resources, they allow
more objective decision making, improvements in system designnfiach@d acceptance of
system outputs by stakeholders at local (e.g., farmergjnaians) and national levels (e.g.,
reference laboratory, veterinarians at central level).

Several frameworks have been used in animal and human heatfircliDet Carter, 1994;
Dreweet al, 2013; Germaret al, 2001; Hendrikxet al, 2011; WHO, 2008) describing the
attributes to be assessed in order to estimate the perfarnaantt the efficiency of the
surveillance. In this context, ‘attributes’ are used to referthte many quantifiable
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characteristics of surveillance systems (Dreaval, 2013). Depending on epidemiological,
sociological and economic factors, surveillance systems caorbglex, as are the attributes
to describe them. According to a report compiled after digsmssduring a workshop
including surveillance experts prior to the International ConferemeeAnimal Health
Surveillance (ICAHS) in 2011, and made available on the websiteeofAnimal Health and
Veterinary Laboratories Agency (AHVLA) http://www.defra.gov.uk/ahvla-en/disease-

control/surveillance/icahs-workshgp/29 attributes have been identified which can be

potentially be assessed. The choice of the attributes to beatalis closely linked to the
purpose of the evaluation, and to the objective of the surveillance system.

When considering the surveillance of zoonotic diseases one ofa$teimportant objectives
is to accurately detect the disease in animals in order to préwenan cases (Hadorn et
Stark, 2008b). Subsequently, if a zoonotic disease is already presethe human
compartment, the surveillance system should be able to detext ib identify the source in
order to avoid further contamination.

To assess if the passive surveillance component can ensurerlthdetaction of zoonotic
diseases, especially HPAI H5N1, we primarily need to evaluateytiadity of the evidence
provided by estimating the surveillance sensitivity (Se) and itslitiess. Depending on the
disease situation, the sensitivity (Se) can be the prohbabilitletecting the disease above a
certain prevalence (for areas free of disease) or to detectases or outbreaks (for areas
where the disease is endemic) (Hoinvekeal, 2013a). In situations where cases are found, as
for the HPAI H5N1 surveillance in SEA, where the human cases aeeluat with great
conseqguences, sensitivity becomes synonymous with completenesstidlarter, 1994).
Timeliness for early detection is often defined by the time rirgk between disease
occurrence and control responses (Hoinvéleal, 2013a). Sensitivity and timeliness are
connected to other important attribute for passive surveillancthesacceptability. This
attribute relates to the adequacy and relevance of the surveiltdojectives and is linked to
the expectations and perceptions of the stakeholders who are plaet aafrveillance (Auer et
Andersson, 2001)

Considering that sensitivity, timeliness and acceptabilityewsonsidered in this research
work as key attributes to be evaluated, we selected sewiethbds of evaluation in order to
review their usefulness in the situation of developing countries gmvade guidance on the
way they can be applied.
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We had three specific objectives according to the type of method skelecte
Q) To review the feasibility in our study context of qualitatimad semi-
guantitative methods of surveillance systems evaluation (from therhwand the
animal field) and to apply them.
(2)  To apply scenario-tree modelling methods in resource-scarcem®meénts.
(3) To develop a participatory method for evaluation in order to highligat

value of participation in the process of surveillance evaluation

2.2. Specific objectives regarding surveillance design

In contexts where resources for surveillance are restrictecdfien dependent on uncertain
and variable external funding, a priority should be placed on tkeofiscost-effective
surveillance methods such as mobile phone surveillance systeisk-tmased surveillance,
using exposure and risk assessment methods (Stédk 2006). Another priority should be
given to the development of tailored training programmes for VAVérder to improve
their sustainability, to improve the acceptability of thevsillance activities and to allow for
optimal allocation of resources. In this research work, we havetesgland tested four
different approaches that could be used to design more effisigveillance. The use of
mobile phones to declare animal mortality, the evaluation tdr@ithat could influence the
effectiveness of VAHW in the surveillance, the use of spatimpbral analysis to understand
the spread of disease at the local level and multi-critexadyses to develop a risk map for
human infection.
We had three specific objectives for this section:

4) To test the feasibility of using mobile phone text mgssafor VAHW to

declare animal mortality.

(5) To validate our participatory evaluation tools and to use thétseto propose

recommendations for VAHW training

(6) To better understand the risk for human infection associatedthethocal

disease propagation, in order to produce a risk map for risk-based sureeilésngn.
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In a final study we implemented a systematic review efréssearch projects conducted by
CIRAD on surveillance systems in Madagascar and Cambodihawéeproduced a narrative
synthesis of the research outputs to critically analyse anelwdkieir field feasibility in order
to determine their benefits, and to strategically provide ®¥fec targeted correctional
interventions and recommendations.

The specific objective of this section was:

(7 To provide generic recommendations for improving surveillanciads in

poor resource settings
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PART 3
OVERALL ORGANISATION
MATERIAL AND METHODS

In the Part 3, we are introducing the nine research studies thatimplemented between
January 2010 and June 2014 to address the specific objectives BhihisThe studies all
looked at the Cambodian surveillance system except for one sthoth was done in
Thailand and one which compares Cambodia with Madagascar. Wédesar each study,
the population of interest, the specific objectives and how thigieetives relate to our main
objective, the time frame and conditions of implementation, andyfigale details on the

material and methods applied in each work.
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1. Rational planning and implementation

In the section 1, we will describe the objectives of the nigld Studies, their connections and

the time frame of their implementation

(N General framework: specific objective, timing and

practical constraints in the field implementation

1.1.1. Objectives of the studies

In order to meet our main objective and the specific objectivataildd in the previous
section, nine studies were implemented:

(1) Semi-qualitative evaluation of HPAI H5N1 surveillance in animal eyst using the
Surveillance Network Analysis Tool for Tropical countri€N\AT Trop) in Cambodia.

(2) Qualitative evaluation of HPAI H5N1 surveillance in human and ansysiems using the

“Strength, Weaknesses, Opportunities, Threg8%OT) method in Cambodia.

During these two studies we carried out a critical assessmemheoforganisation and
functionality of the Cambodian HPAI H5N1 surveillance in human amchalnsystems using
qualitative and semi-qualitative methods in order to make recommendatb enhance the
early detection of outbreaks and to integrate human and animal surveillance

(3) Quantitative evaluation of the HPAI H5N1 surveillance systetmackyard production in
Thailand using scenario-tree analysis modelli@§A Thai)

We developed a stochastic scenario tree to model and assassvitidance system of HPAI
H5N1 in Thailand in backyard and free-range poultry productistesys. The objective was
to estimate the sensitivity of each of the surveillance comypsnéut more specifically
sensitivity of the passive surveillance in order to demonstnateisefulness of this method to
assess freedom from disease in countries with limited resources.

(4) Design of a participatory evaluation grid for VAHWE VAHW ) in Cambodia.

The objective was to involve Village Animal Health Workers in tfeeim evaluation in order
to improve their active participation in HPAI H5N1 case-repugti By using participatory
methods, we developed a new criteria grid which includes local surwhisators developed
and used by the VAHW themselves.

(5) Multivariable analysis of factors influencing the efficiency oANMW (EF VAWH ) in

Cambodia.
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The objective was to validate the participatory evaluation goigceived in the study 4, by
assessing the level of effectiveness of 251 VAHW in three praviboedering Vietnam. The
grid allowed us to give a score for their level of activity and malgse, through multiple
linear regression, the factors influencing the best score.

(6) Pilot study on mobile phone reporting\S Reporting)

We implemented a pilot-study to test the use of text messdyiridl2 participants from 68
villages. The objective was to obtain baseline mortalityadat order to detect peaks of
mortality and to identify outbreaks of infectious diseases more rapidly.

(7) Spatio-temporal cluster analysis of HPAI HSN1 outbre&B& Analysig) in Cambodia.
Notified villages are often the tip of the iceberg; delays betwthe first case and detection
enable the virus to spread from house to house and then from villag&atethrough direct
or indirect transmission. Recent spatial analysis showed that dthengeveral outbreaks
occurring in Thailand there were few occasions of disease emergantthat most of the
outbreaks were the consequence of short distance dissemination Gaaijs This study
aimed to understand how local spread occurred and to identify the mmgsirtant
determinants in order to limit the number and size of future outbréa the poultry
population.

(8) Risk mapping of HPAI H5N1 infection in humarICDA )! in Cambodia.

In the final section we used spatial analysis combined wittiiptelcriteria decision analysis
(MCDA) to produce a map displaying the risk of human infectioi€ambodia, in order to
adjust and reinforce the surveillance in the zones with greater risksesse occurrence.

(9) Lessons from CIRAD experiences in Cambodia and in Madaga@darrative
Synthesig

To conclude this work on tools and methods to improve surveillantensysn remote areas,
we carried out a comparative analysis of two challenging envieotsn Cambodia and
Madagascar. We analysed the results of several researngttpronplemented by CIRAD
(French International Research Centre for Agricultural Developmie these 2 countries
over the past decade. The objective was to show how new apprdacltsesveillance and
response systems could be transferred between different ceunivith difficult

socioeconomic environments.

1 A map displaying the risk of HPAI H5N1 spread in poulirpopulation in Cambodia has been made during
this study (using as well MCDA), the details of thiwork will be not given in this manuscript, only the fnal
product of the map will be displayed.
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Table 5: Correspondence between PhD specific objectives and tthiéerent field studies

1 2 3 456 7 8 9

1- To review the feasibility of qualitative and ser

guantitative methods of surveillance systems evalue

(from the human and the animal field) and to apply the

2-To validate the use of scenario-tree modelling metl

in resource scarce environments.

3-To demonstrate the value of participation in the pro

of surveillance evaluation

4-To validate our participatory evaluation tools and to

the results to propose recommendations about VAHW

5-To test the feasibility of using mobile phone t

messages to declare animal mortality from VAHW.

6-To understand risk of human infection associated )
disease spread at local level to produce risk maps.

7-To provide generic recommendations for improv

\"2J

surveillance methods in a context of resource poor setﬂing.

1.1.2. Background and context of the populations studied
1.1.2.1. Thailand

Thailand covers an area of 513,120 km? with a population of 68 millionhighwi4 million
live in the capital Bangkok. The population density is 122 inhalsitamg. The country is
divided into 5 regions which are broken down into 77 provinces, 877 diswitsniphoe),
7,410 sub-districts and 72,335 villages according to the NationaktigmtOffice (NSO).
Thailand is the % largest economy in Southeast Asia after Indonesia and has adtarthe
status of a middle income country. The poverty level has declinéckably, but remains
high in the Northern provinces (National Economics and Social Dewvelot Board, 2014).
About 49% of Thailand’s labor force is still employed in agtizd, but the share of gross
domestic product (GDP) coming from agriculture has largely dsereto only 11% (World

Bank, 2012). Thailand is one of the top rice exporters in the world.
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1.1.2.1.1. Poultry production

In 2010, the FAO census of animals estimated the Thai livestoakgtiom to constitute of
about 6.5 million cattle, 1.6 million buffaloes, 7.6 million pigs, 232 iomllchickens and 29
million ducks (Ahuja, 2013). The poultry sector in Thailand is vempartant. Poultry sales
form more than half the total added value from livestock in G@P. This production
includes backyard producers, small to medium-scale commepro@licers, large commercial
producers and vertically integrated industrial producers (Saf2@09). Backyard chicken
production is by far the most common, 80% of households in rural @isasbetween 30 to
50 chicken, but the total number of flocks is difficult to assestjdy glone byOtte et al.in
2006 estimated the total number of flocks to be 2 million (three epgaot the global number
of flocks). Backyard poultry has economic value and it alsgspén important social and
cultural role. Between 1 and 6 million birds are raised foptmpose of fighting (Paut al,
2013). Large-scale farms represent 6.6% of the total productiontghgg in size from 1,000
to 5,000 birds and have controlled biosecurity conditions. Then there areettically
integrated farms with 10,000 birds per house and between 2 to 10 hdusesafe no more
than a few hundred of these but they represent 25% of the productiofarifisehave highly
bio-secure facilities with on-site hatcheries, slaughter éoasd post-slaughter processing
facilities (Safman, 2009).

1.1.2.1.2. The current HPAI H5N1 situation in Thailand
The first case of HPAI H5N1 occurred in January 2004. During tvemsy@ip to end 2006),

Thailand experienced four main epidemics with 1 700 outbreaks rdpgriensinet al,
2007). The majority of the outbreaks took place in the central plagh ia backyard
production. Then only sporadic cases occurred until 2008. During thi2Bnmeman cases
were detected, 68% of which were fatal (Chantong et Kan2€i&). The economic impact
was huge with 65 million birds culled and one billion Thai baht értbian 28 million of
Euros) spent on compensation (Patlal, 2013). Production of broilers dropped from 22
million per week to 15 million during the first years of epidesn From the outset, the
Department of Livestock Development (DLD) developed spec#ative surveillance
strategies (X-Ray campaigns relying upon Village He#lthunteers), restricted movement
(with bird passports) and the control of outbreaks throughepmative culling and
compensation schemes (75% of the value of the bird) (Tiehsily 2007).

70



1.1.2.2. Cambodia

Cambodia covers an area of 181,035 km? and has a population of 14.96 millh a
population density of 75 inhabitants/kmz2; 1.35 million inhabitants live incépital Phnom
Penh. The country is divided into 24 provinces which are broken down into 188tslist
1,623 communes and 13,408 villages (NIS, 2011). More than 80% of Cambodia’atpopul
lives in rural areas and about 73% of this population depend exdjusiveagriculture for
their livelihood; 17% of the population is considered to be malnourish®@$HAT, 2014).
The Khmer Rouge period (1975-1979) was one of the most devastatiagspier history;
nearly a quarter of the total population of Cambodia wasrehated. Today, the country is
still struggling to rebuild, undermined by corruption and poverty. l&aha remains one of
the poorest countries of the region, ranked 136 out of 187 on the Human Deseldpdex
(UNDP, 2014), and 63% of the population is illiterate, one of thddgohighest illiteracy

rates.

1.1.2.2.1. Livestock production

The livestock sector is of critical importance in Cambod@goanting for 7.6% of the
country’'s GDP. Animals represent a significant source of food aedthus vital for
consumers, income, employment and trade (FAO, 2005). This sectosily momposed of
small farmers; only 1% of farms are commercial (NIS, 2014). Pdareilies generally have
chicken and sometimes one or two pigs, while the richest havedmsfat cows. In 2013, the
animal census published by the Department of Animal Health amth&ron ( DAHP ) (NIS,
2014), estimated the cattle population to be about 2.7 million, 472,000 baffal&emillion

pigs, 27.8 million chickens and 5.1 million ducks .

1.1.2.2.2. Poultry production

Poultry production is divided between traditional breeding (baclgjasemi- commercial and
commercial (with high biosecurity and more than 10,000 head) systemms. s€émi-
commercial production is separated into 3 categories: small XBI® birds), medium
(1,000-5,000) and large productions (over 5,000). Semi-commercial and commanaial f
include laying hens, broilers and ducks are concentrated around theaiias and along the
Thai border in the northwest and the Vietnamese border in the southeast.
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The majority of poultry farms are backyard types (80%) (Amooys, 2006). For these farms
the average number of birds is between 10 and 30 and they areinaisszkyards often in
close contact with other livestock and humans (Deseawat, 2006). Most chicken are local
breeds. The backyard system is low input-output system, witkditbamal nutrient intake or
veterinary care. New birds usually come from self-renewalckehni meat and eggs are kept
for home consumption. Birds sold alive can represent a significantes of income (Dinesh
et al, 2009b). Ducks are also important providers of eggs, both for salecasdnaption.
There are more than 1,000 commercial duck farms in Cambodiaamtaverage, 900 heads
per farm. The majority of the farms are layer farms growifnge-ranging ducks”. This
activity very much follows the rice cycle (Dineshal, 2009a). Ducks are transported to the
rice fields, sometimes over long distances, so that they carofettte seeds remaining after
harvest. Ducklings are usually bought from markets or comnhetwscheries in
October/November, and their laying cycle varies from 4 mofithgakeo) to 24 months
(Dinesh et al, 2009a). Live poultry are often traded with Vietnam. The volume of birds
depends on the period of the year, with an increase of movement tkstivgg seasons in
February (Chinese new year), April (Khmer new year) asgteSnber (Pchum Ben) for

consumption and cash needs (Conan, 2013).

1.1.2.2.3. The current HPAI H5N1 situation in Cambodia

The first poultry case of HPAI H5N1 appeared in Cambodia4Shianuary 2004, in a broiler
farm in Poung Pey village not far from Phnom Penh. The first huma&nocasirred in 2005.
Since then Cambodia has reported 42 avian outbreaks and 56 humar{GiaSesVoH
Cambodia, 2014). In all, 79% (44/56) of the human cases were under 14 years of agé and 66
(37/56) were fatal. Currently, only the clade 1 virus has even luetected in Cambodia,
suggesting that this virus is endemic in the southern Mekong.b&kere is even some
evidence that that recurring outbreaks in Cambodia are causedittgraal circulation of a
virus endemic to the country (Soehal, 2013). The latest human case, dating back to March
2014 was detected in Kampot province. It was a 2 year-old girlgitainfected while her
parents prepared dead chicken for food and she died 7 days aftemseteof symptoms
(CDC, MoH Cambodia, 2014).

The detection of poultry cases relies almost only on passive lkameei i.e. notifications by
the stockbreeders (Conan, 2013). In rural areas, other avian djdéasdewcastle disease,
avian cholera, Gumboro or viral enteritis in ducks are ende@oogn, 2013). They often
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present a very similar clinical picture to that of avianuefiza, with high mortalities. The
burden of diseases in poultry flocks is very high and stockbreddemst judge it necessary
to systematically notify them (Lgt al, 2007). Moreover, when HPAI H5N1 outbreaks are
confirmed, the current policy in Cambodia is based on massivexgwh poultry in the
affected village, without economic compensation. These control nesagad to the under-
reporting and under-detection of HPAI H5N1. In this context, agie in both animal and
public health sectors must be maintained in order to detect, epmbtharacterise the animal

influenza viruses.

1.2. Timing and implementation

The implementation of the nine different studies took place overiadoof 4 years (2010 to

2012, and 2014), as shown in the Table 3.

Table 6: Timetable for the different activities during the nine sudies

2010 2011 2012 | 2013| 2014

Data collection for qualitative analysis of animal s urveillance system

Implementation of the SNAT method

Data collection for qualitative analysis of human su rveillance system

Implementation of Scenario tree analysis in Thailand

Participatory evaluation

Multifactorial analysis of VAHWs effectiveness score
Pilot study on SMS reporting

Outbreak investigation for spatio-temporal analysis .
Multicriteria decision analysis
Narrative synthesis: comparison between Cambodia and Madagascar

Most of the studies were funded by REVASIA (Research for Evaluaf Avian Influenza

Surveillance in South East Asia), a program which was fiusddéd by the “Direction
Générale de [I'Alimentation” (DGAL) and the French Cooperatiogensy (AFD),

http://revasia.cirad.fr/en/

1.2.1. Implementation of the “SNAT Trop” evaluation

In 2011, the pattern of HPAI H5N1 in Cambodia changed with aeaserin the number of
human cases. Eight human cases of HPAI H5N1 infection wecgtedpbetween February
and August with people under 19 years of age and with a dadieyfaf 100% (CDC, MoH
Cambodia, 2014). This was the highest number of human HPAI H5N1 repseted in one
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year for Cambodia (see Annex 12). The basis for the increaseétkemce and the high
mortality remained unclear. The human cases were not linked to atheh with the
exception of a mother and her child, who got infected in Prey Veogjnge in February
2011. The important fact to mention was the absence of outbreakiaetecpoultry. Only
two fatalities were related to contact with sick poultry, bot confirmed to be HPAI H5N1
(CDC, MoH Cambodia, 2014). This was alarming for the Cambodianivatgrservices. So
the Department of Animal health and Production (DAHP) and theohdtiVeterinary
Research Institute (NaVRI) agreed on an evaluation missiomassess the current HPAI
H5N1 surveillance system and to provide recommendations to enhanige warning
detection of outbreaks. The evaluation using SNAT tool was done in Julyl®0aIVaster's
student Laetitia Minodier under my supervision. We used an adaptsiiv of the SNAT
tool. At the time of the first evaluation, only the passive compowastin operation because
of the withdrawal of external funding. The work resulted in at®tathesis: Minodier, L.,
2011. Adaptation de l'outii SNAT au contexte de la surveillance de PIAFBN1 au
Cambodge (Master BGAE, Spécialité BIMP, Parcours SAEPSYet4ité de Montpellier I,

Montpellier, France.”

This research was presented during the first International @orke on Animal Health
Surveillance (ICAHS) in 2011 in Lyon, France and was published in Epidiégn et
Santé Animale in 2011 (See Annex 1 for the full paper), withfélewing reference
“Peyre, M., Hendrikx, P., Do Huu, DGoutard, F.,, Desvaux, S., Roger, F., others, 20{1.
Evaluation of surveillance systems in animal health: the need to akdegbols to the
contexts of developing countries, results from a regional wopkgmdSouth East Asial.

Epidémiologie et Santé Animale 415-417.”

1.2.2. Implementation of the “SWOT"” analysis

A second evaluation was done at the request of FAO Cambodia. Hsi®mvas funded by
FAO, and was implemented between October 2011 and May 2012.

Data on the human surveillance system were in part calldntea research assistant from
AVSF, Dr Aurélia Ponsich, and by a veterinary student from ENMiCie Collineau, both

under my supervision.
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1.2.3. Implementation of the “STA Thai” study

The research study in Thailand was partly funded by REVASIA ey the French National
Research Agency (ANR), through the ECOFLU project
(http://ur-agirs.cirad.fr/en/projects/ecofiu

This research was the subject of an oral presentation durindirghelnternational
Conference on Animal Health Surveillance (ICAHS) in 2011 in Lyomanhée and was
published in Preventive Veterinary Medicine in 2012 (See Annex 2 fofuth@aper),
with the following reference Goutard, F.L, Paul, M., Tavornpanich, S., Houisse,

Chanachai, K., Thanapongtharm, W., Cameron, A., Stark, K.D.C.erRég, 2012.
Optimizing early detection of avian influenza H5N1 in backyard age-fange poultry,

production systems in Thailand. Preventive Veterinary Medicine 105, 223—-234.”

1.2.4. Implementation of the “PE VAHW” study

This study was done in collaboration with Agronomists and Veteaims without Borders
Cambodia (AVSF), and the field study was implemented byaatdf’s student Clémentine
Calba, who was under my supervision between March and August 284 Work resulted in

a Master thesis:Calba, C., 2011. Adaptation de la méthode des critéres au contexte des
VAHW au Cambodge par l'utilisation de méthode participatives (M&B@AE, Spécialité
BIMP, Parcours SAEPS). Université de Montpellier Il, Montpelkgance.”

This research was the subject of an oral presentation durindirgihelnternational
Workshop of the Participatory Epidemiology Network for Animatl&ublic Health in
2012 in Chiang Mai, Thailand and was published in Acta Tropica in 20B1A8eex 3
for the full paper), with the following referenc€alba, C., Ponsich, A., Nam, S|
Collineau, L., Min, S., Thonnat, JGoutard, F.L.,2014. Development of a participatory
tool for the evaluation of Village Animal Health Workers in Cambodi#a Acopica 134,
17-28. doi:10.1016/j.actatropica.2014.02.013”
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1.2.5. Implementation of the “EF VAHW” study

This study was done at the request of FAO Cambodia. It was funydR&VASIA and FAO.
The FAO contracted Clémentine Calba for 3 months (November 2Qldnt@ry 2012), and
she carried out the field survey under my supervision in collaboration with AVSF.

1.2.6. Implementation of the “SMS Reporting” study

The study was organised in collaboration with the Pasteurutestf Cambodia (IPC). The
study was implemented by a Master's student, Sophie Baron,méioed a scholarship from
the “Pierre Ledoux” foundation. She was under my supervision and tleevsipn of Dr
Arnaud Tarantola from IPC. Another pilot study was in fact irm@leted at the same time.
We were also testing the tool for the notification of adverse events aft@naton within the
International Vaccination Center at the IPC. The study lastechy? ahd was conducted in
184 patients. Participation rate was high (71.7%), especiallypéople living in urban
settings.

This research was published in the Journal of Medical Internet Ras&ee Annex 4 fo
the full text), with the following referencdBaron, S.Goutard, F.,Nguon, K., Tarantola
A., 2013. Use of a Text Message-Based Pharmacovigilance Tool in CamPddi
Study. Journal of Medical Internet Research 15, €68. doi:10.2196/jmir.2477.”

1.2.7. Implementation of the “STC Analysis” study

This study was done in collaboration with IPC and at the requelsediaVRI. In 2010, there
was a very large outbreak of HPAI H5NL1 in free-grazing duckbe village of Pralay Meas,
in the Koah Andaet district (Takeo province), killing thousands mfsb{16,000 deaths were
reported to the OIE (OIE, 2010)). When a village is officiallyldesd as infected with HPAI
H5N1 to the OIE, veterinary services are obliged, by law, tbalubf the poultry present at
the time of the outbreak. Usually only one village is declared astetfezven if the disease
has spread further. In order to assess the local spread of daselisve organised outbreak
investigations of all villages within a 20 km radius of the firgiage to be declared. We did
the same type of investigation in April 2010 around the village ofmP&aley, in the

Kampong Leav district (Prey Veng province), where an outbreak @&fIH#BN1 occurred,
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killing 903 poultry. Both field surveys were implemented with theMRI staff and in
collaboration with IPC.

The field investigations lasted 3 weeks each.

This research was the object of a poster presentation dbtdr@ational conference o
Options for the Control of Influenza VII in Hong Kong, China, in Sepiem2010:
“Conan, A., Holl, D.,Goutard, F, Buchy, P., San, S., Vong, S., 2010. Clinical definition of
highly pathogenic avian influenza (H5N1) outbreaks in Cambodian backyalkd flbt
Proceedings of the International Conference on Options for the @arftinfluenza VI,
Hong Kong, China, 3—-7 September 20X07d an oral presentation (see the summary of
the presentation in Annex 5) at the 8th International Symposium canAwfluenza in
London, UK in April 2012 Goutard, F., Vong, S., Conan, A., San, S., Dab, W., Staerk,
K., Paul, M. (2012). Spatio-temporal analysis of avian influenza H5Nhreaks in

human and poultry population in Cambodia.”

1.2.8. Implementation of the “MCDA” study

This study was conducted by a Master's student, Floriane Rouletmeeen March and June
2014, under my supervision and the supervision of Dr Annelise Tran,Gicad, providing
her expertise in spatial-analysis expertise and Dr Mathilde Fauh ENVT, providing her

expertise in HPAI H5N1 in Thailand. The work resulted in a Mathesis : Roulleau, F.,

2014. Cartographie du risque de propagation et d’'infection par lesvit6N1 en Thailande
et au Cambodge par la Méthode d’Analyse Multi-Criteres (Master 2éSRuablique).

Université de la Méditerranée Aix-Marseille, Marseifld manuscript is under preparation,

to be submitted to Preventive Veterinary Medicine.

1.2.9. Implementation of the “Narrative Synthesis” study

The comparative analysis of the research studies done on surveillance aoldst@tégies in
Cambodia and in Madagascar was carried out between January an@0@y with a

systematic review and a narrative synthesis of the results of the review
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This research was the subject of an oral presentation duringettend Internationa
Conference on Animal Health Surveillance (ICAHS) in 2014 in La Hav@oaa and ig
going to be published in Preventive Veterinary Medicine in 2018 fmex 6 for the full
paper), with the following referenceFL Goutard, A Binot, R Duboz, H Rasamoeling-
Andriamanivo, M Pedrono, D Holl, MI Peyre, J Cappelle, V ChievaM Figuié, S Molia,
FL Roger. (2015) How to Reach the Poor? Surveillance in low-income cegjngssons
learned from experiences in Cambodia and Madagascar. Accepted. Rvewéeterinary

Medicine”

2. Overall description of the material and method used in each

research study

2.1. Surveillance system evaluation methods

2.1.1. Use of qualitative and semi-quantitative methods in Cdiabo

2.1.1.1. Data collection
2.1.1.1.1. Description of the animal disease surveillance system

Data were collected at three different points in time. The fiesiqd was between February
and March 2010, during which we organised field trips in 3 provinSesr( Reap, Kampong
Cham, Svay Rieng) to meet and interview provincial veterinaridigdrict veterinarians,
VAHW and farmers in order to collect baseline information aboutkyad poultry
production system, disease occurrence and poultry mortality, and tahev@pinion about
how well the surveillance system worked. Data were collectedugfir semi-structured
interviews which were conducted individually or in groups. In eacokipce, 2 districts were
selected. The meetings were organised at the office of the disttezinarians and an average
of 7 VAHW were invited to join the meeting. Meetings with farmeéo®k place in their
villages. In total, 3 provincial veterinarians, 6 district veterinariddsVAHW and 20 farmers
were interviewed.

The second period was in July 2011. We used SNAT Trop which was thiecdapsion of
the SNAT tool for developing countries. The tool consists of aagep questionnaire to
collect precise information about network operation and functignadit scoring grid

composed of 78 criteria (score between 0 and 3) and a guiderexglhow to implement the
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scoring (Hendrikxet al, 2011). The study was done in three parts. First, the questionnaire
was pre-completed by the director, the acting director anted of the virology section of
the NaVRI. Then, to complete the questionnaire, we interviewed tbifesers of the
intermediate unit (provincial chiefs from Siem Reap, KampGhgm, Prey Veng) and five
field agents (district veterinarians). These people wdeeteel by the director of the NaVRI
himself. Three people were then in charge of scoring riteria assessment: the coordinator
of the surveillance system, and two external experts from CIRAD.

The next period of data collection was carried out betweeob@ct2011 and March 2012.
Several sources of information were used: i) review of offid@uments available at the
Department of Animal Health and Production (DAHP) and the Natidatdrinary Research
Institute (NaVRI) (monthly reports, specific reports on outpatsactive surveillance,
previous project reports, guide for H5N1 HPAI outbreak investigaand emergency
response developed by FAO and DAHP), ii) access to databased hgsNaVRI (laboratory
analyses, monthly census, mortality declaration, market / skstineeillance, hotline) iii)
review of the scientific literature published on HSN1 HPAI silfgnce systems in Cambodia
for animal and public health. Semi-structured interviews vetse organised with people
involved in the surveillance system at the central level (12 perswngepresentatives of
partner institutions (IPC, WHO, FAO, OIE, USDA — 6 persons in)toaad with 2 provincial
chiefs (Takeo and Prey Veng) and 8 district veterinarians. Qusstbout their role in the
surveillance (acceptability, communication, and training), the dvpeaformance of the
system (sensitivity, specificity, timeliness, and associatsds) and the functionality of the
surveillance (data processing, analysing, and laboratory managjemere part of the

discussions.

2.1.1.1.2. Description of the public health surveillance systems

Data were collected in May 2012 through individual interviews withpteoesponsible for
the different components of the surveillance system at the céaxedl In total, 15 persons
from 7 different institutions were interviewed (MoH of Cambodia, CD@mbodia, WHO,
Armed Forces Research Institute of Medical Sciences (AFRINt®),US Naval Medical
Research Unit (NAMRU), National Institute of Public Health B¥), IPC). Information
about the surveillance organisation (actors, stakeholders, and cormatramjicthe overall

performance of the system (sensitivity, specificity, timess, and associated costs), the
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functionality of the surveillance (data processing, analysinglabatatory management) and

the link with the animal surveillance system were explored.

2.1.1.1.3. Description of the Village Health Worker system

Data were collected in August 2011 and completed in March 2012. Fbutyindividual
interviews were conducted (6 from the governmental staff — MoH, Nynisf Rural
development, National Centre for Health promotion- and 28 represastatf local and
international NGOs). Additionally, a structured questionnaire veasnpleted with
organisations that were involved in the training of VHW (see Annex ffici&@ documents

and reports from NGOs were also reviewed and compiled.

2.1.1.2. Data analysis
2.1.1.2.1. Descriptive analysis

First a descriptive analysis of both surveillance systemscasaged out. We summarised the
various types of information collected into an information flow charis(uiing the flow of
the information which is transferred within the surveillance systeand the different actors
that are involved). The characteristics and outputs of each componentieseribed: details
on the case definition, details on the type of diagnostic analgsiermed, number of
monthly reports from the field, number of suspicions, number of moafl cases detected by
the different components (when available), training plans, commioncabols and
acceptability of the surveillance by the actors. The linkveen the two surveillance systems
was also described. The economic information related to the cest\aillance, both human

and animal, was not available at the time of our research.

2.1.1.2.2. Sureillance Network Analysis Tool (SNAT Trop)

During the time of the evaluation of the Cambodian animal health iBanee system we
were working on the adaptation of the Surveillance Network Amalysol (SNAT tool)
(Hendrikxet al, 2011) so that it could be applied generically for and by developngtries.
The ultimate goal was to offer a tool that is easy for the partnerss& with limited
subjectivity and that would allow a reliable assessment of syggem and a simple
visualisation of the strengths, weaknesses and possible improgenferfirst regional
workshop was organised by CIRAD and the Vietnamese veterinary egriricHanoi in

October 2010, with representatives of the veterinary servic&sanfbodia, Lao PDR and
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Thailand. Then the tool was modified after numerous meetings and fe&titen Cambodia
(Minodier, 2011) and Lao PDR (Faverjon, 2011). At the time of the evaluatbn the
passive surveillance component was operating. It is importamigtdight the fact that only
the passive surveillance is run on governmental resources, allltae @imponents of the
active surveillance were funded by donors (FAO, ACIAR). Funding stojppéahe 2011.

The outputs of the evaluation are displayed in three different formats (Hertiakx2011):

- A table showing the 10 different sections of the surveill&aystem (objectives and scope;
central institutional organisation; field institutional organisationagdostic laboratory;
surveillance tools; surveillance procedures; data managemantjndy; restitution and
diffusion of information; evaluation and performance) with a piarichepresenting the
corresponding notation for each section.

- A histogram showing the scoring of seven critical control pdim&$ were developed by
(Dufour, 1999).

- A radar chart displaying the score of 10 evaluation ate#titat are recommended by CDC
and WHO (Declich and Carter, 1994).

2.1.1.2.3. Strengths-weaknesses-opportunities-threats analysis (SWOT)

For both systems the information collected was summarised ashgOT analysis. This is a
gualitative assessment technique that explores the exterregfand facts that are not under
your control) and the internal (resources, activities, experigret@ments that may influence

your system (KU Work Group for Community Health and Development., 2014)

2.1.2. Quantitative methods: scenario-tree analysis modelling

2.1.2.1. Principles of the method

The SSe can be estimated in the same way as the Se ohadfiagest. It is a measure of the
confidence that our surveillance will detect the disease giventhieapopulation is really
infected (Martin, Cameron et Greiner, 2007). This can be translated into:

55A XA 6+/ &+)

T+ = positive result from surveillance

D+ = truly infected population
In other words, it is the probability to detect at least iofected individual in a population
where the disease is present at a prevalence of P*. It is then @lcsgabelow:

55A1 F(1 F 5A%?

81



Se= the sensitivity of the test used for detection

P*= Prevalence of the disease

N= the number of animals included in the surveillance
A various range of methods have been used to estimate thesGev@flance components or
systems: qualitative methods using expert opinion (Hendekxal, 2011), descriptive
methods comparing representative survey and surveillance rékyhs et al, 2007),
stochastic simulation modelling (Audigé et Beckett, 1999), capteagptere methods (del
Rio Vilaset al, 2005) and scenario tree modelling (Hadorn et Stark, 2008b).
The scenario tree modelling is a relatively new method thabéas increasingly used in the
evaluation of complex surveillance systems in animal dised3ess{enseret al, 2014;
Frosslinget al, 2013; Martinet al, 2007; Welbyet al, 2012) and also in public health
(Watkins et al. 2009). It is usually used to help demonstrate freedom from disease. Th
method uses a tree structure to describe the population anartleélance organisation and
to capture the fact that some individuals will be more likelybe infected based on risk
factors and some individuals will be more likely to be detedeggending on the structure of
the surveillance system. The method considers the population as hmusgeibpopulations
with the same probability of infection and detection (FAO, 201%h)s approach has the
advantages of being able to compile all the available ewedmwovided by different
surveillance activities, to include information about the qualityhef surveillance, to be

repeatable and objective and to provide a quantitative output (FAO, 2014b).

2.1.2.2. H5N1 HPAI Thai surveillance system evaluation (STA Thai)

Our population of interest was restricted to the low biosgcpoultry systems listed in the
DLD census from 2005. Our surveillance unit for the analysis wafathe considering one

flock per farm as a sampling unit. The number of farms was 2,586\8digen farms, 12,753

free-grazing farms and 365,358 mixed farms.

We described three surveillance system components: i) passiveillance, ii) intensive

active surveillance (or X-ray) based on clinical signs cangisbf compulsory visits of

backyard farms by village health volunteers to look for spesifjns, iii) laboratory X-ray

surveys consisting in the risk—based collection of samples ckarts and free-grazing ducks.
X-ray components are both risk-based and run for a period of 2 months tveiae a y

A positive output of the surveillance was considered when a sangsidested positive for

RT-PCR. Two design prevalences were assigned to our modekittiia farm prevalence,
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which was set to 50% and the level of infection at farm levil thiree different levels tested
(0.05%, 3 infected farms (3.4 1%) and 1 infected farm (114)).

Data for the probability distributions were collected frdme titerature review and from an
expert opinion elicitation that was conducted in 2011, through abaséd questionnaire and
including 6 experts working in the field of avian influenza surveikancThailand for several
years. Several scenarios of alternative surveillance designs tested, according to the
different zoning strategies that could be used to define the high risk areas.

A stochastic model was generated using @Risk 5.5® (Palisade @wopdpmwith Microsoft®
Excel 2007. The specific sensitivity (Se) of each component anduvbell Se of the
surveillance system were estimated. The probability of cpdrdedom was also calculated.
Sensitivity analyse was performed using the regression asadygroach in @Risk, to
evaluate the influence of input distributions on the SE of different components.

See the full paper presented in Annex 2 for details on the material and methods.

2.1.3. Participatory evaluation of VAHW in Cambodia (PE VAHW)

We adapted a methodology that has already been applied by AVSRdagascar and in
Cambodia to develop an evaluation grid for farmer organisationsn@est Martin, 2012)
This method is based on the use of participatory evaluation FEEXould be defined as
applied social research that implies interactions betwteholders (Garaway, 1995; Lahali,
2009), and focusing on the understanding of local priorities. With tipsoaph, project
participants are directly involved in formulating the evaluation ties or in collecting the
data.

The study was implemented in two provinces (Prey Veng and Seag)Rvith contrasting
situations in terms of the presence or not of NGOs workingdrfield of animal health. One
district per province was selected. The design of the grid,hwiniolved the selection of
criteria, the formulation of questions to assess the critamth the respective system of
notation, was developed during 4 meetings, between March and Nav2éide which each
included a selection of different stakeholders involved in the VAHWvaorét (VAHW
themselves, district veterinarians, provincial chiefs, NaVRiaggntatives, FAO and NGO
representatives). Each meeting brought together between 9 apdr&#hs. During these
meetings, participatory tools were used to facilitate discnsexperience sharing and to
achieve a consensus on evaluation criteria and the notation syseemséd/ tools such as a

problem tree, the Metaplan method (©Metaplan GmbH, 2003), focupgrmd pair-wise
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ranking. The last step was a testing phase, during whichitegacgrid was implemented in
the field with the evaluation of 36 VAHW in order to validate tbels’ feasibility. See the

full paper presented in Annex 3 for details on the material and methods.

2.2. Tools and methods to improve surveillance design

2.2.1. Multivariable analysis of factors influencing the efficaty AHW
(EFF VAHW)

2.2.1.1. Data collection

For this study we applied the criteria grid that we had previodgygigned. The grid is
composed of five categories and for each category a number of pointedasllocated:
sustainability (39 points), treatment (25 points), production (16 gpimaccination (13
points) and reporting (7 points). For each category, several ¢wauaiteria were defined
and questions developed in order to assess if the criteria aiéeduldy the VAHW. To
evaluate one VAHW, the method requires the interview of 14 persaeasthe full paper in
Annex 3): the VAHW himself, 10 villagers, the village chief, ompresentative of the
Commune Council and the district veterinarian. The final result ofewéuation grid is a
score between 0 and 100.

An additional questionnaire (Annex 8) was developed in order teatallata about factors
that could influence the VAHW's score: training background (when, lbog, by whom...),
personal information (sex, age, means of transport, level ofadyer.), professional
environment (number of animals in his village per species, meoftfarmer associations...),
financial aspects of his activities (average income, book keepirand relations with the
state veterinary services. This structured interview was firseédeguring a pilot interview of
one VAHW from Takeo which was not included in the results.

The study was implemented between November 2011 and January 2012geipribvinces
bordering Vietham (Kampong Cham, Prey Veng and Takeo). Two tBspec province were
selected, one with confirmed outbreaks of HPAI H5N1 and one aptlyafiese of disease.
Every commune within each district was included, and villages veish putbreaks of HPAI
H5N1 were selected first. The other villages were seleasilg a proportional random
sampling method. A total of 367 villages were visited. The fadade-interviews were
carried out with the help of 3 trained research assistaots AVSF who were speaking

Khmer and English.
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2.2.1.2. Data analysis

All the data were entered in an Excel spreadsheet (Microsoft® 20@a &eaning, coding
and further statistical analyses were conducted using Stata 1th (Staporation, College
Station, TX, USA). In order to determine factors associated with bpres for the VAHW
evaluation, we applied a multivariable linear regression modeloGt@ome variable was the
score given to the VAHW by the evaluation grid (continuous variablgpm the
guestionnaire, 31 explanatory variables were tested.

We first did some descriptive analyses of our results by caicglétequencies and relative
frequencies in order to check for incoherence and to group some datategomes. We used
univariate linear regression to examine the association betweenoutcome and each
explanatory variable. Only variables with a p-value of <0.20 werssicered for inclusion in
the model. Pair wise correlation of explanatory variables westedeusing Spearman’s rank
correlation coefficient {> [0.70]) for ordinal and Pearson chi-square test (p<0.05) for
categorical variables. Missing data were verified, observatotismore than 6 missing data
were excluded, and variables with more than 10% of missing data were exXclude

A manual backward stepwise approach was used to construct ourrigeassion model, by
dropping the model variables which were the least significant &edking the amount of
variation explained by the reduced model (adjusted R?). Modahgstions were tested using
the Shapiro-Wilks W test for the normal distribution of residutle Cook-Wesby test for
homogeneity of residual variance, and we used the variance inflattor f@/IF<5) to test

multi-collinearity.

2.2.2. Pilot intervention study (SMS reporting)

2.2.2.1. Data collection

This pilot study was performed between February and June 2012. aMdedi¢o use a free
software, FrontlineSMS (FrontlineSMS, 2014), that can be found on ihte@wece
downloaded onto a computer, and with the use of a 3G key (modem and 8)Mtazan act
as a communication hub, to which SMS can be sent and receiveddrglaantities. Once the
SMS are received in FrontlineSMS, they can be exported into &&8VExcel files, and
further analysed if needed. FrontlineSMS has several advan@gesig which is its low
functionality cost and user friendliness. It is used by seve&D&in Cambodia, such as the
Malaria Consortium and Equal Access.
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The pilot study was implemented in 2 provinces (Takeo and Kagn@dvam) which were
chosen by the veterinary services because of their highly gendtey and cattle population,
and because of the high number of outbreaks (HPAI H5N1 and FMD) reported revitap

years. The 6 districts which were included relied on the volup@ycipation of the district
veterinarians. We asked the district veterinarians to sél@cvillages per district. The

localisation of the different villages is displayed in the Figure 4.

Figure 2: Geographical location of the 58 villages visited inclietl in the "SMS
reporting” study between February and June 2012, in Cambodia.

At the request of the veterinary services, in each village IhaeiVAHW and the village chief
were enrolled in the SMS reporting. In total, 58 VAHW and 54 villageefs were asked to
participate in the reporting system. They had a one-dayirigaicourse at the beginning of the
pilot study, during which the purpose of the study was explanéedhey were taught how to
send weekly text messages. The veterinary services were espentallested about the
reporting of foot-and mouth disease (FMD) and haemorrhagic septiadeif) in cattle.

HS is endemic in Cambodia. The disease is caused by the serotype Basturella

multicidaand is responsible for many outbreaks in cattle and buffaloes evary ye

The information obtained within the SMS was coded as follow:
- District number (1=Kiri Vong; 2= Kaoh Andeat; 3= Tram Kak; Cheung Prey; 5=
Ponhea Kraek; 6= Krouch Tchma)
- Participant code (8= VAHW; 9= village chief)
- Village number (1 to 60)
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- C (cattle)

- Total number of dead cattle

- Number of cattle that died from suspected FMD

- Number of cattle sick from suspected FMD at the time of sending the SMS
- Number of cattle that died from suspected HS

- Number of sick cattle with suspected HS at the time of sending the SMS
- D (ducks)

- Number of dead ducks

- H (chickens)

- Number of dead chickens

- P (pigs)

- Number of dead pigs

Figure 5 shows an example of a text message. The messagsewt by the VAHW from

Bakrorng in Cheung prey district. According to the messagengluhie last week, 7 cattle
died (2 suspicions of FMD and 2 suspicions of HS), 3 cattle sick Fldid and 5 from HS, 6

ducks died, 3 chickens died and 1 pig died.

Figure 3: Example of text message coding used during the "SMS reging"” study
between February and June 2012, in Cambodia.

Text messages were sent weekly. An automatic text messpe was sent to every
participant once their text message had been received taitii@em that their SMS had been
correctly received.

The pilot study lasted for 3 months. A field survey, using a closesstopnnaire of 22

guestions and focus group meetings, was organized 2 months redftestairt of the pilot
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reporting system to collect information about the acceptabdi this method by the

participants and their main field constraints.

2.2.2.2. Data analysis

The data transmitted by Frontline were automatically traresfeto an Excel sheet every
week. Data about animal census for each village were colldataay the first training and
verified again during the follow-up visit. Weekly mortalitytea were calculated for every
species and plotted. From the distribution of mortality rates,d#étection threshold of
abnormal mortality rate per species was calculated usin@sthpercentile of the distribution
of the weekly mortality rate declared by the participanessddptive analyses were done to

estimate the perceptions of users.

2.2.3. Spatial analysis
2.2.3.1. Spatio-temporal cluster analysis (STC Analysis)
2.2.3.1.1. Data collection

Field investigations were implemented in two provinces (Taked Rrey Veng) after
confirmation of the HPAI H5N1 outbreak between February andl A%10. The team
investigated all the villages within a 20 km radius of the villagesre the first case was
reported and laboratory confirmed.

In each village, the Village Chief or VAHW was interviewed witie use of a questionnaire
(see Annexe 9) on the number of poultry present in the villafgrdand after the outbreak,
the mortality level in the previous months, species affected, syngptdate of onset, date of
end and movement in and out of the villages. In the case of aci&usjiased on clinical

symptoms actually occurring, virological samples were taken forircoafion.

2.2.3.1.2. Case inclusion

From the data collected we have developed an algorithm to hedpdesitle which village to
include as a case or not. We used the inclusion criteria basedrtality level and clinical
signs as defined by A. Conan in 2010.

To be included as a case the village needs to fulfil the following eriteeie Figure 3):

— (1) There must be mortality in poultry

88



— (2) For villages within a 5 km radius of a laboratory conéidrcase of HPAI H5N1,
villages are included in the analysis if there has been analitypm ducksOR chickens
in the month before or in the month after the date of confirmation.

— (3) For villages outside the 5 km radius of a laboratory confircase of HPAI H5N1,
villages are included as case in the analysis if:

o The village mortality is over 40% for chick@&ND over 20% for ducksAND if
there is the presence of nervous sigiswhite eyes in ducks

o In villages with only ducks, if the mortality is over 40% withegence of nervous
signsOR white eyes in ducks

o Villages with only mortality in chickens are not included, beeaafghe difficulty
of making a clinical distinction between NCD and HPAI H5N1 oedls in

chickens.

Figure 4: Algorithm based on mortality and clinical signs at village level sed to include
a village as a case during the field investigation done between February aAgril 2010
in Takeo and Prey Veng provinces, Cambodia.

2.2.3.1.3. Data analysis

Spatio-temporal analyses of the suspected villages weieccaut in order to detect patterns

in short distance spread. We used variography to investigatgp#ttial autocorrelation of the
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date of village mortality occurrence. A semivariogram measireslissimilarity between 2
observed variables according to the geographic distance between tlaesbs. In our case
the variable was the number of days between the onset oasieeand the date of disease
occurrence in each village. We used these data to produce a segrasarfrom which we
could estimate the parameters of our model using Variowin 2.2. Kvithng technique
(Spatial Analyst: ArcGIS™ 9.0). These parameters wereesjutently used to produce a map
to visualize the spatio-temporal distribution of cases.

The risk factors analyse was based on spatial generaliest linodels, which were run using
the MASS package of the R software. The dependent variablebimasial (village
infected/not infected by HPAI H5N1). Putative risk factors evdirst screened using
univariable analysis. In a second step, multivariate models wereincluding all of the
significant covariables from the univariable analysis (p-vahfe 0.25, Wald test).
Multicollinearity was examined through variance inflation fac{d#-) (Dohooet al, 2003).

A stepwise backward selection was carried out until all ofréreaining variables were
significant (p=0.05) in the final model. As avian influenza is a @pates disease, villages
located close to each other may exhibit more similar valugsevflence than those located
further apart. This spatial dependency between observatesmaecounted for by introducing
a correlation structure in the univariate and multivariate moddig. dxtent of spatial
autocorrelation was specified according to the range estinfrat® the spline correlogram of
influenza outbreak data. A spherical function was selected forcdhelation matrix, as
indicated by the shape of the spatial correlogram. To veiifgther spatial autocorrelation
was correctly accounted for, we inspected the residuals obgit models using a Monte
Carlo method. This consisted of comparing the observed variogram waiibgram
‘envelopes’ that were computed by simulating 999 permutatiorteotiata values across
locations (Diggle et Ribeiro, 2007). Goodness-of-fit of the models evatiated by using
Hosmer-Lemeshow Chi-squared test. Odds-ratios (OR) and their 95%dermeaf intervals

were derived from the coefficient estimates and variance paranoétiie final model.

2.2.3.2.  Spatial multiple criteria decision analysis (MCDA)

The objective was to produce a map displaying the risk of human infectiomiboO&a.
2.2.3.2.1. Principles of the method

The spatial MCDA method was used to determine the environmainitability of a location

for a particular outcome (such as risk of infection) given the sadfienultiple factors at that
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location (such as vegetation cover, population density, and distancenfeskets). The
relative importance of each factor can be estimated, througkrature review or expert
opinions, and a weighted suitability across all factors isutatled (Boroushaki et
Malczewski, 2010).

The method is composed of several steps (Stevensal, 2013): identification,
characterisation and weighting of risk factors, mapping of thiskdactors to create a spatial
layers, combining the different layers, sensitivity analg$ithe model and validation of the
outcome. In our study, all the spatial analyses were done usi@3\reersion 9.3 software
(ESRI; Redlands, USA) and QGis software (QGis, 2011), the diffsteps of MCDA were
done with the software IDRISI 17.0 (Selva, Clark Labs, Worces¥0OWb610-1477 the USA)
and the sensitivity analysis with the software R.

2.2.3.2.2. Data collection — identification/characterisation and weighting

of risk factors

This step was done through an expert elicitation process usmgpbdased questionnaire
(SurveyMonkey). Ten experts, either working in public health msgdions in Cambodia or

having experience of HPAI H5N1 surveillance and/or risk faat@lysis in Cambodia, were
selected. They first had to validate the initial list ok dactors (from the literature review)
that we proposed. Then we asked them to characterise dtienradxisting between these risk
factors and the risk of human infection. We proposed severa tyfpeorrelation functions

(linear, sigmoid...) with the possibility to define threshold valieeshe risk factor level (in a

gualitative format: very high, high, medium, low, very low) in order éttdy determine the

shape of the function. Finally we asked the experts to weightigskefactors using an

analytical hierarchy process, which consisted in compariing pé factors using the Saaty
scale (Saaty, 1987).

Figure 5: Saaty scale used by the ten experts to compare pairs of rislcfars of HPAI
H5N1 human infection in Cambodia.
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An additional weight was attributed to each expert accordinghé consistency ratio
calculated by IDRISI. Then, for each risk factor, a weighted ag@ian of each expert’'s

answer was performed.

2.2.3.2.3. Production and combination of spatial layers

From crude data, we produced spatial layers of the risk fadtoreXample, for the factor
“proximity to main city”, we calculated the distance betwezncities). Then for the
standardisation of data, the relation between the risk factor anmsktheas normalised using
the module “FUZZY” in IDRISI. The final combination was done using ‘tMeilti-Criteria

Evaluation” module of IDRSI.

2.2.3.2.4. Sensitivity analysis

The “One factor at a time” approach was applied (variatioone risk at a time). The mean
and variance of main effects were calculated, low means tirdica low impact of the risk

factor and a high variance indicating correlation between severatdgdtoulet, 2012).

2.2.3.2.5. Map validation

For this map we just visually compared our map with the map of previoushauttaeaks.

2.2.4. Systematic review of research findings from surveillance in

Cambodia and Madagascar

The methodology consisted in a systematic review of papergedeta the subject of

surveillance in Madagascar or in Cambodia, followed by the use ofratimarsynthesis to

compare and analyse the results of the systematic reviewdén tor meet our objectives, we
restrained our study to papers that were published only undertpridemced in whole or in

part by CIRAD.

2.2.4.1. Sources of information: systematic review

Our objective was to produce an overview of methods and tools dyrosteloped or
implemented by the CIRAD researchers in Madagascar or mbGdia in the field of
surveillance, and to critically analyse and review their field fleidisy in order to determine
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what works, and to strategically provide effective, targetedectional interventions and
recommendations.

We searched for the period 2004 to April 2014, on Scopus using the fodjdwy words

AFFIL (CIRAD) AND ALL(*“Madagascar OR Cambodia”) AND ALL(“8rveillance OR

monitoring OR information system”) and Google Scholar TM with théotahg key words,

“CIRAD” AND “Madagascar OR Cambodia” AND “Surveillance OR mtming OR

information system” AND “animal diseases”. Then additional searchiere done on the
Cirad database, AGRITROP, project websites (FSP projeciP&RI 2006-26] funded by
the French Ministry of Foreign and European Affairs (MAHt]p://gripavi.cirad.fr/en/ and

DGAL funded projects [FRIA-08-009 REVASIA]nttp://revasia.cirad.fr/en). The search

included papers in English or French.

Retrieved documents were screened to exclude papers that wereritienh Wy CIRAD
authors (homonyms or presence of the word CIRAD in the article tire reference list of
the paper), that were not about infectious animal diseases and tthahadi issue
recommendations on surveillance systems. The appraisal was condudied tBviewers;
authors of selected studies were also consulted in order t® dssesontents and validity of

the findings.

2.2.4.2. Method of analysis: narrative synthesis

The narrative synthesis method was selected in view of the qualitgpe of our approach.
This method allows the aggregation of qualitative data in order to praeomprehensive
analysis and synthesis of the results of a systematic review, ugryal approach (Popay
al., 2006).

The narrative synthesis method was mainly developed for thenwtste review of
intervention studies (Arat al, 2007). The process usually includes four parts (development
of a theoretical model, preliminary synthesis, assessingoredaips in the findings, and
validation of the synthesis).

The studies included in our review differ from intervention studiescandisted of various
types (observational and descriptive studies, analytical studiegitative studies). We
therefore developed a modified process for our narrative siatheth: 1) the description of
the implementation background of the studies that we want to corfquanatry profile), 2) a
synthesis with a textual description of each study, the groupitigec$tudies and tabulation
of results across studies, 3) comparisons between studies arsaiguraof the connection
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among findings with the use of spider diagrams, 4) the testirigeofalidity of interpretations
by consulting the primary authors of the studies.

The following data were extracted from each study in the faufrtextual descriptions: details
about the country in which the study was implemented, epidemiologith ecological
conditions of the diseases (or health event) targeted in the, syl of surveillance
described or mentioned (passive, active, risk-based, partigipatppopulation included in
the surveillance, method or tool tested during the study, constraintgopodunities of these
methods or tools, recommendations for surveillance and control syfdamasthat described
the current situation of Madagascar and Cambodia were compléteddditional literature
research and compiled under the form of a “country profile”. dier data were grouped
according to geographic areas, and disease or health evergeddrgehe study before being
tabulated. Qualitative case description was used to compardeatateen countries in order
to: 1) identify similarities and differences of the epidemialal situation of the main
transboundary diseases, emerging diseases and zoonotic diseadesfif§) methods and
tools in data collection and data transmission that would be ititgye® share between
countries, 3) understand the variability of the surveillance methadabd efficacy within
different population compartments to inform the implementation of OnaHh&aiveillance.

See the full paper presented in Annex 6 for details on the material and methods
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3. Synthesis of the various contributions of the different

research studies

In Figure 5, we have summarised the different research ar steidies undertaken in this
work. For the evaluation section, we have described the type of tanistbods implemented
(in blue) in connection with the level of evaluation implementedb@l evaluation of the
system or only the sensitivity — in red). For the desigtiaeeve have described the tools or
methods used (in blue), the component of the surveillance design that could desoin(olata
collection, risk-based design, training — in black) in corretatvith the attribute which will

be impacted (coverage, acceptability, sensitivity, specificityred).

Figure 6: Diagram illustrating the relationships among the 9 esearch studies done in
Cambodia and Thailand, between 2010 and 2014, to improve zoonotic disess
surveillance in poor rural settings.
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PART 4
RESULTS

In the Part 4, we present the different results of the nineesttioit were implemented during
this research work. First, we describe the organisation and theohality of the HPAI
H5N1 surveillance system for animal and public health in Camab&ie present, in detail,
the different components of surveillance (passive and active dangglactivities) that were
implemented at the time of the study. The VAHW and VHW systemlso explained in
greater detail. From this descriptive analysis, we predemtrésults of the qualitative
evaluations that were done using the SNAT Trop tool and a SWOToagbp
Recommendations stemming from these evaluations are also pteséf@ then give some
details on the results of the scenario tree analysis thadorses in Thailand on the HPAI
H5N1 surveillance system in backyard chickens and its possiblénysassive surveillance
evaluation. We also introduce the criteria grid for VAHW evaluati@at was developed in
Cambodia using participatory approaches.

In the section 2, we describe the results of the survey thatleveessin Cambodia concerning
VAHW, using the criteria grid. This survey allowed us to givecare to the VAHW and to
identify some factors that could influence VAHW effectiven®¥s. present the results of the
implementation of an animal disease reporting system, base8MS declarations, for 13
weeks in Cambodia. We also show the results of the outbreak igatest that was
undertaken at the beginning of 2010 and the risk map of HPAI H5N1 huneationf in
Cambodia.

Lastly, we present the results of our systematic reviesunfeillance research conducted by
CIRAD in Cambodia and Madagascar and we explain the main reeadations that can be

drawn from our conclusion.
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1. Surveillance system evaluation methods

1.1. Descriptive overview of the surveillance systems

1.1.1. HPAI H5N1 surveillance system in the animal compartment

The National Veterinary Research Institute (NaVRI) is respoasibt the management of
disease research, diagnosis and surveillance in Cambodia. Thetimstis part of the
Department of Animal Health and Production (DAHP) under the Minisfr Agriculture,
Forestry, and Fisheries (MAFF) (see the organisation chart iar&ig). The HPAI H5N1
surveillance system is coordinated by the NaVRI.

The main objectives of the surveillance, as defined by the NaVRI are:

- To detect HPAI H5N1 outbreaks in poultry to enable early cbntio limit the spread of the
disease and to prevent transmission to humans.

-To assess HPAI H5N1 virus circulation in the country and to iflerghd update the
evolution of HPAI virus variants.

- To demonstrate freedom from clinical disease and effectivenessndfol measures when
an outbreak occurs.

To achieve these objectives several components of surveillance havienpéeEmented:
Passive surveillance: Voluntary declaration of disease suspiagedlon the direct reporting
of farmers/VAHW to district veterinarians during visits or montinfyeetings, or by direct
reporting to the Hotline that has been set up for human and animal health.

Active surveillance: This is based on specific targeted investigatof at-risk populations for
evidence of infection that may be based on detecting exposure tagém (antibody
detection by serology) or the presence of the agent (virus igeardetection). There are four
components: 1) the sentinel surveillance in free-grazing duck sfar®) the market
surveillance in live ducks that are coordinated by NaVRI (with FA@ding), 3) the
environmental surveillance in live-bird markets supervised by fie@ded by FAO), and 4)
the wild bird surveillance supervised by the Wild ConservationeBo¢WCS funded by
FAO). There are also investigations following outbreak declaratibasare done jointly by
the MoH and the MAFF.
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Figure 7: Organisation chart of the Ministry of Agriculture, Forestry and Fisheries with the Department of Animal Health and
Production, for Cambodia, 2012.
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1.1.1.1. HPAI H5N1 case definition

The case definition which is currently used is: Poultry de&® in several households
over 4-5 days with the following clinical signs in chickens: suddeath, decreased feed
intake, respiratory signs (difficult breathing, swollen headevwyatyes), neurologic signs
(incoordination, twisted neck), blue (cyanotic) comb, haemorrhagenob, wattles and leg,
ruffled feathers, diarrhoea, drop in egg production; and in ducks aneé: ggssression,

decreased feed intake and diarrhoea, swollen sinuses, nervous disorders in yisung bir

1.1.1.2. Passive surveillance
1.1.1.2.1. Flow of animal health information

Information flows to the central level according to Figure 7. Ndbnimeetings are organised
at the provincial level with the district veterinarians, and montelyorts are sent to the
central level summarising activities: census of animals for eachiajstommune and village;
number of vaccinations done; number of import permits issued; nuwibenimals
slaughtered; price of animals at markets.

Monthly meetings are also organised at district level for VAHW, diuen that there is no
budget to compensate their trip and that some of them are locatedrattie district office,
only a small proportion of them are present at every meeting.

A specific form to report an outbreak suspicion is availablegional and district offices, but
is rarely filled in according to the regional veterinarians. Onlg aistrict vet (Kong Meas,
Kampong Cham Province) uses this form. The suspicions are usualpretbclirectly by
phone to the regional office and to the central office, or are regamn the note book used by
the district veterinarian. Villagers can also report or ask tipes about human or animal
cases of HPAI H5N1 via the two Hotlines that have been setMgH(and DAHP), the
information is shared between the Center of Disease Control ob@#mand the DAHP by
SMS or direct phone calls. There is an average of 13.6 calls per fmimh6 ; max 19]
through the NaVRI's Hotline. Most farmers call to ask for informatalmout the disease

(85%), in 2011 seven suspicions of HPAI HS5N1 were reported via this hotline.

99



Figure 8: Flow of animal diseases information and especially for PIAl H5SN1 suspicions

in Cambodia in 2012.DAHP: Department of Animal Health and Production; BC: Control Disease
Center in Cambodia; MoH: Ministry of Health; NaVRI:National Veterinary Research Institute; VAHW:
Village Animal Health Worker; VHW: Village Health Vérker; SMS: Short Message Service

1.1.1.2.2. Village Animal Health Workers

In response to the initial HPAI H5N1 outbreaks in 2004, the governdeamded to train one
VAHW per village. Currently, a total of 12,000 VAHW have been trainédiHW are not
considered to be government staff and so do not receive any satavgver, based on the
sub-decree 26 SD, they are required to report information on bhaalh and production to
authorities and to Municipal/Provincial Services when necessary, @antbdperate with
Municipal/Provincial Animal Health and Production Services when requirein case of a
disease outbreak. They have been trained by different organisatiG@s(NFAO, Ministry of
Agriculture and other external donors) to recognise the main ds@asurring in livestock
and poultry (especially HPAI H5N1). They are in charge of thecweation of cattle and

buffaloes against haemorrhagic septicaemia. This activity is doneaitnership with the
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district veterinarian who organises the vaccination program amainsbvaccines for the
VAHW. They treat sick animals and some of them give advice on managemaetiit as
building poultry sheds or using vaccines against NCD or cholera. Onlpfdiaem seem to
make a living from their activity with, for example, the sale of drugor the majority of them
their livelihoods depend on other activities which can lead them tavimy from their

villages. This is not always compatible with their role in the survedéasystem.

1.1.1.3.  Active surveillance
1.1.1.3.1. Duck flock sentinel surveillance

The sentinel surveillance was only implemented in 2010, from May to @ct8lix provinces
were involved (Takeo, Kampot, Preah Sihanouk, Battambang, Kan@oaag, Prey Veng)
with 2 commercial farms each. A total of 400 birds were taggeld aiting and cloacal /
tracheal swabs and serum were collected every 2 weeks. Swabpoaed in batches of 3 to
5 and were analysed to detect the presence of avian influenzathirasgh egg inoculation
(HA or HI for H5) and RT PCR on positive samples. During the timaw¥eillance there
was no viral detection but 8 flocks out of the 12 had an H5 serocaoneiBhese were
located in 4 provinces (Prey Veng, Preah Sihanouk and KampoturéFig§). The
seroconversion started in June, except for Kampot which startexhthsnlater in August. As
there was no confirmation of H5N1, it was difficult to draw any conols from these
results as they could indicate the circulation of Highly Pathogebid1, the circulation of

low pathogenic H5N1 or of the H5N2 virus.

Mav-10 June-10 Jul-10 Aua-10 Sen-10 Oct-10

Figure 9: Results of duck flock sentinel surveillance for HPAI H5N1n 6 provinces of
Cambodia between May and October 2010
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1.1.1.3.2. Live bird market surveillance

The market surveillance started in 2007 with the follow-up of 8 marketa was modified in
2009 with the inclusion of 4 additional markets, and again modified in 20k@dp only 7

markets (Siem Reap, Demkor, Orussei, Takeo, Kampong Cham, Prey avel Kampot).

The latest surveillance campaigns were implemented from Mar&ugust 2010 and from
January to June 2011. Cloacal / tracheal swabs and serum weréecbffeen 30 ducks every
2 weeks. Additional samples from the environment were also colléct2d1l1 in the same
markets. Samples and analysis were done in collaboration withS®@bs were pooled in
batches of 3 to 5 and were analysed to detect the presenvawofiafluenza virus, through

egg inoculation (HA or HI for H5) and RT PCR on positive samples.

Table 7: Live bird market surveillance in Cambodia from October 2008 to Jur 2011

Period Duration Number of Swabs Sera Positive Viral
(month) markets  Cloacal Tracheal for HI/  isolation
HA +
2008-2009 12 12 8347 8347 8169 103 0]
2010 7 8 4221 4221 4116 116 5
2011 6 7 4800 4800 4702 308 0

In 2010, the HPAI H5N1 virus was isolated 5 times between Apdl May at the Demkor
and Takeo markets, but because of the lack of traceability, the use of thetsewas limited.
The surveillance also showed regular H5 seropositivity of duckglsd at the market,
especially at Kampot market for which most of the samples werevyeosit2010 and 2011.
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Figure 10: Monthly distribution of live Figure 11: Monthly distribution of live

bird market HPAI H5N1 seroprevalence bird market HPAI H5N1 seroprevalence
in 2010, in Cambodia. in 2011, in Cambodia.
1.1.1.3.3. Environmental surveillance

This component of the surveillance system was developed in coliamoveith the Institute
Pasteur du Cambodge. The surveillance was implemented in April 20R16f week period:
before, during and after Khmer New Year. It included a weekly ciidiecf environmental
specimens in 4 markets: 2 in Phnom Penh, 1 in Kampong Cham, and kein gi@vinces.
Within each market and on 4 to 5 sites where poultry were gathesggeg, location...)
environmental samples were collected (drinking water, water usedashh carcases after
slaughtering, faeces samples, feathers and soil/mud inside t&). cerom the 502
environmental samples that were collected 18% were contaminatedR{DYGR targeting
H5, M and N1 genes) with 2% of virus isolation. Water specimeng were frequently
contaminated (up to 50% of cases), followed by soil/mud and feasip@@mens (Hornet
al., 2013).

1.1.1.3.4. Active surveillance of wild birds

Since 2007, several campaigns to collect samples from wild birde been implemented
with the help of Wild Conservancy Society and other donors (Natimsatutes of Health,
Centers of Excellence for Influenza Research and Surveillan&®).FSpecimens were
collected from several geographic places (Figure 11 and FigurentiZ)aal several types of
origins: wild birds natural habitat, wild birds sold as foodestaurants, wild birds captured

by trappers for human consumption or merit release birds.
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Figure 12: Sites of wild bird sampling Figure 13: Sites of wild bird sampling

for HPAI H5N1 surveillance funded by for HPAI H5N1 surveillance funded by
NHI-CEIRS between 2007 and 2009 FAO between 2007 and 2009 (WCS

Between 2007 and 2009, 4,638 specimens were collected from 109 diffezelgtssand only
one bird was detected as infected with an H5 Avian Influenmas vfwith sequencing

suggesting a rare subtype).

1.1.2. HPAI H5N1 surveillance system in public health

In the section 1.1.2, we will describe the surveillance system théhdifferent components
(active and passive) that were implemented between 2009 and 201hebidH in

Cambodia. For the following description, we interviewed severalesgptatives of each
system as no synthetic report was available at the time of thg. sl also considered that
research projects on disease surveillance, coordinated by nomgwmal organisations,

were part of the national surveillance system.

1.1.2.1. The national health system

The smallest public health facilities are the Health @e(#tiC) or the Health Post (HP),
located at communal level and serving a population of between 8y@002z000 (within 2
hours walking distance) (Chhes al., 2010). With regards to the national objective, these
health facilities should be able to offer the so called “Minimiatkage Activities”, which
corresponds to basic health care for benign ilinesses, injuries disatain before referral. In
reality, 50% of treatments are covered by private faedifiAsanteet al, 2011). Villagers do

not trust HC/HP because of the under-qualified staff, the ldckgoipment, medicines
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availability, and sometimes the cost of consultation. HC/HP prgwitteary health care to
communities and are responsible for the health volunteer trainimy. dre also in charge of
reporting the diseases occurring in the villages to the QpeahtDistrict (OD), on a weekly
basis by mobile phone text messages, and to provide a monthly reportreb&ldbcurrences
and demographic information to the OD.

HC/HP are supervised by Referral Hospitals (RH) (atididevel), which are organised into
Operational Districts (OD) that have a catchment areBD6f000 to 200,000 people. These
ODs are managed by the Provincial Health Department undebitbetorate General for
Health located in Phnom Penh. This system is complemented ioypalatospitals, NGOs
and private facilities. The official number of health workersCambodia for 2012 was
19,721, representing a density of 13 per 10,000 persons (HMIS, 2012). Big widtout
counting the informal health sector composed of thousands of untraauitiotral healers
(Kru Khmer)without licenses (Chhest al, 2010)
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1.1.2.2. Health Management Information System

The national Health Management Information System (HMIS) weated in its current
format in 2010, with the help of USAID. It is a web-based damlsgstem that allows health
workers at OD level (in some province at HC and RH levelel) to enter monthly data
directly into the system. In 2012, data were collected from thicpudmalth sector (79 OD, 83
RH, 1,024 HC, 121 HP and 8 national hospitals), from NGOs supportéitieaqi86) and
private facilities (461) (HMIS, 2012). The flow of information is describvethe Figure 13.

Figure 14: National flow of public health data in Cambodia (Halth Management
Information System, 2014) HC1 refers to the forms used by health centres; HO2 refey
the form used by hospitals (referral, provincial, national)
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1.1.2.3. HPAI H5NL1 specific surveillance

The surveillance of HPAI H5N1 was based on the combination ofreliffecomponents

which, to a large extent, mainly targeted influenza-like illagssespiratory infections and

dengue diseases (Figure 14).

TAIl public medical institutions

EVENT BASED SURVEILLANCE

iHotline
Hublic institutions
HPrivate institutions

MEDIA SCREENING

HN\ational Websites

SENTINEL- HOSPITAL BASED

Hinfluenza-like lliness (ILI)
ISevere acute respiratory infections (SARI)

Hinfluenza-like Iliness by the Armed Forces Research Institut of
Medical Sciences (ILI AFRIMS)

iFebril Syndromic Surveillance by the US Naval Medical Research
Unit (FSS NAMRU)

TAl seroconversiomonitoring by NAMRU in Kampong Cham
Province

Figure 15: Components of human surveillance for Influenza in Cambodia iplemented
between 2009 and 2011



1.1.2.3.1. CAM EWARN = zero reporting system

Coordination: MoH at national level
Objective: All public health facilities in Cambodia repattgata on 12 diseases/syndromes to
the national surveillance system on a weekly basis even if no cases occurred.

Actors: It involved all government health centres and referral hospitétie country.

Diseases or syndromes under surveillance: It was compulsory ¢ot réye following 7
syndromes which combine several diseases (for each diseaseif&c g@se definition was
provided): acute neurological syndrome (acute flaccid paralysimeningoencephalitis;
rabies), acute jaundice syndrome (hepatitis A,B,C,D and E; dengalaria; leptospirosis),
acute respiratory syndrome (influenza, pneumococcus, legionella, R8Mpplasma,
leptospirosis, bird flu, diphtheria), diarrheal syndrome (cholehégella), acute hemorrhagic
syndrome (dengue fever), acute skin syndrome (measles, denguegauemical disease),
other syndromes (neonatal tetanus; unknown diseases occurring in cluster)

Case definition for HPAI H5N1:

1) Every case of contact with dead/sick poultry or a suspected human ¢é5E Tollowed by:

Fever (38 °C or more, or below 36°C), cough and unusual severity icuttiffbreathing OR
shortness of breath in a person over 5 years of age. The foll@amples needed to be taken
in case of suspicion: nasopharyngeal swab, rectal swab, serum.

2) 1.5 more cases or a higher average than usually observed chaingnte of the year
within the same commune or health care facility of: Fever (38 °@anre, or under 36°C),
cough and unusual severity of difficulty breathing OR shortnesseaith in a person over 5
years of age

Methods of data transmission: There were four reporting levels. Athhesnter or hospital

level, the information was combined with data provided by the Ingaist present in the
district. The transmission was sent to the Operational Distticeeby text message, phone or
radio. At OD level, the information was reported to the ProvincialtheDepartment (PHD)
by using a template short message (See annex 10), direetdingethe provincial and the
Cambodian Center of Disease Control (CDC) Cam Ewarn database.database was
analysed weekly by the CDC staff. They issued a warning in@as® high incidence of one
syndrome or if they detected abnormal cases. The CDC-RapubR®ss Team was sent into
the field for further investigation in the case of a warning. Nsingle report of human H5N1

suspicion was transmitted to the CDC during the past year of our sar2éx i.
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Table 8: Percentage of health facilities in Cambodia having efé#ively transferred their
report in February (2011)

Census Week 1 Week 2 Week 3 Week 4 \

Health Centres 1003 949 (95 %) 873 (87%) 985(98%) 997 (99%)

Referral Hospitals 55 50 (91%) 48 (87%) 55 (100%) 51 (93%)

Operational Districts 77 77 (100%) 77 (100%) 77 (100%) 77 (100%)
1.1.2.3.2. Event based surveillance

Coordination: MoH at national level

Objective: Immediate notification of HPAI H5SN1 suspicion

Actors: Suspicions could be reported by: public medical institutions,tprolimics or medical
institutions, individuals through the hotline system (2 numbers, sagericalls at the call
center before transfer by text message to CDC).

Case definition for HPAI H5N1: Similar to the case definition used imERWAN
Transmission of information: reports to the OD/PHD/National Gia@ihe (115, 012488981,
089669567) on clinical suspicion alone — these did not require prior laboratory comfirmati

Number of alerts in 2011, from:
- public medical institutions : 16 calls, 14 investigated
- private clinics: NA (no longer monitored)
- from hotline: 801 calls were investigated (no longer monitored)

No H5N1 detection arose from these suspicions.

1.1.2.3.1. Media-screening

In MoH-CDC, one staff is full time in charge of media scregniThis function screens
through radio websites and TV channel websites for informationecelat any abnormal
health event (in terms of epidemics, and notifiable diseasgsreace, like Avian Flu). In
case of suspicion of a health issue, the Rapid Response Team is sent tcat@vestig

No H5N1 alert was coming from media screening between 2010 and 2011.
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1.1.2.3.2. Hospital based sentinel surveillance

Influenza —like lliness surveillance
Coordination: MoH-CDC.

Actors: This involved 2 national hospitals, 4 provincial hospitals, 6 iRl@ provinces
(Phnom Penh, Kampong Cham, Takeo, Battambang, Siem Reap, Kampot, Maon8ukkyr
Rieng)

Case definition: Sudden onset of fever >=188(armpit) AND cough AND/OR sore throat in

absence of other diagnosis.
The sensitivity of ILI case definition for HSN1 detection was evaludigdhe MoH team at

60 % and from the literature review at 76% (Bletiral, 2010)

Description: Each patient presenting ILI was examined. Teascpsr week were randomly
sampled in each national hospital, and 5 cases per week pnawacial hospital and health
centres. These figures were increased according to the seasantextc during H1N1
outbreaks, health centres sampled 10 cases per week. Lab analyspsnegneed at IPC and
NIPH, influenza screening by real time PCR and avian H5 and N1 tests

Table 9: Retrospective data about the hospital based sentinel surfance for ILI done
by the Ministry of Health in 8 provinces of Cambodia for 2011.

Mean number Number H5N1

of monthly sampled  positive

ILI patients
Phnom Penh 200 40 0
Kampong Cham 100 20 0
Takeo 80 20 0
Battambang 120 20 0
Siem Reap 200 40 0
Kampot 70 20 0]
Mondulkiri 76 20 0
Svay Rieng 50 20 0

110



SARI (Severe Acute Respiratory Infections) sentinel surveillace
Coordination: MoH-CDC and US-CDC

Actors: This involved 4 hospitals: 2 in Phnom Penh, 1 in Kandal and 1 in Siem Reap

Case definition: Sudden onset of fever x38(armpit) or fever within 10 days of

presentation AND cough or sore throat AND shortness of brealifimulty breathing AND
requiring hospitalisation.

Description: Each patient presenting SARI was examined. Alheimt were sampled, and lab
analyses were performed in IPC and NIPH, influenza screeningdbyinee PCR and avian
H5 and N1 tests.

Table 10: Retrospective data about the hospital based sentinsiirveillance for SARI
done by the Ministry of Health and the US-CDC in 4 hospitals in Cambodia fo2011.

Mean number of Number H5N1

SARI patients sampled  positive

H1 Phnom Penh 35 30 0
H2 Phnom Penh 25 20 0
Kandal S5 30 0
SiemReap {0) 20 0

ILI sentinel surveillance AFRIMS

Coordination: AFRIMS (Armed Forces Research Institute of Medicai@as) is a US army
medical component

Actors: This involved 2 referral hospitals and 1 HC in Battambang and ®telanchey.

Case definition: The ILI case-definition was the same as for thenatsurveillance.

It was not possible to interview local stakeholders in AFRIMShey did not answer our

calls or demand by emails.

Febrile syndrome surveillance by NAMRU
Coordination: US Naval Medical Research Unit
Actors: This involved 5 provinces with one RH + one HC (Kandal, Kam@pwy, Kratie,

Stung Treng and Rattanakiri)

Case definition: fever >3€& (tympanic) within the past 10 days lasting over 24 hours.
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Description of the activities:

All cases were examined, and sampled (swabs and serum duringytlod dsit + 2-3 weeks
after) for bacteriology, parasitology and virology (Influengereening by real time PCR
(CDC protocol) and Avian H5 and N1 tests + specimens sent to UtestRasteur for
confirmation). Laboratory analyses were performed at NAMRU €bas the Public Health
Ministry, in Phnom Penh).

From 2006-2008, 4,233 patients were tested for influenza. One patienfoura H5N1

positive.

Table 11: Retrospective data about the hospital based sentinalrveillance for ILI done
by US Naval Medical Research Unit in 4 hospitals in Cambodia for 2011.

Catchment Min# of Max# of Average# H5N1

area patients patients ILI/month  case
(#districts) with with
ILI/month  ILI/month

Rattanakiri 6 9 164 69 0
Kratie 3 5 76 33 0
Kandal 7 4 406 124 1
Kampong 4 5 570 125 0
Speu

Strung Treng 4 10 73 59 0]

Cohort based- NAMRU, Avian Flu Seroconversion (2009-2011)

Coordination: NAMRU

Actors: PH of Kampong Cham province + eight field sites (i.elagés) were established
within this province. Geographical sites where previous H5N1 mnéssson had been
reported, detected, or suspected were selected. A total of 808 adwk enrolled in this

prospective cohort study. One hundred adults with varying poultry expegere enrolled in

eight known or suspected different HSN1 endemic geographical ardlagds). For each

village, systematic sampling was used to identify 100 householdsifolngent. Within each

household, the investigators randomly selected one adult for enrolm2atyears of age +
exposure to live poultry)

Case definition: Acute onset of a respiratory illness with an @alkquivalent from other

body region) measured temperatur&00.5°F (38°C) AND a sore throat, cough, shortness of
breath, or respiratory distress for 4 or more hours. Designatedvaglcers performed weekly
follow-ups of all cohort subjects. If a subject was found to ekHibsymptoms, a healthcare

worker conducted a home interview in which biological specimens weltected and an
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acute ILI questionnaire was completed. The objective was to assessonversion and

asymptomatic people. One H5N1 case in a 57 old woman was diagnosed in 2009.

1.1.3. Description of the health worker systems in Cambodia

There are two main documents (MoH, 2002, 2003) that define roles of healtheerturin
2008, in the framework of the Health strategic plan 2008-2015 (Departhetdnning and
health information, 2008) a new policy on Community participationavaied by the MoH .
However it had not been validated at the time of our survey. In theséis, we compare this
official framework with the information from 21 NGO workers ditg in contact with health

workers, in order to get a picture as realistic as possible otahsituation.

1.1.3.1. Health workers at the community level
1.1.3.1.1. Organisation

The first Village Health Volunteers were set up by a governatenitiative in the early 90’s.
They were officially recognised as a feedback group. This haschewged in Cambodia, and
there are presently two kinds of health workers.

VHSG (Village Health Support Group): established by the MoH. This group is formed per
Health Center (HC), with up to 35 members who representalitllages of the catchment
area. Each village should be represented by 2 VHSG memberssiibald ensure a regular
flow of information between the community and HC, and cooperate withr bdadth actors.
VHV (Village Health Volunteers): these belong to or have been trained by various
organisations (MRD, MoH, and NGOs (Village Malaria Worker, TraditioBath Attendant,
Village Development Committee, Red Cross Volunteer ...). They shoeil@d to 6 according
to the size of the village. They cooperate both with the VH8@ with ministries or external
institutions to facilitate contact, communication, and programs pleimentation of activities
in the community.

The HCMC (Health Center Management Committeg is a group at the Health Center level
formed by 8 to 12 members, 3 HC team members (chief, vice-chetfradwife), VHSG
representatives (2 to 4 per commune) and 1 Commune Council (C@seamtive per
commune. They provide general guidance and direction to the HC tedhefaranagement

and organisation of HC activities.
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1.1.3.1.2. Number

According to NGOs, VHV and VHSG member are sometimes the samsome in one
village. Also, the government recommends, as far as possible, tH8GVmembers are
selected rather than new VHV, in order to increase their respaitishiin the village. This
situation leads to certain confusion among users for whom the diffeetegteveen VHV and
VHSG is unclear. In most of the provinces (except for 5), at leasbiieeal VHSG member
is present in over 65% of the villages. Nevertheless it is inapoitio note that some NGOs
can select and train their own VHSG without referring to the MoH, samtimber of VHSG is
certainly higher. In fact, in many provinces a majority of VHSGssapported by NGOs.
Concerning the VHV, their real number also depends on the preskagaogram or project
supported by NGOs or the government (such as the MalargaaPno the Child and Mother
Program). The Joint assessment of Community Health Volunteat'ermin 2006 (MoH et
UNICEF, 2006) mentioned that the “ratio in the study villages didseem to follow the

recommendations as set out in the official documents”.

1.1.3.1.3. Income

VHSG members and VHV receive non-financial benefits and sometimascfadaallowances
for their activities. Their status provides them with substantedognition within the
community, in addition to the knowledge acquired through training and myseut this is
not sufficient to sustain their commitment. Most VHSG members, jfpsuted by NGOs,
receive an incentive for transportation (only 3 NGO interviewed ity and snacks for
training. Some others receive material or equipment (a bicy8tahne NGOs provide a small
incentive for each referral case (200 Riels per case). VHV alseive compensation
packages which vary in terms of benefits and financial amounts (from 2 to 1®ftla)m

1.1.3.1.4. Disase surveillance

Reporting diseases or outbreaks is clearly not within thpesob VHSG work. They are not
formally included in the health surveillance system. But althoughstiptulated in official
documents, all NGOs interviewed confirmed that as soon as they are, adtich means that
they attend meetings at the HC, VHSG in a direct or indirectavayinvolved in the disease
surveillance through their referral activity and through their involeetin HCMC meetings.
The links created between them and the HC through the bi-monthlyinggedacilitate
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communication. Reporting can be done on a continual basis or / andh afpecific request
from the HC. However the promptness of their reporting is very Variab

VHV also play a role in outbreak reporting: initially they easked to focus on the diseases
related to the national program in place. But they are encouragédGgys to report any
abnormal health related event in the village. Anyway, strengtigetiie links between VHV
and HC through the NGO support facilitates reports of outbreaks.

1.1.3.2. Challenges for efficiency

Very few studies have been carried out to investigate thaesflig of VHSGs. However, it

seems obvious that there is a huge heterogeneity in their performance tinked t

- The presence of NGOs (which facilitate the meetings inddganisations, and usually
strengthen the link between the VHSG and the HC).

- The activity of the NGOs and the quality of their collaboration.

- The lack of harmonisation in the training curriculums.

- The opportunity for VHSG and VHV to receive a small incentive.

- The personal commitment of persons in charge of the HC, and of the OD.

- The involvement of HC staff volunteer programs supported by NGOs.

A feeling reported by some NGOs is that the VHVs and the VHS@Gbers are often used as

a convenience by the authorities, but they are not really ressmymind supported. Even if

they are volunteers and they obtain social recognition amongcdb@munity, the lack of

recognition through a minimum monthly incentive could lead to decdeaseivation and a

potential lack of sustainability.
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1.2. Qualitative evaluation and comparison of systems (SWOT)

The SWOT analysis for the animal surveillance system wagdaut retrospectively from
the interviews that were implemented during the field vigith staff involved at central,
provincial and district level. We first provided a table with geengths and weaknesses of
the passive surveillance systems for HPAlI H5N1 as mentioneithéoypeople interviewed
(Table 9). This table was validated by the coordinator of tineedlance system. Then we
have included the data that were collected during the intervine with the people
responsible for the different component of the public health Slanvee system. A complete
SWOT analysis of both systems (Table 10) were presenteisdesd and validated during a
workshop organised by FAO in Phnom Penh in Mai 2012, about Avian Influamda
Emerging Infectious Diseases surveillance and response in Cambodiaorkiseap gathered
42 participants representing the different institutions workighe field of surveillance in
Cambodia (MAFF, DAHP, NaVRI, MoH, IPC, WHO, WCS, USAID and BAQhe
objectives of this workshop were to review the objectives of dineent HPAI H5N1
surveillance strategy done in Cambodia, and to identify pracgteons, focusing on multi-

sectoral collaboration under the One Health approach, to improve HPAI BifiMeillance.

Table 12: Strengths and weaknesses of the passive surveillanfte HPAI H5N1
surveillance in poultry depending on the administrative level in Carbodia

Strengths \ WWEELGQERSES
Central Unit
NaVRI is the focal point for laboratory analys No clear definition of the institutiona
and surveillance organisation (no official coordinator)
Support from IPC for H5N1 confirmation Lack of specific regulation for surveillance.
USAID and FAO funded project No specific budget for surveillance
Well-defined objectives of the surveillance Not enough qualified staff and means

Accurate tools designed for the sunamilte :| Need of relational databases between the different
notification procedures, samples collectio, components of surveillance
suspicion forms, case definition, field actors
Efficiency of the laboratory

Provincial Veterinarian Level

Good awareness of PV about HPAI H5N1 g No specific budget for surveillance

surveillance needs Multiplication of tasks with few staff (no epi unit
Vehicles, sampling materials and tools f{ at regional level)

biosecurity procedure available Lack of planned activities according to

Regular management (with quarterly meeting{ surveillance

central level) Lack of budget for field intervention

Regular training of PV No compliance on the reporting procedure

No means to compensate farmers (lack of trust
from farmers)
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District Veterinarian level

Good geographic distribution
Good awareness on HPAI H5N1 and biosecur
Regular meetings at regional level (monthly)

No specific budget for surveillance
tyAlone for large superficies
No standardization of data collection

Regular contact with VAHW (monthly meetings)No sampling facilities

Good communication with PV

No planned activities regarding surveillance
Lack of farmer trust

Few connection with community health worker

1°2)

VAHW

Large number with good geographic distributio

Regular meetings at district level
Good communication with DV
Close relationship with farmers

Heterogeneity of training/knowledge
Disparate level of awareness for HSN1
Frequency of contact with the DV depending
distance (no mean of transport)

Not able to make a living from their activities
No standardized way for reporting

H5N1
No connection with VHW
Competition between VAHW

Depend on farmerdrust so reluctant to declal

on
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Table 13: SWOT analysis of the overall system and comparison beteare HPAI H5N1 animal and human surveillance system in
Cambodia

INTERNAL

EXTERNAL

STRENGTHS

WEAKNESSES

OPPORTUNITIES

THREATS

Veterinary surveillance system

Well-defined objectives

Accurate tools designed for the
surveillance (collection/suspicions
forms, case definition...)
Efficiency of the laboratory
Regular management meetings at
different level (Central, province,
VAHW...)

Good geographic distribution (VAHW,

No designation of an official
coordinator for the surveillance

Lack of compliance in the reporting
procedure

No internal or external evaluation of
the system

No formalised feedback to farmers
Heterogeneity and poor sustainability
of VAHW

Lack of incentives for farmers or
VAHW

Lack of specific training (analytical
epi, spatial analysis)

Implementation of the Performance o
Veterinary Services ( PVS) tool from
OIE and of the gap analysis

FAO funded surveillance projects
USAID funded projects

Training opportunities (FAO, USAID,
Field Epidemiology Training
Programs)

Support from IPC for laboratory
confirmation.

Collaboration with the MoH

Lack of recognition of NaVRI as
Central Unit

Lack of specific and sustainable budg
for the surveillance

Negative impact of control policy on
farmers and veterinary staff

Lack of global approach of
surveillance (no risk-based, no
economic evaluation)

Few connection with VHW

No veterinary faculty

No compensation policy

jet

Public health surveillance system

Well-defined objectives

Accurate tools for the surveillance
(suspicions and outbreak forms)
SMS reporting system (standardizatig
and timeliness of reporting)

Regular management meetings

High coverage (VHW, Health center)
Support of NGOs for VHW incentivesg
and training

Support of international organizationg
(IPC, NAMRU, AFRIMS) in the
surveillance of influenza)
Sustainable budget from the

government

No internal or external evaluation of
the system

Heterogeneity of VHW

Lack of trust from farmers to the
public sector

Lack of diagnosis material at local
level

Low sensitivity of the system for HPA
H5N1 at local level

WHO, USAID, CDC funded project
Collaboration with MAFF
Development of new guidelines for
zoonotic diseases surveillance.
New regulation for the management
VHW

Medical university

No regulation system about the role
NGOs in the surveillance and in the
training of VHW

Private sector not included in the
surveillance system

Low sensitivity of the veterinary
surveillance system to detect HPAI
H5N1 cases.

No regulation about the private secto
Lack of health insurance

rs

118



1.3. Semi-quantitative evaluation of animal surveillance
(SNAT Trop)

1.3.1. Output 1

The first output is the qualitative analysis of the surveillanctesy. As we can see in the
Table 9 section 1 (objectives and context), section 5 (survedldaools) and section 4
(laboratory) are the most comprehensive and optimal sectionawitbre of 100%, 83% and
71% respectively. These are the ones that require the leasivienpent. In contrast, sections
6 (surveillance procedures) and 10 (evaluation) are the ones witbwest scores (22% and
17%) and require immediate attention from the surveillance systerdicaton.

Table 14: Qualitative evaluation of the HPAI H5N1 surveillance system in @nbodia
done in 2011, showing the output 1 of the SNAT Trop tool.
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1.3.2. Ouput 2

The second output of the tool show similar results (Figure 15). dbks used and the
objectives of the surveillance have a good level of adequacy (81amd®80%), on the
opposite the points for dissemination of the information, data progeassh sampling have
the lowest score (44%, 39% and 38% respectively)

Animation refers to the coordination of the sunagite system, tools to the diagnostic methods asdtle
laboratory.

Figure 16: Qualitative evaluation of the HPAI H5N1 surveillance system ilCambodia
done in 2011, showing the output 2 of the SNAT Trop tool.
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1.3.3. Output 3

Most of the attributes displayed in the radar chart (Figurdndg@ a medium level (from 42%
to 67%) only the rapidity of the system is low, with a level at 25%

Rapidity refers to the timeliness and the fiabiliiythe reliability of the surveillance system.

Figure 17: Qualitative evaluation of the HPAI H5N1 surveillance system ifambodia
done in 2011, showing the output 3 of the SNAT Trop tool.

1.3.4. Possible recommendations from the evaluation

1.3.4.1.  Strengths of the surveillance system

When reviewing the outputs, we identified 3 strong sections insthgeillance system
organisation: the objective and context of the surveillance, theiamee tools used and the
laboratory processing. The objectives of the surveillance regsteere well defined and
consistent with the disease situation of the country. The notdic@iocedures were simple,
direct and adapted to the means available within the surveillystem. Surveillance system
actors understood the case definition and were aware of the procealdodisw in case of
suspicion. They knew how to fill in the forms. Sample collection wé& groperly
implemented. It appeared that field workers were well trained mmgdiag techniques, storage
and shipment of samples. The effective day-to-day operatitmealiagnostic laboratory was
also one of the strengths of the surveillance system. Indeedptiratory's diagnostic testing
was accurate; they implemented good practices regarding qassityance and successfully
participated in national and international proficiency tests.
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1.3.4.2. Weaknesses of the surveillance system

One of the sections with the lowest scores was the evaluatomess of the surveillance
system. In fact, this evaluation was the first one implementecesihe surveillance system
was set up. Evaluation procedures for external assessment weresaabet: anywhere and
performance indicators were not used. Data analysis and communigeieralso assessed
as unsatisfactory. The data collected through the surveillasstens was stored in a separate
database with no connections, making regular synthesis a complieatedvioreover, the
staff at central level did not have the required training to prodpickemiological analyses or
to feed an epidemiological bulletin, resulting in poor communicatiooué output from the
surveillance system to internal and external users. The timelingb® alurveillance was also
unsatisfactory. The delays between a suspicion of HPAI H5N1 cadeaa outbreak
confirmation with sample collection and analyses, or betwessnéirmation and feedback to
the field, were not defined and certainly not monitored, leading tensive delays in the
implementation of control measures and to an increased risk of t@sdispreading. One last
important point to note was the lack of sustainable financiauress experienced by all the
actors of the system, whether to pay for fuel for field investigaor to renew reagents for
laboratory testing. Funding depended entirely on external donorsngntie surveillance

system inflexible and resulting in the inability to implement loagst global actions.

1.4. Quantitative evaluation of HPAI H5N1 surveillance in
backyard poultry in Thailand (STA Thai)

In this section we present only a summary of the most imporésudts, the full results are
presented in the paper (Annex 2).

In this study we managed to assess, through scenario tree modékinggnsitivity of each
surveillance component (especially the passive surveillance)ttendverall surveillance

system sensitivity (SSSe).

1.4.1. Sensitivity estimation

For a design prevalence of 0.05% (1,485 farms infected) all theikamee components
reached a Se of 1. When using a design prevalence of datec farms or in 1 farm (using
the current definition of risk areas), the overall Se decreas&2%o and 43% respectively.

For passive surveillance, the Se was 50% and 21% respectively.
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1.4.2. Sensitivity ratio

When calculating the Se ratio, we were able to compare the companémesach other. With
a median Se ratio of 1.95 (95% CI [0.17-9.47]), passive surveillance slzop@sitive impact
on the detection of HPAI H5N1 cases as compared to the surveilmponent based

exclusively on laboratory testing.

1.4.3. Disease freedom

When looking at the probability of freedom from disease over (fimeem January 2008 to
January 2011), and considering all surveillance components, the medibability of

freedom was estimated to be 99.43% (97.82 — 99.73%) for a low probaifilidysease
introduction and 96.90% (87.25 — 98.53%) for a risk fivefold higher.

1.4.4. Sensitivity analysis of the model

For the passive component, the Se is mainly influenced by thalpliobof a poultry farm
owner to notify the disease to the veterinary health authoriieg. (For the overall
surveillance, the SSSe is influenced again by the Pn, the valoe wdlative risk of infection
attributed to a farm in an high risk area and the probalilidy a sick chicken will show

symptoms.

1.5. Participatory evaluation of VAHW in Cambodia (PE
VAHW)

In this section we present only a summary of the most imporésuoits, and the full results
are presented in the paper in Annex 3.

In this study we managed to develop an evaluation grid to scotevileof VAHW activities
and their effectiveness in fulfilling their different functions, esplyg the functions of disease
recognition and reporting to veterinary services. This tool wasldped using participatory
methods so that the VAHW would have ownership of the tool and so adine deecific

criteria of evaluation.
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1.5.1. Identification of the main constraints for sustailitgibi

During the first six meetings organised with VAHW (active and inactines), a scenario tree
was used to help characterising the mains constraints that affdd¥\Wsustainability. The
decrease of activities over time was the main problem oredi during the meetings. The
causes for this were: fierce competition between VAHW, lack afogaition from the
traditional authorities and the government and finally a range dé skt was not sufficient

to really help all the farmers.

1.5.2. Development of the grid

A total of 8 meetings during which 67 different stakeholders \weeeviewed, were required
to develop the grid. The final tool consisted of 5 categories itbasgrthe VAHW working
environment: sustainability of their activities, the treatmantfion, the vaccination function,
their involvement in extension services (production) and their reporttigitees. To score
these functions, 39 criteria were developed (with a notation systeath criterion was
linked to one or several questions. Two quizzes were also developidttassess the
diagnostic approach of the VAHW and secondly to assess theimgaaitcapabilities. The
grid was validated during a field survey, including 17 active VAW 19 inactive VAHW;
after this phase some questions were modified or added.

Conducting an evaluation using this grid require the interview ofdikhblders: the VAHW
himself, 10 villagers (randomly selected in the village), tHlage chief, a member of the

village council and the district veterinarian (by phone).

1.5.3. Evaluating the reporting function

The reporting function was given a score of 7 out of 100 (total score for the Sofus)at the
final tool. It was interesting to note during the different discussitealing to the
development of the grid, that for VAHW, disease reporting was sesnlyras a constraint,
they have to report even if they recognise that there is no direafibdar them (no
compensation for reporting). They also highlighted the fact that tiegaa disease like HPAI
H5N1 could jeopardise the relationship of trust and confidence fhenfarmers that is so
crucial for the VAHW.

To score the reporting function, the stakeholders selected 3arite level of involvement
of the VAHW in the reporting activity, his knowledge on the dise&sdé® declared and the
quality of advice provided to the farmers.
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2. Surveillance system design options

2.1. Factors influencing the effectiveness of VAHW in
Cambodia (EFF VAHW)

2.1.1. Descriptive analyses

From the 367 villages visited, 283 had a VAHW, 23% had none. The saystgm could
give a maximum of 100 points and the mean score obtained was 4#iitBthax: 09-77].
The score distribution is displayed in Figure 17. We arbitrarilyidkst that the VAHW was
declared inactive below the score of 25/100, and active above 25/100. In totatsiberleb4
VAHWSs as inactive and 229 as active. The geographic representatibe AHWS in our

study area is shown in Figure 18
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Figure 18: Distribution of the scores obtained by the 283 Village Animal Hadth
Workers during the evaluation done between November 2011 and January 2012 in three
provinces of Cambodia.
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Figure 19: Map of the 367 villages included in the Village Animal Health Workr
evaluation study done between November 2011 and January 2012 in Cambodia.

The score of the four categories of criteria are represented gnapke (Figure 19).
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Figure 20: Score in percentage by categories of criteria obtained by the 283 Mde
Animal Health Workers during the evaluation done between November 2011 and
January 2012 in three provinces of Cambodia.
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VAHW appeared to be the most efficient in providing vaccinatib8%{ percentage of
success), then production and reporting to the veterinary ser(d€8 and 39% success
respectively). Implementation of treatment was poor (30%).

If we compare the score achieved between active VAHW and inactiveW/ ftpure 20), all

the scores were significantly different (p<0.01), especially themezdtscores.

=54
=229

Figure 21: Spider graph representing the score obtained by 229 Villagenhnal Health
Workers considered as active and 54 considered as inactive during the evaloatidone
between November 2011 and January 2012 in three provinces of Cambodia between
active and inactive VAHW

We looked at the reporting activity by analysing the answeengio the questionnaire within

the evaluation grid:

- According to villagers, more than 60% of VAHWSs did not inform thedmut diseases in
the district and did not provide any feedback based on samples taken frorarthsir f

- Only 2% of the VAHW knew that they were required to repast autbreak or suspicion
of the 5 following diseases to local authorities (HPAI H5N1, bestle disease, porcine
reproductive and respiratory symptom (PRRS), haemorrhagicaepia (HS) and foot
and mouth disease (FMD)). Fifty percent of them knew about HFN1E 55% about
FMD, 50% about HS and 11% about PRRS.

- Forty percent of the VAHW interviewed had received refreshenitrg (from different
organisations) about HPAI H5N but less than 40% of them respondeithélydthave to”
report on avian flu.
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2.1.1. Multivariable analyses of the factors associated with VAHW

effectiveness

2.1.1.1. Data handling

Data were checked for consistency and missing values. Thirty-twereations with more
than 6 missing values were removed from the analysis. The total nuhbbkservations was
251.

The variable “number of VAHW in the commune” was removed becausem®fntany

missing values (62/270).

The types of trainers were coded into two categories: (1) GovernamehEFAO, (2) NGOs.

The year of training was coded into 3 categories: (1) before 2000, t(2¢de 2000 and 2005,
(3) after 2005. The type of transport was coded into 2 categoriesiofle or bike, (2)

motorbike. The variable “duration of the first training session” waded into 2 categories:
(1) less than 30 days (2) more than 30 days. Variables describing the numbienatan the

village were coded into several categories depending on the distnbafi each species

(chickens, cattle, pigs, ducks and free-grazing ducks).

2.1.1.2. Linear regression

The list of potential factors that were significantly associatéti the VAHW effectiveness
score in the univariable analysis are listed in the Table 1Zétariables were selected to be
included in the linear regression model.

The multivariable regression model identified 6 variables scamifly associated with the

VAHW score. The magnitude and direction of the associations are givenlenIlab
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Table 15: Factors significantly associated in the univariable alysis (p<0.20) with the
Village Animal Health Workers effectiveness score (n=251) obtainedluring the
evaluation done between November 2011 and January 2012 in three provinces

Cambodia.
Factor Unit Description
NGOs
Selection Volunteer How the VAHW was selected for the training
Local authorities
Duration <30 days Duration of the first training
30 days
Follow-up Field visit Number of field follow-up visit since the first training |
the trainers
Refresher No/Yes If they received a refresher course since their
course training
Practice No/Yes Presence of practical sessions during the first training
Age Years Age of the participant
Transport None or bike Type of transport owned by the VAHW
Moto
Association  No/Yes Member of a VAHW association
Cattle <100 Number of cattle in the village of the VAHW
100-200
>200
Pigs <100 Number of pigs in the village of the VAHW
*100
Chicken <3000 Number of chicken in the village of the VAHW
3000
Muscovy <100 Number of Muscovy ducks in the village of the VAHW
Ducks *100
Book No/Yes If the VAHW recorded his activities
keeping
DV No /Yes Regular meeting with the district veterinarian
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Table 16: Factors associated with high effectiveness score Village Animal Health
workers obtained by multivariable linear regression model for thedata obtained during
the evaluation done between November 2011 and January 2012 in three prmes of
Cambodia.

Coefficient p 95% confidence interval

Intercept 12.32 0.002 [4.75 —19.89]
Duration

<30 baseline

>30 0.16 0.048 [0.01- 0.32] 1.04
Refresher courses 6.47 0.0001 [2.97 —9.97] 1.06
Practice 7.02 0.007 [1.97 —12.07] 1.06
Association 7.47 0.001 [2.91 -12.02] 1.13
Cattle

<100 baseline : 1.78

100-200 6.46 0.018 [1.12 - 11.81] 1.92

200 12.50  0.0001 [7.77 —17.22]
District Veterinarian 14.62 0.0001 [10.67 — 18.56] 1.17

F=28.08 , p<0.001, n=251, R?=0.4814, Adj R?= 0.4642, VIF (Variance inflation factor)

2.2. Pilot study for mobile phone declaration in Cambodia
(SMS Reporting)

2.2.1. Technical characteristics of the system

The pilot study lasted 13 weeks. During week 9, the systemrierped a technical
breakdown, and all the data for that week were lost, leaving 12 wdealkata. During the first

2 months of the project, an automatic text message reply was sewéiy participant once
their text message had been received. The content was as folldalt, we have received
your message. Thank you for participatingHowever, once the system had been
implemented at NaVRI, the automatic text message replies megrsent all the time because
FrontlineSMS was not turned on for long enough during the day. It was orflyr anfew
hours, and should have been on for the whole day. Therefore, it was dezidemptthe
automatic text message replies and to send a weekly text messageler instead. This
weekly text message reminder from NaVRI to participants dagdfollowing: “Hello and

thank you for participating in our study. We hope to receive {86 this week.Tn order to
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avoid overloading the system with messages, we had to assigeificspay during the week
for each village to report.

The cost of this SMS system was estimated at 420 USD per monil®o@grersons (including
the phone card, and the cost of the automatic reply sent by the NBMRhis did not include

the salary of NaVRI staff or the cost of outbreak investigation in gasaspicion).

2.2.2. Participation and error rates

The average weekly participation rate for the VAHW was 48.6%-pmax: 3.5-98.3], and
was 45.4% [7.4-96.3] for the Village Chief (VC). The level of pgéton declined
gradually throughout the time of the study (Figure 21).

The average weekly error rate (number of SMS sent withran iarthe contents) was 10.6%
[0-33.3] for the VAHW and 18.9% [0-48] for the VC (Figure 22).

Aberrant values of mortality (according to the total numberrofal present within the
village) were found in 5% of the SMS sent by the VCs.
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Figure 22: Weekly participation rate of Village Animal Health Worker and Vill age

Chief to the pilot SMS reporting system between February and June 2012 in 2@uinces
of Cambodia.

131



50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

\
. VAHW error rate
\. . = . «\/C error rate |
\ /\
‘ L]
- 4
\ " \ VA
N = / 7 : \
_ ) . 7/ \ /
N7
T T T T T T T T T T L T 1
Week Week Week Week Week Week Week Week Week Week Week Week Week
1 2 K] 4 ) 6 7 8 9 10 11 12 13

Figure 23: Weekly error rate of Village Animal Health Worker and Village Chief to the
pilot SMS reporting system between February and June 2012 in 2 provinces of

Cambodia.

2.2.3. Mortality declaration

Only the results provided by the VAHW are displayed in the followingeec

2.2.3.1.

For cattle and pigs

Only one suspicion of foot and mouth disease was reported during tieodusf the study,
which was considered as a false suspicion by the NaVRI. Haeagir septicaemia in cattle

was declared by 23 villages, with a total of 145 sick animaih (lvto 6 animals per village)

and only 4 animals died. For pigs, the mean weekly mortality rate4ns6% [0-33.4], with a
95" percentile at 20% (Figure 23).

95" percentile

Figure 24: Distribution of the weekly mortality rate for pigs declaredby Village Animal
Health Worker during the pilot SMS reporting study between February and June 2012
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2.2.3.2. For chickens and ducks

For the chickens, the mean weekly mortality rate was 2.8% [0-3514],av@5§h percentile at
10%. For the ducks, the mean mortality rate was 3.6% [0-50], witH' a@8entile at 13.7%
(Figure 24).

95" percentile 95" percentile

Figure 25: Distribution of the weekly mortality rate for chickens and dicks declared by
Village Animal Health Worker during the pilot SMS reporting study between February
and June 2012 in 2 provinces of Cambodia

2.2.4. Perceptions of participants

We managed to interview 100 participants (out of 112) for the peocepurvey. The
majority of the participants (95%) found the text messaging easy tostaddrand to follow.
The automatic SMS reply from NaVRI was found useful by 94% of padidg They
explained that this type of response made them feel to be péneafystem and motivated
them to keep on sending messages. For 3% of participants, it wesiltlifb remember the
exact day on which they had to send their report.

A total of 48% of participants admitted that they had failed twstheir report every week.
Among these, 54% explained that they were too busy at theofimeporting, 13% had an
issue with their mobile phones and 10% did not report because thegotiteceive an
automatic reply from the NaVRI. The remaining participants shat there was no animal
mortality to report in their village or they simply forgot temsl their SMS. Only 17
participants received a phone call from NaVRI to give more infoionaabout the mortality

happening in their village.
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2.3. Spatio-temporal cluster analysis of HPAI H5N1 outbreaks
in Cambodia (STC Analysis)

In order to compare the risk factors that are associatedHM#& H5N1 outbreaks in the two
provinces, Takeo and Prey Veng, data from this areas were eshagparately but using a

strictly similar approach.

2.3.1. Description of the outbreaks and the data used in thesgnaly

2.3.1.1. Village data

Takeo province: In all 209 villages were visited and 209 VC were irdemi. One new

confirmed case of HPAI H5N1 in Ponk Tuek village, in the BourdiolGar district
(virological sample analysed by IPC, and confirmed on the 17 Bepi2010). Based on the

inclusion criteria (see Part Bsection 2.2.3.1.2), 115 villages were included in the analysis.

Prey Veng province: In all 229 villages were visited and 229 VC weesii@wed. Based on

the inclusion criteria, only 39 villages were included in the analysis.
It is important to note that after the second HPAI H5N1 confirnmediakeo, the NaVRI no
longer allowed us to take samples for confirmation.

The localisation of the villages are mapped in Figgire 25

2.3.1.2. Risk factors hypothesis

In all, 9 explanatory variables were selected for the riskofaanalysis. Several variables
selected for this study were those found to be significant imwsirtountries according to a
recent literature review (Gilbert et Pfeiffer, 2012a): poultthi¢ken and duck) densities in
the commune, presence of semi-commercial poultry farms inoifmencine, presence of rice
paddies in a 500-m radius, distance to the closest river, distaribe tosest road, human
population density in a 1-km radius. In addition, maximum duration of fhgpdi a 1-km

radius and distance to index case were also examined.

2.3.1.3. Data source

In order to obtain more accurate data on the distribution of panl@®ambodia, a survey was
implemented in September/October 2010. A questionnaire on the nointldckens, ducks,

free-grazing duck farms and semi-commercial chicken farms wssikdited, during a
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monthly meeting in Phnom Penh, to every provincial veterinarian;gtrestionnaire was

filled and returned back during the following monthly meeting. Wanaged to collect the
census data for 1,521 communes out of 1,623, and to produce the maps that arenshown i
Annex 11.

A gridded human population dataset was available at a 900-m resolutitimefgear 2010
(http://www.asiapop.org/). From this raster layer, we extradtesl mean value of human
population density in a 1-km buffer around each village. A series@DMN (or Moderate
Resolution Imaging Spectroradiometer) images collected in 20@E)0am resolution, were
processed to map water bodies and rice paddy fields. River andlab@avere imported free

of charge from: http://www.diva-gis.org/gdata. The duration of floodm@ 1-km radius

around each village was evaluated from MODIS images dating from 2006.

2.3.2. Spatial analysis

The index case of Takeo was detected on theNdvember 2009, 87 days before duck
mortality was reported to the veterinary services. The outbresikdad months. The index
case of Prey Veng appeared thé February 2010, 80 days before the confirmation of a

human case and 83 days before any poultry mortality was declared.

Figure 26: Location of the villages included in the survey,hie confirmed outbreaks, and the
index cases for the provinces of Takeo and Prey Veng, in Cambodia 262@10.
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From the semi-variogram we found that the epidemic days etdasated within a distance
of 7 km were correlated. The map of the spatio-temporalilwision of cases for Takeo is
shown in the Figure 26. Dates of declaration were distributed Id\&rdays. Major roads

seem to have played a role in the disease dynamic.

Figure 27: Map of the spatio-temporal distribution of suspected HRI H5N1 cases in
Takeo province, Cambodia, between November 2009 and February 2010

2.3.3. Spatial logistic regression model

2.3.3.1. Takeo province

Out of the 9 variables screened, 8 were found to be significarsthciased with the presence
of HPAI H5N1 outbreaks in the univariable analysis (p<0.25). Thasables were selected

to be included in the multivariable modelling process (Table 14).
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Table 17: Variables significantly (p<0.25) associated with therpsence of HPAI H5N1
outbreaks in univariable analysis of data from Takeo, Cambodia, in 2009-2010.

Variable Category OR Cl p
Distance to road continuous 0.999 0.999-1 0.012
Distance to river continuous 1.381 1.057-1.831 0.0207
Flooding continuous 0.996 0.991 -1.001 0.097
Rice fields Yes REF

No 0.265 0.118 - 0.550 0.0006
Human population density  continuous 1.305 1.054-1.628 0.016072
Chicken density continuous 1.395 1.103-1.778 0.006218
Duck density continuous 1.001 1.000 - 1.002 0.024
Distance to index case < 10 km REF

10 -15km 0.777 0.399 - 1.506 0.4557

> 15 km 0.624 0.316 —1.224 0.172

Two variables were found to be significantly (p<0.05) associaidd MPAI HSN1 outbreak

in the spatial multivariable regression model (Table 15).

Table 18: Multivariable logistic models for variables associated wit HPAI H5N1
outbreaks data from Takeo, Cambodia, in 2009-2010.

Variable Category OR Cl p ‘
Rice fields Yes REF
No 0.265 0.118 - 0.550 0.0006
Duck density continuous 1.001 1.000 - 1.002 0.024

2.3.3.2.  Prey Veng province

Out of the 9 variables screened, only 2 were found significap&®.25) associated with
HPAI H5N1 outbreaks in the univariable regression models (Table O&nsequently, no

multivariable model was run.
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Table 19: Variables significantly (p<0.25) associated with HPAI BN1 outbreaks in
univariable analysis of data from Prey Veng, Cambodia, in 2009-2010.

Variable Category OR Cl p
Duck density continuous 0.999 0.996 - 1.000 0.2135
Distance to index case <14 km REF
14 — 20 km 0.30 0.09-0.70 0.008
> 20 km 0.79 0.37-1.72 0.55

2.4, Risk mapping of HPAI H5N1 infection in human in
Cambodia (MCDA)

2.4.1. ldentification of risk factors from the literature review

Few studies have been implemented to identify factors assoondtbdthe risk of HPAI
H5N1 infection in humans. Moreover, most of the factors identified rave described
spatially. In our study, we therefore had to use proxy data to moda tisk factors.

Table 17 shows risk factors that were found in the literature e lpositively associated
with the risk of human infection, together with the data that wecsedl as a proxy to be

represented in a spatial format.

Table 20: Risk factors found in the literature positively assciated with the risk of HPAI
H5N1 human infection for Cambodia, with the proxy data used in our model.

Data Proxy

Working in a farm % of population employed in agriculture sector

Working in a slaughterhouse or in Distance to the main city

a market

Being in contact with ponds’ water % of population using ponds’ water as drinking wa

Being a child % of children in the population

Level of education % of illiteracy

From this list, we decided to test other factors that could @sxssociated with an increased
risk of infection: backyard chicken density, duck farm densitye-fyrazing duck density,
human population density, proportion of population that have acoessnimunication,

poverty rate, presence of any previous poultry outbreaks in tlegeyil presence of any
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previous human cases in the village and human density to poultryydeatgt In total, 14
risk factors were submitted to our 10 experts. Only two weckided by the experts: human

population density and presence of previous human cases in the village.

2.4.2. Characterisation and weighting of risk factors by thersp

Each expert selected a correlation function (linear, sigmoitietjveen the factors and the
risk of infection. They weighted each factor using the Saatayesclbe final factor
weightings are shown in the Table 18.

Table 21: Final weighting of the risk factors of HPAI H5N1 intction in human for
Cambodia combined from the elicitation of 10 experts.

Risk factor of human infection Weights

Free-grazing ducks density 0.326
Poverty rate 0.235
Presence of previous poultry case in the village 0.155
Backyard chicken density 0.075
Human density to poultry density ratio 0.063
% of population employed in agriculture sector 0.048
% of population using ponds’ water as drinking water 0.035
Duck farms density 0.031
Distance to main city 0.01
% of children in the population 0.005
% of population that have access to communication 0.005
% of illiteracy 0.005

No correlation between the risk factors included in the model deaified by the sensitivity
analysis (variance < 0.10). No risk factor seemed to have moretirtiy@an the other ones
(mean <0.10).
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2.4.3. Validation of the map

The map (Figure 27) shows the distribution of the risk of HPANH&Buman infection. Some
small areas, orange and yellow, are more at risk than #ieofehe country, where the
likelihood of human infection reaches 0.59. By overlaying the human casleis map, we
noticed that the location of most cases have occurred in the anees tive predicted risk was
the highest (in yellow and orange on the map).

Figure 28: Distribution of the risk of HPAI HSN1 human infection in Cambodia from
the use of spatial MCDA with 10 experts in 2014 and the localisation of confirmed
human cases since 2004.
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2.4.1. Mapping the risk of HPAI H5N1 dissemination in theulfry
population in Cambodia
During this work the risk map of poultry infection in Cambodiaswa#so produced using the

same methodology (but with different risk factors and a diffegeotip of experts. All the
details can be found in the master report of Florianne Roulleau (Roulleau, 2014)

Risk of poultry disease spread in Cambodia and lodigation of
confirmed poultry cases

Figure 29: Distribution of the risk of HPAI H5N1 poultry infection in Cambodia from
the use of spatial MCDA with 10 experts in 2014 and the localisation of confirmed
poultry cases since 2004.
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2.5. Lessons from CIRAD experiences in Cambodia and in
Madagascar (Narrative Synthesis)

In this section we present only a summary of the most imporésadts, the full results are
presented in the paper (Annex 6).

In this study, we did a systematic review of all the researg®saor documents which were
published by Cirad researchers on surveillance and control optio@anmbodia and in
Madagascar. This was done in order to compare the differentdadlisnethods applied in

challenging countries to provide recommendations for future research.

2.5.1. Systematic review

A total of 148 papers were identified from Scopus and 63 from GoBdgimlarTM. After
exclusion and verification of duplicates, 17 and 5 papers remaingrectesly. The
additional search in the AGRITROP and CIRAD project websitesitiied 11 other
documents. A total of 33 documents were used for this synthesis: 22cregegpers, 5

conference proceedings, 4 technical reports and 2 policy briefs.

2.5.2. Narrative synthesis: assessing the quality of the amolsnethods

used

For each method or tool identified by the systematic review, btapisge assessment of their

limitations and advantages was done and summarised.

2.5.2.1. Evaluation methods / tools

From the review, three types of approaches for the evaluatisargéillance systems were
identified: participatory evaluation, the use of capture-recap{CR) method (for the
estimation of Se) and the use of economic evaluation (espec@dlyeffectiveness). Their
main limitations were the lack of sustainability and represemtaess for the participatory
approaches and the lack of simplicity for the CR and the ecmabmethods. On the other
hand, their main advantages were the feeling of ownership on lwétibd stakeholders when
using participatory approaches, the flexibility of the CRthod and the usefulness, for
systems, of having economic data.
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2.5.2.2. Design approaches

Different types of design were tested. First we identified methard®ols to better design
risk-based surveillance: field surveys and epidemiological sutii&t had the advantages of
being sensitive and flexible methods, and contact network analysi$ wbidd be a more
specific tool. The main limitations for these tools were their coxiple(especially for
contact networks) and their lack of representativeness.

The review also identified methods or tools to design One Health slamves, such as multi-
species field surveys, or the use of syndromic surveillance eTihethods were characterised
by good flexibility (being able to be adapted to different confeatsd good sensitivity, but
suffered from structural disadvantages such as a lack of sustayn@vhen combining
different sectors) and a difficulty to be truly representative offifferent populations.

Lastly, some methods and tools were also tested to improvespassiveillance: the use of
participatory surveillance, the inclusion of non-conventional systerva{p, informal) in the
surveillance, specific training of VAHW and the use of mobhemes. The main advantages
of these methods were the increase of ownership on behalf obit@hstders, the increase of
timeliness in the reporting system (with mobile phone répgytand the possibility to
increase sustainability by relying on informal networks. The disatdges were a lack of
specificity for the participatory approaches or informal reeks, the lack of sensitivity of a

system based on VAHW and the lack of sustainability of mobile phonetiegpo
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PART 5
DISCUSSION AND
RECOMMENDATIONS

In the Part 5, we summarise the main results of our rdseaock and discuss the main
limitations and challenges experienced during the implementatidheofield studies. Our
main objective was to test and propose innovative methods tagectbe involvement of
rural communities in the reporting of zoonotic diseases and tamvraghe effectiveness of
surveillance networks in human and animal health systems. Waedeo focus our work on
the HPAI H5N1 surveillance system in Cambodia (with the ei@mepof one study
implemented in Thailand), and to limit the tools or methods to be. Wisehe first part, we
summarise the main results of each study presented in theyseahapters. Then, we discuss
the main methodological limitations that we encountered in the fieédspecific aspects and
challenges of research in developing countries and the pblitientext that may have
interfered with our project. We also review the limitatioegarding the quality of our data.
Next, we try to place our work within the perspective of a Bealth approach, explaining
the advantage of such an approach, the situation in Cambodia afahlieeges related to its
implementation.

Finally, we look at each method or tool used within our research wogkovide a critical
assessment of which actions are effective and what remaesdeveloped, and to attempt to

provide practical recommendations for the Cambodian context.
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1. Essential findings of the different research studies

1.1. Surveillance systems evaluation methods

1.1.1. Main outcomes of the evaluation of HPAI H5N1 surveillaince

Cambodia

HPAI H5N1 is currently considered endemic in the poultry populatio@aibodia, with the
presence of a new virus clade (1.1A) found only in this country (&aash, 2013). Outbreaks
occur yearly in poultry with sporadic spill-over into the humaptpation. In many cases, the
detection of the disease comes first from the human compartmertdh whiturn triggers
investigations within the poultry population.

Both surveillance systems rely on an extensive network of voluntegiage level, VAHW
for the veterinary sector and VHW (or VHSG members) for the pulbdialth sector. These
volunteers are not paid by the government, but in the public headtior the majority of
VHW receive incentives from NGOs to conduct their activities, in cattta VAHW who
have to generate their own income, putting them in more precasituagions. The efficacy
of disease detection depends on the quality of the relationship tisas detween the
volunteer and the patient (or the farmer). In both systems, itiksid tenuous. In public
health, as highlighted during our interviews and in the literatuwveewe patients generally
mistrusted the public sector, preferring to first seek hegpnfrthe private (55.5% of the
patients for the first consultation) or non-medical sector (6% op#ients) (NIS, DGH et
ICF Macro, 2011). As the private sector is not included in the glanee system, this often
delays the detection time (on average 9.6 days between the onket fniptoms and the
detection of the virus see Annex 12) which results in a high htgrtate. In the animal
surveillance system, the control option applied by the governmentslaughtering of all
poultry present in the village without compensation, is feared bfatheers and the VAHW.
Therefore, for the vast majority of the persons interviewedfitsiestrategy is to manage the
outbreak locally. Some farmers use virucidal disinfectant (mésih TH4+ which is a
synergistic combination of glutaraldehyde and quarternary ammontompounds)
themselves, or sometimes with the help of the local veterinaviceevhen there is a relation
of trust between them. But often farmers prefer to sell their arsittabther villages to spare
themselves the economic loss from culling.

Another parallel between the human and veterinary surveillancensyss the presence of
active components funded by external donors (live bird markets d¢ @um sentinels;
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febrile syndromic surveillance of humans). These components tame wire sensitive in
detecting virus circulation. In live bird markets, the virus gularly detected in animals or in
environmental samples (18% of the samples being positive witbf2#tus isolation (Horm
et al, 2013) but no actions are taken and it is not possible to trace baakigne of the
animals. In humans, this active surveillance allowed the detecfich human cases (see
Annex 12) but the actual coverage of the population is very low. Evertivfeasurveillance
methods have successfully demonstrated the presence of an actise tliey are too
expensive to be maintained by the national authorities, edlgeegith the current decline in
regular funding.

Finally, one common weakness highlighted in this work was the laekregular internal
evaluation strategy. Both systems have been assessed but onaflypand as a small
component of the general health services. An evaluation mission cotdnyctee OIE was
implemented in July 2007 using the PVS instrument. The objectitleioévaluation was to
assess the strengths of the veterinary services and theiry abilimeet OIE standards
(Hamilton et Brickner, 2010). This evaluation was followed by a gap asatyission in
January 2011 (Weavet al, 2011) but very few elements of this evaluation targeted HPAI
H5N1 surveillance. Since then, and at the time of writing, no pravibas been made for a
systematic evaluation of the animal surveillance system.

For the public health sector, an overall evaluation was conductedtob& 2006, by the
MoH. The ministry convened several agents and stakeholders involved hedhle system
for three days, and asked them to complete questionnaires. The regahled a system that
had no incentive mechanism, no evaluation of the completeness or cunsistefield
reporting and with only 50% of the epidemics being recordelistict level. Subsequently, a
second workshop was organised in 2008 to produce a strategic plahefarealth
Information System (Department of planning and health informat&®@®©8). The main
objective was to define and use evaluation indicators for 2015. At theofistedy this had

not yet been implemented.
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1.1.2. Quantitative evaluation methods for surveillance in ymack

poultry production in Thailand

In this study, we assessed the sensitivity of complementary @oengs of the HPAI H5N1
surveillance in the backyard poultry population in Thailand.

We applied scenario tree modelling method in a challenging @mwvient, compensating for
the lack of sufficient data by the use of expert opinion (Maeti al, 2007). The method
allowed us to quantify, in a transparent and structured mannerSehef the passive
component, using simulation to detect important input parametdrsdbll have an impact
on the estimate such as the probability that poultry farm owmdraotify the disease to the
veterinary health authorities. When we compared the three compowmidiits the risk-based
design, we showed that the SSC2 and SSC1 had similar values wiglara$e of 0.49 and
0.50, respectively, and that the SSC3 had the lowest Se with avakanof 0.25. It would
appear that even as the farm Se of the SSC3 is the highesta \wt#man value of 0.79 for
chicken and mixed farms (compared with 0.79 for SSC2 and 0.33 for SSC1).2&dor
free-grazing duck farms (compared with 0.004 for SSC1), the atifedence was due to the
fact that SSC2 had a population coverage 10 times greater than S8C®evaddition of
risk-based SSC2 being 3.24 times (see Annex 2) more sensitiveath@presentative
sampling, and that SSC1 covered the entire population of farms.

SSC1's high Se might seem surprising but is doubtless the conseqoka very intensive
awareness campaign undertaken by the Thai government and ofetbenpe of VHH and
LDV in every village. We are aware that this estimation remainsesivje and that it should
be reassessed as it is likely to change over time if the cotermgins free of disease (Hadorn
et Stark, 2008b).

1.1.3. Development of an evaluation grid for VAHW

We developed our own participatory method to collect informatiothenVAHW context
and to build a criteria grid for their evaluation. In this framewaoskyeral participatory
approaches were used such as problem trees, semi-structiendeivs, pair-wise ranking
and focus groups. The grid was designed with the help of relevdehsiders involved in
the animal health system in Cambodia in order to (i) identify VAHWIctions; (ii) set up
criteria and associated questionnaires, and (iii) score the gtidalNithe stakeholders. The
tool was divided into five evaluation criteria: sustainability, tme@mt, production,
vaccination and disease reporting. Our approach considered local ardicaft success
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developed and used by VAHW themselves, which should lead to an enhaceptsaddity of

evaluation. This method emphasised discussion, aiming to engage@deunekers and other
stakeholders in a mutual learning process and could be appliddvedop trust between
health workers and official service representatives as well as terfostrective actions after

evaluation.

1.2. Design options and recommendations

1.2.1. Identification of factors improving the VAHW network

In the population studied, 23% of the villages were found to be withayt VAHW.
According to our scoring system, 23.6% of the VAHW interviewed wara isituation of
inactivity. Disease diagnosis and treatment of the major diseaassthe part of the
assessment with the poorest score. The mandatory notificafi diseases was not well
understood by the majority of the VAHWSs

From our multivariable analysis, several factors were identifiedbamg significantly
associated with a high score in the evaluation. Strong relationskipted between a good
evaluation score and the fact that regular meetings were organisee@epetive district
veterinarian and the VAHWSs. The working environment of the VAHW absnged to be
connected to a good score with the number of cattle present inldgeithe more cattle, the
higher the score) and the fact of being part of a VAHW assonigtactor associated with a
higher score). Other factors linked with the training organisatiere also related, such as the
presence of refresher courses, the use of practical work dilmngnitial training or the

duration of the training (higher score if the training lasted at least y&).da

1.2.2. Feasibility of SMS surveillance reporting in Cambodia

Throughout the 13 weeks of implementation, the VAHW participatiandatreased steadily
from 98.28% to 13% (last month). The same trend was apparent inrti@pp#ion rate of
Village Chiefs with a greater rate of error (18.93%) and ofralo¢ values (5%) within their
text messages. This waning of interest occurred even when theredrad besit with a group
discussion two months after the start of the pilot study andtdesge fact that, during this

field visit, 98% of the participants expressed their willingnesstdinue the pilot study.
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None of the SMS reports was followed by a visit from the Veteyisarvices, and only 17
participants received a phone call from the central servicesder to check the validity of
their text messages and of the clinical signs that were observed.

The distribution of the weekly mortality rates in pigs, ducks andkems were estimated and
the 94" percentile were calculated in order to help the veterinary ssviidentify abnormal
mortality rates. The following thresholds were estimated: 20% weelkirtality for pigs,
3.6% for ducks and 13.7% for chickens.

1.2.3. Use of GIS for designing risk-based surveillance

1.2.3.1. Estimating the extent of HPAI H5N1 outbreaks and the localract

influencing transmission in Cambodia

Two outbreak sites were investigated following the confirmatioH®Al H5N1 outbreaks in
poultry or in humans. We used a case definition based on clinicaltsigosk for additional
cases around the village which was first declared infected. In riterfvestigation in Takeo,
out of 209 villages surveyed, 115 villages were found to be positive wihmcase
definition; in the second site of investigation, in Prey Veng, ol2¥ villages surveyed, 39
were found to be positive. These results showed that between 55%#ndf the villages
were not declaring suspicions of HPAI H5N1 in their flocks respegtivel

Using spatial analysis, we were able to detect the index casksoacalculate the time lag
between the first suspicion and the first case reported tautierities (83-87 days), and the
possible duration of the outbreaks (between 2.5 and 4 months). The disétilaition of the
cases for Takeo appeared to show a correlation between thed spiréhe disease and the
presence of main roads. Duck density and presence of rice pesdidy were strongly

associated with the suspicion of HPAI H5N1 in the villages.

1.2.3.2. Risk mapping using spatial MCDA

Risk maps are usually produced from the spatial analysis of rowedi cases and their
correlation with existing factors. In the case of Cambodia, thebeurof poultry cases (and
certainly the number of human cases) is under-estimated dbe teek performance of the
surveillance system. Despite this shortcoming, spatial MCDA aliou® to produce maps
indicating the risk of HPAI H5N1 spreading in the poultry pogiolaand the risk of human
infection with HPAI H5N1.
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In our model, the risk factors having the higher weight for thke of human infection were
the presence of previous poultry outbreaks in the vicinity anddémsity of free-grazing
ducks. However, it is interesting to observe that even though the piopidepoverty rate was
estimated to be high by experts, the high-risk areas ottiofe were not correlated with the
areas including the poorest populations. This could be certaiplgiegd by the low density

of free-grazing ducks in these areas, thus decreasing the riskaifanfe

1.2.4. Outlining general recommendations for developing tci@sn

A total of 33 documents were retrieved from the systematic rewewihe research on
surveillance done by CIRAD in Madagascar and Cambodia, and incindde narrative
synthesis. The main limitations of tools or methods implemented sgrided within the
papers were the lack of representativeness, specifiagjaisability and simplicity. The main
advantages were the sensitivity, the ownership, the usefulnesshandexibility. To
overcome extensive deficiencies in surveillance systems, divesdeds or tools were tested
with varying degrees of success. Some of these methods (e.gcipaaory surveillance)
confirmed their effectiveness in practice in both countries and doeldeplicated in other
settings. Other methods showed potential for success (e.g., SMSatamigsion) but will
require certain modifications or adaptations to be truly effedtn such settings. This could
be achieved through dialogue and sharing of experiences amosayalesrs working in
different countries and settings. Finally, some methods such asosyicdsurveillance were
judged to be too complex to be implemented, highlighting the needet@®lop new

approaches tailored to resource-poor situations.

2. Methodological limitations

2.1. The economic and policy environment

2.1.1. Context of developing countries

Even though there is no established convention for the designation oficjukx¥e and
"developing” countries or areas in the United Nations systemWhbdd Bank (2013)
specified that developing countries are defined according io @ress National Income
(GNI) per capita per year. Countries with a GNI of US$ 11,90% lass are defined as
"developing”. If we compare with factors that define a dewsdopgountry, developing

countries host “people with a lower life expectancy; peapth less education; people with
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less money (income)”. According to these definitions, Cambodid& badand are developing
countries and Cambodia is a low-income economy in the World Bankficiassn whilst

Thailand is an upper-middle-income economy (http://data.worldbankong/aountry-and-
lending-groups#Low_income). In these socio-economic contexts, whecbvarwhelmingly

rural, formal and informal information regarding infectious diseasesften less available,
less reachable and poorly transmissible from the fielth#o official services. Indeed, in
numerous developing countries, surveillance systems suffer fnoonic under-budgeting or

are foreign-project dependent, and this leads to a diminished fielchpeelgBepeda, 2011).

2.1.2. Political context and evaluation readiness

Evaluations of surveillance systems are essential to ensure thatyskem is working
properly, provides relevant information and is sustainable. The wigictive is an overall
improvement of the system and evaluation can trigger changes iny poi@king,
management, or implementation strategies. Nevertheless, whieg farogram evaluation,
stakeholders may often react in a defensive manner. This residtams@luation is well
documented (Smith, 2002). When evaluating a system, staff may bdigtvwed are assessing
their individual performance and may feel criticized. Moreover, evi@noanay have negative
consequences for the country or the organisation, such as the lagsrdfgb funding or trade
impacts. When we started our research work in Cambodia andhaland, the word
“evaluation” was impossible for us to use without an adverse mgafitom our partners. We
had to talk about assessment or appraisal. This resistancewmduoccurred throughout the
project, and might have created a bias in the way peoplgomdsd in several of the
interviews that were implemented.

Due to the potential consequences of declaring an outbreak or @meéemic, farmers,
medical staff and policy-makers are frequently reluctantorbnounicate on health events:
famers because of potential decisions regarding culling witheentive, rumours and social
concerns; governments because of fear of political embarasseconomic, touristic or
trade repercussions, or concern that it may make the governawmntnleffectual (Morse,
2007). However, new forces at work in an electronically inter-contiereteld are beginning
to break down the traditional unwillingness of countries to repogadess (Heymann et
Rodier, 2001).

During the two outbreaks of 2010 that we investigated, our intentiontavesllect blood

samples and swabs from ducks in villages that met our selectiena, to validate our case
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definition. The first sample we took from Ponk Tuek village in the Bourei Cholsactlisas
found to be positive by PCR on 17/02. From this point on, the MAFF did et ab to take
further samples in more villages as they could not afford mdlssyes to be declared to the
OIE and therefore more poultry to be slaughtered. They had wnledled thousands of
poultry without any compensation and were implementing movemefrctiess and
awareness campaigns. It was detrimental for their image arskvor their relationship with
farmers. They justified their position by explaining that @swpart of the same outbreak, so it
was not necessary to detect all the cases and even less so to report them.

2.2. Specific limitations of our data

2.2.1. Data availability

In our studies, the main constraint that we faced during theefusluation phase was the
access to surveillance data, especially from the MoH. Facae®+heetings with the persons
in charge of data management and data analysis were possible kbt rditect access to
data, which were considered as sensitive data by the government. FoAffE, lbiccess to
surveillance data was facilitated by my position as an “exteraluator” contracted by the
FAO, which was the main donor for veterinary and agricultural rekeg@rojects in
Cambodia. But access to data was made difficult due to the lackrodestdisation at central
level. Data from different sources are reported in an isolated manite no common
identifier; moreover, a great deal of information is paperbaand written in Khmer.
Surveillance activities are described in a fragmented manndgctnthere was no official
document either for the MAFF or the MoH describing, in detailvthele organisation of the
HPAI H5N1 surveillance systems, the roles and duties of adtwesdifferent components of
surveillance, the connections between the different stakeholdgrgerment staff,
volunteers, private sectors, NGOs, international organisationshanegulations they have
to follow. Moreover, at the time of the evaluation, only a firsftdoa animal health laws was
still under revision by the Ministry of Agriculture of Cambodia collaboration with
members of international organisations.

We experienced the same constraints in Thailand with no direesa@llowed by the DLD
and with most of the documents available being in Thai. One diffionis to obtain the
latest accurate description of the Thai surveillance systsnthe surveillance system was

continuously adapted to new constraints and was thus very dynamic. Théialefofihigh-
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risk areas was challenging. When doing field interviews, we dedediscrepancies between
what was described in official documents and what was really doneatiével.

Another limitation was limited availability of baseline data lswas livestock numbers and
density. Census data were only available at district level and wereegatarly updated.
Maps of poultry density were extrapolated on the basis of hum@mation density. In order
to obtain more accurate data, we implemented a survey betweygeniber and October
2010. A questionnaire about the number of chickens, ducks, free-grazingatowk dnd
semi-commercial chicken farms was distributed during a monthlytingem Phnom Penh to
every provincial veterinarian. We managed to collect the census datébik communes out
of 1,623, and to produce the maps that are shown in Annex 11. The datab&seees over

to the veterinary services.

2.3. Data quality

2.3.1. Representativeness

Because of financial and logistical constraints, we had to lir# size and the
representativeness of the group of people that were interviewttek idifferent studies. It is
therefore possible that we did not capture the opinions of all relevant.actors

When using the SNAT Trop tool, the choice of who to include in thevietes remained
with the coordinator or the persons in charge of the surveillandensydhis choice may
have been biased, with the selection of people more involvedeirsurveillance or with a
more positive attitude. For the public health sector, unfortupatelas not possible to spend
enough time visiting VHW and staff from health centres. We managed twieve 4 VHW
and 2 HC (in Kampong Cham and in Takeo). Our study population wagynt@mposed of
agents from the central level or members of NGOs.

Because participatory methods are more time-consuming than camatnirocesses, we
involved VAHW from only two districts of two provinces when we develdmur evaluation
grid. Moreover, as no complete list was available of VAHW in thegdt areas with their
accurate status (active or inactive) at the time of the studysdlestion process may have
induced a lack of representativeness and so may have had an influemeeamcuracy of the
tool.

In the survey evaluating the efficiency of VAHW in Cambodia, gb&ection of the provinces
was made by the FAO (project sponsor) based on the past ocauoeRE®AlI HSN1 and on
the fact that they shared borders with Vietnam. These provinees leavily supported by
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different projects by international organisations and hosted & mue#ger of NGOs working
on animal health. This may have influenced our results, with an oveisin of the number

of VAHW still active and their scores.

2.3.2. Validity

The validity of data can be defined as the degree to which timagded value reflects the true
value of the variable in the reference population that it is intenodledeiasure. In our work,
the validity of our data was a significant challenge.

In scenario tree modelling, the estimation of relative risksften a challenging task (FAO,
2014b). In the study in Thailand, relative risks were estimated fata of the outbreaks
observed, and thus may have been influenced by the under-reportingghtathave occurred
in Thailand, especially at the beginning of the epidemic in 20@h4gKori et Jimba, 2007),
interfering with our results.

The data that we used in the spatial MCDA model were also a esairancertainty in our
results. Indeed, one of the principles of the analytic hierarchgeps is to weight the risk
factors by classifying them against each other, using the st&@aatay (Cheet al, 2013).
But this step can introduce subjectivity, as it can be diffionlcdmpare risk factors two by
two by placing them on a scale. In fact, the calculation ofcthesistency ratio is supposed to
help to identify errors of judgment; if the ratio obtained fomatrix is greater than 0.2, it
should be reconsidered (Hahn, 2003). However, because of time considelaticas not
possible to ask experts who obtained a consistency ratio thattea low for a new
comparison matrix. So we decided to attribute less weight to thehedtme of aggregation,
but this may have induced bias. Secondly, the quality of such a modgidsepn the quality
of the data used to build it. For example, the poverty rate useddpping the risk of human
infection is an estimate for 2009 made from a statistical modelI§;1K012). In addition,
some factors such as risk behaviours (Patlal, 2013) are difficult to represent
geographically. To address this issue, we used the proportion oplegpewithout
communication access as a proxy for the exposure of people areress messages and
therefore the exposure to risky behaviours. This option can be arguable.

In our pilot study on SMS reporting, our main constraint wasvtielity of the information
contained in the SMS. It was impossible to verify all mortalitiesawith a field visit, only
extreme mortality rates were double checked by phone calls fnenNaVRI. However, the
data sent from the VAHW over the 13 weeks were consistent with gerdeoy the VC (the
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VAHWSs had the tendency of reporting a slightly higher mortaiitte). The weekly mean
mortality rate of 2.8% [0-35%] was consistent with previous studog®e by the NaVRI in
Cambodia.

Another source of information bias may have been introduced durinfpuhi technical
workshop conducted in the process of developing our evaluation grithgDhis workshop,
representatives from all the sectors were present. Frommteaviews it appeared that VAHW
felt they were poorly understood by decision makers and had ¢oflimterests. Then,
during the workshop, some of them may have been somewhat reldotgmtovide
information when confronted with persons associated with government idathofhese
biases were certainly limited thanks to the previous meetingsvir@ organised with only
the VAHW. Biases may also have been introduced due to the translation prfeeiagahe

understanding of stakeholders despite the efforts of the research team.

2.4. The One Health challenge: complexity to work across
sector

In countries where HPAI H5N1 is endemic, and where occasionalrheases occur, the
early detection of outbreaks often comes from human reporting (Scetrasster, 2008).
Although it is a well-known fact that the early monitoring ofusircirculation is crucial in
both sectors to prevent the emergence of future pandemic sirasnspt uncommon for the
virus to circulate in the poultry component over an extended periach@foefore detection.
In order to strengthen efforts undertaken for the prevention, detectébnontrol of zoonotic
diseases, such as HPAI H5N1, a novel, more system-based dpmaacrently advocated
by international organisations, the “One Health” (OH) appro&ue(Health Commission,
2014). This refers to a holistic approach promoting inter-sectmndl multidisciplinary
actions, in order to improve the cooperation between animal, publicmairdrenental health,
and enhance their capacity to deal with complex problems.elkums actions labelled “One
Health” are being developed worldwide and especially in dewejopountries, with a high
concentration in Asia (Gongal, 2013).

Surveillance of zoonotic diseases should be enhanced by OH principiess.culd be
achieved by systematic and integrated observations of diseass @vémth sectors and by
shared analyses and dissemination of results to guide interventioccentiml diseases in
humans and anima({&arimuriboet al., 2012) Linking human and animal health surveillance

data can offer a number of advantages (Rabinetat., 2010; Wendet al,, 2014): i) animals
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can serve as sentinels to prevent human cases; ii) predictive madélsmans can be
developed from animal data; iii) the magnitude and the spretiteadisease can be assessed
using both sets of information; iv) and human data can help to idegdg in animal disease
control and reporting systems. In developing countries this catpaerwould contribute to
economies of scale in both sectors. Yet, despite these potbatiafits, surveillance data
from human and animal systems are still rarely combined.

The Cambodian government, under the pressure of internationaliesyédRéO, WHO)
organised the development of joint committees between the MokhandAFF. In 2006, a
Cambodia National Comprehensive Avian and Human Influenza Plan eparpd jointly to
combine plans for animal health, human health, communication and imistenal
cooperation. In 2007, three task forces were set up under the resptyneibihe MoH and
the MAFF with the financial support of FAO, WHO and UNICEF: (hyestigation; (2)
Information; (3) Culling and disposal.

For national policy decisions regarding implementation of the Ndt@omprehensive Avian
and Human Influenza Plan, Cambodia established the Inter-miais@mmittee for the
Control and Prevention of Avian Influenza, composed of the following reesntMAFF
(chair), MoH (vice chair), Ministry of Commerce (vice chaiMinistry of Interior (vice
chair), Council of Ministers, Ministry of Finance and Economics, @ust Department
Provincial, Municipal Governors and DAHP. However, competition foousses among
ministries was an ongoing issue, with MoH blaming the MAFF fordebécting animal cases
before human fatalities occurred (Ear, 2009). The HPAI H5N1scrsd improve the
communication between the different Ministries, but this waseaed under the monetary
perfusion of external donors and has not yet been institutionalibedgdvernment remains
uncommitted to engagement in joint planning or budgeting (Ear, 2011a).

At operational level, there remains little collaboration. The infolwnatbllected from the two
hotlines (MoH and DAHP) is shared between the CDC and the DAHBMS or direct
phone calls. When an outbreak occurs, response teams from bogiriggnare sent to the
infected area and work closely to determine the public haakhHowever, there is no local

mechanism to improve the collaboration between VHW and VAHW.
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In this research, one of my primary objectives was to im@frtools or methods that could
be shared between both sectors. The purpose was to propbeelsfer the joint evaluation
of surveillance in order to identify critical points and to @®g collective actions targeting
the improvement of performance. In the time frame of the&gaech and in view of the
difficulties | faced in gaining access to human surveillance datg,a partial evaluation was

completed and few recommendations have been developed.

3. Appraisal of the tools: what's working and what’s not

3.1. Evaluation methods and tools

3.1.1. Qualitative methods

The first specific objective of this work was to use qualitative sadhi-quantitative methods
to jointly evaluate the human and animal surveillance of HPAI HSNCambodia and to
review their feasibility in our context.

Several institutions have developed guides for conducting evaluatibrsurveillance
systems. From a systematic review that we performed whkiframework of the RISKSUR

project (EU FP7 projecthttp://www.fp7-risksur.ey/ we found that 15 different guidelines

are used (10 from the public health sector; 3 from the animdthhsector, 1 from the
environmental health sector and 1 covering animal and public lsealtbrs). Most of these
guides highlight four common stages in the evaluation pro¢gss$efining the surveillance
system under evaluatior(ji) designing the evaluation procesgj) implementing the
evaluation, andiv) drawing conclusions and recommendations. However, even if some of
these guides provided information on which attribute to assess, onlgrovieed detailed
methods and a ready to use tool to perform this assessmenA8i8 @ol (Hendrikxet al,
2011). This was the main reason why we selected SNAT Trop whitie imodified English
version of OASIS (Peyret al, 2011).

This tool is easy to understand and use. It can be used by eitluaotidénator alone, for an
internal evaluation, or with the participation of external eatdrs for a more in-depth
evaluation. The tool provides easy-to-read outputs, and gives an overVidhe main
weaknesses and strengths of the surveillance system. Irethevaersion that we applied,
evaluators can identify the priority corrective actions whibytmust implement if they want
to improve their system. A few comments should be made on thiselbland the outputs.

Firstly, in SNAT Trop the weight attributed to each sect®ithe same as the one used in
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OASIS. This weighting scale originated from an expert talicin workshop organised in
Europe and represents a form of “gold standard” of surveillaysteras, which may be far
from the situation in developing countries. Another important peitihe score provided in
the outputs. This could be misleading and should be used more as af wayking the
different sections and not as a quantitative value. At the tinmaglémentation, the module
on economic considerations (e.g. sustainability of the systématbn of funds) had not yet
been developed, but it is now available in the new version (Faverjon, 2011).

Although this tool was developed to evaluate surveillance systemsimal populations, it
could easily be adapted to the human surveillance systems. Tptatamlawas not conducted
within the framework of this research work due to a lack oétibut it could be undertaken
within the foreseeable future.

The SWOT analysis was selected for its simplicity andf#loe that it is easy to use. This
method is usually implemented in a participatory manner, acwprai which groups of
informants are brought together to discuss and identify theretiféactors influencing the
performance of a system. In our work, the SWOT analysis waedaut retrospectively,
after having interviewed the different stakeholders involved in satbeillance systems. The
final results were presented during a workshop with the diffesgmesentatives of the HPAI
H5N1 surveillance system in Cambodia, discussed and validated legfpearing in the
official report for the FAO.

The SWOT method is simple and easily understood by differenthstialegs. It is flexible
and can be applied to different types of organisations. This megthdmbst used in a
participatory way, to promote the exchange of information, bettermunication and the
development of a joint consensual view of the situation. However, d¢tleoah is subjective.
The adequacy and effectiveness of the tool depends on the capdbieycoihtributors to be
as objective as possible in the way they represent reality.

This method could be included as an evaluation tool within the surveillaystem, to

enhance cohesion and the feeling of ownership by the different stakeholders.

3.1.2. Quantitative methods

Our second specific objective was to evaluate the feigibnl use scenario-tree modelling
methods in resource-scarce environments, by evaluating the HM Bifrveillance system
in backyard poultry populations in Thailand. During this study, vamaged to evaluate the

different components of the surveillance system, and especialiyttpassive surveillance.
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The scenario tree approach was originally conceived to helpop@vglcountries with the
process of disease freedom declaration, which was the caskadand at the time of
implementation. Furthermore, the approach is more suitable toad@dhe sensitivity of risk-
based surveillance. In our experience, the main difficultieshef method were first the
complexity of the concept in relation to statistical datalysma and modelling. The
implementation of the method still needs the evaluator to poss&ss kpowledge on
probabilities and distributions even if a new methodological gwae recently produced by
FAO (FAO, 2014b) to make the process more accessible. Anoth&ation of the method is
the need to have some prior knowledge on risk factors, to be able tdfygtreit impact on
disease distribution and also to be able to quantify factorcthéd influence the detection
process (such as the probability that farmers will decéasuspected animal case). Often,
such data are not available and when they are, we need to xgbiert epinions to estimate
their value.

During this research, we managed to collect enough data to estimeatistribution of key
parameters such as the probability of chicken farmexwtieg an outbreak to DLD officers
or the value of relative risk attributed to high-risk areas. Ware therefore able to
demonstrate the usefulness of scenario-tree modelling to deatendisease freedom in
countries with non-conventional surveillance systems.

Another objective, however, was to implement the same tool toaeathe HPAI H5N1
surveillance system in Cambodia. The initial context was réiite with disease being
endemic in the animal population. We attempted to implemenn#ikod for the evaluation
of the CAM EWARN component and the event-based surveillance inrhpopulations. We
managed to describe the components through a scenario tree wittbmation of infection,
detection and category nodes. Some parameters were avasatiie percentage of monthly
reports submitted by the health centres or the referraitabsgm estimation of the sensitivity
of the case definition used by the clinicians in the field, thebatility of medical
consultation or the catchment areas of an operational distriet gdbstract of the oral
presentation done during the ISVEE conference in Maastricht 2012 in Annex 18atBdior
the probability of detection by the different actors of sdiauece did not allow for an
estimation. We therefore used the probability that a suspeaswould be referred to the
provincial hospital as a proxy. However, this value was estisnfabm a panel of experts that
was too small to be valid. In conclusion, the scenario-tree modelisgless adapted to the

Cambodia situation for the evaluation of the surveillance system.
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3.1.3. Participatory evaluation

In this study, the objective was to develop a participatogthod for evaluation in order to
demonstrate the value of participation in the process of surveilkradeation.

VAHWSs in Cambodia are the cornerstone of passive surveillant®alof 12,000 have been
trained, but no systematic evaluation of their capacity andeaihce has ever been done
(Burgoset al, 2008). In fact, no specific method for their evaluation was platyethe
organisations responsible for their training, besides the oltggrvand reporting of their
activities by the district veterinarian responsible for thélfage. We decided to use
participatory evaluation in order to achieve a better aabéjpy of the evaluation process by
the VAHW. This method leads to stakeholder empowerment in the gs;oadich could
improve the sustainability of health interventions (Lahai, 2009). hethod helped
stakeholders to form judgments by describing the system, figlagtithe criteria and giving
value to these criteria. The process enabled key decision mdledgers and program
beneficiaries to be in the same room, giving them the rare tgyrof exchanging points of
view. The development of our evaluation tool presents certairtations. Indeed, the
different steps were time consuming but they are essent#aldid the potential influence of
some stakeholders (such as government representatives) on the opinfen¥ AHW at the
beginning of the process. Our method of evaluation provides more thamndescription of
the current situation; it leads to quantitative scores. It carsée to identify the strengths and
weaknesses of the system, to propose better refresheingraiourses and estimate the
survival rate of VAHW after training. However, our tool could bgroved by including
economic criteria in the evaluation, focusing on economic viabilihd dinancial
sustainability (Riviere-Cinnamond, 2005). A full impact assessmenild be useful to
evaluate the cost-benefit of such a system at community level but alsmaahiavel.

One option for future research would be to adapt the criteda@the VHW evaluation. The
preparatory phase of this step was already initiatealstthrough the different contacts made
with the various NGOs involved in VHW training. From these intervjemescould describe,
in detail, their roles and responsibilities, the compensationefnanrk and the organisation of

the management structures and supervision.
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3.2. Design options

3.2.1. Appraisal of VAHW network

In this section, our first objective was to validate our criterid giith a practical field survey.
Before the field survey, we organised the training of the thesearch assistants, one per
province, who were hired to implement the evaluation grid. A buédeline was produced in
order to explain the process and how to fill in the criterid.grhe use of the grid was found
to be simple and easy. For each VAHW, the objective was ‘e haface-to-face interview
with 10 farmers of his village (customer or not of the VAHW), thikage chief and the
VAHW himself. The interviews of the DV and of the member of the mamal council were
done by phone. On average, the full evaluation lasted 3 hours, but somgtionesits to the
village were necessary where some of the interviewees weeatabs the day of the visit.
The criteria grid provided valuable information on the percentagédlages without VAHW,
or with inactive VAHW. The scoring highlighted the need to provide enafresher courses
on disease diagnosis and treatment and enabled us to identify gdaoguegds where the
VAHW score were the weakest.

The additional questionnaire allowed us to propose recommendatnoaHW training to
ensure that the quality of VAHW activities complies with a miaimset of standards. Our
findings showed that selecting a VAHW from a village with at |e€32 heads of cattle, the
use of practical activities during training, training duratiemder than 30 days and the
organisation of refresher courses were factors that ensured a betefa the VAHW once
they were active.

The most important factor was the presence of regular contasedetthe DV and the
VAHW. This point is related to the need of constant networking/ities in the surveillance
system to ensure that field staffs do not feel isolated. Thi@ifastsimilar to the fact that
VAHW are more efficient when they are a member of an assoniain fact, these
associations allow VAHW to exchange experiences and knowledge, asiotlhss in buying
medicines. Some of these findings could be used as a prerefpisitntinued participation

in refresher training activities.
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3.2.2. Use of mobile phones in surveillance

During this pilot study our objective was to test the feasjilf the use of mobile phone text
messages by VAHW to declare village animal mortality.

Many projects and studies are developing mobile phone danesl networking in public
health or veterinary health sectors (Déglesteal, 2012). Most of the research papers
describing these projects stressed the advantages ofypesof reporting system for
developing countries. The approach is low cost, reduces the traismaelays, enhances
early warning, enables the health sectors to monitor the tfeddeases and can strengthen
local capacities and trust in the relationship between stakebd@Rebertsort al.2010; Soto
et al, 2008). This type of reporting technology worked well for itinerantdérs and
pastoralists in Africa (Vrenet al, 2014). But the use of this technology is not without
limitations, especially in resource-poor countries. Even if théhoaeis inexpensive, most of
the current projects where it was applied were exterfiatiged, creating a problem of self-
sustainability once the projects are over. This emphadmesnded for a strong political
support. There are also some issues with the accuracy aocdnistency of the data sent by
mobile phone. Its validation is sometimes difficult, and requineslvement and a strong
relationship between the field and the central level. Alsonitrgiand education on basic
epidemiology remains necessary.

In Cambodia, OD weekly reports are sent via a template tessage to the central level with
a participation rate of 100%. However, this report is still fed byadsent from HC or RH,
using traditional channels of information transmission and with a dangd rate between 87
and 100%. In an official MoH report, it was mentioned that only 50%hefepidemics were
being recorded at district level.

In our pilot study with VAHW, the participation rate progigsyy declined over the 13
weeks of study, starting at 98% to end at a value below 10%. Froset¢bad week of the
survey, the SMS error rate was below 15%. These resultsim@rasistent with the group
interview that was implemented at the mid-term of the syrwénere 96% of VAHW were
satisfied and wanted to keep the system of SMS texting. $éaetars may have influenced
these results. First, the use of text message is unusual irreasl in Cambodia. Most of the
mobile phones handsets do not offer Khmer font, so people preferetoraise-based
communication which is very cheap. In our survey, none of the partisifhad ever sent an
SMS before the training session. In the pilot survey that wpkeimented at the International

Vaccination Center of the Institut Pasteur du Cambodge, thecipation rate was high
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(71.7%), but the participants were mainly young, urban with laehnitgvel of education and
certainly more familiar with sending text messages (Batal. 2013).

Another important issue was with the utilisation of the Frontlin8SBbftware. The system
was slow, and could only send or receive one text message ladtatlier, requiring the
computer to be switched on all day, which was not the case &laNRI office. Even with
three trained members of staff, people were often ouhefoffice and the computer was
regularly off. This clogged the system, interrupting the sendinthe automatic reply to
participants and lead to loss of data. To solve this problemremeved some functionality
and introduced specific time slots for sending for each village.

Finally, the level of participation probably reflected theeleof VAHW activity, as the SMS
pilot study was implemented in the four districts concurrentti whe evaluation revealing
that 18.7 % of the VAHW were inactive. Moreover, the NaVRI did not hheebudget to
implement follow-up field missions, thus discouraging VAHWSs frogporting. As stressed
by Halliday et al. (2012), if the people in the field are nudugh trained or are reluctant to

report, the use of SMS reporting will not solve the problem of underreporting.

3.2.3. Risk based design

In this section, our objectives were to improve our understandingkoassociated with the
local spread of zoonotic diseases leading to human infection, in torgeoduce a risk map
for risk-based surveillance design.

The first study included the outbreak investigations done in Takeo and/Brngy We used a
case definition that was developed from previous studies done imdkan(Conaret al,
2010), with a specificity of 76 % and a sensitivity of 62 % for dimtks and a specificity of
80 % and a sensitivity of 63 % for chicken flocks. Our first obyectvas to validate these
two case definitions by collecting samples from the suspecteabedl. Unfortunately, after
the first confirmed case, it was not possible, due to politicaldgs, to continue sampling, and
we had to keep our villages as suspected cases and not confirmed cases.

This will certainly have biased our spatial analysis at local lesedl the evaluation of the risk
factors associated with a village outbreak. However, thetsasiative to the presence of rice
paddy fields and duck density as risk factors were consistentthathiterature (Gilbert et
Pfeiffer, 2012b). In view of these limitations, the village premak that we found must be
considered with caution, and does not reflect the real prevalertdBAif HSN1 cases in the

two provinces at the time of the outbreaks. Nevertheless, abubpected villages would
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have been in a situation to report the high level of mortality s happening in their
flocks, but none of them did, which clearly illustrates the laclepbrting by VAHW or local
authorities.

Risk-based surveillance is defined as the use of prior infa@man the health hazard under
surveillance (probability of occurrence, magnitude, consequerccdgsign, plan or interpret
surveillance systems (Hoinvillet al, 2013b). The principle is to define populations where
the risk of disease is the greatest or where the consequeindeseases will be the most
critical. This approach requires a good understanding of the Iskdlactors and of how the
disease is distributed spatially but also among the diffédresibbandry sectors (Staet al,
2006). Spatio-temporal analysis is the preferred method to deeespatial risk factors and
to produce risk maps. But in this type of method, the qualityatd is crucial and different
data sources may result in conflicting outputs (Zhanal, 2010). The validity of the
confirmed case distribution of disease is essential to be tabévaluate the correlation
between potential risk factors and the presence of diseasseéh in the previous section,
underreporting of HPAI H5N1 suspicion in Cambodia is very frequeaking the data on
disease distribution in the country highly unreliable. In this 8doathe spatial MCDA
method appeared to be really useful, as its allowed us to pradkamaps without the need
to use data on disease distribution in Cambodia.

We managed to produce two risk maps, the risk of HPAI H5Né&ctidn in humans and
dissemination among the poultry population in Cambodia. These ooapd be a starting
point to define risk-based surveillance in Cambodia. High risksamuld be targeted with
specific activities, either with active surveillance (such as isehtflocks) or with the
implementation of participatory surveillance in sentinel vilagBesvauxet al, 2006). The
risk map of human infection will need further validation from medicat@eexperts, with a
second round of elicitation, and could be discussed between human dedltreterinary
sectors.

Other data could be used for the implementation of risk-baseeilkamee in Cambodia.
Surveys at live bird markets have been done, showing a veryldughof environmental
contamination by the virus (Horret al, 2013) and identifying some main risk factors
associated with virus circulation, such as the high proportion @rsedlith surplus poultry
(Fourniéet al, 2012). These factors could be used for surveillance strategiessanfdratisk
mitigation strategies; resting days, hygiene measures wliwlgcof unsold birds could be a
solution to decrease the level of virus circulation at the maRisk-based surveillance can

also be defined according to the period of surveillance duringehe it is known that the
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anticipation of seasonal holidays (e.g., Khmer New Year) oftsultsein increases in the
population density of domestic poultry and in poultry traffickingi@ndet al, 2015). Thus
the intensity of surveillance could be modulated according to the month.

The design of risk-based surveillance can also be faetlithty the use of scenario tree
analysis (Lowderet al, 2014). Different scenarios of surveillance design, includimg t
different risk factors identify previously, can be modelled, aedopmance of each scenario
can be estimated (sensitivity, predictive value). In additiongtimomic efficiency of each
scenario can be estimated to propose the most cost-effective design.

3.3. New approaches in surveillance

In this last section, the objective of the systematic review wasprovide generic
recommendations for improving surveillance methods in a contexsotirce poor settings,
by comparing research work done by Cirad in Cambodia and in Madagasca

The inclusion of different approaches in the surveillance desigad t@lp to overcome some
of the constraints inherent to developing countries for the sumedllaf zoonosis. Risk
based surveillance must be advocated, but with a One Health desvpich risk factors for
human and animal sectors are included and where decisions aboumhgplaxecution and
budget are made jointly. By sharing and pooling means and humancessatie One Health
approach allows a more cost-effective design. According trb@aet al, 2013), One
Health surveillance allows the coalition of expertise from &orand animal surveillance
systems, and could increase the detection of HPAI H5N1 casesnans from 57% to 93%
and epizootics from 40% to 53%. However, there is still some wsé&abe done. We need
(i) to demonstrate the feasibility of integrating human and dnsueveillance for avian
influenza and other zoonotic diseases and (i) to assess thetiwipdite One Health
surveillance. While many people agree that OH adds value cethpa traditional single
disciplinary and sectoral approaches, there is limited evidenagable to demonstrate this
added value. Some studies in pastoralist populations in Africailbeshe multiple benefits
of OH, such as the reduced risk of zoonotic disease emergence, bettercapoessry health
care and an overall improvement of animal and human health (@&teadr 2014). In fact,
there is no clear methodology defined for the quantitative evatuafi OH activities. This
shortcoming is currently addressed within the new COST action geamnoCooperation in
Science and Technology), NEOH (Network for Evaluation of One Healboydinated by the
Royal Veterinary College in London, in which we have been involved $liovember 2014
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(http://www.cost.eu/COST_Actions/TDP/Actions/TD14D4its main objective is to develop

a framework to assess the effectiveness and economic effica@nexisting One Health
initiatives and to investigate the factors that influence performance.
To overcome the shortcoming of underreporting, the data source®wmiadome economy

should be more based on farmdasowledge, with the use of participatory approaches. These

approaches explore community-based information networks and tegge of methods and
tools (semi-structured interviews with key informants, scoring\asdalising techniques) to
enable communities to share their traditional knowledge about the cliracal
epidemiological features of local diseases and to understand disatsm® leading to
control decisions (Joset al. 2007). Community involvement is a pre-requisite for the
sustainability of a surveillance system. Animal owners shouldtfeelirect effects of their
participation in the surveillance system. At the end of thg, dhey should experience an
improvement in the health of their animals and an improvement in thelihood.

New technologies such as mobile phones or personal digital atsiata promising and have
already, in many contexts, shown their efficiency. The main probWill be to set up the
right incentives to keep stakeholders involved. Beyond individual rel&ijgssvith farmers
involved in outbreaks, routine communication procedures should be established.
Modelling is increasingly used in the field of epidemiology andipuiealth. Besides the use
of classical epidemiological modelling, including social netwonklgses or scenario tree
modelling, new methods have been proposed and assessed by Geatcthrers: loop
analyses (Collineatet al, 2013) and companion modelling (Etienne, 2011). In 2001,
(Barreteauet al, 2001) proposed to jointly use multi-agent systems and role-glagames
for purposes of research, training and negotiation support ifietdeof renewable resource
management. The ‘companion modelling’ (Barreteetu al, 2003) directly involves
stakeholders in the design of the agent-based model and simulation.p&ticipatory
approaches allow stakeholders to test their management iscarat facilitate their
appropriation of the simulation results. In the domain of surveiacompanion modelling
seems promising but still remains to be tested in the f@nparing experiences from a
range of less-developed countries allows new knowledge togdyeerated, supports
development and fuels the debate among scientists and poli@rsmak how to improve

animal health surveillance
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In conclusion, as shown in the Figure 29, we believe that combthagroficiencies of
multiple surveillance systems (public health, animal, sesrategies and options etc.) can

increase the detection rate of diseases.

Figure 30: Essential elements to take into account wheresigning surveillance systems
for zoonotic diseases.
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PART 6
CONCLUSION AND PERSPECTIVES

Cambodia is among the top 10 recipients worldwide of Aviamémiza funding with, in 2011
a total of $34 million provisioned for the Cambodia government to furedrention and
preparedness strategies (Ear, 2011b). However, in spite of efifiestive monetary
mobilisation, the resources made available were not enough iggataithe risk associated
with HPAI H5N1. In 2014, Cambodia was still declaring 5 poultrboesiks, 9 human cases
with 4 fatalities. The reasons for this are many, and the reiiies are shared among the
different sectors, the national decision-makers and the intenaationors. Anyhow, the poor
performance of the surveillance systems in poultry may Ipdayged a major role in the

persistence of the disease within the population.

“Following the recent spread of HPAI H5N8 virus in Asia and E&othe World
Organisation for Animal Health (OIE) warns of the need to stremgtheveillance
and early detection systems for diseases of domestic and wild atihmoalghout the
world and recommends making this a major objective of offigalth policies. [...]

The existence of competent, well-organised national Veterinawcg8ey irrespective
of a country’s level of development, is a precondition for edefection of animal

disease outbreaks and a rapid, transparent respdb(&¢E, 2015, Press com).
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This statement from OIE confirms the need of robust animal heattlices as the foundation
of efficient surveillance systems, whatever the socio-econatngtisn of the country. But in
an aid-dependent country like Cambodia, where more than half ofatienal budget comes
from foreign aid, official services are still suffering from an undemy of human and
financial resources. In this perspective, besides the compudgengthening of the education
and training of veterinary staff, including Veterinary Offiseand the support of the national
infrastructures, health management in challenging environments nmesuigative methods
and tools built in close connection with rural populations and sta#tetl The priority
should be placed on the use of cost-effective methods and on tgmiime of disciplines

(biology, social and modelling sciences) and sectors (veterinaicaleand environmental).

One of the major issues in surveillance implementation is tiseeaxe of conflicting interests
between international donors, national officers, and local peoplactnf we look at the risk
associated with HPAI H5N1, the main concerns are fundamentafigsed (Ear, 2011b).
Farmers are more concerned about how to preserve their livelihootieaftti, whereas
national decisions-makers are more concerned about maintainingetb@omic status and
international donors about how to mitigate the risk of the emergeregandemic strain of
HPAI H5N1. Unfortunately in developing countries, the interedt$he poorest are often
ignored, seriously undermining the basic quality of life of thist md the population.
Moreover, the real (economic losses in cases of culling) armest (losses in social
influences) penalties following disease suspicion at grasdeweit often discourage farmers
from reporting. We therefore propose to shift from a top-dowpraach, in which no
consultation processes are used, to more participatory appsodtiie process should enable
discussion, communication, negotiation, knowledge sharing and should pretide@basis
for the common identification of socially acceptable solutionstidjaatory surveillance
could definitely complement a surveillance system by filling gaps which should be

identified by a well-organised evaluation process.
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